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Abstract

People generally seek to minimize effort, including cognitive
effort, but poetic language can be pleasurable while requiring
effort to understand. The ‘optimal innovation hypothesis’
holds that this paradoxical relationship arises when a non-
default interpretation is required and the default interpretation
is easily available for comparison. A recent study of ease and
pleasure during reading novel variations of familiar verb-based
metaphors was partially consistent with this prediction. The
present study replicated that pattern of partial support and
examined how it is correlated with individual differences in
verbal ability, personality (emotionality and openness to
experience), and lifestyle/experience (engagement with
creative hobbies). Correlations with individual differences
tended to be very small and not statistically significant, with
two exceptions. First, participants with better verbal ability
tended to rate metaphors easier to understand, particularly for
familiar metaphors, and a similar pattern was observed for the
‘openness to experience’ personality trait. Second, there was a
positive association between engagement with creative
hobbies and pleasure ratings specifically for the critical
‘optimal’ extension metaphors. These results provide a robust
basis for future research on the aesthetic experience of
metaphors and literary language in general.

Keywords: metaphor comprehension; aesthetic experience;
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Introduction

There are few things more subject to individual taste than
poetry. Why, when some are struck, moved to tears even, by
one phrase, are others perhaps frustrated or simply shrug?

Formalist literary theorist Shklovsky (1917) argued that
poetic language is designed ‘to make objects “unfamiliar”, to
make forms difficult, to increase the difficulty and length of
perception’ (p. 3), and that this unfamiliarity accounts for the
pleasure of poetry. Building upon this, Giora and colleagues
(2004, 2015, 2017) formulated an ‘optimal innovation
hypothesis’:  when  stimuli  provoke  non-default
interpretations or responses, processing costs increase, yet
aesthetic pleasure is increased when a non-default is elicited
while the default is still relatively easily available for
comparison.

As common wisdom would have it, simply making
something novel or difficult is no guarantee of making it

pleasurable; in general, people seek to minimize effort,
including cognitive effort (Kool et al., 2010; Kurzban et al.,
2013; Westbrook & Braver, 2015; Shenhav et al., 2017; cf.
Cacioppo & Petty, 1982). In this respect, Giora and
colleagues’ ‘optimal innovation’ aligns with Berlyne’s
(1971) hypothesized inverted U-shaped relationship between
stimulus complexity (difficulty) and aesthetic experience
(pleasure) in visual art. Empirical testing of Berlyne’s
hypothesis across multiple art forms, however, has yielded
conflicting results (see e.g., Chmiel & Schubert, 2017;
Friedenberg & Liby, 2016; Adkins, et al., 2016).

A recent behavioral study (Errington, et al., 2022) based on
Giora et al’s hypothesis tested whether slightly altering a
lexicalized, verb-based metaphor phrase would make that
phrase more pleasing to readers than either the original
familiar phrase or one that had been altered excessively. A
set of 62 familiar, verb-based metaphors written in the first-
person (e.g., ‘I grasp the meaning’) were novelized to two
increasing degrees in two different ways: (1) by varying the
verb (‘I brush the meaning’ [optimal] or ‘I tickle the
meaning’ [excessive]); or (2) by extending the metaphor at
the end of the sentence (‘I grasp the meaning and shake it
vigorously’ [optimal] or ‘I grasp the meaning and swing on
it’ [excessive]). The familiar phrases were defined as
metaphors following Lakoff & Johnson (1980), as variations
that rely on active conceptual mapping between vehicle and
tenor (e.g., ‘I grasp the meaning and shake it”) remain
comprehensible as metaphors, suggesting that some
conceptual mapping must exist despite the current lack of
evidence (see Holyoak & Stamenkovic, 2018).

