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Abstract

For skilled readers, idiomatic language confers faster access to overall meaning compared with
non-idiomatic language, with a processing advantage for figurative over literal interpretation.
However, currently very little research exists to elucidate whether atypical readers — such as
those with developmental dyslexia — show such a processing advantage for figurative
interpretations of idioms, or whether their reading impairment implicates subtle differences in
semantic access. We wanted to know whether an initial figurative interpretation of similes, for
both typical and dyslexic readers, is dependent on familiarity. Here, we tracked typical and
dyslexic readers’ eye movements as they read sentences containing similes (e.g. as cold as ice),
orthogonally manipulated for novelty (e.g. familiar: as cold as ice, novel: as cold as snow) and
figurativeness (e.qg. literal: as cold as ice [low temperature], figurative: as cold as ice
[emotionally distant]), with figurativeness being defined by the sentence context. Both
participant groups exhibited a processing advantage for familiar and figurative similes over novel
and literal similes. However, compared to typical readers, participants with dyslexia had greater
difficulty processing similes both when they were unfamiliar, and when the context biased the
simile meaning toward a literal rather than a figurative interpretation. Our findings suggest a
semantic processing anomaly in dyslexic readers, which we discuss in light of recent literature

on sentence-level semantic processing.

Keywords: idioms, similes, developmental dyslexia, eye-tracking, semantics, reading.



1. Introduction

Developmental dyslexia (henceforth, dyslexia) refers to a specific reading impairment in
individuals with 1Q within the normal range (Lyon et al., 2003). While reading improvement is
often seen in adulthood, so-called compensated dyslexia is characterised by deficits in
phonological processing, written expression, and slower reading than typically developed readers
(Hatcher et al., 2002; Jones et al., 2010; Ramus & Szenkovits, 2008). Recent theorizing suggests
that semantic processing is unimpaired in readers with dyslexia, and that the relative strength of
conceptual-level knowledge can be used to compensate for orthographic / phonological
processing difficulties (Hulme & Snowling, 2014; Nation & Snowling, 1998; Snowling &
Hulme, 2013). However, other recent evidence shows a subtle semantic deficit, in which readers
with dyslexia are less sensitive to, and have more difficulty processing input that does not match
their semantic expectations when compared with typical readers (Jednordg et al., 2010; Russeler
et al., 2007; Schulz et al., 2008). Here, we examine how readers with dyslexia process idiomatic
language, a form of expression which typically requires flexibility in the comprehension system
for accurate interpretation.

Formulaic language is an umbrella term that comprises various types of conventional
expressions, such as collocations (e.g., strong tea), binomials (e.g., bride and groom), idioms
(e.g., kick the bucket), proverbs (e.g., better late than never), lexical bundles (e.g., in line with),
and so on. Idioms, such as spill the beans, are of a particular interest in that they convey a
figurative, non-literal meaning. In this particular example (as with many other idioms), the literal
and idiomatic meanings were originally aligned,* but over time, the literal meaning became
obsolete, and only the idiomatic interpretation remained. Formulaic language is very common in
day-to-day oral and written language (Siyanova-Chanturia et al., 2011; Siyanova-Chanturia &
Pellicer-Sanchez, 2019). A growing number of empirical studies have examined the means by
which these highly familiar linguistic forms are processed, in comparison with more declarative,
propositional linguistic forms. Previous research has shown that typically developed readers
exhibit a processing advantage for idioms and other types of formulaic language over novel
control phrases (Gibbs, 1980; Gibbs & Gonzales, 1985; Kessler et al., 2020; Siyanova-Chanturia

! Spilling the beans originally referred to an ancient voting system, wherein voters placed a bean in a jar. If the jars
were toppled before the votes were counted, then one might see, prematurely, which candidate would be the winner,
therefore lending itself to the idiomatic interpretation: to reveal a secret.



et al., 2011; Swinney & Cutler, 1979; Tabossi et al., 2009; for a review, see Siyanova-Chanturia
& van Lancker-Sidtis, 2019). Event-related potential studies moreover indicate that formulaic
sequences are accessed directly from semantic memory (Molinaro & Carreiras, 2010; Rommers
et al., 2013; Siyanova-Chanturia et al., 2017; Vespignani et al., 2010), largely bypassing the
incremental composition of meaning, usually characteristic of novel, propositional language
comprehension.

Similes, such as as cold as ice, are a particularly interesting form of ditropically
ambiguous idioms, meaning they allow for either a literal (low temperature) or a figurative
(emotionally distant) interpretation. Researchers have long been interested in how figurative
phrases are processed relative to novel controls, as well as how the two meanings — figurative
and literal — are accessed and processed in ambiguous figurative expressions (Ashby et al., 2018;
Bobrow & Bell, 1973; Cacciari & Tabossi, 1988; Conklin & Schmitt, 2008; Siyanova-Chanturia
etal., 2011; Swinney & Cutler, 1979). For example, Ashby et al (2018) presented sentences
containing either metaphors, such as knowledge is a river, or matched similes such as knowledge
is like a river, the key difference being that only the simile is plausible when interpreted literally.
In both instances, disambiguating context occurred after the vehicle word (river). Eye-
movements revealed longer reading and rereading times for metaphors, both on the target word
and the word immediately to its right, and regressions from these words were also less likely
than for similes (Ashby et al., 2018). These results were taken to indicate that similes are more
easily processed than metaphors, due to their dual interpretations being active in parallel.
Research on idiom processing in typical readers suggests that idioms are processed faster than
control phrases (e.g., tie the knot vs. tie a knot), while the (identical in form) figurative and literal
meanings are processed similarly (e.g., Siyanova-Chanturia et al., 2011).

