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ABSTRACT
The concept of novelty in terms of ‘uncommonness’ of ideas is one of
themost considered in design studies. Accordingly, themetric devel-
oped by Shah, Vargas-Hernandez and Smith in 2003 (SNM) is still one
of themost largely used. Nonetheless, it presents non-negligible and
still unsolved problems when applied to realistic sets of ideas imple-
menting heterogeneous numbers of attributes. This paper aims at
identifying the roots of these problems and at proposing a refined
assessment approach, capable to extend the applicability of SNM to
any set of ideas. Generic boundary cases have been used to demon-
strate the validity of the proposal, while its potential impact on the
final novelty values has been estimated by assessing a real set of 100
ideas.
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1. Introduction

Novelty is a fundamental parameter for both innovation and creativity assessments,
whose concept, however, can assume different meanings (e.g. technological novelty (Ver-
hoeven, Bakker, and Veugelers 2016), historical novelty, psychological novelty (Boden
2004), unexpectedness (Vargas-Hernandez, Okudan, and Schmidt 2012), etc.). According
to Shah, Vargas-Hernandez, and Smith (2003), two distinct families of novelty assess-
ment approaches can be identified, i.e. the ‘a-priori’ and the ‘a-posteriori’ ones. In the
‘a-priori’, it is necessary to identify a reference solution (or a reference set of solutions)
to discover whether the examined ideas are more or less novel (e.g. Jagtap, 2019; Sarkar
and Chakrabarti 2011). Differently, in the ‘a-posteriori’ approaches, the set of ideas to be
assessed constitutes the reference itself, to count the occurrences of the similar solutions
generated in the same design or idea generation session. In this way, according to Shah,
Vargas-Hernandez, and Smith (2003), novelty is intended as a measure of the unusualness
or ‘uncommonness’ of a specific idea in relation to the set it belongs to (e.g. from the
same experiment). Therefore, this concept of novelty is relative to a specific set and can-
not compare ideas with those of past idea generation sessions or with marketed products
(Srivathsavai et al. 2010). Consequently, according to the definitions provided by Boden
(2004), a-posteriori metrics implement the concept of psychological novelty (i.e. what is
novel for the individual or groups of individuals that generated the idea), while cannot
assess historical novelty (i.e. something never occurred in history before (Boden 2009)).
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In this context, the a-posteriori metric of Shah, Vargas-Hernandez, and Smith (2003)
(hereinafter called SNM) is commonly used and acknowledged by engineering design
scholars (Kershaw et al. 2019), even if it is not exempt from some problems (Brown 2014). In
particular, a recently highlighted issue refers to misleading results when SNM is applied to
sets of ideas implementing heterogeneous numbers of attributes and/or functions (Fior-
ineschi, Frillici, and Rotini 2018; Sluis-Thiescheffer et al. 2016). More precisely, Shah and
colleagues originally applied SNM to ideas implementing the same number of attributes
and/or functions, but some problems arise if this condition is not satisfied. However, this
condition can be limitative and not representative of real design outcomes. Indeed, there
are many possible reasons that can lead designers to add or miss some attributes in their
ideas (e.g. distractions, misunderstandings, personal convictions about the usefulness of
an additional attribute, etc.). Unfortunately, although highlighted in the literature, the
problem is still unsolved (See section 2).

Here arises the objective of this paper: ‘extending the applicability of SNM to sets of ideas
implementing heterogeneous numbers of attributes’.

According to this target, it is worth to put beforehand that this work focuses on a par-
ticular concept of novelty (i.e. unusualness or uncommonness) and a particular metric to
assess it, which is based on the occurrences of ideas (Vargas-Hernandez, Shah, and Smith
2010 ). Discussions about the suitability of SNM (or a-posteriori metrics) for specific exper-
iments fall out of the scope of this paper. Indeed, the main intent is to refine/improve the
well-known SNM, to allow a broader and more comprehensive use of the metric,

The reader can find a short description of SNM in Section 2, together with a review of the
previous contributions that somehow attempt to overcome the metric’s problem about
missing (or extra) attributes. In the same section, a comprehensive explanation of the prob-
lem to be solved is also provided, by means of generic and illustrative examples. Then,
Section 3 introduces a new assessment approach that solves the criticalities expressed in
Section 2 for SNM and subsequent upgrades available in the literature. To evaluate the
impact of the new proposal, Section 4 shows the application of the metric to a set of 100
ideasgeneratedbybothengineeringand industrial design students. Inparticular, thediffer-
ences are evaluated among the results obtained by three evaluators, who applied both the
original SNM and the upgraded version. Section 5 reports discussions about the obtained
results, together with an introduction to the impact expected for this work. Eventually,
Conclusions are reported in the last section.

2. Background, description of the problem and state of the art

2.1. Themetric of Shah, Vargas-Hernandez and Smith

SNM requires the identification of recurring ‘key-attributes’ or functions among the exam-
ined ideas, and to find the solutions adopted to implement them.More specifically, thenov-
elty of an idea ‘I’ in SNM is relative to a set of ideas I, where each idea ‘I’ is composed by the
solutions that implement each of the related attributes and/or functions (i.e. one solution
for each attribute). However, Shah et al. did not provide a comprehensive definition about
what actually can be identified as attributes or functions, but stated that their identification
depends on the specific design problems and objectives. Furthermore, they provide few
attributes/functions examples from a particular case study, i.e. ‘Propulsion/thrust method’,
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‘Medium of travel’, ‘Motion of device’ and ‘Number of parts’ (Shah, Vargas-Hernandez, and
Smith 2003). It is important to notice that the two terms (attribute and function) were used
indistinctly, in a quite ambiguous way. Therefore, any possible concept of attribute can be
included (not necessarily functions), as long as considered important by the evaluatorswho
are applying the metric.

Additionally, Shah, Vargas-Hernandez, and Smith (2003) also consider that different
design stages (e.g. conceptual design, embodiment design, and detail design stages (Pahl
et al. 2007)) could differently contribute to novelty. Then, for each design stage, novelty
is assessed by scoring the solutions generated for each key attribute, and the values are
summed together by multiplying them for the related weight, which indicates the relative
importance according to the evaluators’ opinion. More precisely, the novelty value for each
attribute is calculated by Equation (1):

Sij = Tij − Cij
Tij

× 10 (1)

where Tij is the total number of solutions (or ideas) conceived for the key attribute i, and
design stage j; Cij is the count of the current solution for the attribute i, and design stage j.

Then, the overall novelty of each ideaM is calculated through Equation (2):

MSNM =
m∑

i=1

fi

n∑

j=1

Sijpj (2)

where fi is the weight of the attribute i, m is the number of attributes, n is the number of
design stages and pj is the weight assigned to the design stage j.

Concerning the parameter ‘n’, it is important to notice that the work described in this
paper focuses on a single design stage, thus neglecting examples where multiple design
stages are involved. Nevertheless, the proposal presented in the next sections preserves
the applicability of the original version of SNMmetric to multiples design stages.

