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Chapter 5
Systems Intelligence in Expert Interaction
Kristiina Hukki and Urho Pulkkinen
This paper discusses Systems Intelligence in the context of expert interaction in complex work. The focus of our approach  is on  the cognitive aspect of Systems Intelligence from the knowledge mediation point of view. We introduce our analysis method which has been developed for improving  multidisciplinary expert interaction in complex work. We first describe the challenges of multidisciplinary expert interaction and the principles of the systemic significance-based analysis.  After that, we present our approach to Systems Intelligence, the basis of which is on the theoretical concepts underlying our analysis, and discuss some methodological aspects and the applicability and practical potentials of our approach.
Introduction

The expertise of organizations working in complex, knowledge-intensive fields is nowadays increasingly constituted as an integration of expert contributions representing different disciplines. Knowledge is the central aspect of expert interaction. The way knowledge is mediated among the experts should support interaction but there may be many preventing factors on the way, related to the relevance and informativeness of the knowledge. Multidisciplinary expert work is challenging due to lack of "common language" and difficulties in understanding each others’ points of view. The experts’ beliefs of the other experts’ work and ways of thinking may be erroneus. One's own contribution is often preferred to others' contributions and one's own opinions are not easily questioned. Protection of and strict pertaining to one's own field of expertise are not rare phenomena in expert interaction. This kind of problems contribute to deficiencies in mutual knowledge transfer.  
In their programmatic outline, Saarinen et al. (2004) defined Systems Intelligence as intelligent behaviour in the context of complex systems involving interaction and feedback. Furthermore, a  systems intelligent person perceives herself as part of a whole, the influence of the whole upon herself as well as her own influence upon the whole. On the basis of the examples above it is obvious that a Systems Intelligent view on interaction is often missing in multidisciplinary expert interaction. Due to the lacking overall perspective, the experts are not willing or able to see oneselves as part of a whole. The consequencies of these problems may be manifested in the quality of the work, and, in safety-critical expert work, in the safety of the activities of the organizations. 

The purpose of this paper is to introduce our approach to Systems Intelligence. We examine the concept of Systems Intelligence in the context of expert interaction in complex work. The focus of our approach is on the cognitive aspect of Systems Intelligence from the knowledge transfer point of view. The approach is grounded on an analysis method, which is currently under development (Hukki and Pulkkinen, in preparation). The theoretical background of the method is based on the integration of systems view and psychology (Holmberg et al. 1999, Hukki and Pulkkinen 2003 a, b, in preparation). The aim of the method is to serve a conceptual tool for the development of expert interaction in organizations working in complex fields and utilizing multidisciplinary expertise. The analytical framework makes it possible to identify the development needs of knowledge transfer in expert interaction from the systems point of view.
Challenges of Multidisciplinary Expert Interaction in Complex Work 

