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Abstract

When a metaphor is first encountered (lawyers are sharks), several meanings are activated, but the literal ones (lawyers have fins)
need to be inhibited to successfully compute the figurative meaning (lawyers are aggressive). With repeated exposure that
metaphor becomes conventionalized, and its figurative meaning may be easily accessible without the need to inhibit the
corresponding literal meaning. Thus, a central question in the field, and the objective of the current project, relates to how
metaphor conventionality and inhibitory control contribute to metaphor comprehension. Participants completed a sense—
nonsense task in which they indicated whether metaphorical and literal phrases had sensible meanings. In Experiment 1,
participants also completed an inhibitory control task that assessed their ability to inhibit task-irrelevant responses. Participants
with lower inhibitory control were slower at responding to more novel metaphors and faster at responding to more conventional
metaphors compared with participants with higher inhibitory control. In Experiment 2, we used a dual-task paradigm to reduce
participants’ inhibitory control resources while performing the sense—nonsense task. Participants completed the sense—nonsense
task concurrently with a different secondary task. This assessed their ability to evaluate phrases under low and high inhibitory
load conditions. Performance on the sense—nonsense task was higher when processing more conventional than more novel
metaphors when participants’ inhibitory control processes were taxed in the high load condition. These findings suggest that
inhibitory control does play a role in metaphor comprehension—the less conventional a metaphor, the more inhibitory skills are
required to compute the figurative meaning.
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Metaphors (e.g., lawyers are sharks) are extremely common
in language, and can make complex or abstract concepts easier
to understand. They are composed of a topic (lawyer), the
subject to which features are ascribed, and the vehicle (shark),
the object whose features are borrowed. How metaphors are
processed has, for several decades, been the subject of intense
debate within the field of psychological science. On one hand,
metaphor comprehension can be viewed as a cognitively de-
manding task, such that when a metaphor is encountered, both
the figurative (lawyers are aggressive) and the literal (lawyers
have fins) meanings are activated and compete for access, and
individuals need to inhibit the literal meanings in order to
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successfully compute the intended (figurative) meaning
(dual access account; e.g., Giora, 1997). On the other hand,
metaphors are ingrained in our everyday language, and often
there is no need to resolve any competition for access between
literal and figurative meanings because the figurative meaning
can be directly accessed without the need to evaluate the literal
meanings (direct access account; e.g., Gibbs, 1994). Which of
the two proposed theories better explains how metaphors are
actually processed? The answer is not that simple. A central
issue is the consideration of other factors that could contribute
to metaphor comprehension.

One primary difference between the dual access and direct
access accounts is that the former involves the activation and
subsequent inhibition of literal information from consider-
ation, which suggests that executive functions might be nec-
essary to actively inhibit features that do not map semantically
between the topic and vehicle items. Executive functions are
comprised of three core mental processes: shifting (directing
attention to newly relevant information), updating (screening
incoming information for task-relevance and then revising or
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integrating it with the current goal), and inhibition (suppress-
ing task-irrelevant information; Miyake et al., 2000). All three
processes share a common underlying mechanism that con-
tributes to metaphor comprehension, as indicated by a strong
relationship between measures of executive functions and
metaphor comprehension (e.g., Carriedo et al., 2016;
Chiappe & Chiappe, 2007). Moreover, these studies seem to
use both the broader term, executive functions, and the more
specific term, inhibitory control. While executive functions
may underlie all three processes, inhibitory control may play
amore specific role in metaphor comprehension. Indeed, there
is evidence that inhibitory control processes filter out inappro-
priate features of the metaphor vehicle to compute the figura-
tive meanings (e.g., Gernsbacher et al., 2001). However, there
is also evidence that individuals can interpret some metaphors
faster than they can interpret literal phrases, suggesting that
the corresponding figurative meanings may be readily avail-
able without the need to evaluate or inhibit literal meanings
(Glucksberg et al., 1982).

In addition to the role of executive functions, and more
specifically inhibition, an important moderating factor poten-
tially contributing to these conflicting findings is the metaphor
itself—not all metaphors are alike. A metaphor when first
encountered is novel, but with repeated exposure becomes
conventionalized. Thus, metaphors can vary from being novel
(ideas are diamonds) to more conventional (arms are steel),
which could affect the extent to which inhibitory control pro-
cesses are recruited to facilitate comprehension. For example,
the figurative meaning of a conventional metaphor may be
easily accessed because the meaning is lexicalized, whereas
the figurative meaning of a novel metaphor needs to be com-
puted first, and therefore, requires inhibitory control to select
the appropriate meaning from alternate, literal meanings.
Unlike dual access account, direct access account does not
make claims about metaphor conventionality, and therefore,
do not assign a special role to inhibitory control. Instead, they
emphasize the role of context, such that there is no difference
in processing between literal and figurative phrases if suffi-
cient contextual support is available (e.g., Gibbs, 2002).
Conversely, the dual access account proposes that the involve-
ment of inhibitory control depends on the salience (e.g., con-
ventionality) of the metaphor. The more frequently used
or conventional a metaphor, the more salient or acces-
sible the figurative meaning without the need for inhib-
itory control. And the less frequently used or more nov-
el a metaphor, the more salient or accessible the literal
meaning, which then requires inhibitory control to suc-
cessfully compute the figurative meaning (Giora, 1997).
Considering the two theoretical accounts, to this end,
the objective of the current project was to examine the
extent to which inhibitory control processes are recruit-
ed during the processing of metaphors that vary in
conventionality.
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Previous research on different types of metaphors shows
that the threshold for the activation of figurative meanings
among more established metaphors is often as strong as or
stronger than that of their corresponding literal meanings
(Bowdle & Gentner, 2005). In the case of novel metaphors,
the figurative meaning may not be initially obvious, and in-
hibitory control processes may be required to override the
activation of irrelevant features. It is at precisely these times
when literal meanings need to be inhibited. Indeed, it has been
found that novel metaphors tend to be associated with a great-
er processing cost compared with more familiar or conven-
tional metaphors (e.g., Bowdle & Gentner, 2005; Lai &
Curran, 2013; Lai et al., 2009; Pierce et al., 2010), and that
frontal brain regions associated with more effortful semantic
processing are recruited during novel metaphor processing
(Mashal et al., 2007; Rutter et al., 2012). Moreover,
Amanzio et al. (2008) found that compared with healthy con-
trols, Alzheimer’s patients, who have deficits in executive
functions, have trouble processing novel metaphors, but not
conventional metaphors. The authors proposed that for novel
metaphors, for which no figurative meanings are accessible,
executive functions are necessary to compute the meanings
based on the possible relations between novel topic-vehicle
pairings, but for conventional pairings, the associated mean-
ings are easily accessible, without the need to evaluate the
literal meanings. Incidentally, the finding that nonliteral mean-
ings are typically retrieved from semantic memory is evident
in the literature on idiom processing (Gibbs, 1980; Swinney &
Cutler, 1979). Although this line of research has contributed
significantly to our understanding of metaphor comprehen-
sion, there are some methodological differences that should
be addressed with respect to the roles of inhibitory control and
metaphor conventionality.

