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Abstract

Identifying the extent and nature of the creativity of new products is a key for innovation management. The revised 
Creative Solution Diagnosis Scale (CSDS) is a 27-item scale based on a theoretical model of functional creativity, consisting 
of five main criteria: Relevance & Effectiveness, Problematization, Propulsion, Elegance and Genesis. The CSDS offers 
potential for differentiated assessments of product creativity as part of the larger process of innovation. Non-expert 
judges rated a series of mousetrap designs using a 30-item version of the CSDS. Confirmatory factor analysis revealed a 
simple structure that corresponded closely to the a priori theoretical model of functional creativity. The untrained judges 
were able to use the scale with a high degree of reliability and internal consistency. The scale offers a tool for managing 
innovation, especially for stimulating creativity and diagnosing the creativity of products.
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Measuring Creativity for Innovation 
Management

Bledow et al (2009) defined innovation as the development 
and intentional introduction into practice of new and 
useful ideas by individuals, teams, and organizations. 
The term “value innovation” (e.g., Kim and Mauborgne, 
2004; Dillon, Lee and Matheson, 2005) is somewhat 
more explicit: It focuses on innovation as a process 
through which organizations find novel and effective 
ways of serving their current customers and identifying 
new markets, thus linking innovation to what customers 
value. This terminology makes it clear that, at the level of 
organizations, innovation is not just a matter of coming up 
with a new idea but requires a valuable product, although 
“product” is not confined to  devices or even tangible 
objects, but covers the full value chain, including marketing, 
market research, sales, advertising, distribution and 
customer service. In recent years it has become almost 
axiomatic that the innovation process is a key one: At the 
macro level (for instance national innovation policy) it is 
accepted as vital in meeting the challenges of the early 
21st century arising from technological advances, social 
change, globalization, and now the global financial crisis, 
while at the meso level of the individual organization 
innovation is “a key to organizational effectiveness and 
competitive advantage” (Davis, 2009) and thus ultimately 
to commercial success and creation of wealth.

Haner (2005) emphasizes that there is an overlap between 
the processes of innovation and creativity: “Creativity 
processes and innovation processes are … different, but 
they display common characteristics and patterns that 
allow for joint reflection.” Roberts (1988) reinforces 
this duality: He divided innovation into two stages or 
phases: Invention and Exploitation. Invention involves 
the generation of novel ideas, and Exploitation involves 
the implementation of these ideas in the sense of value 
innovation. Bledow et al (2009) made a similar distinction, 
and explicitly identified the first phase (Invention1) with 
creativity. They saw the complete process of innovation 
as involving novelty production (in effect, creativity) 
plus innovation implementation (Exploitation). Looked 
at in this way, creativity is not identical with innovation 
but does form an indispensible element of the two-part 
process just outlined. West (2002) stated the matter 

quite explicitly: “Creativity is the development of ideas, 
while innovation … is the application of ideas.” 

West also envisaged the joint action of creativity and 
innovation implementation as sequential: “Innovation 
then can be defined as encompassing both stages—the 
development of ideas—creativity; followed by their 
application (emphasis added)”. However, more recent 
organizational theory does not see the interplay between 
creativity and innovation implementation as strictly 
sequential, with creativity always preceding innovation 
implementation and being completely separate from 
it. Haner (2005) concluded that “both creativity and 
innovation processes need to be seen as complex, 
partly iterative and partly simultaneous efforts”. Thus, 
the two elements of innovation may alternate, or may 
occur simultaneously. According to Gupta, Smith and 
Shalley (2006), the synchronous pursuit of both creativity 
and innovation implementation involves “organizational 
ambidexterity,” whereas sequential processing involves 
“punctuated equilibrium.” 

Adams, Bessant and Phelps (2006) highlight the importance 
of measurement across a range of relevant process 
categories, including process inputs and knowledge 
management, for successful innovation. Davila, Epstein 
and Shelton (2006) stress the need for process measures, 
including measures of the creative process, to track the 
quality of ideas, while measures of product performance 
focus on product ratings in comparison to competitors. 
Besemer and O’Quin (1999) turned their attention to 
products, citing Stone-Romero and Stone, (1997), and 
argued that: “Persons involved in the development and 
evaluation of products need ways of assessing the creativity 
of those products. In the business world, for example, it 
is critical to new product development to have adequate, 
reliable, and valid means for evaluating the quality, including 
the creativity, of the products brought to market.” 