In the following introduction we describe the challenges of multidisciplinary expert interaction in complex work, by using the safety-critical context of our previous study as an example. (Hukki and Pulkkinen 2003 a,b)
Our case is the company Posiva, the responsibility of which is to take care of the final disposal of the spend fuel of the Finnish nuclear power plants.  It has an own staff of experts of nuclear waste management, but the major part of the work is carried out by external contractors from universities, research institutes and consulting companies representing different kinds of expertise in science and technology. The work is characterized by efficient utilization of expertise from several disciplines, such as geology and other earth sciences, physics, chemistry, mathematical modelling and computing. In addition to this, the work at Posiva includes technical design and construction of the waste repository and the waste encapsulation plant. 
The work at the company requires integration of knowledge from several disciplines. The individual experts’ tasks contribute in different ways to the process of gaining understanding of the bedrock in the planned disposal site. This means that the results of the experts’ judgments, leaning on theoretical and empirical models and model interpretations, have to be integrated (see Figure 1). The experts’ tasks are connected with each other by knowledge but due to the complex and abstract nature of the phenomena to be investigated and the multidisciplinary character of the work, it may be difficult for them to recognize their contribution to the whole and identify the connections with the other experts' tasks.  The experts work usually independently and due to the sometime loose contacts between them, it may not always be apparent for them how the knowledge they are producing will be used and interpreted by the other experts.  
The differences in the domain-specific working practices and in the ways of thinking are another reason for the difficulty to integrate the knowledge produced by the experts. It is difficult for the experts to understand the experts from other domains because they look at the subject matter from different perspectives and use different methods and models. To enable mutual communication, the expert of one discipline should be able to understand the basic reasoning principles characteristic to the other disciplines. In addition, complex expert work often requires subjective judgments. This is a particular problem for multidisciplinary expert interaction because the transferred knowledge is not always transparent enough in this sense. Due to the differences in the domain-specific working practices and ways of thinking, all the important knowledge, characteristic to the field, is not necessarily mediated. Moreover, currently the change of the nature of the company’s work towards practical construction work and subsurface investigations brings the organization into a new situation. Extensive interaction with new types of expertise, like the representatives of construction, sets new requirements for mutual understanding.
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Figure 1. The individual discipline models are all integrated (from Posiva 2003)
Another perspective to the experts’ interaction comes from the safety-criticality of the company’s work. The expert work at Posiva has, until the year 2001, been concentrated on the selection of the site for waste disposal and on the analysis of the long-time safety of waste disposal solutions to pave way for the policy-decision by the Finnish parliament (“Decision-in-Principle”). In this connection, safety is more or less an abstract concept, and the experts must consider the safety of the designed disposal facilities over very long time scales. Safety is connected to the decisions made in the daily work only indirectly which makes the recognition of the safety-informed working and communicating practices difficult. The safety-critical questions of the work have been such as the selection of scenarios and phenomena for analysis, the transparency of arguments behind these decisions, and the sufficiency and completeness of the analyses. Thus, safety manifests in the work in two ways, firstly as the safety of the technical or scientific solutions produced in the work, and, secondly, as the inherent quality of the expert work procedures, i.e. in the ways of action in performing the work tasks and in communicating with the other experts.
One of the goals of the company’s work is to collect the information on safety to a consistent body of evidence. The understanding of the bedrock is a process of creating the geological basis for the safety case. A safety case consists of a set of claims, inference rules or inference mechanisms and pieces of evidence. The claims correspond to statements about the safety related properties of the disposal facility. Some of these claims are also requirements set by the safety authorities. The evidence are facts, observations, measurement results, models and conjectures produced by groups of experts from several disciplines. The inference rules aim at combining the multidisciplinary evidence into a consistent chain of argumentation supporting the credibility of the safety claims (see Figure 2).


Figure 2. The structure of safety case
The challenges of making a consistent safety case for waste depository are diverse. First, the experts should have a common understanding of the concept of safety and the safety policies of the company. Secondly, they should understand the safety requirements of authorities and society in a consistent way. This includes understanding the various technical and scientific requirements and the social requirements. Only through this understanding is it possible to develop a sufficient and consistent set of safety claims. Thirdly, the safety assessment of nuclear waste disposal, of which Vieno et al. (1999) is an example, requires knowledge from several disciplines, which look at the problem from different perspectives, using different methods and models. Safety assessment has to bring these, in some cases even contradicting approaches, to one well-structured and well-argumented analysis. This means that it has to be understood that the disposal facility may not be built exactly as it was designed. Moreover, it can not be modelled in its full details for safety assessment. Often the contradictions arise between the assumptions used in the individual scientific models and model calculations, on the one hand, and the real situation, on the other. In order to solve these contradictions the safety analyst must be able to abstract and simplify the contributions from different disciplines and expertise and to justify the simplifications he makes. This requires the identification of the most important domain-specific issues and the cognitive constraints the individual scientist are facing.
Safety assessment is based on defence-in-depth thinking, and describes how the different barriers prevent propagation of the harmful phenomena. The work of each expert can, in principle, be identified as support for the analysis of a certain safety barrier. Safety assessment collects knowledge of the phenomena related to each safety barrier to a holistic view on safety of the whole waste disposal solution. The role of safety assessment is thus central for the company's work but due to its holistic and reduced character it may be difficult to understand for the experts from other domains.
On the basis of the description above, the major common factor underlying the problems of multidisciplinary expert interaction at Posiva is lack of the experts’ shared understanding concerning their work both from the substance and the safety point of view. This constitutes a challenging target for the development of knowledge transfer at the company.
Significance-based Systemic Analysis of Expert Interaction