First, studies that examine executive functions, including
inhibitory control, in metaphor comprehension sometimes in-
clude measures that recruit not only domain-general process-
es, such as inhibitory control and working memory, but also
some aspects of domain-specific processes, such as reading
ability and vocabulary knowledge. For example, in the origi-
nal reading span task, participants read a series of sentences as
well as remember the final word of each sentence for later
recall (Daneman & Carpenter, 1980). So, although this task
requires processes related to different executive processes, it
also relies heavily on specific reading abilities related to the
auditory-verbal subsystem (Baddeley, 2003; Daneman, &
Merikle, 1996; Ericsson, & Kintsch, 1995), such that reduced
performance on such reading tasks is associated with higher
instances of reading disability (Siegel, 1994). Thus, from a
theoretical standpoint, such measures make it difficult to in-
terpret the true role of executive functions, particularly inhib-
itory control, which should be domain general—if individuals
indeed inhibit literal meanings, this process should not be
related to their reading ability or vocabulary. Moreover, using
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a domain-specific measure could artificially inflate the rela-
tionship between executive functions and metaphor compre-
hension because conventional metaphors are well established
due to repeated usage, and therefore are more likely associated
with crystalized knowledge and vocabulary. Evidence for this
assertion comes from Beaty and Silvia (2013), who reported
that the production of conventional metaphors was associated
with crystalized intelligence, but not with fluid intelligence
(which is closely linked to inhibitory control; Ackerman
et al., 2005), suggesting that conventional metaphor genera-
tion may recruit prior knowledge with minimal executive
resources.

Second, while studies have examined how executive func-
tions interact with different types of metaphors, these meta-
phors tended to vary in familiarity (e.g., Columbus et al.,
2015; Mashal, 2013) rather than in conventionality. Whereas
familiarity of a metaphor is determined by the topic-vehicle
pairing (the overall sense of familiarity; e.g., alcohol is a
crutch), conventionality of a metaphor is determined primarily
by the vehicle (ice cream is a crutch; Bowdle & Gentner,
2005). That is, familiarity reflects the extent to which both
the topic and the vehicle are used together figuratively, while
conventionality reflects the extent to which the vehicle is con-
ventionally used to build a metaphoric meaning. Hence, con-
ventional metaphoric uses of a vehicle can be used either with
a frequent topic pairing or with an infrequent topic pairing.
The two types of metaphors (familiar vs. conventional) have
different effects on metaphor comprehension although the ex-
act nature of these differences is debatable, and open for in-
vestigation. Perhaps the extent to which executive functions,
particularly inhibitory control processes, are engaged in com-
puting figurative meanings is similar between unfamiliar and
novel/nonconventional metaphors, but they differ between fa-
miliar and conventional metaphors. Familiar metaphors
may be easier to interpret because, unlike conventional
metaphors that consist only of a lexicalized vehicle, fa-
miliar metaphors consist of both lexicalized vehicle and
topic. As such, familiar metaphors may be more likely to
be associated with a figurative meaning and therefore eas-
ily retrievable, and more likely to use semantic processing
that involves long-term storage (Mashal, 2013). Another
related issue is that several metaphors studies use the
terms familiarity and conventionality interchangeably,
when they are in fact measuring familiarity (e.g., Kenett
et al., 2018). To summarize, treating familiarity as a mea-
sure of conventionality and treating domain-specific and
domain-general processes as indications of true executive
functions are overgeneralizations that could be contribut-
ing to the disagreement between the theoretical findings
in the dual access literature. In the current set of experi-
ments, we vary metaphor conventionality and use
domain-general measures to examine the relation between
inhibitory control and metaphor comprehension.

Current project

In Experiment 1, we used an individual-difference paradigm
to examine whether an inhibitory control measure predicts
response time on a sense—nonsense task. In the sense—
nonsense task, participants indicated as quickly as possible
whether a metaphorical or matched literal phrase has a sensi-
ble meaning. Response times on this task provide information
about how easily a metaphor is interpreted. In the inhibition
task, more specifically, a modified version of the Eriksen
flanker task (Eriksen & Eriksen, 1974; Ridderinkhof et al.,
2020), participants indicated the direction of the central arrow
(pointing left or right) as quickly and accurately as possible
while ignoring flanking peripheral arrows. Response times on
this task assess an individual’s ability to inhibit task-irrelevant
responses. According to the dual access account, if more novel
metaphors require greater inhibitory control (because the lit-
eral meaning needs to be inhibited) and more conventional
metaphors do not (because their meanings are directly re-
trieved from LTM), then scores on the flanker task should
predict response time on the sense—nonsense task only for
novel metaphors. However, if the flanker task scores do not
predict response time for either novel or conventional meta-
phors, it would provide evidence for the direct access account
as this account does not make processing distinctions between
different types of metaphors (i.e., they do not assign any spe-
cial role to inhibitory control).

In Experiment 2, we used a dual-task paradigm in which
participants performed a sense—nonsense task while simulta-
neously performing an n-back (executive functions) task de-
signed to tax inhibitory control processes required for novel
metaphor processing. In this n-back task (Kirchner, 1958), a
temporal sequence of numbers was presented in between each
metaphorical and literal phrase presentation, and participants
indicated whether a currently presented number was identical
to the number presented two trials ago (dual load) or if the
currently presented number was odd or even (single load or
control condition). This paradigm tests the notion that if the
primary task (sense—nonsense task) recruits inhibitory control
processes, then responding to the secondary task (n-back task)
simultaneously will exceed attentional capacity and perfor-
mance on either task will be impaired. But, if the primary task
does not recruit inhibitory control processes, then perfor-
mance should remain unaffected on either task. The dual ac-
cess account proposes that inhibitory control contributes dif-
ferently depending on the conventionality of the metaphor.
We predict that accuracy on the sense—nonsense task should
be similar for more conventional metaphors between single
and dual load conditions because the figurative meanings of
these metaphors should be easily accessible. However, accu-
racy should be lower for more novel metaphors in the dual
load than in the single load condition because computing fig-
urative meanings of these metaphors should require the
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inhibition of the literal meanings, a process that will presum-
ably be taxed under the load condition. Conversely, the direct
access account does not make any claims about differences in
the processing of conventional and novel metaphors.
Therefore, we predict no differences in accuracy between the
two load conditions regardless of metaphor conventionality.

Experiment 1

Experiment 1 used an individual-difference paradigm to ex-
amine the extent to which metaphor conventionality and in-
hibitory control contribute to metaphor comprehension.
Although several studies in the literature equate metaphor
processing with some aspect of intellectual ability and
higher-level cognition, most of them typically assume that
all individuals process different metaphors in a similar man-
ner. But not all individuals are alike; they vary in their ability
to inhibit task-irrelevant thoughts and responses. This sug-
gests that different individuals might process different meta-
phors differently. To the extent that inhibitory control process-
es are required to interpret at least some types of metaphors,
individuals with more efficient inhibitory control may be
faster at processing those metaphors compared with individ-
uals with less efficient inhibitory control.

Only recently have researchers begun to isolate the vari-
ance associated with individuals that is often left in the general
error term, and to include it as a dependent measure to better
understand the executive processes involved in metaphor
comprehension. These studies show that an individual’s work-
ing memory capacity can constrain metaphor comprehension.
Working memory is related to inhibitory control (Chiappe
et al., 2000; Hasher et al., 1999) and is responsible for coor-
dinating different language units that affect meaning compu-
tation. Inhibitory control requires a high working memory
capacity to simultaneously hold both literal and figurative in-
terpretations of a phrase, identify the relevant (figurative) as-
pects, inhibit the irrelevant (literal) aspects, and update the
ongoing meaning. Chiappe and Chiappe (2007) examined
the time individuals took to generate metaphor interpretations
as a function of their working memory capacity and inhibitory
control, as measured by the listening span task and Stroop
task, respectively. Those with higher working memory spans
and better inhibitory control were faster and more accurate at
interpreting metaphors than those with lower working
memory spans and poor inhibitory control. In a different
study, Pierce et al. (2010) further demonstrated that working
memory plays an important role in the course of metaphor
comprehension. They reported that the metaphor interference
effect (MIE)—longer response time to judge metaphors to be
literally false than scrambled phrases—was smaller for indi-
viduals with higher than with lower working memory spans,
as measured by the forward letter span task. The authors

@ Springer

suggested that the MIE arises because scrambled phrases do
not give rise to shared properties and therefore are quickly
rejected as false, whereas metaphoric phrases give rise to
shared properties, and hence form a metaphoric interpretation.
However, individuals with higher working memory spans
would be less susceptible to the MIE because they would be
better at identifying whether a retrieved meaning was meta-
phorical or literal, and that this, in turn, makes them quicker to
reject the metaphorical meaning than those with lower work-
ing memory spans.

