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Abstract

Course design and development need to be considered in many aspects such as goals, features, resources, and

constraints of each institution. Furthermore, it should conform to society’s needs and should be improved ac-
cording to the advances of knowledge. In order to cultivate students’ capabilities corresponding to the needs
of industries so that they can better cope with the severe competition in today’s knowledge economy era,
schools should have responsibility and endeavors to instruct students how to acquire innovative knowledge
rapidly. In this paper, a systematic method of course development for cultivating the innovative capability of
students at university was proposed based on knowledge chain model. An example implemented at Far East
University in Taiwan was used to illustrate the feasibility of the proposed method. The concept and method
proposed in this paper might be used as a reference and guidelines to promote the education of patent related

courses at university.

Keywords: Course Design and Development, Patent Application and Protection, IDEF0O System Analysis,
Knowledge Chain Model, Engineering Innovation Education.

1. Introduction

The cultivation of student’s innovative capability
has become more important for promoting his competi-
tiveness in this knowledge economy era. However, due
to the diversity of student’s backgrounds and interests,
how to effectively elicit the interest and reach the po-
tentials of students is an indispensible prerequisite to
approach the above-mentioned goal and this is also a
problem worth studying. Though there are many
courses which provide various tools and methods to
cultivate the creative or innovative capability for the
students, it is still insufficient to ensure whether the
teaching objective of the course and the learning per-
formance of student have been achieved, especially for
the advanced creative courses or project-oriented
courses. Therefore, in order to elicit the student’s in-
novative capability, it is necessary to systematically
analyze, plan and design a framework or method to
reinforce engineering innovative education from a

context-oriented perspective considering prior profes-
sional knowledge, basic creative knowledge, advanced
creative knowledge, individual interests, etc.

Recently, TRIZ has attracted huge attention of in-
dustries and proved its effectiveness on innovative
product development. Many innovative approaches
have been proposed to increase the development effi-
ciency of the product and process so as to help enter-
prise to enhance the competitiveness within it. Sam-
sung Advanced Institute for Technology (SAIT) pro-
posed a novel approach to predict prioritized directions
of innovation as well as to create the most promising
design of practical concept design so as to align the
feasible direction of innovation based on the general
evolutionary patterns of technical systems (Song et al.,
2012). Yang and Chen (2012) integrated TRIZ evolu-
tion patterns with CBR and simple LCA methods to
forecast the design of eco-products and used an exam-
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ple of a cell phone to demonstrate the effectiveness of
the proposed model. Yeh et al. (2012) integrated QFD
and TRIZ in the research and development process of a
notebook. They identified major QFD contradictions,
TRIZ inventive principles, and eco-efficiency elements
to achieve green-design solutions. Sheu et al. (2012)
developed a suitable contradiction matrix and invention
principles for Chemical Mechanical Processing (CMP)
equipment and processes in the semiconductor industry.
Li (2010) integrated TRIZ and AHP to develop innova-
tive design for automated assembly systems. He used
TRIZ to propose the automated design alternatives un-
der the innovative design consideration and to use an
AHP to evaluate and select the best feasible alternative
under multiple criteria.

TRIZ contains a variety of useful tools such as 40
inventive principles and the matrix of contradictions,
laws of technical system evolution, substance-field
analysis, and ARIZ (algorithm of inventive problems
solving). However, as some of the courseware and
content in TRIZ is complicated for students, it is worth
developing a systematic course design for diverse stu-
dents with different backgrounds. Mann (2004) has
provided a systematic innovation method including four
stages- problem definition, tool selection, solution
finding, and solution evaluation. Sheu and Lee (2011)
proposed a new systematic innovative process to facil-
itate and pace the systematic innovation and a platform
to integrate heterogeneous resources and tools, such as
TRIZ and non-TRIZ tools. Ogot and Okudan (2006)
introduced TRIZ in a first-year engineering design
course and the research results indicated that TRIZ
makes it easier for students to generate feasible con-
cepts to design problems. Turner (2009) proposed the
“Advanced Systematic Inventive Thinking” (ASIT)
method as a problem solving strategy for education.
Sokol et al. (2008) implemented an empirical study on
the efficacy of the Thinking Approach (TA) to language
teaching and learning for foreign language education.
In order to guide a user with no TRIZ education to the
analysis of inventive problems, Becattini et al. (2012)
developed a model and algorithm for computer-aided
inventive problem analysis based on an original model
and a dialogue-based software application integrating
the logic of ARIZ (Algorithm for the Inventive Prob-
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lem Solving) with some OTSM-TRIZ (General Theory
of Powerful Thinking) models.

