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Abstract

Since the rapid E-learning development,

the online learning and testing have been
important topics of information education.
Currently teachers still need to spend much
time on creating and maintaining test item
banks. Some researches have applied the
new Bloom's taxonomy to design
meaningful learning assessments. This
research has applied ontology, Chinese
semantic database, artificial intelligence,
Bloom's taxonomy, to propose an on-line
testing system framework to assist teachers
in creating test items. The results of study
are as follows. (1) The computer would
assist teachers to produce a large number of
test items quickly. (2) After analyzing the
question  types, knowledge  types,
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dimensions of cognitive skills, average
difficulty index, and average discrimination
index of these test items, we concluded that
the quality of items that produced by
computer is better than those produced by
teachers. (3) The experiment indicated that
all teachers were willing to use these items.

Key Words: Online Test, Semantic Web,

Ontology, Bloom’s Taxonomy, Item
Analysis.
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-- Comments to the author(s):
Some suggestions are:

1. Some abbreviations are used without being introduced, for example, MIS, EC and
MBTI.

2. The introduction of chance discovery is not enough. How do social networks and
small worlds relate to chance discovery? How many associations are possibly useful?
These are considered essential for chance discovery and for stimulating creativity.

3. The evaluation criteria of PIEA is not clear. How is the distance function defined?
What are the physical meaning and the properties of such a function and its possible
values? How to define a threshold, which can stop the further execution of the genetic
algorithm?

4. What is the human role in the whole process?

-- Summary:

The paper proposes an intelligent system for supporting personal creativity. The
approach is systematic and novel. The expression is clear and logical. Remarks are
pertinent.
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-- Comments to the author(s):
The acrynom IT and IGA should be spelled out first before it being refered to in
acrynom (in the abstract).

Elaboration on the following "in which ways does creativity play a significant role in
organizational success".

Section 2 on Related Works is disjointed among its sub-sections.

The diagram on ontology in Figure 2 need a lot more elaboration.

-- Summary:

The authors are addressing a very difficult and yet upmost important research topic in
Artificial Intelligence - CREATIVTY. The proposed IGA (using gene with specific
meaning, and special rules) gives users stimulus during brainstorming which may
inspire some different creative thinking.
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An Intelligent System for Supporting Personal Creativity
Based on Genetic Algorithm

Heng-Li Yang and Cheng-Hwa Lee

64, Sec. 2, Chihnan Rd., Mucha Dist, Taipei 116, Taiwan
{yanh, 92356512}@nccu.edu.tw

Abstract. Creativity has long been recognized as vital to organizational
success. IT (Information Technology) may play a supporting role to help
organizations and groups in support of creativity. However idea generation
inside the personal creative process is still a black box. This motivates us to
propose an intelligent system for supporting personal creativity. This study
proposes a human-machine interactive mechanism based on IGA (interactive
genetic algorithm) for evolution process to help individuals’ creativity. Chance
discovery has been applied as the strategy in evolution process. It provides
more efficient evolution. The intelligent system could bring individuals
stimulus to improve personal creativity.

1 Introduction

Creativity is the implementation of a new or significantly improved idea, good,
service, process or practice that is intended to be useful. Creativity has long been
recognized as vital to organizational success [1,9,18]. The successful implementation
of creativity is innovation. Product innovation is important to maintain a sufficient
market share, similarly process innovation to produce low-cost product, and social
innovation to maintain a flexible and durable organization. Amabile [1,2] provided a
popular stage model of personal creative process based on previous works [21]. It
includes four stages: problem identification, preparation, idea generation, and
validation. At the third stage, idea generation, an individual would generate idea
possibilities with a particular cognitive pathway. At this stage the creativity-relevant
processes plays an important role [1,2]. IT (information technology) may play
multiple supporting roles in the stage of the creative process. Proctor [17] suggested
the use of a computer program in the production of creative thought. Machrone [11]
indicated computer programs can provide “mind maps” or graphical representations
for idea generation. Boden [3] explained computer software would facilitate the
creativity of individuals by forcing the search for new ideas. Partridge and Rowe [16]
indicated that computers could be enlisted to limit constraints on the work of creators
to force the development of new ideas. Edwards [6] examined the impact of IT on
creativity. The question arises as to how organizations can institutionalize its usage in
support of creativity [5,12,19].

