
REVIEW ARTICLE

Research on metaphor processing during the past
five decades: a bibliometric analysis
Zhibin Peng1✉ & Omid Khatin-Zadeh2,3

Metaphor processing has been the subject of extensive research over the past five decades.

A systematic review of metaphor processing publications through bibliometric tools can

provide a clear overview of research on metaphor processing. In this study, we used the

CiteSpace bibliometric tool to conduct a systematic review of publications related to meta-

phor processing. A total of 3271 works published and indexed in the Web of Science (WoS)

were gathered. These works had been published between 1970 and 2022. We analyzed the

co-citations of these works by CiteSpace to identify the most influential publications in

metaphor processing research. A co-occurrence term analysis was done to identify dominant

topics in this area of research. The results of this analysis showed that Language, compre-

hension, metaphor, figurative language, and context were the most frequent keywords. The most

prominent clusters were students, figurative language, right hemisphere, embodied cognition,

comprehension, N400, and anger. Based on the results of this analysis, we suggest that task

properties such as response format and linguistic features should be carefully taken into

account in future studies on metaphor processing.

Introduction

How people understand and produce metaphors has long aroused the interest of scholars
from various disciplines such as philosophy, linguistics, and psychology. From the 1970s,
scholars began to study the processing of metaphors through experiments. Throughout

the past five decades, a large body of experimental and theoretical works on metaphor have been
produced, and many journals have started to publish papers related to metaphor. During this
period, many researchers in neurolinguistics and psycholinguistics published their works on
metaphor. These works have fundamentally changed the ways that researchers have been
studying metaphors. This is particularly the case with research on metaphor processing.
According to a study conducted by Han et al. (2022), research on metaphor processing has been
the most active area of research on metaphor.

Metaphor processing research is an interdisciplinary area of study on metaphor that involves
linguistics, psychology, and neuroscience. A large number of works on metaphor processing have
been published in recent years, including reviews directed at selected subtopics. For instance, Rai
and Chakraverty (2020) provided a systematic review of computational models and approaches
to metaphor comprehension. This systemic review presented a concise yet representative picture
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of computational metaphor processing. In a related work, Kertész,
Rákosi, and Csatár (2012) presented a review that was focused on
the data, problems, heuristics, and results in cognitive research on
metaphor. Some works have presented comprehensive reviews of
studies conducted on metaphor comprehension in non-typical
populations. For example, Morsanyi et al. (2020) conducted a
systematic review and meta-analysis of metaphor processing in
autism. Kalandadze et al. (2019) also presented a systematic
review and meta-analysis of studies on metaphor comprehension
in individuals suffering from autism. This review specifically
focused on task properties. However, among these works, except
for a review paper published by Holyoak and Stamenković (2018),
no other publication has specifically focused on theories and
evidence related to metaphor processing. Furthermore, the past
review papers have been primarily based on subjective judgment
rather than bibliometric tools. Therefore, a systematic review
conducted by bibliometric tools can shed new light on our
understanding of metaphor processing research. In the literature
of the field, we found just two works on bibliometrics of con-
ceptual metaphor research (Han et al., 2022; Zhao et al., 2023).
These two works have presented bibliometric assessments of
published works on conceptual metaphor theory. However, they
are only about conceptual metaphors in general. To fill this gap in
the literature of the field, we used CiteSpace to present a sys-
tematic review of studies on metaphor processing.

CiteSpace is a bibliometric analysis tool that can provide an
exhaustive account of research in any area over a certain period of
time. In this way, it can suggest some directions for future
research. Compared to those reviews relying on subjective judg-
ment, a review conducted by CiteSpace can help us navigate
through the key documents, research fields, and dominant topics
in metaphor processing. Importantly, the results of such analysis
can be presented in the form of easily understandable diagrams.
We intended to identify the most productive and influential
journals, authors, and institutions in the field of metaphor pro-
cessing. Also, we intended to identify the most influential docu-
ments, active research areas, and dominant topics in metaphor
processing research. Specifically, by analyzing the co-occurrence
of keywords associated with metaphor processing, we aimed to
depict a cluster picture of related keywords and dominant topics
in this area of research. In this way, we intended to answer the
following research questions:

Q1: What are the active research areas and dominant topics in
metaphor processing research?

Q2: Is it possible to use a cluster picture of related keywords
and research topics to identify research features that play a critical
role in studies on metaphor processing?

We hypothesized that a cluster picture of related keywords and
research topics in metaphor processing can be used to identify
critical research properties that can be taken into account in
future studies on metaphor processing.

Methodology
Data collection. As the study was focused on metaphor proces-
sing, we collected and analyzed the published documents by
conducting an advanced search in the Web of Science (WoS),
Thomson Reuters Core Collection. This search incorporated
Social Sciences Citation Index (SSCI), Arts and Humanities
Citation Index (A and HCI), Science Citation Index Expanded
(SCI-EXPANDED), and Conference Proceedings Citation Index-
Social Science & Humanities (CPCI-SSH). We chose WoS as the
data source for two reasons. Firstly, WoS has established an
independent and comprehensive editing process to ensure the
excellent quality of the journals and has formed an unparalleled
data structure based on more than 50 years of consistent,

accurate, and complete indexing. The indexed journals in the
Web of Science Core Collection have been carefully selected.
Therefore, the articles indexed in WoS are of high quality. Sec-
ondly, WoS is CiteSpace’s primary data source. CiteSpace has
been designed to work with WoS data. Datasets from other
sources have to be transformed before they can be visualized in
CiteSpace.

