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What can quantitative measures of semantic distance

tell us about creativity?
Yoed N Kenett

Semantic distance plays an important role in the creative
process: The farther one ‘moves away’ from a conventional
idea, the more creative the new idea will likely be. Although
intuitive, the role of semantic distance in creativity has been
only indirectly examined due to the challenge of its
measurement. Recent studies have started applying
quantitative measures of semantic distance in creativity
research. Such studies complement standard subjective
measures of creativity; provide objective measures of the
creative output; and also allow to more directly examine the
role of semantic memory, and distance, in creativity. An
overview of the main approaches that are being used will be
described and the advantages of using such quantitative
measures in creativity will be discussed.
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Introduction

The role of semantic distance in creativity is intuitively
embedded in a theory of creativity, through the notion
that the farther one moves from a concept in a semantic
memory space, the more novel or creative the new
concept will be [1,2,3°]. For example, a key feature of
divergent thinking — the widely applied method to
measure creative potential — is moving away from con-
ventional to more distant, weakly related responses [4].

While the role of connecting more distant concepts in
memory in creativity is very intuitive, it is difficult to
examine empirically, due to the difficulty of measuring
semantic memory structure and semantic distance [5].
However, an increasing number of studies have applied
computational methods to derive quantitative methods of
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semantic distance in relation to creativity [6,7°,8°°,9°°].
The aim of the current paper is to review such recent
studies and to discuss how the application of quantitative
measures of semantic distance in behavioral research can
contribute to the ongoing investigation of the creative
process.

Theory

Theoretically, semantic distance plays a role in various
models of the creative process. The main theory that
related creative thinking to semantic memory structure is
the associative theory of creativity [1]. According to this
theory, creativity involves the connection of weakly
related, or remote concepts into novel and applicable
concepts. The farther apart the concepts are, the more
creative the new combination will be. More recently, the
top-down, executive functions account, has been pro-
posed [10,11]. This account emphasizes the importance
of cognitive control and executive functions, such as fluid
intelligence and retrieval abilities, in the creative process
[11-15]. According to this theory, cognitive control sup-
ports creativity via more effective memory retrieval and
strategy implementation. A third line of relevant theories
includes the dual-process theories of creativity [16-21].
These theories attempt to formalize the creative process
based on its two main components — novelty and appli-
cability: A generation stage that divergently generates
multiple ideas and an evaluation stage that prunes these
ideas.

In all these theories of creativity, semantic memory plays
a role. Its role is either direct — varying degree of
organization of semantic memory facilitating uncommon,
weakly related, combinations [1,19,21] — or indirect —
the basis upon which executive functions such as cogni-
tive control operate on during the creative process [11,22].
T'hus, semantic memory structure plays an important role
in the creative process [23]. It is important to note that the
role of semantic memory in creativity may be only rele-
vant in verbal creative output, and not in other forms such
as visual creative output [4]. However, the general theo-
ries on creativity described above do not make any such
distinctions. Yet, currently the nature and structure of
semantic memory remains an open issue [5].

A classic cognitive model of semantic memory structure
was proposed by Collins and Loftus [24]. According to
their model, concepts in memory are structured as a
network, according to a semantic similarity principal
(Figure 1a). The more semantic properties two concepts
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An illustration of semantic memory structure, adapted from Collins and Loftus [24]. (a) A visualization of a theoretical example of the concept red
and its surround concepts, organized based on overlap of semantic features. (b) The concept red and only its directly connected neighbors in the
theoretical example provided by Collins and Loftus [24]. (c) LSA-based semantic distance scores between the concept red and some of its
directly connected neighbors in the theoretical example provided by Collins and Loftus [24].

share, they argue, the more links there are between them
[24]. Accordingly, the authors define semantic distance as
the ‘shortest path [direct or indirect] between two nodes’
[24; p. 412, note 3]. Furthermore, the authors argue for a
spreading activation model, where once a concept in the
semantic network is activated, activation spreads from it
to all of its directly connected neighbors, activation which
quickly decays over time and space [24]. Therefore, this
model converges strongly with the main theories of
creativity, which largely attribute the creative process
to an active process operating upon semantic memory
structure [3°].

