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Abstract. This chapter introduces a conceptual model to combine creativity
techniques with fuzzy cognitive maps (FCMs) and aims to support knowledge
management methods by improving expert knowledge acquisition and aggregation. The aim of the conceptual model is to represent acquired knowledge in a
manner that is as computer-understandable as possible with the intention of developing automated reasoning in the future as part of intelligent information
systems. The formal represented knowledge thus may provide businesses with
intelligent information integration. To this end, we introduce and evaluate various creativity techniques with a list of attributes to define the most suitable to
combine with FCMs. This proposed combination enables enhanced knowledge
management through the acquisition and representation of expert knowledge
with FCMs. Our evaluation indicates that the creativity technique known as
mind mapping is the most suitable technique in our set. Finally, a scenario from
stakeholder management demonstrates the combination of mind mapping with
FCMs as an integrated system.
Keywords: Creativity techniques, fuzzy cognitive maps, knowledge management, stakeholder management, integrated systems

1

INTRODUCTION

Enhanced knowledge creation is a key factor in constantly improving knowledge
management. Knowledge aggregation, representation, and reasoning (KR; e.g., see
[8]) combine to create a form of knowledge management that is realized through intelligent information systems [52]. KR can be understood as a threefold process.
Knowledge aggregation seeks to accumulate as much knowledge as possible (i.e.,
from different sources) into a knowledge base in which such knowledge is unified in a
computer-understandable format (i.e., in which it becomes represented). After
knowledge is acquired through aggregation and represented with formal techniques,
KR allows for self-controlled reasoning as the second step in information systems

[27]. As a consequence, in this chapter, we use the term KR to describe the entire
process of knowledge aggregation, representation, and reasoning.
Research associated with the Semantic Web is arguably the most active KR research area [20], [28], [46] (incl. Semantic Web ontologies, as RDF(S) or OWL).
However, a major issue with conventional KR techniques is that knowledge can only
barely be codified straightforwardly (or not at all) by non-experts, which impacts not
only the Semantic Web but also knowledge management in general. Thus, a formal
representation of knowledge frequently requires a profound understanding of
knowledge engineering, computer science and/or logic. For this reason, technical
laymen are largely excluded from providing knowledge [35]. In many key cases, experts in different fields (e.g., business and commerce, government, health, etc.) are
such technical laymen and thus only able to formally codify their expertise by working in conjunction with KR specialists.
With this in mind, we propose a conceptual model to combine creativity processes
with fuzzy cognitive maps (FCMs) to achieve knowledge aggregation by means of
integrated systems [49]. Thus, we use creativity techniques as procedures to facilitate
the decision-making process by utilizing the potential creative ability of each individual within a company [35], [42], [47], [48]. On the one hand, creativity techniques are
often rather simple to grasp (and use) but difficult to acquire (and reuse) when the
scope is more complex (e.g., in traditional KR). FCMs, on the other hand, may appear
complex, and a direct usage in knowledge acquisition is somewhat unusual because
laymen frequently do not understand the concepts underlying FCMs (or understand
them only on an elementary level) [35]. FCMs are mental models in which the relations between individual parts can be used to compute the strength of the impact of
these parts [32], [33].
Applying fuzzy logic [51], we combine the advantages of creativity processes with
FCMs in such a manner that the fuzzy part of a cognitive map is able to address uncertainty, which occurs in human perception of the world [39]. In particular, during
processes involving creativity—in which uncertainty may be high—certain questions
may arise, such as the following: What exactly is meant by a concept? Why is one
concept related to another? What is the most important part of a particular concept?
These and other questions emerging during group creativity processes demonstrate
the uncertainty of human perceptions of the world [39], [53].
We address this uncertainty by employing a threefold approach. First, we present
creativity techniques and an introduction to FCMs. Second, we compare creativity
techniques, select a particularly well-suited technique and combine it with FCMs.
Additionally, because the comparison serves as the basis for the proposed conceptual
model, we combine the models discussed in this chapter to generate an integrated
system in the example of a stakeholder management use case.
In the next section, we introduce our KR process in more detail. We provide short
explanations for each creativity technique we use, and the FCM concept is introduced.
The third section evaluates the suitability of creativity techniques for creating FCMs.
On the one hand, we demonstrate how expert knowledge might be aggregated, and on
the other hand, we compare the suitability of various creativity techniques to combine
with FCMs. Section four introduces our conceptual model. To this end, we present a

scenario from stakeholder management from which we derive the necessary requirements for a possible to-be-completed implementation. We finish the chapter with a
discussion that summarizes and offers suggestions for the future.

