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Abstract—Creative design requires new approaches to assessment
in vocational and technological education. To date, there has been little
discussion on instruments used to evaluate dies produced by students
in vocational and technological education. Developing a generic
instrument has been very difficult due to the diversity of creative
domains, the specificity of content, and the subjectivity involved in
judgment. This paper presents an instrument for measuring the
creativity in the design of products by expanding the Consensual
Assessment Technique (CAT). The content-based scale was evaluated
for content validity by 5 experts. The scale comprises 5 criteria:
originality; practicability; precision; aesthetics; and exchangeability.
Nine experts were invited to evaluate the dies produced by 38 college
students who enrolled in a Product Design and Development course.
To further explore the degree of rater agreement, inter-rater reliability
was calculated for each dimension using Kendall's coefficient of
concordance test. The inter-judge reliability scores achieved
significance, with coefficients ranging from 0.53 to 0.71.

Keywords—Design education, die creative product, vocational
and technological education, Consensual Assessment Technique
(CAT).

I. INTRODUCTION

RODUCT design and manufacturing is at the core of

industrialization and commercialization. Design is defined
as the process of transforming an abstract function into concrete
products. Manufacturing involves the use of machines, tools,
and labor to produce goods for use or sale. Manufacturers have
realized that improving production quality, accelerating
production processes, and reducing costs are essential to
survival in the competitive global market [1]. A wide range of
products are made from dies and some products comprise
thousands of components formed from dies [2]. Die making
represents a critical element of the manufacturing sector.

Slack [3] claimed that product design is ”a generic term for
the creation of an object that originates from design ideas —in
the form of drawings, sketches, prototypes or models — through
a process of design that can extend into object production,
logistics, and marketing”. Creativity is a basic element of
product design. In 2002, the Taiwanese Ministry of Education
initiated a series of projects aimed at making Taiwan a
Republic of Creativity (ROC). According to the White Paper of
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Creative Education promoted by the Advisory Office of
Ministry of Education [4], the hope of ROC was to make
Taiwan a place where creativity is “indispensable to everyone’s
life and in which the preservation of creative capital will be
maintained through knowledge management” [5].

Numerous researchers have fueled the controversy as to
whether the source of creativity is domain-general or
domain-specific. Creativity is specific or general depending on
the methods [6, 7]. According to the domain-general view,
creativity is a general skill or characteristic that can be applied
to a wide variety of situations (i.e., research focuses on the
creativity of individuals). By contrast, the domain-specific
view of creativity is that different domains require different
kinds of creative ability (i.e., research focuses on the creativity
of products) [8, 9]. Unfortunately, understanding
domain-generality vs. specificity in creativity is difficult
because the lack of a consensual definition of the concept of a
domain makes it impossible to gain a clear sense of exactly
what domain-specificity refers to [10].

In this rapidly changing era, creativity and technology are
closely related. The instruction of creativity in technology
education focuses on engaging students through the
development of new products to solve technological problems,
thereby becoming familiar with engineering as well as
technical knowledge and skills [11-13]. Determining how to
promote creativity among students is an important topic in
vocational and technological education; however, evaluating
creativity is problematic. Developing a measurement for
judging dies is crucial. In recent years, considerable efforts
have gone into developing the means by which to measure the
creativity in product innovation for specific topics. For
example, Horng [14] applied grounded theory to develop the
Creative Culinary Product Criteria Matrix for analyzing the
properties of innovative culinary products. Hsu et al. [15]
developed the Technical Creativity Tests of Electronic and
Electric Cluster for high schools. Horng and Lin [16] developed
the Scale for Evaluating Creative Culinary Products and
adopted the Consensual Assessment Technique (CAT) to
establish the credibility of the scale.

