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Abstract.     Development of procedures for knowledge generation, codification, transfer, use and modification is an 
important issue for the creation of intellectual man-machine systems. The analysis of weakly formalized processes could 
be performed with the application of methodology based on step-by-step cognitive structuring of complex problem’s 
components. During such cognitive structuring, knowledge elements are being gradually transformed from the 
representation with mainly implicit knowledge to the representation with prevailing explicit one. An approach has been 
proposed that determines the content of three consecutive stages in solving intellectual tasks as well as specific features 
of knowledge transformation for each of these stages. 
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1 Introduction 
 

Today, one of the main research directions in information technology field is the creation of computerized systems 
operating in various problem domains and dealing with different types of complex processes, namely, technical, 
organizational, social ones. The structural organization of these systems has both universal systemic features and 
specific ones determined by the unique characteristics of a concrete process. Any such kind of a system should include 
a human being as the principal integrating element. In other words, these system could be categorized as man-machine 
ones. Therefore, the theory of man-machine systems is one of the main methodological tools for their analysis and 
synthesis. 

During the early stages of the development of man-machine systems, they had been used for execution of such 
actions as manual handling of production machinery or information processing based on a rigid «stimulus – reaction» 
relations. These operations were based on a behavioral rather than cognitive paradigm and could not be attributed to 
purely intellectual sphere of activity. It is necessary to note that up to the present time no universal and generally 
accepted definitions of the terms «intellectual task» or «cognitive activity» have been elaborated. In their endeavors to 
examine the phenomenon of intellectualization, different authors emphasized various aspects of human activity. In spite 
of the lack of universal definition, there are a lot of examples of tasks that are considered as intellectual ones. Such tasks 
include strategic planning, examination of possible way of behavior in the conditions of partial information, selection of 
alternatives in case of conflicting criteria, etc. Therefore, of primary importance is the development of computerized 
systems supporting various types and stages of cognitive activity.  And it is necessary to stress that theoretical 
foundations for creation of man-machined systems directed at analysis and solving intellectual tasks are completely 
different from the ones utilized when dealing with systems based on a behavioral paradigm.  

An intellectual man-machine system should, first of all, integrate all its heterogeneous components into a single 
entity to provide a functional consistency. In addition, a principal current tendency in the development of man-machine 
systems is that they have to cope with more and more complicated problem solving and decision making issues. Very 
often the organization of man-machine interaction processes – such as data retrieval and analysis, model building, 
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examination of processes' dynamics – is centered around the goal of informational support for making efficient and 
effective decisions. Usually decision making is a creative action based on human knowledge, experience, motivation, 
comprehension of the essence of external actions. Therefore, making good decisions in any problem domain is 
impossible without understanding of both essential interactions among the objects and mechanisms of external 
environment’s influences on the dynamics of these interactions. In other words, consistent decisions require the 
development of procedures and algorithms for knowledge generation, modification, deployment and application. 

 

 

2 Theoretical Part 
 

Recently many researchers have concentrated their efforts upon applied rather than purely theoretical aspects of 
knowledge management. The reason is that, in spite of a lot of interesting theoretical models, there are only a few 
examples of their successful implementation. In [1], the following avenues for future research are identified: 
information processing and knowledge building; learning culture and climate; organizational memory; knowledge 
deployment, responsiveness and performance. It is stressed that the influence of the dynamic global environment and 
rapid advances in information technology gave rise to the recognition that knowledge is the only resource that can 
facilitate a sustained competitive advantage. The author proposes the following definition of knowledge management: 
«Knowledge management is defined as the organized and systematic process of generating and disseminating 
information, and selecting, distilling, and deploying explicit and tacit knowledge to create unique value». The principal 
difficulty is that conventional approaches to knowledge-based system development are not appropriate for cases when 
the application task exhibits a certain degree of ill structure [2]. In [3], it is stressed that the current state of expertise in 
this area is fragmented because of the lack of integration across different studies. Therefore, we lack a systematic 
comprehension of how specific elements interact with each other in shaping the process and outcome of information 
systems development. The work [4] specifies that, first, researches have not yet been able to demonstrate that 
computerized decision aids increase decision quality or accuracy and, second, important reason for inconsistent results 
was the lack of appropriate theory on which to base research investigations. In [5], it is indicated that the effects of 
knowledge type on performance improvement following information technology adoption have not been examined yet. 
The authors also emphasize that knowledge type is a critical factor in new technology performance and implementation 
success. 