Other individual-difference studies also support the role of
executive functions during metaphor comprehension.
Individuals with higher 1Q (which is related to working
memory and inhibitory control; Ackerman et al., 2005) pro-
duce better and more accurate metaphor interpretations than
their counterparts (Kazmerski et al., 2003), and individuals
with executive control deficits have difficulty processing met-
aphors (Mashal et al., 2013). These studies seem to support
the dual access account as they all report a relation between
executive functions and metaphor comprehension. Moreover,
when examining for potential metaphor characteristics that
contribute to its comprehension, the evidence suggests that
individual variation in executive functions may be especially
important when processing unfamiliar or novel metaphors
(e.g., Columbus et al., 2015). For example, Mashal (2013)
found that individuals with higher working memory spans,
as measured by the backward digit span task, had better recall,
comprehension, and recognition for unfamiliar metaphors
than for familiar word pairs compared with those with lower
working memory spans. In another study, Carriedo et al.
(2016) analyzed the contribution of different executive func-
tions to metaphor comprehension across development. They
demonstrated that updating in working memory and cognitive
inhibition (e.g., resistance to interference and suppression of
information), as measured by go/no-go and flanker tasks, pre-
dicted individual and developmental differences, such that
working memory and cognitive inhibition became increasing-
ly involved when metaphor comprehension was highly de-
manding, either when metaphors were relatively unfamiliar
or when individuals had processing difficulties (e.g., low
levels of reading experience or low semantic knowledge, as
observed in children).

As mentioned earlier, the individual-difference measures
used in majority of the studies recruit a mixture of domain-
specific processes, such as reading ability and vocabulary
knowledge in complex span tasks (e.g., reading span task)
and memory and storage capacity in simple span tasks (back-
ward and forward span tasks). Although certain aspects of
domain-general processes are recruited through these tasks
simultaneously (e.g., performance on the reading span task
is based on language processing, vocabulary knowledge, and
some form of executive functions, often inhibition of informa-
tion), from a theoretical standpoint, it makes it difficult to
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determine the independent contribution of these factors in
metaphor comprehension. In the current experiment, we ad-
dressed this issue by incorporating an individual-difference
measure (i.e., a modified Eriksen flanker task) that captures
the domain-general aspect of executive functions, particularly
inhibitory control, and by examining how this measure inter-
acts with metaphor processing on a sense—nonsense task.

Method

Participants Forty-six introductory psychology students at the
University of Alberta participated for course credit. They were
native English speakers. Data from four participants were ex-
cluded from the statistical analysis because they had unusual
response time patterns, resulting in 42 participants.

Materials and design The experiment consisted of two exper-
imental tasks: sense—nonsense task, in which participants in-
dicated whether a given phrase made sense (regardless of
whether it made literal or metaphorical sense) or whether it
did not make sense, and a modified version of the Eriksen
flanker task (Eriksen & Eriksen, 1974), in which participants
indicated whether a target arrow was pointing in the same or
opposite direction as the surrounding flanker arrows.

The sense—nonsense task, programmed on Supercard,
consisted of 74 metaphorical phrases (e.g., a friend is an an-
chor). An equal number of nonsense (literally false) phrases
(e.g., “fruits are furniture”) were also included (see Appendix
A for a list of these phrases). All phrases were in the “X is Y”
format. The metaphorical phrases varied in conventionality.
We derived a continuous measure of the conventionality of
the phrases from a pilot study, in which 51 native English
speakers rated 78 metaphorical phrases (e.g., time is money),
each on the strength of association between the vehicle and the
specific figurative meaning. On a scale from 1 to 7, partici-
pants rated, for example, the extent to which money is used to
convey value in the phrase time is money. On any given
phrase, a lower rating referred to a more novel association,
and a higher rating referred to a more conventional associa-
tion. Participants’ average ratings on these metaphorical
phrases was M = 5.30, 95% CI [4.98, 5.42]. Although we
did not have an equal number of metaphorical phrases in each
category level (i.e., from 1 to 7), each phrase had an intended
figurative meaning. In a majority of studies, the different types
of metaphors are categorized in a binary manner (e.g., familiar
vs. unfamiliar; conventional vs. novel). However, factors such
as familiarity and conventionality are likely to vary on a con-
tinuum. Thus, treating metaphor conventionality as a contin-
uous measure would likely increase statistical power and re-
sult in a consequent gain in specificity.

The current study used a modified version of the flanker
task programmed on Supercard in order to be administered on
the same software as the sense—nonsense task. In a

conventional flanker task, participants are presented with an
array of seven letters, and they make directional responses to a
centrally located target letter and ignore simultaneously pre-
sented distractor letters presented on the left and right that
flank the target. In relation to the central target, these flankers
are either congruent (e.g., both central target and flank letters
correspond to the same responses) or incongruent (e.g., central
target and flank letters correspond to opposite responses). Our
version was modified in two ways: (1) unlike the original
flanker task that used letters as stimuli, we used arrowheads,
nonlanguage-based stimuli (Ridderinkhof et al., 2020). This
clears participants’ working memory capacity from having to
remember the directional responses to certain letters (e.g., a
right response to the target letters H and K, and a left response
to S and C). (2) Unlike the original flanker task that arranged
only seven letters in a horizontal array, we included horizontal,
vertical, and diagonal array of 25 arrows, as shown in Fig. 1. The
impact of flankers varies based on the spatial distance between
the target and flanker stimuli (e.g., Miller, 1991). Therefore, the
flanker arrows in the current experiment were displayed both
closer and further away from the target arrow to increase greater
flanker noise. This makes it more challenging for participants to
focus attention to a particular spatial position, and it allows for a
more precise estimate of smaller differences in a participant’s
ability to inhibit conflicting information.

The current task stimuli, which consisted of left and right
pointing arrows, included a total of 180 trials: 60 neutral, 60
congruent and 60 incongruent. As illustrated in Fig. 1, each
trial composed of a target arrow, pointing towards the right or
left, that was presented in the middle (third arrow and third
row) of the computer screen, and flanker arrows on both the
left and the right side of the screen. In the neutral trials, the
flankers were empty boxes on each side of the target arrow,
and in the congruent and incongruent trials, the flankers were
arrows, pointing in the same or the opposite direction as the
target arrow, respectively. Each trial started with a centered
red dot, followed by the stimulus (target and flanker arrows)
after 100 ms. The stimulus remained on the screen until the
participant responded with a valid key press, after which the
next fixation dot appeared. Participants responded by pressing
the left key for a left-pointing target arrow, or the right key for
a right-pointing target arrow. A difference in response time
between incongruent and congruent flanker trials was used to
compute the inhibition score for each participant, such that
lower scores reflected more efficient inhibitory control.

There were three variations of the number of flankers pre-
sented: 1 X 3,3 x 3 or 5 x 5, with the first digit indicating the
number of rows of squares or arrows and the second digit
indicating the number of columns. For example, 1 x 3 indi-
cated one row of squares or arrows in three columns. Within
each of the three different types of trials (neutral, congruent,
and incongruent), 30 of the arrows were pointed to the left,
and 30 to the right. Within each of these 30 trials, 10 were 1 x
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Eriksen flanker task

Sense-nonsense task
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Fig. 1 Experiment 1 procedure. Participants completed two tasks, one to measure individual differences in inhibitory control (Eriksen flanker task) and

the other to measure metaphor comprehension (sense—nonsense task)

3, 10 were 3 x 5, and 10 were 5 x 5. We have no reason to
believe that these modifications resulted in differential effects
on reaction time because the general task, the three different
conditions, and the response required were identical to those
in other studies using the flanker task.

