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Abstract

Among the various novelty metrics available in literature, those developed by Shah and Vargas-
Hernandez are frequently used for academic purposes. More precisely, their “a-posteriori” version is
often used for assessing ideation effectiveness of idea generation methods. We observed that when in
presence of sequential idea generation sessions of the same task, the application of the recalled metric
could lead to misleading results. In this paper, we argue about this problem, and we also provide useful
suggestions for a correct “a-posteriori” assessment for sequential idea generation sessions.
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1. Introduction

Today, creativity and innovation constitute the lighthouse for industry and for those academic
disciplines involved in studying and supporting industrial processes, products and practitioners.
Accordingly, several research activities exist about the identification of more comprehensive definitions
of the interrelated concepts of creativity and innovation, as well as the concepts of newness and
usefulness. Consequently, many definitions of creativity can be found in literature (Sarkar and
Chakrabarti, 2008a), and for some of them the concept of novelty plays a crucial role (Sarkar and
Chakrabarti, 2011; Corazza and Agnoli, 2016; Jagtap, 2016).

Moreover, aiming at supporting creativity and innovation, several contributions can be found in
literature concerning studies about cognitive aspects, the development of new design methods and tools,
and also about idea generation approaches and/or their mutual integration, e.g. (Shah et al., 2001;
Howard et al., 2010; Frillici et al., 2015; Fiorineschi et al., 2018). Consequently, in order to evaluate
and validate the effectiveness of their proposals, researchers need to "assess creativity" of single
generated ideas or group of ideas. Accordingly, literature acknowledges several studies on the
effectiveness of methodological proposals for idea generation, e.g. (Chulvi et al., 2012; Vargas-
Hernandez et al., 2013).

The metric proposed by Shah et al. (2003a) is one of the most acknowledged and used by researchers
interested in assessing groups of ideas, where "ideation effectiveness" is assessed by means of four
distinct metrics, i.e. "quantity”, "quality", "variety" and "novelty".

This paper is focused on the latter metric, in particular to the "a-posteriori” version, which is claimed to
measure the unusualness or "uncommonness" of a given idea in relation to the specific group of other
ideas generated in the same design session, by the same designer or group of designers. Such a
peculiarity means that, according to Srivathsavai et al. (2010), the a-posteriori approach cannot be used
for comparing an idea/concept with precedent design sessions or with marketed products.

However, while by definition of "a-posteriori" metrics cannot be used to assess novelty in relation to
reference products, the possibility to consider ideas from precedent sessions deserves to be examined

DESIGN METHODS 1079



more closely. Indeed, by interpreting the work of Shah et al. (2003a), if the same designer (or group of
designers) performs sequential design sessions for the same design task or experiment, the metric
foresees that each of the related outcomes should be assessed independently on the precedent ones.
However, in this way the assessments are not reliable, because the outcomes produced by a designer
(group of designers) in precedent sessions of the same task or experiment, certainly constitute a
knowledge background for the designer her/himself (themselves). For example, if the attributes of an
idea conceived in a generic "first" design session are widely used among the set of generated ideas, it is
consequently scored with a mediocre novelty. However, if the same idea and its attributes are simply
"reused" by the same designer only one time in a "second" design session of the same task, it will
wrongly get the highest novelty score in that session. Consequently, it would be impossible to
comprehensively evaluate how each single design session (and the related boundary conditions) actually
affects the novelty of design outcomes. This could be a non-negligible problem that could hinder the
adoption of the a-posteriori novelty assessment approaches, especially for certain experiments devoted
to evaluate the effects of important phenomena such as the incubation (Sio and Ormerod, 2009; Tsenn
et al., 2014) and the introduction of specific stimuli (Sarkar and Chakrabarti, 2008b; Lopez-Mesa et al.,
2011). Therefore, if a previously conceived idea is “reused”, and not actually conceived in the current
design session of the same design task (or experiment), its novelty score should be assigned accordingly,
also by taking into account the knowledge acquired during precedent activities performed for the same
task or experiment. Nevertheless, it does not mean to substitute the metric with some "a-priori" ones
(Shah et al., 2003b), because the latter refers to a (theoretically) generally valid and "static" universe of
reference solutions, while in case of sequential sessions, the a-posteriori approach should still refer to a
case-sensitive universe, but which evolves dynamically with sessions.