The innovative education has become more im-
perative in this knowledge era. However, there are few
papers to explore how to plan and design the course
and arrange the sequence of the correlated courses with
systematic method. Therefore, in this paper, we fo-
cused on engineering innovative education and pro-
posed systematic approach to design and develop the
course for cultivation of innovative capability of stu-
dents at university. Based on the above-mentioned ar-
gument, it reveals that the plan, design and implemen-
tation for a feasible advanced innovative course need to
face many problems such as prerequisite courses, prior
background and knowledge of students, cultivation of
teachers’ expertise, adaptive selection of the teaching
materials, availability and affordance of teaching
equipment, application of e-learning platform, design
of teaching tools and method. Therefore, an adequate
and systematic approach to provide the regulations and
criteria for the plan, implementation, control and eval-
uation of an innovative course is essential.

The objective of this paper is to propose a system-
atic approach of course design and development for
cultivation of innovative capability of students at uni-
versity based on IDEF0 model and knowledge chain
model for engineering education. The rest of the paper
is laid out as follows. Section 2 describes the research
method including the analysis for prerequisite courses
of engineering innovative education, the plan of inno-
vation-eliciting course, and the generation of a system-
atic framework and method for cultivation of innova-
tive capability of students. Section 3 illustrates the ap-
plication of the proposed method with a case study.
Final section is the discussion and conclusion to illus-
trate the limitations, contribution and future steps of
this paper.

2. Research Method

The approach of the course development includes
three steps: first, analyze the prerequisite courses of
engineering innovative education. Second, plan an in-
novation-eliciting course based on knowledge chain
model. Third, generate a systematic potential eliciting
and inspiring method. The detailed process was illus-
trated as follows.
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2.1 Analysis of prerequisite courses

The analysis of the prerequisite courses of engi-
neering innovative education was presented in this sec-
tion. The IDEFO is a structural analysis and modeling
technique specially designed for the modeling of deci-
sions, actions, and activities of organizations or for the
complex and interrelated systems (Tsai et al., 2006).
The results of an IDEFO0 functional modeling is a hier-
archical, functional decomposition of process functions,
each of which consists of five basic elements: func-
tional block, input, output, control, and mechanism. Fig.
1 shows the system analysis diagram for the prerequi-
site courses of engineering innovative education with
the IDEFO structural analysis model. The purpose of
the process analysis is to fully understand the context
of course development processes, including the activi-
ties and tasks involved, their constraints, and support-
ing resources, as well as the information flow in the
process.
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The activities in the Fig. 1 include (1) domain
knowledge courses such as the professional course, (2)
basic creative knowledge courses such as creative
thinking and introduction to intellectual property rights,
(3) advanced creative knowledge courses such as TRIZ
and patent practices, and (4) integrated knowledge
courses such as project-oriented or topic research
courses. All of the activities, as shown in Fig. 1, in-
volve many constraints such as course objective, prior
knowledge of students, expertise and practice of teach-
ers, affordance of equipment, and diversity of students.
Furthermore, each activity involves plenty of iterative
modification or refinement for course development.
However, there are also various resources available such
as teaching assistant, encouraging regulations,
learning platform, Internet resources, and funds of
project from government. By way of the IDEFO0 analy-

e-

sis for prerequisite courses, it provides the visibility
and direction of the innovative course development for
eliciting student’s interests and realize students’ exper-
tise.
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Fig. 1 System analysis of the prerequisite courses for engineering innovative education with IDEF0 diagram
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2.2 Innovative Course Development based on

Knowledge Chain

The concept of knowledge chain model proposed
by Holsapple and Jones (2004) includes two groups of
activities. One is the primary activities containing
knowledge  acquisition,  knowledge  selection,
knowledge generation, knowledge assimilation, and
knowledge emission. The second activities comprise
leadership, coordination, control, and measurement.
This framework could provide guidelines to approach
the problem solving of course development from a
systematic and context-based perspective.