The following fields were used to retrieve the data:

1. TS= (metaphor*) AND (process* OR comprehen*)),
which means that only articles with both “metaphor” and
“process” or comprehen(sion) in the title or abstract, or
keywords are retrieved.

2. Time span=1970–2022
3. Document Type=article OR review
4. (“*”is a wildcard in WoS that represents any group of

characters, including no character. For example, meta-
phor*=metaphor, metaphors, and metaphorical, etc. In
addition, the review articles in this research do not contain
book reviews.)

Totally, 8358 papers were collected from 123 WoS categories,
including experimental psychology, neurosciences, business,
linguistics, management, music, nursing, and law. In our study,
we specifically focused on metaphor-processing research in the
fields of linguistics, psychology, and neurosciences. Therefore, we
chose the WoS categories related to linguistics, psychology,
neurosciences, literature, communication, sociology, philosophy,
anthropology, religion, history, and law (i.e. “Linguistics” or
“Language Linguistics” or “Psychology Experimental” or “Educa-
tion Educational Research” or “Neurosciences” or “Psychology
Multidisciplinary” or “Psychology Clinical” or “Psychology” or
“Psychology Psychoanalysis” or “Psychology Educational” or
“Psychology Applied” or “Psychology Social” or “Psychology
Developmental” or “literature” or “communication” or “sociol-
ogy” or “philosophy” or “anthropology” or “religion” or “history”
and “law”). After excluding those works that were unrelated to
metaphor processing, 3271 publications remained for further
analysis.

Descriptive analysis. Before visualization by CiteSpace, we con-
ducted a descriptive analysis of yearly publication trends. Our aim
was to identify the most productive journals, authors, and insti-
tutions. These descriptive analyses were directly done on the data
obtained from the WoS website. The number of works published
each year has been given on the WoS website. We used SPSS
software to obtain the annual trend of publications (see Fig. 1).
The numbers of publications for each journal, author, and
institution have also been given on the WoS website. We selected
the top ten for analysis.

CiteSpace analysis. The descriptive analysis of WoS provides
only a basic overview of the research field. It cannot provide an
exhaustive account of the research projects over previous decades
and directions for future research. Previous reviews without
bibliometric tools mainly relied on prior knowledge and sub-
jective judgment. To address this problem, we used CiteSpace to
examine the structures of the knowledge of metaphor processing
that have been developed over the past years.

In this study, we used CiteSpace, a bibliometric analysis
program developed by Chen (2004, 2006, 2017; also see Chen
et al., 2010; Chen and Song, 2019). Bibliometric analysis offers an
objective and quantitative method for examining published works
in a certain area of research (Mou et al., 2019, p. 221; Chen,
2020). CiteSpace is a Java application for analyzing co-citations
and presenting them in the form of visual co-citation networks
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(Chen, 2004). CiteSpace is one of the most well-known
bibliometric tools. It offers a variety of analyses, such as keyword
analysis and reference analysis, to help academics identify current
and upcoming research trends in a field (Mou et al., 2019). The
bibliographic data files we collected from WoS were in the field-
tagged Institute for Scientific Information Export Format. The
“full record and cited references” was selected as the content. In
this way, CiteSpace could easily identify the files. Once the files
were loaded into the CiteSpace, the following procedural
operations were performed on them: time slicing, thresholding,
modeling, pruning, merging, and mapping (Chen, 2004).

In this study, we conducted two separate visualizing analyses of
the data. One was a document co-citation analysis, which helped
us to identify the important documents in metaphor processing
research. A co-cited reference was called a node, and when several
nodes were strongly related to one another, they formed a cluster.
The other was a keyword co-occurrence analysis. The purpose of
this analysis was to identify the most-discussed areas in research
on metaphor processing.

Results
Publication years, journals, productive authors, and institu-
tions on metaphor processing. In the Web of Science core
collection, the first article about metaphor processing we
obtained was published in 1971 by Laurette (1971). There was
no publication on metaphor processing in the years 1972, 1973,
and 1974. From 1995 to 2022, more than 50 works were done
each year. The maximum number of annual publications
belongs to 2021 with 198 published works. Figure 1 presents
the annual publications on metaphor processing. Overall, the
results show a steady increase in publications on metaphor
processing. Therefore, it can clearly be seen that metaphor
processing has caught the attention of more and more
researchers worldwide.

The 3271 articles or reviews that were examined in this study
were published in a number of journals. Table 1 lists the 10
journals that published the highest number of papers in this area
of research. With 116 publications on metaphor processing,
Metaphor and Symbol, the only SSCI-indexed journal publishing
works on metaphor research, was in first place among journals in
terms of the number of publications. Frontiers in Psychology and
Journal of Pragmatics were in second and third places, with 98
and 71 publications, respectively. The majority of the top 10
journals, as seen in Table 1, are in the fields of psychology or
neuroscience. When considering a submission, metaphor-
processing researchers might use Table 1 to select appropriate
journals for their papers.

The 10 authors having the highest number of publications in
metaphor processing are listed in Table 2. The author with the

Fig. 1 The diagram of annual publications on metaphor processing. The diagram reveals the publication number for each year and the general trend.

Table 1 Top 10 most fruitful journals for metaphor
processing research.