In the field of advertising White and Smith (2001), citing 
Bell (1992), draw attention to the role that creativity 
plays, not only in assessing the value of the advertising 
“product” itself, but also, in some cases, in determining 

1 For the sake of simplicity, we will use Roberts’s terms.
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how advertisers are rewarded by their clients. White 
and Smith (2001) summarize this by stating that “the 
judge of the creative product needs an instrument by 
which to measure creativity”. McAdam and Keogh 
(2004) similarly highlight the role that “supporting 
measures” play in ensuring effective creativity and 
innovation, and therefore increased competitiveness. 
They cite Freel (2000) to link small-medium enterprises 
and measurement in this context “…while SMEs are 
disproportionately responsible for near-to-market 
innovations, they are hindered by lack of creativity 
and innovation measurement.” It is thus clear that the 
effective management of product innovation begins 
with a process of managing the production of novelty 
– that is, managing creativity. In the context of tangible, 
engineered artifacts, if not products in their broadest 
sense, effective management of creativity requires a 
means for measuring product creativity.

Creativity

There is widespread agreement in the literature that 
creativity requires the ability to produce outcomes 
that are novel, high quality and appropriate to the task 
(e.g., Sternberg, Kaufman and Pretz, 2002). Cropley and 
Cropley (2010a) expressed this concept as the generation 
of effective novelty.

These outcomes may include products, services, ideas, 
processes, or procedures (Woodman, Sawyer and 
Griffin, 1993). Many have argued that creativity drives 
the broader innovation process of modern economies 
(Florida, 2002). Christensen (1999) stresses the key role 
that creativity plays in the innovation process: it is “…
about how to find ideas for new products and services 
that will be unique and valued in their markets”. Creativity 
drives innovation both by underpinning the individual 
and organizational skills needed to adapt to the pace and 
nature of change in the modern world (Carnevale, Gainer 
and Meltzer, 1990), and by acting as a key ingredient in 
the process of generating new business opportunities, 
whether in the form of a product, process, system or 
service. 

Puccio and Cabra (2010), in discussing the role that 
both individual and organizational creativity play in 
driving innovation, also draw attention to the fact that 
“innovation comes about as the result of the interaction 
among people, the processes they engage in, and the 

environment in which they work” (p. 149). However, it 
is the end result, the way that these variables interact 
to form a product, which is critical (Puccio, Murdock 
and Mance, 2007). Christensen (1999) cautions that “the 
root cause of many pathologies in product engineering 
projects is that firms often lack a strategy … to guide 
managers in selecting and evaluating projects”. Given 
the importance of creative products to the success of 
the innovation system, it is therefore axiomatic that 
we understand how to characterize outcomes that are 
novel, high quality, and task appropriate (Sternberg, 
Kaufman and Pretz, 2002). The very nature of product 
creativity, as a competitive resource in organizations, 
emphasizes the need for its measurement (Horn and 
Salvendy, 2009). The creative product is not simply the 
output of a process of creativity, and the starting point 
for product innovation; it is the embodiment of that 
creativity and innovation.

Measuring Product Creativity

There have been extensive studies on how to measure 
a creative product in its broadest sense. O’Quin and 
Besemer (1999) describe three common approaches 
used to measure product creativity: indirect 
measurement, global judgment and criterion-based 
measurement. These approaches have been developed 
both in a domain-general and a domain-specific context. 
Some of the possible solutions include the use of 
expert raters (Amabile, 1996), divergent thinking-
based scoring of creative products for originality or 
fluency (Reiter-Palmon et al, 2009), or assessment 
of a product’s historical impact (Simonton, 2009). 

Horn and Salvendy (2006) offer a detailed comparison of 
specific product creativity measurement tools, including 
rating scales and subjective assessments. The former 
include Besemer and O’Quin’s (1987, 1999) Creative 
Product Semantic Scale (CPSS) and Reis and Renzulli’s 
(1991) Student Product Assessment Form, while the 
latter is based on Amabile’s (1983, 1996) Consensual 
Assessment Technique (CAT). Horn and Salvendy (2006) 
also report that the rating scales have been tested in 
a variety of domains, including art work, cartoons, 
chairs, advertisements, scientific and creative writing, 
audio-visual products and social studies. The CAT has 
been applied to stories, art, poetry and other aesthetic 
products. Much of the research has been geared toward 
evaluating either aesthetic or organizational products. 
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The assessment of aesthetic work (such as a painting 
or poem) has been extensively investigated for nearly 
a century (Baer, Kaufman and Gentile, 2004; Cattell, 
Glascock and Washburn, 1918; Child and Iwao, 1968). 
Within industrial/organizational psychology or business, 
assessing creative products may mean studying group 
creativity or the performance of teams (e.g., Shalley, 
2002). 

There are, however, surprisingly few studies aimed 
at assessing the creativity of products in the sense of 
tangible, scientific or technological products – that is, 
engineered artifacts or manufactured consumer goods. 
Where studies do relate to products, in the sense just 
described, it is primarily in connection with related 
concepts, such as “usability” (see, for example, Han et al, 
2000). Looking at one such domain (mathematics), Mann 
(2009) argues that many of the current assessments are 
time-consuming to score; they also tend to be separate 
instruments designed to measure the specific domains. 
As a result, most of the work on mathematical creativity 
assessment cannot be easily applied to related domains 
(such as engineering).