As mentioned in the introductory section, SNM was originally applied to ideas imple-
menting the same number of attributes and/or functions, but unfortunately, no instruction
or guideline is available about how to apply it in presence of ideas implementing heteroge-
neous numbers of attributes. Therefore, the authors believe that a contribution to extend
the applicability of SNM to sets of ideas that have different numbers of attributes could
result useful for scholars, especially because it is one of the most used metrics.

2.2. The problem of assessing novelty with SNM in presence ofmissing and/or
extra attributes and previous attempts to overcome it

What identifies an attribute as ‘missing’ or ‘extra’ strictly depends on the reference consid-
ered by evaluators. In particular, to better explain this concept, it is important to consider
the two possible cases, which can characterise the design experiments (please note that in
the following points, the use of the terms ‘a priori’ and ‘a posteriori’ is not related to the
different assessment approaches mentioned by Shah et al.):

(a) Experimentswhere the required attributes/functions are assigned apriori by the exper-
imenter. For example, design tasks identified by a specific set of requirements (Pahl
et al. 2007; Ullman 2010; Ulrich and Eppinger 2012).
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(b) Experiments where the attributes/functions are identified a-posteriori by analysing
the generated set of ideas. For example, generic idea generation tasks (e.g. the con-
ceptual design of a ‘time machine’) where only few indications are given to design-
ers, who are intentionally left free to conceive and implement different attributes/
functions.

In the case ‘a’, it is quite simple to understand whether an attribute for a certain idea
is missing or additional, in relation to the imposed set of attributes. In the case ‘b’, the
distinction is subjective and depends on the evaluators’ decision. Indeed, one can con-
sider the set ‘union’ of all attributes implemented by the considered ideas. In this way,
the ideas that do not implement all the attributes, necessarily present missing attributes.
Conversely, if the evaluators consider the set ‘intersection’ of the attributes implemented
by the assessed ideas, some ideas have extra attributes. However, the considerations
made in this subsection are valid in both the mentioned experimental conditions (‘a’ and
‘b’).

At thebest of the authors’ knowledge, the first scholars that explicitly faced theproblems
of missing/extra attributes were Sluis-Thiescheffer et al. (2016). In particular, they pointed
out that, in presence of a large set of ideas, SNM can lead to high novelty values, even if
similar solutions appear quite often. In their experiment, they stressed that an idea appear-
ing 160 times on a set of 816, gets a value higher than those appearing only 4 times (on a
set of 13 ideas). Considering the presence of 62 participants, they argued that in the first
case, an idea generated 2–3 times for each participant is getting a quite higher value than
an idea generated 1 time every 16 participants. By analysing their discussion, however, it is
possible to observe that they were examining two different attributes in the same design
task. While one attribute is used very frequently (816 times), the other one is used only for
13 ideas.

In other words, Sluis-Thiescheffer et al. (2016) somehow highlighted the problem (i.e.
attributes that are not implemented for some ideas), but their proposal does not allow
to comprehensively face it. Indeed, they proposed to assess novelty with a binary metric
(novel or not novel), where an arbitrary ‘expectedness’ threshold is used to identify less
frequent (novel) solutions. The threshold suggested by the cited authors is the 75th per-
centile for the frequencies of solutions generated for each attribute (i.e. the 25% of ideas
having lower concurrencies are novel). Then, for each idea, they suggest to calculate the
sumof thenovelty values calculated for each attribute in order to obtain theoverall novelty.
However, for comparing design spaces on the basis of complete ideas, or for comparing
ideas, the proposal of Sluis-Thiescheffer et al. (2016) is not ideal, since the novelty s of
large parts of individual ideas (composed of multiple attributes) are discarded due to the
threshold.

A further attempt to deal with the problem of missing attributes has been recently sug-
gested by Fiorineschi, Frillici, and Rotini (2018), where they observed that, when an idea
misses to implement a specific attribute, Equation (1) cannot be applied as there is not any
solution to be counted in the Cij parameter. Accordingly, the same authors assert that it
is equivalent to assign the value of ‘zero’ in place of the missing Sij values in Equation (2).
However, in this way, the obtained novelty value results unbalanced, mainly because the
sum of the weights of the solutions that actually constitute the overall ideas is not longer
equal to one. Therefore, for a single design stage (the conceptual one) they proposed the
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Table 1. Generic set of ideaswith ‘missing attributes’. Different ideas for
each attribute (A1, A2, A3) are coded with a different symbol.

Idea Occurrences A1 solutions A2 solutions A3 solutions

C1 1 A X �

C2 93 B Y –
C3 2 � – –
C4 2 � Y –
C5 2 � Z –

Table 2. Individual novelty val-
ues calculated by applying MSNM
and M′

SNM on the generic set of
Table 1.

Idea MSNM M′
SNM

C1 6,60 6,60
C2 0,34 0,50
C3 3,13 9,40
C4 3,24 4,85
C5 6,40 9,60

modifiedM′
SNM shown in Equation (3):

M′
SNM = MSNM

1
∑p

i=1 fi
(3)

where p is the number of attributes actually involved in the assessed idea, while the other
terms are the same used in Equation (2). Since the numerator is the sum of the normalised
weights of all attributes (i.e. 1),M′

SNM becomes equal toMSNM for concepts or ideas imple-
menting all attributes (i.e. when also the denominator is equal to 1). However, as explained
in the following, also this metric can lead to doubtful results.

In order to better understand the reason forwhichM′
SNM is not a comprehensive solution

to the problem, Table 1 shows an illustrative and generic set where five different types of
ideas (C1, C2, C3, C4, C5) constitute the reference universe of solutions (for a single design
stage). In particular, onlyC1 implements all the three attributes (A1, A2, A3),while theothers
miss one or two of them.

By applying Equations (1–3) on this set, under the hypothesis that the three attributes
share the same normalisedweight of 1/3, the novelty values listed in Table 2 show how the
presence of missing attributes can affect SNM, and howM′

SNM is not sufficient to solve the
problem. It is worth to notice that SNM has been applied by considering the assumption
made by Fiorineschi, Frillici, and Rotini (2018), i.e. to assign ‘zero’ to the S parameter when
in presence of missing attributes.

In particular, since C1 is composedby solutions that appear only one time in their related
sets for each attribute, it should get the highest value (i.e. near to ten). Indeed, the solutions
implementing each attribute appear just one time in the set of 100 ideas. This is in line
with the concept of novelty considered by SNM (i.e. uncommonness), where uniqueness
(intended here as the condition where a specific solution appears only one time in the con-
sidered set) is the related upper boundary condition. However, according to Equation (1),
Tij is the total number of ideas for ‘the key attribute i in the design stage j’. It means that for
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Figure 1. Additional example to demonstrate how both SNM and SNM’ cannot correctly deal with
missing attributes. Idea A appears 99 times, while Idea B only one time.

attribute A3, in this case Tij =Cij =1, thus leading to a S value of zero for the solution ‘�’ (i.e.
the unique solution present for the attribute A3, appearing only one time in the whole set).
However, ‘�’ is part of the overall idea C1, and then should not be neglected in the assess-
ment of uncommonness. In particular, ‘�’ can be considered a solution for the ‘uncommon
attribute’ A3, which for the specific example appears only one time in the entire set of ideas.
Therefore, in terms of uncommonness, it appears quite weird to assign an S value of zero
for a solution that appears only one time in the whole set of ideas. However, SNM needs a
reference set of solutions for each attribute, but in this extreme case, the reference set does
not exist (i.e. the reference is the solution itself).

