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Fluency or Similarities? Cognitive Abilities that
Contribute to Creative Metaphor Generation

Anat Kasirer
Bar Ilan University

Nira Mashal
Bar Ilan University

This study focused on the cognitive abilities that contribute to creative metaphor generation. A
concept explanation task was used to test conventional and novel (creative) metaphor genera-
tion. Conceptual fluency and similarities were measured using the Tel-Aviv Creativity Test
(TACT). The main goal was to investigate how fluency of ideas and similarities contribute to
creative metaphor generation. Fifty-four children (M = 12.59, SD = 2.05) participated in the
study. The findings demonstrated that fluency of ideas contributed to the prediction of creative
potential, but not conventional metaphor generation, beyond similarities, cognitive abilities,
executive functions, verbal abilities, and age. The results thus show that novel metaphor
generation is unique and separate estimate of creative potential, which is reciprocally related
to conceptual fluency.

Creativity is commonly viewed as the production of some-
thing that is novel, different, and innovative, yet at the same
time useful, relevant, and appropriate to the task at hand
(Runco & Jaeger, 2012). Effectiveness (relevance or appro-
priateness) and originality (uniqueness or novelty) deter-
mine the extent of its creativity (Runco, 2014, 2015). The
spontaneous flow of ideas and images (i.e., fluency) has
been considered an important characteristic of a creative
mind. It has been argued that metaphors form the kernel
of creative thought (Ricoeur, 1981). Metaphor processing
relies on the ability to link disparate conceptual domains and
to find the similarity between two apparently unrelated
concepts (Bowdle & Gentner, 2005). Despite the numerous
studies that tested which cognitive abilities contribute to
metaphor generation (Chiappe & Chiappe, 2007; Dietrich,
2004; Kasirer & Mashal, 2016a; Landa & Goldberg, 2005),
how similarities and fluency contribute to creative metaphor
generation remained underexplored

This study focuses on the cognitive abilities that contribute
to verbal creativity potential as assessed through a novel
metaphor generation task. The generation of a novel

metaphor reflects the ability to break conventional or obvious
patterns of thinking, to adopt creative or higher order rules,
and to think conceptually and abstractly (Dietrich, 2004).
Metaphors are the most powerful source for linguistic inno-
vation, and hence provide a fruitful context for studying
creative thought (Levorato & Cacciari, 2002). For instance,
mercy and blanket are two apparently unrelated concepts, but
mercy blanket can be combined into a novel concept and
interpreted as wrapping someone with a sense of compassion.

Metaphor generation evolves in early stages of childhood
(Billow, 1981; Chukovsky, 1968; Fourment, Emmenecker, &
Pantz, 1987; Gentner, 1988) and continues to develop further
with the development of cognitive and linguistics capacities.
A preschool child can cross-classify experience using a piece
of string in play, calling it a snake (Winner, McCarthy,
Kleinman, & Gardner, 1979). Likewise, the school-age
child can attribute physical properties to psychological states,
such as the utterance, “This boy is fat like a balloon”.
Gentner (1988) and Nall (1983) explained the development
change in metaphor processing as identifying similarities
between objects that occur during development. According
to Gentner (1988), children under age 7 interpret metaphori-
cal compression in terms of object similarity, whereas older
children do so in terms of relational similarity. Levorato and
Cacciari (1995) presented a psycholinguistic model for the
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development of figurative language comprehension and gen-
eration, called the global elaboration model. According to
this model, it is by default that children, until the age of
seven, process language literally. Further, children acquires
the knowledge that the same communicative intention can be
realized through different sentence forms (literally, idiomati-
cally, metaphorically). Metaphor processing capabilities gra-
dually develop until adolescence. Around the age of 15,
children can comprehend and generate figurative language
at an adult level, with further development even in adulthood.

