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1. Introduction

Although a plethora of idea/concept generation methods exist, their effectiveness is mostly claimed
based on anecdotal evidence, or degree of educational and industrial applications [Tomiyama et al.
2009]. However, the steering of the development of ideation methods demands a structured analysis of
the methods’ effectiveness, as well as the mechanisms underlying their effectiveness [Hernandez et al.
2010]. Such results can also give a clear view on the correct circumstances under which to use certain
ideation methods, e.g. a novel versus variant design task, or expert versus novice designers.

Insight in the effectiveness of an ideation method can be provided following two approaches [Shah et
al. 2000], the process-based and the outcome-based approach. The former approach is based on the
observation of specific cognitive processes in controlled experiments, but is considered time-
consuming and subjective, while exhibiting a low external validity when extrapolating the results to
more complex engineering problems [Shah et al. 2000]. For these reasons, the outcome-based
approach, in which the evaluation of the effectiveness of a method on the generated designs
themselves, is predominantly applied [Shah et al. 2000]. In outcome-based studies, different aspects of
the generated designs, as well as the idea space formed by these designs, are quantified by a number of
metrics, such as the quantity, the quality, the variety and the novelty [Shah et al. 2003]. Based on
[Dean et al. 2006] and [Shah et al. 2000], Figure 1 overviews the different metrics and their
subdimensions including different namings thereof.

The quantity metric is a commonly agreed on metric [MacCrimmon and Wagner 1994], measuring
the number of unique generated concepts. In the context of this research, a concept is defined as a set
of ideas (each from a different abstraction level), and their relationships, which are as a whole
expected to solve one or more required functions as subject of an identified problem. A concept can be
regarded as a coherent solution represented in sketches or wordings by the designer, e.g. a sketch of a
new type of razor. The variety metric proposed by [Shah et al. 2000] is a formal measure of the
explored design space operating on a tree-encoded structure of the idea space, and is to be interpreted
as a metric for the shape of the idea space tree. A low variety indicates a slim tree with closely related
concepts, while a high variety indicates a wide tree with concepts differentiated at high abstraction
levels, i.e. concepts using different physical or working principles. The quality metric as proposed by
[Dean et al. 2006] encompasses dimensions as workability, relevance, specificity and novelty,
although the latter is mostly treated as a metric in its own right [Connolly et al. 1990], [Jansson and
Smith 1991], [Shah et al. 2000], [Linsey 2007], [Srinivasan and Chakrabarti 2010]. The novelty can
be further subdivided in originality and paradigm relatedness [Dean et al. 2006]. The former expresses
the degree to which a concept is not only rare, but is also ingenious, imaginative, or surprising, while
the latter expresses the degree to which a concept is radical or transformational. Since the rarity of an
concept can more easily be quantified, other research explicitly reports the rarity [Connolly et al.
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1990], uses it as a substitute for originality [Jansson and Smith 1991], or as substitute for the novelty
metric as a whole [Shah et al. 2000], [Linsey 2007]. Recently, a number of studies have used outcome
based metrics to prove and compare the effectiveness of ideation methods [Linsey 2007], [Peeters et
al. 2010], [Chan et al. 2011], to delineate proper usage conditions [Linsey 2007], [Peeters et al. 2010]
and to investigate the effectiveness of underlying mechanisms [Hernandez et al. 2010]. However,
rarity calculations are not consistent between studies. The contribution of this paper is to highlight this
inconsistency, and to link it to different approximations of the universe of ideas for comparison.

This remainder of the paper is structured as follows. Section 2 overviews originality and novelty
metrics. Section 3 illustrates the circumstances under which the applied approximations in the rarity
calculations are likely to lead to errorneous results. The final section formulates the conclusions.
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Figure 1. Overview of the ideation effectiveness metrics

2. Originality and novelty

Both dimensions of novelty, originality and paradigm relatedness, can only be interpreted in respect to
an unknown universe of known concepts to compare against, i.e. a concept can only be considered
rare, ingenious, imaginative, surprising, radical or transformational in respect to a set of known
solutions. This universe is called the universe of ideas _for comparison (UnIC) [Shah et al. 2000].