Besides the particular problem derived from the boundary condition represented by C1,
Table 2 also shows that the differences betweenMSNM andM′

SNM can be quite high in other
circumstances. However, the actual reliability of certainM′

SNM values is doubtful. For exam-
ple, ideas C3, C4, and C5 share the same solution (�) for the attribute A1 and appear the
same number of times (two each). These ideas all miss the attribute A3 but differ in the
implementation of the attribute A2. In particular, C3 misses such attribute while C4 imple-
ments it with the solution ‘Y’ and C5 with the solution ‘Z’. According to Equation (3), the
novelty value of C3 jumps from a quite low 3.13 (obtained with the original SNM) to a very
high 9.40, only because it is missing two attributes. Differently, the other two ideas (C4 and
C5) get values which take into consideration the uncommonness of the solutions imple-
mented for attribute A2 (very frequent for Y, and very rare for Z) but are still affected by the
absence of solutions for attribute A3. In other words, Equation (3) privileges the partial S
values of implemented attributes. However, in this way, the actual uncommonness of the
overall idea is not correctly assessed.

An additional boundary example can be used to better understand the latter problem.
Considering the two different types of ideas A and B in Figure 1, they can be reasonably
decomposedwith two attributes or functions: ‘how to contain water’ and ‘how to dispense
water’. Idea A implements both the attributes (a container with a tap), while the idea B
missed that of ‘dispensing water’. Considering a boundary case where the idea A appears
99 times and B only one time, the novelty values according to both MSNM and M′

SNM are
equal to zero for both the assessed ideas.
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However, although Idea B uses the same solution for the first attribute (used 100 times
on a set of 100, and thus leading Equation (1) to zero), it is the only one that does not
present any solution about how to dispense the water. In terms of creativity assessment,
the absence of a part of the idea could be a problem affecting the ‘quality’ parameter of the
conceived idea, but according to the set of metrics proposed by Shah, Vargas-Hernandez,
and Smith (2003), novelty does not dependonquality. Therefore, strictly in termsof uncom-
monness (thus neglecting any consideration about the quality of the idea), the overall Idea
B appears uncommon if compared to the overall Idea A. In light of this observation, it is
weird to assign the same novelty value of zero for both the assessed ideas. Consequently,
it is possible to assert that Equation (3) (M′

SNM) does not solve the problem highlighted for
SNM.

In conclusion, the above considerations lead to assert that the problems associated to
the presence of missing or extra attributes swivel around the ‘Tij’ parameter of Equation
(1). Indeed, according to what explicitly mentioned by Shah, Vargas-Hernandez, and Smith
(2003), it represents the total number of solutions generated ‘for the specific attribute’. Con-
sequently, the presence of ideas with missing or extra attributes implies necessarily the
presence of different Tij values. This leads to unbalanced Sij assessments that affect the
overall novelty value calculated through Equation (2). Therefore, the above considerations
show that the currently available assumptions and/or solutions proposed for SNM, do not
allow to assess evident manifestations of uncommonness when they originate from ideas
that implement different numbers of attributes (like in the case of the dispenser shown in
Figure 1). This lack could lead to misleading evaluations, thus hindering comprehensive
analysis of the actual idea generation effectiveness.

Accordingly, the following problem is still open for SNM and needs to be solved:

If Equation 1 is applied to ideas implementing different numbers of attributes, the value of
Tij changes according to the number of ideas actually implementing each specific attribute.
The value of the final novelty from Equation 2 is affected by this variation, but there is not any
acknowledged approach to compensate it.

3. Refined approach to extend the applicability of SNM

One can argue that to avoid the problem introduced in the previous section, it would be
possible to simply opt for the a-priori approach. However, as reported in Section 2, a-priori
and a-posteriori approaches refer to two different novelty concepts (i.e. historical novelty
for the a-priori approach and psychological novelty for the a-posteriori one), which should
be carefully selected in relation to the experiment’s objectives. According to Sarkar and
Chakrabarti (2011), to assess the actual novelty of an idea, historical novelty is needed. How-
ever,metrics based on idea infrequency (i.e. themeasure of unusualness) are used in design
studies (e.g. Jansson and Smith (1991), Linsey et al. (2011)), to evaluate the creative perfor-
mances of designers (for instance when the experimenters want to evaluate the impact of
different designmethods, tools and/or stimuli). Therefore, the selection of the novelty con-
cept and the related assessment approach is strictly under the responsibility of the scholars
performing the experiment.

Furthermore, one can also argue that the a-posteriorimetric of Jansson and Smith (1991)
could be used as an alternative to SNM. Indeed, according to Linsey et al. (2011), different
bins can be created to identify different ideas. In such a way, novelty is calculated in terms



46 L. FIORINESCHI ET AL.

of frequency of similar ideas (i.e. ideas in a certain bin / total number of ideas). Although
this metric allows only a more generic assessment if compared with the attribute-based
approach of SNM, it shares the need to count the occurrences of ideas in relation to the
set of ideas generated in the same experiment. In standard conditions, (i.e. when also SNM
works correctly), the suitability of an approach in place of the other strictly depends on
the specific experiment to be performed and the related analysis type. However, the bin-
based approach of Linsey et al. (2011), if applied to the example of Figure 1, probably
would lead to two different bins (i.e. ideas with dispenser and ideas without dispenser).
It means that the absence of a solution for a specific attribute, can reasonably be worthy
of consideration in a-posteriori novelty assessment procedures based on the count of idea
occurrences. Therefore, following the same logic, it could be the same also for the more
detailed attribute-based SNMapproach.What is currently hindering the application of SNM
to these sets of ideas, is the need to have the same ‘Tij’ (see Equation (1)) for all the consid-
ered attributes. However, if also the absences of solutions are counted, the Tij would be the
same across all the attributes. Consequently, the following fundamental question arises:

is the absence of solutions, for one or more attributes or functions, worthy of being counted in
the Tij parameter?

The answer to this question has, at least, two opposite aspects. On the one hand, one can
argue that ‘the absence of solutions for an attribute’ implies no outcome of the cognitive
activity for the designer, and then it is nothing to assess. According to this interpretation,
the absences of solutions should not be counted in the Tij parameter. On the other hand,
solutions generated for ‘those attributes that are not considered in other ideas’ surely are
outcomes that come from an ideation process and then are worthy of consideration. How-
ever, referring to the example of Table 1, it is possible to assert that Idea C1 presents the
solution ‘�’ that is uncommon because it is the attribute itself that is uncommon. What
identifies that specific attribute as uncommon is the fact that it was not considered in other
ideas (i.e. not presenting solutions for that attribute). Therefore, the absence of solutions
for certain attributes can be considered as reference tomeasure the uncommonness of the
solutions generated for the same attributes.