Applying Giora et al’s hypothesis, for familiar metaphor
phrases like ‘I grasp the meaning’, the default interpretation
is metaphorical (‘I understand’, rather than the literal ‘I am
physically grasping meaning’). Because the variations were
unfamiliar, their default interpretations should be literal, but
the ‘optimal’ variations were designed so that the non-default
metaphor interpretation derived from the familiar metaphor
was also easily available (‘I brush the meaning’ interpreted
as something like ‘I came close to understanding”). These
were predicted to be more pleasurable than the ‘excessive’
metaphors, which were equally unfamiliar but without an
easily available non-default interpretation based on the
familiar metaphor.
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It is worth noting that even in the ‘excessive’ conditions, a
coherent interpretation remains available, though the amount
of effort involved is greater and the resulting interpretation is
more susceptible to variation between individuals. ‘I tickle
the meaning’ might, with effort, resolve along lines of ‘I
understand a meaning in a tentative, playful manner’ or ‘in
such a way as to cause the meaning to move away’; ‘I grasp
the meaning and swing on it’ might be interpreted as ‘I
understand the meaning and use that to enable further creative
thinking’. Regardless of the exact interpretation arrived at by
participants (something that was not tested), coherent
interpretations were possible for all conditions, despite the
variable amount of effort required and participants’
willingness to make that effort.

The Errington et al. study yielded mixed results. Metaphor
extension variations produced the hypothesized relationship
between pleasure and difficulty: while ease of
comprehension (reported on a 7-point scale) decreased
linearly across conditions from familiar to ‘optimally’ to
‘excessively’ extended metaphors, readers’ self-assessed
enjoyment (also reported on a 7-point scale on a separate set
of trials) rose for the optimal condition before falling for the
excessive condition. In the case of verb changes, however,
ease and pleasure both decreased steadily, from familiar to
optimal and excessive condition.

Several factors could account for the differences between
verb and extension manipulations, including testing and
stimulus context, timing of variation (for verb variations, the
variation occurs mid-metaphor whereas extensions occur
after the full familiar metaphor is presented), and
participants’ willingness to make the effort required to create
a coherent interpretation (this may relate to participants’
reading ‘goals’ or perceived rewards for cognitive effort; see
e.g., Sandra & Otto, 2018). Before testing those, we sought
to (1) replicate the results of the prior study in a new sample
of participants, and (2) evaluate the sensitivity of these
patterns to individual differences.

One of the most persistent criticisms of the U-shaped
pleasure/difficulty curve hypotheses for art is the lack of
attention to the role that individual differences might play
(see Van Geert & Wagemans, 2021), specifically aptitude,
personality, and experience. If one has an aptitude for
comprehending metaphors, for instance, they may find
‘optimal’ what for others is an ‘excessive’ variation. If
another is more open to new experiences, or more inclined to
feel things strongly, they could enjoy the challenge of novel
metaphors more. If another is an avid reader of poetry, or
frequently engages in other creative hobbies, they too might
find novel metaphors more enjoyable even if those metaphors
are no easier for them to comprehend. These attributes,
individually and collectively, could have substantial effects
on the pleasure/difficulty curve.

Previous research on the effects of individual differences
suggests that differences in aptitude, personality, and
experience would play a key role in the aesthetic experience
of figurative language. However, both personality and
experience are under-examined when it comes to metaphor

comprehension and the experience of figurative language.
One study (Duffy & Feist, 2014) examined the links between
lifestyle (comparing students and administrators) and the
comprehension of ambiguous time metaphors, as well as the
associations with personality factors like tendencies to
procrastinate, conscientiousness, and extroversion. While the
results revealed little about the subjective experience of
metaphors, the clear associations between personality and
lifestyle and the interpretation of these metaphors suggest
that they can play a role, bolstered by research in other art
forms (see e.g., Kazmerski, et al., 2003) and attesting to the
role of Openness to Experience and of creative hobbies in a
wide range of aesthetic experiences.

Openness to Experience was also found to be associated
with metaphor processing in one experiment (Altaras-
Dimitrijevic & Tadi¢, 2007) that used the NEO personality
inventory (NEO-PI-R). Kuiken, Douglas and Kuijpers (2021)
found different types of Openness to Experience (measured
with either the Tellegen Absorption Scale [TAS] or the Big
Five Aspects Scale [BFAS]) differentially associated with
experiences they called ‘expressive enactment’ (TAS) and
‘integrative comprehension’ (BFAS), further underscoring
the importance of openness in metaphor experience.

