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Abstract
Research in the field of figurative language processing in Autism Spectrum Disor-
ders (ASD) has demonstrated that autistic individuals experience systematic diffi-
culties in the comprehension of different types of metaphors. However, there is
scarce evidence regarding metaphor production skills in ASD. Importantly, the
exact source of metaphor processing difficulties in ASD remains largely contro-
versial. The debate has mainly focused on the mediating role of structural lan-
guage skills (i.e., lexical knowledge) and cognitive abilities (i.e., Theory of Mind
and executive functions) in ASD individuals’ ability to comprehend and generate
metaphors. The present study examines metaphor comprehension and
production in 18 Greek-speaking verbally able children with ASD and 31 typi-
cally-developing (TD) controls. Participants completed two tasks, namely, a low-
verbal multiple-choice sentence-picture matching task that tested their ability to
comprehend conventional predicate metaphors, and a sentence continuation task
that assessed their ability to generate metaphors. The study also included mea-
sures of fluid intelligence, expressive vocabulary, and working memory within the
sample. The results show that the ASD group had significantly lower performance
than the TD group in both metaphor comprehension and production. The find-
ings also reveal that expressive vocabulary skills were a key factor in the metaphor
comprehension and production performance of the children with ASD. Working
memory capacity was also found to correlate significantly with metaphor compre-
hension performance in the ASD group. Conversely, no correlations were found
in the TD group with neither of the above factors. Of note, children with ASD
generated significantly more inappropriate responses and no-responses to the met-
aphor production task compared with the control group. The overall results reveal
that children with ASD had difficulty with both comprehending and using meta-
phorical language. The findings also indicate that TD children may employ
diverse cognitive strategies or rely on different underlying skills when processing
metaphors compared with children with ASD.

Lay Summary
Difficulties related to metaphor comprehension are commonly observed in ASD
individuals. However, less is known about metaphor production abilities in ASD.
In this study, we compared metaphor comprehension and production skills in
18 verbally able Greek-speaking children with ASD and 31 TD children, and also
examined the role of vocabulary knowledge and working memory in metaphor
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processing. The overall results show that both metaphor comprehension and pro-
duction were more challenging for the children with ASD as compared with their
TD peers. Furthermore, we found that vocabulary knowledge is a factor that sig-
nificantly influences both metaphor comprehension and production performance
of ASD participants. The study also reveals that metaphor comprehension abili-
ties in children with ASD are based on working memory skills.

KEYWORDS
Autism Spectrum Disorder, error analysis, executive functions, figurative language, language skills,
metaphor production, pragmatics, predicate metaphors

INTRODUCTION

Comprehension, generation, and proper use of language
expressions with nonliteral meaning are key manifesta-
tions of pragmatic ability, which according to Cardillo
et al. (2021) can be described as the ability to communi-
cate and interact effectively with others in daily life, uti-
lizing various qualities of context (i.e., linguistic, social,
physical). Figurative (or nonliteral) language is typically
defined as a range of linguistic expressions which convey
an indirect nonexplicit meaning. For example, meta-
phors, verbal irony, similes, and idioms are some of the
most representative subtypes of nonliteral language that
can be framed in the broader context of pragmatics. In a
more poetic and less conventional definition by Gibbs Jr.
(1994), nonliteral language is a conscious and
unprompted expression of our imagination and the way
we perceive reality. From the above, it is obvious that dif-
ficulties in the comprehension and production of nonlit-
eral meanings can have a negative impact on the domains
of human communication and social interaction (Swine-
ford et al., 2014). In terms of language development, in
typically-developing (TD) children, the ability to process
nonliteral utterances arises in early childhood and
develops progressively into adulthood (Falkum
et al., 2017). On the contrary, for atypical populations,
such as children with Autism Spectrum Disorders (ASD),
evidence exists of late acquisition and development of
their nonliteral language processing skills (Melogno
et al., 2012; Whyte & Nelson, 2015). This finding comes
as no surprise given the general scientific consensus that
figurative language comprehension is a quite demanding
process that necessitates the activation of both
cognitive and linguistic mechanisms (Dietrich, 2004;
Glucksberg, 2001).

Metaphors are a distinctive form of nonliteral lan-
guage, prevalent in everyday communication and
thought (Katz, 2016; Lakoff & Johnson, 2003). They are
innovative and often humoristic linguistic expressions
whose use can be quite effective in the enhancement of
ASD individuals’ social skills (Ifantidou & Piata, 2021).
Upon using a metaphor, we actually attempt to describe
and highlight a particular semantic feature of a domain
(i.e., the target domain) by addressing an implicit
comparison with another conceptually distant domain