Similes, therefore, provide an interesting test case for the linguistic processor’s temporal
access to literal and figurative meanings, as both interpretations are possible. Indeed, familiar, or
more frequent, similes are more likely to yield an initial figurative, than literal, interpretation
(Siyanova-Chanturia et al., 2011, 2017). Literal/figurative interpretation is found to be
modulated by the global sentence context and participant characteristics. For example, in
contexts that prime a specific interpretation (i.e., figurative or literal), the idiom is initially
interpreted as figurative or literal accordingly. Importantly, studies looking at first (L1) and

second (L2) language speakers have found key differences in simile interpretation as a function



of language proficiency. When L2 speakers read ambiguous figurative sequences (e.g., at the end
of the day), they show a processing disadvantage when figurative interpretation is intended
relative to both literal interpretation and a control phrase (e.g., at the end of the war), which is in
contrast with the advantage typically shown in L1 speakers (Cieslicka, 2006; Siyanova-Chanturia
etal., 2011). Thus, second language speakers may initially activate the literal interpretation,
which then requires revision in order to accurately comprehend the intended meaning of the
figurative expression. This likely occurs because L2 speakers acquire the literal meanings of
idiom constituents’ first, mastering figurative language only with increased exposure and
proficiency, and in more naturalistic language environments.

A natural extension to the current research into figurative idiomatic language processing,
then, is how literal and figurative meanings may be accessed as a function of reading ability.
This topic has been the subject of some investigation, with researchers proposing that pragmatic
knowledge may be compromised in individuals with reading disorders, such as dyslexia
(Cappelli et al., 2018; R. Cardillo et al., 2018; Griffiths, 2007; Kasirer & Mashal, 2017). This
line of research has largely relied on offline questionnaire-based measures of idiom and
metaphor comprehension, with mixed results. For example, while Griffiths (2007) found
differences in metaphor comprehension between adults with and without dyslexia, Kasirer and
Mashal (2017) found that the two groups were comparable in novel metaphor comprehension
and generation.

However, it may be that any differences in idiom comprehension are too subtle to be
captured by off-line measures. Indeed, this seems likely, as the evidence for semantic processing
abnormalities comes largely from electrophysiological evidence which is a sensitive measure of
implicit responses (Jednordg et al., 2010; Risseler et al., 2007; Schulz et al., 2008). Thus, what
we may observe is differences in temporal access to literal and figurative language in individuals
with dyslexia versus typically developed readers. A distinct yet related question is to what extent
a phrase’s familiarity influences dyslexic readers’ processing of idiomatic sequences. We know
that typically developed readers find familiar phrases easier to process than novel ones (Kessler
et al., 2020; Siyanova-Chanturia et al., 2011; Siyanova-Chanturia & van Lancker-Sidltis, 2019).
This processing advantage has been attributed to the frequency, familiarity, and predictability of
conventional language. For example, upon hearing or reading “on the other ..., participants

automatically predict the most likely continuation — “hand ”. As such, it seems likely that readers



with dyslexia will have comparable or, indeed, greater difficulty with novel items, given their
relative insensitivity to detecting unexpected linguistic input (Russeler et al., 2007).

In the present investigation, we examine the effects of novelty (familiar vs. novel
similes), and figurativeness (literal vs. figurative interpretations) on the sentence processing
characteristics of adults with and without dyslexia using an eye-tracking paradigm. Similar to
Ashby et al (2018), our similes were embedded in initially non-biasing sentences. In the present
study, the correct simile interpretation (figurative or literal) is only available following the simile
itself (e.g., She was as cold as ice with her children; a familiar simile with a figurative
interpretation implied in the final clause). We examined readers’ eye movement behaviour in the
simile region (as cold as ice; initial interpretation of the simile), the target word region (ice;
precise response to the final word in the simile) and the continuation region (with her children;
implicating meaning reanalysis). Given previous findings, we expected that typically developed
readers would take advantage of linguistic forms that can be chunked and accessed as a single
unit from semantic memory (Rommers et al., 2013; Siyanova-Chanturia et al., 2017; Vespignani
et al., 2010). Here, the disambiguating context for figurative / familiar meanings should therefore
accord with typical readers’ online interpretation of the sentence, whereas literal / novel
meanings should require re-interpretation. We therefore predicted that for typical readers,
familiar meanings would yield shorter initial interpretation time (i.e., first pass times / total times
on the simile region and target word), and figurative/familiar meanings would necessitate less
investment in reanalysis, i.e., implicating fewer regressive eye-movements back from the
continuation region, as well as shorter regression paths, compared with literal / novel meanings.

In relation to dyslexic readers, we also expected slower processing for novel (than
familiar) similes and target words. But crucially, we expected disproportionately larger effects
for readers with dyslexia, i.e., first pass/total time reading and a greater number of fixations,
indicative of processing difficulty (Eden et al., 1994; Rayner, 1998; De Luca et al., 1999; Hutzler
& Wimmer, 2004; Jones et al., 2010), compared with typical readers, since context is less salient
in the case of novel similes (Hulme & Snowling, 2014; Nation & Snowling, 1998; Snowling &
Hulme, 2013). Moreover, if dyslexic readers approach idiomatic language incrementally,
indicative of a less efficient comprehension system, we would expect dyslexic readers’ eye
movements to pattern similarly across figurative and literal sentences. That is, upon reaching the

continuation region, dyslexic readers would not have committed to either a literal or figurative



interpretation (compared with typical readers’ selection of the figurative interpretation), and we
therefore expected similar patterns of processing times (first pass and regression path durations)

and regressive eye movements in both literal and figurative conditions.

2. Materials and Methods

2.1. Participants

Thirty-nine native English speakers were included in the analysis, comprising 20 typical readers
and 19 with developmental dyslexia (a further participant with dyslexia was excluded due to
excessive errors on the comprehension task). The latter group self-reported having a diagnosis of
developmental dyslexia (n = 19, 12 females, age: M = 24.2, SD = 4.54 years). These participants
were recruited via the Miles Dyslexia Centre Specific Learning/Socio-communicative
Difficulties Panel at Bangor University. The typical readers reported no history of developmental
dyslexia or learning difficulty (n = 20, 14 females, age: M = 23.9, SD = 5.9 years). All
participants had normal or corrected-to-normal vision. Ethical approval was granted for this

study, and all participants provided written informed consent before taking part.