The generation of novel and original metaphors relies
on several cognitive processes that require higher cogni-
tive resources, such as fluid intelligence and executive
processes (Beaty & Silvia, 2013). Indeed, the property
attribution model of metaphor comprehension
(Glucksberg, 2001; Glucksberg, McGlone, & Manfredi,
1997) argues that creating a metaphor implies an under-
lying process of categorization (class inclusion) that
involves several executive processes. To generate a
metaphor that contains a topic and a vehicle, a speaker
must first select the property that will be attributed to the
topic, and then scan semantic knowledge for suitable
vehicle that exemplify the abstract, higher-order attribu-
tive category. This process requires maintaining access
to the category while inhibiting irrelevant features.
Carriedo et al. (2016) investigated the contribution of
relational verbal reasoning (analogical and class-inclu-
sion reasoning) and executive functioning to metaphor
comprehension in three age groups (11 years; 15 years
and young adults between 21 and 25). Consistent with
previous studies (Gentner, 1988; Levorato & Cacciari,
1995; Van Herwegen, Dimitriou, & Rundblad, 2013;
Winner, Rosenstiel, & Gardner, 1976) the findings
showed gradual development of metaphor comprehen-
sion until adulthood. Furthermore, although at the age
11 children relied on analogical reasoning to compre-
hend metaphors, 15-year-old adolescents used two dif-
ferent alternative strategies to resolve metaphors: Either
they interpreted metaphors using cognitive inhibition or
they did so using analogical and class-inclusion reason-
ing. The contribution of executive functions, as well as
verbal and nonverbal skills, to metaphor generation
among children with and without autistic spectrum dis-
order (ASD) aged 9–16 was also demonstrated by
Kasirer and Mashal (2016a). The findings showed that
children were able to generate spontaneously novel and
conventional metaphors (18.97%; 24.1%, respectively).
Furthermore, phonemic fluency contributed to the pre-
diction of novel metaphor generation in children with
and without ASD. Nevertheless, only age predicted
novel metaphor generation in typically developing (TD)
children. Interestingly, group (TD vs. ASD) but not
verbal or executive skills predicted the level of conven-
tional metaphor generation with TD participants scored
higher than did participants with ASD.

DIVERGENT THINKING

Divergent thinking is a necessary variable of creativity
(Milgram & Livne, 2006; Runco, 2010). According to
Guilford (1968), divergent thinking is the ability to gen-
erate a wide variety of ideas and associations to a given
problem. Such ability consists of fluency (number of
responses), flexibility (different categories of ideas), ori-
ginality (uniqueness of ideas), and elaboration (diverse of
ideas). Divergent thinking is assessed by open-ended tests
that establish the fluency ability to generate multi solu-
tions as possible (Guilford, 1956). A well-known test is
the Torrance Tests of Creative Thinking (TTCT;
Rosenthal, DeMers, Stilwell, Graybeal, & Zins, 1983;
Torrance, 1974). This test measures fluency of ideas,
flexibility, originality, and elaboration. The TTCT
includes both verbal and figural open-ended subtests that
require a spontaneous generation of many responses as
possible for a given item. A shortened version of the
TTCT, Tel-Aviv Creativity Test (TACT; Milgram,
Milgram, & Landau, 1974) was used in this study.

