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ABSTRACT

This paper aims to identify students’ perception of the level of applicability of
techniques that have been applied in the process of engineering design idea
generation. Various techniques have been developed to facilitate the process
of generating ideas. However, in generating engineering design concepts, a
special technique involving the application of creative solutions and specific
engineering analysis is required. This will need students to determine the
appropriateness of the techniques to be adopted which will help to accelerate
the process of generating ideas. This survey employed a questionnaire that
was developed based on the Six P’s creativity model; and the analysis
carried out using the Rasch measurement models. The respondents consist of
160 mechanical engineering students from four local universities in Malaysia
that are involved in engineering design courses. The student’s data were
analysed descriptively based on the frequency of use of techniques and
percentage of agreement against applicability techniques. The reliability of
the developed questionnaire was 0.89, while the overall five selected
techniques showed an approval percentage of more than 60 percent per
context. The overall findings implied that the use of a combination of creative
and technical techniques helped students in the six contexts of creativity in
idea generation. As a result, a hierarchy of technique application in the
process of generating ideas for design engineering concept was developed.
The hierarchy of techniques was used to develop a taxonomy that could serve
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as a reference guide for students and lecturers in the determination of the
appropriateness of techniques for the aspects of what ought to be achieved in
the process of generating ideas.

Keywords: idea generation, taxonomy, engineering design concept.

Introduction

In the education field, taxonomy is a model commonly used to analyse the
areas of education. It relates to the classification or grouping of
characterization, as well as the objectives of education; involving areas such
as knowledge, attitude, and psychomotor. The taxonomy of terms in
engineering education research could serve as a framework for researchers to
see the connections and synthesize ideas; have a better access to the research
of others; and plan for future work [1]. Although different approaches could
help identify a list of terms that might be used to map research in engineering
education, a standardized taxonomy would be more useful. It would guide
researchers, journal editors, funding agencies, and other members of the
community in creating the metadata that would enable a deeper and more
extensive analysis of research and publication trends [2].

The need of students towards learning has to be recognized in order to
identify the appropriate learning materials and appreciate their importance
[3]. It is therefore necessary to develop a taxonomy that relates to teaching,
learning, and assessment in order to ensure the success of a lesson, and
eventually, the entire learning process. The Bloom’s Taxonomy or the
Thinking Ability Concept is an example of a famous model as well as a
representation of the many models applied in the teaching and learning
system. It is a hierarchical structure that identifies skills from the low level up
to a higher level [4]. However, to adapt to today’s education system, many
studies have intended to improve on the already developed taxonomy. The
importance of taxonomy development in engineering design as highlighted
by Hubka and Eder (1988), Vincenti (1990), Rohpohl (1997), and De Vries
(2005) was to help designers in the provision of information on the
requirements during the design process [5].

While training students to be creative and enhancing their general
creativity, one of the courses offered in the Malaysian public universities is
engineering design. This course provides an opportunity for the students to
apply their previous knowledge and skills as well as showcase their ability in
the realization of ideas, creativity, and innovation. They are also expected to
solve problems. In the learning outcome of this course, students are required
to present a design concept with a detailed drawing and engineering analysis.
For that, creativity is needed since it is an integral part of the engineering
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design process that can influence the generation of novel and commercial
ideas. The process of idea generation is one of the creative learning processes
commonly practiced [6].

Idea generation occurs at the stage of design conception and includes
a search for creative problem solving, and systematic exploration of possible
solutions. The result of the activity is a set of product concepts [7] which
involve three phases - problem identification, idea creation, and idea
evaluation [8]. There are various techniques that can be applied in each phase
whether creative or engineering techniques. The application of an incorrect
technique can slow the final design process, produce low-quality products,
and lead to a lack of commercialization due to deficiencies of the product in
certain customer specifications. This shows the importance of the process of
design idea generation and how it influences the transformation of a concept
to product [9].