Expert systems and decision support systems have been applied commercially.
Since we know the creativity is a most important factor for organization development,

Q. Yang and G. Webb (Eds.): PRICAT 2006, LNAT 4099, pp. 671 -]68d, 2006.
© Springer-Verlag Berlin Heidelberg 2006



672 H.-L. Yang and C.-H. Lee

how can we support? Data searching or accessing is not enough. This motivates us to
propose an intelligent system for supporting personal creativity.

2 Related Works

For supporting personal creativity, we should check the creative process to explore
how to apply IT. In addition, probably some chance discovery concepts could help us.

2.1 Creative Process Model

Wallas [21] formalized the four-stage model of the creative process, including
preparation, incubation, illumination, and verification. In the past, the four-stage
model or its variant has served and continues to serve as the basis for understanding
the creative process. Amabile[1,2] incorporated a version of the basic stage model
into her componential model of creativity. The creative process is described as
consisting of several phases: problem or task identification, preparation (gathering
and reactivating relevant information and resources), idea generation (seeking and
producing potential responses), and idea validation and communication (testing the
possible response against criteria). The most important phase is idea generation,
which seems to be a crucial part for personal creativity.

2.2 IT Supporting

IT may play a supporting role to help individuals and organizations in support of
creativity. IT becomes a conduit through which creativity-supportive goals and
messages are distributed throughout the organization [5].

One IT-related problem is how to represent the knowledge, especially in describing
the relations between the concepts. One of methods is ontology, which is the product
of an attempt to formulate an exhaustive and rigorous conceptual schema about a
domain. It is typically a hierarchical data structure containing all the relevant entities
and their relationships and rules within that domain.

The other IT-related problem is how to assist the creativity-producing. A genetic
algorithm (GA) may be applied. GA is defined as search procedures based on the
mechanics of natural selection and genetics. GA applies three basic principles of
Darwin’s theory (inheritance, variation, and selection) with two main results from
genetics (genetic coding and mechanisms of recombination) in one computational
procedure. GA combines the exploitation of past results with the exploration of new
areas of the search space. By using survival of the fittest techniques combined with a
structured yet randomized information exchange, GA can mimic some of the
innovative flair of human search. Inside a GA, a generation is a collection of artificial
creatures (strings). In every new generation, a set of strings is created using
information from the previous ones. They efficiently exploit historical information to
speculate on new search points with expected improvement [7,8]. Furthermore,
interactive genetic algorithms (IGA) introduce the idea of human evaluation that
extended the area of application of GAs drastically [4]. IGAs represent humanized
technology. They can fit human needs, instead of fitting some computational fitness
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functions, which is a very approximate model of human needs. In this study, new
ideas originating from the output of IGA would provide stimulus to people.

2.3 Chance Discovery

Chance discovery means discovering chances. It involves determining the
significance of some piece of information about an event and then using this new
knowledge in decision making [20]. It might combine with data mining methods for
finding rare but important events with knowledge management, groupware, and social
psychology. The applied perspectives are from social network, small world,
association, etc. A social network is a set of persons with some pattern of contacts or
interactions between them. Newman [14] divides into four loose categories of
networks: social networks, information networks, technological networks, and
biological networks. Over the past few years, researchers have come to recognize that
the social network including people and information plays a crucial role in knowledge
management [10]. Some indicators (e.g., distance, centrality, bridge) of “item”
network might be applied to find some fresh ideas. The idea of small world asserts
that that everyone in the world can be reached through a short chain of social
acquaintances. Similarly, each “item” might have a shortcut to link others, which
might imply fresh ideas. Association of items, particularly long-chain association, is
useful to illuminate new ideas [15]. This study would apply these perspectives in the
proposed system to find out some fresh ideas as stimulus through the process of
human-machine interactions.

3 System Architecture

The proposed system architecture for supporting personal creativity is shown in
Figure 1, which is divided into two layers: the database layer and the system layer.
When a user logins first time, the system needs to learn user’s cognitive style. Later
through interface, users could search related domain knowledge and ask for
assistances during the creative process. According to the Stimulus-Response Model of
behaviorism, a stimulus encourages response. Therefore, in our architecture, some
stimuli are given by intelligent system to help people thinking during the creative
process.