Given the importance of fluency of ideas to creative
thinking, it remains unknown whether fluency of ideas
contributes to creative metaphor generation beyond
similarities (Carriedo et al., 2016), executive abilities
(Bowdle & Gentner, 2005; Damasio, 2001; Dietrich,
2004; Kaufman & Baer, 2004, 2005; Landa &
Goldberg, 2005; Mashal, 2013), verbal abilities
(Hocevar, 1980), and nonverbal intelligence (Beaty &
Silvia, 2013; Nusbaum & Silvia, 2011; Silvia & Beaty,
2012). Two generation tasks were used in this study:
conventional metaphor generation and creative (novel)
metaphor generation task. The aims of this study are
threefold: first, to examine whether the two types of
creativity potential tests (metaphor generation and
TACT) are intercorrelated; second, to investigate how
fluency of ideas and similarities contribute to creative
metaphor generation; and third, to investigate whether
different cognitive abilities (fluency, similarities, verbal
and non-verbal skills) contribute to conventional and
novel metaphor generation. One hypothesis was that
because both tasks (metaphor generation and TACT)
rely on similar activities (fluency, flexibility, originality,
and elaboration), novel metaphor generation and TACT
will be intercorrelated. A second hypothesis was that
both fluency and similarities will contribute to creative
metaphor generation. In addition, because metaphor
generation develop throughout childhood, another
hypothesis was that age will contribute to the develop-
ment of metaphor generation. Furthermore, because
novel metaphor generation relies on different cognitive
capabilities than conventional metaphor generation
(Beaty & Silvia, 2013; Kasirer & Mashal, 2016a), a
final hypothesis was that different skills would predict
each metaphoric task.

206 A. KASIRER AND N. MASHAL



METHOD

Participants

The participants of this study included 54 Hebrew-speaking
participants (31 boys and 23 girls). The age of participants
ranged from 10 to 16 years (M = 12.59, SD = 2.05). All
participants were recruited from elementary schools and
junior high schools. To be included in the study, all partici-
pants had to score within the age-appropriate range on the
screening tests described in the following. A participant who
scored outside this range did not continue with the experi-
mental tasks. All parents received an introductory letter
about the experiment and signed an informed consent prior
to the beginning of the study. The study was approved by
the Israeli Ministry of Education. Participant recruitment
was conducted in accordance with institutional research
guidelines

Materials

Screening tests

The following screening tests were used. The Test of
Nonverbal Intelligence (TONI-3; Brown, Sherbenou, &
Johnsen, 1997) consists of 45 black-and-white items
arranged according to degree of difficulty. This test
assesses the subject’s ability to solve abstract/figural pro-
blems without depending on the verbal skills of the sub-
ject. A Hebrew picture-naming test (Kavé, 2005a)
consists of 48 black-and-white line drawings; the partici-
pant was instructed to say, in one word, the name of the
item in the picture. The final test was the vocabulary
subtest from the Wechsler Intelligence Scale for
Children (WISC-IVHEB; Wechsler, 2003). One participant
who scored outside the normal range on any of these
three tests (e.g., scored two standard deviations below
age-appropriate scores, or under 7 on the vocabulary
test) was excluded.

Executive functions tests

Language-based executive function tests were assessed
by the Ambiguous Word Meaning Generation Test (AMGT;
Mashal & Kasirer, 2011) and two verbal fluency tests
(Kavé, 2005b).

AMGT

This test is based on mental flexibility. It tested the
ability to activate different meanings of ambiguous words
and then shift between them. Participants were presented
with a list of 20 short, unbiased sentences that ended with
ambiguous words (e.g., Look at this bank). They were
instructed to say aloud all meanings of the final word. The
score was the number of correct answers provided for all
ambiguous words.

Phonemic fluency

The fluency tests investigated flexible search strategies
(Kavé, Kigel, & Kochva, 2008) and executive control
(Hurks et al., 2006). Following Kavé (2005b), phonemic
fluency was assessed by obtaining the number of words
generated in 1 min for the letters bet (b), gimel (g), and
shin (sh). A sum of the words produced on all three letters
was used as the score.

Semantic fluency

Following Kavé (2005b), semantic fluency was assessed
by obtaining the number of words generated in 1 min. for
each of the following three semantic categories: animals,
fruits and vegetables, and vehicles. A sum of the words
produced on all three categories was used as a score.