(i.e., the source domain), which holds the same semantic
feature (Colston, 2023). For example, in the metaphorical
expression “My brother is a dolphin,” the target domain
(i.e., brother) is being compared with the source domain
(i.e., dolphin). To decrypt the nonliteral meaning of this
specific expression, we first need to identify the common
semantic feature on the basis of which the two different
domains are being compared (i.e., swimming ability)
(Bühler et al., 2018). Metaphors are usually split between
conventional and novel ones on the basis of their famil-
iarity. The same distinction has also been exploited in the
field of metaphor processing in ASD. The familiarity of a
metaphorical expression is a variable, which has been
shown to influence children’s metaphor processing skills.
According to Bowdle and Gentner (2005), a conventional
metaphor is a type of nonliteral expression which, due to
its high frequency in everyday oral and written language,
functions more as a single word-concept which is stored
in the individual’s mental lexicon. Processing conven-
tional metaphors relies heavily on fixed vocabulary
knowledge (Silvia & Beaty, 2012) and, according to sev-
eral studies, this particular type of metaphor is processed
more easily by individuals with ASD (Giora, 1997; Vul-
chanova et al., 2012). On the contrary, novel metaphors
are innovative nonliteral expressions that are character-
ized by a low degree of familiarity and whose decoding
process requires both sophisticated pragmatic operations
(Pouscoulous, 2011) and cognitive ones (Chahboun
et al., 2016; Mashal et al., 2013).

It is noteworthy that a considerable number of studies
in the domain of metaphor comprehension in ASD
focuses primarily on the processing of nominal meta-
phors. Nominal metaphors establish a nonliteral meaning
by positing a relation of equality between two relatively
dissimilar entities (metaphors of the type “A is a B”, e.g.,
“My mother is an angel”). On the contrary, the study of
predicate metaphor comprehension (e.g., Time is flying)
has received little attention, even though such metaphors
are frequently encountered in every day oral and written
discourse (Steen et al., 2010). In predicate metaphors, a
target verb holds a nonliteral meaning, attributing some
of the sensory–motor qualities of its literal meaning to
the source domain. Since the interpretation of predicate
metaphors is assumed to rely on a process of abstraction
from the semantic features of the literal verb (Chen
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et al., 2008), their processing is likely to impose higher
cognitive demands as compared with nominal metaphors.
However, conventionality is a factor that seems to facili-
tate their comprehension (Utsumi & Sakamoto, 2011).

The study of the cognitive mechanisms that facilitate
metaphor processing has attracted the interest of many
researchers from different scientific fields, including psy-
cholinguistics and neurolinguistics (Peng & Khatin-
Zadeh, 2023), leading to the configuration of different
theoretical approaches which focus on the cognitive pro-
cesses underlying individuals’ comprehension and genera-
tion of metaphors (see Holyoak and Stamenkovi�c (2018)
for a comprehensive review). One of the first and highly
influential theories of metaphor processing is the “Con-
ceptual Metaphor Theory” (Lakoff & Johnson, 2003)
according to which abstract metaphorical meanings are
being perceived through our contextual experience gained
by interplays with the social and physical environment.
Another fairly popular approach for metaphor proces-
sing argues that the ability to interpret metaphorical
expressions lies upon individuals’ ability to reason ana-
logically (viz., the “Analogy Hypothesis” by Gentner and
Clement (1988)), thus, identifying the common properties
of different concepts and creating semantic correlations.
An evolution of the above theory is the “Career of Meta-
phor Hypothesis” by Bowdle and Gentner (2005) who
argued that, although at an early stage the processing of
a metaphor is mainly based on analogical operations, as
we become progressively familiar with a metaphorical
expression and crystallize its figurative meaning in mem-
ory, we tend to perceive it more as a categorical state-
ment. An alternative theoretical framework, known as
the “Direct Access View” (Gibbs Jr., 1994) focuses on the
interplay between the literal and nonliteral meaning of a
metaphorical expression, and argues that the latter can
be accessed directly without the need to elaborate the lit-
eral meaning beforehand. In contrast, the “Graded
Salience Hypothesis” by Giora (1997) suggests that rec-
ognizing the literal meaning of a metaphorical expression
is a prerequisite for decoding its metaphorical meaning,
and that the degree of semantic salience of a metaphor is
a key element for its successful processing. Alongside, the
“Semantic feature approach” (Nippold, 1998) highlights
the importance of identifying the shared semantic quali-
ties of the compared concepts in a metaphorical
expression.

It is important to mention that some of the theories
described above (e.g., the “Direct Access approach”)
have also highlighted the crucial role of context in the
comprehension of metaphorical meanings. Carston
(2012), for instance, argues that supporting context con-
tributes the most to the direct decoding of a metaphorical
expression. Moreover, findings of empirical studies with
TD children (Stamenkovi�c et al., 2020) confirm the con-
tribution of contextual information to the understanding
of metaphors. So far, although the field of theoretical
approaches to metaphor processing has been fruitful,

none of the proposed theoretical models has managed to
prevail by offering a comprehensive theoretical frame-
work for metaphor processing which can apply to indi-
viduals of both TD and atypical development. Departing
from the view of a single metaphor processing account,
current research (e.g., Peng & Khatin-Zadeh, 2023)
argues for the necessity of adopting broader combina-
tional theoretical models of metaphor processing, which
can be verified through different research methods and
with experimental groups characterized by different cog-
nitive and behavioral characteristics.

