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Abstract

Embodied cognition theories propose that the seamegiresentations engaged in during
language comprehension are partly supported byeptral and motor systems, via simulation.
Activation in modality-specific regions of cortex associated with the comprehension of literal
language that describes the analogous modalitigstixdies addressing the grounding of non-
literal or figurative language, such as metaphuasge yielded mixed results. Differences in the
psycholinguistic characteristics of sentence sticioss studies have likely contributed to this
lack of consensus. Furthermore, previous studiee haen largely correlational, whilst patient
studies are a critical way of determining if intaehsorimotor function is necessary to
understand language drawing on sensorimotor infboma/Ve designed a battery of
metaphorical and literal sentence stimuli usingoacand sound words, with an unprecedented
level of control over critical psycholinguistic vables, to test hypotheses about the grounding of
metaphorical language. In this Registered Repat,agsessed the comprehension of these
sentences in 41 patients with Parkinson’s dise@ise,were predicted to be disproportionately
affected by the action sentences relative to thedsentences, and compared their performance
to that of 39 healthy age-matched controls who weedicted to show no difference in
performance due to sensory modality. Using pretegid Bayesian model comparison methods,
we found that PD patients’ comprehension of litactlon sentences was not impaired, while
there was some evidence for a slowing of respaiosastion metaphors. Follow up exploratory
analyses suggest that this response time modé#igtevas driven by one type of metaphor
(predicate) and was absent in another (nominagpiteethe fact that the action semantics were
similar in both syntactic forms. These results gsgghat the conditions under which PD patients
demonstrate hypothesized embodiment effects aretnmVe offer a critical assessment of the
PD action language literature and discuss impboatifor the embodiment debate. In addition,
we suggest how future studies could leverage Bagestatistical methods to provide more
convincing evidence for or against embodied cognigffects.
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1. Introduction

A central debate in cognitive science concernsdpeesentational nature and organization of
concepts in the brain. One view is rooted in corapomal approaches to cognition (e.g. Newell
& Simon, 1976) and treats concepts as abstractdahsymbols, divorced from the processes
underlying their perception and acquisition. Intrast, embodied views of cognition (e.g.



Barsalou, 1999) propose that concepts are grouindbeé same perceptual, motor and emotional
processes involved in real-world experiences, viaukation. A major sticking point in the
debate between these contrasting views is how eiaibadgnition can account for
comprehension of abstract ideas (Chatterjee, 206, 2009). One linguistic vehicle through
which we understand the abstract is metaphor (Jakprigicquire, Cardillo, & Chatterjee, 2016),
providing an ideal test case for theories of eméddiognition. Whilst considerable work has
been devoted to clarifying whether or not we untdexd literal language about actions and
sensory experiences in an embodied way (i.e., tir@auprocess of simulation), it remains
unclear whether we understand metaphors in a sifaghion, by simulating the literal
sensorimotor features of their components. Evidémaemetaphors are processed in an
embodied way, despite their abstract meanings, dvodvide strong support for theories of
embodied cognition. To address this question, w&tethe hypothesis that disruption to the
motor system (in patients with Parkinson’s diseas®)ld impairthe comprehension of novel
action metaphors.

The role of simulation is at the forefront of emksmtland grounded theories of cognition
(Barsalou, 1999, 2008). Theories of embodied seinsptopose that cognitively representing a
concept or word involves a reactivation of the samaral processes involved in the physical
experience of the object or event denoted by tletiwSupport has come from neuroimaging
studies, such as those using fMRI to demonstrateréading action words and sentences
associated with different effectors (the hand, fnad mouth) activates the same somatotopically
organized motor regions of the brain that are attie during actual movement of those body
parts (Aziz-Zadeh, Wilson, Rizzolatti, & lacoboB006; Desai, Binder, Conant, & Seidenberg,
2009; O Hauk, Johnsrude, & Pulvermiiller, 2004; \Wiat<ardillo, Bromberger, & Chatterjee,
2014; Watson, Cardillo, lanni, & Chatterjee, 201B¢havioral studies also provide evidence for
an interaction between the processing of actiogdage and compatible or incompatible motor
responses. For example, when asked to judge tiséhgdin of sentences by responding with a
movement towards or away from the body, participamé faster to respond when the movement
they make matches the direction of the movemenli@ajy the sentence (e.g. “close the
drawer” implies a movement away from the body)hampmenon described as a the action-
sentence compatibility effect (ACE) (Glenberg & Klask, 2002). The ACE has further been
found to extend to specific actions such as ratati@waan & Taylor, 2006), and to be sensitive
to actions involving different effectors such as trand, foot and mouth (Scorolli & Borghi,
2007).

Studies involving patients with damage to motowweks provide further compelling evidence
for the involvement of motor systems in action-laage comprehension. Patients with
neurodegenerative conditions such as motor neusaask (MND) (Bak & Hodges, 2004),
Huntington’s disease (Garcia et al., 2017; Kargieetaal., 2014) and parkinsonian syndromes
(Cardona et al., 2013) have demonstrated a spel@ficit in action verb processing (Bak, 2013).
Parkinson’s disease (PD) patients are the mostyvatiedied patient population in action
semantics over the last decade, likely due to thegtence of the condition and the generally
better health of PD patients relative to MND paisgBak, 2013). PD patients demonstrate
deficits in generating action verbs (Péran e28lQ9; Piatt, Fields, Paolo, Koller, & Troster,
1999; Signorini & Volpato, 2006), are impairedaking lexical and semantic decisions about
action words (Bocanegra et al., 2015; Boulenget.e2008; Fernandino et al., 2013a), and



exhibit a diminished ACE (Ibafiez et al., 2013). &ation naming impairment has also been
found (Cotelli et al., 2007), which is modulatedthg degree of motility implied by the verb
(Bocanegra et al., 2017; Herrera, Rodriguez-Fexr&rCuetos, 2012; Humphries, Holler,
Crawford, Herrera, & Poliakoff, 2016). Furthermostydies of natural discourse in PD patients
show that whilst overall communicative output i€ianged, patients exhibit impairments in the
spontaneous production of action-concepts in sp@gatlcia et al., 2016) and gesture (Cleary,
Poliakoff, Galpin, Dick, & Holler, 2011; Humphriet al., 2016). Most of these studies tested
patients on their usual levodopa medication redatitvcontrols, but some specifically compared
the patients’ own performance both on- and off-ro&tion. In a lexical decision task, Boulenger
et al. (2008) found that priming effects for vevrsre significantly reduced in PD patients when
they were off-medication relative to on, as wellxdgen off-medication performance was
compared to the control group performance, whilstlization status had no effect on the
priming of nouns. Patients on-medication showedlaimpriming effects to controls. In another
study examining verbal fluency, PD patients off-mation generated fewer words for action
and phonological categories than they did on-méidicaand relative to controls, whilst patients
on-medication performed similarly to controls. Meation status did not affect fluency for other
semantic categories (animals and shopping) (Her@ratos, & Ribacoba, 2012). Finally, in an
action naming task, Herrera and Cuetos (2012) fabatdPD patients were slower to name high-
motion actions than low-motion actions but only whieey were off-medication relative to on. If
motor and pre-motor regions contribute to the cphed representation of action words,
dopamine replacement may go some way to ameligr&ih patients’ impairments in processing
these words. However, it is notable that most séind that PD patients are still impaired in
action language processing even when on their usedication, relative to controls, suggesting
that just as dopaminergic medication may not cotaplalleviate motor symptoms, it may also
not be able to completely restore access to conakgttion representations.

Recent work has begun to uncover the neural mestmaninderlying this impairment. When
processing action verbs, healthy people exhibiwedtfonal connectivity between M1 and the
inferior frontal gyrus, and within subcortical bhganglia structures. In contrast, PD patients
demonstrated reduced connectivity within the bgaallia, and increased connectivity between
M1 and posterior regions, which was positively etated with the degree of atrophy of the basal
ganglia, suggesting a compensatory process (Abaestagl., 2017). In sum, embodied cognition
theories are bolstered by the fact that motor-imgobpatients exhibit a specific impairment in
comprehending and producing action language.

Whilst the involvement of motor systems in the coamgnsion of literal action language is well-
documented, the question of whether or not abstaguage is also grounded in sensorimotor
systems is more controversial. Metaphors emplogaibj actions and other concepts in non-
literal ways, allowing us to reason about abstigeas by reference to more concrete and
familiar concepts (Bowdle & Gentner, 1999; Gall&skakoff, 2005; Gentner, Bowdle, Wolff,

& Boronat, 2001; Gibbs, 1994, 2005, 2006; Lakofiéhnson, 1999, 2008). Nominal (noun
based) metaphors, such as “fear is a roadblod€nliwo dissimilar semantic domains, one of
which (the target) is typically more abstract thla@ other (the vehicle). Predicate metaphors, by
contrast, involve metaphorical extensions of véebg. “The stock soared.”) Proponents of
embodied cognition have argued that processingpheta involves simulating the literal
sensorimotor features of the vehicle (roadbloclggply to the target (fear) in nominal



metaphors (Gallese & Lakoff, 2005; Gibbs, 2006;&f&ék& Johnson, 1999, 2008). Similarly,
comprehending predicate metaphors would requirelaimg the literal sense of the verb that is
being used metaphorically. However, evidence irpsuof this claim is mixed. Some studies
show that motor regions are activated when pe@aé both literal and figurative uses of action
verbs (Boulenger, Hauk, & Pulvermdiller, 2009; Bagler, Shtyrov, & Pulvermdiller, 2012), that
the extrastriate body area is active when readiegl and metaphorical sentences about body
parts (Lacey et al., 2017), and that gustatoryoregrespond to taste metaphors as well as literal
taste sentences (Citron & Goldberg, 2014). In asttrother studies observe sensorimotor
activation only in response to literal, but notfigtive sentences (Aziz-Zadeh et al., 2006; Chen,
Widick, & Chatterjee, 2008; Raposo, Moss, StamatakiTyler, 2009a). In a study of German
verbs, abstract verbs (suchkegreifen to comprehend) built on motor stengsgifen to grasp)

did not activate the motor system any more thatrattsverbs built on abstract stems
(Ruschemeyer, Brass, & Friederici, 2007), disputhegidea that abstract concepts are grounded
in sensorimotor systems. In fact, a previous stadD patients found that whilst they were
slower to respond to literal action sentences #imtract sentences relative to controls, this
effect was not found for metaphorical action secgésnFernandino et al., 2013b).

