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Abstract

Language and action are fundamental human cogr
Ssubstrates and functional mechani s ms. Whi | e
taking into account predomwim@gntelvy deinT@eo matgagre s
plays a significant role in shaping perceptio
l iterature, i nvestigatdienxgpltilhca tc dnterribbadt iloanb ed f

speechemanldatbeeintshe acqui sition and execution of

two complementary but highly integrated | ines
|l abels with novel action seqruenared &xaecdutiitan.e
behavior al experi ment, including a kinematic
ti mes and att nceoampeax eecdu ttioom contr ol condition,
accuracy otevwessggebered a hierarchical struct.
i nvestigates the implicit contribution of 1inn

study, articulatory suppressidamrwgpd adampmleireds pc
control group performed a dual task matched
significantly reduced action accuracy and ex¢
|l earner s, demonstfr aitninnegr as peaewdali Aareompoetr 6 Meas
confirmed the effectiveness of the manipul ati
may partially persist under suppression, posi
presents a neuroi maging project whose aim is
recruited during action observation, encoding

pil ot data are reporteld gtoudyy.f o@wre rt ahlel ,f otrh eh cfo

in which |l anguage functions as a structuring
embodied cognition accounts and offering i mpl
| ang-oedgea i oned artificial systems.
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| angage et | 6action sont des capacit®s co
strats neur onaux et des m®cani smes foncti
ditionnell ement Pt ® ®tudi ® cerssusnantsuoommp
emble croissant de donn®es sugg re que |e
|l a perception, de |l a cognition et du com
spective en examidruad eaxnpgkaigeioine r { Buit quett es
ngage int®ri ewr” eltd aaguwiuseitttiesn ientt er nleGe x ®c
se se d®veloppe selon deux axes compel ®men
mi ne si | 6association de nouvelles ®tiquet
r apprentissage, cat®gorisation et ex®cut
l uant un protocole <cith@®geatigdejit adenent e @p
X®cutiomplde fapcdesnpar rapport ) une <cor
ncodage et de pr®cision comparables, sugg®]
rices. Deuxi mement, |l a th se explwrre”™ | a
pprentissage des actions. Dans une ®tude
iculatoire a ®t ® appliqgu®e pendant tanghas.
un groupe contr®'le r®alisait une doubl e t
iculatoire a significativement r®duit | a p

proportion de parte cliepsanacst iionncsa,p adb® necsn tdrbaanp

gage int®rieur dans | 6encodage moteur. Les
|l a manipul ation en sugg®rant davantage que
tmeelt| gper si ster sous suppression, i nfl uen- &
pr ®sent® un projet de neuroi magerie quli \
gage int®rieur sont recret®s Harsagdpel 6db:
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Thesis overview

Our everyday life involves language, in many forms. We use language during the day to
communicate with others, amgany individuals may als@ly on it intheirhead when thinking about
the daily schedule. Language is present even during the night, for instance in dreams, and some
individuals may also talk aloud while sleepifitpese are just a few examples of how central language
IS to everyday life and human experien&&ommon definition of language, such as the one provided
by Wi kipedi a, describes it as fAa structured s
vocabulary. It is the primary means by which humans convey meaning, both in spoken atid signe
f or ms, and may also be conveyed through writ
language is a rudbased system also including signed forms, it reflects a broader tendency to take
into account uniquely its role as a tool for communicatidwéen humans or, more generally, living
beings. However, such a definition overlooks another crucial function of language: its role as a
cognitive tool. Language is not only used to communicate with others, but also to structure, support,

and guide cogniie processes.

In this thesis, | report evidence from the literature and our own experiments on the role of
language in action learning, thereby more generally supporting the role of language in cognition. |
will first review the literature on action learning. Given fivaited attention paid to the role of
language in this field, | then introduce the main research question of this work: what is the role of
language in action learning? | will then review the state of the art on the relationship between action
and languagdn this part, as evidence of this link, | will report two behavioral experiments conducted
at the beginning of my PhD. These experiments, carried out in collaboration with the Institute for
Cognitive Sciences and Technologies (ISTC) of the CNR in Romepart of a side project

developed in parallel with the main project of my PhD.