ASD is a neurodevelopmental disorder which consists
of a continuum of social and communication difficulties
accompanied by restricted interests and stereotypical
behaviors (American Psychiatric Publishing, Inc., 2013).
Although ASD is characterized by a great interindividual
variability in language and cognitive profiles (Peristeri &
Andreou, 2024; Schaeffer et al., 2023; Themistocleous
et al., 2024), pragmatic abilities appear to be largely com-
promised across the spectrum. Impairments in the proces-
sing of nonliteral language have been regarded for years
as a flagship of the pragmatic deficit in ASD (Katsos &
Andrés-Roqueta, 2021). More specifically, recent reviews
(Kalandadze et al., 2019; Lampri et al., 2023; Morsanyi
et al., 2020) document that across studies participants
with ASD generally lag behind their TD peers in the
comprehension of metaphors. Of note, Kalandadze et al.
(2018) claim that metaphors seem to be the most chal-
lenging pragmatic phenomenon for individuals with
ASD, refuting previous findings (Happé, 1993;
MacKay & Shaw, 2004) that pinpointed verbal irony as
the most demanding type of nonliteral language in ASD.
Nevertheless, in the empirical landscape, there is a well-
observed variability in the results across and within stud-
ies, showing that there are indeed individuals with ASD
who manage to interpret metaphors similarly to their TD
peers. For example, several studies (Chouinard & Cum-
mine, 2016; Giora et al., 2012; Hermann et al., 2013;
Kasirer & Mashal, 2014) found no statistically significant
differences between the performances of TD groups and
groups with ASD in metaphor processing. These findings
are in contrast with other studies (Borkowska, 2015; Car-
dillo et al., 2021; Huang et al., 2015; Landa & Gold-
berg, 2005) in which participants with ASD seemed to
struggle to comprehend metaphorical expressions com-
pared with their TD counterparts. The discrepancy across
studies may stem from numerous reasons. Namely, meth-
odological differences between the studies’ designs
(Melogno et al., 2012), variation in task characteristics
(Kalandadze et al., 2018), differences in the age ranges of
the target groups across studies (Van Herwegen & Rund-
blad, 2018), and the absence of validated and standard-
ized tools to assess metaphor comprehension (Cardillo
et al., 2021) are factors that have possibly led to contra-
dictory findings. Furthermore, the large heterogeneity
notices among individual profiles in ASD are beyond
doubt a key factor that may account for variation
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between the studies’ results. The variability attested
across results in metaphor processing in ASD in relevant
studies does not allow us to make strong claims about the
presence of a specific or/and a universal impairment in
metaphor processing springing from the ASD condition
per se.

Regarding research that has investigated the underly-
ing factors that affect metaphor processing in ASD,
researchers have focused mainly on individuals’ abilities
in Theory of Mind (ToM), language and executive func-
tions (EFs). Although previous research (Happé, 1993)
has attributed attested difficulties in metaphor processing
in ASD to ToM deficits (i.e., difficulty to reason about
the mental state of others; Dennett, 1980), researchers
over the years have argued that not all individuals with
ASD are necessarily impaired in metaphor processing but
only those who have poor verbal, and more specifically,
low vocabulary skills (Kasirer & Mashal, 2016; Nor-
bury, 2005) and deficits in syntax (Whyte & Nel-
son, 2015). This hypothesis seems to be also supported by
Kissine (2021), who claims that metaphor processing
requires pragmatic skills which do not rely upon the indi-
viduals’ mentalizing skills. Notably, this idea is in con-
trast with recent findings that have revealed significant
correlations between ToM and metaphor comprehension
performance in individuals with ASD (Cardillo
et al., 2021; Whyte & Nelson, 2015). As prior work in
this area is limited, less is known about the exact role of
EFs in the processing of metaphors in ASD. Impairments
in different aspects of cognitive functions are commonly
observed among individuals with ASD (Andreou
et al., 2022; Lai et al., 2017). The few studies (Kasirer &
Mashal, 2014; Mashal & Kasirer, 2011) that have
addressed the relations between EFs and metaphor pro-
cessing report that cognitive flexibility is a factor that sig-
nificantly predicts metaphor comprehension in ASD.
Although evidence from studies with TD individuals
(Chiappe & Chiappe, 2007; Pierce & Chiappe, 2008) sug-
gests that another key EF in metaphor processing is
working memory, the role of working memory in the
comprehension and production of metaphors in ASD has
not been studied yet.

The overall discrepancy in the results on metaphor
processing in children with ASD fuels the existing debate
surrounding the exact roots of metaphor processing diffi-
culties in ASD. ToM, verbal abilities, and EFs are vari-
ables that may contribute in different ways to metaphor
processing in ASD (Kalandadze et al., 2018; Lampri
et al., 2023; Tzuriel & Groman, 2017); therefore, it is nec-
essary that all three variables are taken into consider-
ation. According to Kasirer and Mashal (2016), the way
metaphors are perceived and processed is influenced by
multiple external (i.e., nonrelated to an individual’s cog-
nitive or language profile) factors such as the type of met-
aphor (i.e., novel or conventional), exposure to
metaphors and task properties (see Kalandadze
et al., 2019 for a systematic review on the effect of tasks