Ranking Journals The number of published
papers

1 Metaphor and Symbol 116
2 Frontiers in Psychology 98
3 Journal of Pragmatics 71
4 Brain and Language 54
5 Neuropsychologia 41
6 Journal of Psycholinguistic

Research
40

7 International Journal of
Psychoanalysis

31

8 Review of Cognitive Linguistics 29
9 Discourse Processes 29
10 Journal of Neurolinguistics 28
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most papers published on metaphor processing was Mashal (36),
followed by Faust (28) and Gibbs (26).

Table 3 lists the 10 institutions having the highest number of
published works in metaphor processing. The University of
California is at the top of this list with 131 publications in total,
followed by the University of London with 76 articles and Bar
Ilan University with 64 articles (Table 3).

Document co-citation analysis. A fundamental measure used by
academic communities to assess the impact of a publication is the
frequency of citations. The value of a published work and its
impact on the field is at least partly dependent on the number of
works that have been cited. We can identify the important
documents in a knowledge domain by analyzing document co-
citations. CiteSpace is an efficient tool that can conduct such
analysis.

We analyzed document co-citations of 3271 publications
collected from the WoS. We used CiteSpace to visualize the
3271 bibliographic recordings from 1970 to 2022. The top 50
papers having the highest number of citations in each 3-year were
chosen using a time slice of three years. In order to include all the
references cited in those documents regardless of when they were
published, we set the Look Back Years (LBY) parameter to −1.
Cutting off long-range citation linkages had a positive impact on
the clarity of the results; it could increase the clarity of the
network structure because long-distance links frequently go hand
in hand with a spaghetti-like network. The results are shown in
Fig. 2. The cited publications and co-citation relationships across
the entire data set were represented by 1055 distinct nodes and
5928 linkages, respectively. The top 10 articles in the area of
metaphor processing research are shown in Table 4.

Totally, between 1970 and 2022, 39 documents were cited more
than 50 times. The top three most-cited publications in the
world’s publications related to metaphor processing are classic
books about Conceptual Metaphor Theory (CMT) in general, not
about metaphor processing. The work that has received the most
citations is “Metaphors we Live by” authored by Lakoff and
Johnson (1980). This frequently cited book was a landmark that
revolutionized research on metaphor processing. It contends that
metaphor is a way of thinking, not just a rhetorical instrument.
To put it simply, our conceptual system is fundamentally
metaphorical. In contrast to earlier works that looked at
metaphor as a purely linguistic figure of speech, this book
emphasizes the conceptual nature of metaphor. It defines
metaphor as a conceptual process in which a source domain is
mapped into a target domain. For example, the conceptual
metaphor ARGUMENT IS WAR, in which “argument” is the
target and “war” is the source, can be used to explain a statement
like “I defended my argument.” Since its introduction in 1980,
Conceptual Metaphor Theory (CMT) has gained popularity
across various disciplines. The second-most quoted work is also
written by Lakoff and Johnson (1999). This book challenged the
Western traditional philosophy by proposing Embodied Philoso-
phy based on the premise that our actions and our languages are
based on our bodily experiences. Embodied Philosophy contends
that abstract concepts are largely metaphorical. Embodied
Philosophy is thus considered as the philosophical basis of
Cognitive Linguistics. The third most cited document is a
monograph by Gibbs (1994). Gibbs illustrates that human
cognition is inherently poetic and that figurative imagination is
central to how we comprehend ourselves and our surroundings. It
challenges the traditional understanding of the mind by
demonstrating how figurative characteristics of language reflect
the poetic structure of the mind. Psychology, linguistics,
philosophy, anthropology, and literary theory ideas and research
are utilized to demonstrate fundamental ties between the poetic
structure of the mind and daily language use. This monograph
discusses methods and findings of psycholinguistic and cognitive
psychology research to assess current philosophical, linguistic,
and literary theories of figurative language. CMT aroused the
interest of scholars from different disciplines such as linguistics,
cognitive science, neuroscience, and psychology. Scholars in
neurolinguistics and psycholinguistics are particularly interested
in the cognitive processing of metaphors.

The other publications in Table 4 are not about metaphor in
general but about metaphor processing in particular. In an article
entitled “An fMRI investigation of the neural correlates under-
lying the processing of novel metaphoric expressions”, Mashal
et al. (2007) used functional magnetic resonance imaging (fMRI)
to investigate the neural networks involved in the processing of
related pairs of words that formed literal, novel, and conventional
metaphorical expressions. Four different kinds of linguistic
expressions were read by the participants, who then determined
the relation between the two words (metaphoric, literal, or
unrelated). The results showed that the degree of meaning
salience of a linguistic expression, rather than literality or
nonliterality, modulated the degree of left hemisphere (LH) and
right hemisphere (RH) processing of metaphors. This supported
the Graded Salience Hypothesis (GSH, Giora, 1997, 2003), which
predicts a selective RH involvement in the processing of novel
and nonsalient meanings. In this study, the salient interpretations
were represented by conventional metaphors and literal expres-
sions, whereas the nonsalient interpretations were represented by
novel metaphorical expressions. Right posterior superior tem-
poral sulcus, right inferior frontal gyrus, and left middle frontal
gyrus showed considerably stronger activity when the novel
metaphors were directly compared to the conventional

Table 3 Top 10 most productive institutions for metaphor
processing research.