Therefore, the recalled applicability problem of the a-posteriori metric of Shah et al. is not trivial to
solve. Accordingly, with this paper we aim at comprehensively introducing the recalled issue, to argue
about it, and to propose useful suggestions for its resolution.

In order to reach the recalled objective, we structured the paper as it follows.

An introduction is reported in Section 2, about the examined metric, together with a short survey on its
acknowledged variants. Section 3 comprehensively introduces the observed applicability problem, and
reports some possible strategy for performing the assessment. In Section 4, the preferred strategy is
highlighted and some motivations are reported about the indicated preference, while Section 5 reports
discussions and possible future developments. Finally, Conclusions are reported in the last section.

2. Related work

Among the different ways to assess creativity, literature acknowledges some specific metrics to evaluate
ideas, new products, or even people (Johnson et al., 2016). Especially concerning creativity evaluations
of products and processes, it is possible to identify different metrics based on a variety of parameters
like originality, usefulness, fluency, flexibility, etc. (Vargas-Hernandez et al., 2012). One of the most
diffused is that of Shah et al. (2003a), which aims at measuring ideation effectiveness in terms of
quantity, quality, variety and novelty of generated ideas. More precisely, they identified "quantity" as
the number of generated ideas, "quality" as a measure of feasibility and compliance of ideas with the
design requirements, "variety" as a measure of the explored solution space, and "novelty" as how
unusual or unexpected is an idea in relation to other ones. Moreover, the same authors take into
consideration the different stages characterizing a generic design process (i.e. conceptual design,
embodiment design and detail design). Shah et al. (2003a) also proposed four well-known metrics, i.e.
one for each of the above mentioned parameters. Variety and Quantity metrics are intended to be used
for assessing group of ideas and cannot be applied for evaluating a single idea, while Quality and
Novelty are intended to score each single idea (Shah et al., 2000), but the related mean values can be
used to assess groups of ideas. For Variety assessment, the authors proposed to analyse the generated
ideas in terms of four items, i.e. physical principles (PP), working principles (WP), embodiment (EMB)
and details (DET) characterizing each implemented function. Subsequently, a hierarchical tree can be
built, i.e. the so called "genealogy tree" (GT), where nodes represent the number of ideas adopting a
specific item variant, and lines hierarchically connect nodes belonging to the different items. Moreover,
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each level is characterized by a different weight, which is used to take into account the different impacts
that the four items are supposed to have on the variety score.
For assessing quality, the authors assert that well acknowledged procedures like Pugh matrices (Pugh,
1991) can be used to evaluate the overall quality of a group of ideas. Therefore, both functional and
non-functional requirements could be taken into account for assessing the quality of a given idea.
Concerning Novelty, Shah et al. (2003a) considered two different procedures, i.e. the "a-priori" and the
"a-posteriori" assessment. For the first approach, it is necessary to define a universe of reference ideas
for each function or attribute, in order to assign a specific novelty score to each examined ideas. Other
a-priori approaches for assessing product novelty are present in literature, like that of Sarkar and
Chakrabarti (2011), where a specific framework is used to assess the degree of novelty with respect to
previous products. Also an improvement of the recalled method has been recently proposed for a more
comprehensive novelty evaluation (Jagtap, 2016).
In the second approach proposed by Shah et al. (2003a), i.e. the "a-posteriori" one (SNM), the authors
suggest to identify some recurring "key-attributes" among the set of ideas to be examined, and to find
the different ways in which each attribute has been satisfied. Moreover, each identified key attribute is
associated to a normalized weight, indicating its relative importance level. Once the key attributes have
been identified and the related weight assigned, novelty of ideas is assessed by scoring the solutions
generated for each key attribute, and then the scores are summed together by multiplying each of them
by the related normalized weights. More precisely the novelty score for a given attribute S;; is calculated
by Equation 1:
Ty—Cyj
S;=10x-L- O]

Ty
Where Tj; is the total number of solutions (or ideas) conceived for the key attribute i, and design stage
J; and C;; is the number of the solution characterizing the idea to be assessed, for the same attribute i,
and design stage j. Then, the overall novelty of each idea M is calculated by Equation 2:

Mgy = Xi%1 fi Xj=15ijpj 2

Where f; is the weight of the attribute i, m is the number of attributes, n is the number of design stages
and p; is the weight assigned to the design stage j.