Procedure Figure 1 illustrates the general procedure of
Experiment 1. All participants completed both experimental
tasks. The order in which the tasks were presented was
counterbalanced, such that half of the participants completed
the sense—nonsense task first, whereas the other half complet-
ed the flanker task first. All instructions were automated and
presented on the screen. In the sense—nonsense task, partici-
pants were explicitly asked to indicate whether or not the
phrase makes sense—it could make literal sense or metaphor-
ical sense. The task consisted of 12 practice trials (i.e., 12
phrases—six nonsense, six metaphorical) followed by 148
trials (i.e., 148 phrases—74 nonsense, 74 metaphorical).1
Presentation order of the trials was randomized for each sub-
ject. Each trial began with the message “Ready?,” and partic-
ipants pressed the space bar to initiate the trial. A single phrase
was presented during each trial, and stayed on the screen until
participants responded by pressing the letter key J (the phrase
made sense) or F' (the phrase did not make sense).

! Both practice and experimental trials consisted of similar metaphorical and
literal false phrases. Moreover, we did not include literal true phrases.
Consequently, participant responses could have been, although very unlikely,
driven by strategy selection. For example, for a participant, if they see a
metaphor, it must make sense. Otherwise, it does not, since the alternative is
a literal false statement. We thank the reviewer for pointing out this method-
ological limitation.
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In the flanker task, participants completed six practice tri-
als: two congruent, two incongruent, and two neutral, follow-
ed by 180 experimental trials: 60 congruent, 60 incongruent
and 60 neural. The direction of the arrow, which pointed to-
wards either the right or the left, determined which key press
was required—a right arrow key press if the target arrow
pointed to the right or a left arrow key press if the target arrow
pointed to the left. Presentation order of the trials was random-
ized for each subject. Each trial began with a red dot presented
in the middle of the screen for 100 ms followed by the trial
during which the target and flanker stimuli were presented
until participants pressed one of the two keys. To reiterate,
we computed the inhibition score by taking the difference in
response time between incongruent and congruent flanker tri-
als for each participant. Lower scores reflect more efficient
inhibitory control. It is worth noting that in the current study,
we used a single measure (i.e., the flanker task) to assess
individual differences in inhibitory control. Using multiple
measures of inhibitory control to create a composite inhibition
score can eliminate concerns related to any idiosyncratic cor-
relations between flanker task variance and metaphor
conventionality.

Results and discussion

The data were analyzed using linear mixed effects (LME)
regression models using the mixed function for the response
time data, and the melogit function for the accuracy data in
Stata 14. Metaphor conventionality rating (ranging from 1 to
7) and inhibition score (computed by subtracting congruent
from incongruent score on correct trials) were entered as fixed
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continuous factors, and participants and item were entered as
crossed random factors. Following a significant interaction,
we used the margins function with the dydx option to test
the slope for our factors. The dependent variable, response
time on sense—nonsense task, was log-transformed to reduce
skewness. A Q-Q plot of the transformed data confirmed that
the transformation was appropriate (see Appendix B). To
eliminate anticipation and inattention errors, trials with a re-
sponse time of less than 100 ms or greater than two standard
deviations from a participant’s mean reaction time were ex-
cluded from the analyses (» trials = 350).

Participants correctly responded “nonsense” for 98%, 95%
CI [97.79, 98.73] of the nonsense phrases, and “sense” to
71%, 95% CI [68.37, 72.91] of the metaphorical phrases.
The raw inhibition scores ranged from —105.94 to 89.30 (M
=30.43; 95% CI [29.18, 31.69]). For the statistical analyses,
nonsense-phrase responses were excluded, and inhibition
scores were scaled. Inhibition scores were computed by
subtracting congruent from incongruent scores on correct tri-
als, and they were scaled by subtracting the mean raw inhibi-
tion score from the participant’s inhibition score. This means a
scaled inhibition score of 0 would indicate an average ability
to inhibit goal irrelevant responses (i.c., the flanker arrows),
and a negative or a positive score would indicate better or
worse inhibitory control abilities, respectively. For example,
a scaled inhibition score of =200 would indicate that the par-
ticipant was, on average, 200 ms faster on incongruent trials,
and therefore, demonstrated better inhibitory control abilities,
whereas a score of +200 would indicate that the participant
was, on average, 200 ms slower on incongruent trials, and
therefore, demonstrated poor inhibitory control abilities.

Figure 2 shows accuracy on the sense—nonsense task as a
function of metaphor conventionality and inhibition score.

Sense-nonsense task

1
|

.8
|

.6
|

4
!

2
!

T T T T T T T T T
-200 -150 -100 -50 0 50 100 150 200
Inhibition score, scaled

Accuracy, proportion correct

Conventionality
1.00 ———— 2.00 -----oee- 3.00 — — 4.00
———-500 ———"6.00 7.00

Fig. 2 Experiment 1 accuracy results. Accuracy on the sense—nonsense
task as a function of inhibition score and metaphor conventionality.
Lower inhibition scores indicate higher levels of inhibitory control

The LME analysis with accuracy data yielded only a main
effect of conventionality, b = 1.00, SE = 0.02, z =7.45,p <
.001, suggesting that the more conventional metaphors were
more accurately identified to make sense. The main effect of
inhibition was nonsignificant, b =—0.01, SE=0.01, z =—0.78,
p = 436, and the interaction between conventionality and
inhibition was also nonsignificant, » = 0.00, SE = 0.00, z =
1.06, p = .287.

The LME analysis with response time data yielded a sig-
nificant main effect of conventionality, b =—0.09, SE =0.02, z
=-5.96, p <.001, and a main effect of inhibition, » = 0.01, SE
= 0.002, z = 2.98, p = .003. There was also a significant
conventionality by inhibition interaction, b = —0.001, SE =
0.00, z=-3.98, p <.001. Figure 3 shows the relation between
inhibition scores and response times, with separate lines cor-
responding to the different levels of conventionality. Recall
that the inhibition score for each participant was computed
based on the difference in response time between incongruent
and congruent flanker trials, where lower scores reflect better
inhibitory control abilities. The inhibition slope increased as
metaphor conventionality decreased. Specifically, the inhibi-
tion slope for more novel metaphors was greater than
the inhibition slope for more conventional metaphors.
The margins command with the dydx option was used
to compute the inhibition slope for conventionality that
ranged from 1 (not conventional at all) to 7 (very
conventional). As seen in Table 1, for metaphorical
phrases that were less conventional at rating Levels 1
and 2, the inhibition slopes were significant. For meta-
phorical phrases that ranged from rating levels between
3 and 6, the inhibition slopes were not significantly
different from zero (p > .05). Finally, for the most con-
ventional phrases (i.e., rating level of 7), the inhibition
slope was significant.