Functional creativity

Cropley and Cropley (2005, 2008, 2010b) have sought 
to address this gap in creativity research by focusing on 
novel products that serve some useful social purpose, 
labeling their special quality functional creativity. 
They argued that novelty seems intuitively to take 
precedence over usefulness in determining creativity. 
However, in the practical world of products, processes, 
systems, and services, the most important aspect of 
an artifact that excites admiration in the beholder 
is the product’s ability to meet customer needs, i.e. 
its effectiveness. An automobile, for example, must 
transport people quickly, economically and comfortably 
over long distances. If it fails to satisfy requirements 
like these, then it lacks effectiveness and thus cannot 
be regarded as creative, no matter how novel it is. 

Einstein, however, argued that it is not difficult to find 
novel solutions to problems that achieve the desired 
effect: The difficult part is finding solutions that are 
elegant (see Miller, 1992). Grudin (1990) reinforced 
this idea when he referred to the grace of great things 
[emphasis added]. Such solutions not infrequently cause a 
more or less instantaneous “shock of recognition” when 

they occur, and provoke a “why didn’t I think of that?” 
reaction. Indeed, an elegant solution may look so simple 
and obvious—after the fact—that people may underrate 
its creativity or denigrate it as “banal.” In addition, 
products that are not only useful in the situation for 
which they were generated but can also be applied in 
other apparently unrelated situations embody genesis. 
A product may introduce a new way of conceptualizing 
an area, for instance, by opening up new approaches 
to existing problems, or by drawing attention to the 
existence of previously unnoticed problems.

Cropley and Cropley (2005) classified creative products 
using the four dimensions listed above. They arranged 
them in a hierarchy ranging from the “routine” 
product (characterized by effectiveness alone) at one 
pole, to the “innovative” product (characterized by 
effectiveness, novelty, elegance and genesis) at the 
other, with “original” and “elegant” products between 
these poles. This classification system is shown in Table 
1, where a plus sign means that a property is necessary 
for this kind of product, a minus sign that it is not. The 
schematic in Table 1 can also be used to demonstrate 
the position of pseudo- and quasi-creativity: i.e. novelty 
without effectiveness. The table shows that as a product 
moves from routine to innovative, it incorporates all 
the properties of products at lower levels, but adds 
something to them. 
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Criterion 

Kind of Product 

Routine Original Elegant Innovative Aesthetic 

Effectiveness + + + + - 

Novelty - + + + + 

Elegance - - + + ? 

Genesis - - - + ? 

 

Table 1: Levels and kinds of creativity in products

It is important to stress that routine products should 
not be dismissed out of hand. They may be very useful: 
In areas such as engineering, for example, a very large 
number of products perform important functions that 
benefit humankind and contribute to the advancement 
of society (i.e., they are useful), even though they may 
be devoid of novelty. However, because they lack novelty 
their creativity is qualitatively different. Changes to these 
products, rather than representing functional creativity, 
may instead take the form of replication – that is, minor 
adaptations to existing ideas (Sternberg et al, 2002) that 
develop what already exists according to existing lines of 
thought. It is only when products move beyond repetition 
and effectiveness, and begin to incorporate novelty, that 
they enter the realm of creativity.

The hierarchical organization of products shown in 
Table 1 introduces a further important principle into the 
discussion: Creativity is not an all-or-nothing quality of 
a product – there are both levels and kinds of creativity. 
Creativity is not something that products either have or 
do not have. Different products can have creativity to 
greater or lesser degrees, or they can display different 
kinds of it. Beghetto, Kaufman, and Baxter (in press) give 
the metaphor of the all-or-nothing viewpoint as envisaging 
creativity as a simple light switch; in more recent years, 
most theorists have embraced the view of creativity more 
as a dimmer switch. 

Indicators of creativity

To serve as the basis of an instrument for measuring the 
creativity of products, and therefore as a tool for facilitating 
effective product innovation management, the internal 
and external properties outlined in the previous section 
would have to be recognizable to observers. The most 
straightforward way of checking whether people really can 
recognize creativity when they see it is to ask them. This 
idea is the basis of the method of consensual assessment 
(for a summary, see Amabile, 1996). Amabile, along with 
her colleagues, has developed and refined this approach. 
Furthermore the Consensual Assessment Technique 
(CAT) is now well known among creativity researchers 
(Kaufman, Plucker and Baer, 2008). The method involves 
asking judges, usually experts in the field to which the 
product belongs, to rate the creativity of a product.  