In the example of the "a-posteriori" assessment reported in Shah et al. (2003a), no particular problems
or difficulties are mentioned, but some limitations to the recalled a-posteriori novelty assessment have
been highlighted in literature, and also some variants have been proposed to partially overcome them.

2.1. Acknowledged limits of the a-posteriori metric of Shah et al.

Brown (2014) highlighted several issues to SNM, among which, the subjectivity of the identification of
key attributes (as for the a-priori version), the need to identify weights for each attribute, the need to
define a clear separation between conceptual and embodiment design descriptions.

Vargas-Hernandez et al. (2012) pointed that the metrics could be improved in terms of responsiveness
and boundary cases. More precisely, responsiveness was intended as the capability of the metric to
accurately reflect changes on the set of ideas and, accordingly, Peeters et al. (2010) observed that the
application of SNM to large sets of ideas reduces the sensitivity of the metric. Instead, boundary cases
refer to the application of the metric to particular cases with "extreme" scores.

As quoted in (Johnson et al., 2016), it has also been observed that the SNM is only sensitive to
differences between concepts at the embodiment level, excluding more abstract differences.
Sluis-Thiescheffer et al. (2016) recently observed that the example in the paper of Shah et al. (2003a)
refers to a particular case where for the set of 46 generated ideas, 46 solutions have been found for each
attribute, implying that each of the considered ideas successfully satisfies each attribute. However,
depending on the considered sample of designers, the design task, and the particular examined design
stage, it is possible that some of the conceived solutions only partially satisfy the same number of
attributes.

However, maybe one of the most acknowledged limits of the a-posteriori novelty metric of Shah et al.
(2003) consists in representing a relative novelty or, in other words, a non-absolute novelty. Indeed, it
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does not compare ideas from past idea generation sessions or to marketed products (Srivathsavai et al.,
2010). However, as introduced in Section 1, for certain experiments it is still unclear if ideas from
precedent sessions of the same design task should be considered. Nevertheless, as shown in the
following paragraphs, in case of positive answer, it is currently unclear "how" to consider them.

2.2. Variants of SNM

Here in the following we report a short description about the variants of SNM that we found in our
literature review, which have been proposed by scholars to overcome some of the limits introduced
above.

Peeters et al. (2010) proposed to consider the three degrees of novelty introduced by Pahl et al. (2007),
i.e. original, adaptive and variant. More precisely, they assert that an idea is "original" if is able to
solve a problem at the PP level of the GT. Similarly, an idea is "adaptive" if solves the problem at the
WP level and then "variant" if the problem is solved at the EMB level. Accordingly, they practically
use PP, WP and EMB items in place of the SNM attributes, and uses the standardized set of weights
proposed by Nelson et al. (2009) (10 for PP, 5 for WP and 2 for EMB), but continues to apply
Equations 1 and 2.

The proposal of Vargas-Hernandez et al. (2012) still consider GT, but focuses the attention on the WP
level, and proposes a new formula for calculating S. However, Johnson et al. (2016) observed that the
recalled metric variant have some limitations, i.e. the need to describe ideas at the embodiment level,
same scores for siblings at the embodiment level, and possible problems with extreme scoring
conditions. According to the recalled and other limitations (among which, the lack of consideration for
uncommonness of PPs and WPs), they proposed a new metric variant based on GT, where and additional
level has been added upon the PP one, i.e. the "Strategy" level. Moreover, they proposed a new formula
for calculating M.