Creativity Potential

Metaphor generation: Concept explanation

First, 16 concepts from Levorato and Cacciari’s (2002)
stimuli were selected and then they were tested whether they
were appropriate for Hebrew speakers. Twenty Hebrew
speaking adults (age range 18–25) were presented with
these concepts and were asked to generate new expressions.
Half of the concepts were presented in the form of a meta-
phor (e.g., love is____) and the other half were presented in
the form of a simile (e.g., feeling worthless is like____).
Three constructions of each kind did not produce figurative
responses, and thus the final questionnaire included five
metaphors and five similes. Participants of this study were
asked to come up with a new way of expressing the mean-
ing of the concept. Instructions emphasized originality so as
to encourage participants to create a new expression, rather
than to simply paraphrase the one presented in the ques-
tionnaire. Thus, participants were asked “to create and write
down a new expression, which is more comprehensible
within your peer group than outside it.”

The same five adult judges (who rated the previous
questionnaire) independently coded the data, determining
whether each expression was literal or figurative (when
there was disagreement, judges discussed and decided on
the scores together). The judges were told that a novel
metaphor is an unfamiliar, unique, and creative metaphoric
(nonliteral) expression (e.g., feeling worthless is like a mir-
ror smashed to pieces); a conventional metaphor is a famil-
iar expression or an idiom (e.g., feeling embarrassed is like
having a red face); and a literal response is a simple
description with no figurative meaning (e.g., feeling suc-
cessful is like a victory). They were then asked to give
novel metaphors 3 points, conventional metaphors 2 points,
literal responses 1 point, and no points to unrelated or
inappropriate responses. The general inter-rater reliability
was high r = .93
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Conventional metaphor generation scores

Responses that received 2 points (conventional meta-
phors) from the concepts presented in both the form of a
metaphor and a simile were summed up. The maximum
score was 20 (10 for metaphors and 10 for similes). Each
final score was converted to percentages.

Novel metaphor generation (creativity) scores

Creative ability was measured by the number of
responses that received 3 points on the concept explanation
test for each of the 10 items (concepts presented in both the
metaphoric and the simile form). The maximum score was
30 and each final score was converted to percentages.

TACT

The shortened version of Milgram et al. (1974) measure
was used. The original scale (Wallach & Kogan, 1965)
measures creative thinking and is highly reliable. This
16-item instrument is the most standard creativity test in
Israel. Participants were asked to give as many responses
as they can to each item for two verbal tasks (A, B) and
two figural tasks (C, D). Two measures are examined for
each item: (a) conceptual fluency, defined as the number of
responses given for each item, and (b) originality, defined
as responses given by 5% or less of the participants. The
instrument consists of four subtests. In subtest A (uses)
participants are expected to produce as many uses as they
can for four objects (a newspaper, a car’s tire, a shoe, and a
chair). Cronbach’s alpha of this subtest in thise present
study was .79. In subtest B (similarities) participants are
asked to point out as many similarities as they can between
two objects of each of the following pairs: a potato and a
carrot, a train and a tractor, a grocery store and a restau-
rant, and a radio and a telephone. Cronbach’s alpha of this
subtest in this study was .85. In subtest C (paintings) four
paintings are presented. Participants are asked to point out
all the things that the painting can represent, drawing their
attention to the fact that they can turn the painting any way
they want. Cronbach’s alpha of this subtest in this study
was .79. In subtest D (lines) four lines are presented;
participants were asked to point out as many meanings of
each line. Cronbach’s alpha of this subtest in this study
was .83. Cronbach’s alpha of the entire measure in this
study was .90.

Procedure

Participants were tested individually in schools or in their
homes. Screening tests and executive functions tasks were
administered on a separate initial session. On a second
session, half of the participants were tested on the TACT
task first and then the metaphor generation task. The rest of
the participants were tested in the reverse order.

RESULTS

Means (and SD) and the range for each test including the
percent of metaphor generation are presented in Table 1.