When people are asked to rate the creativity of products 
in a global way, novices typically show much lower levels 
of reliability than experts (Kaufman et al, 2008; Lee, Lee 
and Young, 2005). Novices’ ratings also tend to have a low 
correlation with expert ratings (Hickey, 2001; Kaufman 
et al, 2008), although in more accessible domains the 
correlation rises (Kaufman, Baer and Cole, 2009). Quasi-
experts (such as advanced students) often represent 
a middle group; their ratings often correlate with both 
novices and experts (Hekkert and van Wieringen, 1996; 
Plucker et al, 2009). The need for experts arising from this 
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inconsistency among novices highlights a limitation of the 
Consensual Assessment Technique. It can be expensive 
(to obtain multiple expert raters), cumbersome (all 
products must be viewed separately by the experts), and 
time consuming. What is needed is an approach that can 
be applied quickly and easily by a range of observers, with 
a high level of consensus. The present article outlines 
such an approach.

The functional model of creativity outlined above (Cropley 
and Cropley, 2005) provides a number of broad properties 
of products that can be used to describe the level and kind 
of creativity they possess. The question that arises at this 
point is that of the observable characteristics of products 
that reveal the presence of these properties. We refer to 
such characteristics as “indicators” of creativity. Scales 
developed by psychologists for rating the creativity of 
products help to develop a basis for developing relatively 
concrete indicators of the functional creativity of products. 
An early example is Taylor’s (1975) Creative Product 
Inventory, which measured the dimensions: generation, 
reformulation, originality, relevancy, hedonics, complexity, 
and condensation. More recently, Besemer and O’Quin’s 
(1987) Creative Product Semantic Scale defined the 
creativity of products in terms of three dimensions: 
Novelty (the product is original, surprising and germinal), 
Resolution (the product is valuable, logical, useful, and 
understandable), and Elaboration and Synthesis (the 
product is organic, elegant, complex, and well-crafted). 
In the literature of product innovation, similar indicators 
are found. Goldenberg and Mazursky (2002) report on 
research that has found the observable characteristics of 
creativity in products to include “original, of value, novel, 
interesting, elegant, unique, surprising…” 

Criteria such as hedonics or elegance are reminiscent of 
Jackson and Messick’s (1965) distinction between internal 
criteria such as logic, harmony among the elements of 
the product, pleasingness, and external criteria (i.e., 
is it relevant, is it useful?). The indicators suggested by 
Taylor and Besemer and O’Quin give greater weight to 
internal criteria such as elegance, complexity or logic. 
They involve a mixture of pure aesthetic, formalist, and 
technical properties (see Slater, 2006), whereas they vary 
in the level of openness or closedness they display.

By contrast, the “propulsion model” (Sternberg, 1999; 
Sternberg, Kaufman and Pretz 2002, 2003) turns directly 
to external indicators. According to them, a creative 

product achieves its external effect by propelling a field. 
They suggested a number of ways in which this can 
occur: these include conceptual replication (the known 
is transferred to a new setting), redefinition (the known 
is seen in a new way),  forward and advanced forward 
incrementation (the known is extended in various ways), 
redirection (the known is extended in a new direction), 
reconstruction (new life is breathed into an approach 
previously abandoned), and reinitiation (thinking begins at 
a radically different point from the current one and takes 
off in a new direction). Savransky (2000) also discussed 
the processes through which existing knowledge leads to 
effective novelty in the external world: he argued that 
inventive solutions to problems always involve changing 
what already exists, and discerned a variety of ways in 
which this can occur, including improvement, diagnostics, 
synthesis, and genesis.

Cropley and Cropley (2005) enriched their hierarchical, 
four-criterion model of functional creativity with the 
indicators described above to define a Creative Solution 
Diagnosis Scale (CSDS). Table 2 shows the full CSDS and 
Table 3 further illustrates the theoretical framework.
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Criterion of 

Creativity 

Property of the 

Solution 

Indicator 

 

 

Relevance & 

Effectiveness 

 

 

Knowledge of 

existing facts 

and principles 

CORRECTNESS (the solution accurately reflects conventional 

knowledge and/or techniques) 

PERFORMANCE (the solution does what it is supposed to do) 

APPROPRIATENESS (the solution fits within task constraints) 

OPERABILITY (the solution is easy to use) 

SAFETY (the solution is safe to use) 

DURABILITY (the solution is reasonably strong) 

 

 

 

 

 

 

Novelty 

 

 

Problematization 

DIAGNOSIS (the solution draws attention to shortcomings in 

other existing solutions) 

PRESCRIPTION (the solution shows how existing solutions 

could be improved) 

PROGNOSIS (the solution helps the beholder to anticipate 

likely effects of changes) 

 