Eventually, Sluis-Thiescheffer et al. (2016) proposed to assess novelty with a binary metric (novel or
not novel), where an arbitrary threshold is considered to identify less frequent (novel) solutions.
However, in light of the current improvements of SMN reviewed here, it is possible to assert that the
problem of novelty assessments for sequential design sessions of a same experiment has not been
examined, and then still deserves to be investigated appropriately.

3. Assessing novelty in sequential design sessions

Some different scenarios may present the need to assess novelty of ideas or design outcomes generated
by sequential sessions. For example, in order to evaluate the effects derived from incubation, Shah et al.
(2003b) carried out an experiment where two sequential design sessions were performed under specific
conditions. In the recalled test, the four metrics of Shah et al. (2003a) were used to assess design
outcomes, by applying them on the sets of ideas generated on both the two idea generation sessions. For
the purposes of the recalled experiment, SNM has been successfully applied because of the particular
arrangement of the test: a control group without incubation time between the two sessions, and an
analysis group with a certain incubation time between the two sessions. More precisely, since the first
session was the same for the two groups, any eventual "delta" observable on design outcomes was
reasonably attributable to the effects of incubation. Therefore, it seems that SNM can be used in
experiments with multiple design or idea generation sessions, but the assessment must be performed by
considering a unique set of ideas for each of the examined groups. This could be quite limitative, since
in this way it is not possible to comprehensively evaluate, for example, the effects derived from a second
additional incubation time.

Another possible academic scenario involving multiple design or idea generation sessions, might be
that where researchers are interested in evaluating the effects provided by the introduction of
particular stimuli to the designers (Cardoso et al., 2009; Chiu and Shu, 2012; Cheng et al., 2014).
Also in such case, the SNM metric can be used only for the evaluation of a single set of ideas for each
designer (or group of designers), avoiding the evaluation of the "incremental" effects derived by the
hypothetical sequential introduction of multiple stimuli. We faced this problem in our experimental
activities, where we aimed at comparing the effects derived by the introduction of two different
representations of a reference product, followed by the introduction of a particular verbal stimulus.
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More precisely, we were interested in studying the effects provided by the representation sets
belonging to two different conceptual design approaches (Pahl et al., 2007; Fiorineschi et al., 2016).
Therefore, to evaluate the effects of the recalled representation schemes, we organized the testing
procedure in three distinct idea generation sessions, where a sample of 35 students was subdivided in
three groups (a control group and two analysis groups) and asked to perform the same specific design
task. The first session was intended to provide initial and neutral information about the considered
sample of convenience. Then, at the end of the first session, we collected the produced ideas and
distributed the supplemental material to groups. More precisely, in this second session, each student
received a paper sheet with the information structured according to the representation scheme
assigned to the group (a "placebo" was assigned to the control group). Eventually, we also considered
a third session to evaluate if different reactions were observable among the three groups, after the
introduction of a verbal stimulus (the same for all groups) specifically inviting the participants to
avoid fixation on a specific structural detail. The main characteristics of the recalled experiment are
resumed in Table 1.

Table 1. Experiment with sequential design sessions

Group 1 | Group 2 ‘ Group 3
Session 1 Same initial instructions to all groups
Session 2 Graphical stimulus A | Graphical stimulus B | Graphical stimulus C
Session 3 Same verbal stimulus to all groups

For the novelty assessment, we decided not to use a-priori approaches, because we were unable to define
a comprehensive set of reference products. Moreover, due to the high heterogeneity of the set of
conceived ideas, for novelty assessments we opted for a particular SNM variant, basically inspired to
the version proposed by Peeters et al. (2010). Nevertheless, the same considerations can be easily
extended to SNM and all of its variants. Furthermore, the three sessions were identified as parts of the
same design stage, then assigning j=1 to Equations 1 and 2.

However, in order to evaluate the incremental effects of the sequential sessions (and the related
additional stimuli) on the novelty of generated ideas, two issues need to be faced: the calculation of the
S;j scores (by Equation 1) for the calculation of the novelty of ideas (by Equation 2) and the calculation
of the mean novelty.