The exampleof Figure 1, however, faces thequestion fromanother point of view. Indeed,
in this example, is the absence of the solution for the ‘dispenser’ attribute that actually
makes Idea B apparently uncommon. It could appear strange that missing a part of an idea
(assuming that it was actually required) can contribute to uncommonness. However, the
same experiment of Sluis-Thiescheffer et al. (2016) confirms that the different numbers
of implemented attributes are an issue worthy of having an impact on novelty assess-
ment. Moreover, according to the set of metrics proposed by Shah, Vargas-Hernandez, and
Smith (2003), the uncommonness of ideas is independent from their quality (e.g. howmany
‘expected’ attributes are implemented). An additional illustrative example can be used to
better explain this concept. Suppose to perform an experiment where the participants
are asked to conceive a ‘time-traveling machine’, without any specific set of requirements
(i.e. without an imposed set of attributes to be implemented). Suppose, for example, that
while almost all the participants conceive a device with different ways to host the time-
traveller (then implementing the hypothetical attribute ‘how to host the traveller’), one or
few of them conceive ideas where the time-traveller wears the device (e.g. a bracelet). In
this (intentionally extreme) example, the lack of a device to contain the traveller in some
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ideas does not justify a withdrawn of those ideas from the analysis. Differently, a time
machine that can be worn surely appears as worthy of consideration in terms of ideation
effectiveness. Moreover, any consideration about the quality of the idea can be performed
independently on novelty, by using ad-hocmetrics, not necessarily limited to the feasibility
of the design outcome (Berthelsdorf et al. 2016; Choo et al. 2014).

Therefore, starting from these observations, the following proposal potentially allows
the application of SNM to sets of ideas implementing different numbers of attributes:

The absence of solutions for a specific attribute contributes to the uncommonness of the over-
all idea, in relation to the same set of ideas to which the assessed idea belongs. Therefore,
absences of solution for the attributes considered in the assessment are included in the count
of the Tij parameter in Equation 1.

In this way, Tij assumes again identical values (i.e. the total number or overall ideas) across
the whole set of attributes. Moreover, thanks to the possibility to count the occurrences of
the ‘absence of solution’ as for normal solutions (i.e. the C parameter in Equation (1)), it is
always possible to calculate Equation (1) (thus, eliminating the problem of missing or extra
attributes).

To perform a first demonstration of the effects of this proposal (hereinafter calledM′′
SNM),

it has been applied on the set represented in Figure 1. In this case, Idea A has a novelty
value of 0.05, while the novelty of Idea B is 4.95 (under the hypothesis of equal normalised
weights of 0.5). The effect of the proposal is better explained by the following equations.
More precisely, Equations (4–6) show how the proposal affects the calculations of the S
values, and Equations (7) and (8) show the related effect on the final novelty value (i.e. the
application of Equation (2)).

SCon = TCon−CCon
TCon

× 10 = 100 − 100
100

× 10 = 0 (4)

SDisA = TDis−CDisA
TDis

× 10 = 100 − 99
100

× 10 = 0.1 (5)

SDisB = TDis−CDisB
TDis

× 10 = 100 − 1
100

× 10 = 9.9 (6)

Where SCon is the Svalueof the solutionused to implement the ‘container’ attribute (then
equal to zero for both IdeaAand IdeaB). SDisA and SDisB are the S values of the solutions used
to implement the ‘dispenser’ attribute for Idea A and Idea B respectively. TCon is the T value
of the attribute ‘container’, while TDis is the T value of the attribute ‘dispenser’ (nowequal to
TCon). CCon is the C value of the solution used to implement the attribute ‘container’ (equal
for both the concepts), while CDisA and CDisB are the C values of the solutions used by Idea
A and Idea B respectively, for implementing the attribute ‘dispenser’ (absence of solutions
for the Idea B).

Then, Equation (2) can be applied by considering the S values obtained by Equations
(4)–(6), and the same weight distribution considered in the previous section (0.5 for each
attribute):

M′′
SNM = (SCon × 0.5) + (SDisA × 0.5) = 0 + 0.05 = 0.05 (7)

M′′
SNM = (SCon × 0.5) + (SDisB × 0.5) = 0 + 4.95 = 4.95 (8)
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Table 3. Individual novelty values
calculated by applying M′′

SNM on the
generic set of Table 1. The values from
MSNM are also reported for a direct
comparison.

Idea MSNM M′′
SNM

C1 6.60 9.90
C2 0.34 0.43
C3 3.13 6.43
C4 3.24 3.33
C5 6.40 6.43

A further confirmation of the validity ofM′′
SNM can be obtained by applying it on the same

generic set of ideas of Table 1, and comparing the results with the novelty values obtained
with Equation (2) (Table 3). The weights of attributes are still assumed all equal to 1/3. With
M′′

SNM, Idea C1 correctly gets the highest possible value. Indeed, the � solution of A3 (see
Table 1) appears one time (thus representing the upper bound of uncommonness) but
Equation (1) is applied by considering also the 99 ‘absences of solution’, thus leading again
to T = 100. It is worth to notice that also in this case,MSNM has been calculated by consid-
ering the assumption made by Fiorineschi, Frillici, and Rotini (2018), i.e. to assign ‘zero’ to
the S parameter when in presence of missing attributes.

Idea C2 correctly remains at a very low value, while more balanced values are obtained
for ideas C3, C4 and C5. In particular, C3 and C5 now get the same novelty value because
for Attribute A2, both the ‘absence of solution’ and the solution Z appear only two times
(see Table 1). However, their novelty value also takes into consideration that the ‘absence
of solutions’ for attribute A3 is extremely common (differently than what happened with
Equation (3)).

4. First estimate of the potential differences betweenMSNM andM′
SNM

Toprovidea first estimateof theentityof thepotential differencesbetweenMSNM andM′′
SNM,

both metrics have been used to calculate novelty values starting from a set of data already
used in a previous work (Fiorineschi, Frillici, and Rotini 2020b). More specifically, this set
of data originated from the analyses of a sample of ideas generated by students during a
didactical exercise that is usually performed in two academic courses. The reader can find a
comprehensive description of the assigned design task in Appendix A1.1, while Subsection
A1.2 reports ethical notes about the work described in this paper.

The dataset used in this paper was obtained in a precedent work of the authors (Fior-
ineschi, Frillici, and Rotini 2020b), by three different evaluators (EV1, EV2 and EV3). When
they performed the codification of the ideas, they independently followed the procedure
suggested by Shah, Vargas-Hernandez, and Smith (2003), which has not been modified by
the proposal described in this paper. The extracted dataset is constituted by:

• the attributes defined by the three evaluators (Table 4);
• the weights assigned to each attribute by the three evaluators (Table 4);
• the alphanumeric codes used to label (and thus to identify) the solution variants found

in the sample (doi:10.17632/x982xwwhmr.1).
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Table 4. Attributes (Att.) identified by the evaluators and
related weights (W). From Fiorineschi, Frillici, and Rotini
(2020b).