Before examining which skill predicted the generation of
novel and conventional metaphors, Pearson correlations
were conducted between the performance on the metaphor
generation tests and the TACT scores. Positive correlations
were found between the performance on the novel metaphor
generation test and TACT scores in A (uses) to C (paintings)
parts (r(52) = .42, p < .01 for TACT–A; r(52) = .28, p < .05
for TACT–B, similarities; and r(52) = .28, p < .05 for
TACT–C). No significant correlation was found between
the performance on the novel metaphor generation test and
the TACT–D (lines) scores r(52) = .15, p = .29. No sig-
nificant correlations were found between the performance
on the conventional metaphor generation test and TACT
scores (r(52) = .10, p = .49 for TACT–A, r(52) = .18,
p = .20 for TACT–B (similarities), r(52) = .15, p = .29 for
TACT–C, and r(52) = .07, p = .64 for TACT–D).

The Prediction of Novel Metaphor Generation

To examine which variable best predicted the generation of
novel metaphors, a hierarchical and stepwise regression
analysis was conducted. Predictors included the background
characteristics (age and gender), scores on the nonverbal
and verbal intelligence (TONI-3, naming test, and vocabu-
lary subtest of the WISC), scores on tests of executive
functions (AMGT, two verbal fluency tasks), the perfor-
mance on the generation of conventional metaphors, as
well as scores on the four TACT parts. First, the two back-
ground characteristics were entered to the regression, and
then scores on the three nonverbal and verbal intelligence
tests, the three executive functions measures, the perfor-
mances on the conventional metaphor generation test and
the scores on the four TACT parts in a stepwise manner.

TABLE 1
Mean (and SD) scores and range for each test (N = 54)

Tests Subtests M SD Range

Non-verbal and verbal
intelligence

TONI-3 32.09 6.80 20–44

Naming 43.98 2.90 34–48
Vocabulary 42.94 7.04 30–56

Executive function AMGT 14.41 6.30 0–20
Phonemic fluency 29.22 9.28 15–60
Semantic fluency 41.35 10.11 21–64

Metaphor generation Conventional 22.59 20.39 0–80
Novel 15.00 15.99 0–60

TACT Part A(Uses) 17.69 6.48 7–41
Part B
(Similarities)

14.31 4.92 5–31

Part C (Paintings) 15.69 5.62 5–27
Part D (Lines) 12.81 5.14 5–28
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Results of this regression analysis are presented in Table 2.
The order of the variables presents the order of significance.

As can be seen in the Table 2, performance on TACT–A
explained a significant share of the variance and contributed
15.1% to the explained variance, beyond the background
characteristics, F(3, 50) = 3.98, p < .05. The positive beta
coefficient, indicating that as the TACT–A scores increases,
the performance on novel metaphor generation tests
increases.

Prediction of Conventional Metaphor Generation

To examine which variable best predicted the generation
of conventional metaphors, a hierarchical and stepwise
regression analysis was conducted. Predictors included
the background characteristics (age and gender), scores
on the nonverbal and verbal intelligence (TONI-3, naming
test, and vocabulary subtest of the WISC), scores on tests
of executive functions (AMGT, two verbal fluency tasks),
the performance on the generation of novel metaphors, as
well as scores on the four TACT parts. First, the two
background characteristics were entered to the regression,
and then the scores on the three nonverbal and verbal
intelligence tests, the three executive functions measures,
the performances on the novel metaphor generation test
and the scores on the four TACT parts in a stepwise
manner. Results of this regression analysis are presented
in Table 3. The order of the variables presents the order
of significance.

As can be seen in the Table 3, none of the variables
contributed significantly to the conventional metaphor gen-
eration variance. However, age marginally contributed to
conventional metaphor generation. Thus, as the age
increases, the performance on conventional metaphor

generation test tend to increase as indicated by the positive
beta coefficient.

DISCUSSION

This study examined creativity potential in children using
two different tasks, TACT and two metaphor generation
tasks (novel and conventional metaphor generation). The
results show that performance on the novel metaphor gen-
eration task correlates with the two verbal subtests, TACT–
A (uses) and TACT– B (similarities), and the figural subtest
TACT–C (paintings). No correlations were found between
the performance on the conventional metaphor generation
test and the TACT scores. Furthermore, fluency of ideas (as
assessed by TACT–A, uses), contributed to the prediction of
novel metaphor generation beyond similarities, cognitive
abilities, EF, verbal abilities and age.

