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ABSTRACT

Combinational creativity is a significant element of design in supporting designers to generate creative
ideas during the early phases of design. There exists three driven approaches to combinational creativity:
problem-, similarity- and inspiration-driven. This study provides further insights into the three
combinational creativity driven approaches, exploring which approach could lead to ideas that are more
creative in the context of practical product design. The results from a case study reveal that the problem-
driven approach could lead to more creative and novel ideas or products compared with the similarity-
and inspiration-driven approach. Products originating from the similarity- and inspiration-driven
approach are at comparable levels. This study provides better understanding of combinational creativity
in practical design. It also delivers benefits to designers in improving creative idea generation, and
supports design researchers in exploring future ideation methods and design support tools employing
the concept of 'combination'.
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1 INTRODUCTION

Designing for our future is challenging. Idea generation, also known as ideation, is one of the most
crucial phases in new product design and development, taking a broad definition of product. Idea
generation is the process of producing and communicating ideas which are considered as essential
elements of thought in visual, concrete and abstract forms (Jonson, 2005). It is deemed to be the
foundation of innovation and business success (Cash and Storga, 2015; Sarkar and Chakrabarti, 2011).
Creativity is closely related to idea generation in design. It is defined as ‘the process by which
something so judged (to be creative) is produced’ (Amabile, 1983), ‘the ability to produce work that is
both novel (i.e. original, unexpected) and appropriate (i.e. useful, adaptive concerning task
constraints)” (Sternberg and Lubart, 1998), and ‘the production of novel, useful products’ (Mumford,
2003). It is significant to produce ideas that are creative, as creativity supports problem-solving,
initiates innovation, and benefits business performance (Childs and Fountain, 2011; Sarkar and
Chakrabarti, 2011). Goldschmidt and Tatsa (2005) indicated good ideas are regarded as the source
from which creativity springs. However, it is challenging to generate new ideas that are creative.

A variety of methods and tools have been explored to support designers in creative idea generation, for
example, conventional ones such as brainstorming (Osborn, 1979) and SCAMPER (Eberle, 1996),
advanced methods such as Deign-by-Analogy (Goldschmidt, 2001) and Bio-inspired design
(Chakrabarti and Shu, 2010; Helms et al., 2009); computational tools such as DANE (Goel et al.,
2012; Vattam et al., 2011), the B-Link (Chen et al., 2017; Shi et al., 2017), and the Retriever (Han et
al., 2018b). In order to provide operational insights, it is significant to explore the crucial factors that
could lead to ideas that are more creative.

Combinational creativity, which is a natural feature of the human brain, is the easiest method for
humans to produce creative ideas (Boden, 2009). It generates creative ideas through associating
familiar ideas which were previously unrelated or indirectly related (Boden, 2004). Three driven
approaches, inspiration-, similarity- and problem-driven, which could produce combinational creative
ideas were reported by Han et al. (2019). The three driven approaches could be used individually as
well as synthetically. Among the three approaches, the problem-driven approach is the dominant one
used in practical designs. The three approaches are considered as a set of ideation methods, as well as
a theoretical basis for developing computational design support tools. However, which approach could
lead to ideas that are more creative was not explored.

This study is a further exploration of that conducted by Han et al. (2019). The aim is to investigate
which combinational creativity driven approach, problem-, similarity- or inspiration-driven, could lead
to more creative ideas. In this study, ‘more creative ideas’ refers to ideas that are more creative in
terms of degree and not quantity. This study will provide a better understanding of combinational
creativity and design creativity in the context of practical product design. The research outcome could
deliver positive effects to designers for enhancing creative idea generation at early design phases, as
well as design researchers for exploring future design support tools.

The following section presents related work of this study, such as combinational creativity and the
three driven approaches to combinational creativity. Section 3 describes the study conducted in this
paper along with the results. Sections 4 and 5 provide discussions and conclusions, respectively.