2.2. Background Cognitive and Literacy Tests

We administered a short battery of cognitive and literacy tests in order to validate the two group
differences on key measures. Literacy measures with a focus on latency included word and non-
word naming from the Test of Word Reading Efficiency (TOWRE; Torgesen et al., 1999), and
rapid automatized naming (RAN) of letters and numbers from the Comprehensive Test of
Phonological Processing (CTOPP; Wagner et al., 1999). These are important measures for
distinguishing the two groups, as even highly compensated adults with dyslexia perform more
poorly on these tasks than typical readers (Berninger et al., 2006; Jones et al., 2010). As readers
with dyslexia are thought to have lower print exposure, and to read less than typically developed
readers (Stanovich, 2009), we administered the Author Recognition Test, and the accompanying
self-report measures about reading habits (ART; Acheson et al., 2008). The ART is a measure of
print exposure, and the self-report items measure how many hours per week participants spend
reading and writing, and a measure of how they feel their reading habits compare to their peers
(Acheson et al., 2008). We also included both verbal and nonverbal 1Q measures (expressive

vocabulary and matrix reasoning), from the Wechsler Abbreviated Scale of Intelligence (WASI;



Wechsler, 2011). As dyslexia is a reading specific disorder, the groups were expected to differ on

the basis of the literacy tests, but not IQ measures (Lyon et al., 2003).

2.3. Experimental Design & Stimuli

We utilized a two-by-two experimental design manipulating novelty (familiar phrases versus
novel similes), and figurativeness (literal similes versus figurative similes). Similes were fully
rotated across conditions, resulting in a total of 80 phrases, with 20 phrases per condition. Only
76 were included in analyses, however, due to problems with target word position (see statistical
analysis section for details). The similes, and the sentences in which they were contained were
identical up until the target word (see Table 1 for a depiction of the design). The target word was
the same for all familiar phrases (both literal and figurative) as these would be highly familiar to
participants (e.g. “as cold as ice”). For novel similes this target was changed to an alternative,
which still made sense, but was unfamiliar (e.g. “as cold as snow”). The figurative and literal
conditions differ in sentence endings, (e.g. “as cold as ice after her swim”, referring to literal
temperature, vs. “as cold as ice with her children”, using a cold temperature to figuratively refer

to an emotion).

Table 1. Experimental design and examples of stimuli. Interest areas for eye-tracking analyses:
Simile region (e.g. “as cold as ice””) shown in italics below; target word (e.g. “ice’’) shown in
bold below, and continuation region (e.g. “with her children”).

Sentence Figurativeness Novelty
She was as cold as ice with her children. Figurative Familiar
She was as cold as ice after her swim. Literal Familiar
She was as cold as snow with her children. Figurative Novel
She was as cold as snow after her swim. Literal Novel

The 38 target words included in analyses did not differ on word length across the novel
(5.36 +/- 1.67) and familiar conditions (5 +/- 1.56; t(37) = 1.1, p = 0.3). Lexical frequency was
calculated as Zipf scores from SUBTLEX-UK (van Heuven et al., 2014), and novel targets had
significantly higher frequency (4.34 +/- 0.57) than familiar targets (4.06 +/- 0.68; t(37) =2.3,p =



0.03). Zipf scores were then regressed against length (as these two factors are typically
confounded), in order to analyse the residuals of these scores. Both word length and residualised
lexical frequency were then included as covariates for the eye-tracking analyses, to ensure that
these would not confound the results. Stimuli were normed for plausibility, familiarity, and
figurativeness in an online norming study before testing began, with each factor being ranked on
a 7-point Likert scale. Each item was rated by six people, and the data were analysed using
cumulative link mixed models with the R function clmm in the ordinal package (Christensen,
2019). 2 For familiarity (7 being highly familiar, and 1 being highly unfamiliar), novel similes
were rated as significantly less familiar (M = 2.94, SE = 0.34) than familiar ones (M = 5.48, SE =
0.31) as expected (2[1]=20.8, p < .0001). Similarly for figurativeness (1 being completely
literal, and 7 being completely figurative), literal phrases (M = 3.55, SE = 0.30) were rated as
being less figurative than those in the figurative condition (M = 5.82, SE = 0.21; ¥2[1]=18.2,p <
.0001). No other significant effects emerged for those ratings, and both validate our
categorisation of items. Plausibility (1 highly implausible, to 7 highly plausible) analyses
revealed novel items (M = 3.94 SE = 0.35) were rated as less plausible than familiar items (M =
4.48 SE = 0.34; 2[1]=19.6, p <.0001), while literal items (M = 4.87, SE = 0.29) were rated as
more plausible than figurative ones (M = 3.55, SE = 0.45; y2[1]=11.2, p <.001). No significant
interaction emerged. Whilst we aimed to control for plausibility across conditions as much as
possible, it is the case that literal sentences, and more familiar similes both strongly bias raters to
judge these items as being more plausible than novel and figurative alternatives (E. R. Cardillo et
al., 2010; Lapata et al., 1999; Ldpez et al., 2017). Indeed, Cardillo et al (2010) warn that trying to
over-match on plausibility in designs such as this one may decrease the metaphorical nature of

the figurative conditions.

2.4. Procedure

Participants’ eye-movements were recorded from their right eye using an Eyelink 1000 desktop-
mounted eye tracker. Stimuli were presented in the centre of a 60 cm wide monitor (with a 60 Hz
refresh rate), in black 20-point Courier New on a white background, and participants were seated

60 cm from the screen. The experiment was preceded by a 9-point calibration, which was

2 Linear mixed effects models of each set of ratings were also carried out using the Ime4 package in R, and provided
highly similar results to those reported here.



repeated before each block. At the beginning of each trial, participants fixated a small black
circle, for drift correction. Following this the experimenter began the trial, at which point the
sentence appeared, with the initial word in the position where the drift correction had been. The
experiment consisted of four blocks, with each block comprising 78 sentences (20 target
sentences, 58 filler sentences), interspersed with a short break. Trial order was
pseudorandomized such that each simile only appeared once per block, and that there was full
block between first and second presentation of each simile. After a third of all filler trials,
participants were presented with a short comprehension question (see Figure 1 for the trial
structure). The purpose of this was to ensure that participants were focusing on the sentences and
their meaning. After the second block participants were given a longer break, and at this point

the cognitive and literacy tests were administered.
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Figure 1. Schematic of the trial procedure with example simile and filler trials.