One possible explanation for this discrepancyas studies differ in the types of figurative
language they have used as stimuli (Schmidt, Kcagjardillo, & Chatterjee, 2010; Yang,
Edens, Simpson, & Krawczyk, 2009). Some used hifgdrtyiliar sentences such as conventional
metaphors or idioms, whereas others used more net@phors. Whilst novel metaphors must
first be understood in reference to their liteeises (even if only to inhibit those irrelevant
concrete features), the initially novel figurateetension of a word might become abstracted
over many encounters, such that over time thiswewd sense is completely lexicalized and can
be accessed without reference to its literal fest@damrozik et al., 2016). Cardillo et al. (2012)
investigated the neural basis of this abstractimcgss by repeatedly exposing participants to
novel metaphors such that they became more fanillfsy found that the conventionalization
of metaphor meanings resulted in decreased neaad! hctivation in a left-lateralized semantic
network decreased as metaphors became more farhilidhermore, Desai et al. (2011) found
that the familiarity of action verb metaphors wagatively correlated with the activity they
elicited in primary motor cortex. A “weak embodinteview of the embodied approach to
language comprehension has therefore emerged, stuggthat only novel metaphors require
sensorimotor simulations of their literal elemefistscomprehension. Whilst the study of action
metaphor processing in PD patients by Fernandiad ¢2013b) distinguished between idioms
(highly conventionalized non-literal phrases) aretaphors, the metaphor stimuli they
employed were still highly familiar (e.g. “The wagised the price of wheat and rice.”). It is
therefore possible that participants understoothttigectly in terms of their abstracted,
conventionalized sense, which could explain whydabents did not demonstrate impaired
action metaphor processing. The “weak” versionmlbbediment is consistent with both the
Language and Situated Simulation (LASS) theory ¢Bu, Santos, Simmons, & Wilson, 2008)
and the Embodied Conceptual Combination (ECCo)rth@g/nott & Connell, 2010). Both

argue that simulation is not always necessarydiogliage comprehension, and that multiple
systems interact in the representation of concéphavledge. LASS and ECCo emphasise two
conceptual processing systems: a statistical jligtonal, linguistic information system, and a
situated, modal, simulation system. It has beepgsed that both systems are activated when a
word is perceived, but that the linguistic systezals earlier than the simulation system.



Connell and Lynott (2013) show that the fasterdisgc system can provide a shortcut to
processing when only shallow conceptual representaare required, but that the simulation
system is necessary for deeper conceptual progessiare the linguistic system does not
suffice. In the context of metaphor processing, wéecountering a highly familiar metaphor
(“The roommates clicked with their new neighborififformation from the statistical patterns in
language might support comprehension of the metag@icense of “clicked”, because this
sense has been encountered in similar contexts timay previously. However, for the
comprehension of a more novel metaphor (“The teokbgnored on the desk.”), the linguistic
system would not suffice if this new metaphoricaise of “snoring” (i.e. where snoring implies
sleeping, and suggests that the books are goingedjhihas not been encountered before. The
simulation system would then be required to allowdeeper conceptual processing to resolve
this new metaphor.

A further confounding factor in the previous mixedults of embodied metaphor processing is
variability in the extent to which studies havesatpted to characterize and control
psycholinguistic features of the stimuli they u¢€drdillo, Schmidt, Kranjec, & Chatterjee,
2010). In addition to familiarity, both metaphoilieend literal sentences might vary in their
syntactic complexity, naturalness, imageabilitpgeh, interpretability, figurativeness, frequency
and concreteness, any or all of which may conteliotease of comprehension and neural
demands (Balota, Yap, & Cortese, 2006; Constaldd ,e2004; Friederici, Fiebach,
Schlesewsky, Bornkessel, & Von Cramon, 2006; Olafil§ Davis, & Pulvermiuller, 2008; Just,
Newman, Keller, McEleney, & Carpenter, 2004). Thiasxtors of non-interest can create
differences in difficulty between conditions, pdialy confounding experimental
manipulations. This problem was demonstrated ifiviiil study showing that varying factors
like concreteness in metaphors affected task ditfjcand resulted in different patterns of neural
activation (Yang, Edens, Simpson, & Krawczyk, 2009 meaningfully test embodiment
hypotheses about metaphor, it is therefore critwa@nsure that sentences in different conditions
are as closely matched on these psycholinguistitifes as possible.

To address these discrepancies, we conducted at®egi Report study to investigate the
comprehension of novel metaphors in PD patientsh(wi dementia) in a highly controlled task.
We compared the speed and accuracy with which BBnps.comprehended novel action
metaphors relative to novel sound metaphors oslareuiring deep semantic processing. An
advantage of comparing action metaphors to soundphers, rather than to abstract sentences
(a common practice), is the elimination of psychgliistic differences likely to impact their
neural processing. Features such as concreteng@amageability are likely to be significantly
lower in abstract sentences than metaphors, bubeamore closely matched between metaphors
referring to different sensory modalities. Basedtmhypothesis that novel metaphor processing
is “embodied”, we predicted that PD performance Mdoe impaired on action metaphors but

not sound metaphors. An additional test compareidimeance on literal action and sound
sentences, which were matched to the metaphogoétisces in terms of the base term (e.qg.
metaphor: “The test review was a quick jog.”, BefThe racecourse was an easy jog.”). In
addition, half of the sentences were of a nomioahf involving metaphorical extensions of
event nouns (e.g. metaphor: “The puzzle was a logitwheel.”, literal: “The gymnastics stunt
was a cartwheel.”) and half were of a predicatenfanvolving metaphorical extensions of verbs
(e.g. metaphor: “The frank speaker sailed towarfilsish.”, literal: “The boat sailed towards the



sandy shore.”). This design allowed us to addrgstastic structure (nominal and predicate) as
orthogonal to sensorimotor semantics (motion anh@p where these have previously been
conflated in the literature (Cardillo et al., 2010)

Our main question of interest was whether PD pttiemere impaired in the comprehension of
action metaphors compared to sound metaphors. Howeae design of the experiment allowed
us to test secondary hypotheses to tease aparakkiels of impairments that PD patients
might exhibit. Alongside a modality specific impaent, previous work has suggested that
frontostriatal executive dysfunction contributesatmore general metaphor impairment in PD
(Berg, Bjornram, Hartelius, Laakso, & Johnels, 2008wis, Lapointe, Murdoch, & Chenery,
1998; Monetta & Pell, 2007). On this account, weyrave found a general metaphor
comprehension impairment that was correlated wettigpmance on executive function and
working memory measures. In addition, the desigimefpresent study allowed us to address the
potential effect of syntax on metaphor compreheansid®D. The first sets of studies reporting
action language impairments in PD examined perfaoc@an verbs compared to nouns, and
reported a verb-specific impairment (Bertella et2001; Boulenger et al., 2008; Péran et al.,
2003). More recent studies have revised this thipkd emphasize that the PD impairment is in
action semantics rather than verbs per se (Bocare@l., 2015; Cardona et al., 2013). Since
our noun and verb-based metaphors both extenchagbods metaphorically, we expected PD
patients to be impaired on both types, though tgaitive process involved in comprehending
these sentences is likely to be different. Nom{nalin) metaphors might be understood through
a process of analogy, feature mapping, or categtwiz between the two conceptual domains
(Bowdle & Gentner, 1999; Gentner et al., 2001; Gsberg & Keysar, 1990; Glucksberg et al.,
1997). In predicate metaphors, in which a verlxtermded metaphorically, there is no explicit
comparison being made between two concepts. Ingheedicate metaphor comprehension may
involve a shedding of the irrelevant sensorimogattires of the verb (Chen et al., 2008). Though
these two types of metaphors appear to involvewfft processes in their comprehension, we
found no differences between the neural substratdsrlying the processing of predicate
metaphors and nominal metaphors using nominaliegldlsvas the vehicle (e.g., “a slump”;
Cardillo et al., 2012). Assuming that the semargicthe metaphor vehicle are more critical than
the metaphor’s syntax, we did not expect to firftedences in nominal and predicate metaphor
performance in PD patients. The sentence stimulisesl were extensively characterized in
terms of their psycholinguistic properties, matcb&ttemely closely across conditions and
normed in a non-elderly adult population, providgrgater precision to test embodied
hypotheses about metaphor than in previous studies.

To summarize, we tested the following hypotheses:

1. Figurative motor concept: Motor impairment impairs comprehension of figurativ
language that use action concepts as a vehiclgrédicted that PD patients would be
impaired in the comprehension of novel action metap compared to novel sound
metaphors. Control participants were predictechtmsno difference in performance
between the two conditions.

2. Literal motor concept: Motor impairment impairs comprehension of litemation
concepts. We similarly predicted that PD patientsild be impaired in the
comprehension of literal action sentences compiardéiteral sound sentences. Again,



control participants were predicted to show noedléhce in performance between the two
conditions.

3. Syntax: Motor impairment does not affect comprehensioreams syntactic processing.
Consequently, we predicted that neither group wshlmv a difference in comprehension
performance between nominal and predicate metaphors

4. Figurativeness:Metaphorical language is more difficult to compef than literal
language and relies more on executive functionimjralational reasoning ability. We
predict that both groups would be worse at compreimg metaphors than literal
sentences, but the magnitude of the difference dvbelgreater in PD patients.

2. Method

2.1. Sampling Plan

We analysed the data using Bayesian methods, vpieichit optional stopping. This allowed us
to maximize the efficiency of our sampling, whishparticularly advantageous when conducting
patient studies. Prior to data collection, we pkxhto calculate Bayes factors sequentially as
participant numbers increased until we reachedcserfit evidence for either the null or the
alternative hypothesis, or until we exhausted thtemtial subject pool (see Data Analysis section
below for further details). Before collecting argta, we estimated that the maximum number of
PD patients we would be able to recruit was appnaely 50. To ensure that this number of
participants could feasibly address our hypotheses;onducted a Bayesian reanalysis of
summary statistics reported in similar previouslgs which had comparable sample sizes (note
that in several cases this was not possible beanlge values and not test statistics were
reported). To be convincing, our study would nexefirtd either evidence for the alternative
hypothesis (Bayes factor (BF) > 3) or evidencetliernull (BF < 1/3) for all tests. A BF < 3 and

> 1/3 means that the data are inconclusive andotgomavide convincing evidence for either the
null or the alternative.