Existing 

knowledge 

REPLICATION (the solution uses existing knowledge to 

generate novelty) 

COMBINATION (the solution makes use of new mixture(s) of 

existing elements) 

INCREMENTATION (the solution extends the known in an 

existing direction) 

 

 

 

New knowledge 

REDIRECTION (the solution shows how to extend the known 

in a new direction) 

RECONSTRUCTION (the solution shows that an approach 

previously abandoned is still useful) 

REINITIATION (the solution indicates a radically new 

approach) 

REDEFINITION (the solution helps the beholder see new and 

different ways of using the solution) 

GENERATION (the solution offers a fundamentally new 

perspective on possible solutions) 

 

 

 

 

 

Elegance 

 

 

External 

elegance 

RECOGNITION (the beholder sees at once that the solution 

Ò makes senseÓ ) 

CONVINCINGNESS (the beholder sees the solution as 

skillfully executed, well-finished) 

PLEASINGNESS (the beholder finds the solution neat, well 

done) 

 

 

 Internal 

elegance 

COMPLETENESS (the solution is well worked out and 

Ò roundedÓ ) 

GRACEFULNESS (the solution well-proportioned, nicely 

formed) 

HARMONIOUSNESS (the elements of the solution fit together 

in a consistent way)  

SUSTAINABILITY (the solution is environmentally friendly) 

 

 

 

 

Genesis 

 

 

 

 

Forward looking 

FOUNDATIONALITY (the solution suggests a novel basis for 

further work) 

TRANSFERABILITY (the solution offers ideas for solving 

apparently unrelated problems) 

GERMINALITY (the solution suggests new ways of looking at 

existing problems) 

SEMINALITY (the solution draws attention to previously 

unnoticed problems) 

VISION (the solution suggests new norms for judging other 

solutions-existing or new) 

PATHFINDING (the solution opens up a new conceptualization 

of the issues) 

 
Table 2: original Creative Solution Diagnosis Scale (CSDS)
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Functional Creativity 

Relevance & 

Effectiveness 

Novelty Elegance 

Genesis 
Problematization Existing 

Knowledge 

New Knowledge External Internal 

Correctness Diagnosis Replication Redirection Recognition Completeness Foundationality 

Performance Prescription Combination Reconstruction Convincingness Gracefulness Transferability 

Appropriateness Prognosis Incrementation Reinitiation Pleasingness Harmoniousness Germinality 

Operability   Redefinition  Sustainability Seminality 

Safety   Generation   Vision 

Durability      Pathfinding 

 

Table 3: Original 30-Item Creative Solution Diagnosis Scale (CSDS)
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Recognizing creativity in products

The Creative Solution Diagnosis Scale (CSDS) was 
developed on the basis of a theoretical framework for 
product creativity, namely the concept of functional 
creativity (Cropley and Cropley, 2005), enriched by a 
set of indicators drawn from the literature of product 
creativity. Three trials of the CSDS have been undertaken 
and offer some insight into the utility of the proposed scale.

In a pilot-study using the 30-item CSDS Cropley and 
Cropley (2010b) reported that a small group of 13 
teachers (9 women and 4 men) aged from the early 
20s to the early 50s used these indicators to assess the 
creativity of models of wheeled vehicles, designed and 
built by students, had no difficulty understanding as well as 
applying the indicators, agreed among themselves (inter-
rater agreement), and achieved a reasonable test-retest 
reliability of 0.79 (Cropley and Cropley, 2010b). 

In a more substantial study of the usefulness of the criteria 
and indicators defined in the CSDS, Haller, Courvoisier 
and Cropley (2010) used them to rate different designs for 
a novel, hands-free mobile phone holder made by 55 visual 
art students at two colleges in Switzerland. These designs 
were rated by a total of 10 experts (design teachers at 
the schools in question). The designs were also rated by 5 
novices (people with no expertise in design). The median 
reliability (Cronbach’s α) of the overall scores assigned 
by the 15 judges, for the different designs, was 0.85. 
Coefficients for the reliability of the total scores for the 
novice raters ranged from 0.74-0.92; expert ratings (with 
one outlier removed) ranged, with one exception, from 
0.75 to 0.96 (one expert’s ratings were noticeably less 
reliable than those of all others), i.e., the range of reliabilities 
was almost identical for experts and novices. These 
findings suggest that long and highly focused experience in 
the area of design (i.e., extensive exposure to a common 
design culture) may not be necessary for reliable ratings.

Most recently, Cropley and Kaufman (in press) reported 
on the application of the CSDS by non-experts, who used 
the scale to rate a series of five mousetrap designs. In a 
sample of 203 participants, each rating five designs, the 
study found a high level of inter-rater reliability (0.96) as 
well as excellent scale reliability of 0.96.