Novel metaphor generation motivates the subject to
break conventional patterns of thinking (e.g. “Feel success-
ful is like the sky opening up”). Only the uses task (TACT–
A) contributed to novel metaphor generation. Indeed, both
tasks are based on diverting thinking (Guilford, 1956),
which encourages creating relevant associations, original
ideas, and various options to the same question. However,
while in the uses task (TACT–A) the participant is expected
to produce as many uses as he can for given objects; in the
generation task the participant expected to produce one
creative expression. This metaphor generation process prob-
ably involves uploading many ideas to select the most
original idea and inhibit the conventional ones.

Recent studies (Kasirer & Mashal, 2016a, 2016b) high-
light the contribution of fluency, and specifically phonemic
fluency, to the generation of creative metaphors. Kasirer and

TABLE 2
Regression analysis predicting novel metaphor generation by age, gender, verbal ability, executive functions, conventional metaphor generation

and the TACT scores

Dependent variables Steps Independent variables B SE.B β t p R2 ΔR2

Novel metaphor generation 1 Age .28 1.11 .04 .26 .80
Gender −6.70 4.51 −.21 −1.49 .14 .042 .042

2 Age .11 1.02 .01 .10 .92
Gender −4.11 4.26 −.13 −.96 .34
TACT - A −.98 .32 .40 3.06** .01 .193* .151**

*p < .05, **p < .01

TABLE 3
Regression analysis predicting conventional metaphor generation by age, gender, verbal ability, executive functions, novel metaphor generation

and the TACT scores

Dependent variables Steps Independent variables B SE.B β t p R2 ΔR2

Conventional metaphor generation 1 Age 2.61 1.36 .26 1.92 .06 .094 .094
Gender 4.40 5.59 .11 .79 .43
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Mashal (2016a) found that only age contributed to novel
metaphor generation among typically developing children
aged 9–16. However, in that study fluency (as assessed with
TACT) was not used. This study revealed that fluency of
ideas (as assessed by the uses task, TACT–A) contributed to
novel metaphor generation beyond age, vocabulary and
cognitive performance. The ability to come up with various
uses to a given object (e.g. a newspaper, a car’s tire)
requires, first, an extensive vocabulary and a retrieval cap-
ability. Second, it requires flexible capabilities that enable
one to think otherwise, to activate different associations, and
to then shift between them (i.e., a car’s tire can also be a
chair). Third, to produce novel and original uses of object
and evaluate the resulting ideas. As follows, all those abil-
ities are required to metaphor-generation processing (Beaty
& Silvia, 2013; Silvia & Beaty, 2012). The findings show
that fluency of ideas seems to be the most influencing ability
on verbal creativity. Thus, although similarity is essential
variable to metaphor processing (Bowdle & Gentner, 2005;
Gentner, 1983), our findings pinpoint the important contri-
bution of fluency of ideas to novel metaphor generation.

These results also show that conventional metaphor gen-
eration did not predict novel metaphor generation. This
finding may suggest that novel metaphor generation is a
distinct verbal ability, which is independent of previously
stored figurative phrases. Finally, none of the other cogni-
tive variables (the TACT scores, the vocabulary or the
executive functions) contributed to the conventional meta-
phor generating test. Unlike novel metaphor generation, the
ability to generate conventional metaphors does not rely on
fluency of ideas.

This study has some limitations. First, the sample of
participants was relatively small. Future studies need to
expand the sample and include adults. Another potential
limitation is the fact that the measures of executive func-
tions were rather limited. The executive functions of this
study were language-based. However, studies have high-
lighted the contribution of working memory to metaphor
generation and other creativity tasks (e.g., Chiappe &
Chiappe, 2007; Kaufman & Baer, 2005). Future studies
need to include additional measures, such as working mem-
ory and attention.
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