The following paragraphs describe the possible strategies for facing the mentioned issues.

3.1. Strategies for the calculation of the S-scores
As shown by Equation 1 the value of the term S;; is strictly dependent on two terms, i.e. T;; and C;;,
whose values strictly depend on the selected set (or universe) of solutions. More precisely, for the
experiment represented in Table 1, we evaluated three different but reasonably logic strategies:
e Strategy 1 (singular): For each group, in each session, consider only the set of ideas of the current
session to be assessed.
e Strategy 2 (cumulative): For each group, consider the whole set of ideas from all of the three
performed sessions.
e Strategy 3 (incremental): For each group, consider an expanding set of ideas, composed by:
o Ideas from the first session when assessing the same first session
o Ideas from the first and the second session when assessing the second session
o Ideas from all of the three sessions when assessing the third session.

The three strategies listed above led to three different set of values for the §;; (that we calculated on the
PP, WP and EMB items), which consequently led to three different set of novelty scores for assessed
ideas. An excerpt of the performed assessment is reported in Tables 2, 3 and 4, respectively for the first,
the second and the third strategy.

In the mentioned tables, it is possible to observe how the §;; scores for the same ideas can change,
depending on the strategy adopted for performing the assessments. Accordingly, the same idea can get
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quite different novelty scores, mainly depending on the actual values that the terms T;; and C;; represent.
For example, considering Idea 1 from Table 2, it is possible to observe that the related solution for the
PP item is quite common in the first session, due to the low S;;. However, it seems that it has been
reused with a lower frequency in the successive sessions, leading to a higher S;; if calculated with the
cumulative strategy (see Table 3). Differently, it seems that WP and EMB items of the same idea have
been constantly reused, leading to a quite constant S;; value across the singular and the cumulative
strategies.

Table 2. Excerpt of the evaluation performed for the test introduced in Section 3,
with the first strategy

Idea | Session PP WP EMB Novelty
1 1 2,50 9,69 9,69 5,90
2 1 2,50 6,56 9,69 4,92
3 2 8,18 8,18 9,55 8,40
4 2 3,18 9,55 9,55 6,20
5 3 7,39 8,26 9,57 8,01
6 3 7,39 9,13 9,57 8,28

Table 3. Excerpt of the evaluation performed for the test introduced in Section 3,
with the second strategy

Idea | Session PP WP EMB Novelty
1 1 4,16 9,87 9,87 6,86
2 1 4,16 7,92 9,87 6,25
3 2 8,31 8,57 9,87 8,64
4 2 4,16 9,87 9,87 6,86
5 3 8,31 8,57 9,87 8,64
6 3 4,16 7,92 8,96 6,10

Table 4. Excerpt of the evaluation performed for the test introduced in Section 3,
with the third strategy

Idea | Session PP WP EMB Novelty
1 1 2,50 9,69 9,69 5,90
2 1 2,50 6,56 9,69 4,92
3 2 8,70 8,70 9,70 8,86
4 2 2,78 9,81 9,70 6,09
5 3 8,31 8,57 9,87 8,64
6 3 4,16 7,92 8,96 6,10

Considering Idea 6 (from the third session), the singular strategy led to a quite high novelty score (Table
1), while both the cumulative and incremental strategies revealed that especially the solution of the PP
item is not so uncommon, since it has been used quite often in precedent sessions.

Different situations can be observed for Ideas 3 and 4 (from the second session), where it is possible to
observe that in this cases, the three strategies led to three different sets of S;; values and then to three
different sets of results for single-ideas novelty assessments.

As previously stated in this section, the same considerations can be extended to SNM and all the variants
reviewed in Section 2. Indeed, although the evident differences, the fundamentals of the metrics are
equally based on the comparison with the set of generated ideas.
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3.2. Calculation of the mean novelty scores

As shown before, each of the strategies listed in Section 3.1 lead to different sets of novelty scores and
then, it easy to infer that the mean values of the recalled sets will be different as well.