However, to serve as the basis for a reliable, valid measure 
of product creativity, and to make a concrete contribution 
to enhancing the effectiveness of product innovation 
management, further empirical evidence is needed to 

demonstrate that the CSDS has high reliability, and yields 
a valid measure of product creativity. The remaining 
sections of this paper report on a new study undertaken 
to test the validity and reliability of the CSDS.

Method

Building on the results of previous studies that used the 
CSDS to rate a variety of products a new study was 
undertaken examine the validity and reliability of the 
CSDS. The 30-item CSDS used by Cropley and Kaufman 
(in press) was reapplied to a new, larger, group of 
participants, rating the same five mousetrap designs. 

Participants

The participants who used the Creative Solution Diagnosis 
Scale (CSDS) consisted of 323 college students from a public 
university in Southern California. Participants took part 
in the study online for extra credit. The sample included 
220 participants who identified as female (68.1%), 52 who 
identified as male (16.1%), and a further 51 (15.8%) who 
chose to give no answer for this demographic. The most 
common age group was 18-24 years old, (79.3%) followed 
by 25-29 years old (12.6%). The demographic breakdown 
of the sample was as follows: 124 Hispanic American; 67 
European American/Caucasian; 22 African American; 20 
Asian American; 11 of mixed or biracial ethnicity and 79 
who chose not to identify their ethnicity.

Procedure

Participants were directed to a website where the 
measures were hosted online. Participants were presented, 
sequentially, with an image of one of five different 
mousetraps of varying designs (stimuli 1-5). Images of the 
mousetraps were selected from Google image search to 
represent a diverse range of possible mousetraps (see 
Appendix One for descriptions). Participants were asked 
to rate each of the different mousetraps using the 30 
items of the Creative Solution Diagnosis Scale (CSDS, 
Table 2). Each item was rated using a 5-point Likert-type 
scale (ranging from “not at all” through “somewhat” to 
“very much”) to indicate the degree to which the CSDS 
item applies to the given mousetrap.  In addition, each 
item was rated using a 5-point Likert-type scale (ranging 
from “not at all” through “somewhat” to “very much”) 
to indicate how creative, overall, each mousetrap was. 
Participants were asked to complete a basic demographic 
questionnaire, debriefed, and given extra credit when 
applicable for their participation.
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Prior to commencing data analysis, missing values in 
the dataset were addressed by excluding data from 
respondents who failed to complete at least 90% of the 
total items. This removed 55 out of the 323 respondents 
(N = 268). Where respondents completed more than 90% 
of the total items, individual missing data were replaced 
with the mean of the given indicator. This resulted in a 
total of 377 replaced missing values in a matrix of 268 x 
150 (= 40,200) data items. The total number of replaced 
missing values was therefore 0.94% of the total dataset.

Reliability

The consistency among the participants was evaluated 
with Cronbach’s coefficient alpha (Cronbach, 1951). 
Coefficient alpha is a standard measure of internal 
consistency and has been used in creativity research as a 
measure of inter-rater reliability, treating raters as items 
(see Kaufman et al, 2008).

Confirmatory Factor Analysis

Confirmatory Factor Analysis (CFA) involves the 
specification and estimation of one or more possible 
models of a factor structure – that is, a structure that 
relates an underlying construct, in this case Functional 
Creativity, to a set of variables (individual measures, 
or items). Any given model (such as that proposed 
for the CSDS, see table 3) proposes a set of latent 
variables (factors) to account for covariances among a 
set of observed variables (Bagozzi, 1980; Bollen, 1989). 
CFA requires a priori designation of plausible factor 
patterns from previous theoretical or empirical work; 
these plausible alternative models are then explicitly 
tested statistically against sample data. For the present 
study, four primary factors (Relevance & Effectiveness, 
Novelty, Elegance and Genesis) provide a framework 
for explaining the Functional Creativity construct by 
identifying underlying components that permit more 
precision in formulating and testing research hypotheses 
in the field of product creativity. Principle Axis Factoring 
was selected as the extraction method for its ability to 

examine shared variance and to uncover the structure of 
the underlying variables. An Oblimin rotation was used 
for its assumption that correlations exist between the 
items of the CSDS (as they are all hypothesized to be 
aspects of product creativity), in contrast to a Varimax 
rotation which assumes that items are uncorrelated.

Prior to commencing factor analysis, the data were tested 
for their suitability for this statistical process using the 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy (= 
0.959) and Bartlett’s Test of Sphericity (approximate Chi-
Square value = 28417.103, df = 351, significance of p < 0.01). 
These tests indicated that the data were suitable for factor 
analysis (Norussis, 1994). The criterion that was applied 
for accepting an item as loading onto a factor was that the 
loading should be >0.4. This criterion is consistent with 
accepted values (see, for example, Comrey and Lee, 1992).