properties on metaphor processing). Regarding the effect
of metaphor familiarity on ASD individuals’ metaphor
comprehension skills, the results are inconsistent. Some
experimental studies (Chahboun et al., 2017; Kasirer &
Mashal, 2016) suggest that individuals with ASD under-
stand novel metaphors better than conventional ones.
Yet, other studies (Giora, 1997; Gold et al., 2010; Vul-
chanova et al., 2012; Zheng et al., 2015) provide evidence
that conventional metaphors are more easily processed
than novel metaphors by participants with ASD. As far
as task properties are concerned, one issue that has not
received much attention so far is the task’s language
demands (see Lampri et al., 2023). The great majority of
metaphor comprehension studies in ASD have used
mostly verbally loaded tasks, in which participants had
to read text (Adachi et al., 2004) or/and provide verbal
explanations to open questions (Borkowska, 2015;
Landa & Goldberg, 2005; Rundblad & Annaz, 2010). As
such, the particular tasks seem to require high verbal,
metalinguistic, and metacognitive skills, which have often
been found to be impaired in groups with ASD (Kwok
et al., 2015; Lewis et al., 2007; Melogno et al., 2015; Peri-
steri et al., 2024). Possible task effects raise the question
whether the low performance of participants with ASD
in metaphors in the above studies may be interpreted in
terms of a deficit specific to figurative language proces-
sing, or rather in terms of a broader language deficit
within the autistic phenotype. Hence, it is essential that
future studies use tasks with low-verbal load in order to
be able to disentangle figurative comprehension skills
from the individuals’ verbal ability. Besides the tasks’
verbal load characteristics, many scholars (Kalandadze
et al., 2022; Stamenkovi�c et al., 2020) argue that tasks
with multiple-choice answer formats and visual stimuli
place fewer pragmatic demands on participants with
ASD, which seems to compensate for the individuals’
potentially low language abilities, and thus reliably mir-
ror their metaphor processing skills.

Another gap in the field of metaphor processing in
ASD is that few studies so far have examined the ability
of individuals with ASD to generate nonliteral meanings
(Kasirer & Mashal, 2016; Mashal & Kasirer, 2011). We
speculate that a possible reason for this gap is the chal-
lenge of designing tasks able to trigger automatic genera-
tion of a targeted linguistic phenomenon (Ramos Cabo
et al., 2020). Studies so far show that participants with
ASD are capable of generating metaphorical structures
and, in fact, are occasionally particularly creative in this
field (Kasirer & Mashal, 2014). However, due to the
paucity of relevant research, we cannot draw firm conclu-
sions about ASD individuals’ ability to generate
metaphors.

Vicente et al. (2023) point out that the well-known lit-
eralism trend of ASD individuals, that is, their tendency
to interpret linguistic stimuli literally, including various
types of figurative language, lacks empirical basis, as the
vast majority of figurative language studies in ASD have
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focused on the comprehension abilities of individuals
with ASD rather than on their bias for literal interpreta-
tions. Indeed, only few studies (Chahboun et al., 2017;
Kasirer & Mashal, 2014; Olofson et al., 2014) have spe-
cifically addressed the literalism trend in metaphor pro-
cessing in ASD by providing evidence in favor of literal
biases. We believe that a fine-grained mapping of the
error types to which participants with ASD adhere to in
metaphor comprehension and production may contribute
to a deeper understanding of the nature of their difficul-
ties in metaphor processing.

Considering all the above-mentioned gaps in relevant
research so far, the present study addresses two research
questions: (a) Does the ability to comprehend and pro-
duce metaphors in children with ASD differs from TD
children? and (b) What is the role of age, language skills
(i.e., vocabulary) and EFs (i.e., working memory) in the
children’s ability to understand and produce metaphors?
Another focus of the current study is the analysis of error
types in metaphor production as a means to further high-
light metaphor processing skills in ASD. To the best of
our knowledge, this is the first study to address the effects
of language and EFs in the metaphor processing abilities
of Greek-speaking children with ASD.

METHODS

Participants

The study included in total 49 Greek-speaking children
that were split in two groups. The group with ASD com-
prised 18 (16 males, 2 females) children, and the TD
group included 31 age-matched children (17 males,
14 females). The children were recruited from the geo-
graphical regions of Peloponnese and Macedonia in
northern Greece, and were referred by Centers for Inter-
disciplinary Evaluation, Counseling and Support
(KEDASY) that constitute the official state centers in
Greece responsible for the investigation and assessment
of educational needs or barriers to learning of pre-school
and school-aged students, including students with dis-
abilities or special educational needs, as well as the issu-
ance of a relevant evaluation report. All children
received a formal clinical diagnosis of autism from a
child psychiatrist or developmental specialist on the basis
of the DSM-V, and ICD-10 criteria (American Psychiat-
ric Association, 2013; World Health Organization,
1993). Children with ASD attended mainstream classes
in public schools. All the children with ASD were ver-
bally able, that is, they could produce a range of flexible
sentence types and grammatical structures, and could
also provide information about events out of the imme-
diate context. TD children were recruited via invitation
letters distributed to mainstream schools in the geo-
graphical regions of Peloponnese and Macedonia in
northern Greece.

Baseline tasks

Children’s nonverbal IQ was estimated using the Raven’s
Colored Progressive Matrices Test (RCPM; Raven, 1995).
Administering a different intelligence test as a proxy for
nonverbal intelligence, for example, the performance IQ
scales of the Wechsler Intelligence Scales for Children-
Third Edition (WISC-III; Wechsler, 1991; adapted to
Greek by Georgas et al., 1997) was deemed impractical
mainly due to its long duration (at least in comparison
with the duration of the RCPM) and the time-restrictions
imposed by the schools that were involved in data collec-
tion. All study procedures were approved by the Univer-
sity of Peloponnese Institutional review board (IRB) (IRB
protocol number: 18734/19.9.2023).