For predictions from hypotheses 1 and 2 which ediatan impaired motor concept in PD, we
examined previous studies which compared performancan action condition vs. a non-action
condition, or a high action vs. low action conditi@ince the sound sentences in our stimuli still
feature “action” words, albeit low motion actionmtween PD patients and controls. Cotelli et

al. (2007) compared object and action naming pevéoice in 32 PD patients and 15 controls.
Controls named more objects and actions correlefly patients but the difference was larger in
the action condition. The F value for the interactwas 41.763, which can be square rooted to
get a t-value of 6.46 for the t-test on the diffexe of differences. Cohen'’s d for this t-value was
2.02 — a very large effect — which we calculatedgighe effect size calculator provided by
Lakens (2013). Using the Summary Statistics moaulASP (JASP Team, 2017), under the
alternative we entered the t-value, n for each grealected a one-tailed test and set the Cauchy
prior width to 2. The associated BF is 447544,¢atihng overwhelming evidence in favor of the
alternative. Had there been no effect (examinesgdiiyng t to 0), the BF is .12, which is low
enough to provide evidence for the null. Reducheg@auchy prior width to the default of .707
retains these conclusions: the BF for the alteveati 297240, and BF for the null is .306,
demonstrating robustness. We repeated this proedsised on parameters reported in Herrera et



al. (2012), in which 49 PD patients and 19 contvedése compared while they named high and
low motion actions. There was an interaction betwg®up and motion content where controls
named more actions correctly than patients in botiditions, but the magnitude of the

difference was larger for high motion actions. Téported F value of the interaction was 62.49
which we square rooted to get a t-value of 7.90%He t-test on the difference of differences.
Cohen’s d was again very large, 2.14. Setting thecBy prior width at 2, the BF for the
alternative is 1.656e+6 which is again very streaglence. Had there been zero effect, the BF is
.106 which is sufficient evidence in favour of thdl. Reducing the Cauchy prior width to the
default .707 retains these conclusions; the BEferalternative is 3.119e+8, and the BF for the
null is .272.

For predictions from hypothesis 3 (no effect oftay), to our knowledge no study has compared
behavioural performance for the comprehension afinal and predicate metaphors, so we were
not able to repeat the sample size sufficiencygmtarce for this hypothesis.

For hypothesis 4 which predicted a general metaphpairment in PD, we used parameters
reported in Monetta and Pell (2007) in which 17 g&lients and 17 controls were tested on
metaphor comprehension. After viewing a metaphbpdane sentence, controls made fewer
errors when responding to a metaphor relevant téinge a metaphor irrelevant target, whereas
PD patients made similar numbers of errors in lootiditions. The reported F value of the
interaction was 6.19 and the associated t-valuthtodifference of differences is 2.49. Cohen’s
d for this t-value is .85, so we set the Cauchgrpaiidth at this value. The BF for the alternative
is 6.189, providing evidence in favour of the aitgive, and under the null BF is .285 which
provides evidence in favour of the null. To cheshkustness, reducing the Cauchy prior width to
the default of .707, the BF for the alternativé.i33. However, the BF for the null is .329 which
is only just shy of 1/3 and thus provides only weakdence in favour of the null. The sample
size in this study was small, and we aimed to lieanare than this. Increasing participant
numbers even just slightly to 20 in each group ceduthe BF for the null to .283 which was
more convincing.

Whilst these sample size sufficiency calculatioresjast estimates, BFs calculated for previous
studies suggested that 50 subjects in each groufuhvee sufficient to test our hypotheses. To
sample efficiently, we calculated BFs for all ofr @ffects beginning at 20 subjects per group
and sequentially from there with the aim of stogpivhen the BFs indicated sufficient evidence
for the null or the alternative in each case, oemwtve reached our practical recruitment
maximum.

2.2. Participant Recruitment

Patients with PD were recruited from the UniversityPennsylvania’s Udall Center for
Parkinson’s Research. All recruited patients weéagrtbsed with idiopathic PD by a neurologist
at the Udall Center, according to UK Parkinson’sdaise Society Brain Bank criteria (Hughes,
Daniel, Kilford, & Lees, 1992), and underwent a @uehensive neurological and cognitive
neuropsychological assessment. Inclusion criterahfe study included scoring within the
normal range on the MMSE/MoCA, and being a nati&Ehglish speaker. Exclusion criteria
included a diagnosis of dementia, a history ofk&r@ diagnosis of any other neurological



condition other than Parkinson’s, a previous traigri@ain injury, or a sight or hearing
impairment preventing the person from easily regqdé@xt on a computer screen or
understanding verbal instructions. Patients westtkon their usual medication at either
Pennsylvania Hospital or their own home. As degdtiim the introduction, stronger effects
might be observed in patients in the off-medicattate but, nevertheless, previous studies have
still found strong effects with patients in the stiate. We calculated the PD participants’ daily
levodopa equivalent doses (Tomlinson et al., 204€9 Table 1). Healthy age and education-
matched controls were recruited from two existingtool databases maintained by the Penn
Memory Center and the Penn Center for Cognitiverdistience. Any control participants who
had not had their cognitive status confirmed asrira’ by testing within the previous 12
months were administered the MoCA at the testiisgiea. Anyone scoring outside the normal
range (< 26) was excluded from the study.

In total, 44 patients with PD and 48 age-matchedrots were recruited. We exhausted the
available subject pool and were not able to reemyt further eligible patients. Three PD patients
and nine controls were excluded according to oefrpgistered exclusion criteria. Of the three
patients excluded, two were not native English kpesa and one had a history of severe
traumatic brain injury and epilepsy. Of the nineladed controls, five were excluded prior to
data analysis: one had a history of stroke, andgoared below the cut-off on the MoCA. An
additional four controls were excluded becauseoot performance on the task (the cut-off was
accuracy lower than 3 SDs below the mean accotdiogr outlier removal procedure described
in section 2.5.2. below). The final study samplduded in the analyses consisted of 41 PD
patients and 39 controls (see Table 1 for detdilsg. PD group were all classified as cognitively
unimpaired at the neurologists’ most recent consengeeting, and they were mostly at the mild
to moderate stages of PD motor symptom severitg.grbups did not differ significantly in age,
education, or MoCA scores.

Table 1. Demographic and clinical features of the Parkinson's and control groups.

PD patients Controls
Age 67.93 (7.71) 69.56 (8.06)
Education 16.9 (2.04) 17.74 (3.17)
Gender 23 M, 18 F 15M,24F
MOCA 28.05 (1.48) 27.95 (1.47)

PD patients
Disease Duration (years) 7.8 (4.13)
UPDRS-Motor subscale 24.2 (9.48)
Hoehn and Yahr staging Stage 1:1

Stage 2: 28

Stage 3:11

Stage 4:0

Stage 5:1
Levodopa Equivalent Dose 721.95 (404.51)

2.3. Materials



10

Metaphor and literal sentence comprehension wassead using an extension of the Metaphor
Multiple Choice task previously developed in ouy &nd successfully used to identify patterns
of metaphor impairment in patients with focal braijury (lanni, Cardillo, McQuire, &
Chatterjee, 2014). We replicated the task and pioreeof lanni et al (2014), but used different
sentences (and answer choices) that were optinuziest embodiment hypotheses about
metaphor.

2.3.1. Sentences

The stimuli included 120 sentences, consistinganfspof 60 novel metaphorical sentences, and
60 literal counterparts matched on the metaphoiciefsee Table 2 for examples). As in lanni
et al (2014), sentences were drawn from a largasfsentences which were created for the
purpose of testing neural hypotheses about metg@avdillo et al., 2010; also see Cardillo,
Watson, & Chatterjee, 2016) Each metaphorical @adhl sentence in this larger set was
extensively normed on a large number of psycholstguvariables. Half of the sentences in the
present study are nominal metaphors, involving ptetecal extensions of nouns, and half are
predicate metaphors, involving metaphorical extamsiof verbs. Nominal metaphors take the
form of two noun phrases connected by a copula (€lg X was a Y”), where the second noun
phrase is always the vehicle term of the metaphwoe. predicate sentences consisted of a noun
phrase, a verb (the vehicle term), and a prepaositiphrase. To maximize similarity across
metaphors and literal sentences, the same vebkittewas used in each metaphor-literal pair. To
maximize similarity across nominal and predicateéapleors, nominal metaphors always used
nominalized versions of verbs as their vehicle (Balele 2). Half of the items of each metaphor
type were sentences based on verbs of motion dhddr@ based on verbs of sound. The
structure of the experiment thus involved two secgetypes (metaphor and literal), two
syntactic forms (nominal and predicate), and twd\tgpes (motion and auditory), resulting in 8
total conditions with 15 sentences in each (sedel&b

Table 2. Example sentence pairs in each condition

Condition Metaphorical Literal

NM His work experience was a clumsy clamber. The final ascent was an exhausting clamber.
NA The man’s gaze was a shameless slurp. The last sip was a noisy slurp.

PM The frank speaker sailed towards a finish. The boat sailed towards the sandy shore.
PA The sunset sang to the lovers. The uncle sang to the baby.