Att. Description W

EV1 A1 Lateral increased support 0,16
A2 Height adjustment 0,18
A3 Number of moduli 0,09
A4 Ground stand 0,11
A5 Horizontal latch 0,11
A6 Number of vertical beams 0,09
A7 Lifting device 0,07
A8 Frontal slope adjustment 0,18

EV2 A1 Adaptability (different configurations) 0,25
A2 Other purposes 0,05
A3 Stability of the system 0,25
A4 Ease of transportation 0,2
A5 Size reduction 0,25

EV3 A1 Elevating method 0,25
A2 Size reduction method 0,15
A3 Number of pieces to assemble 0,05
A4 Additional functions 0,25
A5 Transport 0,15
A6 Ground supports 0,1
A7 Number of possible positions 0,05

Table 5. Codification of Idea 26 (see Figure 2), according to the three evalua-
tors.

Attribute EV1 EV2 EV3

A1 Segmented base Tel. mech. with pulley Elevator
A2 Telescopic Missing Linear fold
A3 Three Adjustable base Single
A4 Systemmaterial Base Missing Missing
A5 Missing Telescopic mechanism Hand
A6 One (not present) Adaptable clogs
A7 Pulley and platform (not present) Standard
A8 Segmented base (not present) (not present)

As it is possible to observe in Table 4, number and type of attributes are quite different
among the three evaluators, and this is coherent with what observed by Brown (2014), i.e.
that the identification of attributes and related weights in SNM can be quite subjective.

To give few examples, Figure 2 depicts three different ideas (obtained in the didactical
exercise mentioned in (Fiorineschi, Frillici, and Rotini 2020b)) that have some uncommon
features (in reference to theother ideas). As shown, ‘Idea26’ is a systemsimilar to anelevator
activated by a rope (only two in the sample), Idea ‘63’ is based on a common ladder but it is
the sole in the sample that mentions the possibility to support clothes, while Idea ‘86’ uses
an inflatable structure.

Each evaluator considered theunionof all the attributes identified for the assessed ideas.
According towhat stated in Section 2, this is the reasonwhy the example considers only the
possibility of ‘incomplete ideas’ (e.g. Tables 5–7), excluding the possibility of ideas imple-
menting ‘extra attributes’. The outcomes of the coding highlight that also the ideas in
Figure 2 can havemore or less ‘missing attributes’, depending on the considered evaluator
(see Tables 5–7).
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Figure 2. Examples of some sketches of ladders produced by students. Idea ‘26’ is a sort of elevator
(only two in the whole set) activated by a rope. Idea ‘63’ is based on a common ladder but is the sole
mentioning the possibility to support clothes. Idea ‘86’ uses an inflatable structure.

Table 6. Codification of Idea 63 (see Figure 2), according to the Three evaluators.

Attribute EV1 EV2 EV3

A1 Missing Two or more modules Step
A2 Hinged moduli Steps sustain other objects Rotational fold
A3 Two Missing Single
A4 Rubber feet Missing Clothes rack
A5 Missing Disassembly of the system into subelements Hand
A6 Two (not present) Direct
A7 Rungs (not present) Standard
A8 Circular feet (not present) (not present)

Table 7. Codification of Idea 86 (see Figure 2), according to the Three
evaluators.

Attribute EV1 EV2 EV3

A1 Missing ‘Inverted V shape’ Step
A2 Inflating regulator Missing Deflating
A3 Two Missing Single
A4 PVC base Inflatable system Missing
A5 Missing Inflatable system Hand
A6 Two (not present) Direct
A7 Inflatable rungs (not present) Standard
A8 Missing (not present) (not present)

It is also worth to highlight that as for the examples shown in the previous section, in
order to allow the applicationofMSNM tomissing items, it has been assumed to assign S = 0
when applying Equation (2) to ideas with missing attributes.
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Table 8. Individual novelty values of ideas shown in
Figure 2. The values are also graphically shown in Fig-
ures 3–5.

Idea 26 Idea 63 Idea 86

EV1 MSMN 8.31 3.74 4.34
M′′

SMN 8.48 4.79 5.89
EV2 MSMN 6.56 4.44 6.69

M′′
SMN 7.31 6.74 8.39

EV3 MSMN 5.06 4.21 2.75
M′′

SMN 5.14 5.03 2.83

4.1. Calculated novelty of individual ideas

The assessments performed by the three evaluators led to the individual calculated novelty
values shown in Figure 3 (for EV1), Figure 4 (for EV2) and Figure 5 (for EV3). The figures reveal
that the differences betweenMSNM andM′′

SNM can be quite high, and that they depend on
the specific set of attributes and weights. Indeed, while EV1 and especially EV2 obtain very
different results with the two metrics, the differences are less evident for EV3. To provide
some numerical examples, the novelty values of the ideas shown in Figure 2 are reported in
Table 8, and graphically shown in Figures 3–5 (please note that line-charts have been used
in place of bar-charts to better highlight the differences betweenM′′

SNM andMSNM).
Furthermore, byobserving theFigures 3–5, it is possible to see the impact of thedifferent

sets of attributes (and related weights) on the differences between M′′
SNM and MSNM. For

example, for EV1 the application ofM′′
SNM led to a quite constant shift of the novelty values,

without evident changes. Differently, for EV2 it is possible to observe that in some cases,
M′′

SNM led to very different values if compared toMSNM (e.g. for ideas from 2 to 5 in Figure 4),
while in other cases the differences are sensibly lower. Then, EV3 obtained almost the same
results with the two metrics, with the only exception of Ideas 2 and 72 (see Figure 5).

Notwithstanding theacknowledged influenceof theweightson the final novelty value, it
seems that their impact on thedifferences betweenM′′

SNM andMSNM is quite limited. To sup-
port this statement, which is not generalisable and limited to this specific set of data,M′′

SNM
andMSNM have been re-calculated by assigning equal weights for each attribute (naturally
different among evaluators, since they used different numbers of attributes). Accordingly,
the obtained values and the related graphs (see the Appendix) are quite similar to those
shown in this section.

4.2. Overall assessment results

The differences between the individual novelty values calculated with the two metrics,
also affect the overall assessments of the whole set of ideas. Table 9 shows the differ-
ences between the mean novelty values obtained with the two metrics, the related stan-
dard deviations and the maximum values, calculated from the individual values shown in
Figures 3–5.

Themean differences betweenMSNM andM′′
SNM can vary, depending on the specific idea

decomposition strategy, i.e. on the specific set of attributes and related weights. Accord-
ingly, Table 9 shows that while EV1 and EV2 encountered a difference around one point,
the difference encountered by EV3 was very low. In addition, also the maximum obtained
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Figure 3. Novelty values obtained by EV1 with the two metrics. Perfect ‘zero’ values indicate that the
specific evaluator was unable to assess the specific idea.

Figure 4. Novelty values obtained by EV2 with the two metrics. Perfect ‘zero’ values indicate that the
specific evaluator was unable to assess the specific idea.

Figure 5. Novelty values obtained by EV3 with the two metrics. Perfect ‘zero’ values indicate that the
specific evaluator was unable to assess the specific idea.
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Table 9. Overall assessment results
for the three evaluators.