In the following, a scenario would be used to illustrate the proposed system
function. Assume that there is a MIS (Management Information Systems) research
center. The researchers, who obtained related PhD degrees before, are requested to
generate research ideas periodically. The proposed intelligent supporting system
would provide researchers to find out some new and fresh thinking for brainstorming.
The research center has abundant domain knowledge in MIS area and already built
well-organized document databases.

3.1 Database Layer

The database layer includes (1) domain knowledge base (DKB) that stores domain
knowledge, (2) specific rule base (SRB) that has some pre-defined rules for new
concept discovery, and (3) profile that records the styles of personal decision and
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thinking so that the system could choose the appropriate stimulus to users. DKB and
SRB could grow and be enhanced continuously. The MBTI (Myers-Briggs Type
Indicator) catalog could be adopted to classify users into four styles: Sensing-
Thinking, Sensing-Feeling, Intuition-Thinking and Intuition-Feeling [13].

XA

Ontology
Management

Personal Style
Builder
Creativity
Agents Management ) — Evolution and
- Evaluation

N B

Fig. 1. Proposed system architecture

Néfwork  Mghile
ty Techinology

Fig. 2. Ontology for DKB
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Before the system could support user creation, mass and rich databases are
essential and necessary to be built. In DKB, the ontology structure includes three
elements: concepts, attributes and relations. The relations between concepts can be
classified into three types: independent, intersection, and inheritance. In our scenario,
the research center must first define catalogues for MIS. The classified catalogues
provide meta-data of documents, including the classification trees of MIS research
topics, their reference areas, and application areas (as shown in Figure 2). The
primary knowledge would be built from many type documents, such as research
reports, papers, and project documents, etc. Many techniques could be applied to
build the database, e.g., data mining skills, text mining, document clustering, etc.
Besides the catalogues, DKB would also include a graph of paper keywords, which
idea would be adapted from social network. Reference links among papers would
become relations of keywords.

SRB stores some pre-defined rules for new concept discovery. These rules are
based on different perspectives. For example, co-keywords rule, and second-order
reference rule are from chance discovery; association by similarity, contiguity and
contrast are from association relationship. Based on these rules, the system would
then provide him (her) other information related to the keywords to complement the
chromosomes. Here a chromosome is set of the ideas. The available rules are
illustrated here.

Assume that from historical documents, the system keeps the past records of
frequencies of all keywords, and frequencies of sets of keywords, which
simultaneously appeared. Co-keywords rule would concern about the cases (1) those
keywords that appeared frequently at the same time; (2) those keywords that have
higher frequency individually, but have not appeared so often at the same time before.
The second case might imply some possible chances for research that have been
ignored before. For example, if a user first considers “Knowledge Management”, after
mining DKB, the system would find (1) that “Knowledge Management” (K2), “Data
Mining” (K1) and “Organization Behavior” (K3) co-appeared quite often before; (2)
“Security” (KA) and “Privacy” (KB) whose individual frequencies of appearance are
higher, but have lower frequencies of appearing simultaneously with K/ and K3,
respectively. Then, the system would suggest add K/, K3, KA, and KB (as shown in
Figure 3).

Second-order reference rule considers that some research chances could emerge
from the indirect relationships or linkages. For example, “EC (Electronic
Commerce)” (K1) is related to “Finance” (K2), and K2 is related to “Risk
Management” (K3). Thus the rule suggests consider the possibility that K/ could be
related to K3 (as shown in Figure 4).

K1
K3

K2 K2

Fig. 3. Co-keywords rule Fig. 4. Second-order reference rule
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Association by similarity means that some keywords have the same parent node
in a generalization (is-a) tree, thus these keywords might have the relationship of
similarity. For example, the parent of both “GA” and “GP” is “Evolution
Computing”. While “GA” appears, the system could give “GP” for reference.
Association by contiguity means that some keywords have the same parent node in
an aggregation (part-of) tree, thus these keywords might have the relationship of
contiguity. For example, “Customer Life Cycle” includes “Fetch”, “Improve”, and
“Maintain” phases. While “Fetch” phase appears, the system could give “Improve” or
“Maintain” phase to user. Association by contrast means that some keywords have
the same parent node in a generalization (is-a) tree, and furthermore these keywords
have specific orders, thus they might have the relationship of contrast. For example,
the parent of “Association Rule”, “Decision Tree”, “Neural Network”, and
“Clustering” is “Data Mining”. From the perspective of importance, the highest is
“Association Rule”, and the lowest is “Clustering”. While “Clustering” appears, the
system could give “Association Rule” to user.