According to Cross [10] and Ahmed et al [11], engineering students
often face problems during the process of idea generation for concept design,
especially in the generation of a diversity of ideas and in seeking alternative
solutions. This is due to the lack of knowledge in the correct application of
the systematic approach which involves the use of methods and techniques
[12]. Similarly, there are no theories that can explain the various methods for
idea generation; no taxonomy for categorizing known ideation methods; and
no guidelines for selecting an appropriate method for a given ideation
problem in engineering disciplines [13]. Supported by Hulten et al., [14],
state that no lack of concepts, models or teaching tools and techniques from
previous research on creative design which point to the importance of
contributions to the field, building on previous insights. It is important,
therefore, to develop a guide that allows students to correctly determine
application techniques; thus, helping in the generation of creative ideas, and
producing innovative solutions in a timely manner. Chen et al., [15] also
recognised to develop a new model of conceptual design cannot only allow
lecturers of engineering design courses to teach their students explicit and
logical knowledge, but also can help researchers improve their
understandings about the conceptual design process.

The objective of this study is, therefore, to identify the techniques
that have been used by students, as well as the student’s perception of the
applicability of these techniques towards helping the process of creative idea
generation. The findings of the study can be used for the creation of a useful
taxonomy that can be referred to by students and lecturers, as a guideline in
the process of idea generation for engineering design concepts.
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Methodology

The study started with the development of a questionnaire entitled “Student’s
perception on idea generation techniques in developing design concept”. The
questionnaire was divided into three parts: part A) — Respondent’s personal
details, part B) — Information needs of idea generation process and part C) —
Perception on the applicability of idea generation techniques. A five-point
Likert scale was used for the grading of the responses. In part B, scales from
“never use” to “always use” were used to identify the frequency of
application of the selected methods; while in part C, scales from “strongly
disagree” to “strongly agree” were used to assess the perception of the
respondents towards the applicability of the selected techniques. During the
development of the questionnaire, the researcher considered the theories
regarding the context of idea generation previously adopted by Rhodes in
1961; as well as the six P’s of creativity - person, process, product, place,
pressure, and persuasion [16]. The six P’s of creativity extended from the
four P’s framework [17] that ought to be used for the observation and
measurement of creativity [18]. The reliability analysis of the questionnaire
was conducted using Rasch analysis. Based on the Rasch measurement
model, the reliability acceptable value of Alpha Cronbach’s (o) was between
0.71 and 0.99 which shows a good reliability of the questionnaire. Table 1
showed the interpretation of the Cronbach Alpha score for reliability [19].
The study flow chart is shown in Figure 1.

Table 1: Interpretation of Alpha Cronbach Score [19]

Score of Alpha Cronbach  Reliability

09-1.0 Very good and effective with high
consistency level
0.7-0.8 Good and acceptable
0.6-0.7 Acceptable
<0.6 Item need to repair
<0.5 Item need to reject

Meanwhile, to confirm the ability of an item to measure a construct,
two values must be reviewed: (i) the Point Measure Correlation (PTMEA
CORR) which detects the polarity of items, and (ii) the Outfit Mean Square
(MNSQ) which assess the suitability of the items. According to Bond and
Fox [19], a positive PTMEA CORR value indicates the ability of the item to
measure the construct, but a negative value indicates that the item needs to be
either repaired or eliminated since it cannot measure the construct. For the
Outfit MNSQ, the index value should be within the range of 0.6 to 1.4. A
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value of more than 1.4 means that the developed item is misleading and
should be eliminated. A value of less than 0.6 means that the item expected
from respondents is too easy and need to be repaired.

Development of Questionnaire
Title: Student's Perception On Idea Generation
Technique In Developing Design Concept

'

Part A

Part B Part C
Information Need of Perception On
Respondent Personal . S .

. Idea Generation Applicability Of Idea's

Details . X

Process Generation Technique

Reliability?
(Rasch Model)

Distribute
questionnaire

UPM UKM UTHM UiT™M
45 person 40 person 62 person 13 person

Course : Course : Course : Course :

EMM3508 Engineering KKKM4955 Design BDA 40804 MECS531 Mechanical
Design II Project Engineering Design Engineering Design 1
EMMS5504 Engineering KKKP 4274 Product BNJ30203 Mechanical
Product Design and Design Engineering Design
Innovation KKKM 6034
Engineering Design

Descriptive analysis

!