Note: NM = nominal motion, NA = nominal auditoryMP= predicate motion, PA = predicate auditory

The 60 sentence-pairs for this study were seldctea the larger set of 280 sentence-pairs
described in Cardillo et al. (2010) with the usehsf Stochastic Optimization of Stimuli (SOS)
software (Armstrong, Watson, & Plaut, 2012). SO®mates the process of stimuli selection
from a pool by adhering to constraints set by ther @o ensure items in different conditions are
closely matched or significantly different among aumber of dimensions. The optimization
was specified to select 15 metaphorical-literatsece pairs from each of four populations
(nominal motion, nominal auditory, predicate motad predicate auditory) and match the four
sets on a number of criteria. Because we weredsited in testing PD patients’ performance on
novel metaphors, the stimulus selection optimizati@s specified to keep the familiarity of the
metaphorical sentences to a minimum, resultingzeral mean metaphor familiarity of 2.83
(min: 1.58, max: 3.75, rated on a 1-7 scale). Whhersentences were rated for familiarity in
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Cardillo et al. (2010), participants were instracte rate their frequency of experience with the
sentence and its meaning (for rating instructi@ngte other variables reported here, please see
Cardillo et al., 2010). SOS was then specifiednsuee that metaphors in each condition were
matched to metaphors in each of the other conditomninterpretability and figurativeness. In
addition, both metaphor sentences and literal seetein each condition were matched group-
wise to the sentences in the other conditions enage frequency and concreteness of content
words, familiarity, naturalness, imageability, nianbof words, and number of content words.
Finally, the metaphorical and literal items in e@elir were matched to each other in length
(number of words and content words), and averaggiéncy (Brysbaert & New, 2009) and
concreteness (Brysbaert, Warriner, & Kuperman, 2014ontent words. As observed
previously, the literal sentences were significantbre natural and imageable than their
metaphorical counterparts (Cardillo et al., 20HDini et al., 2014). Furthermore, because of the
constraints placed on selecting novel (unfamilmetaphors, literal sentences were significantly
more familiar. We also calculated average age gfiadion (AoA) for the content words in each
sentence, though this variable was not explicitigtoolled for during the stimulus selection
procedure. AoA for metaphor sentences did not diftesween conditions, and AoA for literal
sentences did not differ between conditions. Howesalapsing conditions across
figurativeness, AoA was significantly higher for taghorical sentences relative to literal
sentences (see Table 3). Importantly, when col@psonditions across modality, auditory and
motion sentences did not differ significantly in Aéor either metaphorical (t(58) = .81, p = .42)
or literal sentences (t(58) = .95, p = .34) (sekld@8 below for means and standard deviations
for items in each condition).
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Table 3. Psycholinguistic properties of the metaphor and literal sentence stimuli

Metaphor Literal Metaphor-Literal
Nominal Predicate Nominal Predicate
Auditory Motion Auditory Motion F Auditory Motion Auditory Motion F p
Interpretabilit
y (%) .93 (.10) .94(.06) .93(.06) .94(.06) 0.05 0.99 n/a n/a n/a n/a nfa n/a 0 0
Figurativeness 5.64 5.80 5.50
(1-7) (.47) 5.81(.58) (.70) (1.00) 0.63 0.6 2.00(.52) 2.11(.59) 1.73(.83) 1.64(.77) 1.58 0.21 25.83 <.001
69.73 69.13 59.73 51.27 91.73 46.47 102.80 79.60
Frequency (121.65) (77.08) (79.23) (53.81) 0.15 0.93 (102.08) (51.83) (95.66) (117.43) 099 041 1.19 0.24
Age of 7.38 6.98 6.72 7.73 6.68 7.01 6.25 6.58
Acquisition (1.63) (1.15) (1.32) (1.55) 146  0.24 (1.24) (1.13) (1.22) (1.63) 0.82 0.49 2.81 0.007
Concreteness 3.61 3.86 3.68
(1-5) (.35) 3.61(.45) (.35) (.56) 1.12 0.35 3.76(.37) 3.73(.52) 3.84(.50) 3.78(.60) 0.14 0.94 1.34 0.19
Familiarity (1- 2.69 2.83 2.76 5.60 5.45
7) (.62) 3.04(.54) (.72) (.51) 0.96 0.42 5.52(.66) 5.44(.62) (1.15) (1.15) 0.1 096 19.98 <.001
Naturalness 3.15 3.00 2.96 5.63 5.59
(1-7) (.76) 3.45(.69) (.73) (.68) 1.47 023 6.05(.49) 5.83(.59) (1.15) (1.22) 0.81 049 1822 <.001
Imageability 3.55 3.19 2.99 5.72 5.88
(1-7) (.84) 3.55(.58) (.71) (.93) 195 0.13 5.64(.55) 6.07(.63) (1.07) (1.09) 0.73 0.54 18.18 <.001
6.20 6.40 6.27
No.of words  (.41) 6.27 (.46) (.51) (.46) 0.5 0.69 6.13(.35) 6.20(.41) 6.27(.59) 6.47(.74) 1.04 0.38 0.33 0.74
No. of content 3.20 3.27 3.33
words (.41) 3.27 (.46) (.46) (.49) 0.22 0.89 3.13(.35) 3.20(.41) 3.40(.51) 3.40(.51) 1.4 0.25 0.33 0.74
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2.3.2. Answer Choices

As in our previous work (lanni et al, 2014), eacktaphoric and literal sentence was paired with
four answer choices; one correct target and troi® (see Table 4 for examples). Each answer
choice consisted of a two-word phrase, composeth @djective and a noun. For metaphor
items, the target reflected the metaphorical mepafrihe sentence, Foil 1 was related to the
literal interpretation of the sentence, Foil 2 was opposite of the metaphorical meaning of the
sentence and Foil 3 was unrelated. As in lanni. €2@14), the foils were designed in this way to
be informative about the type of deficit presemiesting Foil 1 indicates a literal bias in
metaphor comprehension. A Foil 2 selection indgat® impairment in semantic integration,
since the metaphorical sense of the sentence wigatad but understood incorrectly in the
context of the sentence. As Foil 3 is unrelatethéomeaning of the sentence, selecting this
answer indicates a more general sentence compireheateficit. The answer choice pattern for
the metaphor sentences was mirrored as closelysssite for the literal sentences. The target
was the literal meaning of the sentence, Foil 2 thaopposite of the literal meaning of the
sentence and Foil 3 was unrelated. Since it waposgtible to make Foil 1 answers for the
literals of the same nature as the Foil 1 answerthe metaphors, Foil 1 answers were instead
designed to be related to the agent of the sentgncategory membership, but not implied by
the sentence. This meant that Foil 1 in both metaphd literal conditions were as closely
matched as possible, in that they were both stcongpetitors to the target. In the metaphors
Foil 1 is strongly related to the target term af #entence whilst in the literals it is a strong
lexical associate of the agent.

Table 4. Example answer choices for each type of sentence

Condition Sentence Target Foill Foil2 Foil3

Met-NA The dad's decision was a thwarted plans party favor granted oily rag
balloon pop. permission

Met-NM The puzzle was a logic complex riddle gymnastics obvious gnarly tree
cartwheel. performance solution

Met-PA The inn groaned at the new crowded audible grumble plentiful winding
guests. accommodations vacancies road

Met-PM The friend mosied through theunhurried strolling detailed review oil lamp
photographs. looking companion

Lit-NA The rifle was a loud pop gun shot bloody knife [efakc damp earth

silence

Lit-NM The gymnastics stunt was a athletic feat diving event clumsy stumble sunnydbea
cartwheel.

Lit-PA Their uncle groaned inthe  physical generous parent comfortable broken
other room. suffering rest mirror

Lit-PM The tourists mosied without a relaxed holiday  travel agent rushed wood supply
clear plan. schedule

Note: Met = metaphor, Lit = literal. NA = nominalditory, NM = nominal motion, PA = predicate audjtoPM =
predicate motion.

To ensure equal difficulty across conditions, tlegjfiency and concreteness values of the answer
choices were matched, using the Brysbaert datalfBsgsbaert & New, 2009; Brysbaert et al.,
2014). Mean frequency values of each type of ansheice (target, foil 1, etc.) in each

condition were not significantly different from tfrequency values of the same answer choice
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type in all other conditions (see Supplementaryld dlfor means and SDs). In addition,
collapsing across all conditions, the mean frequa&i@ach answer choice type was not
significantly different from the other three answébices. Each answer choice type was also
matched between conditions for concreteness. Haweoklapsing across all conditions, some
expected significant differences in concretenessdsn the four answer choices emerged.
Because metaphorical sentences generally commarabatract ideas, the target meanings of
these sentences were naturally less concrete dilal) the literal interpretations of the
sentences. As in lanni et al (2014), to ensurertbaine answer stood out as being more or less
concrete than the other three options, target @aih@ fvere matched as low-concreteness
competitors, and foil 1 and foil 3 were matchedhigh-concreteness competitors.

2.3.3. Norming

To ensure target answers were reliably identifiedl @onditions were matched in difficulty,
sentences and answer choices were normed seveesl &ind iteratively updated using Qualtrics
presentation software and Amazon’s Mechanical Butiect pool (details to be reported
elsewhere as part of a separate methods publigalibe final stimuli set we used in this study
elicited high overall accuracy in native Englisheaking, healthy adults (mean age = 36.95, SD
= 7.12) with a minimum high school education. Titeral sentences were answered with
97.23% mean accuracy (SD = 3.05) and the metaphitr®92.46% mean accuracy (SD = 6.06),
and this difference was significant (t(43) = 6.8%.001) consistent with the unfamiliarity of the
metaphors. Nonetheless, no individual item was ansgvwith less than 72% accuracy across
the whole sample, confirming the intelligibility tfe sentences and appropriateness of the
answer choices. Importantly, these stimuli showedignificant difference in the accuracy of
auditory versus motion items (t(43) = .57, p = .9Hfus, in non-elderly, healthy adults this task
elicited a high degree of accuracy, without ceilgfiigcts or the modality difference we predicted
in PD patients. We therefore had confidence thestimuli were well-designed to detect group
differences in performance that would not be mabgfloor or ceiling effects.

2.4. Procedure

Before testing, all participants gave informed @risn accordance with procedures from the
University of Pennsylvania’s IRB. Participants weampensated $20/hour for their time.