2.5. Statistical Analyses

Shapiro-Wilks test indicated that the assumption of normality was violated for most of the
cognitive and literacy tests, with the exception of weekly writing time, comparative reading and
matrix reasoning. Comparison of the two groups for these normally distributed measures were
conducted via Welch’s t-tests with separate estimates of variance, and the remaining measures
were compared via Wilcoxon rank sum test for non-parametric data.

For eye-tracking analyses, three interest areas were defined; the full simile (e.g. “as cold
as ice”), the target word (e.g. “ice”), and the continuation region after the simile (e.g. “with her
children”). As noted in the experimental design section, two items were excluded from analysis
due to their target word not occurring at the end of the item (e.g. “like a bull in a china shop”),
which rendered them unsuitable for comparison with the other items in analyses. As such, we
had 38 items per condition for analyses. Eye-tracking measures for sentence reading are often
split into so-called early and late measures (Rayner, 1998, 2009). Our early measures (those
relating to lexical and predictive processing facilitated by the earlier sentence context) were: first
fixation duration, first pass fixation count, and first pass dwell time (gaze duration). Our later
measures (which incorporate regressions to the area preceding the words) were: regression path
(the total time/fixations between the participant fixating the interest area, and them exiting it to
the right), and selective regression path (as the previous, but only counting first run fixations and
refixations directly on the interest area). We also analysed early reading measures (first pass
dwell time and fixation counts) in the disambiguating continuation region, as well as regressions
back to the simile from this region. The durational measures were log-transformed prior to
analysis (either explicitly or as part of the R routine used to model the data).

The analyses were conducted using mixed-effects modelling. The fixed effects for most
analyses were Novelty (familiar vs. novel), Figurativeness (figurative vs. literal), and Group
(typical readers vs. readers with dyslexia), and their interactions, as well as the covariates target
word Length and Frequency (Zipf scores residualised against length). These covariates were
included in order to ensure that target word length and frequency were not unduly impacting our
results. Continuation region analyses did not include the covariates as these apply to the target

word. The random effects structures included intercepts for participants and items, by-participant



and by-item slopes for Novelty, Figurativeness (when appropriate), and a scaled and centred
value for trial number, as well as by-participant slopes for target word length and (residualised)
frequency (when appropriate), and by-item slopes for Group. Analyses of the simile and target
word regions did not include Figurativeness as a fixed effect, as the conditions were identical at
that point of the sentence.?

For most of the analyses we used a zero-inflation approach, using glmmTMB (Magnusson
etal., 2017) in the R programming environment (Team & DC, 2019). This permits a two-part
analysis, in which the first part is a logistic model predicting the likelihood of skipping an item,
and the second part provides a model, conditional on skip rate, for reading time or fixation
counts, using linear (gaussian) or poisson models, respectively. In cases where there were very
few skips, straightforward linear or poisson models of non-zero reading times or of fixation
counts were carried out, using Imer or glmer from the Ime4 package (Bates et al., 2018). Our
model-building approach was to start from a maximal model and to run model comparisons to
find the best model for the data, while retaining both our simple effects and interactions
involving our main predictors (Group, Novelty, and Figurativeness). Model selection was
automatized using the R package buildmer (Voeten, 2020) with settings that first ensured that the
model converged and which then ran a backward elimination analysis of non-significant factors.
Buildmer is able to evaluate all three model types listed above. All fixed effects were retained
during the evaluation of the random effects structure, but were then assessed through model
comparisons using Anova from the car package (Fox & Weisberg, 2019). The maximal and final
models will be described for each analysis as it is introduced. For data, analysis scripts, and
supplementary analysis please see
https://osf.io/r37ta/?view_only=ee3155c¢1c9724e80aac7460750ed145e.

3. Results

3.1. Cognitive and Literacy Tests

The results of the cognitive and literacy tests largely validated the expected differences between
groups (see Table 2). Readers with dyslexia had longer rapid naming for letters and numbers,

words and nonword reading latencies, and more errors for nonwords than typical readers.

3 See supplementary material for additional analyses in which we used the rating scores we obtained for Familiarity,
Figurativeness and Plausibility, in the place of Novelty.


https://osf.io/r37ta/?view_only=ee3155c1c9724e80aac7460750ed145e

Surprisingly, print exposure and self-reported reading and writing times were comparable

between groups. Although in the comparative reading measure participants with dyslexia

reported poorer reading than their peers. Notably, both groups had comparable verbal and

nonverbal 1Q, indicating that any deficits the participants with dyslexia showed were in fact

reading specific.

Table 2: Scores on cognitive and literacy tests, significant group differences in bold. Note: ?
Time in seconds; ® Number of errors; ¢ Word from 104 total; ¢ Nonword from 63 total; ¢ Number
of authors (max 30); " Time in hours; &8 WASI subtest scaled score; " Self-report ability compared

to peers (max 30).