Application frequency of technique Percent ongrccmcnt‘ on Applicability of
(Part B) Technique
‘ (Part C)
]

Identify five technique with highest percent of
agreement on applicability of technique in every
aspect of context

!

Develop the hierarchy of technique application in
engineering design concept ideation

Figure 1: Flow chart of the study methodology.

205



N.M.M.Rasidi et al.

The questionnaire was distributed to the mechanical engineering
students of four public universities in the Peninsular Malaysia. A total of 160
students were selected for the study. All of the students engaged in idea
generating methods and design process were confirmed to have enrolled for
an engineering design course. The data were descriptively analysed based on
the frequency of technique application and the percentage of students’
agreement to their applicability. The techniques in the top five and with the
highest percentage of applicability were selected as appropriate techniques
for application in idea generation. The findings were used to develop a
hierarchy for the application of techniques in engineering design concept
ideation.

Results and Discussion
Reliability of Item

The summary of the statistical analysis of each item and the response using
the Rasch measurement model analysis is shown in Figure 2. The Cronbach
Alpha shows a value of 0.89, reflecting an acceptable internal consistency of
the raw response pattern and suggests that the instrument can be used in the
actual research. The reliability of the items and the responses was 0.82 and
0.87 respectively while their separation index and responses was 2.17 and
2.64 respectively. This shows that the item is in good condition and can be
accepted in the study. According to Bond and Fox [19], a reliability of more
than 0.8 and a separation index exceeding 2.0 is good [20].

SUMMARY OF 30 MEASURED Person

[ TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASUEE ERROR MNSQ Z3TD MNSQ Z5ID |
T [
| MERN 107.2 3z.0 2.76 35 1.00 .0 97 -.1 |
| 5.0 9.0 .0 1.04 04 27 1.2 27 1.1 |
| MAX 122.0 32.0 4.74 47 1.66 2.4 1.67 2.4 |
| MIN g88.0 3.0 73 31 44 -2.8 43 -2.9 |
[ [
| REAL BMSE .37 TRUE 5D .97 ZEPARATION 2.64 DPerson BELIABILITY .87 |
IMODEL EMSE .35 TRUE SD .97 SEPARATION 2.79 Person RELIABILITY .89 |

[

| 5.E. OF Ferson MEBN = .19

Person RAW SCORE-TO-MEASURE CORRELATICON = 1.00
CRCONBACH ALPHR (KR-20) Person ERW SCORE "IEST™ RELIABILITY = .&8

Figure 2: Summary of the statistics for items and respondents.
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SUMMARY OF 32 MEASURED Item

| EEAL EMSE .38 TRUE 35D .83 SEPRRATION 2.17 Item  BELIABILITY .82 |
|MOCEL BMSE .36 TROE 3D .84 GSEPRRATION 2.32 Item  RBELIABILITY .84 |
| 53.E. OF Item MEAN = .l& |

Figure 2: Summary of the statistics for items and respondents (continued)

The measure order of the items is shown in Figure 3. The analysis of
the PTMEA CORR of the items showed positive values which indicate the
ability of the items to measure the construct. The analysis of the Outfit
MNSQ of the items showed that one item (F12) had a value of less than 0.6
while the other two items (FO7 and D02) had values more than 1.4. The
overall findings, therefore show that 91% of the items can be used in
assessing the construct while 9% of the items need to be repaired.