For an ideation exercise, the UnlC can be approximated following two approaches. In a first approach,
the UnlC is approximated by the concepts generated by the participants themselves. In this case, the
UnlC can be used to calculate the rarity of concepts (and attributes thereof) in the set of generated
concepts. Another technique to calculate the novelty is to implicitly form the UnIC by relying on
expert opinions. The experts estimate the originality or paradigm relatedness of concepts based on
existing solutions or attributes of existing solutions known to them. The interrater reliability of the
expert opinions is to be determined, indicating, but not guaranteeing, a good choice of domain experts
and hence a reliable novelty/originality estimation.

The sections below cover a number of rarity related metrics, of which Table 1 gives an overview based
on the main differences. The first distinction is based on the level used to assess the novelty,
originality or rarity of a concept, e.g. Shah et al. [Shah et al. 2003] propose a novelty metric calculated
based on the novelty of the attributes of a concept. The second distinction made in Table 1 is the
applied UnlC approximation discussed hereabove, i.e. the approximation of the UnlC based on expert
knowledge versus concepts generated by the participants.
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Table 1. Overview the main differences between rarity and related metrics

Applied UnlIC approximation
Expert knowledge Generated concepts (rarity)
Level used to assess Concept Originality (Hood) Originality
novelty, originality or Creativity (Amabile, (Jansson & Smith, Cropley,
rarity of a concept Caroff) Guilford, Torrance)
Attribute Novelty (Shah first Novelty (Shah second
of a concept approach) approach)

2.1 Originality

Early work by Jansson and Smith [Jansson and Smith 1991] investigates the effect of providing
designers examples prior to a design exercise. Half of the designers were subjected to a priming
example, while the remainder constituted the control group. Metrics were calculated to prove that
design fixation did occur as a result of the exposure to a design example. The authors proposed an
originality metric computed as the average 'o' score for an individual's concepts divided by the number
of concepts for that subject. The '0o' score for each item was calculated as o=1-((number of similar
designs generated by other subjects)/(total number of designs for all subjects)). Based on the
taxonomy of Figure 1, the originality metric proposed by Jansson & Smith is in fact a rarity metric,
calculated by comparing each concept to the concepts generated within the group subject to the same
experimental conditions.

Since Jansson & Smith use two conditions (fixation and control), the concepts are compared to two
approximations of the UnIC. However, taken into account the conclusions drawn, the calculated
originality is interpreted in respect to the other participants within the same experimental condition as
to provide evidence of design fixation. Hence, the use of two different approximations of the UnlC can
be considered legitimate.

The originality metric proposed by Jansson & Smith [Jansson and Smith 1991] is conceptually similar
to the originality metrics proposed by [Torrance 1966], [Guilford 1967], [Cropley 1967] in the area of
creative and divergent thinking, e.g. Guilford rates the originality of an concept based on the rarity; a
concept is awarded one or two points if the occurance frequency of similar concepts among all
responses is less then 5, respectively, one percent. The main similarity between these originality
metrics is that they are calculated based on a UnlC comprised of the concepts generated by the
participants themselves. The definition of the UnIC can be adapted in the originality metrics described
in Section 2.1, e.g. [Cohen 1972] applied Cropley’s algorithm and established scoring categories for
each originality item based on a UnlC comprising concepts from 100 random students throughout
Australia.

Amabile [Hennesey and Amabile 1999] proposed the Consensual Assessment Technique using raters
at a concept level to evaluate the more encompassing creativity metric, of which Caroff [Caroff 2008]
identified the originality and appropriateness as the two main components. Caroff also showed that the
creativity judgments of raters depends on the creative ability of the raters themselves, confirming the
conclusions drawn by [Hood 1973] for raters assessing the originality of concepts. These results also
show that expert raters do not tend to differentiate between the concepts at a low and medium
originality level, in turn questioning whether expert raters should be used at all.