Median (MAD)

Typical Dyslexic w p r

n=20 n=19
RAN Letters 2 12.65 (2.45) 19.80 (8.89) 54.5 <.01 -.61
RAN Numbers 2 11.50 (2.22) | 15.80 (7.71) 78.5 <.01 -.49
Word Reading (Time) 2 53.90 (11.49) | 91.70 (41.96) 34.0 <.01 -.69
Nonword Reading (Time) @ 46.50 (12.75) | 95.00 (44.48) 375 <.01 -.68
Word Reading (Errors) ® 0 (0.00) 1 (1.48) 141.5 15 -.23
Nonword Reading (Errors) ° 1 (1.48) 5 (4.45) 110.5 .02 -.36
Word at 45 seconds © 91 (14.83) 74 (17.79) 237.0 <.01 -.52
Nonword at 45 seconds ¢ 58 (2.97) 40.5 (12.60) 180.5 <.01 -.58
ART ¢ 11.00 (5.93) 10.00 (4.45) 231.0 .25 -.18
Average weekly reading f 17.00 (5.19) | 17.00 (10.38) 192.0 .97 -.01
Verbal 1Q ¢ 12.00 (1.48) | 10.00 (2.97) 245 12 -.25

Mean (SD) t (df) p Cohen’s d

Average weekly writing 10.90 (4.62) ‘ 12.26 (4.68) | -0.92 (36.8) ‘ 37 ‘ -0.29
Matrix Reasoning 11.15 (2.56) ‘ 11.26 (2.02) | -0.15 (35.8) ‘ .88 -0.05
Comparative reading "

22.25 (3.04) ‘ 17.21 (4.64) ‘ 3.99 (30.8) ‘ <.01 ‘ 1.29




3.2. Eye-tracking Measures

3.2.1. Simile Region Analyses

Results from the simile region (cf. Table 1) eye-tracking analyses are reported in Table 3 and
Figure 2.

Table 3. Results from simile region (e.g. “as cold as ice”) eye-tracking analyses, significant
effects are in bold.

X2 p
First pass fixation duration
Model type: Imer (gaussian)
Length 4.72 <.05
Frequency 21.77 <.001
Group 26.30 <.001
Novelty 14.99 <.001
Group * Novelty 2.65 .10
Fixation counts
Model type: glmer (poisson)
Length 5.57 <.05
Frequency 13.66 <.001
Group 26.14 <.001
Novelty 12.63 <.001
Group * Novelty 1.38 .24

Relating to our predictions, the primary findings from this region were significant main effects of
Novelty and Group. Similes with novel completions had longer total reading times and more
fixations (total first pass durations: M = 651 ms, SE = 37.3 vs. M =607 ms, SE = 31.2, with
average fixation counts of 3.10, SE = 0.17 vs. 2.88, SE = 0.16). Readers with dyslexia had longer
reading times than typical readers (M = 820 ms, SE = 61.1 vs. M = 483 ms, SE = 35.2), and
more fixations (M = 3.63, SE = 0.26 vs. M = 2.46, SE = 0.14), as is shown on Figure 2.
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Figure 2. Eye-tracking measures for the simile region (e.g. “as cold as ice”), showing the effects
of Novelty (familiar vs. novel) and Group (typical readers vs. readers with dyslexia). A: First
pass dwell time. B: Count of first pass fixations.

3.2.2. Target Word Analyses

Results from the target word region (cf. Table 1) analyses are reported in Table 4. Again, the
primary factors of interest here were Novelty and Group.*

Table 4. Results from target word region (e.g. “ice”) eye-tracking analyses, significant effects
are in bold.

X2 p

First pass fixation duration

Model type: zero-inflation

i. zero-inflation component (skip rate; logit)
Length 26.43 <.001
Frequency 8.74 <.01
Group 2.01 .16
Novelty 5.17 <.05
Group * Novelty 0.41 .52

ii. conditional component (duration; gaussian)
Length 0.002 .97
Frequency 0.002 .96
Group 5.05 <.05
Novelty 5.10 <.05
Group * Novelty 0.014 91

4 We found that all readers spent longer reading, made more fixations on, and were more likely to regress to longer
and less frequent target words. This is in line with previous research (Hyéné & Olson, 1995), and as this did not
differ between groups, or interact with our variables of interest, it is reasonable to conclude that these factors are not
influencing our findings. As such, we now turn to a discussion of the main results of interest, beginning with the
effect of familiarity.



First pass dwell time
Model type: zero-inflation
i. zero-inflation component (skip rate; logit)
Length
Frequency
Group
Novelty
Group * Novelty

i. conditional component (duration; gaussian)
Length

Frequency

Group

Novelty

Group * Novelty

Fixation counts
Model type: glmer (poisson)
Length
Frequency
Group
Novelty
Group * Novelty

Regression path reading time
Model type: zero-inflation
i. zero-inflation component (skip rate; logit)
Length
Frequency
Group
Novelty
Group * Novelty

ii. conditional component (duration; gaussian)
Length

Frequency

Group

Novelty

Group * Novelty

Regression path fixation counts
Model type: glmer (poisson)
Length
Frequency
Group
Novelty
Group * Novelty

Selective regression path reading time
i. zero-inflation component (skip rate; logit)
Length
Frequency
Group
Novelty
Group * Novelty

23.13
7.54
1.35
3.59
0.38

23.13
7.54
14.45
4.98
4.29

33.20
5.71
4.89
4.78
0.57

23.50
7.31
2.17
2.51
0.45

5.33
1.80
30.44
1.72
0.98

26.91
5.76
20.47
10.61
4.09

19.94
7.21
1.35
3.81
0.41

<.001
<.001
.25
.06
.54

<.001
<.01
<.001
<.05
<.05

<.001
<.05
<.05
<.05
.45

<.001
<.01
14
A1
.50

<.05
.18
<.001
19
.32

<.001
<.05
<.001
<.001
<.05

<.001
<.01
.15
.05
.52



ii. conditional component (duration; gaussian)

Length 27.67 <.001
Frequency 2.06 .15
Group 22.35 <.001
Novelty 18.52 <.001
Group * Novelty 11.27 <.001

Selective regression path fixation counts
Model type: glmer (poisson)

Length 48.06 <.001
Frequency 6.24 <.05
Group 8.42 <.01
Novelty 11.07 <.001
Group * Novelty 1.55 21

For first pass measures (shown in Figure 3) we once again predicted faster reading times /
fewer fixations for familiar than unfamiliar similes, and for typically developed readers
compared to readers with dyslexia. In line with this, first fixation durations on the target word,
conditional on fixation taking place (see Table 4; First fixation duration, ii), were significantly
affected by Novelty (longer fixations for novel words), and Group (longer fixations for readers
with dyslexia). For total first pass dwell time on the target word (i.e. total fixation time starting
from the first fixation until the eyes fixate either to the left or to the right of this word). The
conditional component revealed significant effects on total first pass reading time for both
Novelty and Group, and a significant interaction of Group and Novelty. Post hoc analysis in
emmeans (Lenth et al., 2019) indicated that the Novelty effect was significant for the readers
with dyslexia (t =-2.96, p <.01), but not for typical readers(t = -0.37, p = 0.71; see Figure 3).

