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Orienting Through the Variety of Novelty Metrics

Lorenzo Fiorineschi!, Federico Rotini
! Department of Industrial Engineering, University of Florence - Italy, lorenzo.fiorineschi@unifi.it

Assessing creativity of generated ideas is of crucial importance for both design research and early
detection of potential innovations. By the identification of the most acknowledged novelty metrics
used for creativity-related assessments in the field of engineering design, this paper aims at
providing crucial information to orient through the variety of alternatives. A systematic literature
review is performed by relying on the Scopus search engine, and a search strategy based on both
practical and quality-related screening procedures. The work is focused on the engineering design
literature, and the identified contributions are classified in terms of both creativity and novelty
concepts. A set of 140 papers has been reviewed, where a subset of 37 mentioned or proposed
novelty metrics has been considered. The metrics have been mapped in terms of creativity types,
novelty concepts and metric types. Although it is possible to find comprehensive reviews about
creativity concepts and related metrics, contributions focused on novelty metrics are currently
lacking. This is the first contribution that focuses on a wide set of novelty concepts and related
metrics, by mapping them to support metric selection.

Keywords
Creativity, Novelty, Innovation, Creativity assessment, Novelty assessment, Originality, Newness,
Uncommonness, Unusualness, Unexpectedness.

1. Introduction

Although the words “innovation” and “creativity” are sometimes used as buzzwords in many
research works [37], they are actually the lighthouse for both academics and practitioners involved
in the design and development of products. Accordingly, being innovative is acknowledged to be
fundamental to reach long-term economic success [31, 66], and “creative ideas” are often
considered as the starting point for Innovation [6]. In other words, creative design can be used to
innovate and then to improve the quality of real life [12, 17, 57]. Therefore, although Creativity is
not equivalent to Innovation, it is possible to assert that they are integrated in the same complex
process [64]. Indeed, there is a fundamental difference between Creativity and Innovation, because
the creativity of design outcomes can be assessed or judged regardless of their implementation status
[45]. Differently, in order to become an innovation, any new idea needs to be successfully spread
into the marketplace [28, 33].
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Assessing creativity and innovation is deemed of crucial importance for both academia and industry,
but there is a plethora of available definitions for both the terms, with a consequent high variety of
assessment approaches. For instance, Creativity has been defined as the ability to generate ideas that
are novel, useful, and appropriate [5], but also as the ability to find solutions that are both novel and
valuable [55]. Anyhow, none of the available definitions is currently accepted as universally valid
[20]. Similarly, also for the term “Innovation”, it is possible to find many definitions (quoting [60]),
where the concept of “usefulness” is one of the most recurring one, and which can be actually used
to discern innovative ideas from creative ideas. For instance, Innovation has been defined as the
ability to generate novel and useful concepts [66], or the ability to produce original and useful [52]
as well as novel and appropriate [18] ideas, or novel and valuable ideas [75].

Nevertheless, it is possible to observe a common parameter that swivels around them, i.e. that of
“novelty” [67]. Indeed, both creative and innovative ideas and/or products are required to be
“novel”. Therefore, to assess both creativity and innovation of products, it is fundamental to
comprehensively assess the related novelty. Unfortunately, even if focusing only on the latter
parameter, it is possible to find that many different concepts of novelty are available in literature,
and many different metrics are available as well. For instance, in the set of metrics proposed by [70]
novelty can be assessed in two different ways. More specifically, it can be assessed by considering
the set of ideas generated in a design session, each of them analysed in terms of the solutions used
to implement the most characterizing functions and/or attributes. Then, the novelty score is a direct
consequence of the rarity of these solutions, and the importance levels that the evaluators assigned
to each attribute. The other approach proposed by [70], instead, considers a reference universe of
products in order to assess the novelty of the designed ideas. These two concepts of novelty
(respectively the a-posteriori and the a-priori approaches) embodies the two concepts of creativity
mentioned by [8], i.e. that of Psychological Creativity (for the a-posteriori approach), and that of
Historical Creativity (for the a-priori approach). The first (hereinafter called “P-Creative”) approach
is focused in assessing the novelty of ideas by referring to the knowledge of the designers involved
in the design session. Differently, the second approach (hereinafter called “H-Creative”) is focused
on assessing the actual novelty, in relation to an external reference (which should represent the
knowledge of the entire human race). The possible classification of novelty among “historical” and
“psychological” has been already considered in literature [72].