2

Background

First, we introduce the knowledge acquisition and representation process. Next, seven
exemplary creativity techniques (i.e., five well-known and two more marginally
known techniques) are presented; these techniques represent the full spectrum of
available techniques. Eventually, FCMs are introduced as a form of knowledge representation.
2.1

The Knowledge Acquisition and Representation Process

The goal of this research is to improve knowledge management by promoting the
reuse and aggregation of expert knowledge by making it available in an electronic
format with an integrated system. Previous research has implemented creative approaches regarding KR [19] (and likewise FCM [30], [39], [47], [48]), but our main
focus is the direct combination of creativity techniques with FCMs (e.g., see scenario
in section 4.1). To this end, we introduce a process of knowledge acquisition and
representation (see Fig. 1).

Fig. 1: The knowledge acquisition and representation process.

Expert knowledge is commonly acquired through creativity techniques. Thus far,
over one-hundred such techniques have been introduced in the literature [23], [26],
[41] following Osborn’s [34] introduction of brainstorming.
After it is acquired, knowledge should ideally be formally represented. To describe
this representation, we apply cognitive maps that allow a formal coding, storing, recalling, and, decoding of knowledge that was acquired in the previous knowledge
acquisition step (e.g., see [36], [37]). Successfully representing knowledge enables an
information system to actively process such knowledge instead of merely representing
it (e.g., see [6], [29]). Structurally, this is typically accomplished with KR languages
(i.e., both implemented and theoretical) that have been developed over the years [28],
[46].
In the next section, seven creativity techniques [9], [11], [12], [14], [15], [34], [55]
are introduced that have also been used in related research [19], [30]. Then, the con-

cepts of cognitive maps [18], [43], [45] and FCM [32], [33] are introduced in greater
detail.
2.2

Creativity Techniques for Knowledge Acquisition

It is not our goal to create an exhaustive list, nor an updated overview, of the creativity techniques currently available (e.g., see [41]). To enhance our understanding of
creativity techniques, we instead consider seven techniques used in various research
fields. We will later show which technique best fits our particular needs. In Table 1,
these techniques are listed in alphabetical order:
Table 1: Seven creativity techniques.
An attempt is made to improve a product by listing the various attributes of objects
Attribute Listing
of study and recombining and altering these attributes with known elements (of
(see Crawford [11])
other objects). [5], [11], [22]
This technique involves a two-step process: 1) Create and record ideas, following
Brainstorming (see four principles: no judgment, exotic ideas are allowed, quantity before quality and
using existing ideas to build on; 2) Evaluate the results (best after a break). [1], [5],
Osborn [34])
[22], [39], [42]
Being creative means leaving the usual thinking patterns and thinking “around
Lateral Thinking
corners”. This requires some training because humorous ideas are frequently only
(see de Bono [14])
exaggerations of usual patterns. [13]
Beginning with the main idea in the middle, a mind map is extended by adding
Mind Mapping (see branches to the core or to other branches; this map is read inside out with no distinct
direction. Colors, numbers, and pictures can be used to connect different branches.
Buzan [9])
[19], [22]
A morphological panel consists of the independent main attributes of the objects of
Morphological
study in the first column and possible solutions in the respective lines. Combining
Panel (see Zwicky
these solutions into a solution-chain, regardless of the column they originate, pro[55])
vides the outcome. [5], [22]
The six hats with different colors stand for six mentalities. Participants can switch
Six Thinking Hats between mentalities by putting on different metaphorical hats. The colors stand for
information and data, feelings and intuition, proposals and ideas, logical conclusions
(see de Bono [12])
(one for, another against), and coordination of the discussion. [13]
Walt Disney (see Typically, one person takes three different positions in turns, to review or improve
the initial idea. These are the positions of a dreamer, a realist and a critic. [16]
Dilts [15])