Latent semantic analysis

A popular computational method to represent semantic
distance in creativity research is through Latent Semantic
Analysis [[LSA; 25,26]. LSA quantifies the semantic simi-
larity between words in a given high-dimensional seman-
tic space by determining the probability of a given word

co-occurring in a specific context (e.g. a paragraph of a
document). The semantic distance between a pair of
words is determined by subtracting the LSA similarity
score from 1 [27]. For example, the LSA-based semantic
distance between pairs of words in the theoretical exam-
ple provided by Collins and Loftus [24] can be computed
(Figure 1c). However, despite the concepts red and fire
being directly connected in [24], the LSA-based semantic
distance between these concepts is quite high (.85). In
comparison, and as expected, the [LSA-based semantic
distance between red and yellow 1s quite short (.26).

In the past few years, several studies have used LLSA-
based measures of semantic distance to study creativity
[28-30]. For example, Prabhakaran ¢z a/. [27] examined
LSA semantic distances of responses in a verb generation
task, where participants were required to produce verbs in
response to a series of nouns, either a verb in a cued ‘be
creative’ condition or a verb in an un-cued ‘typical’
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condition. The authors found that the LSA-based seman-
tic distance of the verbs to the nouns were higher in the
cued ‘be creative’ condition compared to the non-cued
‘typical’ condition. Furthermore, the semantic distances
between the verbs and nouns generated in the cued ‘be
creative’ condition were also related to measures of fluid
intelligence, divergent thinking and creative achieve-
ment. Heinen and Johnson [8°°] recently showed that
LLSA-based measures of semantic distance relate to mea-
sures of novelty and appropriateness, common subjective
measures of creative output [4]. Furthermore, the authors
show that such LLSA scores were sensitive to instruction
manipulation and changed when participants were
required to generate creative responses. Such creative
responses had an average intermediate LSA-based
semantic distance score, compared to a low average score
for common responses or high average score for random
responses [8°°].

Other studies have used LLSA-based measures of semantic
distance to examine different aspects of the cognitive
processes involved in creativity. Beaty eza/. [31] used LSA
to assess participants associative abilities, by averaging
semantic distance values of their responses generated
during verbal fluency tasks to specific cue words. This
measure of associative ability, along with several other
measures of cognitive ability, was used to examine the
contribution of both semantic memory structure and
executive function processes to creative ability. Using
structural equation modelling, the authors found joint
effects of both associative and executive abilities on the
fluency and subjectively rated creativity scores of diver-
gent thinking responses. Finally, Hass [7°,32] has recently
applied LLSA-based measures of semantic distance to
‘track’ the dynamics of generating divergent thinking
responses in a continuous divergent thinking task. Thus,
these studies demonstrate the significance of computing
LLSA-based measures of semantic distance to examine
creative output.

However, objections have been raised regarding the
validity of this approach as a measure of semantic distance
and in predicting semantic priming effects [33-36].
Research has also indicated that performance of LLSA
models strongly depends on the choice and scope of
the text corpus used, which can become the determining
factor in how well the model captures human perfor-
mance [35]. Furthermore, while more advanced compu-
tational models of semantic spaces are being developed
[37°], the validity of estimating semantic distance based
on analysis of textual corpora has yet to be determined
[38]. Finally, Forthmann, Oyebade, Ojo, Giinther, and
Holling [39] have shown how elaboration in DT
responses (number of words of a DT response) can bias
their LSA-based measures of semantic distance. The
authors caution with interpretation of LSA-based mea-
sures of semantic distance of DT responses and offer ways
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to correct for such potential biases [39]. Thus, while
useful, application of LLSA-based measures of semantic
distance in creativity research can only provide informa-
tion on the creative output. Furthermore, researchers
should be aware of potential methodological pitfalls.

Semantic networks

A different computational approach to represent semantic
distances might be realized through path lengths in
semantic networks. Network science is based on mathe-
matical graph theory, providing quantitative methods to
investigate complex systems as networks [40-42]. A net-
work is comprised of nodes, which represent the basic
units of a system (e.g. semantic memory) and links, or
edges, that signify the relations between them (e.g.
semantic similarity). By structuring language and memory
as a network, network science can directly and quantita-
tively examine classic cognitive theory and the operations
of cognitive processes that take place in memory retrieval
and associative thought. For example, the theoretical
example provided by Collins and Loftus [24] can be
represented as a semantic network (Figure 1a) or just a
subset of that network. For example, Figure 1b plots the
directly connected neighbors of the concept 7ed from the
theoretical example provided by Collins and Loftus [24].