In industrial design or architectural design applications it is possible to find a preferred type of
creativity assessment (e.g. the subjective assessment performed by experts in the specific field of
the assessed product type [35]). Differently, in the last two decades, many different assessment
approaches have been proposed for engineering applications, where the concept of novelty has been
often isolated and assessed separately.

More specifically, although the contribution described by [70] is one of the most cited when
referring to novelty assessments in engineering design, many other metrics have been proposed in
literature. Therefore, it can be very difficult to orient through the different concepts of novelty and
the related metrics. Indeed, except for reviews focused only on a specific type of metrics [24, 27], a
comprehensive review is missing, which encompasses both the P-Creative and the H-Creative
metrics.

Here arises the aim of this work, i.e. to perform a systematic literature review of the metrics
used in the engineering design field in order to assess novelty.
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The objective of the performed review is to clearly identify the most acknowledged metrics
(according to the number of received citations), and to classify them in terms of the underpinning
creativity concept (i.e. P-Creative vs H-Creative), novelty concept and metric type.

This classification is deemed of fundamental importance to support both scholars and practitioners
in the identification of the most suitable novelty metric, according to their specific research and/or
experimental needs.

2. Research method: Systematic Literature Review

According to [22], a literature review can be a valuable research item only if performed
systematically, i.e. by explicitly referring to a reproducible method for identifying, evaluating, and
synthesizing the existing body knowledge. In order to meet these requirements, checklists and
procedures are available in literature (e.g. [22, 59]), which can resumed in the seven points listed
below:

—

Clearly define the purpose of the review, e.g. by selecting effective research questions.

2. Identification of the literature database.

3. Searching for the literature by identifying a comprehensive list of search terms and
formulating effective search queries.

4. Definition and application of practical screening criteria, in order to rapidly skim undesired
contributions.

5. Definition and application of a comprehensive and effective quality appraisal criteria in
order to exclude low-quality and unreliable contributions.

6. Performing the review by referring to a repeatable protocol.

7. Synthesis of the results according to the research objectives.

2.1. SLR requirements 1-2

As mentioned in Section 1, the purpose of the work (Point 1) is to shed light among the different
novelty metrics available in the engineering design literature. This is in line with the usual objectives
that are attributed to literature reviews. Indeed, reviews are often expected to analyze the progress
of a specific stream of research [2, 3, 63, 82], which in this case is focused on novelty assessment
in engineering design. Additionally, this kind of research work is also expected to make
recommendations [82], which in this case are expected to be comprehensively formulated in the
Discussion section.

Concerning the second point of the list, the research has been performed by relying on the literature
database of Scopus [21], where most of the valuable journals and conferences are indexed. The data
directly available from SCOPUS (title, abstract and keywords) have been considered the starting
point for the research, (performed through titles, keywords and abstracts), while the whole
documents (when needed) have been retrieved directly on the specific journals or conferences
websites.
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2.2. SLR requirements 3-5

A single researcher performed the search activity (Point 3 of the list). The identification of the set
of search terms and queries has been quite complex, because it was not possible to directly insert
the term “novelty” in the Scopus search engine. Indeed, with this specific term, most of the search
results were related to “novelty detection” disciplines that have purposes extremely different from
that of design creativity (e.g. [53, 68]). This problem is even worse when the search space is limited
to the engineering field. Therefore, a specific search strategy has been conceived. More specifically,
it relies on two different search queries, to be inserted in the Scopus search engine (only English
written papers are considered):

e Search query 1: TITLE-ABS-KEY ( creativity OR (idea PRE/1 generation )) AND
TITLE-ABS-KEY/(design)) AND (LIMIT-TO(SUBJAREA, "ENGI"))

e Search query 2: (TITLE-ABS-KEY(creativity OR (idea PRE/1 generation)) AND
TITLE-ABS-KEY (design)) AND ( TITLE-ABS-KEY (assessment) OR TITLE-ABS-
KEY (metric)