In the following we introduce the basic theoretical principles of our analysis and the way of carrying out the analysis in expert organizations.
The analysis method is based on a previous study which was conducted for improving multidisciplinary expert interaction in the field of nuclear waste management (Hukki and Pulkkinen 2003 a, b). The method and its theoretical background are described more comprehensively elsewhere (Hukki and Pulkkinen, in preparation).  
The aim of our analysis method is to facilitate the integration of multidisciplinary expertise. The starting point in the development of the analysis is the importance of understanding in expert interaction in complex work. We wanted to find out what the experts, representing different disciplines, should actually understand in order to be able to interact in an adequate way, what kind of knowledge is relevant and what is the informative way of presenting this knowledge. The aim was to develop a way of analyzing, which would make it possible to gain comprehension of these issues and to utilize this comprehension for improving expert interaction in organizations. The analysis is described more detailedly elsewhere (Hukki and Pulkkinen, in preparation).
It is important, from the interaction point of view, that the mutual needs for knowledge between the experts are understood. This requires mutual understanding. One should understand the other’s work to the extent which is necessary from the overall point of view. This is not, however, possible without understanding the role of one's work in relation to the whole work process which one is participating. 
The understanding of one's contribution to the work process requires systemic understanding of the overall activity of the work process and of the relationships between the experts' tasks. It seems to us, however, that this is not enough but there is something additional that should be comprehended. To our mind, understanding the significance of one's way of mediating knowledge is crucial for expert interaction (Hukki and Pulkkinen 2003 a, b). The question is, what is the meaning of this concept and how can it be operationalized. In the following, we describe our comprehension of this issue.
The way the experts mediate knowledge to each other has an effect on the adequacy of the work process. The lack of transparency of the mediated knowledge may be critical from the overall point of view. In order to be able to understand the significance of one’s way of mediating knowledge the experts should comprehend how knowledge transfer is related to the functional goals of the work process and to the division of work. They should understand the significance of one's work. This requires, firstly, comprehending what is the bigger whole in which one is participating, what is the purpose and the goals of the activity of that whole and what is one's own contribution to the fulfillment of these higher level goals. Secondly, it requires an understanding of the significance of the task dependencies, that is, of the connections between one's own and the other experts' tasks in the work process, for one's work. 
In order to be able to identify the appropriate ways of choosing and presenting the knowledge to be mediated to the others, the experts should understand, in addition, for what purposes the knowledge they are producing will be used. This requires comprehension of the knowledge dependencies related to the task connections. The way knowledge is mediated in the task interfaces is crucial for the fullfilment of the goals of the work process. Therefore, there is a need for understanding the significance of the knowledge dependencies for one's work. 