The study also included two baseline tests that tapped
into the children’s language and cognitive skills, respec-
tively. More specifically, language screening was carried
out through the Expressive Vocabulary Test (Vogindrou-
kas et al., 2009; adaptation from Renfrew & Mitch-
ell, 1997). This instrument assesses expressive vocabulary
skills in standard Modern Greek. The test contains 50 pic-
tures depicting commonplace objects of increasing diffi-
culty. The child is awarded one point for each correct
picture naming attempt. The maximum possible score is
50. Testing in the expressive vocabulary test was discon-
tinued after five consecutive failures. Besides raw vocabu-
lary scores, we have converted scores into normed
vocabulary age equivalents on the basis of the children’s
chronological ages. We should note that no assessment
tool for syntax adapted to Greek is currently available,
so autistic children’s language profiling was limited to
their lexical skills. Though the Peabody Picture Vocabu-
lary Test–Revised (PPVT-R) has been standardized in
Greek (Simos et al., 2011), administering the specific task
to autistic children would have been challenging mainly
because the task is relatively long and requires from the
participant to indicate which of four drawings corre-
sponds to a spoken word, which would in turn increase
attentional demands for the autistic individuals. We thus
assessed the autistic (and TD) children on the standard-
ized Expressive Vocabulary Test (Vogindroukas
et al., 2009; adaptation from Renfrew & Mitchell, 1997).

Cognitive screening, on the other hand, included a
Backwards Digit Recall Test, which is a computerized
measure of verbal working memory from the Automated
Working Memory Assessment (AWMA, Alloway, 2007;
normed for Greek by Chrysochoou, 2006). In this test,
the child is required to recall a sequence of spoken digits
in reverse order. Digit sequences were audiotaped by a
native speaker of Greek with the distance between the
offset of a digit and the onset of the next one to be 1 s.
The score is estimated as the number of trials on which
the sequence of spoken digits is recalled correctly with a
maximum score of 36. Hearing difficulties were estab-
lished as an exclusionary criterion for the Backwards
Digit Recall Test.
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Table 1 includes demographic information, as well as
the two groups’ IQ, expressive vocabulary and back-
wards digit recall scores.

Due to the fact that the data across the two groups
were not normally distributed, group effects were
explored through chi-squared tests. The tests showed that
the two groups did not differ in either chronological age,
X2 4.05, p 0.06, or in Raven’s scores, X2 1.80,
p 0.186. The ASD children’s scores on the Raven’s
Colored Progressive Matrices Test were at the 63th per-
centile (SD 18.1), indicating an average level of perfor-
mance (IQ ≥90). The group effect was not significant for
expressive vocabulary, X2 2.60, p 0.113. Though the
group with ASD had lower vocabulary age equivalencies
than the TD group, the difference between the two
groups was not found to be statistically significant,
X2 4.08, p 0.09. On the other hand, there was a sig-
nificant group effect in backwards digit recall, X2 6.18,
p 0.016, which was due to the fact that the children
with ASD scored significantly lower than the TD group.

Measures

Main tasks

Study 1 Metaphor comprehension task
Metaphor selection (pilot study). Based on Chahboun
et al., 2016, we conducted a pilot study with 60 children
(ages 8—12) which aimed to determine the familiarity of
the metaphors in the task. Specifically, after searching
books used in Greek elementary schools and relevant dic-
tionaries, we created a questionnaire comprising 30 con-
ventional predicate metaphors. For each metaphorical

expression, we asked participants to answer three ques-
tions: (a) Have you ever heard this expression? (b) Do
you know its meaning? and (c) Do you use this expres-
sion? We scored the answers to each question with 1 point
for [yes] answers and 0 points for [no] answers, and aver-
aged the total scores from the 3 questions. Responses
from three autistic children that were questionable logi-
cally (e.g., answering [no] to the first question, but [yes]
to the last) were coded as invalid and received 0 points.
Following Chahboun et al.’s, 2016 study, we set the 0.80
as a metaphor selection cutoff. The 14 predicate meta-
phors that were selected as the items to be included in the
metaphor comprehension task of the current study
received high familiarity ratings (i.e., a mean rating of
over 1.6).

Coding schema (main study). Due to the lack of a stan-
dardized Greek metaphor comprehension test, we
designed a computer-mediated low-verbal sentence-pic-
ture matching task based on previous studies in metaphor
comprehension in ASD (Cardillo et al., 2021; Chahboun
et al., 2016). Fourteen auditory predicate metaphors
(4 served as trials of familiarization, and 10 as the main
experimental trials) were presented in a short sentence
context to aid comprehension (e.g., Turn off the tap.
Water is running, see Figure 1). No teaching was allowed
in the familiarization trials.

Participants listened to the target sentence (a single
repetition of the prompt was allowed) and were then
asked to select among four pictures the one that best
described the meaning of the target metaphor. The four
pictures corresponded to (a) the target (correct) nonliteral
interpretation, (b) a literal interpretation, (c) an interpre-
tation that was opposite to the nonliteral meaning, and

TABLE 1 Descriptive statistics (means, SD) of demographic information and children’s performances in the Raven’s Colored Progressive
Matrices Test, expressive vocabulary, and backwards digit recall tests.