The first search query (SQI1) is focused on the identification of the contributions within the
engineering field, which present the terms “creativity” or “idea generation” in the fields “title”,
“abstract” or “keywords”. This is the most inclusive of the two search queries, and it is expected to
identify the most cited contributions (limiting to the top 100 ones). However, due to the imposed
limit of 100 contributions, it is not possible to ensure the presence of those articles that, although
less cited, are acknowledged as important by the scientific community. To overcome this problem,
the second search query (SQ2) is intentionally more restrictive, because further limits the search
space to those articles presenting the terms “assessment” or “metric” in the fields “title”, “abstract”
or “keywords”. This additional search strategy, ensures that also newer articles can be included in
the review.

The results obtained with SQ1 have been filtered by checking the titles and the abstracts in order to
verify whether each article was inherent with the design creativity field (Figure 1). This screening
procedure is intended to perform the practical screening required for a SLR. Differently, the imposed
limit to the top 100 cited contributions, is considered here as a sufficient strategy for ensuring the
required quality level of the articles (thus implementing the quality appraisal requirement).

For SQ2, a more complex selection strategy has been performed, which allowed to consider
newer contributions with a time-increasing citation constraint. More in particular, the quality screen
performed for the second query considers publications that satisfy one of the conditions expressed
in Equation 1:

C>Y “OR” published in 2020 1)

where C is the number of citations and Y is the number of years after publication.
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SEARCH QUERY 1 (SQ1) SEARCH QUERY 2 (SQ2)

v

y CONTRIBUTIONS PRESENTING AT
SCREENING FROM TITLES LEAST ONE CITATION FOR EACH
AND ABSTRACTS. YEAR AFTER PUBLICATION

“OR” PUBLISHED IN 2020

v

SCREENING FROM TITLES AND
ABSTRACTS.

A 4
SELECT MOST CITED 100

v

UNION OF RESULTS

v

CHECK FOR ARTICLES
PROPOSING NOVELTY
METRICS

Figure 1. Search strategy with the two search queries.

Also for SQ2, an additional screening has been performed by checking the titles and the abstracts,
then excluding articles not strictly related to the design creativity field. This strategy is considered
suitable for the scope of the paper, since the related aim is to extract a thorough state of the art of
both novelty concepts and metrics.

The citation-based rules applied for both the practical screening strategies ensured a certain quality
level. Indeed, citations can be a first index about the quality of the research. Actually, some scholar
assert that citations can reflect aspects related to scientific impact and relevance [1], while other
assert that citations can indicate only the rigor but not the relevance, with differences between
different disciplines [54]. Additionally, other scholars report that it should be necessary to
distinguish between short term and long term citations to better understand the actual impact of the
research [48]. Comprehensive analysis of the actual correlation between the citations and quality of
reviewed research falls out of the scope of this work. Indeed, citations are considered here only to
identify important contributions in literature databases [36], and to reduce the research space (e.g.
[13] [29][76D).

2.3. SLR requirements 6-7

Concerning the review protocol (Point 6), it has been formulated according to the search
strategy shown in Figure 1, and can be resumed as it follows:
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Retrieve information for articles identified by SQI.

Rank articles in terms of number of received citations.

Perform a screening (title + abstract) to exclude non-pertinent documents.

Stop when the number of articles that passed the screening is equal to 100.

Retrieve titles and abstracts according SQ2.

List the retrieved information in a spreadsheet, reporting also the publication date and the

numbers of received citations for each reviewed contributions.

e  Apply Equation 1 in order to discard the contributions that do not accomplish the
requested conditions.

e  Perform a “union” of the results coming from the two search queries.

e Check articles in order to identify which of them proposes at least a new novelty metric.

e  Check articles in order to identify those that only mention or simply apply acknowledged
metrics.

e  Analyze the metrics in order to establish if they belong to the P-Creative or to the H-
Creative families.

e  Analyze the articles in terms of the considered novelty concepts.

e Check if the metric is based on the application of equations, or if it is a mere assignation

of values according to predefined scales.