In our opinion, there are two main factors contributing to the significant importance of knowledge management 
processes. The first one is a tremendous advance in the field of information technologies that provides much more 
opportunities for knowledge creation and dissemination. The second one is a considerable increase in the complexity of 
problem arising in different areas of human activity. Therefore, of great importance is the examination of the processes 
of knowledge creation in specific narrow problem domains as well as the application of findings for the development of 
intellectual man-machine systems supporting cognitive human activity in these domains. A very important 
methodological issue for the building of such kind of systems is the analysis of information processing mechanisms 
fostering knowledge acquisition, codification, transfer, application and modification. Any of the above-mentioned 
processes of knowledge handling has got a number of unique features. That is why it is necessary to examine each of 
them in a greater detail. 

Knowledge acquisition process includes in itself two consecutive sub-processes. The first one is primarily based on 
subjective interpretation and filtration of objective data as well as its transformation into information. The second one is 
mainly grounded upon analysis and comprehension of the obtained information. Actually, knowledge acquisition is the 
first stage of knowledge management cycle aimed at solving intellectual problems. Recently many scholars have come 
to a conclusion that just data interpretation and filtration play a key role in whole knowledge acquisition process. This 
poses an important question about rational foundation for structural organization of such interpretation and filtration 
processes in the conditions of uncertainty and partial information. 

A lot of problems any decision maker is faced with are either completely lack of structure or could be attributed to 
semi-structured ones. These problems are usually novel and non-routine ones, for which there are neither established 
procedures for analysis nor standard algorithms for solutions. For such kind of problems, which could not be adequately 
described with the use of formalized mathematical models, subjective evaluation and judgment are essential elements of 
their examination and solving. This judgment is mainly based upon non-formalized factors, such as professional 
experience, intuition, psychological perception of the problem, motivation, etc. The process of cognitive analysis for 
such kind of processes should start with the structuring of one or several most appropriate sub-problems of the general 
issue under consideration. In our opinion, a logical starting point for such cognitive structuring is the comprehension of 
overall goals of this system. The next step is to identify and analyze system components fostering achievement these 
goals. Such a consecutive structuring allows generating a hierarchy that would reflect both the significance of particular 
goals and contribution of various system components into attaining them. 
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The above «component-goal structuring» is a first step in solving a poorly formalized intellectual task. Further, on 
the grounds of the obtained hierarchical structure for system goals, it is possible to start a step-by-step cognitive 
structuring of the essential components of the problem under consideration (including components that initially allowed 
only verbal description). In the process of such cognitive structuring, the following stages of problem analysis are being 
fulfilled: 

- decomposition of an initial problem into sub-problems and development of a hierarchy for these sub-problems; 

- identification of a minimum set of sub-problems critical for the attaining of a goal set (reduction of a sub-problem 
set); 

- evaluation of the main obstacles for successful solving of the above sub-problems; 

- in case of a problem with several conflicting objectives – elaboration of inter-connected hierarchies for sub-
problems critical for gaining of each goal from the given set of goals mggg ,...,, 21 ; 

- adjustment of complexity levels for the utilized structural-cognitive models – to provide the level of complexity 
that is most appropriate for solving a given intellectual problem. 