Analysis of first pass fixation counts also returned significant effects of Novelty and Group.
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Figure 3. Early (first pass) eye-tracking measures for the target word (e.g. ice), showing the
effects of Novelty (familiar vs. novel) and Group (typical readers vs. readers with dyslexia). A:
First pass fixation durations. B: First pass dwell time. C: Count of first pass fixations.

For later reading measures (shown in Figure 4) we predicted that familiar similes would

require less reanalysis than novel similes, as shown by fewer and shorter regressions. For

regression path reading time (i.e. total time spent from the first fixation on the target word before

moving on to the right of the target word, including regressions to earlier material), analysis of

conditional reading time returned a main effect of Group. The analysis of regressive fixation

counts also returned a significant effect of Group, as well as a significant interaction between

Novelty and Group as shown in Figure 4. Post-hoc analyses using emmeans showed a significant



effect of Novelty for the readers with dyslexia (t = -3.83, p < .001), but not for the typical readers
(t=-1.43, p =0.15). Moving on to the analysis of selective regression path reading time (i.e. the
sum of all fixations on the final word before moving onto the following region), the model’s
conditional component showed a fixed effect of Group, as well as a significant interaction of
Group and Novelty (see Figure 4). Post-hoc analysis using emmeans revealed that readers with
dyslexia spent significantly longer reading novel than conventional simile endings (t =-5.41, p <
.001), but the typical readers did not (t = -0.64, p = 0.523). Analyses also revealed significantly
more selective regression path fixations on target words that were unexpected, as well as by

readers with dyslexia.
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Figure 4. Later eye-tracking measures for the target word region (e.g. “ice”), showing the effects
of Novelty (familiar vs. novel) and Group (typical readers vs. readers with dyslexia). A:
Regression path reading time. B: Regression path fixation counts. C: Selective regression path
reading time. D. Selective regression path fixation counts.

3.2.3. Continuation Region Analyses



Results from the continuation region (cf. Table 1) eye-tracking analyses are reported in Table 5.
Here the factors of interest were Group, Novelty, and Figurativeness (as readers would become

aware of the intended interpretation of the simile upon reading the continuation).

Table 5. Results from continuation region (e.g. “with her children”) eye-tracking analyses,
significant effects are in bold.

X2 p

First pass dwell time

Model type: Imer (gaussian)
Length 0.15 .70
Frequency 1.42 .23
Group 16.54 | <.001
Novelty 6.97 <.01
Figurativeness 0.49 .48
Group * Novelty 1.98 .16
Novelty * Figurativeness 0.01 .92
Group * Figurativeness 4.27 <.05
Group * Novelty * Figurativeness 1.34 .25

First pass fixation counts

Model type: glmer (poisson)
Length 0.003 .96
Frequency 1.01 31
Group 18.31 | <.001
Novelty 6.31 <.05
Figurativeness 1.88 17
Group * Novelty 1.67 .20
Novelty * Figurativeness 0.32 .57
Group * Figurativeness 3.03 .08
Group * Novelty * Figurativeness 0.71 .40

Regression duration to simile region

Model type: zero-inflation

i. zero-inflation component (skip rate; logit)
Length 0.15 .70
Frequency 1.15 .28
Group 3.75 .05
Novelty 141 24
Figurativeness 1.02 31
Group * Novelty 0.53 .46
Novelty * Figurativeness 0.23 .63
Group * Figurativeness 0.02 91
Group * Novelty * Figurativeness 0.29 .59

ii. conditional component (duration; gaussian)
Length 0.07 .80
Frequency 3.08 .08
Group 6.42 <.05
Novelty 1.17 .28
Figurativeness 1.42 .23
Group * Novelty 33.94 | <.001
Novelty * Figurativeness 0.96 .33



Group * Figurativeness 0.19 .67
Group * Novelty * Figurativeness 0.49 49

Regression counts to simile region
Model type: zero-inflation
i. zero-inflation component (skip rate; logit)

Length 0.46 .50
Frequency 0.37 .54
Group 2.66 .10
Novelty 1.79 .18
Figurativeness 2282 | <.001
Group * Novelty 0.00 .98
Novelty * Figurativeness 50.77 | <.001
Group * Figurativeness 0.01 91
Group * Novelty * Figurativeness 1.94 .16
ii. conditional component (counts; poisson)
Length 3.97 <.05
Frequency 0.23 .63
Group 4.38 <.05
Novelty 7.71 <.01
Figurativeness 30.76 | <.001
Group * Novelty 25.23 | <.001
Novelty * Figurativeness 34.66 | <.001
Group * Figurativeness 0.88 .35
Group * Novelty * Figurativeness 0.75 .39

For first pass measures (shown in Figure 5) we once again predicted faster reading times / fewer
fixations for familiar than novel similes, and for typically developed readers compared to those
with dyslexia. We predicted also that typically developed readers would have faster reading
times / fewer fixations for figurative similes, whereas readers with dyslexia would not differ
between figurative and literal continuations on these measures. The analysis of first-pass dwell
times returned significant effects for Group and Novelty, but no overall simple effect for
Figurativeness. There was however a significant interaction of Group and Figurativeness, with
shorter first pass reading times for figurative than literal continuations for the readers with
dyslexia, but not for the typical readers, which was contrary to our predictions. We also ran this
analysis on a continuation region which excluded the sentence-final word (e.g. “with her” as
opposed to “with her children”) in order to control for the possible impact of sentence wrap-up
effects - wherein the sentence-final word has longer reading times (Rayner et al., 2000; Warren
et al., 2009). The above pattern of results was consistent, except that the interaction between

Group and Figurativeness was no longer significant (p = 0.51).