In the present study the factor analysis was commenced 
with all 30 CSDS items. Items with cross-loadings >0.3 
were excluded one at a time, and the factor analysis 
repeated with the goal of achieving a simple structure in 
which each item loaded onto a single factor at >0.4.

Linear regression

In addition to rating the artifacts using the CSDS, 
respondents also gave a rating of overall creativity for 
each artifact. A stepwise linear regression was conducted 
for the dataset with Overall Creativity as the dependent 
variable, and the 27 items of the revised CSDS (after 
exclusion of three redundant items indicated by the 
confirmatory factor analysis) as independent variables.

Results

Inter-rater Reliability

The consistency of raters was examined for each individual 
mousetrap and for the entire dataset, with the following 
results for coefficient alpha (Table 4):

N Stimulus 

1 (!) 

Stimulus 

2 (!) 

Stimulus 

3 (!) 

Stimulus 

4 (!) 

Stimulus 

5 (!) 

Total 

(!) 

268 .925 .924 .961 .932 .851 .948 

 

Table 4: Inter-rater reliability
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The consistency of the raters was uniformly high across 
both the individual stimuli and the entire dataset. The re-
ported values fall into in the excellent range (Nunnally 
and Bernstein, 1994). As a result of the high reliability of 
scores across all mousetraps, ratings for the five different 
stimuli were combined for the purpose of a confirmatory 
factor analysis of the CSDS.

Scale Reliability

Scale reliability was calculated using Cronbach’s alpha to 
assess the mean inter-item correlations. For the purpose of 
this analysis a matrix of 1340 (responses) x 30 (items) was 
used. Cronbach’s alpha for the 30 items was 0.96. In both 
cases this places the overall scale reliability of the CSDS 
in the excellent range (Nunnally and Bernstein, 1994). 
The reliabilities of the four sub-scales (the unweighted 
sums of scores on the items comprising each sub-scale) of 
the CSDS were also calculated. For the Effectiveness sub-
scale (6 items) Cronbach’s alpha was 0.91. For the Novel-
ty sub-scale (11 items) Cronbach’s alpha was 0.92. For the 

Indicator Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Performance .839     

Appropriateness .877     

Correctness .771     

Operability .748     

Durability .597     

Safety .527     

Prescription  .899    

Prognosis  .829    

Diagnosis  .711    

Redefinition   .841   

Reinitiation   .830   

Generation   .785   

Redirection   .661   

Reconstruction   .443   

Pleasingness    .900  

Completeness    .719  

Sustainability    .486  

Gracefulness    .886  

Convincingness    .767  

Harmoniousness    .723  

Recognition    .647  

Vision     .828 

Transferability     .747 

Seminality     .839 

Pathfinding     .759 

Germinality     .797 

Foundationality     .585 

 

Elegance sub-scale (7 items) Cronbach’s alpha was 0.93. 
For the Genesis sub-scale (6 items) Cronbach’s alpha was 
0.92. Once again, in all cases these values fell in the exce-
llent range (Nunnally and Bernstein, 1994).

Confirmatory Factor Analysis

Table 5 shows the simple structure that was achieved af-
ter the exclusion of three items (Replication, Incrementa-
tion and Combination) that either loaded onto no factor, 
or cross-loaded at >0.3 and were therefore considered 
to be factorially impure. In Table 5, for simplicity, only 
the factor loadings that are >0.4 are shown. The resul-
ting structure satisfies typical criteria for a meaningful 
and interpretable simple structure, including a minimum 
of three items per factor. The majority of items in this 
structure have loadings rated as either “very good” or 
“excellent” (Comrey and Lee, 1992: >0.7 excellent; >0.63 
very good; >0.55 good; >0.45 fair). Finally, the five fac-
tors in the simple structure shown in Table 5 account for 
66.1% of the total variance.

Table 5: Confirmatory Factor Analysis Loadings



            J.  Technol.  Manag.  Innov.  2011, Volume 6, Issue 3

ISSN: 0718-2724. (http://www.jotmi.org)
Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economía y Negocios 24

Linear Regression

Table 6, summarizes the results of the Linear Regression. 
In the present study nine of the 27 revised CSDS scale 
items significantly predicted the overall creativity score. 

The model summary indicates that 52.2% (R2) of the va-
riance of overall creativity was explained by these nine 
independent variables.

