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Abstract: This paper describes model of the human cognitive functions, especially these ones which are important for the creative process. The broad context of this work is a development of the conceptual redesign method with computer support (called CRDP – Computer Redesign Process). This method is based on postmodern principles of the interpretation, on the respect to complexity of the creative process and at the impossibility of its direct control. Psychological approaches (e.g. the mind mapping or creativity timing) are used in this interpretation method and its core is a creating of the interpretation map. The aim of this submission is to describe the emergent design processes for the purpose of their simulation and method’s HCI improving. The model is made in Unify Modelling Language. The fractal approach to the communication between user (designer) and software system (CRDP) was outlined. 
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1 Introduction
Creative conceptual design is always nontrivial mental process – likewise its computer support. Design can be conceived of as a purposeful, constrained, decision making, exploration and learning activity (Gero 1996). This approach oriented us to the field of Cognitive Science where the human factor play crucial role. The person – designer – in his creative movement is very complex system. Authors designed the method of computer support of the creative conceptual redesign process which is based on the principles of emergence in the interpretation process (Jura 2012, Jura & Bila, 2012). And herein suggested UML cognitive model facilitates a development of the mentioned method. 
1.1 Computer and methodical support of Conceptual Design

There are many algorithms, methods and procedures (like a TRIZ/ARIZ or Morphological analysis) for the facilitating of the synthesis of the innovative concepts. One of them is CRDP (Computer ReDesign Process), which was developed on Faculty of Mechanical Engineering of the CTU in Prague (e.g. Bila and Tlapak, 2006). Inputs to the CRDP software system (algorithm CRDP on the Fig. 1.) are 1) three old solutions (vetera), 2) criterions for a new solution and 3) formation parameters (fields of activities and principles which form a new solution). 
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Fig. 1.  Description of designing process with CRDP software and methodical support
The output is a set of suggestions to an innovation (novum). The old and new solutions are described in a specification language GLB (Bila and Tlapak, 2004; Bila, Jura and Tlapak, 2006). GLB (Global Context) is a language, which conceptualizes the domain of the conceptual design and represents semantic properties of knowledge elements by means of pre-formed semantic structures. System CRDP is equipped by the interpretation of their outputs. This interpretation method helps user’s creative process to find out the solution (Jura and Bila 2012, Jura 2012). 
2 Knowledge based UML model

First step of our work was to create the part of the model, which represents selected psychological pieces of knowledge. And this knowledge was fundament for continue modeling of the emergent creative processes. 
2.1 UML

Unified Modeling Language (OMG, 1997) is standard which is primarily developed for software engineering, but it is possible to use them for the description of any systems in general. UML is a graphical language and modeled subject is possible to describe by thirteen types of diagram. We utilize only three of them: Class diagram for the description of the structure properties, State diagram for the description of the class’s behavior and Sequence diagram for the description of interactions between classes. Unified Modeling Language was already used for modeling of the cognitive functions at the field of Transportation psychology by Haring et al. (2012). They used UML for modeling of the driver attention and described it by the State diagram. Our approach to cognitive modeling is not usual at the field of Engineering psychology (and psychology in general). 
2.2 Lexical analysis and Model

The skeleton of the UML model arises from the process of the lexical analysis (e.g. Schalley 2004). Problem field of human cognition had been described in nature language (e.g. Sternberg and Sternberg 2012) and names of the classes were derived from the nouns (and nouns phrases) used in the text after the selection (the selection rules are a part of the OMT lexical analysis). In the similar way were obtained the names of the attributes from the adjectives. And associations and operations were obtained from the verbs and verbal phrases.  
2.3 Structure of the knowledge – Class diagram
The statical structure of the described cognitive system is represented by the UML class diagram. This view comes out from the lexical analysis and on this basis was made the skeleton of this model (V1)
. However this one contains uncovered logical spaces (inconsistency) which has been resolved by the addition of the connecting pieces of knowledge. This improved model is possible to see at Fig. 2. (And is mark as V2). 
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Fig. 2. Structure of the cognitive functions described by the UML Class diagram V2.
It is possible to assume that the model will be improved by its next use (e.g. chapter 3).  Model can be enriched with the model of reality (in this case veterum, novum, system CRDP, GLB language etc.) and its mental representation. There is open questions about borders of the modeled system.