Over the past several years, there has been a great deal of
product creativity and impressive empirical investigations in
this field. The development of a scale to evaluate creativity in
the production of dies is limited, and using such an instrument
out of context can be misleading. A more authentic and fair
method of assessment could help instructors to evaluate
technical implementation, and comment on the value of the
product to encourage students to engage in creative thinking.
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II. REVIEW OF THE RELEVANT LITERATURE

A. Definition of Creativity

Creativity can be considered either sophisticated or elusive
due to differences in research orientation. This dichotomy has
led to a lack of consensus regarding definitions and
measurements of creativity. Lack of a clear definition leads to
erroneous assumptions and misguided concepts. According to
[17], a number of researchers have investigated the definition
of creativity as an intellectual construct. Furnham and Bachtiar
[18] reported that there are more than 60 definitions of
creativity without a single authority or consensus on its
definition, or operational measure. Nonetheless, a commonly
accepted definition of creativity is stated as the ability or power
to bring into existence, to produce through imaginative skill,
the concept of producing of an idea or product that is both novel
and utilitarian [6, 19-22]. As Sawyer [23] explains, creativity is
“the emergence of something novel and appropriate, from a
person, a group, or a society” (p. 34). Ormrod [24] claimed that
creativity is a form of transfer, because it involves applying
previously learned knowledge or skills to a new situation to
yield an appropriately productive result.

B. Creative Product

A number of definitions of creativity focus on products.
Ghiselin (1963) stressed that creative products are an indication
of new meaning, new insight, or aesthetic realization. The
creation of products can be considered the production of novel
and appropriate ideas and products [25-28]. Creativity in
products is viewed as the practical application of a novel
solution to a problem[29].

Teachers use assessment criteria to evaluate the products
their students produce. The most widely adopted measurement
of creativity in product design is the Consensual Assessment
Technique (CAT) developed by Amabile [30], and extended by
others [8, 31-33], in which groups of expert judges rate original
products according to subjective criteria. Because the validity
of CAT is not tied to a particular theory of creativity, it also has
been called the gold standard of creativity assessment [34]. To
facilitate the empirical study of assessing creativity in product
design, Amabile [25, 35] stated that “a product or idea is
creative to the extent that expert judges independently agree
that it is creative”. The experts are the people familiar with the
domain in question. Therefore, creativity can be determined
according to the judgment of multiple independent experts or
can be rated as the products of the person’s ideas (objects).
From the above description, Amabile defines creativity from
the viewpoint of production, believing that a creative product
must be novel and appropriate, useful, or valuable. Dineen et al.
[36] point out that “creativity requires  both
divergent/productive  thinking to ensure novelty and
convergent/reproductive thinking to ensure appropriateness”.
Therefore, creative products can be considered the production
of novel and appropriate ideas and products.

C.Criteria of Creativity in the Design of Products

Amabile et al. [35] used their early studies to assemble
criteria for creativity-related skills and domain-related skills, to
validate the componential model of creativity and evidence for
rater consistency. Artistic creativity was given 23 criteria, such
as overall creativity, novelty, aesthetic appeal, symmetry, and
expression. Language creativity was assigned 14 criteria, such
as overall creativity, novelty, emotionality, grammar, and
rhythm. Amabile determined that creativity and technical
goodness influence creative in the design of products and
achieved an internal consistency in those studies consistently
above 0.70 and often exceeding 0.90 [37]. Creativity and
technical goodness also demonstrated high factor loadings
showing that the criteria of technical goodness can be used to
interpret both the creative and technical features of a product.
Practice-based research led Amabile et al. to use two
dimensions (creativity and technical goodness) in CAT
research [38-40]. The definitions of two dimensions were as
follows: Creativity: Use personal definitions to evaluate the
creativity in the design of the product; Technical goodness: The
product shows good technical skill.

Most studies have applied the consensual assessment
technique to measure creativity in the design of products [32,
33, 41-44]. For example, Garaigordobil [45] employed plays to
stimulate graphic—figural creativity among 86 children aged 10
and 11 years in quasi experimental pretest intervention—posttest
with control group method. Graphic—figural creativity was
evaluated based on the judgment of two artists who
independently assessed the creativity of the products using
agreed upon criteria. The criterion of creativity included the
following: (1) novelty; (2) insightful associations; (3) sense of
humor; (4) fantasy capable of transcending reality; (5) unusual
perspective; (6) transformation; (7) expressive strength. Priest
(2001) evaluated creativity in the compositions of 54 students
(non-music majors) enrolled in classes dealing with music
fundamentals. In addition to a five-point scale to measure their
compositional creativity, the evaluation included three criteria,
such as melodic interest, rhythmic interest, and personal
preference.