Obviously, there are different possibilities for the calculation of the recalled mean values, mainly
dependent on the set of ideas (and related novelty scores) to be considered. Indeed, for each group (see
Table 1) it could be possible to consider ideas from all of the three performed sessions, or from only the
current session, or even from an incremental set, similarly to what happened for the incremental strategy
in the S;; calculation. Then, it would be possible to combine each of the strategy for the S;; calculation

with each of the mentioned strategies for the mean value calculation, leading to 9 possible different sets
of mean novelty values for each group.

However, the considered kind of experiments are focused on the evaluation of the effects provided by each
singular session. Therefore, among the 9 possibilities, the only ones that make sense (in terms of mean
novelty calculation) are the three considering the novelty scores of ideas from the current session to be
assessed. In other words, when assessing the mean novelty reached by a group in the first session of the
experiment, only the set of novelty scores from the same session and the same group are considered.
Similarly, for assessing the mean novelty reached by a group in the second session, only the set of novelty
scores from the same second session are considered. The same for the third session.

As shown in Figure 1, Figure 2 and Figure 3 (neglecting statistical considerations, for the scope of this
paper), the three strategies lead to different mean values and then to different observed trends across the
three sessions.
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Figure 1. Mean novelty scores calculated for each group for the set of novelty scores
of ideas from the current session, calculated with the "singular' strategy
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Figure 2. Mean novelty scores calculated for each group for the set of novelty scores
of ideas from the current session, calculated with the "cumulative" strategy
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Figure 3. Mean novelty scores calculated for each group for the set of novelty scores
of ideas from the current session, calculated with the "incremental" strategy

In particular, it is possible to observe that Figure 2 shows a flattened trend of the novelty scores reached
by the three groups across the three sessions, while the other two strategies show a more sloped
behaviour. Nevertheless, while the first strategy (Figure 1) shows different trends for the three groups,
the third strategy (Figure 3) highlights that the first and the second groups behaved very similarly.
Therefore, in order to perform any kind of consideration about the experiment, it is necessary to select
the best suited approach to achieve mean novelty scores.

4. Suggested assessment approach for sequential experiment sessions

As shown in the previous section, a-posteriori approaches for novelty assessment can be managed in a
variety of ways if used for assessing design outcomes from sequential design or idea generation sessions.
Therefore, in order to make any consideration about the outcomes of the performed experiment, it is
crucial to select the right strategy for the calculation of novelty of single ideas and then for the mean
novelty scores reached by the sample of designers. However, while it is easy to infer that for the type of
the performed experiment the mean scores should be calculated only on the set of ideas from the current
session, the selection of the strategy for the S;; calculation deserves to be performed with care.

Indeed, each of the different scores from the three approaches can provide useful information about
the performed experiment. However, even if the first strategy (singular) could potentially allow to
observe how novelty evolves across the three sessions for the three examined groups, the related
novelty assessments for each idea after the first session are unreliable, as explained by the following
extreme example. Suppose (ad absurdum) that a group produced exactly the same set of ideas in all the
three sessions. In this case, by following the first strategy, the novelty scores of ideas are the same in
each of the three phases. In our opinion, this is not correct since the ideas are simply "reused" across
sessions, and not generated in the current ones. Reasoning in terms of S;; values, a solution for a given
attribute or item that has been already used in precedent sessions by the same designer (or group of
designers), cannot reach the same scores of those actually conceived in the current session and never
used before.

In the second strategy (cumulative), the novelty of ideas of a generic session is calculated by referring
to both precedent and future sessions (if present). For example, in the experiment represented in Table
1, ideas from the first session are assessed by referring to a universe composed by ideas generated also
from the two subsequent sessions. However, it implies to compare novelty of ideas with "future" ideas,
not yet conceived in the current session. It could make sense for evaluating the re-use of solutions
actually conceived in the first and the second sessions, but their S;; values are not realistic, since
calculated by referring to an expanded universe, where additional solutions (from the successive
sessions) are considered.