The Metaphor Multiple Choice task was presenteguarticipants using E-Prime 3.0 (Psychology
Software Tools, Pittsburgh, PAEach participant viewed the items in a random or@ereach

trial, the sentence was displayed at the top oftheen, with the four possible answer choices
arranged in a square below it. The position oftéinget and three foils was randomized per item
and per patrticipant. Participants responded usitugstom response button box built by the

Black Box Toolkit (http://www.blackboxtoolkit.com/p.html), which has 5 buttons (see Figure
1). Four outer buttons were arranged in a squacktleerefore mapped spatially onto the four
possible answer choices displayed on the screeaidhasual discrimination of the buttons, the
four outer buttons were colored. Both accuracyr@adtion times (RTs) were collected. We
anticipated that RTs from PD patients were likelyoe longer overall and a noisier measure than
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those from controls. The RT collection procedurs si@ndardized to ensure that 1) any general
effects of PD on RT affected all conditions equallyfatiguing effects of the experiment on PD
patients were minimized, and 3) the natural motivaatage of controls was minimized. The
center button was used to start each new trialchvlhsured that every participant began every
trial from the same anchor point, and that the mmm distance to each button was the same
across trials. Because PD presents asymmetripaltignts are likely to have one hand more
affected than the other in terms of motor symptenesty. Hypothetically, the fastest responses
on a multiple-choice RT task might come from udiogh hands, with multiple fingers hovering
over several buttons simultaneously. However, uboty hands and multiple fingers to respond
would be disproportionately more challenging andytang for PD patients (particularly those
with asymmetric symptoms), and thus would repreadatge RT advantage for controls. For
this reason, all patient and control participanéseninstructed to respond using just the pointer
finger from their “best” hand only. Participantsredamiliarized with the task and response
button method over three practice trials at therbegg of the task. They were instructed to
respond as quickly and accurately as possible téh preferred hand, but there was no time
limit for responses. After each item, participgmtessed the start button when they were ready
for the next item to be displayed. This procedusam that participants were able to take a
break after any item, although prescribed breake Wwailt in at 30-trial intervals.

In addition to the Metaphor Multiple Choice taskassess metaphor comprehension, participants
completed the Object and Action Naming Battery #3r2000), as well as an action fluency

task (generate as many verbs as possible in ongehiand standard verbal fluency measures, to
assess the possible presence of a lower ordertn@gaction-language impairment.

Finally, PD patients will underwent an extensiveessment of their motor symptoms (UPDRS,
Hoehn and Yahr, grooved pegboard) and cognitivedpsychological status (Mattis Dementia
Rating Scale-2, Hopkins Verbal Learning Test, letiiember sequencing test, trail-making A
and B, clock drawing, symbol digit modalities t&¢nton judgement of line orientation, Boston
Naming Test, phonemic and semantic fluency, andtMahCognitive Assessment) as part of
their participation in the UPenn PD research pnograhis assessment typically took place on a
different day to the metaphor experiment testirgsies.
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Figure 1. Depiction of the button box that partésips will used to respond. The start button
beganins each trial and the coloured buttons magpeatially onto the four possible answer
choices displayed on the screen.

2.5. Data Analysis
2.5.1. Data Quality Checks

To ensure that the results obtained were abledoead our hypotheses, we conducted a series of
data quality checks. First, we checked for the atxs@f floor and ceiling effects. If PD patients
performed at ceiling for accuracy, then the task W@ simple and we could not test our
hypotheses. Likewise, if the task was so diffitbét even controls were performing at floor, we
again would not be able to make any inferencestabeleffect of an impaired motor system on
action language comprehension. Ceiling performavamad be 100% accuracy. Based on the
results of the stimuli norming, we expected costtol perform close to ceiling on literal
sentences (~97%) but significantly lower on metajgldsentences (~92%). We also checked
that PD patients’ mean accuracy did not approa€d(>97%) in any condition. Floor
performance would be chance, or 25% accuracy. Wekeu that control performance did not
approach floor (<35%) in any condition. In the cas®D patients, the most extreme version of
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our hypotheses 1 and 2 might predict normal congsion of sound sentences and a total
failure to comprehend action sentences. Whilewlnisld have been highly unlikely, we had to
allow for the possibility of substantially poorezniormance in action conditions. That said, if
performance were at floor for sound sentences, addwnot be able to address the effect of
modality. Thus, we checked that PD patients’ acouperformance did not approach floor
(<35%) in sound sentence conditions.

In a second data quality check we examined the patberns produced by participants. The
results of the stimuli norming show that peopledtemmake similar kinds of errors. On
metaphor trials, most error choices are foil 1,chihielate to the literal interpretation (71.7%),
with some foil 2 choices which relate to the opposi the metaphorical interpretation (25.76%),
and very few foil 3 choices which are completelyalated (2.52%). This indicates that when
people make an error in metaphor comprehensiog,useally have comprehended most of the
meaning of the sentence but have been biased tewaditeral interpretation. If a subject
committed a high proportion of foil 3 errors, tiwvsuld indicate either a lack of attention to the
task or a substantial general language comprehemsjgairment, which would make it difficult
for us to address our subtler questions of thectffef figurativeness and modality. We
examined the error patterns at both the group lamdhdividual level. Any participant whose
error patterns appeared to be more random (25-4@4ob kind of error), or where the
proportion of foil 3 errors exceeded 30%, was eaetiiand replaced with a new participant.

2.5.2. Outlier removal

The two dependent variables we examined were acg(paoportion of comprehension
guestions answered correctly) and RT (for corresponses only). We planned to exclude any
experimental item answered with accuracy over 3 Is#dsw the mean in the control group, but
no items met this criteria.. Any control participgnesponding with accuracy over 3 SDs below
the mean in any condition were excluded (four adatwere excluded according to this criteria).
For each participant in each condition, boxplotsengnstructed to enable the detection of RT
outliers (defined as those which were more thanrtesquartile ranges below the lower quartile
[Q1] or above the upper quartile [Q3]).These RTierd were Winsorized by replacing them
with the closest non-outlying value, i.e., the esuepresenting either Q1-1.5*IQR or
Q3+1.5*IQR (Erceg-Hurn & Mirosevich, 2008).

2.5.3. Data analysis

For the prediction from hypothesis 1, the comparisetween motion and auditory metaphors
for PD patients relative to controls, we ran a Bage repeated measures ANOVA for both
accuracy and RT as dependent measures. BFs wendatadl using JASP (JASP Team, 2017).
As reported in the sampling plan above (sectioi, previously reported effect sizes for action
language impairments in PD have been very largarosgpmately Cohen’s d = 2. Large effect
sizes are more typical in neuropsychological sei@Bezeau & Graves, 2001). However, we
accepted the possibility that our effects wouldstmaller than this, given how well our control
conditions were matched to the experimental comusti and particularly in the metaphor
conditions. Given this uncertainty, we report BRsler a range of Cauchy prior widths including
2 (based on previous effects), as well as the &gf&07) to determine the robustness of the
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effects. For metaphorical sentences only, the fac&oup (PD, control), and Modality (motion,
auditory) were entered. We compared the model thighinteraction between Group*Modality
against the null model, the model associated vdttheseparate main effect, and the model with
both main effects, to determine whether the modl the interaction was preferred (as
evidenced by the BF associated with each modekg\Atest of our hypothesis was that PD
patients should show a difference in performandeéen the motion and auditory metaphor
trials, whilst controls should show no differenevieen these conditions. That is, we predicted
that the evidence would favour the null hypothasihe control group. We tested this by
examining the simple effect of Modality for eaclogp separately with Bayesian t-tests. One-
sided tests were used since our theory predictdodrformance on motion trials will be worse
than performance on auditory trials in PD patie6ist-offs of a BF of > 3 in the PD group and <
1/3 in the control group were used to decide ifloygpotheses were supported. This analysis
procedure was repeated for hypothesis 2, comparotgpn and auditory literal sentences.

For the prediction from hypothesis 3, the comparisetween nominal and predicate metaphors
for the two groups, we again conducted a Bayesipaated measures ANOVA for both
accuracy and RT. Since we had no previous effeesdb guide the prior, we used the default
Cauchy prior width of .707 in JASP. The factors @r@and Syntax were entered. We compared
the model with the interaction between Group*Syrdgainst the null model and the models
with only the main effects to determine whether¢hgas an interaction. If an interaction was
found, we planned to follow this up by testing theple effect of Syntax for each group
separately using two-sided Bayesian t-tests.

For the prediction from hypothesis 4, the comparisetween metaphorical and literal sentences
for the two groups, we conducted a Bayesian redeatasures ANOVA for accuracy and RT.
The Cauchy prior r-scale width was set at .85 noetance with Monetta and Pell (2007). We
again tested the robustness of any effects by exagBFs at a range of different prior widths.
Figurativeness (metaphor, literal) and Group wettered. We compared the model with the
interaction Figurativeness*Group against the nudtel and the models with only the main
effects to determine whether the model with therattion was preferred. In this case, we did
not predict a null effect in the control group. @oifs were also expected to find metaphors more
difficult than literals, but we predicted that te#ect would be of a greater magnitude in PD
patients. We tested the simple effect of metapkoliteral for each group separately using
Bayesian t-tests (one-sided). We expected a Bih>each group but a larger BF in the PD

group.

3. Results

3.1. Overall Task Performance, Data Quality Checks& Outliers

Overall, both groups of participants performedtsks well (means and SDs reported in Table
5). As expected, accuracy was close to ceilinditeral sentences. When considering all literal
sentences together (collapsing the various modatitysyntax conditions), literal
comprehension accuracy was 97.56% for controls9antt% for PD patients. Metaphor
comprehension accuracy was lower but still higmtias answered 89.4% of the metaphors
correctly and PD patients 88.17%. The data theeedatisfy our preregistered data quality
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checks relating to the absence of floor and ce#ifigcts (see section 2.5.1. above). The PD
group’s accuracy did not exceed 97% in any condigiod was not below 35% in any auditory
condition. We accepted that control accuracy wdadalose to ceiling in literal conditions, but
critically, controls did not perform at ceiling (3%) or floor (<35%) in any metaphor condition.

Table 5. Means and SDs for accuracy and response time, separated by group and by condition.