From this point onward, the thesis will develop along two distinct yet closely related
directions. First, | will focus on the explicit role of language, such as the use of labels, in cognition
and action learning. Second, | will also address the impbégt of language, in the form of inner
speech (i.e., inner labels, inner verbal instructions) in cognition and action learning, focusing also on
its neural underpinnings. Regarding the first direction, | will provide an overview of the contribution
of explicit labels to cognition and action. Regarding the second direction, starting from an
evolutionary perspective, | will introduce inner speech and further discuss its role in cognition. | will
also examine the methodological approaches used in the litetatunwestigate inner speech,
reporting the manuscript of a mi@view on methodological choices for studying inner speech, which
is currently under review. Furthermore, | will present an overview of neuroimaging studies on inner

speech, integrating evidee of its neural bases.

The main contents of these sections will converge to introduce the research questions of the thesis,
which are organized according to the specific studies carried out to address them. Specifically, | will
present the hypotheses related to:

1. The first behavioral experiment, which examines whether explicitly associating a novel label with
a new action induces a categorization and merging process of the motor sequences composing the
action, leading to faster recall and execution.

2. The second behavioral experiment, which investigates whether individuals rely on inner speech
(i.e., inner verbal instructions and implicit inner labels) when observing an action model that they
are required to learn.

3. The third neuroimaging experiment, which addresses whether specific linguistic neural patterns
can be first isolated when participants observe novel actions to memorize them, and then decoded
when they subsequently recall and perform those actions.

Finally, I will discuss the results of the experiments by integrating the relevant literature and outlining

potential applications of the findings, as well as future directions of this research project.



Neural bases and cognitive processes involved in action learning

Human beings continuously execute actions. They walk, they do sport, they gesticulate when
speaking, they scroll the phone, they tap on the pc keyboard to write Ph.D. theses etc. Before
executing actions, it is necessary to learn how to perform. tt\darhave an innate genetic heritage
which predisposes us to learn actidMeltzoff & Moore, 1977 Rizzolatti & Craigherp 2004).
However, all alone, this genetic heritage is not sufficient. A model, someone showing us the actions
to learn, is necessarn the case ofhildren the parental figures are fundamental as they expose the
child to the actions and, since the brain is innately provided with the necessary neurocognitive
resources for imitatiorthe childare able to reproduce the observed actions (Meltzoff & Moore,
1977).

According to the ideomotor frameworiqspired by the work of James (1890) and further
developed through the research conducted by Prinz (2005¢rving someone else performing an
action meansimulatingthat action in our brain and predicting the outcome of that action. In other
words, even if just observing, we are reprodu
outcome. Then, when the observer is also asked to reproduce the obseéovethaobbserved action
activates visual responseintummacgidaset h em d hee rovbwesred
response. Interestingly, this process occurs involuntarily, edxemindividuals are not specifically
required to imitate the @erved movement (Bargh, 1992). This framework criticizes the sensory
motor framework, according to which actions are executed as a response to external stimuli and
perceiving and performing an action are conceived as two unrelated processes. As evittence of
ideomotor framework, two studies conducted by Brass and colleagues (2001, 2002) showed that
observing someone el se performing an action m
our brain reproduces online the observed action. In thessrimgnts, participants were asked to
respond by moving their index finger when they saw the index finger of the stimulus hand moving.

Crucially, while the index finger of the stimulus hand moved downward in half of the trials and
N



upward in the other half (in a randomized order), participants were asked to respond using in all trials
the same index finger movement (either downward or upward). The results showed a temporal
advantage for congruent movement (e.g. when participantsnésg with a downward index finger
movement when observing a downward index finger movement) compared to incongruent
movements (e.g. when participants responded with a downward index finger movement when
observing an upward index finger movement). If, gsesl by the sensompotor framework,
perceptual processes and action processes were detached, no response time difference would be
detected between congruent and incongruent actions.