Ranking Institutions The number of
published papers

1 University of California System 131
2 University of London 76
3 Bar Ilan University 64
4 Tel Aviv University 53
5 Harvard University 47
6 Pennsylvania Commonwealth System

of Higher Education Pcshe
42

7 Udice French Research University 36
8 University of Illinois System 36
9 Mcgill University 35
10 University College London 35

Table 2 Top 10 most productive authors for metaphor
processing research.

Ranking Authors The number of published papers

1 Mashal, N. 36
2 Faust, M. 28
3 Gibbs, W. 26
4 Bambini, V. 19
5 Giora, R. 15
5 Glucksberg, S. 14
7 Kircher, T. 13
7 Straube, B. 11
7 Gentner, D. 11
10 Klepousniotou, E. 11
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metaphors. These findings back up the GSH and point to a
unique function of the RH in the processing of novel metaphors.
Additionally, verbal creativity may be selectively influenced by the
right PSTS.

In order to look into the neural substrates underlying the
processing of three different sentence types, Stringarisa et al.
(2007) combined a novel cognitive paradigm with event-related
functional magnetic resonance imaging (ER-fMRI).

Participants were required to read sentences that were either
metaphorical, literal, or meaningless before deciding whether or
not they made sense. The results of this experiment showed that
various types of sentences were processed by various neural
mechanisms. Both meaningless and metaphorical sentences
activated the left inferior frontal gyrus (LIFG), but not literal
sentences. Furthermore, despite the lack of difference between
reaction times of literal and metaphoric sentences, the left

Fig. 2 Critical publications in metaphor processing research. The diagram of document co-citations reveals the top 10 most cited articles among the 3271
publications collected from the WoS.

Table 4 The top 10 most cited publications in metaphor processing study.

Ranking Citation
count

Author (year) Publication name Journal or press

1 611 Lakoff and
Johnson (1980)

Metaphors We Live By Chicago: University of
Chicago Press

2 237 Lakoff and
Johnson (1999)

Philosophy in the flesh: The embodied mind and its challenge to western thought New York: Basic Books

3 220 Gibbs (1994) The Poetics of Mind Cambridge: Cambridge
University Press

4 216 Bowdle and
Gentner (2005)

The Career of Metaphor Psychological Review

5 112 Rapp et al.
(2004)

Neural correlates of metaphor processing Cognitive Brain Research

6 109 Barsalou (2008) Grounded cognition Annual Review of
Psychology

7 109 Mashal et al.
(2007)

An fMRI investigation of the neural correlates underlying the processing of novel
metaphoric expressions

Brain and Language

8 67 Pobric et al.
(2008)

The role of the right cerebral hemisphere in processing novel metaphoric
expressions: A transcranial magnetic stimulation study

Journal of Cognitive
Neuroscience

9 64 Schmidt and
Seger (2009)

Neural correlates of metaphor processing: The roles of figurativeness, familiarity
and difficulty

Brain and Cognition

10 60 Stringarisa et al.,
(2007)

Deriving meaning: Distinct neural mechanisms for metaphoric, literal, and non-
meaningful sentences

Brain and Language
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thalamus is activated only in deriving meaning from metapho-
ric utterances. The authors attribute this to metaphoric
interpretation’s flexibility and ad hoc concept formation. Their
findings do not support the idea that the right hemisphere is
primarily involved in metaphor comprehension, in contrast to
earlier studies.

The two publications mentioned above used new research
methods, such as fMRI and ER-fMRI. Additional research
methods, such as repetitive transcranial magnetic stimulation
(rTMS) by Pobric et al. (2008) and positron emission tomography
(PET) by Bohrn et al. (2012), were also used in other highly cited
papers.

Co-occurring terms analysis. Keywords of any paper present its
theme and some kind of summary of the subject that is going to
be discussed in it. The occurrence of two keywords in a piece of
writing indicates that these words are closely related to one
another in the content of the work. The prevailing view is that if
two or more terms appear together more frequently, they are
more closely related. Betweenness Centrality is one of the func-
tions of CiteSpace that specifies the strength of the relation
between two or more terms. This gives us the ability to predict the
occurrence of a given term with other terms even in other related
topics. If a keyword displays a high Betweenness Centrality value,
the keyword may be very significant. In this study, the research
areas and dominant topics can be determined utilizing keyword
co-occurrence analysis.

We analyzed the keywords to identify the terms and phrases
that had co-occurred in at least two separate publications. Highly-
frequent terms can show hotspots in a specific field of research
(Chen, 2004). In this study, we chose the slice length of 3 years,
and we set the LBY to 5 years. The results showed language,
comprehension, metaphor, figurative language and context were
the top 5 key terms having the highest frequencies. The network

of related keywords is shown in Fig. 3, and the terms with a
frequency of more than 40 are listed in Table 5.

Cluster interpretations. We used CiteSpace to perform a cluster
analysis on the basis of keyword co-occurrences. Totally, 528
nodes in the co-citation network with a 3-year time slice were
obtained from the analysis. The seven greatest clusters in the
research area of metaphor processing are displayed in Fig. 4.
Warmer colors represent more current research subjects, whereas
cooler colors represent older research topics in the clusters.

Table 6 shows the top 7 clusters of keywords in metaphor
processing research. It is obtained by using index terms as labels
for clusters. Also, the clusters were shown by log-likelihood ratio
(LLR). The top 7 clusters are named students, figurative language,
right hemisphere, embodied cognition, comprehension, N400, and
anger.