According to the protocol, after the union of the search results, an additional check is performed
(see Figure 1) in order to identify those papers that actually propose a novelty metric. More in
particular, to extract a comprehensive set of information, the articles identified by the practical
screening procedure have been furtherly analyzed to exclude those missing any comprehensive
contribution about novelty metrics. To that purpose, the authors of this paper independently checked
the set of full-text documents and tagged them with the terms “proposing” and “mentioning” in order
to discern those articles that propose new metrics from those that only mention them. In this way, it
was possible to highlight the papers that propose novelty metrics relevant for the objective of this
work.

Then, each of the selected articles is analyzed in terms of creativity type (P-Creative vs H-Creative)

9 99 GC

and novelty concepts (e.g. “uncommonness”, “originality”, “unusualness").

Eventually, the last point of the list (Point 7) requires that results are efficiently synthetized in a
clear and concise form. To that purpose, the following section has been edited in order to accomplish
this SLR requirement.

3. Results

3.1. Search results

The mere application of SQ1 to the Scopus search engine led to a set of 4079 documents (at February
2020), which obviously could not be processed in their entirety. Therefore, a first subset of 200
documents was taken into consideration, and the related data was downloaded (i.e. title, abstract,
publication date, number of citation and DOI code).
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The application of the screening procedure led to the identification of 17 non-pertinent articles in
the first 117 reviewed sets of titles and abstracts. Therefore, according to the strategy described in
Section 2 (see Figure 1), the process stopped, thus leading to the identification of the “Top 100 cited
pertinent documents”. For instance, non-pertinent documents were focused on the aesthetic of
websites [46], or from very different application fields (e.g. [38, 51]).

Differently, the mere application of SQ2 led to 530 documents, reduced to 107 after the application
of the rule expressed in Equation 1. Then, the application of the screening procedure excluded non-
pertinent results (18 in total), thus leading to a set of 89 documents.

The application of the two search queries sometimes led to overlapping results, but also allowed to
include relevant results, which would be excluded with the application of a single query. For
instance, Table 1 reports the top 5 cited articles obtained with the singular application of the two
search queries, highlighting that except for the article of [70], the two lists are completely different.
In particular, SQ1 allowed to include the well-known contribution of [43], which were not identified
with SQ2. Indeed, SQ2 explicitly referred to “metric” or “assessment”, while the article of [43] was
focused on “Design Fixation”, but applied for the first time a specific “idea infrequency” metric that
is well acknowledged in literature [25, 50].

Table 1. Top 5 (in terms of received citations) articles found with the two search queries (data
retrieved on February 2020).

Rank Articles found with SQ1 Articles found with SQ2
1 [16] [70]
2 [43] [69]
3 [70] [66]
4 [47] [50]
5 [65] [62]

Differently, the single application of SQ1 excluded newer (and then less cited) documents, that
instead, have been identified through SQ2 (e.g. [4, 15, 34]).

Then, the union of the two sets of data led to an overall set of 140 articles, whose full-text
documents have been retrieved in order to perform the required analysis. In particular, it was
possible to identify those contributions that actually proposed novelty metrics, thus drastically
reducing the set of documents (see Figure 2). More specifically, articles excluded with the latter
logic, although valuable scientific contributions, did not presented new metrics, but only
mentioned or applied already existing metrics (e.g. [9, 12, 30, 40, 65]). Therefore, a further
selection has been made among the latter articles, in order to identify the novelty metrics
mentioned or used in the other papers, which differ from those of the previously selected 16
articles. This further analysis led to four additional metrics [7, 10, 23, 56]. In particular, within the
set of the retrieved 140 articles, only a small part of them proposed and/or mentioned metrics,
while the majority of them (although focused or mentioning creativity assessment) did not report
any metric (see Figure 2).
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Figure 2. How the reviewed papers talk about novelty metrics.

According to Figure 2, the papers that proposed new metrics were 16 (i.e. 15 that only proposes and
one that both proposes and mentions metrics), while those that only mentioned already available
metrics were 21.

Then, the considered articles have been analyzed in order to identify both the novelty concept and
the creativity family that underpins the related metrics.

The results of this detailed analysis are reported in the next subsections.