Anot her action theory i n | i ne wi-maiching h e i
hypot hesi seabal,W®1).zZAzcortirg ttot this theory, not only the same neural resources
involved in the execution of the observed action are activated in the observer as well, but this
activation allows the observer to understand the observed action. This theory, asheedl@smotor
framework, is neurophysiologically supported by the existence of the mirror neurons, reported for the
first time in monkeys by DPellegrino and colleagues in 1992, by Gallese and colleagues (1996)
using single neurons recording, and later in humans by Fadiga and colleagues in 1995 using TMS,
and by lacoboni and colleagues in 1999 using fMRI (Di Pellegrino et al., 1992; Fadigdl 89%;
lacoboni et al., 1999). In an fMRI study, Buccino and colleagues (2001) asked participants to observe
videos showing actions involving hand, mouth and foot movements. These actions could be
performed over an object (transitive version) or withany object (intransitive version). The
transitive actions consisted in biting an apple, grasping a ball, kicking a ball, and pushing a brake.
The control condition, instead, consisted in observing a static image version of each action.
Activationsinthepr emot or cortex and the Brocads area
inferior parietal lobule for the transitive actions. Crucially, the activations were somatotopically

organized so that they reflected the specific involvement of each effecto



Fiug & Somatot opigaal zygyd activations in the premoto

observation. I n red the mouth related activations
activaheosection A refers to the intransitive act
From Buccino et al. (2001) .

Tal king more abstractly, Brocabs area is not
action, but it also serves to under sltanabdrhie ¢
al . ,;R2@@9!l at ti & Craigher o, 2004) . Many theo

bet ween the observed action and reproduced ac

achievement independently of rtelpe odawemdarhte into:
achievertviedd gmsal . Tomasell o and coll eagues (
emul ation and imitation. Emul ation is concei

model 6s strategy to achieve the wotailgn iarfi ttalt e
empl oyed to achieve the goal. I nterestingly,
they are able to do that when actions have cl
actions withestde$seaorgeatby reproducing them
I n this thesis, we are interested in investidg

goal . We decided to begin our I nvveersyt i lpaadii ® na



conceived as a set of motor sequences without

the actions as shown. Why this choice? We arg
action imitation over|lsorkeascen,r od ®en ifd d rainnggu atgl
examples of studies investigating the role of
scratch, not iincluding thlenaloddi nogf agcotailosn so rwi

wourhan addi ngt ep fium t thleec ocagcnt pi toongAetsesa.r dkiargo atcoh an
col | eaguaesss o cifaltli)ng a verbal | abeil dsvintkh ngn tdaet

with the out agocame earif ttbhhaehhi eocnt.isartulcitsurper oj ect , i

to try to shed 1|ight on the role of | anguage
encodlenet oanly we specul ate that, when | earni
it, |l anguage has a role, but its roleamdyfobe
t he coggnaintiizvaet i @m o f the action encoded in tI
Brozzoli (Borghi et al., 2023) we raised this
and colleagues (2023). I n their cwornko,detl heona u
understandi ng, |l earning and imitation, focusi

aut hor & octiucs pmaststi hé e rol e of | anguage in thes:
only in relatilommarnrmern hrmay alte dlhragadyheprovi ded
the exposition to the action, we provided som

Our work is attached bel ow.
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The paper “An active inference model of hierarchical action understanding, learning and imitation™ | 1] provides an
interesting and comprehensive overview and a compelling model of how action understanding, learning, and imitation
might oceur. Kather than focusing on the approach, with which we are fully svmpathetic, or the model’s detail, in the
following, we will highlight some points that the suthors might sant to incorporate or address.