The research [46] proposed the creative product analysis
model (CPAM), which is made up of three dimensions
(novelty, resolution, and style) and broken down into nine
categories developed from the creative product semantic scale
(CPSS), an instrument used to reveal creativity in products.
Novelty includes new materials, new processes, new concepts,
and other elements of new products or ideas. Novelty is
reflected in originality and surprise. Resolution refers to how
well the product accomplishes what it is supposed to do. It
includes four categories: logic, usefulness, value, and
understandability. Elaboration and synthesis refer to the
progression of the initial design to increase its simplicity and
refinement. It includes three categories: organic, well-crafted,
and elegant. Although most studies have applied the CAT to
measure creativity, other studies have developed other criteria
for their subjects. Overall, in previous research, most of the
criteria for creativity in the design of products can be
summarized as the following: creativity, technical goodness,
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novelty, originality, appropriateness, and aesthetic appeal [32,
37,45, 47].

III. METHODOLOGY

A. Step one: Producing Dies for Evaluation

1. Participants

This study recruited thirty-eight college students enrolled in
a Product Design and Development course. The participants
were 33 male and 5 female aged between 20 and 22 years of
age.

2. Manufacture Procedure

In the Product Design and Development course, the
instructor asked students to design a die and provide the
specifications of the workpiece (e.g., width, height and depth).
The study was conducted in a mechanical facility in which a
CNC milling machines and conventional milling machines
were employed as the primary tools. The dies were produced
from medium carbon steel (S45C). Participants were given five
hours to produce dies (stamping die and plastic injection).
Following completion of the dies, each of the students was
identified only by a number. All products were prepared to be
rated, as shown in Figs. 1 and 2.

L0

Fig. 1 Stamping die Fig. 2 Plastic injection die

B. Step two: Rating the Die Product

1. Rating procedure

Each die had to be consistent with CAT methodology. The
instrument was designed according to the tenets of the precision
machinery manufacturing course, combined with (CSDS) [48,
49] and car product creativity [50], to assess creativity in the
production of dies. The experts assigned scores from 1 to 5
points according to each of these criteria, indicating the degree
to which the product was considered creative, relative to the
dies produced by other students.

2. Raters

Nine expert raters in the field of die making were invited to
participate as judges in this study. Each of the judges had
considerable experience in precision machining or
machine-driven industries. The experts initially assessed the
creativity of all of the dies using a 5-point scale in randomly
assigned order to prevent order effects. Second, expert raters
assessed the dies individually and without any instructions
from the researcher. The experts did not meet or talk about their
ratings with one another until after all the ratings had been
submitted.

IV. RESULTS

The content-based instrument was evaluated for content
validity by a panel of experts. With input from faculty, 5
experts in the fields of precision machining or machine-driven
industries were invited to participate in this process. Drafts of
the instrument were emailed to each of the experts for
evaluation. Five experts indicated that the measurement was
well aligned with the content of assessing creativity in the
production of dies. The instrument was revised according to
expert recommendations.

To further explore the degree of rater agreement, inter-rater
reliability was calculated for each dimension using Kendall's
coefficient of concordance test. It is a test of correlation
employed for three or more sets of ranks, which allows a
researcher to evaluate the degree of agreement between m sets
of ranks for n participants. To analyze the rankings, the Kendall
coefficient indicates the degree to which the judges agree in
their assignment of rank. The Kendall coefficient W is based on
the deviation in the total of each ranking [51].

As shown in Table I, medium and significant reliability was
found among the nine judges for each of the dimensions.
Significant reliability coefficients ranged from .529 to .71.

TABLEI
RESULTS FOR THE KENDALL'S COEFFICIENT OF CONCORDANCE

Die criteria Kendall W

originality .529*

practicability 710%

precision .695%

aesthetics .689%*

exchangeability .548*

*p<.05

V. CONCLUSION

Results provide evidence to support the use of the CAT in the
assessment of creativity in the design of dies. Inter-judge
reliability scores achieved significance, with coefficients
ranging from 0.529 to 0.71 for each of the 5 dimensions rated.
Hopefully these findings will encourage college instructors to
include instruction in creativity, giving them confidence to
proceed with the assessment and development of creativity in
die production. This instrument emphasizes the importance of
creativity in die production, as a learning goal in the future.
This instrument is also available for training programs in the
die making industry and will help to strengthen the creativity of
inventors. This instrument could provide a standard with which
to evaluate the performance of inventors.