Indicator B Beta 

Reinitiation 0.143** 0.145 

Harmoniousness 0.098** 0.097 

Germinality 0.125** 0.121 

Generation 0.167** 0.163 

Completeness 0.108** 0.107 

Pleasingness 0.106** 0.111 

Foundationality 0.101** 0.096 

Pathfinding 0.089** 0.085 

Safety 0.052* 0.057 

 
Table 6: Linear Regression - Revised Scale Items and Overall Creativity/ F (9, 1330) = 161.543, p < 0.001; R2 = 0.522, ** p < 0.01

Discussion

The high inter-rater and scale reliabilities of the present 
study are consistent with those found by Cropley and 
Kaufman (in press). These figures show that non-expert 
raters are able to achieve a common understanding 
of what is meant by the indicators, to recognize them 
when they see them, and to agree with each other on 
whether the properties in question are present or absent. 
Furthermore, these judgments can be expected to be 
stable over time.

The confirmatory factor analysis that resulted in the 
simple structure shown in Table 5 strongly supports the 
theoretical model underpinning the Creative Solution 
Diagnosis Scale (CSDS) described in Table 3. The six 
items that load onto Factor 1 are all items identified 
in the theoretical model as indicators of the criterion 
“Relevance and Effectiveness”. Factor 1 is therefore 
appropriately named “Relevance and Effectiveness”. The 
items prescription, prognosis and diagnosis loaded onto a 
single factor. These items are identified in the theoretical 

model as “Problematization” indicators, and Factor 2 will 
be named this way. Five items loaded onto Factor 3 and 
all of these items can be characterized by the Propulsion 
Model (Sternberg et al, 2002). Factor 3 will therefore be 
designated “Propulsion”. Factor 4 is characterized by seven 
items that are associated with “Elegance” in the theoretical 
model. Finally, Factor 5 is characterized by six items which 
represent the criterion “Genesis.” These results are similar 
to those found by Cropley and Kaufman (in press), with 
an identical five-factor solution resulting in both studies.

Table 7 captures the revised version of the Creative Solution 
Diagnosis Scale (CSDS) derived from the confirmatory 
factor analysis. After elimination of three redundant or 
irrelevant indicators from the original 30 (Table 2), the 
analysis supports the general structure of the theoretical 
model (Table 3). However, the anticipated factor of 
“novelty” was differentiated into two components, one 
involving generation of novelty (“propulsion”), and the 
other recognition of weaknesses in 
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what exists (“problematization”). This is highly consistent 
with creativity theory: from almost the beginning of the 
modern era (e.g. Torrance, 1965) creativity researchers 
have emphasized finding problems as a key element of 
the creative process, and some, such as Mumford and his 
colleagues (e.g. 1996), have examined problem finding in 
considerable detail. The revised structure therefore offers 

Functional Creativity 

Relevance & 

Effectiveness 

Problematization Propulsion Elegance Genesis 

Performance Prescription Redefinition Pleasingness Vision 

Appropriateness Prognosis Reinitiation Completeness Transferability 

Correctness Diagnosis Generation Sustainability Seminality 

Operability  Redirection Gracefulness Pathfinding 

Durability  Reconstruction Convincingness Germinality 

Safety   Harmoniousness Foundationality 

   Recognition  

 

a reliable and valid instrument for measuring product 
creativity in terms of a systematic set of criteria derived 
from creativity theory. The revised CSDS structures of 
Cropley and Kaufman (in press) and the present study 
share a common core of 22 indicators across an identical, 
five-factor structure for product creativity that reflects 
widely accepted models of creativity.

Table 7: Revised CSDS Structure

Conclusions

The process of product innovation is dependent on 
“product emergence and … ideation” (Goldenberg and 
Mazursky, 2002). Management of the process of product 
innovation requires the ability to measure, control and 
manage the attributes of a creative product. Aside from 
a small number of quantitative approaches to creativity 
measurement reported in this paper, the common 
approach, used also in product innovation (Goldenberg 
and Mazursky, 2002) is that of consensual assessment 
(e.g. Amabile, 1983, 1996). Weaknesses of this approach 
include its dependence on domain experts, and also the 
speed and subjectivity with which such judgments are 
frequently made (Besemer and O’Quin, 1999). To facilitate 

an effective product innovation process a valid method of 
measuring product creativity is needed that can be used 
reliably by non-experts without special training in the 
assessment procedure. 

The revised CSDS is reliable, factorially valid, correlates 
with global ratings, and is easy to use. It provides managers 
with a system of indicators for recognizing creativity 
systematically, and an organized and understandable 
terminology for discussing or explaining the properties 
of products. Although it has been used here to rate 
tangible products, we believe that it can also be applied to 
concepts, systems, procedures and the like, and provides 
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elements of a “universal” model of the creativity element 
of the innovative process (see Cropley and Cropley, 
2008). It thus offers product innovation management an 
important new tool for formulating highly differentiated 
measures of product creativity that can be used in the 
development of new products both as a means for 
stimulating and enhancing creativity and as a diagnostic 
tool in the process of selecting product ideas.
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