One aspect not addressed in the model 15 the role language might play in this framework. The authors mention
language only tangentially when they sav “prior information can come from different sources: 1t can be provided
exogenously (for example, via verbal or contextual cues) or be generated endogenously, on the basis of the leamer's
own motor knowledge” (pag. 98). We agree that language can be a cue conveving previous information ke context
dnes, but we think that 1t can he more than a coe. Tangouage not only helps groonding in the environment throogh
simulation of sensonmotor (exteroceptive, proprioceptive, and interoceptive) experiences, a mechanism the aothors
mention (p. 101}, but it also extensively contributes to action preparation and implementation. Language can help
consiruct predictions in relation to which sensory signals can be evaluated | 2], Language can be a powerful ool to
reduce uncertainty in action selection {on the role of language overall, see [3])

Once a label 15 wsed, for example, to name an action, the action representation becomes more compact, its dif-
ferentiation from similar sctions increases, and its boundaries from other actions become less fuzey [4). Providing
new lghels for new tools facilitates their use 5] Providing a new lahel tn g novel action might help strengthen its

DT nf eriginal amticle: hatpefidni orgd 1001 OIS, pleew 723 0F.00 2,
: Comrespondimg msthar ol Department of Dyvnamic and Chindcal Pgycholegy, and Health Studies. Sapienza University of Rome, via degli Apali
1, 0185, Rome, lealy.
E-mail peddrese: anms herghi @anirama] i8 (A M. Baorghi)
hitps:fdoiorg! 10010165, prev. 2023 07 014

LSTL- 064500 2023 Elsevier B.Y. All rights reserved.




AM. Borght, AM. Gervasi and C. Frorrali Physicr of Life Reviews 38 (2023) 264 263

salience and memaorability, enhance its recognition, maks 1ts execution smoother, and facilitate 1ts imitation, Notably,
previous studies have shown that potentiating language shilities, for example, syntactic ones, might impact the ability
toy perform seguential, hierarchical sctions [6.7] The role of langoage in the context of action learming might naot he
limited to overt language. During action learning, o special role is plaved by inner language or self-talk: it can help
maintain action-related information in working memory, it can motivate and even support action endurance [ K9]

Aside from tangentially mentioning “verbal cues”, the authors extensively discuss the distinction between a direct
and a semantic route to action. Importantly, however, semantic knowledge does not necessanly imvolve language — we
might form a concept without a comesponding label. Labels represent an additional layer that might further facilitate
action planning, recognition, and execution. This is related to affordances, and particulardy how language encodes and
refects them. While distinguishing between the direct and semantic routes, the authors mention different affordances,
e.g., tunctional and structural ones, Similarly, studies on stable and vanable affordances [10,11] have shown that the
processing of variable affordances, ke the current orientation of objects, activates a direct, automatic vision-to-action
route implemented in dorso-dorsal circuits, By contrast, 3 more ventral representation {dorso-ventral circuit) concerns
actions evoked by stable affordances. like size, and texture. Importantly. actions prompted by stable affordances are
also those encoded linguisucally.

Another aspect that the authors might want to discuss further and eventually implement in the model 15 the dis-
tnction between ditferent kinds of actions and the relative mechansms of motor resonance when imitating. YWe might
learn novel actions that we have previously recorrently observed but not executed. For example, one could be an ea-
ger spectator of tennis matches without having ever played tennis. Also, we might learn novel actions after having
previously sxecuted some chunks or components of them, The motor resonance mechanisms elicited in the two cases
mi Eh1 differ t‘nnmﬂ-r.ntl}r In addition. u|1'hn-1|g'h the foens of the model 18 on imitation, we wonder wh!.r the authors do
nnt mention the fact that, in some cases, ohserving actions might lead 0 activate not a similar bot a complementary
action to the one we nheerve, Notably, the mirror neoron system 1= activated also i the second case [12), and the
authors themselves have provided important contributions both on imitation and joint action.