The third strategy (incremental) is a sort of "limited" version of the cumulative approach, where ideas
"ideas from the future" are neglected from the assessment. Accordingly, it can take into consideration
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the cumulative effect of ideas repetition across sequential sessions, but cannot be used to estimate the
re-use of solutions in the successive sessions. More precisely, T;; should be considered as the total
number of solutions conceived for the key attribute i, and design stage j, across all the currently
performed design sessions. Similarly, C;; should be considered as the occurrences of the current solution
for the key attribute i, in stage j, across all the currently performed design or idea generation sessions.
Therefore, considering the experiment represented in Table 1, ideas from Session 1 can be normally
assessed as indicated by SNM, i.e. T;; is the number of solutions for the key attribute (item) i among
the set of ideas conceived in the current session, and Cj; represents the occurrences of the current
solution for the key attribute i, in the same current session. Differently, when assessing ideas from the
second session, T;; should be considered as the number of solutions for the key attribute (item) i, among
the set of ideas conceived in the current session "plus" the set of ideas conceived in the precedent one.
Similarly, C;; represents the occurrences of the current solution for the key attribute i, counted on both
the first and the second sessions. Accordingly, in the third session, T;; should be considered as the
number of solutions for the key attribute (item) i, among the set of ideas conceived in the current session
"plus" the set of ideas conceived in both the first and the second sessions. Then, C;; represents here the
occurrences of the current solution for the key attribute i, counted on the set of ideas generated across
all the three sessions. Then, as shown in Tables 2, 3 and 4, this strategy led to the same results of the
singular one for the first session, and the same results of the cumulative strategy in the third session.
Differently, in the second session, the progressive strategy could take into consideration the effects of
ideas reused from the first session, and reducing the S;; scores accordingly.

Therefore, among the possible strategies shown in Section 3.1, the incremental approach seems to be a
good compromise, since it allows to show the effects of eventual re-use of ideas conceived in precedent
sessions, and then to guarantee the assignment of highest scores only to solutions conceived in the
current session. In this way, the effect of the boundary conditions characterizing the current session (e.g.
incubation time or specific stimuli) can be evaluated with more precision.

To give an example, Table 5 reports the T;; and C;; counts of some solutions for the PP item, conceived
by a group across the three sessions performed in the experiment represented in Table 1. Moreover,
Table 6 reports the S;;calculated by the three strategies introduced in Section 3.1.

Table 5. T;; and Cj; of three solutions related to the PP item, conceived by the first
group of students across the three sessions

First session Second session Third session
Ci; T;; Cij T;; Ci; T;;
Fluid pressure 24 15 6
Capillarity 3 32 4 22 6 23
Magnetism 2 0 0

Referring to Table 6, it is important to observe that while the singular and the incremental strategies
provide a specific S;; value for each solution in each session, the cumulative strategy provides a single
value, which is valid for all the three sessions. However, it is also important to observe that the
"magnetism" solution appears only in the first session, and then the related S;; for the second and third
sessions are not calculated by the first approach. Diversely, it is possible to observe how the S;; for
"magnetism" increases session after session in the incremental strategy, starting from the same value
calculated by the singular strategy in Session 1, up to the same value reached with the cumulative
strategy in Session 3. This is quite obvious, because according to the fundamentals of the incremental
strategy, in this case (no more "magnetism" solutions after Session 1) C;; remains unchanged after the
first session, while T;; increases session after session. However, since ideas exploiting the magnetism
solution for PP are present only in the first session, in this case the S;; values calculated for the second
and third sessions by the incremental strategy are obviously not used in Equation 2.
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Table 6. S;; of three solutions of Table 5, calculated with the three different
strategies (singular, cumulative and incremental)

Singular Cumulative Incremental
Sess. 1 | Sess.2 | Sess.3 - Sess. 1 Sess. 2 Sess. 3
Fluid press. 2,5 3,2 7.4 42 2,5 2,8 42
Capillarity 9,1 8,2 7,4 8,3 9,1 8,7 8,3
Magnetism 9,4 - - 9,7 9.4 9,6 9,7