Cluster #0, as the largest cluster, is labeled as ‘students’. For
native speakers, using and understanding metaphors is simple.
However, understanding figurative statements might be challen-
ging for non-native speakers. Littlemore et al. (2011) found that
at a British university, second-language learners had trouble
understanding 40% of metaphorical terms that were easily
understood by native speakers. Results of another study showed
that second-language learners tended to use metaphors incor-
rectly and in the wrong contexts (Kathpalia and Carmel, 2011). It
may be challenging for second-language speakers to comprehend
and generate metaphors since the metaphorical meaning of a
term is developed in the social and cultural context of native
speakers. Metaphorical expressions that are easily and auto-
matically understandable for native speakers of a certain language
may not be easily interpretable for second-language speakers of
that language due to not having enough exposure to that language
and culture (Kecskes, 2006). Therefore, one of the main concerns
for second-language teachers is to enhance second-language

Fig. 3 Keyword co-occurrence network. The keyword co-occurrence network diagram reveals the most popular keywords of metaphor processing
research.

REVIEW ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-023-02465-5

6 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2023) 10:928 | https://doi.org/10.1057/s41599-023-02465-5



learners’ ability in understanding metaphoric language and to use
it efficiently in the cultural context of the second language. As a
result, there is a lot of discussion in metaphor research about how
to improve students’ ability in using metaphors. For instance, Hu
et al. (2022) performed a randomized controlled trial to assess
how metaphors affected the symptoms of anxiety in Chinese
graduate students.

Cluster #1 is labeled as ‘figurative language’. This cluster shows
that two key components of executive functions (working
memory and inhibition) could play significant roles in figurative

language processing. Since working memory holds information
for a short period of time, it plays an active role in discourse
comprehension. Therefore, this component of executive functions
helps the individual use discourse clues and contextual informa-
tion in the process of metaphor interpretation. Contextually
relevant information and metaphorically relevant information are
put together (Wilson and Sperber, 2012), enabling the individual
to extract the intended metaphorical meaning from an expres-
sion. This is done by the active involvement of working memory.
Also, the role of inhibition, as another component of executive

Table 5 co-occurring terms with high frequency.

Count Central Keyword Count Central Keyword Count Central Keyword

392 0.07 language 57 0.02 embodied cognition 42 0.02 expression
326 0.08 comprehension 54 0.05 discourse 41 0.01 language comprehension
233 0.06 metaphor 53 0.01 working memory 40 0.02 mechanisms
163 0.04 figurative language 52 0.01 metaanalysis 40 0.00 fmri
142 0.06 context 52 0.04 activation 39 0.01 education
124 0.07 metaphor comprehension 49 0.02 sentence comprehension 38 0.02 self
118 0.02 brain 49 0.02 idioms 38 0.03 brain damaged patients
116 0.07 memory 48 0.01 space 38 0.00 English
102 0.06 metaphors 48 0.01 words 37 0.03 experience
102 0.02 mind 47 0.03 individual difference 35 0.02 idiom comprehension
97 0.03 right hemisphere 47 0.02 science 34 0.05 acquisition
89 0.04 children 46 0.03 attention 34 0.03 recognition
74 0.03 similarity 46 0.03 representations 33 0.02 brain potentials
72 0.02 model 46 0.04 students 33 0.01 right cerebral hemisphere
71 0.05 knowledge 45 0.01 integration 32 0.02 thinking
69 0.08 information 45 0.03 prefrontal cortex 31 0.01 event related potentials
66 0.02 perception 43 0.01 aptness 31 0.01 sentences
65 0.03 representation 43 0.01 cognition 30 0.01 social cognition
63 0.02 time 42 0.01 communication 30 0.01 models
57 0.01 conceptual metaphor 42 0.03 meanings

Fig. 4 A cluster illustration for keyword co-occurrence. The network diagram of the keyword co-occurrence cluster reveals the most significant clusters of
metaphor processing research.
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functions, has been documented in many studies (e.g., Glucksberg
et al., 2001). These two components can be in close interaction
with one another in the process of metaphor comprehension.

Cluster #2 is labeled as ‘right hemisphere’ by LSI test (Chen
et al., 2010). This cluster shows that functional magnetic
resonance imaging has been a common technique in research
on the role of the right hemisphere in metaphor processing. Over
the past 20 years, researchers in the fields of neurolinguistics and
psycholinguistics have intensively studied the role of hemispheres
in metaphor processing. Some scholars have hypothesized that
the right hemisphere (RH) may have a special role in the
processing of metaphorical language. However, many behavioral
studies (e.g., Bohrn et al., 2012; Faust and Mashal, 2007; Mashal
et al., 2007; Mashal and Faust, 2008) have evidence suggesting
that the processing of familiar or conventional metaphors
requires more left-lateralized processing, compared to the
processing of unfamiliar metaphors. Additionally, bilateral
processing of traditional metaphors was also supported by the
findings of several studies (e.g., Bambini et al., 2011; Diaz et al.,
2011). These results lend credence to the Graded Salience
Hypothesis (GSH), according to which semantic salience plays
a key role in metaphor processing (Giora, 1997, 2003). According
to this hypothesis, conventional, frequent, recognizable, and
prototypical meanings are simpler to process than less-prominent
meanings. Therefore, the meaning of a conventional metaphor is
more salient and more accessible than its literal counterpart. On
the other hand, in a novel metaphor, the literal meaning is more
evident and the figurative meaning is disclosed later with the
support of contextual clues. The GSH claims that unlike novel
metaphors, whose meanings are acquired through integration and
inferential processes, conventional metaphors’ prominent mean-
ings are stored in the mental lexicon. The GSH also predicts that
the left hemisphere (LH) is more active in comprehending
conventional and salient metaphorical meanings, while the right
hemisphere (RH) is more active in comprehending innovative
and non-salient metaphorical meanings (Giora, 2003).