2.3

Representing Knowledge with Fuzzy Cognitive Maps

A successful KR-representation [6], [28], [29], [46] (e.g., as a cognitive map) can be
actively processed by an information system (i.e., applying the knowledge) for improved knowledge management. The concept of cognitive maps was previously introduced by Trowbridge [44] but only became widely known when Tolman published
his experiments with rats and mazes [43]. Axelrod introduced them in his description

of social scientific knowledge [4], which is an approach later adopted by Kosko [32],
who defined FCMs as uncertainty-extended enlargements of traditional cognitive
maps (i.e., applying fuzzy logic [51], [54]).
Fuzzy logic enhances traditional true/false logic with the concept of partial truth,
which is used for qualitative rather than quantitative judgments. Humans have a remarkable capability to reason and make decisions in an environment of uncertainty
(e.g., with imprecision, incomplete information, and partial knowledge, truth, and
class membership). The principal objective of fuzzy logic is to formalize and mechanize this capability [54]. Thus, fuzzy logic follows the way humans think and helps
handle real-world complexities more efficiently (i.e., it allows for more or less true
statements).
FCMs may also use a linguistic approach to represent fuzzy causality. Fuzzy logic
thereby allows degrees of truth with a range [negative, positive] (or [0, 1]|[-1, 1]).
When linguistic variables are used, degrees may be managed by specific functions
(e.g., see [25]). As a result, linguistic variables (incl. usually, slightly, a little etc.), can
be determined.
Therefore, FCM shifted from representing fuzzy causality to representing qualitative system dynamics behavior (i.e., it was used as an alternative to cognitive maps
for modeling social systems [10] and for reasoning [35], [50]).
To enhance the technical understanding, we present an operable definition of FCM
in the next section.
2.4

Definition and Properties of a FCM

According to Groumpos [25], a FCM consists of key factors or characteristics of the
system as concepts (i.e., concepts are goals, states, variables, outcomes, etc.), which
are called nodes C1 ,, Cn , and the adjacency matrix M , which represents the connections between the concepts. The element mkl of the matrix shows the weight of
the edge connecting Ck and Cl , i.e., the degree of the causal relationship. Fig. 2 shows
an example with n=5.

Fig. 2: An example of a fuzzy cognitive map with an adjacency matrix.

Typically, the concepts have values in [0, 1] or [-1, 1]. Because it is a fuzzy cognitive
map, the weights mkl lie in the real interval [-1, 1]. The causality between Ck and

Cl can be positive ( mkl > 0 , Ck increases Cl ), negative ( mkl < 0 , Ck decreases Cl )
or neutral (i.e., no relationship, mkl = 0 ). Note however, that M is not required to be
symmetric ( mkl ≠ mlk in general) or to have the diagonal entries equal zero (e.g., see
[7], [31]).
A FCM describes a dynamic system, which indicates that the matrix should also

evolve. Following Salmeron [38], consider C 0 = ( C10 … Cn0 ) as the initial state vector of the concepts (i.e., by time step 0). The state vector at time step t is computed
n


by Cit = f  k1Cit −1 + k 2 ∑ m ji C tj−1  , where f stands for an activation function that


j =1


maps the value of the concept back to its initial interval (e.g., a sigmoid function
1
f ( x) =
for [0,1], where λ > 0 determines the steepness of the function, or
1 + e −λx
the hyperbolic tangent for [-1,1]). k1 and k 2 are proportions of how this sum is
weighted as
above

[38]: C t = f

used in [25] (in the following k1 = k 2 = 1 ). To simplify the notation, the
formula
may
be
expressed
as
follows
 t −1  t −1
 t −1
 t −1 new
C + C M = f C (Id + M ) = f C M
where Id is the nxn-