It is reasonable to perform an analysis of poorly formalized intellectual problems with the application of a step-by-
step cognitive structuring approach. The specific feature of this approach utilization in computerized systems is that 
structurization is based on an interactive man-machine procedure of elicitation tacit knowledge of people participating 
in the problem's analysis and solving. During such a process, more and more elements of knowledge – both generated in 
the past and articulated in written instructions, manuals, etc., and being formed in the process of current situation 
analysis – could be included in the composition of structural-cognitive models and utilized for solving the problem 
under consideration. It is also desirable to formalize, at least in some reasonable extent, non-formalized elements of 
knowledge that have been acquired during this process. Such formalization makes it possible to store the acquired 
knowledge with the purpose of its future utilization. However, the main stumbling block in this road is that not all 
knowledge, which had been generated during analysis and solving intellectual tasks, could be easily codified.  

For further consideration, it is necessary to distinguish between two different types of knowledge. The first type is 
related to the knowledge that allows its natural codification, and, consequently, easiness of subsequent dissemination. 
The most vivid example of such kind of knowledge is a quantitative model that describes interactions among problem 
components in such a way that different people are able to comprehend the essence of this problem in the same way. As 
a result, there is a somewhat unified approach to analysis and solving of the given category of tasks. The second type is 
related to the knowledge that could not be easily transformed into a standard codified representation. As rule, it is expert 
knowledge that, first, could be applied within the frames of a specific context only (e.g., problem structure, parameters 
of environment, etc.) and, second, is often non-separable from an expert possessing this knowledge. To provide 
understanding and utilization of such knowledge by other people as well, this tacit knowledge should be, first, extracted 
and, second, converted into an explicit form. Depending on a desirable structurization level, there are different forms of 
explicit knowledge, such as verbal description, graphical representation, structural diagram, set theory description, logic 
model, analytical expression. As a rule, the whole spectrum of knowledge elements is required for analysis and solving 
really complex tasks in specific problem domains.  

During the process of cognitive structuring, knowledge elements are being gradually transformed from 
representation with a predominance of tacit knowledge components to representation with a predominance of explicit 
knowledge ones. One of the most important for solving real intellectual tasks forms of such consecutive structurization 
is connected with elicitation, examination, comprehension and codification (at least, a partial one) of professional 
knowledge and skills of people who may be considered as experts in this particular problem domain. Successful 
completion of this stage of knowledge management provides an opportunity to represent and store this knowledge in a 
form consistent with the requirements of a future support for similar decisions. In such a case, subsequent operations 
with this knowledge could be performed without the participation of experts who generated an initial set of knowledge 
elements required for both thorough analysis and successful solving of these problems. 

On the basis of the above reasoning, one may conclude that knowledge transformation from a tacit form to an 
explicit one gives a possibility to use it not only for solving current problems but also for preparation new experts in 
this problem domain.  During such kind of a learning process, one can observe a reconversion from explicit knowledge 
to implicit one, i.e. trainees not only learn essential codified elements and interconnections of the problem under 
consideration but also acquire non-formal skills of solving similar intellectual tasks, in other words, expert skills in this 
area. Later knowledge of these new experts could also be elicited, codified and applied both for solving new problems 
and for training new experts in this professional area of expertise. 

It is necessary to note that knowledge transformation dynamics is an essential factor that greatly contributes to both 
efficiency and effectiveness of problem solving process. Therefore, in addition to already examined transformation 
models of «tacit knowledge  explicit knowledge» and «explicit knowledge  tacit knowledge» types (in the 
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terminology of [6], respectively processes of articulation and internalization), we would also examine the conversion of 
explicit knowledge from one form to another. It seems that such transformation «explicit knowledge  explicit 
knowledge» (the process of combination) looks as very promising for problems that should be analyzed and solved 
either in real time or simply promptly enough (though not necessarily in real time). In such cases, decision makers 
usually do not have enough time to perform the whole cycle of knowledge transformation from tacit to explicit type or 
vice versa. But they may have sufficient time to change a way of representation for previously codified knowledge. 
Such changes in knowledge representation are usually performed with the usage of simpler algorithms and much less 
time is required for their execution. The efficiency of this process greatly depends upon a proper organization of 
interaction between a decision maker and computerized decision aids. Such step-by-step approach to knowledge 
transformation also allows an incremental decision improvement as codification levels of explicit knowledge 
components gradually increases. Fig.1 shows different types of knowledge transformation processes in man-machine 
systems solving intellectual tasks. 
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Fig. 1. Knowledge transformation processes in man-machine systems 
solving intellectual tasks. 