Cluster #3 is labeled as ‘embodied cognition’. Theories of
embodied cognition challenge the traditional theories of cogni-
tion that are based on amodal symbols. These theories offer new
perspectives on human cognitive processes. These theories hold
that simulation, situated action, and bodily states play a crucial
role in cognitive processes. Cognitive linguistics gave rise to some
of the first set of theories that supported grounded cognition.
Theories of embodied language processing emphasized the role of
body, situation, and simulation in language as opposed to the
amodal theories of grammar that emerged in the Cognitive
Revolution (e.g., Chomsky, 1957). The study of embodiment has
caught the interest of researchers working in traditional cognitive
science, who have started to incorporate the ideas of embodiment
in their works. The role of embodiment in language processing
was developed and promoted by George Lakoff, Mark Johnson,
Mark Turner, and Rafael Núñez based on advancements in the
field of cognitive science (Lakoff, 1987; Lakoff and Johnson, 1980;
Lakoff and Johnson, 1999; Lakoff and Turner, 1989; Lakoff and
Núñez, 2000). In their studies, they have found evidence
suggesting that people draw on their knowledge of everyday
physical phenomena to comprehend concepts. According to
theories of embodiment and embodied language processing,
cognition and cognitive processes are based on the knowledge
that comes from the body. There has been an increase in interest
in studying the relationship between embodied cognition and
language over the last four decades. According to theories of
embodied cognition, when people understand words, their
sensorimotor systems are engaged in simulating the concepts
the words refer to (Jirak et al., 2010). Lakoff and Johnson’s
(1980, 1999) conceptual metaphor theory (CMT) is one of the

most prominent theories of embodied cognition. This theory
holds that situated and embodied knowledge serves as the
metaphorical foundation for abstract concepts. Specifically,
Lakoff and Johnson (1980) argued that abstract concepts are
metaphorically understood in terms of concrete concepts with the
support of sensorimotor systems. Many studies in various
languages have demonstrated how individuals frequently use
physical metaphors to discuss abstract concepts. Literature also
uses a lot of these metaphors (e.g., Turner, 1996). A crucial
question is whether these metaphors only reflect linguistic
convention or whether they genuinely represent how we think
(e.g., Murphy, 1997). There is mounting evidence that these
metaphors are essential to our thought (e.g., Boroditsky and
Ramscar, 2002; Gibbs, 2006).

Cluster #4 is labeled as ‘comprehension’. One of the keywords
in this cluster is the term context. This supports the key role of
context in the process of metaphor comprehension. Context of a
conversation can provide some information that contributes to
metaphor processing (e.g., Steen et al., 2010). It helps the
individual disregard non-relevant literal meanings and keeps the
metaphorically relevant information to derive the intended
metaphorical meaning.

Cluster #5 is labeled as ‘N400’. The N400 is a part of time-
locked EEG signals called event-related potentials (ERP). It is a
negative-going deflection that normally peaks over centro-parietal
electrode sites and occurs 400 ms after the stimulus begins,
though it can also last between 250 and 500 ms. The N400 is a
typical brain response to words and other meaningful (or
potentially meaningful) stimuli, such as visual and auditory
words, sign language signs, images, faces, environmental sounds,
and odors (Kutas and Federmeier, 2000, 2011). During the past 4
decades, ERP has been one of the techniques most frequently
employed in cognitive neuroscience research to examine the
physiological correlates of sensory, perceptual, and cognitive
activities associated with information processing (Handy, 2005).
ERP is also widely employed in metaphor processing studies,
along with other imaging techniques such as fMRI, PET,
and MEG.

Cluster #6 is labeled as ‘anger’. This cluster includes the key
terms figurative language and eye tracking. This suggests that the
metaphoric conceptualization of some emotional states and
emotional terms such as anger can be reflected in eye movements.
Interestingly, some works have suggested that this can happen
not only for emotion-related concepts but also for other
categories of abstract concepts that are metaphorically described
in terms of movement (e.g., Singh and Mishra, 2010).

This clustering of keywords offers an organized and clear
picture of key concepts that have been involved in various lines of
research on metaphor processing. This clustering shows which
lines of investigation have had a strong relationship with one
another in research on metaphor processing. Therefore, the
suggested clustering of keywords in metaphor comprehension
offers a map for research on metaphor processing. This can be a
guiding tool for researchers to have a clearer idea and organized
map of how various lines of research on metaphor processing
intersect with one another.

Discussion and implication for future studies
Discussion. Over the past 50 years, metaphor processing has been
a widely discussed topic among scholars in various disciplines,
particularly researchers in neurolinguistics and psycholinguistics.
Through the aforementioned document co-citation analysis, co-
occurring word analysis, and cluster visualization which were
done by CiteSpace, this study showed that research on metaphor
processing has mainly focused on hemispheric processing of
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metaphors, metaphor comprehension, the embodied cognition
basis of metaphor processing, behavioral-experiments study, ERP
method and other techniques (fMRI, PET, and MEG, etc.), and
the comparision of metaphor processing of adults with children.