Onz further point concerns the role of visual attention in relation to body parts. In the first simolation, the authors
claim: “The learner can only make saccades to one body part at a time but can imtegrate this informanon over tme
tor infer the current movement segment of the teacher” Our impression is that visual sttention might be more diffuss
and less focused on single body parts and that the visuospatial expertise of the observer might modulate its role. For
example, an expert player might more easily connect single body parts wath global bodily movements, weighting
diffzrently each step’s solution in the hizrarchical model.

A final remark concerns the choice of tennis as a paradigmatic example. While we appreciate that the authors
investigated a sports activity and do not question the example’s generalizability, we believe there could be clearer
examples. Consider, for example, the intention of preparing coffes and the proximal scopes related to the single actons
that compose it — opening the coffee pot. pouring water, mserting coffee, etc. In the case of tennis, the distincton
between intentions and proximal goals, although present, 13 sometimes blurred and not clearly distinguishable as in
the case of other actions.
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that we have to | earn, welLat @s ail magipne stemd te dwae
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some dance moves. There could be two possibil
to | essrircacll adance, our dance teacher shows us

i's that the tglaac®derhes/hoohwes tueslplish.@ 5r 6inht Bat s mo
start to associate a set of sensorimotor info
order, with a verbal |l abel. We are creating a
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to its name; what happens in this case? |Is it

overl ap? Are we surecthesees Bneohweldi aguabt ? c Wt
and |l inguistic processes taking place when we
hypot hesis that we use inner speeaakBe(il &) ot it h
2014). 1t has been shown that inner speech pl
as -honguistic ones (Nedergaard et al ., 2023) .

action alsotcpmgchopbobmggpomlhere is evidenantk, tfr

both covert and overt, when trying to |l earn a
setldl k seems quite useful for Dbegitmnevresr,badndi
order to i mprove the motor performance (Hat zi

that triggered the hypotheses of this Ph.D. p
- action | earning is not merely a matter of

processes.



o Associating a new verbal l abel with a n

encoded and cognitively represented, an
o When aadtaiboed association is missing, we

and the main suspect iIis inner speech.
I n the following sections, I wi || expose
starting from the evidence in |iterature on t
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wi || il lustrate the role of inner speech in ¢
wi | | report the methodol ogy and results of oLl
ef foefctt he association of a new verbal l abel wi
on the role of inner speech in action | earnir

i nner speech during action | earning.
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When searching for inspiration and attempt
of this thesis, I relied on | anguage in a co
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subj ect of this thesis. Throughout my academ
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construct both our own understanding andthhat
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Bl oom, 1990; Reboul, 2017).

I n the second half of the previous century,
relies on symbolic representations of the ref

The wempd d or instance, would encompass mul tip



abstract representation. Thi s representation
i nformation, even though knowledge about appl
Il nstance, whil e experiencingl aw/ gapeper melamrs 3
flavor, reasoning about an -dpphehwduldprebgno]
perceptual information is no | ongeralitrhwallgwe d.
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meaning of tyhe mwairnl yi meil lold refer to auditory

meaning within the ment al l exicon wil/l no | on
It i s more abstract than any particmlaaml| gxperf |
to visual features, I ts symbol ic meani ng re
experience. I't i s thus reasonabl e dfoo ra sisnuenheo dt
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perceived vVvia(kKaup eetental seng2€23) . According
conceived as a system separated by sensori mot
embodied and grounded cognition one (Badahl ou,
They are rather associated to sensory infor mat
According to theaewWwHrebrbs ahhdteafnreghe®gethsor ihn
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formation of connections betwedmteangaergi montsar

worappl en this framework, means establishing c
of the word and the sensorimotor information
the motor programs involvedhenapphehtogit hgr as
wor ds, proceappdwugt otnaed i wal dy triggers the rea

i nformation encoded through prior experiences
published in 2004 by Hauk and coll eaguesat(200
processi-mgl aa etdi omor ds engages t he s ame mot o

corresponding actions. Hauk and coll eagues ob:



cortex when partici pagks eprad eas smgod ¢© &k et veesrssjds

mot or andne@gkoytelhhamad ed motor areas) (Figure 2).
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Red: Finger movements Red: Arm words
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Abstract