 
A proposed consecutive structuring approach is implemented in a three-stage model for the process of analysis and 

solving poorly formalized issues. The first stage includes generation and subsequent «qualitative modification» of the 
set of feasible alternatives for problem solutions. During this process, a computerized man-machine system actually 
operates on a certain factor space IF  of feasible alternatives shaped according to expert judgments about specific 
features of the problem and possible ways of its solution. Two knowledge types are dealt with during this stage. The 
first one contains previously acquired verbal knowledge codified in the forms of instructions, manuals, etc. The second 
one contains knowledge acquired in the pace of current situation development and represented in the form of relations 
«current situation  actions of experts». As a result of interaction of these two types of knowledge, it is possible to get 
an ordering relation on factor space , which represents qualitatively different from each other alternatives of solving 
the given problem. On the basis of such an ordering relation, it is often possible to select a certain element  from a 
factor space 

IF
f

IF , narrowing an initial set of feasible alternatives ΣA . 

The second stage includes «quantitative modification» of the sub-set of feasible strategies generated during the first 
stage. This stage utilizes completely different knowledge elements, with an emphasis on standardized mathematical 
models describing formalized parts of the problem under consideration. It is reasonable to use such quantitative models 
for the identification of non-feasible alternatives and their representation in the form of graphical images. Such a 
representation may also greatly assist in determining feasible options on the basis of integration of different explicit 
knowledge elements – codified both in the form of graphical images and in the form of quantitative models. 

Final alternative selection during the third stage is performed on the basis of methodology that combines positive 
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features of tacit knowledge as well as explicit one. It is also necessary to stress that here explicit knowledge includes 
elements of both qualitative and quantitative models. The proposed approach allows generating, visualizing and 
analyzing a rich integral set of feasible alternative options. Selection of a concrete alternative is performed upon the 
basis of a human-computer dialogue with new knowledge elicitation and deeper analysis of generated sets of alternative 
options. Essential simplification of decision making process is performed by the way of elaboration of detailed 
procedures for standard situations as well as by the way of generation of unique solutions for non-standard ones. 
Depending on a specific situation, such a selection could be performed either maximizing a certain criterion, or 
according to «satisficing» principle, or using a non-formal heuristic method. 

 

 

3 Conclusion 
 

The integration of humans and new technologies represents a highly challenging area of research. So, emergence 
and wide spread of information technologies have led to considerable changes in human activity and, in particular, to 
changes of various aspects of his interaction with computerized systems. It gives a possibility to substantially increase 
the number of tasks performed by man-machine systems as well as to use these systems for supporting more 
complicated and diverse types of activity. Structural organization of intellectual man-machine systems should provide 
integration of information technologies, human components and factors connected with problem solving and goal-
seeking cognitive activities. 

The proposed approach is based upon joint utilization of tacit and explicit, qualitative and quantitative types of 
knowledge. Since this approach is iterative, it provides opportunities for effective actions even in situations when 
existing knowledge quickly becomes out-of-date and, consequently, there is a necessity for prompt updating of different 
knowledge elements. In particular, there is a possibility of adaptation for such important kind of knowledge 
modification as changes in criteria evaluating the efficiency of existing alternatives. These changes are caused by 
influences of either external factors (such as instability of environment) or internal ones (e.g., shifts in decision maker's 
preferences). Depending upon specific circumstances, the preferable way of adaptation may be based upon either 
qualitative or quantitative elements of codified knowledge. 
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