Item STATISTICS: MERSURE OADER

|ENTRY  TOTAL TOTAL MOIEL|  INEIT | OOTFIT |PT-MERSURE |EXACT MAICH|
INIMSER SCORE COUNT MEASURE S.E. IMiSQ ZSTDIMNSQ 2STDICCRR. EXE.| 0BSY ELRS| Item

1
|
|
Iz 85 3 177 32072 -L.31 .70 -1.21 .55 .51 1.3 62.21 K30- idencify material sclection item I
21 87 3 1.5 .3211.39 1.511.35 1.5 .4¢ .51 6.7 62.2| M2 Idencify Item mamufacturing rechods of The project i
.38 .500 60.0 62.9] - Facilirate the process of analyring the results I
.61 .501 56.7 62.91 L6~ Meet the dedign specification |
.72 50| TA.0 62.8] 137 Measure of che feasibilicy of an idea |
153 50| &0.0 63.1] F12- hecurately derermining the design objectives |
.43 .50] 0.0 €3.11 G14- Generate ideas but there are menbers of growps that have different background knawledge |
.46 .50| 0.0 63.1] S1l- Facilitate the process of felecting a Iinal idea CRAT DEECE Che Speeilisarions iie |
.81 .50 T3.3 63.11 124- Generate a 1ok of ideas i
.61 .50 53.3 63.31 705 Facilitace che process of idensifying tre proplem |
.60 .50 BE.T 63.3] F13- Ensure rhat dseislens made are ractonal I
10 .49 267 63.41 FO7- Pocilitese the decision-zaking proceas |
.14 .3 40.0 63.41 D02 Accelerate che process of idea generation I
.57 .49] TE.T 63.5] - Help enslyze the idea in more deceil i
.60 .49] TE.T 63.51 D01~ Generate ideas wichin the period provided |
.55 .19 TI.3 63.3] F10- Facilitace che process ef Ldencifying The needs of user |
.25 .49] 66.7 63.31 W32~ Generate new ides i
.40 48] 6.7 §3.5] L35~ Froduce quality ideas |
J44 48| G6.7 63.7] B15- Lllows scudent try chese mechods and cechnigues |
.49 481 73,3 €3.71 J22- Shoving prepossl as process improvementa i
.62 .70 TE.T 64,11 EOi- Generaie ifea3 bus Chere are QeNbera i ThE GrOUP Nave 3 ALIferent ewperience I
.61 470 56.7 64,11 EOS- Generate ideas but thers ace menbsrs in the group have & diffsrent gender i
.50 470 0.0 64,11 N3l- Generase a diversity of ideas |
L8 07| 0.0 64.1] 321~ Showing commenta as proceas improvemsnta |
.38 .36] 60,0 66,51 EOI- Gencrots ddtas but thers ars monbera in the group vho heve different Backgrounds I
.23 .51 53.3 §7.31 16~ Allows student to experizent methods and techaidues |
.66 .44] T4.0 €9.2| OG- Gensrave ideas buc Chers are merbers in the group have a differenc age I
.61 441 #3.3 69.21 18- Gives student the opporcunicy to deaign projesta |
L4141 61,3 €9.2] EI7- Kllows Scufent Go sketch e 1deas |
a8 .38 BE.T 78.8] [20- Gives stodept the opportumity to shew their opinien |
.53 .38| 8.0 78.8| K2i- Encourage scudent to speak during the diaczaaion |
L4 34| 1.3 83.6] 13- Gives scudent che opportunity to present the project |

I

i

i

L6100 01 .97 = | 669 6571
.04l .36 1.31 .38 L) [N

Figure 3: The measure order of items.
Frequency of Technique Application
The frequency of the application of the techniques by the students during the

process of idea generation is shown in Figure 4. From Figure 4, the creative
techniques that have been applied by students during the generation of design
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ideas are Brainstorming (158), Morphology Analysis (139), Mind Mapping
(131), Objective Tree (131), Checklist (123), 1H5W (93), NGT (70), KJ
method (64), PMI (57), ATAR model (51), SWOT (51), SCAMPER (46) and
Vroom-Yetton-Jago Decision Model (38). On the other hand, the engineering
techniques used are PDS (123), QFD (113), Function Analysis (113), Pugh
Model (100), FMEA (94), Concept Scoring Matrix (94), Concept Screening
Matrix (93), and AHP (83).