Group
Age (years;
months)

Standardized raven
scores

Expressive vocabulary
(max. score: 50)

Normed vocabulary age equivalent
(years; months)

Backwards digit
recall

ASD 9;6 (1.9) 120.3 (17.8) 35.8 (7.9) 8;9 (2.3) 11.2 (3.5)*

TD 9;0 (0.6) 125.9 (11.5) 38.7 (4.1) 9;6 (1.4) 14.0 (4.2)

Note: Italic values within the parentheses denote the standard deviations of the mean scores.
Abbreviations: ASD, Autism Spectrum Disorder; max.: maximum; TD, typically-developing.
*p < 0.05.

F I GURE 1 Pictures for the metaphor “Turn off the tap. Water is running.”
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(d) a semantic distractor (specifically, the picture depicted
an action which referred to a word from the target sen-
tence but was unrelated to the nonliteral meaning of the
expression) (see Figure 1 for an example).

Study 2 Metaphor production task
The metaphor production task of the current study was
adapted from the linguistic innovation task of Levorato
and Cacciari (2002), and the metaphor generation task of
Kasirer and Mashal (2014, 2016).

Concept selection (pilot study). We have first conducted
a pilot study with 20 children (ages 8–10) in which chil-
dren were presented with 20 concepts denoting emotions
in the form of a metaphor and were asked to generate a
new expression describing the meaning of the target emo-
tion. We first established ratings for each concept (i.e., 1
point for a metaphorical answer and 0 points for a non-
metaphorical answer), and then we averaged the total
scores of the items. The 10 concepts that received a rating
of over 0.80 were included in the metaphor production
task of the current study.

Coding schema (main study). The sentence continuation
task of the current study consisted of 10 concepts (i.
e., emotions), which were presented to the participants as
a metaphor (e.g., Love is a rainbow). After listening to
the target sentence, children were asked to repeat it and
express the meaning of the target-concept (i.e., love) in a
new appropriate way by choosing their own continua-
tion/ending of the sentence (i.e., Love is…………).
Importantly, the children were not explicitly asked to cre-
ate a metaphor but instead they were encouraged to think
of something similar to the target concept (i.e., Love).
Specifically, phrases such as “What love looks like for
you?”, or “If you had to make a drawing about love what
would you draw?” were used to encourage children to
generate new metaphorical expressions. The metaphori-
city of the obtained answers were independently evalu-
ated by two adults who were naïve to the purposes of the
study. In case of disagreement, a third adult was asked to
decide if the generated expression was a metaphor or not
(85% interrater agreement). The adults also evaluated the

aptness of the generated expressions by classifying
the children’s responses into the following response cate-
gories: (a) target metaphors (e.g., “Love is a sunset”)
wherein the generated word (i.e., sunset) is a conceptually
distant domain from the target concept (i.e., Love) but
holds common semantic features, (b) nontarget meta-
phors (e.g. “Love is pencil”) where the new expression is
metaphorical but does not describe the meaning of the
target emotion (i.e. Love) or/and is a domain that is not
conceptually distant from the target emotion (e.g., Love
is joy), (c) literal answers (e.g., “Anger is irritation”)
where the generated expressions constitute definitions or
synonyms of the target concept, and, finally,
(d) inappropriate answers (e.g., Love is ok) that are nei-
ther metaphorical nor literal, and fail to describe the
meaning of the target concept.

RESULTS

We ran a linear mixed-effects model, with Group (ASD,
TD), Raven’s scores (as a measure for intelligence),
vocabulary, backwards digit recall scores (as a measure
for working memory) and age as the predictors, and met-
aphor production and comprehension scores as the
dependent variables. The model included random slopes
for participants. Due to the fact that error rates were not
normally distributed across the two groups, differences
between children with ASD and TD children in error
rates in metaphor production were explored though chi-
squared tests.

Table 2 below presents the groups’ mean accuracy
performance scores in the metaphor production and com-
prehension task. Table 2 also includes the groups’ mean
error rates per error-type (i.e., literal, nontarget, inappro-
priate and no response) in the metaphor production task.

Table 3 below illustrates the output of the linear
mixed-effects model (p values significant beyond the 0.05
cutoff are in bold). The model fitted to the metaphor pro-
duction and comprehension data of the study found sig-
nificant group effects for both skills; specifically, TD
children scored higher than their peers with ASD in both
metaphor production and comprehension. Vocabulary

TABLE 2 Descriptive statistics (means, SD) of groups’ mean metaphor production and comprehension accuracy, and mean erroneous
performances per error-type (literal, nontarget, inappropriate, no-response) in the metaphor production task.