For first pass fixation counts significant effects only emerged for Group and Novelty.
Readers with dyslexia had more first pass fixations in this region, and there were fewer fixations
when similes ended with novel words. A similar pattern of results emerged when figurativeness
ratings from the norming study were used in place of the factor Figurativeness, and when the

sentence-final word was not included in the analyses (see supplementary material).
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Figure 5. Eye-tracking measures for the continuation region (e.g. “with her children”), showing
the effects of Novelty (familiar vs. novel), Figurativeness (figurative vs. literal), and Group
(typical readers vs. readers with dyslexia). A: First pass dwell time. B: Count of first pass
fixations.

Additional analyses considered the durations and counts of the first set of regressions
from the continuation back into the region of the simile. For these later measures (shown in
Figure 6) we predicted more (and longer) regressions back to the simile region for novel and
literal similes, but again that this would be the case only for typically developed readers. The
average duration of regressions to the simile region showed a significant effect of Group, and an
interaction of Group and Novelty. As can be seen in Figure 6, while there was no significant
difference between the participant groups in the case of the conventional similes (t =-0.31, p =
0.804), there were significantly shorter regression times to the novel similes for the typical
readers than for the readers with dyslexia (t = -4.82, p <.001). Within the groups, the readers
with dyslexia showed no effect of Novelty (t =-0.94, p = 0.35), while the typical readers had
shorter regression reading times for novel than conventional similes (t = 3.97, p <.001).

The zero-inflation component of analysis of regressive fixation counts to the simile
region returned a significant interaction of Novelty and Figurativeness as well as a simple effect

of Figurativeness (Table 5, Regression counts to simile region, i). Here we see that regression to



the simile is most likely (the zero inflation factor is lowest) when the novel simile is followed by
a continuation indicating a literal interpretation. Regression to the simile is least likely (the zero
inflation factor is highest) when the conventional simile is followed by the figurative
interpretation. The regressive fixation counts (conditional on skipping) showed significant
effects for Group, Novelty, and Figurativeness, as well as significant interactions of Novelty with
both Group and Figurativeness. The three-way interaction between Novelty, Group, and

Figurativeness did not reach significance however.

Group Regressions to Simile Region
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Figure 6. Eye-tracking measures for regressions from the continuation region (e.g. “with her
children’) back to the simile region (e.g. “as cold as ice”), showing the effects of Novelty
(familiar vs. novel), Figurativeness (figurative vs. literal), and Group (typical readers vs. readers
with dyslexia). A: Duration of fixations back to the simile region. B. Count of fixations back to
the simile region.

4. Discussion

Idioms and other types of formulaic language consistently show a processing advantage over
novel sequences in normal readers (Ashby et al., 2018; Conklin & Schmitt, 2008; Kessler et al.,
2020; Siyanova-Chanturia et al., 2011; Siyanova-Chanturia & van Lancker-Sidtis, 2019).
However, very little is currently known about idiomatic language processing and interpretation
in readers with different levels of ability, particularly readers with difficulties such as
developmental dyslexia. Here, we conducted the first eye-tracking experiment comparing
idiomatic language processing in adults with and without dyslexia. We predicted that whilst
typical readers would show a processing advantage in accessing familiar figurative simile

meanings over literal phrases, readers with dyslexia would show similar processing times for



both literal and figurative stimuli due to semantic processing delay (Jednorog et al., 2010; Schulz
et al., 2008). This effect was expected to be augmented when similes were novel rather than
familiar, since readers with dyslexia are known to experience greater processing difficulty with
unexpected sentence continuations (Russeler et al., 2007). To summarise our main findings,
readers with dyslexia were slower than typical readers to process similes when they were novel,

irrespective of whether the phrase was idiomatic or literal.

4.1. Idiomatic language processing common to both typical and dyslexic readers

Typical readers and readers with dyslexia experienced more difficulty comprehending similes
containing a novel (e.g., “as cold as snow”) over a conventional familiar ending (e.g., “as cold as
ice”), as evidenced by longer first pass reading times and more fixations within the simile region
in the novel versus familiar condition (Figure 2). These novel target words were also skipped less
often, and had more fixations, more selective regression path fixations, and longer first fixations
than familiar words. Thus, all readers demonstrated slower comprehension when the final word
in the simile was unfamiliar and unpredictable in the context, consistent with our predictions and
with previous research on unexpected but plausible phrasal endings in sentence contexts (Abbott
& Staub, 2015; Ashby et al., 2005; Rayner et al., 2004). In the area immediately following the
simile, the continuation region, these effects were reversed, with shorter first pass dwell times
and fewer first pass fixations when the sentence contained a novel simile (Figure 5). This may
reflect a preview benefit, as the longer reading times on the final word of the simile would lead
to greater parafoveal processing of the words immediately after.

The effect of figurativeness was only assessed in the continuation region (cf. Table 1), at
which point the correct interpretation of the simile (literal or figurative) became clear. It is
important to consider that results from this region may be influenced by sentence wrap-up
effects, wherein readers spend longer reading sentence-final sections of text than earlier parts of
a sentence (Warren et al., 2009). The zero-inflation analysis of regressive fixation counts showed
that all readers were less likely to make regressions from the continuation region back to the
simile when a figurative rather than a literal interpretation was required, suggesting that both
groups found figurative continuations easier to process and integrate than literal ones. Further, a
figurativeness-by-novelty interaction in the same analysis revealed that regressions back to the

simile were least likely when the final word in the simile was conventional and therefore



expected, and the continuation region stipulated a figurative interpretation. Interestingly, the
condition that was found in the zero-inflation component to be most likely to have a regression
from the continuation (i.e. novel similes with literal continuations), was also the condition with
the lowest average number of regressive fixations (conditional on the likelihood of skipping). In
other words, readers are likely to return to these novel-literal similes after encountering the later
disambiguating context, but they make relatively few fixations when they do return to them. This
is likely driven by the mismatch between participants’ expectations (i.e. that similes are usually
figurative) and the actual sentence ending, as well as the additional difficulty of the final word of
the simile being unexpected. As such participants return to the simile region in order to reprocess
the novel content once they have comprehended the full context (Reichle et al., 2009).