This result indicates that students have applied a combination of
creative and engineering techniques in the process of design idea generation.
This finding was supported by the reports of Aslani et al [21] who stated that
using creativity and innovation techniques in the development of creative
ideas can reduce the barriers in group meetings, which influence the growth
and diffusion of creative solutions and improve the ability to spread decision
space and way of thinking. In another perspective, creative techniques are
needed for dealing with innovative problems, while engineering techniques
are for engineering analysis to determine the design specifications and user
requirements. This analysis was subsequently used to make detailed
engineering drawings. As proven by Vieira et al [22], creativity is a very
important requirement in the engineering phase, especially in market-driven
products, for attracting customers. According to Gero et al [8], using an
unstructured concept generation technique (Brainstorming), partially
structured technique (Morphological Analysis), and a structured technique
(QFD), affects the early parts of the designing process, especially to focus
more on problem-related aspects of designing, that is, design goals and
requirements.
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Figure 4: Frequency of technique applicability during the process of
generating ideas.
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Percentage of agreement on applicability of techniques

The purpose of the survey was to identify the five techniques based on the
highest percentage of agreement on the applicability of techniques for each
context in the six P’s of creativity are which pressure, process, person,
persuasion, place, and product.

Figure 5 presents the five techniques that had the highest agreement
percentage for pressure. These findings revealed that students agreed that five
techniques (Brainstorming, QFD, Function Analysis, Morphology Analysis,
and Concept Screening Matrix) had helped them in the generation of ideas
under a time constraint. This technique can be used to generate ideas and
reports within the provided period. It can also help to accelerate the process
of idea generation and problem-solving. Another finding shows that the
students agreed that using Mind Mapping, Brainstorming, 1H5W,
Morphology Analysis, and Function Analysis can allow them to try and
experiment this technique in generating and sketching the ideas. According to
Bordegoni [23], design and engineering activities should be supported by
tools that allow the design and verification of several variants of new
products in a short time. Tools for engineering should especially meet
engineers’ expectations. Application of creative techniques such as Mind
Mapping can help significantly in projects and the further development of
ideas and concepts [24]; while Brainstorming is an effective technique in
getting a large number of ideas from a group of people in a short time [25].
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Figure 5: The five techniques that have the highest percentage of agreement
for context of pressure.
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The five techniques that had the highest percentage of agreement for
the context of the process are shown in Figure 6. These results indicate that
the techniques (Morphology Analysis, Function Analysis, 1H5W, QFD, and
Brainstorming) helped the students to obtain information about users’ needs
and design specification. The student agreed that this technique can help
them to facilitate the process of identifying the problems and user’s needs,
selecting a final idea that meets the title’s specification, and analyse the
results. Also, it can be used to determine the accurate design objective and
rational decisions. Another finding shows Mind Mapping, Brainstorming,
Morphology Analysis, Function Analysis, and ATAR Model as useful
techniques which gave the students the opportunity to plan, present, and
show their opinion about the project. According to Taura et al [26], creativity
technique can be used as a generative process, especially in a problem-
solving process. Among the techniques recommended in the generative
process are QFD (for problem exploration), Brainstorming, Morphology
Analysis, SCAMPER (for idea generation), and value engineering (for
concept evaluation). The application of Morphology Analysis can be used to
create enhancements on existing products and help to generate ideas quickly
[27]. In the engineering design process, Brainstorming can be used to
generate a large number of ideas or solutions for well-defined strategic or
operational problems [28], while using QFD can help the team in identifying
the product quality characteristics [29]. Mind Mapping is also a suitable
technique to be used in planning a project and solving a problem [30].
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Figure 6: The five techniques that have the highest percentage of agreement
for the context of process.

The five techniques that had the highest percentage of agreement for
the context of the person are shown in Figure 7. The results show that
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Brainstorming, Function Analysis, Morphology Analysis, Mind Mapping,
and QFD are the techniques that helped the students to generate diverse ideas
in a team with different backgrounds, experiences, genders, and age. This
finding was supported by Chulvi et al [31] who stated that Brainstorming
(intuitive technique) and Functional Analysis (structured technique) can be
applied in the idea generation process to produce more creative design ideas.
Also, Brainstorming is the suitable technique that can be used in a multi-
disciplinary group meeting to propose and generate ideas to solve a stated
problem [32]; while applying Mind Mapping in a team of learning and
project work can give opportunity to make the “strange familiar”, to develop
synergistic interaction, assemble collective knowledge and a group minded

attitude [24, 30].
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Figure 7: The five techniques that have the highest percentage of agreement
for the context of person.