(

) (

) (

)

identity-matrix, and M new is the matrix M in which mii is replaced by mii + 1 .
This iteration has three possible outcomes, depending on the initial state vector



[31]: Reaching a fixed point C fix with f (C fix M new ) = C fix , falling in a cyclic repetition of the same state vectors or proceeding chaotically (i.e., randomly taking on new
values in each iteration step).
As Boutalis et al. [7] showed, there are certain conditions on M new for both of the
described activation functions, such that the iteration converges (i.e., it reaches a fixed
point) for every initial state vector.
Multiple FCMs can be aggregated into a new FCM by combining the matrices
(e.g., see [25]). Assume there are N different FCMs. Each has a corresponding maN

trix, M i . Then, M Aggr = F  ∑ M i  , where F is typically (again) a type of sigmoid
 i =1 
function to assure that the matrix entries remain in the interval [-1, 1] or only the
mean of the entries [31]. This obviously works only if the FCMs consist of the same
concepts (i.e., the matrices have identical dimensions and related entries). Furthermore one can add a credibility factor d i to each FCMi and add therefore a certain

N

weighting, which results in a new M Aggr = F  ∑ M i d i  .

 i =1
If the concepts of the FCMs are disjointed, a component-wise summation of the entries is false because they describe different relations. Given every FCMi has ni con-

cepts, then each corresponding matrix M i is nixni-dimensional. However, the conN

cepts are disjointed such that the aggregated FCM has z = ∑ ni different concepts and
i =1

0
0
0 
 M1


0 M2 0
0 
therefore a zxz-matrix. M Aggr = 
0
0 
0 


 0
0
0 M N 

The cases in which the FCMs have some (but not all) concepts in common are a
combination of the two cases presented. The sum is built where the concepts are identical and the matrices extended in the upper way where they are disjointed.
To approach our goal of combining creativity techniques with FCM, we introduce
different criteria to measure the suitability of combining the presented creativity techniques with FCMs.

3

Comparison of creativity techniques for FCM generation

Our approach is not the first to introduce creativity techniques into FCMs [19], [30],
[39], [47], [48]. For instance, Van Vliet et al. [47], [48] and Sharif and Irani [39] employ FCMs for scenario development and Xirogiannis et al. [50] use FCMs for decisional support. Eppler focuses on comparing different visualization techniques and
their complementary use [19]. Kontogianni et al. use different methods (incl. creativity techniques) as preliminary to creating FCMs [30]. Although these authors mention
creativity techniques in their approach, they do not focus on them. Thus, our main
focus is to create a model to import existing expert knowledge into FCMs when the
knowledge was gained explicitly with creativity techniques. By this means, we intend
to make expert knowledge computer-understandable to improve knowledge management in an integrated system. Thus, knowledge can become reusable and better able
to be spread across business departments and units (cf. 4.1). To the best of our
knowledge, this particular combinative approach has not been researched until now.
We compare the seven creativity techniques discussed above to combine with
FCMs. First, we explain the basis upon which combining creativity techniques with
FCMs might be executed. To this end, we define attributes to measure the suitability
of creativity techniques for possible combining with FCMs. Second, we evaluate the
techniques and rank them. Third, we present a general approach to combine creativity
techniques with FCMs. Finally, we combine our highest-ranked creativity technique
with FCMs.
3.1

Attributes to Measure the Suitability of Combining Creativity Techniques
and Fuzzy Cognitive Maps