2 RELATED WORK

2.1 Combinational creativity

Combinational creativity involves creating new ideas by exploring unfamiliar combinations of familiar
ideas (Boden, 2004). An ‘Apple Watch’ composed of a watch and a data device is an instance of
combinational creativity, albeit with a sophisticated operation system. Combinational creativity is an
easy approach for humans to achieve creativity, as it is a natural aspect of human associative memory
(Boden, 2009). Ward and Kolomyts (2010) indicated that the ‘ideas’ to be combined involve concepts,
words, images and abstract ones such as musical styles. Yang and Zhang (2016) suggested that
combining knowledge and ideas might be the best approach to fully using abundant information to
produce creative ideas. Taura et al. (2007) and Nagai et al. (2009) considered combining nouns or
concepts is a beneficial method to prompt creative ideation at early design phases. A number of
researchers use the term ‘combinational creativity’ to describe what creativity is. For instance, Childs
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(2018) considered creativity is the outcome of the combination of some essential mental capabilities
resulting from long periods of work with some mini-breakthroughs; Henriksen et al. (2014) defined
creativity as the process of making alterations and new combinations with existing ideas; Frigotto and
Riccaboni (2011) suggested combination is the nature of creativity. However, Simonton (2017)
indicated that combining ideas could lead to ‘combinational explosion’, which consumes years to
generate and assess all the possible combinations. Also, Ward (1994, 1995) revealed that concept
combinations would lead to considerable difficulties.

Recently, there is an increasing number of research projects exploring combinational creativity,
especially in the area of computational creativity in design. For instance, Bacciotti et al. (2016) came
up with a computational approach of combining concept from different dimensions to identify
scenarios of products; Georgiev et al. (2017) indicated a computational method of generating new
scenes through the synthesis of existing scenes to support new product develop; Han et al. (2018a)
explored an approach imitating aspects of human cognition in producing combinational creativity, and
came up with a computational ideation support tool named the Combinator; Chen et al. (2018)
demonstrated an artificial intelligent approach of producing combinational images by using GAN
(Generative Adversarial Network).

2.2 Three driven approaches to combinational creativity

Han et al. (2019) have proposed three approaches, problem-, similarity- and inspiration-driven, which
can produce combinational creative ideas. In the study, an idea is regarded as an object or the concept
of an object. To be more precise, ideas are considered as the representations (such as attributes,
functions and features) as well as the aesthetics of objects or concepts of objects. ‘Objects’ involve
both physical objects and abstract objects such as design style. ‘Aesthetics’ include the physical shape
as well as the notion of the figure of an object. Noun-noun combination, which is used in this study, is
the conventional form of combinational creativity. Here, a noun can refer to a single noun words (such
as ‘cup’) as well as a noun phrase (such as a ‘coffee cup’).

The problem-driven approach indicates that combinational creativity is driven by design problems
(Han et al., 2019). A design problem is described as the gap between the existing situation of an object
and its target (Taura and Nagai, 2013), while solving a design problem is to explore ideas, known as
problem-solving ideas that can bridge the gap. Thereby, the problem-driven approach is described as
producing target ideas by combining basic ideas and problem-solving ideas (Han et al., 2019). A
practical example of this approach is the Anti-rain Ares designed by Gongniu Group, as shown in
Figure 1(a). This embodies a rainproof socket combined of a socket, which is the basic idea, and an
umbrella, which is the problem-solving idea.

The similarity-driven approach implies that combinational creativity is driven by similar representations
between ideas (Han et al., 2019). As illustrated above, representations refer to attributes, functions and
features. Earl and Eckert (2002) suggested that two designs are similar if they share a set of similar
representations. Similar ideas are associated in the human brain commonly by identifying similar
representations by learning and experience (Suzuki, 2005). The combination of similar ideas could be
creative, despite being associated. Therefore, the similarity-driven approach is considered as producing a
creative idea by combining a basic idea and a similar representation idea. A practical similarity-driven
example is the Tongner designed by Daka, as shown in Figure 1(b), which is a combination of a pair of
tongs (the basic idea) and a spatula (the similar representation idea).

In the inspiration-driven approach, combinational creativity is driven by sources of inspiration (Han et
al., 2019). Inspiration is considered as a creative solution generation process in design, which integrates
the use of various entities in various forms (Gongalves et al., 2014). Experience, knowledge, examples,
previous designs, design concepts, images, objects and phenomena are often served as sources of
inspiration (Cai et al., 2010; Chan et al., 2015; Eckert and Stacey, 2000; Howard et al., 2011; Sio et al.,
2015). Sources of inspiration are often used by designers to provoking creative idea generation, but
Crilly and Cardoso (2017) indicated that these sources might constrain the designers’ imagination. Han
et al. (2019) suggested that sources of inspiration can be considered as inspirational ideas. Thereby,
producing a creative idea by combining a basic idea and an inspirational idea is referred to as the
inspiration-driven approach. Juicy Salif designed by Philippe Starck is an inspiration-driven instance
combining a lemon squeezer (the basic idea) and a squid (the inspirational idea).
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a. Anti-rain Ares b. Tongner c. Juicy Salif
(The problem-driven approach) (The similarity-driven approach) (The inspiration-driven approach)

Figure 1. Practical examples of the three driven approaches (adapted from (Han et al.,
2019))

A noun-noun combinational idea is composed of a base idea (the basic idea) and an additive idea (a
problem-solving idea, a similar representation idea, or an inspirational idea) (Han et al., 2019). A
summary of the three driven approaches is shown below in Table 1. As shown in the table, the three
driven approaches indicate three types of combinational creativity respectively, which are problem-
driven, similarity-driven, and inspiration-driven combinational creativity. The three types of
combinational creativity are driven by three different forces, alternatively, they are achieved by
combining basic ideas with three different types of additive ideas, respectively.