A growing number of studies have applied network
science methodologies to study creativity, focusing on
the role of semantic memory structure in the creative
process [2]. These studies have shown how differences in
semantic memory structure relate to individual differ-
ences in creativity, both at the group level [43] and at the
individual level [44°]; simulated search processes over the
semantic networks of low and high creative individuals
[45]; examined the relations of semantic memory struc-
ture to creative achievement and fluid intelligence [46];
and related flexibility of thought to the robustness of their
semantic networks to attack [47]. These studies have
quantitatively shown how the semantic memory structure
of high creative individuals is more connected and more
flexible, allowing for more efficient spreading of activa-
tion throughout such a semantic network structure [2].

A method to measure semantic distance with network
science tools was recently developed [48°°]. The authors
demonstrate how path length over a semantic network
can serve as a measure of semantic distance. The authors
developed a semantic distance task, in which participants
judged whether two words were related to each other.
The word pairs constructed for this study varied in the
path length between them, based on a large-scale net-
work analysis of the Hebrew lexicon [48°°]. This study
found a differential effect of path length on participant’s
performance: When up to four steps separated between
word-pairs, participants exhibited an increase in RT and
decrease in the percentage of word-pairs judged as
related. From four steps onwards, participants exhibited
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a significant decrease in RT and the word-pairs were
dominantly judged as unrelated. Path length was also
related to performance in memory retrieval — as the path
length between the word-pairs grew, it was harder for
participants to retrieve them in a subsequent memory
recall test. The authors also found that path length was
significantly correlated to subjective ratings of the word-
pairs, judged by an independent group of judges: As path
length between the word-pairs grew, they were judged to
be more weakly related to each other. Finally, the authors
show how path length outperforms [LSA-based measures
of semantic distance in predicting participant’s perfor-
mance on the semantic distance task [48°°]. As such, this
method can be applied in creativity research, to examine
theories on individual differences in creativity related to
semantic memory structure [1].

An effort to examine divergent thinking from a semantic
network perspective has been developed by Runco ez a/.
[49,50]. Acar and Runco [49] examined the semantic
distance of divergent thinking responses based on data
collected from three different sources of semantic net-
works. Each of the divergent thinking responses was
classified as close, remote or highly remote, depending
on the number of concepts in the responses that were
found in a specific network. The authors show that this
approach is more objective and reliable in assessing
divergent thinking responses. However, this approach
is not based on a network science methodology per se,
but rather matching of divergent thinking responses to
close or remote concepts in textual corpora. In this sense,
the method is more similar to LSA-based measures and its
caveats as described above.

Conclusions

What can quantitative measures of semantic distance
applied in behavioral research tell us about creativity?
The application of such methods can potentially provide
a more objective measure of the output of creative
thinking [6,8°°] and it can quantitatively examine the
role of semantic memory in creative thinking which has
been mostly under-examined [2]. Finally, it can shed
novel light on the interaction between bottom-up and
top-down cognitive processes that realize creative think-
ing [3°,9°°,31,46]. Importantly, for behavioral research,
these methods offer powerful quantitative and objective
measures that can supplement and strengthen standard
subjective scoring methods of the creative process and its
output [4].

However, it is important to be aware that LSA-based and
network-based measures of semantic distance do not
overlap. As can be seen from Figure 1, based on the
theoretical example provided by Collins and Loftus [24],
several of the directly related neighbors of the concept red
(Figure 1b) generate quite large LLSA-based semantic
distance scores (Figure 1c). More methodological work

is needed to identify how both of these types of measures
relate to the theoretical construct of semantic distance
and to each other. Furthermore, given that semantic
memory varies across individuals and is dynamic [51],
and that creative thinking leads to dynamic shifts in its
structure [52], individual-based quantitative approaches
need to be developed (e.g. [44°]).

In conclusion, a growing number of studies are applying
quantitative measures of semantic distance in creativity
research. Such methods are providing objective measures
of the creative output and a more direct investigation of
the role of semantic memory structure, and semantic
distance, in the creative process. While these measures
are still far from replacing subjective scoring methods of
creativity [8°°], they provide a powerful way to quantita-
tively study creativity [3°,9°°].
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16 Creativity

This study developed a methodology to represent an individual’s seman-
tic network, based on semantic relatedness judgments. The authors then
demonstrate how the network properties of individual semantic networks
relate to individual differences in creative ability. Such an approach is
important in advancing the investigation of the role of semantic memory
structure, as well as semantic distance, in creativity.
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