Moreover, the experts should be aware of the ways that the knowledge to be mediated can be deficient in the sense of the transparency of the knowledge. For us, lack of transparency means lack of knowledge which does not represent the substance aspect of the work but which facilitates the understanding of the other experts' work practices and ways of thinking. This meta-knowledge type of knowledge, here called the supplementary knowledge, may concern e.g. the grounds of interpretations and inferences, which remain easily implicite but could be very important for the others in their task performances (Hukki and Pulkkinen 2003 a, b, in preparation). The experts should also be aware that the reasons for the lack of transparency underly in the differences of the working practices and ways of thinking of the experts representing different disciplines. 
On the basis of the fore mentioned demands concerning the experts' understanding, we make the following conclusion: Appropriate knowledge transfer in multidisciplinary expert interaction in complex work is comprehension which is holistic and integrating and aimed at recognizing the significance of the dependencies within the work process. We have called this type of understanding  significance-oriented systemic understanding.
Shared Thinking Models as Support to Understanding
In complex work it would be difficult for the experts to gain significance-oriented systemic understanding by themselves. This kind of comprehension can usually be acquired only on the basis of the experts' co-operation, by developing a shared understanding of the whole in which they are participating. The experts' representations concerning the work process and the task dependencies within the process should be unified enough for the development of a shared overall view. The problem is, who should have shared conceptions, what should be collectively understood and what degree of shared understanding is enough?
In our opinion, it should be on the organization’s responsibility to provide the experts with sufficient prerequisites for gaining a shared understanding of the relevant issues. This is not, however, possible without systematic investment for the development work.
The necessary knowledge to be mediated and an adequate way of mediating it can be identified by creating shared thinking models, which are conceptual tools for integrating multidisciplinary expertise. The common consideration should be focused on objects that are as concrete as possible, instead of on values, goals and general definitions (Launis 1997). With the help of the common consideration the differences in the experts’ perspectives become visible. Construction of shared models help in bringing out the experts’ implicite knowledge (e.g. Nonaka and Takeuchi 1995). The shared conceptual frame makes it possible to develop the experts’ understanding of the work process they are participating in (e.g. Bechky 2002). According to Boreham (2002) the knowledge concerning the work process is more comprehensive than experiential knowledge because one of it’s elements is theoretical understanding. Work process knowledge is created as the result of the integration of experiential and theoretical knowledge. Implicit in the concept of work process knowledge is the key notion that understanding work involves understanding how individual or group actions are connected to the work process as a whole (Norros and Nuutinen 2002). 
The construction of the shared models is based on an analysis which is kind of a cognitive network analysis developed for the conceptualization of work process from the experts’ interaction point of view. The characteristic feature of the analysis is the consideration of expert interaction from the systems point of view and, at the same time, the emphasis of the significance of the experts' understanding. The models are created in a group work, by the experts participating in the target work process. The issues to be analyzed are illustrated with the help of schematic diagrams, tables etc. The analysis can be made on the level of the whole organization or, for example, of an individual work chain. 