At this point, we introduce a selection of important attributes to compare creativity
techniques for their suitability in combining with FCMs. To this end, we use Port-

mann and Pedrycz’s knowledge aggregation, representation, and reasoning framework [37] as well as its enhancement [36] as the basis of our model. To determine
which of the seven creativity techniques might be the best fit for transformation into
FCMs, we require evaluation criteria. As with our research, we follow a humancentered design approach for this purpose (e.g., see [24]).
Human beings differ in the manner in which they perceive the world (e.g., understanding, interpreting, describing, or sharing knowledge). On the basis of their experiences, humans construct conceptual models (i.e., beliefs and values) that are neither
consistent nor monolithic [17]. Such issues appear particularly frequently in creativity
processes [49]. As a result, there are as many alternative models as humans, and no
person is justified in believing that they have the correct understanding of the world
[17].
With this user-centered design view in mind, and based on criteria used by Eppler
[19] and Kosko [32], we understand that the attributes in Table 2 are most relevant:
Table 2: Comparison Criteria.
Visualization ability: To transform the creativity technique into an FCM, it is useful if the creativity technique can be depicted visually because FCMs are visualizations.
Output/comparable objects: As the visualization property, this attribute follows from the definition of
FCMs. In a simple FCM, there are no unrelated subparts, and every object must therefore be connectable to
another one [37].
Modifiability/Extensibility: Eppler [19] compares the macro structure adaptability and the extensibility of
the methods. We have to be able to adapt not only the macro structure of the creativity technique but also
the connections and the form of the items. This requirement likewise follows from the attribute output/comparable items. Moreover, it should be possible to add further relations or to simplify the model,
depending on the complexity of the initial creativity technique.
Suitable for complex problems: Eppler [19] compares the application context of the different methods. We
want to allow the model to be used in different contexts at different levels of knowledge, as occurs when
experts and laymen collide [30]. Therefore, the creativity technique has to be able to address complex
problems or systems with much information.
Uniformity: The existence of core design rules or guidelines for the creativity technique [19] are preferable
because dependency on users makes it difficult to generally transform the creativity technique.
Methodology: We are interested in the questions as to whether the aim of the creativity technique is to
create new ideas or to find solutions for an existing problem to decide if the transformation to a cognitive
map (and ultimately to a FCM) is useful. This attribute is similar to that of Eppler, who compares the main
function or benefit of creativity techniques [19].

3.2

Evaluation of the Creativity Techniques

In this section, we evaluate (within our research group) how well these creativity
techniques interact with FCMs. Table 3 shows our evaluation scale. Note that there
might be dependencies between different attributes, but we evaluate each attribute
separately. An influence between attributes might yet be possible. To guard against
this, we use a fuzzy approach for our evaluation from the beginning (e.g., see [2], [3])

because absolute conformity of the creativity technique to the chosen attributes is not
possible.
In Table 4, we present the evaluation of the creativity techniques by the attributes
we defined in the previous section. The creativity techniques are arranged in the first
line and the attributes in the first column. The order of the attributes is based topdown on their weight for combination suitability. Using a fuzzy scale [2], [3] (i.e., a
large star represents excellent applicability and a little star inapplicability or very poor
applicability), each creativity technique was evaluated with respect to how well it
performs in the respective attribute. The total size of the stars, in the end, was responsible for the final ranking. The evaluation of our adapted attributes is thus stable with
Eppler’s comparison [19].
Table 3: Evaluation Scale.
Rank

Meaning

✩

Excellent applicability

✩

Good applicability

✩

Applicability

✩

Limited applicability

✩

Inapplicability / very poor applicability

Table 4: Evaluation of the creativity techniques.
Attribute/
technique

Attribute
Listing

Brainstorming

Lateral
Thinking

Mind
Mapping

Morphological
Panel

Six
Thinking
Hats

Walt
Disney

Visualization
ability

✩

✩

✩

✩

✩

✩

✩

Output/
comparable
objects

✩

✩

✩

✩

✩

✩

✩

Suitable
for
complex problems

✩

✩

✩

✩

✩

✩

✩

Modifiability/
extensibility

✩

✩

✩

✩

✩

✩

✩

Uniformity

✩

✩

✩

✩

✩

✩

✩

Methodology1

p, i

p, i

p, i

p, i, k

p, i

p, i, k

p, i

Rank

3

4

7

1

2

5

6

1

Our scale is not applicable for this attribute, therefore we evaluate whether the creativity technique can be used to solve problems (p), to create ideas (i), and/or to mediate knowledge (k).