2.4 Behavior of the class “Creative process” – State diagram
The state diagram is used for the description of the behavior of the given class. State diagrams were made for few key classes only. One of them is the class “Creative process phases” (see Fig. 3). An emergence of a new solution is possible to model as a violence of the structure invariant of the common transformation (e.g. Bila 2010, Bila 2011).  
[image: image3.emf]Start of the 

creative process

Initiation

do: Data colection

entry: Analysis of a initial situation

Incubation

do: Relation's multiplication

do: Interpretation of data

H

Early analysis( done )

Ilumination

do: New arrangement emerge

Verification

do: Reintegration

Short term memory( new solution )

New solution formulated

Motivation( subject of creative process )

H

1) Preparation 

phase

2) Incubation 

Increasing of complexity.

Multiplication of relations.

Interpretation phase.

3) Insight 

Emergence of a new 

solution

4) Verification

Reintegration of 

peices of knowledge.

End of the 

creative process

Number of association ( sufficient )


Fig. 3. State diagram of the class Creative process phases

The creative phases are here related to the arousal
 of the organism and genomic expression. We suppose, that the arousal cycle (Fig. 4 – bold line), which has a fractal character, is possible to derive from the communication interaction (which is also fractal – Fig. 6). For the description of the communication process is used UML sequence diagram (Fig. 5). Description of the creative phases was derived from the Deep neurobiology of E. Rossi (Rossi 2008).
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Fig. 4. Description of the development of the creative process related to the arousal of the organism (Source: Rossi 2008)
3 Description of the CRDP interpretation method by the UML sequence diagram

The Sequence diagram notice a communication between classes. Since the UML model of cognitive functions is oriented to the redesign process, so the sequence diagram view the process of the communication between user (designer) and CRDP software primarily (V1). 
3.1 Incremental improving loop – impact to the model

First version of the model V0 was built on three classes only – Designer, CDRP interface and Interpretation map. This model was improved and the internal designer structure was deeper elaborated. Also veterum and novum description was added (see Fig. 5). 
Considered next improve of the model suppose an elaboration of the psychological processes and interconnections between the state diagram of the creative process class and the mentioned sequence diagram. Especially the fractal communication patterns should be considered. Unfortunately the UML standard does not support it.
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Fig. 5. Sequence diagram of the communication between user (designer) and CRDP software (V1)
4 Fractal property of real communication act

Ideal dyadic communication act is simple exchange (communication action and reaction … as it is consider e.g. in UML sequence diagram). The basic unit of it we can call the big exchange. But real communication act is fractal process. Big exchange precedes smaller exchange and it precedes smaller etc. (as it is shown on Fig. 6). It is easy to observe this phenomenon at the example of human communication or in a nature (Jura, Bila 2010). Preceding small act prepares the communication context at the both sides.  




We have the hypothesis that the high level of the synchronization of the internal or external communication “punctuation” (term by P. Watzlawick 1967) leads to the emergence of novelty. This synchronization can cause effect like a resonation and can significantly affect the human arousal process, which E. Rossi (2008) related to the creative process (Chapter 2.4). 

5 Meta-concepts background
Usually we construct theories in the way of the reduction of the complexity. Meanwhile in the case of the description of the creative process (or divergent thinking) this assumption is not useful. If we want to help user in his creative task, we have to fully respect his nature internal processes and this processes are very complex, irreducible and have fractal character.  
5.1 2nd order cybernetics

One of the theoretical approaches, which respects principles mentioned above is 2nd order cybernetics – cybernetics of cybernetics (Foerster 1974). We used a principle of the circular causality and suppose the autopoiesis (Maturana and Varela 1980) at the level of emergence of a new creative solution.
5.2 Postmodern approach

Following approach have very strong connections to the 2nd order cybernetics, but is more philosophically oriented. Our approach respects the plurality of points of views, impossibility of direct control or finally the whole process in which new solution arises is an analogy to Maturana’s “languaging” (1970).  The used object modeling principles supports this approach partially.
6 Conclusion

The first and second version of the psychological model of the designer cognitive process was created. The model is expressed in the graphical language UML. One of objectives of this work is to develop mentioned design method CRDP – especially their human-computer interface. At the base of the model is possible to fit proposed CRDP interpretation method to their user (their psychological limits and modes of work). Moreover, this submission is a step to integration (or reintegration) of psychological knowledge from the field of cognition and creativity (in a given context).  The submission also outlines the course for the further work on this issue.
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� V1 … the first version.


� Our conception of the “arousal” is different from Rossi and is comprehended as a unipolar psycho-physiologic variable related to the ARAS (Ascendant Reticular Activation System). 