The five techniques that had the highest percentage of agreement for
the context of the persuasion are shown in Figure 8. These findings show that
Mind Mapping, Brainstorming, Morphology Analysis, Function Analysis,
and QFD were applicable in helping students to get a positive comment and
suggestion for improving the idea design. According to Hassan et al [29],
QFD is useful in improving the effectiveness of the conceptual process plan,
especially in the process quality and in giving useful information about the
possible combined resources by incorporating a capability function for
process elements. Seidenstricker [33] also recognized that morphology
analysis is a product improvement technique which permits in-depth analysis
of products or process.
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Figure 8: The five techniques that have the highest percentage of agreement
for the context of persuasion.

The five techniques that had the highest percentage of agreement for
the context of the place are shown in Figure 9. These findings show Mind
Mapping, Brainstorming, 1H5W, Function Analysis, and Objective Tree as
the techniques that gave students a chance to speak up. Using creative
approaches in a discussion situation is very efficient in the development of
cognitive abilities [34]. A technique such as mind mapping is a highly
effective learning tool in increasing communication skills in class sessions. It
also can be used as an interactive teaching technique and help to create
extremely interactive and dynamic classrooms [24].
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Figure 9: The five techniques that have the highest percentage of agreement
for the context of place.
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The five techniques that had the highest percentage of agreement for
the context of the product are shown in Figure 10. The student agreed that
Brainstorming, Mind Mapping, Morphology Analysis, QFD, and 1H5W were
applicable in helping them generate quality ideas. Meanwhile, PDS,
Brainstorming, 1H5W, Morphology Analysis and Concept Screening Matrix
were applicable in helping them get deep information of an idea which
includes detail idea analysis, manufacturing method, and material selection.
This implies that the use of engineering techniques was needed in making an
analysis of the ideas. It is to ensure that the selected idea has met the user
needs and design specification. Another finding show Brainstorming,
Morphology Analysis, Mind Mapping, Objective Tree, and 1H5W as
applicable techniques in helping students generate diverse ideas. These
findings prove that the use of creative techniques is crucial in generating the
various new ideas that have interesting solutions, authentic design, and high
impact quality. Johari et al [35] stated that using a combination of creative
techniques, such as Mind Mapping, and conventional engineering design
such as Morphology Analysis and evaluation matrix can increase students’
creativity and ability to propose inventive ideas. As proven by Lo et al [36],
Morphology Analysis is an ideation technique that can be used to generate
alternative ideas for new product development by means of developing the
generic sub-functions for a product or process, and consideration of
alternative means for implementation of each sub-function; while the
application of the objective tree technique in the context of product can help
to integrate the entire prescriptive design cycle and demonstrate the
understanding of formal design thinking process and strategies [37].

The overall findings imply the use of a combination of creative and
technical techniques to help students in the six contexts of creativity in idea
generation process. As a result, a hierarchy of technique application during
the process of idea generation in engineering design concepts was developed
(Figure 11). This hierarchy shows that a proper technique can be applied to
achieve the right context.

Conclusion

This study helped in identifying the five optimal techniques in all the aspects
and contexts of the Six P creativity model based on the applicability of
techniques in the process of generating ideas. This, in turn, helped to
determine the hierarchy of technique application for the development of the
taxonomy of idea generation technique for engineering design concept.
Through this study, it was also discovered that the use of a combination of
creative and engineering techniques was a very effective approach in helping
students to generate ideas. This is because the development of engineering
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design requires the use of proper techniques that are applicable to achieve the
design specifications and user requirements. Using the hierarchy of technique
application in engineering design concept ideation can assist students and
lecturers in determining the appropriateness of techniques to be applied in
generating ideas.
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Figure 10: The five techniques that have the highest percentage of agreement for the context of product.
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Figure 11: The hierarchy of technique application to achieve the context in engineering design concept ideation

216



Assessing Technique Applicability towards Ideation Taxonomy for Engineering Design Concept

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

S. G. Yildirim and S. W. Baur, “Development of Learning
Taxonomy for an Undergraduate Course in Architectural Engineering
Program,” American Society for Engineering Education, 1-10
(2016).