As the knowledge chain model can provide
guidelines and it gives a context-based perspective to
manage, control and implement the knowledge man-
agement activities, this paper adopted it as a basis to
propose a framework of course development for elicit-
ing innovative potential as shown in Fig. 2. The pri-
mary activities of the knowledge chain framework are
acquisition, selection, generation, assimilation, and
emission. They focus on a sequential process and in-
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clude acquiring knowledge from related courses, se-
lecting needed knowledge to adapt student with differ-
ent backgrounds, inspiring student to produce various
new ideas by way of suitable course design, and en-
couraging students to write document such as a patent
specification or achieve a prototype based a feasible
idea, and supporting students to participate competition,
to apply patents, to write a paper, etc.

The secondary activities are leadership, coordina-
tion, control, and measurement. They focus on plan-
ning the foresight strategies for teacher cultivation,
curriculum plan, encouraging method; resolving dis-
putes and reasonably allocating resources such as
course arrangement, equipment, and funds; ensuring
teaching quality and learning performance; and con-
structing objective evaluation criteria and mechanism.
In order to effectively proceed the activities in the
framework, it is necessary to consider the influence of
resources and environment which are similar to the
resources and constraints in the IDEF0 model. The final
goal of overall activities is to enhance the com-
petitiveness of students, schools, and even society.

Resource Influence

Environmental Influence
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. Howtoplanthe feasible strategyand direction for teacher \
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Fig. 2 Course design and development for cultivating innovative capability based on knowledge chain model.
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3. Case Study

In this paper, we adopted a project implemented
by the Department of Computer Science and Infor-
mation Engineering at Far East University in Taiwan as
an example to illustrate the proposed method. The name
of the course is “High Technology Patent Appli- cation
and Protection” and it is sponsored by Ministry of
Education of Taiwan government. Prior to the course,
Ministry of Education of Taiwan demand that every
university participating this project needs to select at
least one teacher as seeding teachers. All the seeding
teachers need to join a 3-day training course in Nation-
al Taiwan University. In the training course, the lectur-
er teaches patent knowledge and practices. As the elec-
tronic and information industries are very important for
Taiwan, the contents of the training course were fo-
cused on case studies of patent application and protec-
tion. The expectation of Ministry of Education in this
project is to educate the university students of elec-
tronic and information departments to have the patent
knowledge to face the future challenge in their conse-
quent career.

Fig. 3 shows the course development flowchart
including course plan, course design, course imple-
mentation and evaluation along with the related re-
sources and constraints. The aforementioned training
course for seeding teachers could be considered as the
problem-solving of the constraints in Fig. 3. By way of
the resources of the sponsoring project, this course has
double teachers. One is the seeding teacher and another
is an industry expert with abundant practices experi-
ence of patent application and protection. In addition,
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Far East University also provides many incentive reg-
ulations for students to apply patents or join global
competitions. The industry expert and incentive regula-
tions could be considered as resources in Fig. 3.

Fig. 4 shows a snapshot of -collaborative
evaluation of students' reports with industrial expert. In
Fig.3, the course plan module includes some activities
such as to cultivate teachers, to analyze resources and
constraints, to coordinate related members and to write
projects to apply budgets. The course design module
includes some activities such as to design teaching
activities, to teach with industrial experts, to teach
with the assistance of e-learning plat- form and to
design  homework and reports. The
implementation and evaluation module include some

course

activities such as to teach patent knowledge, to analyze
student’s background, to demand mid-term proposal
submission and presentation, to demand final-term re-
port submission and presentation, and to collaborative-
ly evaluate students’ reports with industrial experts.
Besides the three main modules, there are also two
modules, resources and constraints, needed to consider
during the course development. The resources module
includes elements such as industrial experts, teaching
assistants, courseware provided by ministry of educa-
tion, e-learning courseware, e-learning platform, and
encouraging methods and mechanisms provided by
schools. The constraints consists background and
knowledge of teacher, background and capability of
student, selection of feasible courseware, control of
teaching activities, and quality control of final report.
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Fig. 3 The flowchart of plan, design, implementation and evaluation of course development
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Fig. 4 A snapshot of collaborative evaluation of students' reports with industrial expert.

4. Conclusions

In this paper, we have analyzed the inputs, outputs,
resources and constraints of a course development with
IDEFO0 system analysis. Subsequently, a framework of

course development was proposed based on knowledge
chain model. Furthermore, a case study was used to
illustrate the implementing method and process based on
proposed framework. The authors expect this re- search
could provide guidelines or reference for en-

hancing engineering innovation education and the
method proposed in this paper is general in form to be
applied for the other disciplines.
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