Taken together, these findings suggest that all readers expect similes to have a familiar
figurative meaning, implicating less effort in integrating the non-literal interpretation with the
rest of the sentence (Laurent et al., 2006; Siyanova-Chanturia et al., 2011; Strandburg et al.,
1993; Vespignani et al., 2010), and are consistent with our predictions for typical readers and
with reports of a processing advantage for idiomatic over declarative propositional language or
matched metaphors (Ashby et al., 2018; Conklin & Schmitt, 2008; Kessler et al., 2020;
Siyanova-Chanturia et al., 2011). While this finding has been widely reported in studies with
typically developed readers (Siyanova-Chanturia & van Lancker-Sidtis, 2019), this is the first
investigation to show that adult dyslexic readers also benefit from the conventional, predictable
nature of figurative sequences, processing them more efficiently than novel/literal sequences.
We note however that these findings relate specifically to the processing of similes, a form of
figurative formulaic language, which has a highly predictable format (they are well-known and
figurative), and may not generalise to other types of figurative language (cf. Frisson & Pickering,
1999; Pickering & Frisson, 2001).

4.2. Processing of idiomatic language specific to readers with developmental dyslexia

As expected, readers with dyslexia showed slower and more effortful reading on all measures
(cf. Jones et al., 2010). Importantly, beyond this global effect, readers with dyslexia also showed
greater difficulty in integrating novel similes than typical readers. Specifically, readers with
dyslexia had longer reading times (Figure 3), as well as more regression path fixations and

longer regression / selective regression path times (Figure 4) to the target word for novel than



familiar similes, compared with typical readers. Note, however, that longer first pass reading
times for novel similes in the simile / target word regions was traded off in the continuation
region, in which shorter first pass durations were observed, compared with familiar similes. This
likely indicates that the initially longer processing times for novel similes subsequently enabled
faster eventual integration of the simile with the larger semantic context of the sentence.®
Further, and contrary to our expectations, readers with dyslexia showed an advantage for
figurative compared with literal interpretations, manifest in shorter first pass reading times for
figurative than literal continuations; such an effect was not similarly manifest in typical readers’
reading time. Taken together, our data suggest that dyslexic readers’ processing of idiomatic
language is more strongly affected — with effects emerging across all continuation region
measures — by simile novelty and figurativeness, compared with typical readers.

Our findings suggest that dyslexic readers’ access to sentence-level semantic information
is delayed when phrasal-level information is unexpected; a pattern of results consistent with
previous reports (Jednordg et al., 2010; Risseler et al., 2007). Here, our overall pattern of data
suggests that readers show an online processing difficulty for unfamiliar language (an erroneous
simile), and are less efficient at updating their interpretation of the sentence upon encountering
disambiguating information post-simile. We show these effects for the first time in the context of
idiomatic language, in which dyslexic readers need to resolve semantic ambiguity.

We now consider our findings in light of recent research on figurative language
comprehension in dyslexia (Griffiths, 2007; Kasirer & Mashal, 2017). Whilst these readers with
dyslexia exhibited greater difficulty integrating novel, unexpected linguistic information than
their typical-reading peers, we found that figurative language comprehension per se was not
compromised. On the contrary, it appears dyslexic readers’ processing was facilitated when
familiar figurative similes were presented. Our findings thus appear to contradict earlier research
suggesting that figurative language processing may be impaired in dyslexia (Griffiths, 2007;
Kasirer & Mashal, 2017). However, methodological differences may help explain these
differences. Previous studies on this topic have relied on offline pen-and-paper measures of

pragmatic competence and figurative language comprehension, and thus examined explicit

5> A caveat to this interpretation is that the novel vs. familiar conditions had different target words, which may have
impacted on the processing times for these measures. However it seems unlikely that this would be unduly
influencing the results due to the words being matched for length, and our target word and simile region analyses
showing that target word length and lexical frequency did not interact with any of our factors of interest.



pragmatic knowledge rather than implicit language processing. In the present study, we
employed eye-tracking, a highly sensitive online measure, allowing the analysis of multiple areas
of interest and of early and late stages of processing, which enabled us to obtain an indication of
online processing of figurative versus literal phrasal configurations.

Whilst developmental dyslexia is broadly defined by difficulty in forming adequate
surface level word representations, such as orthographic form and phonology, our findings
suggest a subtle semantic processing anomaly in processing unexpected or novel idiomatic
phrases. We propose two interpretations for this effect, which cannot be adjudicated by the
current data, but provide an avenue for further investigation. First, a large body of literature
suggests that readers with dyslexia bootstrap poor orthotactic and phonological processing by
relying on high-level semantic processing (Hulme & Snowling, 2014; Nation & Snowling, 1998;
Snowling & Hulme, 2013; van Rijthoven et al., 2018). Under this interpretation, a target word
that was unexpected in the sentence context would be more likely to cause temporary disruption
to dyslexic readers’ interpretation of the sentence, given their increased reliance on semantic
information at the sentence level. This interpretation is likely, given that our data shows rapid
recovery in processing times following the novel stimulus. Second, our findings may bely a
subtle semantic impairment, in which dyslexic readers may be more sensitive to transitional
probabilities in sentence processing for rapid semantic access. Under this account, unexpected or
unfamiliar word continuations would result in a small processing delay, which is ameliorated by

repeated exposures to these same sequences (Russeler et al., 2007).

4.3. Conclusion

In typically developed readers, conventional idiomatic language (such as similes) is more easily
processed than declarative or novel text. Our study aimed to examine how dyslexic readers deal
with idiomatic text using eye movements to analyse reading of sentences which contained
similes that were manipulated for novelty and figurativeness. Our data show that both typical
and dyslexic adult readers show a processing advantage for familiar and figurative similes. We
show, for the first time, that readers with dyslexia benefit from the conventional and predictable
nature of formulaic language, to an even greater extent than typical readers. Further research is

needed to clarify how adult dyslexic readers flexibly interpret text with multi-layered meanings.
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