M′′
SNM –MSNM

Mean St. dev. Max

EV1 1.13 0.41 1.69
EV2 1.32 1.04 5.51
EV3 0.14 0.27 2.04

difference varies a lot among the evaluators. However, although EV3 registered the lower
meandifferencesbetween the twometrics, themaximumonewashigher thanEV1. Instead,
EV2 showed the highest differences in terms of bothmean andmaximum values (the latter
with 5.51 points).

In order to establish whether the distributions of values obtained with the two metrics
were statistically different, a paired t-test (Ross 2009) has been executed for each evalua-
tor separately. For all the evaluators, the differences between the set of values obtained
with the two metrics were always statistically meaningful (p_value < .001; alpha = 0.05).
It implies that the application ofMSNM in place ofM′′

SNM in an hypothetical experiment could
potentially lead to misleading results (under the assumption, defended in this paper, that
M′′

SNM constitutes the correct way to manage the presence of missing or extra attributes).

5. Discussions

5.1. Achieved results

The generic examples and the application to a real set of data provided in this paper
comprehensively show the issues affecting SNM when dealing with sets of ideas imple-
menting heterogeneous numbers of attributes. In particular, as highlighted in Section 2,
if attempting to use SNM in these cases, an inappropriate ‘zero’ value is assigned to an
attribute appearing only one time in the whole set. Similarly, improper novelty values are
calculated when solutions are absent for specific attributes. It has been highlighted in this
paper that theseproblems canbe ascribed to two fundamental assumptionsmadeby Shah,
Vargas-Hernandez, and Smith (2003), affecting the parameter Tij in Equation (1). Indeed,
they assumed that Tij is the number of ideas for the specific attribute ‘i’, and also implicitly
assumed (but not explicitly mentioned) that the whole set of ideas share the same num-
ber of attributes. In Section 2, it has been also demonstrated that, although suggesting
solutions to circumvent the problem, existing proposals were not sufficient to solve it.

Differently, the proposed refinement (M′′
SNM) offers the possibility to apply the SNM

assessment approach to awider andmore realistic universeof possible case studies. Indeed,
the proposal underpins on the assumption that the ‘absence of solutions’ for specific
attributes/functions can actually affect the uncommonness of the overall idea. Because of
this assumption, any absence of solutions for a specific attribute is considered as a particu-
lar characteristic of the generated idea, and then it is worthy to be considered in Equation
(1). In this way, the problems highlighted in Section 2 have been solved in a single time.
More specifically, by definition, with the underpinning assumption that led toM′′

SNM, the Tij
parameter is now always the same for each attribute, and then Equation (1) can be always
applied without obtaining misleading values. Accordingly, the application of the metric
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to the generic boundary cases considered in Section 2 demonstrated that M′′
SNM correctly

assigns themaximum value to ‘unique’ ideas (i.e. the upper bound of uncommonness) also
in presence of an ‘extra’ attribute. Moreover, as demonstrated by referring to the example
of Figure 1, M′′

SNM allows more balanced assessments by considering also the absence of
solutions as potential source of uncommonness.

The application to the data coming froma real design task (Section 4) demonstrated that
the entity of thepotentialmisleadingassessmentby applyingSNM inpresenceof heteroge-
neous number of attributes could be quite high. It is especially true with individual novelty
values (as shown in Tables 8 and 9), but non-negligible differences can be observed also
in terms of mean novelty values (Table 9). In particular, Table 8 shows that the three ideas
displayed in Figure 2 reach higher novelty values with M′′

SNM. However, in some cases, the
difference is negligible (as for Idea 26, with the set of attributes of EV3), while in other cases
the differences are quite high (as for Idea 63, with the set of attributes of EV2, where a dif-
ference of 2.3 point has been obtained). Still considering individual novelty values of ideas,
Table 9 shows that actually, the differences between MSNM and M′′

SNM can be extremely
high (up to 5.51 points), but are strictly dependent on the set of attributes and the related
weights.

In other words, the results shown in Section 4 demonstrate that the magnitude of the
potential errors coming from the application of SNM when in presence of different Tij val-
ues is dependent on the specific attribute assignment strategy and therefore can vary for
different evaluators.

Therefore, besides the specific problems related to the presence of ideas with missing
or extra attributes, this paper confirms the subjectivity issues of SNM, already highlighted
by Brown (2014). In particular, the subjectivity in the identification of attributes and related
weights, can actually affects the differences betweenMSNM andM′′

SNM, thusmagnifying the
entity of the problem faced in this work. Accordingly, the three examples shown in Section
4 highlight that different evaluators can have extremely different perceptions about what
is deemed important for novelty.

However, it is worth to highlight that the application of M′′
SNM does not necessarily

improve the correlation between the novelty ‘perceived’ by the evaluator and the nov-
elty assessed through SNM. This is a non-trivial research argument that deserves particular
attention and that still lacks comprehensive conclusions. In particular, it is possible to find
studies focused on possible correlations between subjective metrics and uncommonness
metrics (e.g. Hocevar [1979] and the more recent comparison performed by Weaver, Cald-
well and Sheafer [2019]). Also Shah, Vargas-Hernandez, and Smith (2003) performed a
similar comparison in order to evaluate theirmetrics. However, it is important to notice that
SNM is intended as an indirect measure of the psychological novelty, i.e. to assess if and to
what extent the idea is novel for the person (or the group of persons) that generated it
(Boden 2009). Consequently, it appears quite weird to compare it with the personal and
subjective perception of an external evaluator. Indeed, a subjective evaluation of novelty is
based on a specific knowledge about the specific product type. It implies that comparing
a subjective evaluation of an external evaluator with the values obtained from SNMwould
mean to compare a measure of psychological novelty (of the designer) with a measure of
the historical novelty of the evaluator. In the opinion of the authors, the logic behind such
a kind of comparisons is misleading. Although the discussions on this issue fall out of the
scope of this work, it surely provides an input for future research.
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5.2. Limits and research hints

As shown in Section 4, a subjectivity problem of SNM is still present, which affects the
identification of the functions and/or attributes. Consequently, although providing impor-
tant information about the rationale followed for the novelty assessment, SNM-based
approaches can still lead to very different assessment results. Reasonably, the presence of
shared guidelines to perform idea decomposition (i.e. attribute assignments) could help in
obtainingmore robust and repeatable novelty measures. To that purpose, some proposals
are available in literature, which could partially overcome the issue by referring to prede-
fined abstraction frameworks (Johnson et al. 2016; Peeters et al. 2010; Vargas-Hernandez,
Okudan, and Schmidt 2012 ; Vargas-Hernandez, Schmidt, and Okudan 2012 ). In particular,
they refer to the Genealogy Tree (GT), which is the fundamental tool proposed by Shah,
Vargas-Hernandez, and Smith (2003) to assess Variety. It is a hierarchical representation
based on four items, i.e. physical principles, working principles, embodiments and details
characterising each implemented function (Pahl et al. 2007). However, these metrics are
still intended to be applied on sets of ideas implementing the same number of attributes
or functions. Therefore, they cannot provide any advantage in presence of ideas with ‘miss-
ing or extra attributes’. Nevertheless, considerations and tests similar to those performed
in this paper can be performed for these metrics, in order to evaluate how the problem of
missing and/or extra attributes can affect them. In that case, it is worth to notice that addi-
tional aspects need to be considered, e.g. the hierarchical relationships among the different
GT levels and the relatedweights. Moreover, different abstraction frameworks are available
in the literature (Dorst and Vermaas 2005; Fiorineschi 2018; Komoto and Tomiyama 2011;
Pahl et al. 2007; Srinivasan and Chakrabarti 2009), and there are not scientific studies that
support the selection of a specific one for novelty assessment purposes. It is also worth to
highlight that this kind of investigations is complex and intrinsically linked to the concept
of ‘function’, which is acknowledged to be very subjective (Eckert 2013; Eckert et al. 2012;
Vermaas and Eckert 2013), and that can actually affect the identification of the attributes
used for the assessment.