Table 1. A summary of the three driven approaches (adapted from (Han et al., 2019))

Driven approaches The bases  The additives Types of combinational
creativity

The problem-driven Basic idea  Problem-solving idea Problem-driven
approach combinational creativity
The similarity-driven Basic idea  Similar-representation idea  Similarity-driven
approach combinational creativity
The inspiration-driven  Basic idea  Inspirational idea Inspiration-driven
approach combinational creativity

Han et al. (2019) showed that the three driven approaches are widely used in practical designs through
conducting a study. The three driven approaches can be used solely as well as synthetically by
designers as a set of design methods for producing combinational creative ideas. The study indicated
that the problem-driven approach is the dominant one for producing combinational creative ideas,
while the similarity-driven approach is the least used one. However, which approach could lead to
more creative ideas has not yet been explored. The next section investigates this issue through
conducting a study.

3 A FURTHER STUDY OF THE THREE DRIVEN APPROACHES

3.1 Study methods

In order to explore which approach, problem-, similarity- or inspiration-driven, could produce ideas
that are more creative in terms of degree, we have conducted a study involving practical designs. The
practical design samples used in this study were from the research project conducted by Han et al.
(2019), of which the samples were used to identify the three driven approaches. The practical designs,
which are combinational creativity originated designs, were selected from the winners of international
design awards or competitions, such as iF and the Red Dot, through purposive sampling. These
practical designs are also known as samples as well as combinational designs in this paper.

The use of winners of design competitions in design creativity research is increasing in recent years
and has achieved good results. For instance, Wang (2016) proposed an ideation method named
winning formulas for metaphor design, Yilmaz et al. (2016) came up with 77 evidence-based design
heuristics for ideation, Han et al. (2018c) investigated the relationships between the conceptual
distances and the degree of creativity through exploring winners of design competitions. Although
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design competitions might lack rigorous creativity assessments, it is indicated that design competitions
are creativity-oriented (Wang and Chan, 2010). Besides, novelty and usefulness, which are often used
to assess design creativity (Chulvi et al., 2012; Diedrich et al., 2015; Sarkar and Chakrabarti, 2011),
are top assessment criteria in design competitions (Hasdogan, 2012). Thereby, the samples selected
from top international design competitions are considered as creative (novel and useful) combinational
ideas in this study.

We have employed expert evaluation in this study to measure the degree of creativity of combinational
designs. Assessing a design is a multi-criteria decision-making process, which is commonly led by
experts by using qualitative descriptions and subjective judgements (Zhai et al., 2009). In design
creativity research, this method has been adopted in a number of studies, such as (Sarkar and
Chakrabarti, 2011) and (Han et al., 2018c). Therefore, expert evaluation is a preferable method for
design creativity assessment, despite the potential impacts caused by different experts’ experience.
Using metrics to assess creativity is a common method in design research, but different researchers use
various sets of metrics. For example, Shah et al. (2003) proposed novelty, quantity, variety and
quality; LOpez-Mesa et al. (2011) used variety, novelty, quantity and feasibility; Sarkar and
Chakrabarti (2011) applied novelty and usefulness; Chiu and Shu (2012) used novelty, usefulness and
cohesiveness. Some of the metrics are focused on measuring the creativity of a method or process, and
others are used to measure a product or an output.

O’Quin and Besemer (1989) proposed a revision of the Creative Product Semantic Scale (CPSS) to
measure creativity. This method is used for assessing the creativity of a product rather than a process,
and it has been validated for several times (Chulvi et al., 2012). The creativity assessment method
adopted in this study is the CPSS questionnaire proposed by Chulvi et al. (2012), which is mainly
based on two parameters, novelty and usefulness or resolution. This questionnaire employs CPSS as
the essential part of creativity assessment, and uses a seven-point Likert scale, ranging from ‘low’ to
‘high’, as shown in Figure 2. Evaluators need to score between bipolar pairs for each item involved in
the questionnaire. The items referring to novelty and usefulness are mixed to avoid the evaluators’
inertia. In order to help readers understand the questionnaire better, the rows in grey shadings
represent usefulness pairs, while the others represent novelty pairs, as shown in Figure 2. The grey
shadings were not shown to the evaluators involved in this study.