Results of this study showed that research projects on
metaphor processing are mainly conducted by experiments,
including behavioral experiments, ERPs, and other imaging
techniques such as fMRI, PET, and MEG. However, there is
some conflicting evidence in the research findings. For instance,
many studies have shown no statistically significant difference
between ASD and TD groups in the understanding of metaphors
and figurative language (Hermann et al., 2013; Kasirer and
Mashal, 2014; Mashal and Kasirer, 2011; Norbury, 2005). These
results suggest that factors other than disease-specific traits may
account for the differences in results between studies. In the past,
it has been discovered that group matching strategy and general
language proficiency can account for part of the between-study
variability in figurative language comprehension (Kalandadze,
et al., 2018). However, further pertinent variables need to be
examined in order to fully explain the observed variabilities. One
reason for these different results may be due to the different
theories the researchers adhere to. Another reason for mixed
results may be due to the task properties of those experiments.

As for the theories on metaphor processing, there are two
models that are widely used to study the processing of metaphors,
namely, the Direct Access View (Gibbs, 1984, 1994; Gibbs and
Gerrig, 1989) and the Graded Salience Hypothesis (Giora,
1997, 2003). According to the Direct Access View, in metaphor
processing, the non-literal meaning of the metaphor can be
directly processed, without inferring and discarding the literal
meaning in an initial stage. Based on the Direct Access View, the
Parallel Hypothesis was proposed, which holds that under-
standing figurative language is not different from that of literal
language. Therefore, it is not necessary to assume any special
cognitive mechanisms to process figurative language such as
metaphors (Glucksberg et al., 1982). However, the Parallel
Hypothesis can only hold if the literal and figurative meanings
are fully understood. When the literal and figurative meanings are
inconsistent, the coexistence of literal and figurative meanings
cannot be explained by the Parallel Hypothesis. This does not
mean that the literal meaning is abandoned before it is processed.
Rather, the context facilitates the understanding of the incon-
sistent literal meanings. Therefore, the Direct Access View also
supports the Context-dependent Hypothesis, which holds that we
have a direct understanding of the figurative meanings with the
help of sufficient contextual information.

Another theory on metaphor processing that is widely used to
support metaphor research findings is the GSH (Giora,
1997, 2003). As mentioned, the GSH holds that metaphor
processing is influenced by the degree of semantic prominence.
That is, conventional, frequent, recognizable, and prototypical
meanings are easier to assimilate than less-salient meanings. One
prediction of GSH is that the right hemisphere (RH) is more
active in perceiving creative and non-salient metaphorical
meanings, while the left hemisphere (LH) is more active in
comprehending conventional and salient metaphorical meanings
(Giora, 2003).

While the Direct Access View holds that metaphorical meaning
is directly accessible, the Graded Salience Hypothesis assumes
that metaphorical meaning is activated after the activation of the
salient literal meaning. Depending on which theoretical frame-
work is taken for certain research, different and conflicting results
may be obtained. However, it should be noted that metaphor
processing is a complex phenomenon and a large number of
factors may be involved in it. Therefore, a single theory may not
be able to describe all aspects of metaphor processing for all types

of metaphors. The Direct Access View can describe the
processing of highly conventional metaphors and idiomatic
expressions. In daily conversations, people can easily produce
and understand conventional metaphors and idiomatic expres-
sions automatically. But, in some cases, this theory fails to
describe the processing of novel metaphors. On the other hand,
the Graded Salience Hypothesis may provide a better picture of
how novel metaphors are processed. Therefore, in order to
explain the discrepancies in research findings, we may need to
take broader frameworks. When a single theoretical framework
cannot explain discrepancies, two complementary frameworks
can be taken and combined to explain and reconcile the
conflicting results. Furthermore, a given theoretical framework
may be more applicable to certain groups of people. For example,
the GSH may be more applicable to ASD than the AD group,
while the Direct Access View may be more applicable to TD than
the ASD group. In other words, types of metaphors (e.g.,
conventional vs. novel metaphor), features of comprehenders
(ASD vs. TD group), and possibly many other factors determine
which theory of metaphor processing is most applicable. Putting
various theoretical frameworks together and trying to make
broader theoretical frameworks is a potential solution for
responding to some questions that have not been answered yet.

Another reason for the differences in results between studies
on metaphor processing may be the task properties of those
experiments. There is a consensus in the literature of behavioral
and neuroimaging studies that factors such as clinical popula-
tions, task characteristics, response format (i.e., multiple-choice
vs. verbal explanation task), and lack of linguistic context can
affect participants’ capacity to interpret metaphors (Pouscoulous,
2011, 2014, Rossetti et al., 2018). For instance, when assessed with
an act-out rather than a verbal explanation task, children with TD
demonstrate earlier proficiency in metaphor understanding. This
may be because verbal and other types of tasks place different
demands on a child’s linguistic and cognitive abilities
(Pouscoulous, 2011). A similar explanation for how people with
ASD perform metaphor tasks is based on response format. For
instance, people with ASD may grasp metaphors similarly to
people with TD, but they may have more trouble conveying them
orally because of problems with expressive language (Kwok et al.,
2015). Other aspects of the metaphors may also play a role, such
as the amount and type of contextual information that is available
to interpret the expression, or the degree of familiarity with the
expression (Pouscoulous, 2011, 2014). By combining the preced-
ing studies utilizing the techniques of systematic review and a
meta-analysis, Kalandadze et al. (2019) collated the knowledge
that is currently available concerning task properties. Their aim
was to find out how task properties affect metaphor comprehen-
sion ability in people with ASD compared to people with TD.
They discovered that previous studies had used various kinds of
materials and tasks that were either created by the researchers
who designed the studies or were adapted from earlier research.
The possible impact of the task properties was rarely taken into
account in the previous studies, despite the fact that the task
properties varied widely. Degree of individual’s familiarity with
the metaphor (conventionality/novelty), degree of complexity of
syntactic structure, linguistic and non-linguistic context (physical
context) of the metaphoric expression, modality of stimulus (e.g.,
audio, visual), response format (verbal or non-verbal), and timing
of the task are important task properties that can affect results of
studies and their interpretations. Therefore, in order to obtain
more accurate results, these factors need to be taken into account.