Concerning the actual impact of the proposal in terms of novelty values calculated in
real sets of ideas, the results presented in Section 4 provide only a first estimation, whose
validity is limited for the specific experiment. In order to extract comprehensive evaluations
about the actual impact of the proposal, many experiments should be conducted, with dif-
ferent experimental conditions. This kind of experiment could be prohibitive and toomuch
onerous to be performed. However, a hint to overcome the problem can be found in the
recent work of Fiorineschi, Frillici, and Rotini (2020a) , where a very high number of ‘virtual
sets of ideas’ has been exploited to evaluate the differences betweenMSNM andM′

SNM. The
same experiment can be repeated by consideringM′′

SNM in place ofM′
SNM.

5.3. Expected impact

One of the most diffused use of novelty metrics (and creativity metrics, in general) is that
of assessing the effectiveness of new design or idea generation methods and tools (e.g.
Hwang and Park 2018; Kurtoglu, Campbell, and Linsey 2009; Vandevenne, Pieters, and
Duflou 2016; Wilson et al. 2010). In this context, the proposal presented in this paper paves
the way for a comprehensive application of the a-posteriori approach to realistic samples
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of ideas and/or design tasks. Moreover, a-posteriori approaches (SNM-based or simplified
versions) are also used by scholars to evaluate the effects of a plethora of parameters, as for
example the incubation time (e.g. Tsenn et al. 2014), different design representations (e.g.
Atilola, Tomko, and Linsey 2016), specific tools (e.g. Vargas-Hernandez, Schmidt, and Oku-
dan 2013), or even the effects of the so-called sunk-costs (Viswanathan and Linsey 2018).
Thementioned studies are of fundamental importance, e.g. to understand critical phenom-
ena like that of ‘Design fixation’ (Jansson and Smith 1991; Youmans and Arciszewski 2014b,
2014a), and then to develop efficient procedures and/or guidelines to support creativity in
design processes.

However, the impact of the work can be extended to any research field where the nov-
elty assessment of design and/or ideation outcomes is deemeduseful. For instance, novelty
can be a key parameter for studies focused on concept selection (e.g. Toh and Miller 2015;
Zheng, Ritter, andMiller 2018), aswell as in studies focusedondesigneducationand/or cog-
nition (Gero, Yu, andWells 2019; Starkey, Toh, andMiller 2016). Anyhow, it is of fundamental
importance to highlight that the proposal presented in this work is strictly limited to SNM
and then to the related concept of novelty. Accordingly, the benefits expected from this
paper underpin on the extended applicability of the refined SNMmetric, which potentially
allows to obtain more robust experimental results and insights. Indeed, as highlighted by
Fiorineschi, Frillici, and Rotini (2018), the presence of ideas implementing different number
of attributes could lead researchers to adopt different and sometimes drastic strategies to
circumvent the problem (e.g. skimming ‘incomplete’ ideas not compliant with the design
specification and/or forcing the identification of the attributes). In this context, the pos-
sibility of considering ideas with missing or extra attributes allows to consider any set of
attributes/function for the assessment, thus allowing to better fit the experimental objec-
tives. In addition, it is now possible to comprehensively discern novelty assessment from
quality-related assessments, i.e. the twomainmetrics often used for design-related creativ-
ity assessments (e.g. Linsey et al. 2011; Toh andMiller 2019). Indeed, according to the set of
four metrics proposed by Shah, Vargas-Hernandez, and Smith (2003), novelty evaluations
should be always kept separated from any kind of action potentially affecting the ‘quality’
of the design outcomes, which should be assessed separately with a specific metric. The
proposedM′′

SNM eliminates the problem from the root, thus avoiding any potential interfer-
ence between the two parameters. More specifically, it is no longer necessary to skim ideas
implementing unexpected attributes and/or missing expected attributes. For this and for
all the reasons summarised above, the refined metric proposed in this paper constitutes a
step forward in the field of design creativity research. More in particular, this work can be
positioned in the set of contributions focused on design creativity metrics (e.g. Hay et al.
2020; Jagtap, 2019; Kershaw et al. 2019; Lopez-Mesa and Vidal 2006; Nelson et al. 2009;
Oman et al. 2013; Sarkar and Chakrabarti 2011; Shah, Vargas-Hernandez, and Smith 2003;
Verhaegen et al. 2013; Weaver, Caldwell, and Sheafer 2019).

6. Conclusions

The problem of assessing novelty when in presence of ideas implementing heterogeneous
numbers of attributes was previously highlighted in the literature, and led some scholars
to conclude that, in these cases, the usefulness of the metric of Shah, Vargas-Hernandez,
and Smith (2003) is limited (Sluis-Thiescheffer et al. 2016). However, thanks to the generic
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boundary cases considered in thiswork, it has been identified here that the problemof SNM
takes origin both from the fundamental assumption that the reference number of ideas (T)
can vary for different attributes, and from the lack of a correctmanagement of the ‘absence
of solutions’ for specific attributes.

Accordingly, the proposed refined metric underpins on the assumption that the
‘absence of solutions’ contributes to the uncommonness of the assessed ideas. By consid-
ering the absence of solution in the T parameter of each attribute, it has been possible to
apply the SNMequations independently on the number of attributes actually implemented
by the assessed ideas. The robustness of the proposed refinement has been evaluated by
the application of the metric to the same boundary cases used to highlight the SNM prob-
lems. Differently than SNM, the new refined version revealed to be capable to correctly
assign the highest novelty values when expected and to provide more realistic measures
(see the example of Figure 1).

Additionally, thanks to the application of both MSNM and the new version M′′
SNM to a

set of data from a real design task, it has been possible to perform a first estimate of the
potential differences that can be obtained between the two metrics if applied in pres-
ence of missing attributes. More specifically, three evaluators coded a set of 100 ideas
generated by Engineering and Industrial Design students, obtaining three different sets of
attributes. It has been found that the differences between the two versions of the metric
vary across the three evaluators, both for individual andmean novelty values, but confirm-
ing the non-negligible impact of the problem. Indeed, quite high differences have been
obtained between the standard SNM calculation and the proposed approach.