Aptitude has clear connections with metaphor
comprehension, but links to enjoyment are still unclear.
Several studies focus on working memory (see e.g., Chiappe
& Chiappe, 2007; Iskandar & Baird, 2014; Olkoniemi et al.,
2016; Prat et al., 2012). Dimitrijevic and Tadi¢’s tests
focused on verbal intelligence, with personality as something
of a sidenote, finding their ‘Test of Literary Metaphor
Comprehension” more effective than standard verbal
intelligence tests. Across a series of studies, Stamenkovi¢ and
colleagues (Stamenkovic et al., 2019, 2020, 2022, 2023;
Morsanyi et al., 2022) have found higher verbal ability
(measured using their Semantic Similarities Test [SST]) and
vocabulary  consistently  associated =~ with  better
comprehension.

We sought to replicate the previous findings of Errington
et al. (2022) and to assess the links between personality
(Openness to Experience and Emotionality assessed with the
HEXACO), aptitude (crystalized verbal intelligence as
assessed with the SST), and lifestyle/experience (engagement
with creative hobbies) and the inconsistent inverted U-shaped
relationship found between ease of comprehension and
pleasure.

Methods

Participants & Procedure

The sample consisted of 211 participants recruited via the
University of Edinburgh’s SONA student participant
recruitment program (SONA). The combined sample also
included the publicly shared data reported by Errington et al
(2022), which consisted of 63 participants recruited via
Prolific. Participants were excluded from analysis if English
was not their first language (n=74), they had a history of
language-related disorders (n=9), cognitive impairment
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(n=2), incomplete data (n=3), or failed more than 1 attention
check (n=37). These exclusions resulted in a final combined
sample of 149 participants: 89 from SONA and 60 from
Prolific. See Table 1 for participant demographic information

for the SONA and Prolific samples.

Table 1. Participant Demographic Information

SONA Prolific*
(n=89) (n=60)
M (SD) M (SD)
Age 19.30 (5.96) 31.32 (9.76)
F:M:NA 68:16:5 38:22:0
SST Score 24.30 (5.58) 22.12 (6.88)
Creative Hobbies 11.28 (9.70) 9.68 (6.48)
HEXACO
Honesty-Humility 32.18 (5.93) 33.08 (6.14)
Emotionality 36.19 (5.89) 33.98 (6.79)
Extraversion 30.67 (7.13) 30.58 (6.77)
Agreeableness 31.26 (6.68) 30.68 (6.85)
Conscientiousness 34.94 (7.44) 35.42 (5.87)
Openness 35.71 (6.25) 36.73 (6.67)

* Reported by Errington et al. (2022).

The study procedures were the same as in Errington et al.
(2022), which also describes them in more detail. The study
was administered via Qualtrics. Participants were randomly
assigned to 1 of 3 experimental groups. The groups differed
in the set of sentences shown to participants, but each group
of stimuli contained the same overall number of items (n=75)
as well as an equal number of items from each variation
category (e.g., Optimal Verb, Excessive Extension). Multiple
variations of familiar metaphor may be included in each
group, but none of the groups included all variations.
Participants provided the following subjective ratings for all
sentences within their group, ensuring that sentence-level
ratings were within subject: Ease (how easy the sentence was
to interpret), Imageability (how quickly and easily each
sentence aroused a sensory experience), Emotion (how
strongly each sentence evoked an emotional response), and
Pleasurability (how much the participant liked the way the
message was expressed focusing on how effective, satisfying,
or powerful the sentence was). All ratings were given on a 7-
point scale with higher values indicating an increase in Ease,
Imageability, Emotion or Pleasure. Sentence variations were
assigned to one of five lists. An attention check question with
the same structure as the critical sentence rating items was
added to each list. For a given rating (i.e., Ease), the set order
and the presentation of the sentences within each list were
randomized, but each rating block began with a description
of the property and at least 3 example sentences. The
presentation order of the subjective rating blocks was
counterbalanced such that participants were randomly
assigned to one of four presentation orders.

Between the subjective rating blocks, participants
completed 4 blocks of individual differences measures which
were presented in the following fixed order: the HEXACO

(presented across 2 blocks) (Ashton & Lee, 2009), an
engagement in creative hobbies questionnaire (Asquith et al.,
2022), and the Semantic Similarities Test (SST)
(Stamenkovi¢ et al., 2019). Participants either received
course credit or £7.25 upon completion of the approximately
1-hour study. The study was carried out in accordance with
an ethics protocol approved by the University of Edinburgh
PPLS Research Ethics panel (Ref No. 277-2021/3). The
sentence stimuli and Qualtrics survey file are provided on the
OSF page for the study by Errington and his colleagues
(https://osf.io/hjcyd/).