VI. DIRECTIONS FOR FUTURE RESEARCH

Product innovation represents the key to victory in the
manufacturing industry. Design and creativity are closely
related; however, psychological inertia pushes us toward old
modes of thought when solving problems. Many inventors use
trial and error, but this is a highly inefficient approach. If
inventors or designers could be provided a systematized means
of thinking, they could create better products in a shorter time.
Most people adopt past experience to deal with current
problems, but this mode of thought is very limited and difficult
to escape. Therefore, a problem-solving strategy known as
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Teoriya Resheniya Izobretatelskikh ~ Zadatch (TRIZ)
comprising 39 contradiction and 40 principles, has been
proposed to enable designers to improve their thinking
processes. It represents a powerful alternative to trial and error
[52, 53]. Future research could concentrate on applying the
matrix and the statistical technique of TRIZ to develop a design
process for the production of dies.

A second suggestion for future research would be to study
data in confirmatory factor analysis to demonstrate the scale’s
reliability and validity, and to ensure that the scale is a stable
measurement promoting the production of novel die-cast
products and improve education in mechanical design.
Furthermore, in design education, project-based learning has
been a mainstay of instruction at most universities. However,
Christiaans and Venselaar [54] question the effectiveness of
this approach. Therefore, the issue of project-based learning is
an intriguing one, which could be usefully explored in further
research.

ACKNOWLEDGMENT

This work was supported by the Department of Industrial
Education and Technology, National Changhua University of
Education, under projects from the National Science Council
(NSC 97-2511-S-018-029 and NSC 98-2511-S-018-005-MY2)
of Taiwan, Republic of China.

REFERENCES

[1] S. Q. Xie, H. Huang, and Y. L. Tu, "A WWW-Based Information
Management System for Rapid and Integrated Mould Product
Development," Int. j. adv. manuf. technol., vol. 20, no. 1, pp. 50-57, 2002.

[2] Y. K. Leung, K. L. Choy, and C. K. Kwong, "A real-time hybrid
information-sharing and decision support system for the mould industry,"
J. high technol. managem. res., vol. 21, no. 1, pp. 64-77, 2010.

[3] L. Slack, What is product design? Mies, Switzerland: RotoVision, 2006.

[4] A. O. 0. M. o. Education. (2003). White paper of creative education.
Available:
http://www.creativity.edu.tw/modules/wfsection/article.php?articleid=19
5

[5] W. Niu, "A Comparison of Mainland China, Taiwan, Hong Kong, and
Singapore," in The international handbook of creativityed, J. C. Kaufman
and R. J. Sternberg, Eds., Cambridge, UK: Cambridge University Press,
2006, pp. 374-394.

[6] J. A. Plucker, "Generalization of creativity across domains: Examination
of the method effect hypothesis," J. creat. behav., vol. 38, no. 1, pp. 1-12,
2004.

[7]1 J. A. Plucker, "The (relatively) generalist view of creativity," in Creativity
across domains: Faces of the museed, J. C. Kaufman and J. Baer, Eds.,
Mahwah, NJ: Erlbaum, 2005, pp. 307-312.

[8] J. Baer, Creativity and divergent thinking: A task-specific approach.
Hillsdale, NJ: Lawrence Erlbaum Associates, 1993.

[91 P. J. Silvia, J. C. Kaufman, and J. E. Pretz, "Is Creativity
Domain-Specific? Latent Class Models of Creative Accomplishments
and Creative Self-Descriptions," Psychology of Aesthetics, Creativity,
and the Arts, vol. 3, no. 3, pp. 139-148, 2009.

[10] R. J. Sternberg, "Domain-Generality Versus Domain-Specificity of
Creativity," in Milieus of Creativityed, P. Meusburger, J. Funke, and E.
Wunder, Eds.: Springer Netherlands, 2009, pp. 25-38.

[11] R. E. Peterson, "Establishing the creative environment in technology
education," Technol. teach., vol. 61, no. 4, pp. 7-10, 2001.