Group
Metaphor production accuracy
(max. score 10)

Error-types (metaphor production)
Metaphor comprehension accuracy
(max. score: 10)

Literal Nontarget Inappropriate
No-
response

ASD 3.2 (2.0) 2.7 (1.9) 1.3 (1.7) 1.9 (1.8)** 0.8 (1.6)* 7.8 (1.9)

TD 6.0 (2.3) 2.2 (2.0) 0.8 (1.2) 0.8 (0.9) 0.2 (0.4) 9.3 (0.8)

Note: Italic values within the parentheses denote the standard deviations of the mean scores.
Abbreviations: ASD, Autism Spectrum Disorder; max.: maximum; TD, typically-developing.
*p < 0.05.
**p < 0.01.
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significantly predicted both metaphor production and
comprehension, while backwards digit recall significantly
predicted metaphor comprehension. There were signifi-
cant two-way interactions between group and vocabulary
in both metaphor production and comprehension, since
vocabulary had a significant effect on metaphor produc-
tion, t(1, 13) 18.00, p < 0.001, and comprehension, t
(1, 16) 18.72, p < 0.001, only for the children with
ASD (TD children: t(1, 30) 3.16, p 0.09 for
metaphor production, and t(1, 30) 0.96, p 0.924
for metaphor comprehension). There was also a signifi-
cant two-way interaction between group and backwards
digit recall in metaphor comprehension, which stemmed
from the fact that backwards digit predicted
metaphor comprehension scores for the children with
ASD, t(1, 13) 4.55, p 0.041, but not TD children,
t(1, 30) 1.86, p 0.182. Finally, there was a significant
two-way interaction between group and age in metaphor
production, which stemmed from the fact that metaphor
production accuracy scores significantly increased with
age for the TD children, t(1, 30) 14.53, p < 0.001, but
not the children with ASD, t(1, 13) 0.12, p 0.735.

Regarding error-types in the metaphor production
task, the children with ASD tended to produce signifi-
cantly more inappropriate responses, X2 8.29,
p 0.006, and more no-responses, X2 4.76, p 0.034,
than the TD group. The two groups did not differ in
either literal, X2 0.54, p 0.462, or nontarget
responses, X2 1.42, p 0.24 (see Table 2).

DISCUSSION

The current study aimed at investigating metaphor com-
prehension and production in school-aged children with
ASD and age-matched TD children, while also exploring
possible links between metaphor processing and chil-
dren’s language and EF skills. Crucially, the study has
employed a low-verbal task to assess children’s metaphor

comprehension skills, thus, keeping language demands to
the minimum. The overall results show that metaphor
production and comprehension were challenging for chil-
dren on the spectrum, and that both were significantly
affected by the children’s lexical skills. Metaphor com-
prehension was also found to critically rely on the chil-
dren’s working memory skills.

More specifically, the study’s first research question
was to investigate if children with ASD differ from their
TD peers in their ability to comprehend and produce
metaphors. The results revealed that the children with
ASD fell behind TD controls in the comprehension of
conventional predicate metaphors. This finding is con-
sistent with previous studies (Cardillo et al., 2021; Chah-
boun et al., 2016) that utilized low-verbal tasks to assess
metaphor comprehension in ASD. The same pattern
was also found in the metaphor production task, where
TD children again outperformed participants with ASD.
Crucially, the fact that there was no significant discrep-
ancy in either the expressive vocabulary scores or the
vocabulary age equivalencies between the two groups
implies that performance differences in metaphor pro-
duction and comprehension were not confounded by the
ASD children’s language abilities. We should note, how-
ever, that there was a 9-month discrepancy between the
chronological and vocabulary ages for the group with
ASD, with the mean chronological age being greater
than the vocabulary age, while the reverse pattern was
observed for the TD group, that is, the mean vocabulary
age of TD children was greater than chronological age
by 6 months. Though this discrepancy may suggest a
language delay for the group with ASD, the low verbal
nature of the tasks discards the possibility that the ASD
children’s performance was compromised by vocabulary
weaknesses. Notably, the low verbal status of the tasks
in the current study may also strengthen their utility
function with bilingual child populations with ASD,
whose performance in various socio-pragmatic tasks has
been shown to be compromised by the verbal load of the

TABLE 3 Summary of the mixed effects model for metaphor production and comprehension scores.

Metaphor production Metaphor comprehension

Predictors Coeff. SE z p Coeff. SE z p

Group 4.46 0.35 12.48 0.004** 8.56 0.19 42.99 <0.001***

Raven 2.23 2.22 1.00 0.323 14.89 21.94 0.67 0.513

Vocabulary 0.20 0.06 3.19 0.05* 0.68 0.19 3.56 0.031*

Group � vocabulary 3.19 0.10 31.47 0.003** 0.72 0.19 3.65 <0.001***

Backwards digit 1.33 1.74 0.76 0.455 7.72 0.99 7.78 0.05*

Group � backwards digit 0.18 0.06 3.05 0.06 6.90 0.77 8.89 <0.001***

Age 0.24 0.08 3.11 0.003** 0.17 0.20 0.83 0.426

Group � age 7.56 0.43 17.52 <0.001*** 0.20 0.39 0.51 0.996

Abbreviations: Coeff., coefficient; SE, standard error.
*p < 0.05.
**p < 0.01.
***p < 0.001.
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tasks used (Andreou et al., 2020; Andrés-Roqueta &
Katsos, 2020).