A composite score that captured the frequency of
engagement in creative hobbies was generated according to
the scoring guidelines outlined by Asquith et al. (2022). The
SST was manually scored according to the criteria provided
by Stamenkovi¢, Ichien, and Holyoak. Data were analyzed
using linear mixed effects models implemented with the Ime4
package (version 1.1.31) (Bates et al., 2015) in R (version
4.2.0) (R Core Team, 2019). Model parameter p-values were
obtained using the Satterthwaite method for estimating
degrees of freedom via the ImerTest package (version 3.1.3)
(Kuznetsova et al., 2017). Continuous predictors were
centered prior to analysis. Data and analysis code are shared
on OSF (https://osf.io/wy9bp/)

Replication Analyses

The analyses from Errington et al. (2022) examining the
impact of sentence type on subjective ease and pleasure
ratings were conducted with the SONA sample as an
independent replication of those results.

The first model assessed the impact of sentence type and
ease on pleasure with fixed effects of sentence type (with
familiar metaphor as the reference level) and ease and
random by-participant intercepts and slopes of sentence type
and random intercepts of item. The second model assessed
the impact of sentence type and semantic knowledge on
pleasure with fixed effects of sentence type and SST score
and the same random effects structure as the prior model. The
third model assessed the impact of sentence type and
semantic knowledge on ease with the same fixed and random
effect structure as the second model.

Individual Differences Analyses

The combined sample data were used to examine the
connections between individual differences and the
subjective experience of ease or pleasure in comprehending
the metaphors used here. In investigating these associations,
we focused on openness to experience, emotionality, and
engagement in creative hobbies as we believed these
individual differences would have the greatest impact on the
subjective experience of metaphor comprehension.

The first set of analyses examined associations between
openness to experience and ease or pleasure ratings with
fixed effects of sentence type and openness (HEXACO
subscale) and, as with the prior replication models, random
by-participant intercepts and slopes of sentence type and
random intercepts of item.
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The second set of analyses examined how emotionality was
associated with ease or pleasure ratings with fixed effects of
sentence type and emotionality (HEXACO subscale). The
random effects structure was the same as the prior model.

The third set of analyses examined how the engagement in
creative hobbies was associated with ease or pleasure ratings
with fixed effects of sentence type and creative hobbies
composite score. The random effects structure was the same
as the prior models.

Results

Replication of Prior Results

We first tested whether the key findings from Errington et
al. (2022) were replicated in this new (and somewhat larger)
sample of participants recruited locally through a university
participant pool (SONA) rather than online through Prolific.
Figure 1 shows the results from the new sample, which very
closely match the results reported by Errington et al. A
detailed comparison of the coefficients from the statistical
models found that, for each model term, the estimates from
the two samples are within one another’s confidence interval
(see Figure 2).

First, the metaphor conditions differed in both ease and
pleasure ratings. For ease of comprehension (top panel of
Figure 1), this was a monotonic effect with “optimal”
metaphors rated less easy to comprehend than familiar
metaphors, and “excessive” metaphors rated even more
difficult to comprehend. For pleasure ratings (bottom panel
of Figure 1), the pattern was different for verb and extension
manipulations. Pleasure ratings for verb manipulations
paralleled the ease ratings: “optimal” verb metaphors were
rated slightly less pleasurable than familiar metaphors and
“excessive” verb metaphors rated even less pleasurable.
Pleasure ratings for extension manipulations exhibited the
critical U-shaped pattern reported for the Prolific sample and
predicted by the optimal innovation hypothesis: highest
pleasure ratings for “optimal” extensions, with somewhat
lower pleasure ratings for “excessive” extensions.

Second, there was an overall positive association between
ease and pleasure (model 1, top panel in Figure 2), consistent
with the general pattern that people tend to prefer stimuli that
are easier to process. In both samples, this association tended
to be stronger for the novelized metaphors (especially in the
SONA sample), indicating that the preference for easier
metaphors was stronger when processing novel metaphors
than when processing familiar metaphors.