The proposed refinement is actually an upgrade of the original SNM, extending its appli-
cability to any set of ideas (within the design context), regardless the specific attribute
identification strategy. It is an important achievement for novelty assessments (and then for
design creativity research), because it allows to apply the well acknowledged SNM assess-
ment rationale without the need to ‘force’ the identification of the attributes and/or to
discard ideaswithmissing or extra attributes from the experiment. Indeed, such a limitation
can imply the loss of important parameters affecting novelty and/or the interference with
quality assessments. Accordingly, the three evaluators involved in this work were asked
to find the attributes that they believe important for the assessment, regardless of their
actual occurrences in the overall set of ideas. As a result, although with different strate-
gies, all of them felt the need to identify heterogeneous numbers of attributes for the
considered set.

In conclusion, the extended applicability of SNM paves the way for new and more
extended research about the complex phenomena underpinning creativity in idea gener-
ation and/or design processes. Nevertheless, additional research is also needed to improve
the metric, especially to reduce or to better manage the subjectivity of attribute identifica-
tion and weights assignment procedures. Indeed, as shown in this paper, the subjectivity
in the identification of attributes and related weights can actually lead to very different
novelty values for the same ideas. This issue still needs to be comprehensively faced by
scholars.
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Figure A1. Ladder examples provided to students by means of projected slides.

other one belongs to the curriculumof themaster degree in Design (School of Architecture). Both the
master degree programmes are offered by the University of Florence. The outcomes of the idea gen-
eration task refer to the 2018 edition of the two courses, and the derived dataset (attributes, weights
and solutions codes) has been already employed for the investigation presented in Fiorineschi, Frillici,
and Rotini (2020b).

The considered idea generation task belongs to the practical activities that the educational
programmes entail, where students perform some exercises related to specific design tasks. It is per-
formed at the beginning of the courses, and provides the opportunity to students to perform their
first experience (assuming thatmostof themnever tried something similar before) ingenerating ideas
from a set of technical requirements and constraints, without the use of any specific design approach.
Since the two courses are aimed at teaching designmethods, the considered exercises allow students
to experience benefits and disadvantages of structured design approaches (successively taught), in
comparison with an idea generation activity performed ‘in a unsupported way’.

No extra-credits or other kinds of benefit are assigned to participants, as well as no-one is com-
pelled to participate. Indeed, it is a routine exercise whose outcomes were gathered (when students
explicitly agreed to do that) in an ‘anonymized’ form.

More specifically, the students have been advised that the outcomes (anonymous) would be used
for specific research objectives related to design creativity research, and that the results could be
partially published in international journals and/or conferences. This information has been provided
to students one week before the exercise, to allow them to decide whether to authorise (or not) the
authors to collect the anonymised results. Therefore, only the ideas from students that agreed to
the use of their outcomes have been considered to extract the dataset. The authors do not know
the percentage of those that agreed, because students were not counted during the execution of
the exercise, but only the collected forms have been counted. The sample that agreed to deliver the
outcomes was composed by 55 Mechanical Engineering students and 45 Industrial Design students,
for a total of 100 ideas.

It is worth noticing that no particular information about the students has been gathered (e.g. gen-
der, background, ethnological origins, etc.) as the didactical and learning objectives do not require to
gather this kind of information.

The theme selected for the edition 2018 of the idea generation task was to design an innovative
professional ladder. At the moment of the exercise, the students were introduced to the design task
with a short presentation (ten minutes). It was performed by means of few slides containing some
examples about existing ladders (see Figure A1), with text supporting the presenter in introducing
the task. This short presentation was aimed at providing the opportunity to clarify any doubt about
the exercise and then to clarify the actual task. Anyhow, if not sufficient, it was possible for students
to ask for additional explanations (privately) during the design activity.
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Table A1. Design requirements provided to students.

Geometry The ladder dimensions when not used, should be reduced as much as possible
Maximum extension lenght: 4m
Possibility of being used on different ground conditions (slopes, stairs, etc.)
Maximum number of possible geometric configurations

Forces Load capacity in each condition 250 kg.
The ladder should resist to a free fall from 2m

Safety Maximum stabilisation for any ground and/or wall surface
Materials Use only fire-resistant and corrosion-resistant materials
Use Reduce the operations needed to make the ladder operative
Ergonomics Maximumweight of the ladder: 20 kg

The ladder, when in the ‘not-in-use’ configuration, must be easily transportable by a single person
Maintenance Reduce as much as possible the required maintenance operations

Eliminate or drastically reduce the need of lubricant
Production Consider a production of 1000 ladders/year
Costs Maximum production cost: 30e/ladder

Two paper sheets have been administered to each student, where data about the design task (the
sameexplainedbymeans of the presentationmentioned above)was reported: task description, list of
design requirements and few imagesof current ladder variants taken from the internet. Studentswere
asked to conceive a new ladder, considering a specific list of design requirements, and to provide a
graphical sketch with a short textual description of a single idea, within a time constraint of one hour.
The design requirements, although defined for didactical purposes, have been provided to stimulate
students to conceive realistic ideas. The time constraint of 1 h allowed students to carefully reflect
about their ideas and to select the most appropriate concept to be represented in the administered
form. They were allowed to use anything they considered useful (e.g. textbooks, web searches, addi-
tional sheets for sketching preliminary ideas). It is worth to notice that, in practical applications, the
time needed to perform a conceptual design task can range from fewminutes (e.g. a rapid scketch to
show a preliminary idea) to hours, or even days (e.g. to conceive the concept by considering a specific
set of real requirements and the actual available resources). It is also worth to highlight that, since the
exercise was not aimed at analysing the creative behaviour of the considered groups of students, no
additional experimental activities (e.g. monitoring the idea generation process) were considered. As
said, in the context of this paper, the dataset is employed for the purpose presented in Section 4, i.e.
comparing the orginal novelty metricsMSNM with the proposedM′′

SNM, without any other objective.
No particular quality screening has been performed to select the ideas for the analysis. Indeed,

for the mere comparison of the novelty values, it was sufficient for the sketches to be readable (of
course, all of them should represent something capable to allow a person to reach higher positions,
but no problem occurred in that sense). Not all the concepts were actually interpretable by some of
the evaluators. This etherogeneity was intentionally considered, to highlight that different raters can
actually have very different opinions and interpretations about the same set of ideas.

A.1.2. Note about ethics concerning this work

In this paper, the actual experiment consists in the applicationofM′′
SNM to the samedataset (attributes,

weights and alphanumeric codes used to indentify solution variants for each attribute) used in Fiori-
neschi, Frillici, and Rotini (2020b) to compare the values with those obtained from the application of
MSNM. Accordingly, no studentwas involved in thework described in this paper,where the calculation
of novelty values (from the mentioned dataset) has been performed by the authors themselves.

The images shown in Figure 2 have been extracted from the set of the design outcomes produced
by those students that (in the exercise performed in the mentioned 2018 edition of the two course)
agreed to deliver their anonymous forms for research purposes (see Fiorineschi, Frillici, and Rotini
(2020b) for further details).
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A.2. Novelty values obtained by levelling theweights of the attributes

Figure A2. Same graph shown in Figure 3, where the novelty values have been obtained by using the
same weight for each attribute.

Figure A3. Same graph shown in Figure 4, where the novelty values have been obtained by using the
same weight for each attribute.

Figure A4. Same graph shown in Figure 5, where the novelty values obtained are calculated by using
the same weight for each attribute.
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