2.2 Novelty

Similar to the above described originality metrics, Shah et al. [Shah et al. 2000] propose the novelty
metric to measure ideation effectiveness. According to Shah et al. the novelty is intended to measure
the unusualness of a concept, which translates to the rarity metric in Figure 1. A concept’s novelty is
based on occurence frequencies, or expert knowledge, of the attributes of the generated concept, and
not on the rarity of the total concept as in the case of the originality metrics as illustrated in Table 1.
Shah et al. [Shah et al. 2000] explicitly define two approaches to estimate the UnlIC. In the first
approach, the UnlC is approximated by all preconceived concepts assembled by experts before
analyzing the results of the experiments. In practice, experts define one or several attributes on which
to assess the unusualness of the generated concepts based on the specifics of the design problem, e.g.
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physical principle used to remove hair from the face for a new razor design problem, or motion
exhibited by the razor blades. The second approach proposed by [Shah et al. 2000] is to approximate
the UnIC by the set of all concepts generated by the experiment participants themselves. Shah et al.
[Shah et al. 2003] further demonstrate that the second approach allows to automatically calculate the
rarity of a design based on the occurrence frequency of attributes of the design in the complete set of
designs generated by the participants to an experiment. Although calculated based on occurrence
frequencies of attributes of concepts, this approach is similar to the originality proposed by Jansson &
Smith [Jansson and Smith 1991], [Guilford 1967], [Cropley 1967] and [Torrance 1976] since all
methods define the UnlC to be comprised of the concepts generated by the participants themselves.

3. Originality calculations in priming ideation methods

The above sections illustrated several methods to estimate the originality and rarity of concepts based
on different approximations of the UnIC and different levels of detail in the frequency calculation, i.e.
occurrence frequencies at the concept or attribute level. The appropriateness of the approximation of
the UnlC is to be evaluated for each research study depending on the circumstances and the
conclusions to be drawn from the results.

For the UnIC approximation by expert knowledge, the originality estimations can be considered
dependant on the choice of experts [Hood 1973], [Caroff 2008], although considerable level of
interrater agreements have been reported in practice for the creativity [Hennessey and Amabile 1999],
of which a main dimension is the originality [Caroff 2008]. However, as detailed by the paragraphs
below, the rarity calculations based on the UnIC approximation by the generated concepts are also
often miscalculated for priming ideation methods.

In priming ideation methods, the participants are subjected to stimuli, e.g. existing solutions, intended
to enhance certain aspects of the designs, such as the novelty or technical feasibility, it can be
expected that the participants are fixated on certain solutions or attributes of solutions. As detailed in
Section 2.1, Jansson & Smith’s prove that the rarity (reported as originality) of an idea space formed
by primed participants can be lower than the rarity of the idea space formed by the concepts generated
by non-primed participants (control group), in turn proving the effect of design fixation by design
examples. It follows that the concept space formed by the fixation group should not be used as a basis
to approximate the UnlC, and hence that the originality is not to be interpreted as an originality in
respect to all known solutions.

Similarly to the above described research by [Jansson and Smith 1991], a number of studies have
approximated the UnIC by concepts generated by a primed group of participants. Following the
reasoning explained above, the generated designs are not drawn from the UnlIC at a frequency
reflecting the actual (but unknown) occurrence frequency of these designs. Instead, the frequency at
which solutions with certain attributes or functions are generated is now dependent on the stimuli
given to the participants. It is therefore unlikely that the set of designs, generated by primed
participants, is a good representation of the UnlC, and unlikely that the calculated novelty score of an
attribute truthfully reflects the unknown novelty score of the attribute in the UnIC. However, in
contrast to Jansson & Smith, which have only drawn conclusions from the rarity within a group or
condition as to prove the effect of fixation, these studies often draw conclusions on the rarity in respect
to all known solutions.

The following example illustrates the effect on the rarity calculation of including primed participants
in the approximation of the UnlC. Table 2 gives possible outcomes for a hypothetical ideation session.
The first three columns give the number of generated concepts for both possible values of the motion
attribute, e.g. the control group generated three concepts which exhibit a rotating motion, and two
concepts having sliding as motion type. The rarity calculations are performed according to the
methodology proposed by Shah [Shah 2003], e.g. the rarity of the rotate motion type for the control
group equals the number of concepts not having this motion type divided by the total number of
generated concepts, or (5-3)/5 = 0.4. From Table 2, it can be seen that the scores for an attribute rarity
score are dependant on the number of concepts exhibiting different attributes. Hence, a concept
exhibiting rotating motion will have a rarity score of 0.4, 0.2 or 0.6 depending on whether the UnIC is
approximated by the concepts generated from, respectively, the control group, the group fixated with
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example 1 or the group fixated with example 2 (another option would be to calculate the rarity based
on the concepts generated under all conditions). In the extreme case, a method targeted at ideating
designers to develop concepts with only a rotating motion will lead to concepts with a rarity score of
Zero.