Metaphor Literal
Nominal Predicate Nominal Predicate
Auditory Motion Auditory Motion Auditory Motion Auditory Motion
Accuracy
PD 85.04 81.95 92.85 92.85 96.75 94.96 94.96 93.98
(14.82) (15.29)  (7.66) (8.48) (5.4) (6.8) (8.66) (6.11)
NC 84.62 87.17 93.33 92.48 98.97 96.92 97.26 97.09
(11.15) (11.59) (7.49) (9.45) (2.44) (4.0) (4.25) (4.27)
Response Time
PD 8237 8321 7380 8059 6585 6984 7524 6705
(2759) (3089) (2760) (3018) (2383) (2303) (2520) (2443)
NC 7462 7321 6741 6799 5803 6145 6752 5761
(1939) (1963) (1875) (1665) (1475) (1680) (1749) (1373)

When participants made an error, we examined wbifiche three foils they selected. As
described in the materials section above, in thiapi®r conditions foil 1 was a literal
interpretation, foil 2 was the opposite of the rpétarical meaning, and foil 3 was unrelated. In
the literal conditions, foil 1 was related to thgeeat of the sentence by category membership, foll
2 was the opposite of the literal meaning, and3ailas unrelated. A data quality check we
planned was to check that participants made sensibbrs (see section 2.5.1.). When a person
fails to comprehend a metaphor, they usually imetrihe sentence literally. A large proportion
of foil 1 errors in the metaphor conditions revealgeral bias and impaired ability to derive
novel metaphoric meanings. Conversely, if a persakes a large number of errors and their
error patterns appear random, or they make a taugwer of foil 3 errors, this pattern may point
to a more general language comprehension impairrdéafound that both groups of
participants made sensible errors (see Table @helmetaphor conditions, 76% of errors made
were foil 1 selections (a literal interpretatiolm) the literal conditions, errors were split more
equally between foil 1 and foil 2. The error patgelooked similar between the two groups and
we did not exclude any participants for making wal®rrors. The observed error patterns were
also highly similar to those found in previous patistudies from our lab using variants on the
metaphor multiple choice task (Cardillo, McQuireChatterjee, 2018; lanni et al., 2014).

Only response times for correctly answered sengeweee retained. We discarded the response
time data for one control subject as the buttonwag not available at their testing appointment.
Response time outliers, defined as those extendorg than 1.5 interquartile ranges beyond the
upper or lower quatrtiles (for each condition andhesubject individually), were Winsorized to
the boundaries according to our preregistered aisapyan. Response times from 8777 correctly
answered trials were included. Of these, 464 (5)28&6e Winsorized.
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Table 6. Types of errors made in the metaphor and literal conditions by each group.

Metaphor Literal
Foil 1 Foil 2 Foil 3 Foil 1 (agent Foil 2 Foil 3
(literal) (opposite) (unrelated) category) (opposite)  (unrelated)

PD Percent 76.29% 19.24% 4.47% 42.02% 43.7% 14.29%

Sum 222 56 13 50 52 17

Mean 5.41 1.37 0.32 1.22 1.27 0.41
NC Percent 76.61% 22.58% 0.81% 56.14% 35.09% 8.77%

Sum 190 56 2 32 20 5

Mean 4.87 1.44 0.05 0.82 0.51 0.13

3.2. Preregistered Analyses
3.2.1. Hypothesis 1: Figurative Motor Concept

To test whether an interaction was present betv&enp (PD/Control) and Modality
(Auditory/Motion), we compared a model which inohabthe main effects of Group and

Modality against a model which included the intéiatterm. We ran a repeated measures JZS
Bayes factor ANOVA (Morey & Rouder, 2015; Roudemidy, Speckman, & Province, 2012)

in JASP. Previous literature indicated we shoulpeex a large effect, so a wide prior was used (r
scale for fixed effects = 1).

For accuracy, the interaction Bfwvas .208, indicating moderate evidence for thé nul
hypothesis. Put another way, the data were ab8utMes more likely under the main effects
model than under the model with the interactionallow for a potentially smaller effect size,
we repeated the analysis using a narrower prierddfault prior in JASP: r scale = .5). This
resulted in a Bl of .4, which again provides evidence for the hyjbothesis albeit slightly less
compelling than under the wide prior. The accumdata for Group and Modality are plotted in
Figure 2.
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Accuracy for auditory and motion sentences
(nominal and predicate sentences collapsed)
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Figure 2. Boxplots of auditory and motion senteaceuracy with jittered individual data points

For response time, the interaction;BWwas 1.33 under the wide prior, indicating thatéheas

no evidence in either direction. When JASP’s défaubr was used, Bl for the interaction was
2.48, providing slightly more evidence for the naietion but not strong enough to provide
convincing support for H1. While the evidence iadar of the interaction was not strong, there
was more evidence for H1 than for HO so we rarofolup Bayesian paired-samples t-tests
separately for each group according to our pretexgid analysis plan. For PD patients, when the
Cauchy prior width was set to 2 based on previtesture, Bl was 1.68, indicating that there
was not much evidence in either direction. UndeBBA default prior of .707, BfFwas 3.84,
indicating that the evidence moderately favouredatternative hypothesis. PD patients were
slower to respond to Motion metaphors relative twlifory metaphors, but the effect was not as
large as suggested by previous studies. The respions data for Group and Modality are
plotted in Figure 3.
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Response times for auditory and motion sentences
(nominal and predicate sentences collapsed)
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Figure 3. Boxplots of auditory and motion senteRd@e with jittered individual data points.

A Bayes factor robustness check produced in JAgfI(E 4) illustrates how evidence for H1
changed under different prior widths. Note thaterow prior resulted in the strongest evidence
for H1, suggesting that the effect size was muchllemthan in previous studies.

A one-sided Bayesian paired-samples t-test wasrafstor the control group. When the Cauchy
prior width was set to 2, BFwas .047 indicating strong evidence in favourhef null

hypothesis. Under JASP’s default prior of .707;Bkas .13, again indicating strong evidence in
favour of the null hypothesis.
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Parkinson’s group, RT, Motion vs. Auditory metaphor
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Figure 4. Bayes factor robustness checks for thieegeasamples t-test comparing response times for
Motion metaphors > Auditory metaphors.

3.2.2. Hypothesis 2: Literal Motor Concept

To examine the modality effect in the literal sewtes, we again ran a repeated measures JZS
Bayes factor ANOVA. As before, to test the intei@ttwe compared a model which included
the main effects of Group and Modality against alelevhich also included the interaction term.
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For accuracy, under the wide prior (r scale fix#dats = 1), Blywas .121, indicating strong
evidence against the interaction. The data wer@ s more likely under the main effects
model. Under the default prior, Bfwas .234, again indicating moderate evidence agtie
interaction (see Figure 2).

For response time, under the wide prior, the intéya BRowas .161, indicating strong
evidence against the interaction, and under thauttgbrior BfRo was .32, indicating moderate
evidence against the interaction (see Figure 3).

3.2.3. Hypothesis 3: Syntactic Structure

We tested whether there was an interaction bet&enp and the Syntactic structure of the
metaphors (nominal and predicate). As we had mdttteemodality semantics of the sentences
by using nominalized verbs as event nouns in tmeimals, we predicted that there would not be
a difference in performance on the two sentencesyfs planned, default priors were used for
these analyses.

For metaphor accuracy, Bfor the interaction was .36 indicating moderatelernce against the
interaction. We did not plan to test a main effefcsyntactic structure; however, the model
comparison revealed that the BFor this main effect was 222500000 — robust evigeior this
effect (see Figure 5). Both groups were less atewvhen responding to nominal metaphors
compared to predicates. This finding was unexpeetedollowed it up with additional
exploratory analysis in section 3.3. below.

Similar results were obtained when we examinedoesp times. Bfp for the interaction was

.243, indicating moderate evidence against theantmn. An unanticipated main effect of
Syntactic structure was again observed;(BF1190000). Both groups were slower to respond to
nominal metaphors than to predicates (see Figure 6)
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Accuracy for nominal and predicate sentences
(auditory and motion sentences collapsed)
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Figure 5. Boxplots of nominal and predicate sentemccuracy with jittered individual data points.
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Response times for nominal and predicate sentences
(auditory and motion sentences collapsed)
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Figure 6. Boxplots of nominal and predicate senteR@ s with jittered individual data points.

3.2.4. Hypothesis 4: Figurativeness

A JZS Bayes factor repeated-measures ANOVA was tasebt the interaction between Group
and Figurativeness. As before, the model with tiveraction term was compared against the
model with only the main effects. For accuracy;&br the interaction was .315, providing
moderate evidence against the interaction. Fqorese time, B was .286, again indicating
moderate evidence against the interaction. Astititesd in Figures 2, 3, 5, and 6, both groups
responded less accurately to metaphors compaltédred sentences, and response times in both
groups were longer for metaphors. The Bayes fafborthe interaction terms indicate that the
PD group did not demonstrate impaired metaphor celhgnsion relative to controls.

3.3. Exploratory Analyses

As described in section 3.2.3., we found an unebgoeeffect of the syntactic structure of the
metaphor such that both groups found the nominshphers more difficult than predicate
metaphors. We had planned only to examine thedatien between Group and Syntax in the
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preregistered aims of this study, but the shegela@ss of the Bayes factors for the main effect
of Syntax warranted closer inspection. We report ligrther exploration of performance in the
different Syntax conditions but note that thesdyam®s should be considered as hypothesis

generating rather than hypothesis testing or cairfig, as they were not planned at the outset.

Both groups found the nominal metaphors substétiabre difficult to understand than the
predicates, and this result was evident in botlii@my and response times. As reported above,
we combined the nominal and predicate metaphoeshegin our preregistered tests of the
interaction between group and modality. But if periance on the two metaphor types is so
different, this unexpected difference may warra@@eining the modality effect within each
metaphor type separately. We report these explyratmalyses here.

3.3.1 Nominal Metaphors

For nominal metaphor accuracy, we ran a JZS Bayesjzeated-measures ANOVA, using
default priors in JASP, to test the interactionAzesn Group and Modality. BfFwas 1.3,
suggesting that there was not much evidence ieredtinection (the data are equally likely under
H1 and HO) (see Figure 7). For response timegg BF the interaction was .294, indicating
moderate evidence against the interaction (sead-igju

3.3.2. Predicate Metaphors

For predicate metaphor accuracy,Bfér the interaction between Group and Modality w22,
providing moderate evidence against the interacton response time, Bffor the interaction

was 4.46, providing moderate evidence for the presef an interaction effect (the data were
4.46 times more likely under the model with thesrattion term compared to the model with
only the main effects) (see Figures 7 and 8). Follip paired-samples t-tests (one-sided)
indicated that there was extreme evidence for HhenPD group (Bfo = 133.6), and moderate
evidence for the null hypothesis in the controlugrdBF = .241). This result indicates that PD
patients were significantly slower to respond tedicate motion metaphors than predicate sound
metaphors, while response times in the control greere equal in the two conditions.