Experiment 1 used an individual-difference approach to
examine if individual differences in inhibitory control affect
response times on novel and conventional metaphor compre-
hension. Individuals with higher inhibitory control use con-
trolled executive processes to reach their goal-relevant re-
sponse in the face of distraction, whereas individuals with
lower inhibitory control are more susceptible to dominant or
irrelevant responses. According to the dual access account, if
the processing of novel metaphors requires greater inhibitory
control because the literal meanings need to be inhibited
whereas the processing of conventional metaphors does not
because their meanings are directly accessible, then individ-
uals with lower inhibitory control should take longer to pro-
cess novel metaphors compared with conventional metaphors.
Results of Experiment 1 are consistent with this notion. In
fact, metaphor conventionality appeared to matter a lot more
for participants with poor inhibitory abilities than for those
with efficient inhibitory abilities—those with low inhibitory
control were faster at responding to conventional metaphors
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Table 1  Regression statistics for response time on the sense—nonsense task summarizing the inhibition slopes as a function of conventionality in

Experiment 1

Conventionality levels 95% C1
dydx SE z p Lower bound Upper bound

1 0.004 0.001 2.70 0.007 0.001 0.007
2 0.003 0.001 2.30 0.021 0.000 0.006
3 0.002 0.001 1.73 0.084 0.000 0.004
4 0.001 0.001 0.94 0.349 —-0.001 0.003
5 0.000 0.001 -0.04 0.968 —0.002 0.002
6 —0.001 0.001 -1.07 0.287 —0.003 0.001
7 —0.002 0.001 -1.95 0.051 —0.004 0.000

suggesting that they may be more susceptible to dominant or
salient responses.

Experiment 2

The goal of Experiment 2 was to use a dual-task paradigm to
further examine the role of inhibition in metaphor comprehen-
sion. In Experiment 1, we found that inhibitory control pro-
cesses seem critical for more novel metaphor comprehension,
but not for more conventional metaphor comprehension, and
individual differences seemed to contribute to this finding,
such that compared with participants with higher inhibitory
control, those with lower inhibitory control were slower at
processing more novel metaphors, and interestingly, faster at
processing more conventional metaphors. This implies that
they were less efficient at computing the figurative meanings
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Fig. 3 Experiment 1 response time results. Response time on the sense—
nonsense task as a function of inhibition score and metaphor convention-
ality. Lower inhibition scores indicate higher levels of inhibitory control
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of more novel metaphors, but were more efficient at retrieving
or accessing the figurative meanings of more conventional
metaphors, likely stored in semantic memory.

Indeed, research in cognitive science shows that individ-
uals are able to retrieve information from memory with rela-
tive ease sometimes, and with much more effort at other times
(Anderson, 2003; Levy & Anderson, 2008). The amount of
cognitive resources available at the time of retrieval plays an
important role in how quickly and accurately the information
gets retrieved. If there are sufficient executive resources
(which includes inhibitory control), retrieval may be success-
ful, but if executive resources are taxed or burdened, retrieval
may not be successful (Hicks & Marsh, 2000; Jacoby, 1991;
Lozito & Mulligan, 2010). This is particularly true for novel
tasks. In the current case, computing figurative meanings of
novel metaphors amidst other activities that also require exec-
utive functions, particularly inhibitory control, compromises
metaphor comprehension. Conversely, cognitive research also
shows that retrieval is surprisingly resilient to executive de-
mand manipulations if what is being retrieved is primarily
automatic (Baddeley et al., 1984; Craik et al., 1996; Naveh-
Benjamin et al., 1998), or salient as would be the case when
accessing figurative meanings of conventional metaphors ac-
cording to the dual access account. In Experiment 2, we used a
dual-task paradigm to test the notion that the processing of
novel metaphors, that presumably require greater inhibitory
control, would be more susceptible to interference effects un-
der divided or dual attention that taxes inhibitory control re-
sources, than the processing of conventional metaphors.

Dual-task paradigms require participants to perform a pri-
mary task while simultaneously performing an attention-
demanding secondary task designed to tax executive function
resources. The basis of the paradigm is that if both primary
and secondary tasks require controlled, effortful processing,
attentional capacity is exceeded and performance on either
task is impaired. However, if parts of the task involve auto-
matic processes, performance will likely remain unaffected
(Marois & Ivanoff, 2005; Pashler, 1998). For example, in
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one study, De Neys (2006) had participants perform a reason-
ing task with various congruent and incongruent problems
along with a secondary task (i.e., memorization of a dot pat-
tern). Performance on congruent problems was unaffected,
whereas performance on incongruent problems decreased.
De Neys argued that on congruent problems, belief-based
processes—which operate automatically and are unaffected
by reduced attentional resources—trigger the correct re-
sponse. In contrast, controlled processes—which require in-
hibitory control and attentional focus—are needed to derive
the correct response on incongruent problems, and thus, tax-
ing attention impairs performance on these tasks.

In a different study, Baddeley et al. (1984) used the dual-
task paradigm to examine the role of executive functions in
retrieval of long-term episodic memories, presumed to be
accessed easily. Participants concurrently performed a card-
sorting task or held a digit load in mind while they responded
to recall and recognition memory tests. They concluded that
retrieval was automatic because divided attention produced no
reduction in memory performance compared with full atten-
tion. Dual-task studies that have found performance impair-
ments under divided attention show that these deficits may
only present when task demands are high (e.g., Mangels
et al., 2002). This body of research is relevant to the current
experiment because task demands could be related to comput-
ing the meaning of a novel metaphor. According to the dual
access account, novel metaphors require more inhibitory con-
trol resources than conventional metaphors to compute the
appropriate interpretation because the former requires inhibi-
tion of literal meanings whereas the latter requires the (pre-
sumably automatic) retrieval of salient figurative meanings
from memory. Thus, under divided attention, when inhibitory
control resources are taxed by another task, performance
should be disrupted when processing more novel metaphors,
but not more conventional metaphors.

To our knowledge, there are no studies to date that have
examined metaphor comprehension using the dual-task
paradigm, but our prediction may be comparable to the
results observed in the cognitive domains on automaticity
and skill acquisition—performance on well-learned tasks
(e.g., visual array search, word retrieval, playing piano)
that are primarily driven by proceduralized or automated
knowledge representations do not degrade under dual-task
conditions because they generally require minimal execu-
tive processes during task execution (Allport et al., 1972;
Craik et al., 1996). To compute the meaning of a novel
metaphor, individuals must hold all alternate meanings in
mind initially, and inhibit the literal meaning. Divided
attention theories would posit that if this process is taxed
due to a secondary task, then performance will be im-
paired. Whereas to compute the meaning of a convention-
al metaphor, individuals can easily select the salient, fig-
urative meaning from the literal one without inhibitory

control processes, and as such will remain unaffected by
the secondary task.

Method

Participants Forty-four introductory psychology students
from the University of Alberta, who were not part of
Experiment 1, participated for course credit. They were native
English speakers. Data from two participants were excluded
from the analysis because their response time data were highly
variable. This resulted in a total of 41 participants.

Materials and design Experiment 2 consisted of two tasks.
The primary task was the sense—nonsense task, wherein par-
ticipants indicated whether a given phrase made sense (liter-
ally or metaphorically) or not. These phrases were the same as
the ones used in Experiment 1. The secondary task manipu-
lated inhibitory load, implemented through an odd—even task
(single load) and the n-back task (dual load). In the odd—even
task, participants indicated whether a given number was odd
or even, and in the n-back task, participants judged whether a
new number was identical to the second number back in a
sequentially presented list of numbers. For example, in the
sequence 2—-5-3—6-1, the current number 6 is identical to
the number presented 2 numbers back (6). Unlike the odd-
even task, the n-back task requires online monitoring,
updating, and inhibition to discard numbers more than two
trials ago, and is therefore assumed to place great demands
on executive functions, including inhibitory control processes
(Jonides et al., 1997; McElree, 2001). Moreover, if the current
number matches a previously presented number, but not the
one n items back in the sequence, inhibitory control and inter-
ference resolution processes are recruited to resolve this con-
flict (Kane et al., 2007; Oberauer, 2005). To further emphasize
the role of inhibition, Jonides et al. (1997) argued that to
successfully perform an n-back task, participants must use
inhibitory control processes to reduce traces of previous trials
in memory, and replace them with current and upcoming
trails. In this way, an n-back task involves competition be-
tween relevant and irrelevant information. The primary and
secondary task trials in the current experiment were inter-
leaved such that a phrase was always followed by a number.
Figure 4 illustrates the design of Experiment 2.