3.2. Classification of the reviewed metrics

The metrics described in the articles that passed the screening and the quality appraisal processes
relied on different novelty concepts. Additionally, the same term sometimes is used in different
articles to refer to different novelty concepts. For instance, the term “Originality” is used by [43] to
refer to the inverse probability that similar ideas appear. Differently, Sarkar and Chakrabarti (2011)
consider “Original” those ideas that never appeared before. Moreover, different terms sometimes
have been used to express the same novelty concept (i.e. what actually a metric measures). An
example for this case is that of the work of [69], where the terms “unexpectedness”, “unusualness”
and “uncommonness” are used to express what actually their metric assesses (see also [70] for
further details). There is a similar case for the term “uniqueness”, which has been used by [78] for
a metric based on the same concept used by [43]. Moreover, the same term (uniqueness) has been
used by [74] to express a broader concept of “novelty of ideas within a specific idea generation
session”, where also a further concept of “Originality” appears (actually a mix of many different
novelty concepts).
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To reduce the confusion within the context of this paper, the meanings of the different novelty
concepts used in the reviewed articles have been extracted and resumed in the set listed and shortly
described in Table 2.

Table 2. Novelty concepts

Novelty concept Description
S An idea (or part of an idea) is original if never conceived
Originality
before.
An idea is uncommon, unexpected or unusual if it is rarely
Uncommonness conceived. This novelty concept is based on the number of

times that similar ideas appear.

An idea or a product is new if it has been recently conceived.
Newness This concept, is based on the chronological order with which
ideas appear.

With this term, multiple concepts are considered, which can
Perceived (multiple concepts) | make an idea “novel” for an evaluator (e.g. newness,
unexpectedness, originality, surprise, unconventionality, etc.)

The novelty concepts listed in Table 2 are used to classify the metrics proposed in the reviewed
articles (see Table 3).

By exploiting the set of definitions described in Table 2, it has been then possible to associate the
specific novelty concepts to the metrics described in the reviewed papers (see Table 3). Additionally,
also the Creativity type (i.e. P-Creative vs H-Creative) has been identified, and the metrics have
been furtherly discerned in “Value assigned” and “Value calculated” (see Table 3). The first type
concerns the metrics that substantially do not need any calculation, but the scores are directly
assigned by the evaluator (e.g. by selecting a value between a pre-defined range). In the second type,
of course some values need to be assigned, but they do not directly represent the overall novelty
score of the idea. The latter is obtained in the “Value calculated” metrics by means of one or more
equations.

In some cases, in one or more of the three identification categories (i.e. creativity type, novelty
concepts and metric type), it was necessary to assign multiple values. For instance, in the work of
Shah and colleagues [69], two distinct types of metrics were cited, i.e. the a-posteriori and the a-
priori ones. The first is a value-calculated type of metric belonging to the P-Creative group [27, 73],
while the a-priori one is a value-assigned type that allows H-Creative assessments. Differently, for
the metrics of [66] and [72], it was necessary to assign both “newness” and “originality” in the
“novelty concept” field, because the authors clearly mentioned both concepts in their papers.
Similarly, also for [31] it was necessary to assign two different novelty concepts, because the paper
presented two metrics (one based on the uncommonness concept, and the other on the perceived
novelty). For the articles of [60] and [73] it was necessary to perform multiple assignments in all the
three categories. Indeed, in the work of [60], two distinct metrics were used. One based on the
uncommonness, with calculated values that allow P-Creative evaluations (for what they call as
“Comparative Creativity Assessment”). The other, based on the perceived novelty concept, which
allowed H-Creativity evaluations with assigned values (for what they call “Multi Point Creativity
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Assessment”). Similarly, the work of [73] considered three different metrics, which led to the
multiple assignment (one of them was the already existent metric of [69]).

Table 3. Classification of the reviewed articles presenting new metrics. The classification is based
on the metric(s) proposed in each article. In particular, the considered definitions of novelty
concepts are those listed in Table 2.