The experts' collective conceptualization helps in gaining a shared understanding of the work process and, at the same time, of the role of knowledge transfer as part of the process. By making the systemic nature of knowledge transfer in expert interaction visible, the constructed decriptions illustrate the significance of the ways of acting in mediating knowledge. The models make it possible to recognize the necessary needs for knowledge and the deficiencies in the mediation of this knowledge. 
The construction of the shared thinking models is a collective learning process based on discussions and requiring time. It is, however, worth doing because it results to a more unified understanding of the work process and of the significance of knowledge transfer in the organization. In addition, it makes it possible to identify the domain-specific differences in the work practices and in the ways of thinking. Discussion of the significance of these differences helps in diminishing the deficiencies and obstacles of knowledge mediation. Improving the awareness of the systemic nature of the work process and facilitating the mutual understanding of the participating experts contribute to the creation of better prerequisites for the integration of multidisciplinary expertise.
The knowledge gained as the result of the analysis can be utilized for developing the organization’s knowledge management.  Enhancement of the proportion of systemic and integrating knowledge facilitates expert interaction.
Significance-based Definition of Systems Intelligence
In this chapter we discuss our approach to Systems Intelligence, based on the analytical framework described above. We attempt to define Systems Intelligence in the context of multidisciplinary expert interaction in complex work from the perspective of knowledge transfer. The basis of our analysis is significance-oriented systemic understanding. We think that this type of understanding can be considered analogous with the cognitive aspect of the concept Systems Intelligence. 
The adequate functioning of a work process requires that the individuals participating in it, act in a way which enables the system to fulfill its goals. According to our view, the experts’ ways of mediating knowledge should support the fulfillment of these goals, that is, the functionality of the process. This, for its part, requires a significance-based systemic understanding both on the individual expert's and on the organization level. Therefore, we suggest the following characterization of Systems Intelligence in the context of multidisciplinary expert interaction in complex work:
On the individual expert's level Systems Intelligence means understanding the significance of one's way of mediating knowledge to the other experts. This requires the following kind of systems thinking: First, one has to understand the connection of one’s own work tasks with the goals of the work process and with the other experts’ tasks, since this makes it possible to comprehend the significance of one’s work in relation to the whole. Second, one has to understand the nature of the knowledge dependencies between one’ own and the others’ tasks because it makes it possible to comprehend the significance of the ways of mediating knowledge. 
On the organization level Systems Intelligence mean, firstly, understanding the significance of the experts’ ways of mediating knowledge for the integration of the knowledge produced by the experts representing different domains. This means comprehending the knowledge dependencies in the process of integration. Secondly, it means understanding the significance of a sufficiently unified conception that is needed for facilitating knowledge transfer in the organization. The systems intelligence needed is the comprehension of the influence of the discipline-specific ways of constructing, interpreting and presenting knowledge on the integration of the individual experts’ knowledge.
Methodological Aspects Underlying the Definition
Our approach to Systems Intelligence is based on the integration of systems analysis and psychology in a way which pays attention to the characteristics of human nature.  A fundamental aspect of the activity of human beings is need for making sense in their environment. Humans provide subjective meanings to actions in relation to their goals and, respectively, orientate on the basis of these meanings.  It is obvious that understanding the significance of activity is a fundamental feature of human life. This is the core concept in our definition of Systems Intelligence in multidisciplinary expert interaction. 
When the concept "Systems Intelligence" is applied to human systems it is, in our opinion, important to pay attention to the fundamental difference existing between them and the technical and natural systems, that is, to the inherent nature of human beings to orientate themselves on the basis of the experienced meanings. We think that when trying to comprehend Systems Intelligence it is essential to pay attention to these meanings. By integrating systems view on expert interaction with the demands on the experts for understanding the significance of their activity in this interaction, we have, in this sense, taken the human nature of the system into account. This integration manifests the context-sensitive aspect of our approach to Systems Intelligence.
In their programmatic outline Saarinen et al. (2004) have also pointed out the enormous possibilities of re-framing or a vaster universe of options for possible behaviors of a person adopting the Systems Intelligence perspective. In our target context the amount of alternative possibilities is not the point but the possibility of re-framing in the most appropriate way in relation to the situation at hand. By emphasizing the situational adequacy of re-framing we press the significance of Systems Intelligence in practice. In our approach the individuals are considered as participating in knowledge transfer, which concerns the work process. The essential issue here is that the fulfillment of the goals of the work process poses demands on the way the experts’ should mediate knowledge. The consideration of knowledge transfer from the systems point of view and, at the same time, from the viewpoint of its contribution to the functionality of the work process makes it possible to anchor it to practice. This, for its part, enables gaining an understanding of its significance. This integration of the systems view and the functionality of the work process manifest the pragmatic aspect of our approach to Systems Intelligence.