In the sense—nonsense task, there were 72 metaphorical and
72 matching nonsense (literal false) phrases. In the secondary
task, there were 144 single-digit numbers that ranged from 1
to 9. Each phrase trial was followed by a number trial. The 144
phrases and 144 matching numbers were divided into two
lists, each list containing 72 phrases (36 metaphorical and 36
nonsense), and 72 numbers. For half of the participants, List 1
was assigned to the single load condition, and List 2 to the
dual load condition. This assignment was reversed for the
other half of the participants, such that List 2 was assigned
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Single load condition Dual load condition
Tobacco is Accountants
poison are jugglers
Is this number odd 8 Was this number 5
(F-key press) or presented 2 number
even (J-key press)? trials ago (J-key press)
A bridge is a or not (F-key press)? Trumpets are
fruit dinosaurs
1 3

Bankers are
vultures

Creativity is a
blender

Fig. 4 Experiment 2 procedure. Participants completed a secondary task
that was interpolated within the primary, sense—nonsense task. The sec-
ondary task required participants to either evaluate whether a given

to the single load condition, and List 1 to the dual load con-
dition. In the single load condition, half of the number trials
within each phrase type (i.e., metaphorical and nonsense)
were even and half were odd. Similarly, in the load condition,
half of the trials within each phrase type were 2-back and the
other half were random or non-2-back. Whether a participant
completed the single load or the dual load condition first was
also counterbalanced, such that half of the sample completed
the single load condition first, and the other half completed the
dual load condition first.

Procedure Figure 4 illustrates the general procedure of
Experiment 2. Participants completed two sets of primary
and secondary task practice trials, one at the beginning of
the single load condition and another one at the beginning of
the dual load condition. Participants first practiced responding
to eight phrases (four metaphorical and four nonsensical), then
practiced responding to eight numbers (four odd and four even
in the single load condition, and four 2-back and four random-
back in the dual load condition). Finally, they practiced
responding to both the phrases and the numbers together (six
phrases and six numbers) as would be presented in the exper-
iment. The procedure for this experiment was identical to the
sense—nonsense task from Experiment 1, with the exception of
the message “Ready,” which was replaced with a number
presented in the middle of the screen that prompted a re-
sponse. A single phrase or number was presented during each
trial, and stayed on the screen until participants responded. For
the phrases, the response was either the letter key J (the phrase
made sense) or F (the phrase did not make sense). In the single
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number was odd or even (single load), or evaluate whether a given num-
ber was presented # trials ago (dual load)

load condition, participants pressed the J key if the number
was even, and the F key if the number was odd. In the dual
load condition, participants indicated via key press (F or J
key) whether the number in the current trial matched (i.e.,
was identical to) or mismatched (i.e., was different from) the
number they had seen within the sequence two trials back.
Henceforth, we will refer to trials of the match situation as
2-back trials, and to trials of the mismatch situation as n-back
trials. On every trial, participants pressed the J key in case of
an n-back target, whereas they pressed the F key if the cur-
rently presented number was not the 2-back target. For exam-
ple, in the sequence, 3—-6-9-5-9, the J key press would only
be given to the final number, as the number 9 is the same as
the number presented two trials previously, and the F' key
press would be given otherwise. For all tasks, participants
were instructed to respond as quickly and accurately as
possible.

Results and discussion

As in Experiment 1, the data were analyzed using linear mixed
effects (LME) regression models using the mixed function for
the response time data, and the melogit function for the accu-
racy data in Stata 14. Metaphor conventionality rating (rang-
ing from 1 to 7) and load (single vs. dual) were entered as
fixed continuous and categorical factors, respectively, and
participants and item were entered as crossed random factors.
Following a significant interaction, which was only observed
for accuracy on the sense—nonsense task, we used the margins
function with the dydx option to compute the conventionality
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Table2 Mean accuracy and response times on primary and secondary
tasks in both single and dual load conditions

Load  Task Accuracy Response time

Single Nonsense phrases 74.49 [72.93, 76.05] 1,058 (499)
Metaphorical phrases  56.99 [54.48, 59.51] 1,148 (622)
Even numbers 64.29 [62.57, 66.01] 1,086 (560)
Odd numbers 67.26 [65.57,68.95] 1,106 (554)

Dual Nonsense phrases 76.28 [74.72,77.84] 1,393 (683)
Metaphorical phrases  53.65 [51.09, 56.21] 1,406 (704)
2-back trials 63.37 [61.62, 65.12] 1,360 (682)
n-back trials 66.5 [64.77, 68.24] 1,434 (698)

Note. Numbers in parentheses represent 95% confidence interval means
for accuracy and standard deviation for response time.

slope for each level of load. The dependent variable, response
time on sense—nonsense task, was log-transformed to reduce
skewness. A Q-Q plot of the transformed data confirmed that
the transformation was appropriate (see Appendix B). To
eliminate anticipation and inattention errors, trials with a re-
sponse time of less than 100 ms or greater than two standard
deviations from a participant’s mean reaction time were ex-
cluded from the analyses (n = 410). Descriptive statistics for
both the primary, sense—nonsense task, and for secondary nu-
merical task are summarized in Table 2. For the statistical
analyses, nonsense-phrase responses, and secondary task re-
sponses (i.e., responses to numbers) were excluded.

Figure 5 illustrates response time on the sense—nonsense
task as a function of conventionality and load. We did not
have any predictions for response time. The LME analysis
for response time on correct trials yielded a significant main
effect of conventionality, b =—0.06, SE=0.02,z=-3.49,p<
.001, suggesting that more conventional metaphorical phrases
were responded to faster than more novel phrases. The main
effect of load was nonsignificant, Xz(l) =.08,p= .778,2 and
the interaction between conventionality and load was also
nonsignificant, x*(1) = .18, p = .673.

For accuracy on sense—nonsense task, the LME yielded a
significant main effect of conventionality, b= 1.24, SE=0.15,
7=28.56, p <.001, and a significant main effect of load, xz(l) =
31.13, p < .001. There was a significant conventionality by
load interaction, Xz(l) = 40.56, p < .001. Figure 6 shows
accuracy on the sense—nonsense task as a function of conven-
tionality and load. The interaction is both clear and interesting;
accuracy was greater under single load for more novel meta-
phorical phrases, but greater under dual load for more

2Loadisa dummy coded categorical variable in our mixed model, which, in
Stata, results in the coefficients (i.e., estimates) to correspond to simple effects,
rather than to main effects. Therefore, we used the contrast function to test the
main effects and interactions, which generates a z statistic for continuous
variables, and a x? statistic, a form of Wald test, for categorical dummy coded
variables, such as the Load variable.
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Fig. 5 Response time on the sense—nonsense task as a function of meta-
phor conventionality and single versus dual load conditions

conventional metaphorical phrases. We followed up on this
interaction by examining the simple effects of load within
each level of conventionality. The summary statistics are re-
ported in Table 3. For metaphorical phrases that were less
conventional at rating Levels 1-3, accuracy was higher under
single load versus dual load. For metaphorical phrases that
were more conventional at rating Levels 5 and 6, accuracy
was higher under dual load than single load.

It is important to note that having a secondary task, regard-
less of whether it imposed a dual load or a single load de-
creased accuracy; the accuracy for nonsense phrases and met-
aphorical phrases, respectively, was 74% and 57% in the sin-
gle load condition and 76% and 54% in the dual load condi-
tion. Moreover, even a single load secondary task decreased
performance compared with having no secondary task at all,
as was the case in Experiment 1, where the accuracy for non-
sense phrases and metaphorical phrases was 98% and 71%,
respectively. Thus, it could be the case that regardless of the
load, a secondary task was taxing cognitive resources, but in
different ways depending on metaphor conventionality.