Although broadly similar in estimated magnitude, effects of
SST (verbal ability) tended to be smaller (i.e., closer to 0) and
less statistically significant in the SONA sample than in the
Prolific sample (models 2 and 3, middle and bottom panels in
Figure 2). This may be related to the overall somewhat higher
SST scores in the SONA sample (M = 24.30, SD = 5.58)
compared to the Prolific sample (M =22.12, SD = 6.88). That
is, the effect of verbal ability may be somewhat weaker
among participants who, overall, have somewhat higher
verbal ability.

Centered Ease

Pleasure (1-7)

4.54

4.04

3.5+

3.04

Optimal Excessive

Type + Extension -+— Verb

Figure 1. Ease (top) and pleasure (bottom) ratings by
condition and novel metaphor type.

T
Familiar

For the combined participant sample (SONA and Prolific),
SST did not substantially modulate pleasure ratings (only a
marginal negative association for familiar metaphors). SST
was positively associated with ease ratings, especially for the
familiar metaphors (Estimate = 0.045, SE = 0.013,
t(148.5)=3.38, p < 0.001), indicating that (not surprisingly)
familiar metaphors were rated easier to understand by
participants with higher verbal ability. This effect was
smaller for the novel metaphor variations, though the
difference was statistically significant only for the excessive
verb variations (Estimate = -0.044, SE = 0.016,
t(148.2)=2.72, p < 0.01).

Effects of Individual Differences

Overall, the association of individual differences with ease
and pleasure ratings tended to be very small and not
statistically significant. There were two exceptions to this
overall pattern. First, for ease ratings there was an interaction
between openness to experience and metaphor type (Figure
3, left panel): higher openness to experience was associated
with higher ease of comprehending familiar metaphors, a
weaker association for optimal verb and extension
metaphors, and an even weaker association for excessive verb
and extension metaphors. That is, as the degree of difficulty
and distance from the familiar metaphor increased, there was
a decreased association between openness to experience and
ease of metaphor comprehension.
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Figure 2. Regression coefficient estimates (+2SE) from the
prior study (Prolific sample) and the current study (SONA
sample). All estimates are relative to the familiar metaphor
condition and continuous predictors (Ease for model 1, SST
for models 2 and 3) were centered. Statistically significant (p
< 0.05) estimates are shown as filled circles, not statistically
significant estimates are open circles.

Second, specifically for optimal extension metaphors,
there was a positive association between engagement with
creative hobbies and pleasure ratings (Figure 3, right panel).
Note that the optimal extension condition is the one that
showed the critical optimal innovation effect where pleasure

and ease were decoupled: pleasure ratings tended to be higher
despite lower ease ratings. The correlation with creative
hobbies suggests that people who engage in more creative
hobbies may be particularly prone to experience pleasure
from comprehending moderately difficult and innovative
metaphors.

Discussion

The present results replicated a recent study, showing the
same pattern of partial support for the inverted U-shaped
relationship between ease and pleasure predicted by the
‘optimal innovation hypothesis’ and related theories.
Individual differences in verbal ability, personality, and
experience had minimal association with ease and pleasure
ratings of metaphor sentences, with only a few reliable
exceptions. Participants with better verbal ability (as
measured by SST) tended to rate metaphors easier to
understand, and this was strongest for familiar metaphors and
weakest for excessive variations. A similar pattern was
observed for the ‘openness to experience’ personality trait.
While both SST and openness to experience had similar
associations with ease ratings, neither was substantially
associated with pleasure ratings. Engagement with creative
hobbies was associated with higher pleasure ratings,
especially for the critical optimal extension condition, but not
with ease ratings.

The replication of the pattern reported by Errington et al.
(2022) provides a basis for better understanding the ‘optimal
innovation’ effect for novel metaphor variations. The
metaphor extensions showed exactly the inverse U-shaped
pattern predicted by the ‘optimal innovation hypothesis’, but
verb variations elicited a monotonic relationship between
ease and pleasure. This discrepancy is now observed in two
distinct and relatively large samples, and the minimal effects
of individual differences suggest that this phenomenon does
not result from simply having ‘missed the mark’ in finding
the ‘optimal’ degree of innovation for our verb-based
stimulus variations. As pointed out by Errington et al., timing
of the novelty may play a key role here: verb variations come
before the full metaphor is presented while extensions come
after. Participants’ implicit expectations (task-set) when
reading single sentences as part of a psychology experiment
may also impact their aesthetic experience (as well as their
assessment of ease of comprehension). These may represent
avenues for further research.