C. J. Finelli, M. Borrego, and G. Rasoulifar, “Development of a
Taxonomy of Keywords for Engineering Education Research,”
Journal of Engineering Education,104 (4), 365-387 (2015).

D. Davies, D. Jindal-Snape, C. Collier, R. Dighy, P. Hay, and A.
Howe, “Creative learning environments in education - A systematic
literature review,” Thinking Skills and Creativity,8, 80-91 (2013).

S. G. Yildirim and S. W. Baur, “Development of Learning
Taxonomy for an Undergraduate Course in Architectural Engineering
Program,” American Society for Engineering Education, 1-10
(2016).

A. J. Wodehouse and W. J. Ton, “Information use in conceptual
design: Existing taxonomies and new approaches,” International
Journal of Design, 4 (3), 53-65 (2010).

T. Howard, S. Culley, and E. Dekoninck, “Creativity in the
Engineering Design Process,” Proceeding of International
Conference on Engineering Design, 1-12 (2007).

Y. Avramenko and A. Kraslawski, “The Design Process of Product
and Process Development,” Studies in Computational Intelligence,
24, 3-24 (2008).

J. S. Gero, H. Jiang, and C. B. Williams, “Design cognition
differences when using unstructured, partially structured, and
structured concept generation creativity techniques,” International
Journal of Design Creativity and Innovation,1 (4),196-214 (2013).

D. Bacciotti, Y. Borgianni, and F. Rotini, “An original design
approach for stimulating the ideation of new product features,”
Computers in Industry,75, 80-100 (2016).

Cross and Nigel, “Design cognition : results from protocol and other
empirical studies of design activity,” in Design knowing and
learning: cognition in design education., Elsevier, 79-103 (2001).

S. Ahmed, K. Wallace, and L. Blessing, “Understanding the
differences between how novice and experienced designers approach
design tasks,” Research in engineering design, vol. 14, no. 1, pp. 1-
11, 2003.

J. Pappas and E. Pappas, “Creative thinking, creative problem-
solving, and inventive design in the engineering curriculum: A
review,” ASEE Annual Conference Proceedings, 4641-4653 (2003).
G. Horton, R. Chelvier, S. W. Knoll, and J. Gdrs, “Idea Engineering :

217



N.M.M. Rasidi et. al

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

A Case Study of a Practically Oriented University Course in
Innovation,” Proceedings of the 44" Hawaii International Conference
on System Sciences, 1-7 (2011).

M. Hulten, H. Artman, and D. House, "A model to analyse students'
cooperative idea generation in conceptual design,” International
Journal of Technology and Design Education, 1-20 (2016).

Y. Chen, Z. Zhang, Y. Xie, and M. Zhao, "A new model of
conceptual design based on Scientific Ontology and intentionality
theory. Part I: The conceptual foundation," Design Studies, 37, 12-36
(2015).

C. Lin, J. Hong, M. Hwang, and Y. Lin, “A Study of the
Applicability of Idea Generation Techniques,” Proceedings of the
XVII ISPIM Conference, Athens, Greece (2006).

A. J. Buys and H. L. Mulder, “A Study of Creativity in Technology
and Engineering,” Proceedings of PICMET 2014, 879-891 (2014).
C. J. Lassig, “Approaches to creativity: How adolescents engage in
the creative process,” Thinking Skills and Creativity, 10, 3-12
(2013).