Most critical to the experiment, we find that the dual-task
condition seemed to limit the processing of multiple meanings
in a way that the single-load condition did not—the dual-load
condition seemed to have different consequences for meta-
phors depending on conventionality. Specifically, dual load
encouraged participants to process and select the dominant
or salient meanings of more conventional metaphors, but it
may not have encouraged participants to process and compute
the meanings of more novel metaphors. Given that we did not
rate the metaphors in the current experiment for meaningful-
ness, one possibility is that participants did not understand the
more novel metaphors, which could have resulted in lower
accuracy, particularly under dual load.
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Table 3  Regression statistics for accuracy on the sense-nonsense task
summarizing the difference in accuracy between single versus dual load
conditions at each conventionality in Experiment 2

Conventionality 95% CI
levels

Contrast SE 2 p Lower  Upper

bound  bound

1 0.06 0.03 2.07 0.038 0.003 0.109
2 0.08 0.03 296 0.003 0.026 0.127
3 0.07 0.02 343 0.001 0.032 0.116
4 0.04 0.02 193 0.054 -0.001 0.074
5 —-0.02 0.02 -1.00 0318 —0.048 0.016
6 —-0.05 0.01 -347 0.001 -0.079 -0.022
7 —-0.05 0.01 -3.61 <0.001 -0.081 -—0.024

Experiment 2 used a dual-task approach to examine how
performance on novel and conventional metaphor compre-
hension is differentially affected when inhibitory control pro-
cesses are taxed. The dual access account proposes that per-
formance on the sense—nonsense task should remain un-
changed for more conventional metaphors under divided at-
tention, but should decrease for more novel metaphors be-
cause the former are processed based on accessibility of sa-
lient figurative meanings, whereas the latter require inhibitory
control to inhibit the literal meanings. Conversely, the direct
access account may predict that performance should remain
the same for both novel and conventional metaphors regard-
less of whether the processing occurred under divided atten-
tion or not, as this account does not make claims about the role
of inhibitory processes in metaphor comprehension. The re-
sults show lower performance on novel metaphors, and higher
performance on conventional metaphors under dual load

Sense-nonsense task
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Fig. 6 Accuracy on the sense—nonsense task as a function of metaphor
conventionality and single versus dual load conditions

@ Springer

compared with single load, consistent with the notion that
novel metaphors rely on inhibitory control, whereas conven-
tional metaphors presumably rely on access to stored figura-
tive meanings. The fact that performance on conventional
metaphors increased under divided attention suggests that
when inhibitory control processes are taxed, more dominant
or salient responses are employed.

General discussion

A central question in metaphor research is whether and when
literal meanings are activated and subsequently inhibited in
the course of metaphor comprehension. The direct access ac-
count makes the claim that metaphor processing does not nec-
essarily involve the activation of literal meanings (Gibbs,
1994; Glucksberg et al., 1982), and that the debate between
possible literal and figurative meanings is unnecessary, partic-
ularly when metaphors are supported by context. This account
does not make distinctions between conventional and novel
metaphors. Conversely, the dual access account, particularly
the graded salience theory (Giora, 1997) does make distinc-
tions between different types of metaphors and places great
emphasis on salience. When a metaphor is encountered, sa-
lient meanings (conventional or familiar) are activated and
processed without the need to inhibit the less salient (literal)
meanings. However, if the metaphor is not associated with a
salient meaning, as would be the case with novel metaphors,
then both literal and figurative meanings are activated. To the
extent that inhibitory control processes are engaged anytime
literal information needs to be inhibited, we employed two
approaches to examine how inhibitory control contributes dif-
ferently as a function of metaphor conventionality.
Experiment 1 examined the interaction between metaphor
conventionality and individual differences in inhibitory con-
trol as it relates to metaphor comprehension. To the extent that
both literal and figurative meanings are brought to mind dur-
ing metaphor comprehension, inhibitory control processes
may be recruited to inhibit the irrelevant meanings. The more
novel metaphors should require the inhibition of irrelevant
meanings, and individuals with higher inhibitory control
should be better able to execute task-relevant responses in
the face of interference. Consistent with this notion, we found
that, compared with their counterparts, participants with lower
inhibitory control were slower at processing more novel met-
aphorical phrases. If conventional metaphors acquire a new
literal sense, their figurative meanings should be easily acces-
sible with minimal involvement of inhibitory control process-
es (Kittay, 1987; Utsumi, 2007). The results show that partic-
ipants with lower inhibitory control were faster at responding
to highly conventional phrases compared with individuals
with higher inhibitory control. This latter finding is consistent
with the notion that in the face of interference (e.g., alternate
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literal and figurative meanings) individuals with low inhibito-
ry control may be even more susceptible to dominant or sa-
lient responses (e.g., Xu et al., 2014). Evidence for this asser-
tion comes from studies that examine how individual differ-
ences in inhibitory control interacts with dominant
processes—that are default, unintentional, implicit and
effortless—and controlled processes—that are slow, inten-
tional, explicit, and effortful (e.g., Barrett et al., 2004; Fabio,
2009). One reason why some individuals are more suspectable
to dominant processes is because they have limited cognitive
resources that control what is retrieved or gets activated. These
often tend to be the dominant responses, unless the task is
novel or has competing demands, at which point controlled
processes would need to be recruited to override or inhibit the
retrieved responses.

Experiment 2 examined the interaction between metaphor
conventionality and inhibitory control by taxing inhibitory
control processes. We predicted that accuracy on conventional
metaphors should remain unchanged regardless of load be-
cause the associated figurative meanings are more salient,
and thus easily accessible. The results show that, in fact, ac-
curacy increased under divided attention, suggesting that the
load depleted inhibitory resources and facilitated the activa-
tion of dominant responses. This finding is consistent with
research in the cognitive domain, suggesting that single or
no load (i.e., full attention demanding) environments can be
counterproductive. For example, in several studies, re-
searchers reported that, compared with single-load conditions,
dual-task conditions designed to tax executive function re-
sources from well-learned primary tasks (i.e., golf putting
and soccer) resulted in more accurate performance (Beilock
etal., 2002; Hardy et al., 1996; Masters, 1992). One reason for
this may be that divided attention does not allow sufficient
time for processing and forces dominant responses to occur,
particularly if they are highly practiced or in the current case,
easily accessible. These dominant responses are likely to also
be the correct responses.

So far, we have been interpreting the results with the assump-
tion that the figurative meanings of conventional metaphors are
easily accessible, and the literal meanings of these metaphors
receive little to no processing attention. However, it may be
possible that a given conventional metaphor may have several
possible figurative meanings, with one being more salient than
the others. Thus, it could be that competition among possible
meanings still exist; however, the need for inhibition, at least
for conventional metaphors, may be driven not by literal versus
figurative meanings, but rather by several plausible figurative
meanings. This hypothesis still needs to be tested, but could
account for the findings in the current study.

Another plausible explanation is that perhaps inhibition is
still involved during the processing of conventional meta-
phors, but to a lesser degree. In a study relevant to the
Experiment 2 results, Lavie (1995) found that an easy

perceptual task benefited more than a difficult perceptual task
from divided attention. The researcher proposed that individ-
uals generally invest all attentional resources available to a
given task. In the easy task (analogous to processing conven-
tional metaphors), not all these resources are necessary, and
some attention will spill over to the distractors (literal mean-
ings of metaphors). The distractors are then processed up to a
relatively high level, where they interfere with the processing
of'the primary task. This additional, unnecessary processing is
bypassed under divided attention. Based on Lavie’s rationale,
it may be possible that conventional metaphors, like novel
metaphors, may still activate alternate meanings, but the fig-
urative meaning has a higher activation threshold, as it is the
most salient one. Thus, although the current set of experiments
shed some insight, the hypothesis of whether only the figura-
tive meaning, or alternate meanings are also activated for con-
ventional metaphors needs to be explored further.