Nevertheless, what observed for the quite extreme example of the magnetism solution, reveals that the
incremental strategy can actually keep track of the actual re-use of ideas across sessions. The effects of
this peculiarity allow to reach more accurate evaluations. Considering the "capillarity" example of
Tables 5, it is possible to observe that this solution is increasingly used session after session, but
preserving relatively low counts of occurrences. Therefore, for the second and the third sessions, the
incremental strategy lead to S;; values (Table 6) that are higher than those calculated by the "singular”
strategy. Similarly, but in the opposed direction, the incremental strategy lead to lower S;; values for
the "Fluid pressure" example, because although is rarely used in the third session, it has be used in more
than an half of the ideas conceived in the first two sessions.

Therefore, for evaluating how "uncommonness" of ideas is influenced by the different triggers or
conditions provided in sequential design or idea generation sessions, we suggest to adopt the incremental
strategy for calculating S;; and novelty of single ideas. Moreover, in order to calculate the mean values
for each group (or designer) and each session, we suggest to consider the scores of ideas conceived only
the current session to be assessed. Accordingly, it is possible to assert that Figure 3 is the most
representative of the experiment outcomes.

5. Discussions and future developments

The assessment approach suggested in this paper has been conceived to extend the usability of SNM
and the related variants, to those cases where it is necessary to comprehensively map the contributions
of multiple idea generation or design sessions.

Several implications can be ascribed to the results of our work, among which, the possibility to perform
multi-session experiments, aimed at better understanding the effects derived by different and
successive incubation intervals. Indeed, it is now possible to keep track of the novelty scores session
by session, for both single ideas and group of ideas, and then highlighting the actual impact of the
conceived incubation time. Moreover, as shown in the example represented in Table 1, similar
considerations can be made for experiments devoted at investigating the effects of different sequences
for providing specific stimuli. However, depending on the SNM version adopted for the assessment,
the related problems still persists, and some of them should be carefully examined. Indeed, Peeters et
al. (2010) observed that decrement of the SNM metric responsiveness when the set of ideas get more
populated, and this is more or less valid for all of its variants. Unfortunately, since the proposed
approach actually expands the reference universe of solutions, this certainly leads to a decreasing
metric responsiveness, session after session. This could explain the "convergence" observed in Figure
3 for the third session.

Therefore, one of the possible future work could actually be focused on a comprehensive understanding
the effects of the recalled limits. Moreover, the considerations made in this paper highlights that the
plethora of novelty metrics available in literature, led to non-negligible difficulties in selecting the most
suitable for the specific research and/or industrial needs. Therefore, this work can be considered a valid
effort for a more comprehensive understanding of the potentialities of a-posteriori approaches, and the
reported considerations could provide important information for the development of comprehensive
"assessment guidelines". Lastly, the results presented here constitute a potential step for the development
of a generally valid “a-posteriori” metric, allowing to be used for assessing the outcomes from (possibly
any) generic design task.
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6. Conclusions

The objective of this paper was to present a proposal capable to apply well-known a-posteriori novelty
assessment approaches, also when in presence of sequential idea generation or design sessions. The
performed review revealed that literature has not currently solved the issues characterizing the recalled
cases, which we actually faced during our experimental activities. We used the results from the recalled
experiment as example to explain the problem and to argue about it. Then, we proposed a particular
strategy for considering "expanding" universes of solutions, session after session, in order to keep track
of the evolving knowledge of the involved designers. Consequently, the new strategy allowed to
comprehensively map the evolution of the novelty scores across multiple sessions, both for single ideas
and for groups of ideas. In the latter case, we considered the mean values of the novelty scores reached
by the solutions belonging to the current session to be examined.

Nevertheless, some potential limits of the proposals have been highlighted, especially about the
decreasing responsiveness of the adopted metrics, when the set of solutions gets more populated session
after session. Accordingly potential future works have been inferred, aimed at analysing the effects of
the recalled limit and at contributing to the development of guidelines and comprehensive approaches
for novelty assessment, applicable to any general experimental or industrial case.
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