T. G. Bond and C. M. Fox, "Applying the Rasch Model:
Fundamental Measurement in the Human Sciences,” 2nd Edition.
Lawrence Erlbaum Associates Publisher, Mahwah, New Jersey
(2007).

J. M. Linacre,"Winsteps Help for Rasch Analysis: Rasch-Model
Computer Programs™, 1 - 615 (2012).

A. Aslani, “Development of Creativity in Concurrent Engineering
Teams,” American Journal of Industrial and Business Management, 2
(3), 77-84 (2012).

E. R. Vieira, C. Alves, and L. Duboc, “Creativity patterns guide:
Support for the application of creativity techniques in requirements
engineering,” Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence and Lecture Notes
in Bioinformatics), Vol. 7623, 283-290 (2012).

M. Bordegoni, “Exploitation of designers and customers’ skill and
creativity in product design and engineering,” Emotional
Engineering, 63-85 (2011).

M. S. BetsyD., Robert G., Carol R., “Using Mind Mapping to
Influence Creativity and Innovation,” Proceeding of Conference for
Industry Education Collaboration (2012).

S. R. Herring, B. R. Jones, and B. P. Bailey, “Idea Generation
Techniques among Creative Professionals,” Proceedings of the 42™
Hawaii International Conference on System Sciences (2009).

T. Taura and Y. Nagai, “A systematized theory of creative concept
generation in design: First-order and high-order concept generation,”

218



Assessing Technique Applicability towards Ideation Taxonomy for Engineering Design Concept

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Research in Engineering Design, 24 (2), 185-199 (2013).

J. M. Higgins, “Innovate or Evaporate: Creative Techniques for
Strategists,” Long Range Planning, 29 (3), 370-380 (1996).

S. Kazemi, S. M. Homayouni, and J. Jahangiri, “A Fuzzy Delphi-
Analytical Hierarchy Process Approach for Ranking of Effective
Material Selection Criteria,” Advances in Materials Science and
Engineering (2015).

A. Hassan, A. Siadat, J.Y. Dantan, and P. Martin, “Conceptual
process planning — an improvement approach using QFD, FMEA,
and ABC methods,” Robotics and Computer-Integrated
Manufacturing, 26 (4), 392401 (2010).

C.C. Lin and D.H. Shih, “Mind Mapping : A Creative Development
in Industrial Engineering Education,” Proceedings of 5th
International Conference on Wireless Communications, Networking
and Mobile Computing, 1-4 (2009).

V. Chulvi, E. Mulet, A. Chakrabarti, B. Lépez-Mesa, and C.
Gonzélez-Cruz, “Comparison of the degree of creativity in the design
outcomes using different design methods,” Journal of Engineering
Design, 23 (4), 241-269 (2012).

V. Chulvi, M. C. Gonzéalez-Cruz, E. Mulet, and J. Aguilar-Zambrano,
“Influence of the type of idea-generation method on the creativity of
solutions,” Research in Engineering Design, 24 (1), 33-41 (2013).

S. Seidenstricker, S. Scheuerle, and C. Linder, “Business Model
Prototyping — Using the Morphological Analysis to Develop New
Business Models,” Procedia - Social and Behavioral Sciences, 148,
pp. 102-109 (2014).

S. Morin, J. Robert, and L. Gabora, “A new course on creativity in an
engineering program: Foundations and issues,” Proceedings of
International Conference on Innovative Design and Manufacturing
17, 270-275 (2014).

J. Johari, D. A. Wahab, J. Sahari, S. Abdullah, R. Ramli, R. M.
Yassin, and N. Muhamad, “Systematic infusion of creativity in
engineering design courses,” Procedia - Social and Behavioral
Sciences, 18, 255-259 (2011).

C. H. Lo, K. C. Tseng, and C. H. Chu, “One-Step QFD based 3D
morphological charts for concept generation of product variant
design,” Expert Systems with Applications, 37 (11), 7351-7363
(2010).

A. Radaideh, K. Khalaf, S. Balawi, and George Wesley Hitt,
“Engineering Design Educaiton: When, What and How,” Advances
in Engineering Education,1-31 (2013).

219