Analog rule would suggest user some research hints through analogy. Take an
example, suppose that a research is classified as “EC” (A), its reference area as
“Marketing” (a), research method as “Case Study” (RM-1), and application area as
“Internet Shopping” (AP-1). Another research Advertisement’s (B) reference area is
alsoa, research method is RM-1, but application area is “Broadcast” (AP-2). Then, it
probably has some research chances in “EC” (A), which reference area could bea,
research method could be RM-1, but application area could become AP-2 (shown as
Figure 5).

L .1 7 [ ol [ wr[ [ ai] . ]
L .1 s [ ol [ wer[ [ a2] . ]
Vi
| o A ] ] a | . | RM-I ] . | AP2 ] o
| o B | o o | . | RM ] o | AP ] o

Fig. 5. Analog rule

Order-importance rule considers the difference in keywords’ sequence. It implies
that if the order is different, the issue is different. For example, a researcher concerns
“Software Engineering” before “Software Market”. It might be explained that he is
interested in the exchange market of software components. On the other side, if he
considers “Software Market” before “Software Engineering”. It might be explained
that he is interested in the methodology of software engineering for building software
market. Hence the system should give different advices to user.

3.2 System Layer

The system layer includes four modules: (1) Ontology Management module, which
allows to read, insert, delete, update domain knowledge in DKB, (2) Personal Style
Builder module, which classify users into appropriate cognitive styles, (3) Creativity
Evolution and Evaluation module, which is the core module to help create some new
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ideas for users, and (4) Agents Management, which would initiate, coordinate, and
trace execution of agents (Personal Agent, Stimulus-Given Agent, and Learning
Agent). The Personal Agent would automatically provide personal profile to Stimulus-
Given Agent, which would sequentially give appropriate stimulus. The Learning
Agent would detect the possible necessity to change user personal profile or domain
ontology, and notify the Personal Style Builder and Ontology Management,
respectively.

An algorithm, IGA, is proposed to assist creativity evolution. Another algorithm,
named PIEA (Personal Idea Evaluation Algorithm), is proposed to evaluate the ideas.
These two algorithms are shown as Figures 6 and 7. Here the terms of genetic
algorithm are applied. The chromosome is a basic building block of IGA. Each gene
in the chromosome is keyword. Thus, one chromosome is set of keywords. One
chromosome represents an idea (shown as Figure 5).

{Step 1: User inputs some keywords about research ideas
through interface.

Step 2: Stimulus-Given Agent gives first stimulus
according to user profile.

Step 3: System fetches related data from DKB.

Step 4: Generate chromosomes (ideas) based on rules
from SRB.

Step 5: Evaluate chromosomes by PIEA and sort the
evaluation values.

Step 6: Displays several higher sets of chromosomes to
user.

Step 7: Stimulus-Given Agent gives further stimulus
according to user profile and interacts with user.

Step 8: User chooses several chromosomes that he (her)
is interested, and then gives evaluative flags (W,).

Step 9: Generate chromosomes by crossover and mutate
based on the rules from SRB.

Step 10: Repeat Step 5 to Step 9 until user stops.
Step 11: End }
Fig. 6. The IGA algorithm

The above procedures could be explained as follows. First, a user needs input some
initial research keywords. For example, if a user is interested in research of
information security under EC, thus he gives “EC” and “Security” as keywords. If the
user wishes to have more domain knowledge, he (she) could search DKB through
interface. Upon receiving inputs from user, the stimulus-given agent would try to give
some stimulus to user according to his (her) profile. Next, based on rules in SRB, the
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{Step 1: Input gene (keyword) or chromosomes (ideas).
Step 2: Input evaluative flags (W) .
Step 3: While (genes (concepts) is still inputed)

{Step 3.1: In each run, compute distances (D;;)of any
two genes I, j by referencing Figure 2.