Table 2. Number of concepts generated and resulting rarity score for control and primed

conditions
Number of generated concepts Rarity calculation
Control Fixated groups Control Fixated groups
no fixation | example 1 | example 2 | no fixation | example 1 | example 2
Motion | Rotate 3 4 2 (5-3)/5=0.4 0.2 0.6
type Slide 2 1 3 (5-2)/5=0.6 0.8 0.4
Sum 5 5 5

The above example illustrates a possible flaw in the calculation of the rarity score for primed
participants based on Shah et al.’s metric utilizing the attribute occurrence frequencies. However,
since the example only uses a single attribute (motion type), the example degenerates to the case in
which concepts are grouped as similar by experts on a concept level. Furthermore, although the
conclusions are drawn from a single attribute example, they remain valid for the case in which
concepts are grouped based upon multiple attributes. To resolve this, it is proposed to explicitly limit
the concepts on which to base the calculation of the attribute and concept rarity scores to the concepts
generated by participants which are believed to generate concepts with an occurrence frequency
resembling to the UnlIC. Concepts generated by primed participants are to be excluded from the
calculation of the attribute or concept category rarity scores, i.e. only concepts from non-primed
participants are appropriate in order to calculate the total number of concepts and the number of
similar concepts, denoted by respectively 7 and Cy in [Shah et al. 2003].

Although the above mentioned solution has occasionally been applied by researchers in the field of
design creativity [Wilson et al. 2010], [Peeters et al. 2010], [Chan et al. 2011], none of these studies
explicitly detail the reasons for restricting the approximation of the universe of ideas for comparison
(UnlC) to the designs generated by non-primed participants. Also, other studies [Linsey et al. 2011],
[Neeraj 2010], [Wodehouse and Ton 2011] do not restrict the UnIC to the designs generated by non-
fixated or non-primed participants, or do not mention this in the reported results. Based on the
reasoning detailed above, it can be expected that these studies under- or overestimate the rarity (often
reported as originality or novelty) of the applied priming ideation methods.

4. Summary

Over the recent years, a number of studies have applied effectiveness metrics, such as the variety or
novelty, on the outcome of ideation exercises to compare ideation methods. The rarity metric,
sometimes reported as a substitute for the originality or novelty, is often calculated based on concepts
generated by the participants to the ideation exercise themselves. Depending on the methodology the
generated concepts can be clustered as similar on concept level, or grouped along different attributes
of the generated concepts, e.g. type of motionary action. It was shown that the calculated rarity of
concepts (and attributes) is dependant on the concepts used to approximate the universe of ideas for
comparison. Based on a hypothetical example, it was also shown that the inclusion of concepts from
primed participants can lead to a errorneous rarity calculation. The proposed solution follows directly
from this observation, and entails the exclusion of the concepts generated by primed participants.

Although the above mentioned solution has been occasionally applied in studies, none have explicitly
detailed the reasons for restricting the approximation of the universe of ideas for comparison to the
designs generated by non-primed participants. Furthermore, a number of studies do not restrict the
universe of ideas for comparison to the designs generated by non-fixated or non-primed participants,
or do not mention this in the reported results. It was shown that the latter studies are expected to
under- or overestimate the actual rarity score, in turn misrepresenting the originality or novelty of the
applied ideation method. It can be expected that a misrepresentation of an ideation method's
effectiveness will in turn lead to errorneous conclusions concerning the applicability of the ideation
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method, and mislead the future development efforts of ideation method research. It is therefore
important for future ideation method effectiveness studies to clearly state which concepts make up the
applied approximation of the universe of ideas for comparison.
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