Implication for future studies. Based on the discussion in the
section “Discussion”, we suggest that two issues deserve more
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consideration in future studies on metaphor processing. The first
one is the theories that are employed to support the findings of
metaphor processing studies. As different theories on metaphor
processing may generate different conclusions, it is suggested that
researchers discuss the results from different theoretical per-
spectives, rather than a single theory.

The second issue that merits more consideration is task
properties. Task properties are important but have been
neglected. The existing research on metaphor processing has
paid little attention to the relevance of task properties in
performance on metaphor comprehension tasks. Therefore, we
contend that task properties including response format and
linguistic features (i.e., metaphor familiarity, the syntactic
structure of the metaphor, linguistic context, and stimulus
modality) should be carefully considered in future investigations
on metaphor processing. The systematic review and meta-analysis
by Kalandadze et al. (2019) revealed that some task properties,
including metaphor familiarity, are more frequently taken into
account than others when determining the impact of a task. The
least studied property in previous research is syntactic structure.
Also, research on metaphor processing has not done a good job to
examine the influence of contextual information on different
groups of people. In future metaphor processing studies, these
task properties merit additional consideration. When creating
and reporting task properties in metaphor studies, researchers
need to be extremely careful.

It should be noted that metaphor processing is a complex and
multidimensional process. Therefore, in order to obtain a clear
picture of various aspects of metaphor processing, researchers of
various fields need to collaborate in interdisciplinary research
projects. Neuroimaging data collected by neurolinguistics experts,
behavioral data collected by researchers in psycholinguistics and
cognitive science, and even corpus-based data can be combined to
offer a broader picture of metaphor processing. Various types of
evidence can complement each other and fill the gaps. This is a
crucial point that should be considered in future research on
metaphor processing.

Conclusion
As noted by Han et al. (2022), metaphor processing has been
the most studied research area in metaphor research. Since the
1970s, how metaphors are processed in the brain has been
extensively investigated by scholars in linguistics, neuro-
linguistics, and psycholinguistics. However, up to now, bib-
liometric tools like CiteSpace have not been used to
systematically review literature on metaphor processing. In
our study, a total of 3271 bibliometric recordings were col-
lected from the Web of Science Core Collection. These
documents had been published between 1970 and 2022. The
descriptive analysis revealed a yearly increase in the number of
publications, indicating that metaphor processing has caught
the interest of academics from a variety of disciplines. Meta-
phor and Symbol, the sole SSCI-indexed journal devoted to
metaphor research, took the first position among journals in
terms of publishing yield with 116 publications on metaphor
processing. Mashal, Faust, and Gibbs are the three most
prolific authors in terms of publications on metaphor
processing.

These bibliometric analyses through the CiteSpace software
showed that language, comprehension, metaphor, figurative lan-
guage, and context were the five most frequent keywords. Also,
the most prominent clusters were students, figurative language,
right hemisphere, embodied cognition, comprehension, N400, and
anger. These findings showed that research on metaphor pro-
cessing has largely focused on the hemispheric processing of

metaphors, metaphor comprehension, and embodiment in
metaphor processing. Behavioral experiments, ERP and other
techniques, such as fMRI, PET, and MEG were the common
techniques in metaphor processing research. The current review
through CiteSpace indicates that putting various theoretical fra-
meworks together and trying to make broader theoretical fra-
meworks is a potential solution for responding to some questions
that have not been answered yet. This review also suggests that in
future studies on metaphor processing, task properties such as
response format and linguistic features should be carefully taken
into account.

Although the current study aimed to be comprehensive within
its defined scope, it was subject to some inevitable limitations.
Firstly, being limited to WoS documents was one of the limitations
of this study. Other databases such as Scopus, Google Scholar,
Index Medicus, and Microsoft Academic Search were not included
in this study. Secondly, publishers’ labeling of document types was
not always correct. Some articles presented as reviews by WoS, for
example, were not review papers at all (Yeung, 2021). Thirdly, we
used only one scientometric instrument. Fourthly, while several
prospective papers have recently been published, these studies
were not acknowledged. Furthermore, because of obliteration, the
citation count for some earlier published works was low.

Nonetheless, this study comprises a ground-breaking biblio-
metric assessment of global research on metaphor processing and
provides a clear overview of global publications related to meta-
phor processing. Hence, it can be a helpful source for researchers
interested in metaphor and metaphor processing. The results of
this review have both theoretical and practical implications for
the study of metaphor processing and metaphor in general.

Data availability
All data analyzed during this study can be accessed at https://doi.
org/10.7910/DVN/JFRP5W.
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