Creativity type Novelty concepts Metric type
=
2 T £
£ g e
Article @ 2 = g = Z =
= = 'c_': ] @ ) < S
] S = E 5 2 7] 7]
2 = & S £ 3 g 2
Q Q s 2 3 5 = =
A~ = =} =) r4 A~ > >
[43] X X
[69] X X X X
[66] X X X
[62]
[78] X
[60] X X X X X
[58] X
[72] X X X X
[19] X X
[74] X X X X
[55] X X
[39] X X X
[81] X X
[3 1] X X X X
[79] X X
[34] X X X

Concerning the 21 papers that only mentioned novelty metrics, they have been analyzed in the same
way. Therefore, excluding the references to the metrics already listed in Table 3, only four additional
metrics have been identified (Table).

In particular, the metric of [56] was mentioned in in the two works of Chulvi et al. [14, 15], and was
used to assess novelty in term of uncommonness. The metric of [23] was mentioned by [30] and
[65]. Charyton et al. [10] were mentioned in [11, 12]. However, it is important to notice that the
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originality metric of the “Creative Engineering Design Assessment” (or CEDA) is based upon the
work of [32]. Eventually, Besemer and O’Quin [7] have been mentioned in the work of [77].

Table 4. Classification of the metrics mentioned in the reviewed articles, which are different from
those listed in Table 3.

Creativity type Novelty concepts Metric type

T

. £ S Z

Article 4 > z e = % <

=} b = £ A ) = o

z 2 £E|E |2 |5 |8 |8

- ) = =

Q i £ |2 |5 |5 |3 |=

A o =) - 4 A > >
[10] X X X
[23] X X
[56] X X X
[7] X X X

4. Discussion
4.1. About the achieved results

The performed literature review allowed to identify the most acknowledged metrics for novelty
assessment of generated ideas, and to classify them in terms of creativity concepts, novelty concepts
and metric type. This is the first clear results that can be attributed to this work, because the variety
of metrics ad definitions makes it hard to orient through the number of currently available
assessment procedures. To overcome this problem, the set of resumed novelty concepts listed in
Table 2 is crucial. Indeed, by referring to Table 2, it is now possible to clearly identify which is the
actual novelty concept used in the reviewed metrics. Therefore, those scholars and/or practitioners
that need to identify a suitable metric for their specific purposes (and then with a well-defined
novelty concept in mind), can use Tables 3 and 4 to rapidly find the most acknowledged ones.
Similarly, the classification of metrics among the P-Creative (i.e. what is new for the designer) and
H-Creative (i.e. what is new for all people) concepts, allows scholar and/or practitioners to easily
find the metrics according to the needed creativity type. To this end, it is possible to assert that while
P-Creative metrics are well suited for creativity related purposes, it is not possible to use them for
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Innovation assessments, because do not use any reference to the actual state of the art about the
designed product. Indeed, since Innovation refers to the actual state of the art for a specific product
category, it is necessary to consider metrics that do no limit the reference universe to the set of
assessed ideas. Differently, H-Creative novelty concepts can be well suited for Innovation-related
assessments, but can lead to additional complications when used for certain experimental purposes,
e.g. to compare the creative performance of two different designers (or groups of designers), whose
actual knowledge of the state of the art is different.

Therefore, it is possible to provide an important suggestion for those that need to identify
a suitable novelty metric. Indeed, before starting to analyse data, it is important to clearly understand
which are actually needs to be measured. In other words, we suggest the following steps:

e Identify the creativity type that should be expected for the novelty metric.

e Identify the novelty concepts that fit with the experimental purposes.

e For a more practical point of view, reflect about the possibility of having a mere novelty
assignment or a more complex novelty calculation.

Once these reflections have been performed, the user can exploit the contents of this work
in order to rapidly identify the subset of articles containing the information about the required
novelty metrics.

4.2. Limits and future developments

The search strategy adopted in this work has been tailored to successfully overcome the problem
highlighted in Section 2. Unfortunately, although the most acknowledged metrics have been
identified, some recent works have been neglected. For instance, it is important to highlight that
concerning the a-posteriori novelty metric proposed by shah and colleagues, there are a lot of studies
that discuss the related problems and/or try to propose alternatives claimed to overcome them [24,
26,44, 61, 71]. Actually, the proposal of [80] listed in Table 3 is an attempt to modify the a-posteriori
metric of Shah et al., but some issues have been recently highlighted, which can lead to misleading
results [24]. Additionally, besides the contribution listed in Table 3, the same authors presented a
slightly different metric [80]. Similarly, the metric proposed by [66] has been examined by [41, 42],
who found some issues and proposed some possible solutions to overcome them.