3.3.3. Standard Measures of Action Language Impaitrim PD

Most previous studies reporting impaired actiorglaage processing in PD have used either
verbal fluency measures (generating lists of vedmpared to other standard fluency tests) or
picture naming tests (object vs action naming)h&lp situate the results of the current
manuscript within the broader literature, we alstected these measures. Participants
completed a phonetic fluency (F words) and verbrilty task, in which they produced as many
words as they could think of in the given categoryone minute. The Object and Action
Naming Test was also administered. In this taskjgygants named line drawings of common
objects (80) and actions (50) (Druks & Masters@@@. In cases where the testing session had
exceeded two hours, it was not always possibl®ellea these measures in every subject. We
collected phonetic fluency in 41 patients and 36ticis, verb fluency in 25 patients and 26
controls, and object and action naming in 24 p&tiand 24 controls. Note that these numbers
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are in line with or exceed sample sizes in mostipues studies, with the norm being 15-25
participants in each group.

For verbal fluency, we examined the interactiomeein Group and Task (F fluency or verb
fluency). Using default priors in JASP, we foundttbhoth groups generated more words on the
verb fluency task than the phonetic fluency tadk gPoup Bk = 3.5, Control group By =

9.03), but B, for the interaction was .322, providing moderatielence that there was no
interaction between Group and Task (see Tablen@gdendent samples Bayesian t-tests also
showed that there was no difference between thgpgrtor phonetic fluency (Bg= .406) or

verb fluency (Bl = .304).

For naming, the Bfg for the interaction between Group and Task (olgeetction) was .945,
indicating that there was no evidence in eithezaion. We cannot conclude that there is
evidence either for or against the interactionepehdent samples Bayesian t-tests showed that
there was moderate evidence for no group differemobject naming (Bfp = .33) and weak
evidence for no group difference in action namiB§ ¢ = .65). Looking within each group, we
found evidence for no difference in object andacttiaming performance in controls (BE

.217), while in PD patients there was no evidencaither direction (Bfp = 1.13)

Table 7. Means and standard deviations for verbal fluency and naming scores.

Phonetic fluency Verb fluency Object naming % Action naming %

PD 17.71 (4.92) 21.84 (5.51) 97.76 (2.05) 96.17 (4.08)
NC 18.97 (4.72) 22.65 (7.46) 97.5 (2.39) 97.5 (2.15)
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Nominal and predicate metaphor accuracy
for auditory and motion sentences
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Figure 7. Boxplots of nominal and predicate & aodjtand motion sentence accuracy with jittered
individual data points.
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Nominal and predicate metaphor response times
for auditory and motion sentences
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Figure 8. Boxplots of nominal and predicate & aodjtand motion sentence RTs with jittered individua
data points.

4. Discussion

This Registered Report tested the hypothesis tbdatity specific sensorimotor systems in the
brain functionally contribute to the comprehensiéfanguage that refers to those modalities —
even when words are used figuratively. Specifically examined whether an impaired motor
system (in Parkinson’s disease) results in a dpeoipairment in comprehending action
metaphors relative to sound metaphors. We foundattauracy for action sentences compared to
sound sentences was not impaired in PD; this obhServwas true for both literal and
metaphorical sentences. For response times (RTipuvel relatively weak evidence that PD
patients were slower to respond to action metaptihars sound metaphors. Follow-up
exploratory analyses suggest that this RT effestdveven by a strong effect in the predicate
metaphors, while there appeared to be no effe&Tmfor the nominal metaphors. There was no
modality effect in PD patients’ RTs to literal semtes. Contrary to our predictions, we found
that the type of metaphor construction affected m@inension. Both groups were impaired in
their comprehension of nominal metaphors, whiclolive a direct comparison between two
nouns (though the metaphorical noun was a nomethNerb), compared to predicate metaphors
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where verbs are used figuratively. In what follows, situate these results within the broader
literature and discuss the contribution this Regexdt Report makes to the embodiment debate.

4.1. Literal Sentences

PD patients were slower and less accurate thamatemd respond to all literal sentences, but
there was no interaction between Group and Moddlityat is, PD patients were not specifically
impaired in responding to action sentences comparedund sentences. This finding contrasts
with results from several studies reporting thatgalients show deficits in processing,
comprehending, and producing action words or vera® key differences between this study
and previous studies account for this apparentefismcy. First, the present study compared
performance on sentences that use motion verlentersces that use sound verbs (nominalized
to event nouns in the nominal sentences). In centmaany previous studies have compared
performance on verbs relative to nouns, or actiefeive to objects (Bertella et al., 2001,
Bocanegra et al., 2015; Boulenger et al., 2008¢lCet al., 2007; Herrera, Cuetos, et al., 2012;
Péran et al., 2003; Piatt et al., 1999; Signorinfélpato, 2006). However, impaired
performance on verbs relative to nouns in PD do¢sacessarily indicate an embodiment
effect. Verbs (or actions) can be more difficulptocess than nouns (or objects) for reasons
other than action semantics. For example, verbsare polysemous than nouns. Of the 117097
nouns listed in WordNet (wordnet.princeton.edu)4¥3are polysemous, and they have 1.23
senses on average. Of the 11488 verbs listed, 4&.&%olysemous, and they have 2.16 senses
on average. The greater polysemy of verbs reftbetisverbs are more flexible, abstract, and
relational, and their meanings are more mutablex@pg on context (Gentner & France, 1988).
The cognitive demands involved in processing namnisverbs are therefore likely to be
different. There is a closer one-to-one mappingvbeh nouns and concepts, whereas verbs can
describe many more ideas. In previous studies stpRD patients are more impaired on verbs
than nouns, it is not possible to tell whether thiparity is caused by the patients’ impaired
motor systems, or simply because verbs are coghitmore complex.

In the present study we did not replicate previpusported action language processing
impairments in PD using standard action namingfarmhcy tasks. These analyses were not part
of our pre-registered analysis plan, but we ramthe help contextualize the findings of the
metaphor task. For verb fluency, we found evidaghe¢there was no effect, while for naming,
the evidence did not convincingly favour either thdl or the alternative hypothesis.

The confound between semantics and grammatica bkes been noted in some previous
studies. One attempt to resolve this confound leas bto compare the performance of PD
patients and controls on the processing of acteybs/(e.g. to climb, to swim) relative to abstract
verbs (e.g. to justify, to believe) (Fernandinalet 2013b, 2013a). However, this comparison is
also problematic because action and abstract diffies on other dimensions, such as
concreteness, imageability, frequency, and ageapdisition. A general or nonspecific language
impairment in PD could be interpreted as a speaifiton deficit simply because controls
perform at ceiling for action conditions and woosenore variably on abstract conditions.

In the present study, the comparison between aggdrs and sound verbs overcomes many
shortcomings associated with previous noun-vericton-abstract comparisons. The conditions
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were matched in grammatical class, on psycholinigwsriables such as concreteness and
imageability, and in their strong associations vg#msory modalities. All of the motion verbs
and event nouns were associated with visual m@soch as glide and roll) and most described
bodily actions (such as jog, swim, cartwheel anapghSome of the sound verbs referred to
biological sounds (sneeze, slurp), and others teliological sounds (such as pop, sizzle).
Neuroimaging studies have found that action antd@oncepts are associated with functional
activity in different regions of the brain. A sorotdpic representation of action verbs has been
found in primary sensorimotor areas (Carota, Mos&ePulvermiller, 2012; O Hauk et al.,
2004; Kemmerer, Castillo, Talavage, Patterson, 8&Wi2008; Tettamanti et al., 2005), but a
higher level action association network involviaggral temporal areas such as posterior middle
temporal gyrus is more commonly associated wittoagemantics (Binder, Desai, Graves, &
Conant, 2009; Desai et al., 2009; Kable, Kan, WiJsthompson-Schill, & Chatterjee, 2005;
Kable, Lease-Spellmeyer, & Chatterjee, 2002). Fssiog sound words is linked to activity in an
auditory association region, the posterior supagorporal sulcus (Goldberg, Perfetti, &
Schneider, 2006; Kellenbach, Brett, & Pattersoi®12iefer, Sim, Herrnberger, Grothe, &
Hoenig, 2008; Kiefer et al., 2012), and a patietth\& circumscribed lesion in this area had a
specific deficit in processing sound words (Trumigilese, Hoenig, Haarmeier, & Kiefer, 2013).
In addition, patients with the logopenic varianfpoimary progressive aphasia demonstrated grey
matter atrophy in this auditory association ardaictvwas directly correlated with their impaired
comprehension of sound words (Bonner & Grossmah2Pd he fact that action and sound
verbs are closely matched in many ways (grammatlaak, concreteness, imageability, strong
sensorimotor associations) and yet are processgiffenent brain regions make them an ideal
test case for questions about embodiment. It is tlmieworthy that PD patients in this study
were not impaired in processing literal sentengestractions using action verbs relative to
sound verbs.

A second major difference between this study anstmpevious studies of action language in
PD is that the present study used sentence stimglie other studies have mostly used single
word stimuli. By some accounts of semantics, a ephis never “static” or context-free (e.g.,
Yee & Thompson-Schill, 2016). In a sentence, th&ext constrains and makes salient the
features and meaning(s) of individual words. Buewkingle words are processed, their
“meanings” may be more variable because contexisa@oss subjects. Regardless, action
sentences have been found to activate motor regichg same way as individual action words
(Raposo, Moss, Stamatakis, & Tyler, 2009b; Tettaietral., 2005). So, action semantics are
not inherently diluted by sentences. If motor systdéunctionally contribute to the
comprehension of action concepts, one might exg@est greater involvement of sensorimotor
areas when a sentence context constrains the woe#iging to its motor features. Why then
should PD patients be impaired in processing siagl®n words but not action sentences? As
outlined above, some previous studies of PD adaoguage processing may have suffered from
compromising confounds.