Lsual Unusual
Inoperable Operable
Commonplace Astonishing
Nonfunctional Functional
Customary Surprising
Overused Fresh
Unnecessary Mecessary

Commonplace Original
Common Astounding
Unfeasible Feasible

Inappropriate Appropriate
Unusable Usable
Predictable Novel
Inadequate Adequate
Ineffective Effective
Inessential Essential

Useless Useful
Average Revolutionary

Figure 2. Creative product semantic scale questionnaire (adapted from (Chulvi et al., 2012))
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3.2 Study process and results

The set of samples, two-hundred practical combinational creativity orientated designs, used in this
study are the same set used to evaluate the three driven approaches by Han et al. (2019). Therefore,
the identification of combinational driven approaches used by different products is not required in this
study. Five evaluators were involved in the evaluation in the study conducted by Han et al. (2019). In
this study, it is considered that there is a consensus agreement if four out of the five evaluators had the
same driven approach decisions on a product. Based on this, among the 200 samples selected, 97
products used the problem-driven approach solely, 55 products used the inspiration-driven approach
solely, 23 products used the similarity driven approach solely, and the others used synthesised
approaches. This result is in line with the overall findings indicated by Han et al. (2019), which is
illustrated in the previous section. The aim of this study is to explore which driven approach could
produce ideas that are more creative, and thereby synthesised approaches are not discussed.

Six designs from each, the problem-, similarity-, and inspiration-driven approach, were selected
randomly to investigate which approach could lead to more creative ideas. Six design experts, three
males and three females who have more than six years of experience on average (SD=0.96),
participated in this study voluntarily with intrinsic motivations. The number of experts might seem
low, but there are no standard agreements on the number of experts for an assessment (Lai et al.,
2006). Achiche et al. (2013) indicated that the number required for expert evaluators is far less than
general evaluators. For example, only two experts were involved in the creativity evaluation study
conducted by Charyton and Merrill (2009). The six expert evaluators are known as Experts 1 to 6
respectively in this study. The evaluators were provided with eighteen designs in total in a random
order on a PDF document. The document involves the names, images, and text descriptions of the
designs, respectively. An example of a selected sample is shown in Figure 3. No other information or
material, except the CPSS questionnaire, were provided to the evaluators. The experts conducted the
evaluation independently to increase the robustness of the scores. As illustrated previously, the CPSS
guestionnaire involves bipolar pairs of items on a seven-point scale. The creativity score of a product
is the sum of the scores of all the items included, while the novelty and usefulness scores are the sums
of the scores of novelty and usefulness items, respectively.

12. Lumio
When closed, Lumio resembles a book, the cover of which features an aesthetic wood
grain effect. However, when Lumio is opened, it unfolds into a sculptural light. The
luminaire’s body is reminiscent of the fanning out of book pages. Since the luminaire
opens up to any conceivable degree,|it can be flexibly positioned on surfaces or edges.
Being equipped with a rechargeable battery, the luminaire can be used without cable
connection. The portable light provides powerful lighting regardless of location.

E ") . — '

Figure 3. An example of a selected sample

A Cronbach’s alpha test was conducted to measure the reliability of the evaluation results. Three types
of combinational creative product samples were evaluated in this study: problem-driven (0=0.783),
similarity-driven (0=0.725), and inspiration-driven (¢=0.901). The values of Cronbach’s alpha have
indicated acceptable and excellent levels of internal consistency or reliability in the three product
categories. Thereby, mean values of the scores rated by the six experts were used for further analysis.
The study results, involving mean scores of novelty, usefulness, and the overall ratings of creativity of
the three combinational driven approaches, are shown in Table 2. Note that SD in Table 2 refers to
sample standard deviation.
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Table 2. The study results

Mean Creativity (SD)

Mean Novelty (SD)

Mean Usefulness (SD)

Problem-Driven 84.42 (5.12) 37.64 (3.98) 46.78 (5.12)
Similarity-Driven 79.33 (5.21) 32.89 (7.72) 46.44 (6.24)
Inspiration-Driven 81.11 (10.13) 35.47 (8.18) 45.64 (4.25)

A Cohen’s d test was conducted to measure the standardised differences among the mean creativity,
novelty and usefulness scores of the problem-, similarity- and inspiration-driven design samples,
respectively. The absolute values of the Cohen’s d of mean creativity, novelty and usefulness are
shown in Table 3-5, respectively. A Cohen’s d value of 0.2 represents a ‘small’ effect size, 0.5
represents a ‘moderate’ effect size, and 0.8 refers to a ‘large’ effect size.