The current results in metaphor production seem to
contradict the findings of studies that used a similar meta-
phor generation task and found either no significant dif-
ferences between groups with and without ASD
(Kasirer & Mashal, 2016), or a unique verbal creativity in
individuals with ASD who performed better than their
TD peers (Kasirer et al., 2020). Another interesting find-
ing in the metaphor production task pertains to the errors
committed by the group with ASD. Specifically, children
with ASD tended to produce significantly more inappro-
priate responses and no-responses compared with the TD
group. However, the two groups did not differ in either
literal or nontarget responses. It is essential to interpret
this pattern by considering potential differences in the lan-
guage skills of the two groups. TD children typically dem-
onstrate stronger language abilities compared with many
children with ASD, including skills in vocabulary and
syntax (Peristeri et al., 2017, 2020). In contrast, language
impairments commonly observed in children with ASD
may hinder their ability to generate suitable metaphorical
expressions, thus, leading to a higher incidence of errors.
However, it is important to acknowledge the significant
heterogeneity within the autism spectrum. While some
individuals with ASD exhibit language abilities that are
on par with or even exceed those of TD peers, others may
experience challenges in language comprehension and
expression. The variability in linguistic profiles within the
spectrum can impact performance on metaphor tasks,
with different individuals demonstrating unique strengths
and weaknesses in figurative language processing.

The second research question aimed to explore the
potential influence of age, language proficiency (i.e.,
vocabulary), and EFs (i.e., working memory) on chil-
dren’s metaphorical comprehension and production abili-
ties. According to the results, there was no significant
correlation observed between age and metaphor compre-
hension and production scores of the children with ASD.
This finding is consistent with previous studies arguing
that chronological age is neither a predictor of conven-
tional metaphor comprehension in ASD (Gernsbacher &
Pripas-Kapit, 2012; Kalandadze et al., 2018; Rundblad &
Annaz, 2010) nor a predictor of metaphor generation
(Kasirer & Mashal, 2016). Conversely, chronological age
was found to be significantly correlated with metaphor
production scores among TD children, which is in line
with findings from previous studies (Carriedo et al., 2016;
Deckert et al., 2019). The abovementioned studies men-
tion that as children grow, they experience improvement
in linguistic abilities, cognitive flexibility, and abstract
thinking, all of which are essential for metaphor genera-
tion. These developmental changes likely contribute to
the observed age-related differences in metaphorical pro-
ficiency, even within a relatively homogenous group of
TD children as in our case. Additionally, exposure to
diverse language contexts and increased neural matura-
tion may further enhance metaphorical skills with age.

The study has also revealed that expressive vocabu-
lary (i.e., language skills) correlated with both metaphor
comprehension and production performance in the chil-
dren with ASD (Kalandadze et al., 2022; Morsanyi
et al., 2022). However, that was not the case for the TD
children. A possible explanation may be that while
expressive vocabulary possibly contributes to metaphor
comprehension and production in some TD children, it
may not be as consistently predictive across the entire
TD population. Other cognitive factors, such as cognitive
flexibility, abstract thinking, and exposure to various lan-
guage experiences, may play a more prominent role in
metaphor processing among TD children. Finally, verbal
working memory capacity measured though the digit
backwards task contributed to the metaphor comprehen-
sion performance of the group with ASD only (Morsanyi
et al., 2022). The few studies (Kasirer & Mashal, 2014;
Mashal & Kasirer, 2011) that have addressed the rela-
tions between EFs and metaphor processing in ASD
highlight cognitive flexibility as the most important pre-
dictor of metaphor comprehension in the specific popula-
tion. However, EFs encompassing cognitive flexibility,
planning, and inhibition exhibit variations between indi-
viduals with ASD and their TD counterparts (Chaku
et al., 2022; Cordova et al., 2020). It is conceivable that
TD children employ alternative EFs or cognitive pro-
cesses that may not be directly linked to working memory
for metaphor comprehension. Alternatively, TD children
may rely more heavily on contextual verbal or nonverbal
cues when comprehending metaphors compared with
children with ASD. These alternative strategies could
alleviate the necessity for using extensive working mem-
ory resources during metaphor comprehension in TD
children.

LIMITATIONS AND FUTURE
DIRECTIONS

Some limitations of the study need to be considered.
First, the current study has only tested children’s verbal
working memory skills, so follow up studies should con-
sider expanding the measures of EFs to also include cog-
nitive flexibility and inhibition. Additionally, the
incorporation of a task assessing ToM is imperative,
since mentalizing skills may have considerable impact on
metaphor processing in ASD (Kalandadze et al., 2018;
Lampri et al., 2023; Tzuriel & Groman, 2017). Also,
since the current study only included children with ASD
and no intellectual impairment, it would be interesting to
include children with low cognitive skills, and investigate
the effect of cognitive capacity on children’s metaphor
processing abilities. Furthermore, another limitation of
this study is that the two groups were matched on age
rather than nonverbal IQ. Matching children on nonver-
bal IQ would allow a deeper understanding of the factors
influencing autistic children’s metaphor comprehension
and production, and future work should replicate the
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current design with nonverbal IQ-matched autistic and
TD groups. The fact that female participants were under-
represented in the group with ASD that have participated
in the current study (16 males, 2 females) does not allow
us to explore gender differences in metaphor processing
in ASD. Similarly, the sample of the children with ASD
spanned a wide age range (7–12 years), which does not
allow us to identify possible sensitive time windows in
children’s metaphor production and comprehension
skills. Finally, since metaphorically used words and
expressions may vary considerably across different lan-
guages, it would be interesting to investigate the effect of
cross-language differences on the metaphor comprehen-
sion skills of children with ASD and different language
backgrounds.
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