[12] S. D. Johnson and J. Daugherty, "Quality and Characteristics of Recent
Research in Technology Education," J. technol. educ., vol. 20, no. 1, pp.
16-31, 2008.

[13] K. W. M. Siu, "Nurturing All-round Engineering and Product Designers,"
Int. J. Technol. Des. Educ., vol. 13, no. 3, pp. 243-254, 2003.

[14]

[15]

[16]

[17]
(18]
[19]
[20]

[21]

[22]
[23]
[24]
[25]

[26]

[27]

[28]

[29]

[30]

B1]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

J.-S. Horng, "The research on creative culinary products,” in 12th Asia
Pacific Tourism Association and 4th ApacCHRIE Joint Conference,
HuaLian, Taiwan., 2006, pp. 2156-2168.

H.-G. Hsu, M.-H. Lai, D.-G. Chen, P.-Y. Chan, and T.-M. Chang, "The
development of technical creativity test of electronic and electric cluster
for high school student," Psychological Testing, vol. 55, no. 2, pp.
407-434, 2008.

J.-S. Horng and L. Lin, "The Development of a Scale for Evaluating
Creative Culinary Products," Creat. res. j., vol. 21, no. 1, pp. 54-63,
2009/02/09 2009.

A. K. Palaniappan, Cultural Influences on Creativity and Academic
Achievement. Kuala Lumpur: In.Reach, 2007.

A. Furnham and V. Bachtiar, "Personality and intelligence as predictors
of creativity," Pers. individ. differ., vol. 45, no. 7, pp. 613-617, 2008.

F. Barron, "The disposition toward originality," The Journal of
Abnormal and Social Psychology, vol. 51, no. 3, p. 478, 1955.

Y. Li, J. Wang, X. Li, and W. Zhao, "Design creativity in product
innovation," Int. j. adv. manuf. technol., vol. 33, no. 3, pp. 213-222, 2007.
M. D. Mumford, "Where have we been, where are we going? Taking
stock in creativity research," Creat. res. j., vol. 15, no. 2-3, pp. 107-120,
2003.

M. D. Mumford, "Taking stock in taking stock," Creat. res. j., vol. 15, no.
2-3, pp. 147-151, 2003.

R. K. Sawyer, Explaining creativity: The science of human innovation.
Oxford, New York: Oxford University Press, 2006.

J. E. Ormrod, Educational Psychology: Developing Learners, 7 ed.:
Pearson, 2011.

T. M. Amabile, Creativity in context: Update to" The social psychology of
creativity.". Boulder , CO: Westview Press, 1996.

G. R. Oldham and A. Cummings, "Employee creativity: Personal and
contextual factors at work," Acad. Manage. J., vol. 39, no. 1, pp. 607-634,
1996.

C. E. Shalley, "Effects of coaction, expected evaluation, and goal setting
on creativity and productivity," Acad. Manage. J., vol. 38, no. 1, pp.
483-503, 1995.

J. Zhou, "Feedback valence, feedback style, task autonomy, and
achievement orientation: Interactive effects on creative performance," J.
Appl. Psychol., vol. 83, no. 2, pp. 261-276, 1998.

J. Adair, Leadership for innovation: how to organize team creativity and
harvest ideas. London: Kogan Page Ltd, 2007.

T. M. Amabile, "The social psychology of creativity: A componential
conceptualization," J. Pers. Soc. Psychol., vol. 45, no. 2, pp. 357-376,
1983.

J. Baer, "Performance Assessments of Creativity: Do They Have
Long-Term Stability?," Roeper rev., vol. 17, no. 1, pp. 7-11, 1994.

J. Baer, J. C. Kaufman, and C. A. Gentile, "Extension of the Consensual
Assessment Technique to Nonparallel Creative Products," Creat. res. j.,
vol. 16, no. 1, pp. 113-117, 2004.

J. C. Kaufman, J. Baer, J. C. Cole, and J. D. Sexton, "A comparison of
expert and nonexpert raters using the Consensual Assessment
Technique," Creat. res. j., vol. 20, no. 2, pp. 171-178, 2008.