3.3

Combining Mind Mapping with FCMs

The combination of creativity techniques with FCMs has previously been researched,
albeit only to a limited extent. On the one hand, Kontogianni et al. use the association
of a specific creativity technique with FCM [30]. In this manner, they detail mind
mapping and cognitive mapping as primary steps toward FCMs. They state a clear
evolution from the different methodologies, which culminate in FCMs. In their research, mind mapping is a first step toward FCM, and not a method to combine directly with FCMs. Additionally, they do not relate to mind mapping as one of several
creativity techniques. On that account, they do not generally combine creativity techniques with FCMs. Eppler, on the other hand, uses mind mapping for his comparison
[19] in which he implements mind mapping for complementary usage, together with
(all) the other methods presented in his paper. In so doing, Eppler does not compare
visualization methods with FCM. Van Vliet et al. [47], [48] employ scenario development with FCM and develop stakeholder scenarios with FCM that use different
creativity techniques (e.g., brainstorming and spidergrams), which lead to FCMs.
They do not specifically combine general creativity techniques with FCM, but use
brainstorming and spidergrams as input for the FCMs.
As far as we know, there is no previous research that builds a direct combination involving creativity techniques and FCMs. As shown in Table 4, there are more or less
suitable creativity techniques for combination with FCM. However, our evaluation
shows that mind mapping is likely the most suitable creativity technique we studied to
combine with FCMs.
The choice of mind mapping as the best creativity technique for such a combination seems natural and is backed by Kontogianni et al. [30] and Eppler [19]. There are
similarities between mind mapping and FCM, which do not exclude the use and the
combination of mind mapping with FCM. Based on our finding, it is our goal to combine these methods into a conceptual model.
The advantage of mind mapping in combination with FCMs brings businesses new
possibilities to aggregate and represent expert knowledge (e.g., in stakeholder management). On the one hand, its relative simplicity and intelligibility makes mind mapping a powerful tool to gather expert knowledge, but the representation and reuse of
knowledge is limited to a specific case. On the other hand, FCMs are not easily understandable for technical laymen, but their technical capabilities make them valuable
for KR. These key features of both mind mapping and FCM make them perfect candidates for a combination because the respective disadvantages are eliminated by this
combination.

4

Deploying the conceptual model

First, we present our conceptual model and use a scenario to better explain it. Second,
we simulate the scenario by going through each of its phases step-by-step. Finally, we
present requirements for the scheduled instantiation of our model. To this end, we will
follow the lex parsimoniae, which, as a preliminary point, suggests that we should

tend toward simpler solutions until some simplicity can be traded for increased explanatory power.
4.1

Stakeholder Management Scenario

This section focuses on a scenario to illustrate our conceptual model for improved
knowledge management in the context of stakeholder management. We intend to
enrich the current literature on company stakeholder responsibility [21] with our research (i.e., on information integration). We present a scenario of an FCM-integrated
mind-mapping technology used at stakeholder workshops of a medium-sized company. This scenario results from Portmann and Kaltenrieder, who use FCMs as granular
knowledge bases that can be used for purposes of company stakeholder responsibility
[36].
The participants (non-governmental organizations NGOs) of the first workshop are divided into three groups and given separate tasks. The groups must think about the past (i.e.,
group #1), present (i.e., group #2) and future (i.e., group #3) challenges of sustainable production.
Mind maps are used to record the thoughts and challenges of the groups. The participants
must approximate the challenges they discuss by weighing them on a given scale.
In the afternoon, a member of each group must present the results. After a break, the
moderator shows the top five challenges of sustainable production they gained, ranked by
their individual weights (e.g., negligible, potential, important, crucial) using fuzzy scales. At
the end of the workshop, all participants receive an overview of all the challenges mentioned in the workshop.
A week later, there is a similar workshop with other participants. After the afternoon
break, the top five challenges discussed by the groups are re-presented. Additionally, this
time, the moderator shows the overall top five challenges addressed by both workshops.
The workshop is held five times (NGOs, think tanks, politicians, local authorities, and
shareholders). In the end, the top five challenges (incl. the weights of all the involved stakeholder groups) are known.
The software used is a combination of a creativity technique (i.e., mind mapping) and the
concept of FCM. Thanks to this software, users will be capable to acquire and (re-)use expert knowledge that is spread around various stakeholders and therefore to improve their
knowledge management. New inputs to specific questions are gained by organizing workshop sessions and by asking the same type of questions to workshop participants. The software will store and aggregate all answers and give users valuable information (incl. the
weightings) working as an intelligent information system.