That the pattern reported by Errington et al. (2022) and
replicated here was found to be robust even when taking into
account several individual difference measures is also
important. The most significant association was that of
participants’ engagement with creative hobbies with the
pleasure experienced in metaphor processing. Especially
notable is the case of the ‘optimal’ extensions, where those
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Figure 3. Significant individual differences analyses. The left panel shows the effect of Openness to
Experience on Ease ratings across the 5 sentence types. The right panel shows the effect of
engagement in Creative Hobbies on Pleasure ratings across the 5 sentence types.

with greater engagement with creative hobbies experienced
greater pleasure despite finding those metaphors more
difficult than the average. Our results seem to indicate that
increased engagement with creative activities is not
associated with increased skill in metaphor comprehension
(perhaps because the creative hobbies were not necessarily
related to literature) but is associated with greater pleasure
when reading moderately difficult ones. It is possible that
individuals who ‘naturally’ find greater pleasure in
moderately difficult creative tasks (i.e., novel metaphor
comprehension) tend to seek out more creative hobbies.
Previous studies (see Bannister, 2019; Colver & El-Alayli,
2016; Fayn, et a., 2015; Nusbaum & Silvia, 2011; McCrae,
2007; Silvia, et al., 2011, 2015; Williams et al., 2022) have
reported that certain personality traits — most notably
‘openness to experience’ — may play a pivotal role in the
aesthetic experience of artistic stimuli (music in particular),
as well as in the processing of metaphors. We similarly found
that more ‘open’ individuals tended to rate metaphors easier
to comprehend, but we found little association with the
pleasure of reading metaphors, complicating the findings of
those previous studies. The lack of association with pleasure
hints at a general division between empirical work on the
aesthetic experience of linguistic stimuli compared to non-
linguistic artistic stimuli. Although metaphor processing has
received significant attention from cognitive psychologists,
the majority of studies consider metaphor as a linguistic
phenomenon to be ‘comprehended’ or ‘resolved’ accurately
(i.e., the process of resolving a metaphor like ‘I grasp the
situation’ into something equivalent to ‘I understand’) rather
than as an aesthetic phenomenon whose resolution might be
experienced aesthetically (as, for example, music or visual art
might) or not at all. Studies of non-linguistic artistic stimuli,
meanwhile, privilege the aesthetic experience, often without
even defining what ‘accurate’ perception might mean. Yet
metaphor — indeed language itself — can also be experienced
aesthetically, producing pleasure and ‘moving’ people as a
result of its rhythm, sound, novelty, and other such features

(Cutler 1994), as well as the images (visual or otherwise) that
its processing might evoke, with no ‘correct’ comprehension
to be defined.

The focus of most studies of metaphor comprehension on
‘correct’ interpretation over aesthetic experience of metaphor
likely influences how participants approach the given stimuli.
Not being able to understand the meaning of ‘I tickle the
meaning’, for instance, may prove frustrating if tasked
(implicitly or explicitly) with coherently resolving it or
translating it into literal language. Yet it might not be so if
invited to simply enjoy whatever mental pictures it evokes.
While our study, by design, did not require that readers
‘interpret’ the metaphor stimuli they were given, it is likely
that test conditions (and in particular the inclusion of
questions of ‘ease’ of comprehension) nevertheless biased
readers toward attempting to create a coherent understanding
of each given phrase rather than treating the sentences
primarily as aesthetic objects. This might explain why
‘openness to experience’ personality traits would be linked to
metaphor comprehension (consistent with previous studies)
but not aesthetic experience (as in studies of music or other
arts), since readers were engaging them primarily as objects
to be comprehended rather than objects to be experienced.
The role subjective rating tasks may play in the
comprehension process indicates the limitations of this
behavioral approach, which other methods such as
neuroimaging might conceivably remedy.

Readers’ implicit goals or task-set when reading likely have
impacts on the comprehension and aesthetic experience of
metaphors beyond the relationship to personality. Further
investigation of readers’ task-set effects, particularly if
employing neuroimaging techniques to avoid the potentially
confounding effects of test questions, would be productive
avenues for better understanding the aesthetic experience of
metaphors and literary language in general.
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