Table 3. Cohen’s d values of mean creativity

Mean Creativity

Problem-Driven

Similarity-Driven

Inspiration-Driven

Problem-Driven \
Similarity-Driven 0.99 - Large \
Inspiration-Driven 0.41 - Moderate 0.22 - Small \

Table 4. Cohen’s d values of mean novelty

Mean Novelty

Problem-Driven

Similarity-Driven

Inspiration-Driven

Problem-Driven

\

Similarity-Driven

0.77 - Large

\

Inspiration-Driven

0.34 - Moderate

0.32 - Moderate

Table 5. Cohen’s d values of mean usefulness

Mean Usefulness

Problem-Driven

Similarity-Driven

Inspiration-Driven

Problem-Driven \
Similarity-Driven 0.06 - Small \
Inspiration-Driven 0.24 - Small 0.15 - Small \

4 DISCUSSION

The study results are shown in Table 2, and the Cohen’s d values of mean creativity, novelty and
usefulness scores are shown in Table 3-5, respectively. According to Table 2, the mean creativity
score of the problem-driven combinational creative products, rated by the six experts, is higher than
the products using the similarity-driven approach and the inspiration-driven approach. As shown in
Table 3, the effect size between the mean creativity scores of the problem-driven products and the
similarity-driven products is large (d=0.99), while the effect size between the problem-driven products
and the inspiration-driven products is moderate (d=0.41). Comparing with the products using the
similarity-driven approach, the mean creativity score of the products using the inspiration-driven
approach is higher. However, the effect size between the two types is small (d=0.22), which shows a
small difference between the degrees of creativity of the similarity-driven products and the inspiration-
driven products. Therefore, the products using the problem-driven approach are considered more
creative than the products using the other two approaches. The degrees of creativity of the similarity-
and inspiration-driven products are at comparable levels.
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In terms of novelty, the mean score of the problem-driven products is higher than the similarity- and
inspiration-driven products with large (d=0.77) and moderate (d=0.34) effect sizes, respectively. The
mean novelty of the products originated by the inspiration-driven approach is higher than the ones
using the similarity-driven approach, with a moderate effect size (d=0.32). Thus, the problem-driven
products are suggested to have a higher degree of novelty comparing with the others. The inspiration-
driven products are moderately higher than the similarity-driven ones in terms of novelty.

There is little difference among the mean usefulness scores of the problem-, similarity-, inspiration-
driven products. In addition, the effect sizes among the three types of products are small: problem-
similarity (d=0.06), problem-inspiration (d=0.24), similarity-inspiration (d=0.15). Thereby, it is
considered that the degrees of usefulness of all the types of combinational creativity driven products
are at similar levels.

Concerning the study conducted, the sample products originated by using the problem-driven
approach are considered more creative and novel than the ones using the similarity- and inspiration-
driven approaches. Although, the inspiration-driven products are moderately more novel than the
similarity-driven products, the differences in creativity and usefulness are small. Thus, the sample
products originated by the inspirational- and similarity-driven approaches are regarded at similar
degrees. Besides, there are no big differences among the degrees of the usefulness of the product using
different driven approaches. This might be due to the limitation of using design competition winners
as samples, as the winners are arguably more useful than the conventional products on the market. It is
thereby suggested to use problem-solving ideas as additives or using the problem-driven approach to
produce creative combinational ideas for new products during early design stages.

5 CONCLUSIONS

This paper has further explored three driven approaches to combinational creativity in the context of
practical product design. The study has shown that the problem-driven approach could lead to outcomes
that are more creative and novel compared with the other two approaches, while the inspiration-driven
approach and the similarity-driven approach are at a comparable level, for the study concerned. The
study has provided a better understanding of combinational creativity in design. The research outcome
could support designers in selecting appropriate additive ideas and driven approaches to generate
creative combinational ideas for new product design and development during the early phases of design.
It could also support the exploration of future ideation methods, as well as the development of future
computational design support tools that involve the element of ‘combination’, such as the combination of
scenes (Georgiev et al., 2017) and the Combinator (Han et al., 2018a). A further study involving more
samples and more experts is planned to produce additional insights.
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