Step 3.2: R = R + (1/ max({D;}))}
Step 4: V, = (1/R) * W,
Step 5: End }
Fig. 7. The PIEA algorithm

system fetches data from DKB and generates some chromosomes (ideas) of the first
generation, such as C/ (EC-Security-SSL-Interception), C2 (EC-Security-Payment-
Marketing), C3 (EC-Security-Neural Network), etc. Then such chromosomes would
be passed to PIEA for evaluation. The basic idea for PIEA is that the larger distance
between genes is, the more creativity the chromosome would imply. The distance is
based on ontology and graphs in DKB. Take the above C3 as the example. Its gene
would be passed to PIEA one by one: EC, Security, and Neural Network. First input
EC. Then input Security and compute the distance. The initial value of R is 0. After
entering two genes, the D, is 5, and R becomes 1/5. After entering three genes, D, is
5, D3 is 10, and D,; is 6, maximal D is 10, and R is accumulated to 3/10 (1/5 +
1/10). Thus V; is 10/3. In addition, user’s personal justification also plays some roles
to give weights (W;) (with default value 1).

After PIEA providing evaluation values, the system displays several sets of higher
chromosomes to user and waits for feedbacks. While receiving feedbacks from user,
the system generates new population of chromosomes to the next generation by
crossover and mutation. Crossover is a genetic operator used to vary the programming
of chromosomes from one generation to the next. Many techniques could be used,
such as one point crossover, two point crossovers, cut and splice, etc. It implies
inheritance and selection. It would take chromosomes to recombine children
chromosomes. Mutation, which implies variation, is used to maintain genetic
diversity. It may generate new children chromosomes. Traditionally, a common
method of implementing the mutation operator involves generating a random variable
for each bit in a chromosome. However, there are two differences between our
proposed IGA and simple GA. First, our building block is not just a bit. Each gene has
specific meaning. Second, we adopt some specific rules, such as chance discovery or
association relationships, to replace random mutation. The system would repeat steps
5 to 9 again and again until user satisfies. Each run implies to give newborn
generation, which inherits, recombines, and varies from last generation. The whole
evolution procedure would need continuous interactions between user and system.
The system would give user stimulus continuously through agents for brainstorming
and hopes to drive him (her) to inspire some different creative thinking.
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4 Discussions and Conclusions

Researches in personal creative process are not novel. Nevertheless, IT supporting
have been limited. IT can play a supporting role to help organizations and groups in
support of creativity [5]. But idea generation inside the personal creative process is
still a black box. Outsiders cannot figure out what is going on inside. In a group, he
(she) can get some fresh thoughts as stimulus by brainstorming. However, while he
(she) is alone, he (she) lacks chances of interaction with others. He (she) must face an
unknown status that is full of chaos himself. Thus motivates us to propose an
intelligent supporting system to help the personal creative process. According to
behaviorism theory in psychology, a stimulus could bring responses. The system
could play an advisor to give people some ideas by human-machine interaction.

Applying our system, a person would be still involved in the evolutionary process
and provide his (her) feedbacks to system to influence the evolutionary process and
possible solutions. Because the volume of chromosome generated by system might be
huge, PIEA is adopted as an evaluation and filtering mechanism to decrease user’s
burden of selection. In addition, which strategy for chromosomes mutation and
recombination is important. Random selection might be an ad-hoc strategy used in the
past. But it is not efficient and useful. In this study, we apply the perspective of some
specific rules, such as chance discovery and association. People easily ignore
unobvious information and were accustomed to past frequent opportunities. However,
chance might emerge from the insignificant points. Chance discovery could allow us
to find out some valuable information based on existing data for chromosomes
mutation and recombination. It may also allow the evolution process more efficient.

However, some warnings are given. On one hand, user should not expect to just
push a button to obtain the ready-made creation can. Even if the system could do so in
the future, it would destroy human creativity. On the other hand, a creative idea is not
just the combination of keywords as described in the above algorithms. Producing a
new idea could be seemed as accomplishing a jigsaw puzzle. The first step might be
obtaining enough pieces of polygons. Then we need more domain knowledge and
human-machine interactions to construct the whole puzzle. Several future works are
under exploration, such as theoretical basis, better human-machine interaction, and
strategy used in evolution process, etc.
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