4.2

Conceptual Model

This section is dedicated to our conceptual model. Fig. 3 shows the process explained
in the scenario. Expert knowledge is acquired by multiple mind-mapping sessions
(incl. the individual weights) to improve knowledge management. These sessions are
then aggregated and transformed into ∑ FCM i . As described earlier, the automatic

reasoning is not part of our current model. The technical functionality of the conceptual model is shown in (1).
W

Aggr .

.
MindMapping iw → FCM i → ∑ FCM 1Aggr
,..., N

(1)

Knowledge is acquired and aggregated by gaining expert knowledge with mindmapping sessions (MindMappingi). The assigned weighting (w) is included from every session. The next step is the transformation from knowledge aggregation into
knowledge representation. The information gained will be implemented into a FCM
(FCMi) by applying a wrapper W (i.e., a technique that extracts content and translates
it into a relational form). The FCMi then represents all available weighted knowledge
from this specific mind-mapping session. This procedure whereby knowledge is
gained through mind mapping and transforming it into FCM will be repeated as frequently as desired. In the end, all FCMs are aggregated to create an integrated FCM
.
( ∑ FCM 1Aggr
,..., N ) as mentioned in 2.4 above. This approach is based on Portmann and
Pedrycz [37] and Portmann and Kaltenrieder [36].
To instantiate the proposed model in a prototype (i.e., intelligent information system), we are currently working on the requirements of our model (e.g., business, design, and engineering).

Fig. 3: Conceptual Model.

4.3

Requirements for an implementation of the Model

The requirements to develop and possibly implement an intelligent information system can be divided into three main categories; technical, design, and usability requirements. These requirement categories are tightly intertwined, and we can therefore try to allocate each into the category in which it has the strongest impact. Certain
general requirements can be gathered from the evaluation attributes of the creativity
techniques that are required by our model: Visualizing ability, a measurable output

and comparable objects, modification and extensibility, suitability to solve complex
problems, and uniformity. Additionally, the possibility to personalize the model is
important because users of the model must be able to implement their own ontologies
to specify and define their desired questions.
There are crucial technical requirements in this process, such as the interface to
other software (e.g., a content management system CMS), the ability to detect grammatical mistakes, and usage of a fuzzy scaling to enable weighting of the gathered
knowledge. The design of the model must be functional and contain high usability for
the users. It should be based on current software standards to facilitate comprehensibility.
Therefore, the most important requirement with respect to usability is that the user
interface must be highly usable for both the experts acquiring knowledge and for the
users working directly with the model.
Our next research steps, however, will include more detailed requirements to enhance the conceptual model and to thus enable the features presented in the scenario.

5

Discussion

This chapter introduced a conceptual model that combines creativity techniques with
FCM for purposes of knowledge management in an integrated system. Seven creativity techniques and their historical backgrounds were presented, and the concept of
FCM was introduced. We evaluated the possible suitability of the presented techniques, which is why we defined several attributes. The evaluation culminated in the
selection of the most suitable creativity technique (i.e., mind mapping). Based on this
evaluation, we introduced our conceptual model that transforms mind maps and aggregates them into FCMs. To support intelligent information integration, this model is
the first step in realizing a software prototype outlined in the scenario. This study has
limitations that will be addressed by future research. For instance, our subjective selection of the seven creativity techniques and the choice of attributes to evaluate the
suitability of the combination of the creativity techniques is certainly a limitation. The
evaluation of additional creativity techniques for their suitability goes hand-in-hand
with verifying attributes, and further research would be valuable. A prototype of the
conceptual model is currently in the early stages of development.
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