S. Carson, "Creativity and mental illness," presented at the Invitational
Panel Discussion Hosted by Yale’s Mind Matters Consortium, New
Haven, CT, 2006.

T. M. Amabile, "Social psychology of creativity: A consensual
assessment technique," J. Pers. Soc. Psychol., vol. 43, no. 5, pp.
997-1013, 1982.

R. Dineen, E. Samuel, and K. Livesey, "The promotion of creativity in
learners: theory and practice," Art, design & communication in higher
education, vol. 4, no. 3, pp. 155-172, 2005.

J. C. Kaufman, J. Baer, and C. A. Gentile, "Differences in gender and
ethnicity as measured by ratings of three writing tasks," J. creat. behav.,
vol. 38, no. 1, pp. 56-69, 2004.

T. M. Amabile, B. A. Hennessey, and B. S. Grossman, "Social influences
on creativity: The effects of contracted-for reward," J. Pers. Soc.
Psychol., vol. 50, no. 1, pp. 14-23, 1986.

R. Conti, H. Coon, and T. M. Amabile, "Evidence to support the
componential model of creativity: Secondary analyses of three studies,"
Creat. res. j., vol. 9, no. 4, pp. 385-389, 1996.

J. Ruscio, D. M. Whitney, and T. M. Amabile, "Looking inside the
fishbowl of creativity: Verbal and behavioral predictors of creative
performance," Creat. res. j., vol. 11, no. 3, pp. 243-263, 1998.

X. Caroff and M. Besangon, "Variability of creativity judgments," Learn.
individ. differ., vol. 18, no. 4, pp. 367-371, 2008.

3774



[42]
[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]
[52]

[53]

International Journal of Business, Human and Social Sciences
ISSN: 2517-9411
Vol:6, No:12, 2012

S. J. Dollinger, "Creativity and conservatism," Pers. individ. differ., vol.
43, no. 5, pp. 1025-1035, 2007.

J. Kasof, C. Chen, A. Himsel, and E. Greenberger, "Values and
creativity," Creat. res. j., vol. 19, no. 2-3, pp. 105-122, 2007.

J. C. Kaufman, C. A. Gentile, and J. Baer, "Do Gifted Student Writers and
Creative Writing Experts Rate Creativity the Same Way?," Gift. child q.,
vol. 49, no. 3, pp. 260-265, 2005.

M. Garaigordobil, "Intervention in Creativity With Children Aged 10 and
11 Years: Impact of a Play Program on Verbal and Graphic-Figural
Creativity," Creat. res. j., vol. 18, no. 3, pp. 329-345, 2006.

S. P. Besemer, "Creative Product Analysis to Foster Innovation," Des.
manage. j., vol. 11, no. 4, pp. 59-64, 2000.

S. J. Dollinger, K. K. Urban, and T. A. James, "Creativity and Openness:
Further Validation of Two Creative Product Measures," Creat. res. j., vol.
16, no. 1, pp. 35-47, 2004/03/01 2004.

D. H. Cropley, J. C. Kaufman, and A. J. Cropley, "Measuring Creativity
for Innovation Management," J. Technol. Manag. Innov., vol. 6, no. 3, pp.
13-30,2011.

D. H. Cropley and A. J. Cropley, "Engineering creativity: A systems
concept of functional creativity," in Creativity across domains: Faces of
the museed, J. C. Kaufman and J. Baer, Eds., Hillsdale, NJ: Lawrence
Erlbaum, 2005, pp. 169-185.

G. Rubera, A. Ordanini, and D. Mazursky, "Toward a contingency view
of new product creativity: Assessing the interactive effects of
consumers," Marketing Letters, vol. 21, no. 2, pp. 191-206, 2010.

D. J. Sheskin, Handbook of parametric and nonparametric statistical
procedures, 3 ed. Boca Raton, Florida: Chapman and Hall/CRC, 2003.
N. Ledn, "Putting TRIZ into product design," Des. manage. j., vol. 14, no.
2, pp. 58-64, 2003.

H. Christiaans and K. Venselaar, "Creativity in design engineering and
the role of knowledge: Modelling the expert," Int. J. Technol. Des. Educ.,
vol. 15, no. 3, pp. 217-236, 2005.

3775