4.2. Metaphorical sentences
Whilst there was no Group by Modality interactioniteral sentences, we did find evidence of

an interaction effect in metaphorical sentencess &fiect provides partial support for our
hypotheses but must be interpreted cautiouslyt, Fire effect was present in RTs but not
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accuracy. The lack of difference in accuracy wasaegause of ceiling effects, as both groups
responded to metaphorical sentences less accur&estgndly, the evidence for a Group by
Modality RT interaction was weak when we considdyeth types of sentence construction
together (nominal and predicate sentences). A gistezed analysis examined whether the
processing of nominal and predicate sentencesedfféut we expected any modality
interaction effects to be independent of senteposteuction. Since both sentence types used
action and sound words either as verbs or as enxanis, the sensorimotor semantics were
similar in each type. While we did not find an raetion between group and sentence type, we
did find a large main effect of sentence type, ghel both groups performed worse on the
nominal metaphors relative to the predicates. Gttahthe cognitive demands in processing
these two sentence types seemed to differ, we cbedladditional exploratory analyses where
we tested the interaction between group and mgdsdpparately in each type of metaphor. The
results suggest that PD patients' responses tacpteeaction metaphors may be slowed (but not
less accurate) relative to predicate-sound metapldrile no analogous effects were found for
the nominal metaphors. However, these exploratoajyaes were not preregistered and thus
should be considered hypothesis generating ratlaardonfirming.

These exploratory results generate two questianst, why is there a group by modality
interaction in RTs to metaphors but not literaltsanes? And second, why should this effect be
present in predicate but not nominal metaphors@vdelve speculate about possible
explanations that could be directly tested in fetoonfirmatory studies.

When words are used figuratively they take on aenadrstracted sense, shedding some of their
(typically concrete) features in the process. Rt teason, theories of embodied cognition may
predict that sensorimotor systems are less invalvedmprehension when figurative extensions
of words result in a loss of their sensorimototdieas. As outlined in the Introduction, some
studies report that sensorimotor metaphors activedasorimotor brain regions in the same way
as literal sentences (Boulenger et al., 2009; Bmdeet al., 2012; Citron & Goldberg, 2014,
Lacey et al., 2017), while other studies obsenertssrimotor activity in response to literal
sentences but not metaphors (Aziz-Zadeh et al6;20B8en et al., 2008; Raposo et al., 2009;
Ruschemeyer et al., 2007). We have argued thaapmarent discrepancy is because of
differences in the familiarity of the metaphor stinused in each study. When metaphors are
highly familiar, their meanings become lexicalizetl can be understood without reference to
the literal features of the word. However, whenaphbrs are highly novel, as in the present
study, we have argued that people may need to engage explicitly with the figurative word

in order to resolve the metaphor. Doing so may Ivevactivating sensorimotor features of the
word, even if only to later inhibit those featuessirrelevant to the new figurative sense
(Jamrozik et al., 2016).

Some theories of language and conceptual procepsipgse that two systems interact in the
representation of knowledge: a statistical, distinal, linguistic information system, and a
situated, modal, simulation system (Barsalou e2808; Lynott & Connell, 2010). The
linguistic system provides a shortcut to comprelmmby using knowledge of the statistical
patterns of language and natural co-occurrence®ads. The literal sentences in this study
described familiar situations and used words thatahly likely to co-occur together in natural
language (e.g. “The uncle sang to the baby”, “Tsleerman reeled in a bass”). When
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participants comprehended these literal sentetioeg,may have used statistical linguistic
knowledge to arrive at meaning, without needingdtivate or simulate motor features of the
verbs. In contrast, novel metaphors use combinaitdbagents and actions that are unlikely to
co-occur frequently in natural language (e.g. “Shaset sang to the lovers”, “The colonel reeled
in the officers”), and statistical knowledge migiut provide enough information for people to
resolve the meanings of these sentences. Novepihmatamay therefoneequire deeper
engagement and simulation of word features, evsarife of those features are later deemed
irrelevant to meaning. These two routes to comprsioa may explain why we observed slowed
responses to action metaphors but not literal acémtences in PD.

Yet this explanation does not account for why PDepis responded more slowly to predicate
action metaphors and not to nominal action metapwth types of sentences used similar
action and sound semantics, so embodied theoriaklypoedict that PD patients would be
impaired in processing action sentences in botlditions. However, both groups of participants
found the nominal metaphors more difficult to coetpend, with greater variability, lower
accuracy, and slower responses to nominal metajpihatscases. This finding is corroborated
by a recent study of focal lesion patients thaspite careful matching between metaphor
conditions, also found lower accuracy for nominataphors relative to predicate metaphors
(Cardillo et al., 2018). Consequently, even if edaldy effect did exist it would be harder to
detect because of the increased noise in the nboonditions. Nominal metaphors may be
harder to comprehend because they entail a categjassertion, an inherently more abstract
construction. Solving the puzzle of how two appéyedissimilar concepts are in fact alike
requires conscious thought. On the other handrdigue uses of verbs in predicate metaphors
may be easier to comprehend because verbs ardyahlreae polysemous and flexible than
nouns. For example, Gentner & France (1988) dematest what they call the “verb mutability
effect”: when verbs are combined with nouns thaistthe semantics of each (e.g. “The lizard
worshipped the sun.”), people naturally adjustrtieaning of the verb more than the noun.
Novel predicate metaphors may therefore be a gandidate for tests of embodied cognition, in
that 1) their novelty means that people cannotoalgtatistical language knowledge to resolve
them, and 2) their relative ease of comprehensieans that responses to them are not so noisy
that it becomes difficult to detect group differeac

4.3. Parkinson’s Disease, Statistics, and EmboQmghition

While we offer some plausible explanations for wivy comprehension of motor language in PD
could be impaired in some cases but not otheiswbrth considering the implications of these
results for embodied cognition theories. Othershalveady proposed a “weak” version of the
embodied cognition hypothesis, where sensorimgtstems are not necessarily always involved
in sensorimotor representations. Under this vieetaphors are one proposed route by which we
develop abstract representations that are initéggiyved from embodied experiences (Jamrozik
et al., 2016). However, in the context of PD, threwsnstances under which an embodiment
effect is observed appear to be limited. In thiglgtwe observed an absence of any impairment
in standard measures of verb fluency and actionmgim PD (and argue that studies that did
observe these effects cannot rule out alternatipéaaations). We also observed an absence of a
modality effect in PD in response to literal seets) and in accuracy to metaphorical sentences.
Only one of the many tests we conducted yieldedypothesized interaction effect, and even
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that effect is qualified by the fact that it apmeanly observable in certain kinds of metaphor.
Patient studies should provide the strongest tésgmbodied cognition theories, but perhaps
Parkinson’s disease is not the ideal patient gfouthese tests. While PD indeed has
devastating effects on motor function, it also ber effects on the brain, including widespread
atrophy and frontostriatal dopamine depletion t@sglin general cognitive impairment. It is
therefore difficult to separate out the effect ofiampaired motor system on conceptual
representations in PD from other structural andftional brain changes taking place at the same
time.

Previous studies of action language in PD geneusié/two types of statistical test to conclude
that embodiment effects occur in PD. Some stugiesiically test the interaction between

group and condition, to demonstrate that the madaibf the difference between patients and
controls on some action condition is larger thasame non-action condition. Other studies have
conducted two between-groups t-tests to show thagtd®ients and controls differ significantly

in an action condition, and not in a non-actionditan, or two within-groups tests to show that
the PD group differs in their performance on the twenditions, while the control group does

not. The conclusions derived from these resulsnofiepend on demonstrating “evidence of
absence” in control conditions, e.qg.:

1. There is a significant difference between PD p#si@md controls in processing action

words, but there igo difference between the groupgrocessing abstract words.
a. PD action vs. Control action = different.
b. PD abstract vs. Control abstract = not different.

2. PD patients performed significantly worse in theaccondition relative to the object
condition, while controls showeatb differencen performance between the two
conditions.

a. PD action vs. PD object = different.
b. Control action vs. Control object = not different.

In null hypothesis significant testing (NHST), stal non-significance indicates only that
there is an “absence of evidence” and cannot peotadidence of absence”. Yet the ability to
demonstrate evidence b effectin control subjects or control conditions is oftgitical to
whether or not one can make claims about embodiramtsider an example where PD patients
and controls completed some language task on obcks and action words. Both groups had
lower scores in the action condition compared &dbject conditions, but the difference
between the object and action scores was signtfimaly for the patients and not the controls.
Under a NHST framework it is not possible to codelthat there is truly no difference between
the conditions in the controls. The action conditivay have been harder than the object
condition for both groups, and the difference wagnified in the patients because their
cognition is generally worse. Tests of interactibesveen groups and conditions are common in
PD embodiment studies, but the strongest test bhghanges on demonstrating both a) that a
difference exists between conditions in the pasieand b) that no difference exists between
conditions in controls. Failing to demonstratedgJes open the possibility that a difference
exists in both groups and does not provide conmmevidence for embodied cognition.
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The present study used Bayesian hypothesis testimgye Bayes factors provide a measure of
the relative evidence in the data for either thié enthe alternative hypothesis. Bayes factors
allow us to demonstrate “evidence of absence” wiregqentist statistics are unable to do so.
Future studies in embodied cognition should enthakthey are able to provide evidence for no
effect in control conditions where this observati®gritical to their conclusions about the
presence of embodiment effects.

A final point on statistics concerns the sample siged in this and previous studies. We report
data collected from 41 PD patients and 39 age-redtchntrols. This number is by no means a
large sample when compared to other studies inhpdygy, and some embodiment effects may
exist that are smaller than what we could detetit this number of subjects. Given the difficulty
in recruiting PD patients with motor disturbance rnggatively normal cognition, the fact that we
did not detect significant effects in most of tleparted tests here nevertheless makes an
important point for the field. Our sample contadtdeast twice as many subjects as those
reported in previous PD embodiment studies and dvbalconsidered large for a patient study. It
is likely infeasible for researchers to collect gés of 80 or 100+ cognitively normal PD
patients to test for the presence of smaller effastless multiple institutes pool resources.

4.4. Conclusions

This Registered Report study represents one ahtiet tightly controlled tests of literal and
figurative action language embodiment in Parkinsahsease to date. The conditions tested
were matched extensively in ways that overcometstiatings of previous studies, the methods
and analyses were preregistered, and Bayesiantiamalgthods were used to provide
meaningful evidence for thebsencef effects, which was not possible in previous ssdWe
found evidencagainstan embodiment effect in PD patients’ comprehensiditeral language
about action concepts. At the same time, we fowndeace that responses to predicate action
metaphors were slowed in these patients, whichlmedyecause comprehending novel
metaphors is more likely to require deeper engagémigh the sensorimotor features of words.
We suggest limits in the use of PD as a populdtiom which to test embodiment hypotheses
and offer some suggestions for how future reseiards area could provide more convincing
evidence for and against embodied cognition.
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