There are a few methodological limitations that should be
addressed by future research. For example, we did not collect
ratings on other constructs, such as familiarity. It is quite pos-
sible that the conventional metaphors used in the current set of
experiments were also familiar metaphors. In fact, Bowdle
and Gentner (2005) argue that a metaphor can be equally
conventional (because it shares the same vehicle), but it can
differ in familiarity (familiar metaphor: his anger is fire vs.
unfamiliar metaphor: his panic is fire). This means that while
both types of conventional metaphors can be processed with
ease, they may be processed differently (e.g., Glucksberg &
Keysar, 1990). Another limitation is that while the n-back task
used in Experiment 2 is an executive functions task, it is not a
pure inhibitory control task, and as such it is unclear whether
the dual-task cost depended specifically on inhibitory control
or whether it resulted from a more general executive control
cost.

Multiple theories, even within the dual access framework
(e.g., Carston & Wearing, 2011; see Holyoak & Stamenkovié,
2018, for an overview), have been proposed to explain meta-
phor comprehension, and several of them have highlighted the
role of metaphor conventionality in the involvement of inhib-
itory control. However, very few have systematically evaluat-
ed and specified the possible interactions between the two
variables, particularly using the individual-difference and
dual-task paradigms. The current project attempts to address
this issue. For example, we tried to better explain why differ-
ent individuals might process metaphors differently and more
or less efficiently. Katz et al. (1988) showed that different
individuals process the exact same metaphors with great var-
iability, although they did not propose reasons for why that
occurred. Experiment 1 explained the conjoint effects of stim-
ulus characteristics (metaphor conventionality) with an indi-
vidual difference measure, a point made in Trick and Katz
(1986), although with different metaphor characteristics and
different individual-difference variables.
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Further, while the current project does not discriminate
between existing dual access theories (e.g., the graded salience
theory vs. the career of metaphor theory), it attempts to encap-
sulate the fundamental component of a dual access account—
the differential role of inhibitory control in novel and conven-
tional metaphor comprehension—and use well-known para-
digms in the study of attention and effortful processing to
better integrate the study of metaphor within more mainline
cognitive approaches. By exploring possible interactions be-
tween metaphor conventionality and inhibitory control, this
line of research has the potential to resolve some conflicting
results in the literature, especially those concerning the direct
access of a figurative meaning versus the activation of both
figurative and literal meanings of a metaphor.

Appendix

A. Stimuli used in the current project

To conclude, the current study is unique in that it attempts
to quantify the involvement of inhibitory control during met-
aphor comprehension, particularly when metaphors are less
conventional. These findings extend the findings of previous
studies by revealing a more causal link between inhibitory
control and metaphor conventionality. Moreover, two novel
findings emerged: (1) Individuals with lower inhibitory con-
trol are actually faster than individuals with higher inhibitory
control at processing more conventional metaphorical
phrases, and (2) individuals are more accurate at processing
conventional metaphors under inhibitory load compared with
no load. Both these findings seem to suggest that accessing the
figurative meanings of conventional metaphors relies on sa-
lient or dominant responses.

Literal false phrase Metaphorical phrase Metaphor conventionality rating

1 A vacuum is a drink A goalie is a spider 33
2 Coyotes are nails An argument is a journey 3.67
3 Children are soup The lawyer is a sponge 3.87
4 A basket is a pencil Death is a cave 393
5 A rope is a train Time is an escalator 4.1
6 A boat is a cork Money is a lubricant 4.2
8 A book is a vegetable A temper is gasoline 4.23
7 Mud is a beard Creativity is a blender 4.23
9 Bracelets are cars Ideas are buildings 4.27
10 A clam is a forest An exam is a filter 433
11 Cheese is sand Sleep is an ocean 4.43
13 A whistle is an animal Adventure is a spice 4.67
12 A cactus is a holiday An accountant is a juggler 4.67
15 A leaf is a hammer A campaign is a circus 4.8
16 A camel is a faucet Our planet is a ball 4.8
14 A flower is a bottle The wind is a wrestler 4.8
19 Socks are beds Athletes are cheetahs 4.83
17 A cat is a bus Surgeons are butchers 4.83
18 A horse is a mattress Tumor is a plague 4.83
20 A penguin is a metal Bankers are vultures 4.87
21 A ruler is a battery History is a mirror 4.9
22 A bridge is a fruit The mind is an arena 4.9
23 A document is a cucumber A business is an organism 4.97
24 A computer is a bear Education is a lantern 5

25 A mason is a kettle Stomachs are barrels 5
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26
29
30
27
28
31
32
33
35
34
36
37
39
38
41
40
D)
43
44
46
45
47
48
51
50
49
52
53
54
57
56
55
58
59
60
61
62
64
63
65
67
66
68
69
70
71
73
72
74

A stapler is perfume
A lotion is an appliance
Hammocks are soil

A sauna is a fish
Trumpets are dinosaurs
Kleenex is a dish

A tire is a triangle

A perfume is a rug
Bats are plants

Doors are humans

A drawer is a stone
An elevator is a sport
Tea is an eraser

A phone is a sweater
Exercise is a finger

A scorpion is a salad
A submarine is an apple
A curtain is a machine
A bottle is a shelf

A chicken is a hall
Cigarettes are lakes
Brooms are clothing
A crab is a roof

A shovel is a girl

A rocket is an email
A bagel is a beach

A lemon is a utensil

A camera is hair

A desk is an oven

A shell is a page
Squirrels are minerals
A flag is a guitar

A sofa is a hat

A ballerina is a road
A sandwich is a nurse
Candles are shoes

A diaper is a noodle
Giraffes are fountains
Meat is a camera

A vase is a clock
Spoons are jeans

A hospital is traffic

A printer is shampoo
A nose is a cup
Velcro is a fork

A mouse is a magazine
Wheels are boxes

A piano is a mammal
Water is a truck

Dancers are butterflies
A judge is a balance
Cheaters are snakes
My mother is a mule
My sister is a megaphone
Alcohol is a crutch

A bribe is a trap
Peppers are fire

A tree is an umbrella
Genes are a lottery
Ideas are diamonds
Humour is a cure

His arms are steel
Jobs are jails

A lie is a dagger

A marriage is a leash

Teachers are encyclopedias

A friend is an anchor
Birds are airplanes
Love is an antidote
The senator is a fossil
A diploma is a doorway
A lie is a boomerang
Insults are razors
Paparazzi are parasites
Sarcasm is a veil

A worker is a robot
Divorces are storms
Music is a medicine
Indecision is paralysis
Library is a goldmine
Smiles are magnets
Exams are torture

My skin is silk

The store is a jungle
Tobacco is poison
Memory is a warechouse
My room is a dump
The crowd is thunder
Clouds are pillows

A daycare is a zoo
Anger is a volcano
Your gaze is ice
Loneliness is a desert
The casino is a drug
My husband is a gem
A mosquito is a vampire
A rooster is an alarm

The spa is heaven

5.07
5.1
5.1
5.1
5.1
5.13
5.17
5.27
5.3
53
5.33
5.43
5.47
5.47
5.5
5.5
5.5
5.53
5.53
5.57
5.57
5.6
5.6
5.7
5.7
5.7
5.73
5.73
5.8
5.83
5.83
5.83
5.9
5.9
5.93
5.93

6.03
6.03
6.07
6.13
6.13
6.17
6.27
6.3

6.33
6.37
6.37
6.5
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B. Quantile-quantile (Q-Q) plots of transformed re-
sponse time data in both experiments to confirm the
appropriate transformation

8.5
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6.5
1
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Fig. 7 Quantile-quantile plots of the residuals for log transformed responses in Experiment 1 (left) and Experiment 2 (right)
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