When describing the concept of Systems Intelligence domain-independently Saarinen et al. (2004) have the perspective of an individual. Systems Intelligence has been considered a behavioral capacity or a demand on an individual. In their article there are mentions concerning the necessity for an individual to take a new, systems intelligent perspective, meta-level reflections of one’s own framing systems, etc., all of which are points that emphasize the need for re-orienting of an individual. We think that in multidisciplinary complex work, the creation of systems intelligent ways of interacting should not be left on the responsibility of the individual experts. The possibilities for significance-oriented systemic understanding can be created only with the help of organizational support, on the basis of the experts’ organized co-operation. 
In our approach the focus includes both the individual experts’ and the organization’s points of view. Connecting the demands on the experts for understanding the significance of knowledge transfer with the demand on the organization for providing them cognitive prerequisites for fulfilling these demands makes it possible to conceptualize Systems Intelligence on the individual expert's level and on the organization level at the same time, as integrated to each other. This integration brings out the importance of the environment as the source of possibilities and restrictions for the activities of the human beings. Therefore, it can be considered to manifest the ecological aspect of our approach. 
We believe that taking these aspects as the basis of the conceptualization of Systems Intelligence enables taking account of the most important demands for multidisciplinary expert interaction in complex work, that is, the demand for understanding the significance of one’s way of mediating knowledge in practice and the demand for being provided with the adequate prerequisites for this understanding. We also believe that this way of conceptualizing makes it possible to operationalize the concept in a way which facilitates practical development procedures in this context.
Discussion
Our approach to Systems Intelligence described in this paper is based on the importance we put on understanding the significance of knowledge transfer in multidisciplinary expert interaction in complex work. According to our context-specific tentative definition, Systems Intelligence on the individual expert’s level means understanding the significance of one’s way of mediating knowledge to the other experts. Developing this kind of understanding in the organization cannot, however, be left on the individual experts’ responsibility. 
It has been pointed out that persons’ beliefs about co-operation are a limiting factor in their attitude to interaction (e.g. Saarinen et al. 2004). We think that in the context of expert organizations there is need for knowledge which could help in changing the beliefs to understanding. The necessary knowledge can be gained with the help of collective conceptualization and reflection of work processes which facilitate making the significance of one’s work and of one’s way of mediating knowledge visible. This kind of Systems Intelligence on the organization level makes it possible to change the perspective. By creating, in co-operation, shared thinking models it is possible to provide the experts with an overall view of the work process they are participating in. This can be done with the help of the significance-based systems view on the dependencies between the work tasks and on the knowledge dependencies related to the task interfaces. The common creation of the models facilitates crossing the boundaries between territories of expertise (Launis 1997) and diminishes bipolar subject-object thinking (see Saarinen et al. 2004) and self-centeredness. It enhances the experts' mutual understanding and learning which makes it easier to integrate knowledge from different domains. We believe that it enhances also their motivation by increasing interest in one's own and in the others' work.
According to Schoonhoven (2002) relatedness in knowledge content and the relationship between individual and collective knowledge in an organization belong to the important questions in current research concerning knowledge in organizations. In our approach knowledge transfer from the content point of view is the fundamental integrating element in expert organizations. The systemic view, based on conceptualizing the practical importance of the significance of the ways of mediating knowledge, creates a theoretical framework which makes it possible to consider the individual and the organization level as integrated to each other. This framework may also offer an integrating link between the five disciplines in Senge’s theory concerning learning organizations (Senge 1994). 
Our conceptualization of Systems Intelligence is applied to the context of multidisciplinary expert interaction in complex work but the general principles of the framework can be applied to other kinds of expert interaction, too. In those contexts where the interacting experts do not share any goals the systems intelligent way of using dialogues might, however, be more appropriate.
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Understanding the significance of the dependencies within the work process is crucial for expert interaction. This type of understanding can be called significance-oriented systemic understanding.
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The shared thinking models make it possible to make the systemic character of knowledge transfer in the experts’ work process visible. 








The organization should provide the experts with sufficient prerequisites for gaining significance-based systemic  understanding. 





The significance-based definition integrates  Systems Intelligence  on the individual expert’s level with that on the organizational level.





Significance-oriented systemic understanding can be considered analogous with the cognitive aspect of the concept Systems Intelligence.





The significance-based definition of Systems Intelligence integrates the systems view with the functionality of the experts’ work process.





Multidisciplinary expert interaction requires sufficient mutual understanding.





