Moreover, the research field in the Scopus search engine has been intentionally restricted to
“engineering”. This led to the exclusion of other possible novelty metrics, perhaps used in other
contexts. Future studies should therefore aim at extending the review to other disciplines, in order
to check for other metrics and the related novelty concepts. This could be the cause that led to only
two articles about patent-related applications (i.e. [34, 49]). It implies that according to the adopted
search strategy, such patent-related novelty metrics are not among the most cited/used for
engineering design applications. Anyhow, with only two papers it is impossible to extract
comprehensive information about these specific kind of metrics, which surely deserves to be
examined with particular attention. In particular, an important hint for future research consists in
investigating about the compatibility of the reviewed metrics (not only the two patent-related
mentioned above) with the procedures used for assessing the originality of inventions by patent
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offices. Indeed, the current patent evaluation process is strongly based on the subjective evaluation
of the experts in specific fields. The adoption of more systematic assessment procedure could at
least support such experts in performing the originality evaluation. However, this paper, for the
limitations reported above, cannot support this kind of research.

Furthermore, the set of novelty definitions (Table 2) and the performed classification of the reviewed
metrics (Tables 3 and 4) allow to perform studies about metric selection guidelines, based (for
instance) on the suggestions provided in Subsection 4.1. For this purpose, an additional review of
the same articles considered in this paper could be performed in order to extract the motivations that
led to the adoption or the proposal of the specific metric. Therefore, the outcomes of this literature
review cannot substitute a comprehensive metric comparison performed by testing them in real
cases. However, the proposed classification can be used as a preliminary reference planning such
research activities. Indeed, the possibility to discern the underpinning Creativity type, novelty
concept and metric types allows to systematically plan experiments (e.g. separating H-Creative
metrics from P-Creative ones) perform comparisons (e.g. among metrics sharing the same novelty
concept).

4.3. Expected impact

The impact expected for this work is not limited to the research field but also practitioners involved
in both creativity and innovation assessments can beneficiate from it. Accordingly, the paper
provides a comprehensive list of the most used and acknowledged novelty metrics, classified
according to key parameters (see Table 3 and 4). Thanks to this classification, and to the suggestions
provided in Subsection 4.1, anyone can now rapidly identify the metric that better fit the specific
purposes. For instance, researchers involved in a design experiment where there is the need to assess
the novelty of generated ideas can use this work as a reference for metric identification. Additionally,
practitioners that need to assess novelty of ideas generated in a firm (e.g. to select the most promising
ones or to compare the skills of different persons), can find a valuable and robust reference in this
work, thanks to the considered SLR approach.

5. Conclusions

The systematic literature review performed in this paper allowed to identify a set of contributions
mentioning and/or proposing novelty metrics to be used in creativity-related assessments (37 in
total). The papers have been reviewed in order to comprehensively understand which were the
related underpinning creativity concepts, and the specific novelty concepts. It has been found that
several and sometimes contradicting definitions of novelty can be found in the engineering literature,
thus making hard to use them to classify metrics. Therefore, a set of four definitions has been used
here in order to identify specific novelty concepts used in the reviewed contributions. It allowed to
obtain a classification of the contributions in terms of:

e  The underpinning concept of creativity
e  The underpinning concept of novelty
e The type of metric (i.e. “values calculated” vs “values assigned”)
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This result is of fundamental importance for both researchers and practitioners involved in creativity
assessments of generated ideas. In particular, this is of fundamental importance when trying to
identify design ideas that can potentially become an innovation.

The systematic literature review allowed a robust procedure for the selection of valuable and
meaningful contributions. However, it implicitly led to the limits of this work, that substantially
concern the impossibility to consider all the proposals and the variants that are available for the
reviewed metrics. However, as explained in Section 4, this paper paves the way for a series of studies
focused on in-depth reviews of novelty metrics used in engineering design, with the final aim to
extract comprehensive guidelines for metric selection.
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