Spabial demanstratives are deictic expressians used to point io
a referent with lampuage. In the standard view, they encode o
spatial proximalidistal contrast between “near”™ {#heiv) and = Far™
{iar) from the speaker. Several studies bave shown that such
cantrnst maps on & perceptunl comtrast hetween peripersonal
and extropersonal space. Stll, other factors beyond spatial
distance influence demenstrabive choice. Here we mvestigate
whether the proximal‘distal contrast maps alse onto o more
general contrast between being in physical controlnat in
cantred of a target referent. Parbscipants were presented with
twa circles (red and blwe) om a soreen. They had to move them
with the mause to find the target circle (the one with twao gaps).
One circle followed the mouse trajectory (controdlable), while
the ather moved randomly in the center of the screen (not
cantrellable). Unkoown to the participants, the gaps coly
appeared  if the stmuli crossed a  distance threshold.
Impeortantly, participamts had 1o use stimulues controllability to
solve the task. They were instructed to answer by indicating the
target 1o the experimenmter using thivrhat and redBiue (in
ltalian  guwestoiguwello and rossefbiv). Results show  that
participants used the proximal demenstrabive more frequently
1 refer to the farget stimulus when in contrel. These findings
suggest that, similarly to spatial distamce, physical controd
intleences demonstrative choloe.

Keywords: language; semantics; physical controllabalsty

Introduction

In the very first years of life, infants set the stage for the
development of social cognition. In the emergence of
cognitive mechanisms necessary for interacting with others
and the world, the rise of joint attention is an Important

384

milestone. In this cognitively complex phenomenon, an actor,
an addressee, and a referent are the three necessary elements.
Indeed, we start talking about joint attentional focus at the
end of the first year of life, when an improvement from a
dyadic to a triadic interaction takes place (Eilan, 2005). At
the same time, another triad is needed to create a joint
attention situation. In this case, three cognitive elements: eye
gare, gestures, and language. Focusing on the last point, a
specific  ¢lass  of grammatical markers 5 needed:
demonstratives. For this reason, demonstratives are among
the earliest words to be scquired (Clark, 1976; 2005y They
are the most frequent words in adult lexicon (Leech &
Rayson, 2004} and, even if with some differences across
languages (hinary contrast ws  three term system),
demonstratives are present in all languages (Diessel, 2006).
Even if acquired so carly, thus, they fulfill a complex role.
According to Diessel (2006), demonstratives are spatial
deictics with two functions:

l. They indicate the location of a referent in relation to a

deictic center.

2. They coordinate the interlocutor’s joint attentional focus.
In the standard view, when referring to 8 referent {e.g. an
ohject with & certain location in space), people use the
proximal demonstrative this (guesto in Italian) when the
object i located in the space near to the speaker. Conversely,
the distal demonstrative thal {guelio in lialian) is preferred
when the object is located far from the speaker.

InL K. Samuelson, 5. L. Frank, M. Toneva, A. Mackey, & E. Hazeltine (Eds.), Proceedings of the 48th Annual Conference of the Cognitive
Eeierce Society ©0024 The Author(s). This waork is licensed under a Creative Commons Attributicn 4.0 International License (CC BY).
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Figure |: The standard view of the demonsirative choice.

The spatial hypothesis finds scientific support in Coventry
and colleagues” studies, in which the choice this/that maps
onto a distinction between peripersonal/extrapersonal space
{Coventry, Valdés, Castille & Guijarro-Fuentes, 200E;
Coventry, Griffiths & Hamilton, 2014). Interestingly, just
like tool use expands the peripersonal space boundarics
{Famé & Ladavas, 2000}, too] use extends the region in space
for which the proximal demonstrative is used (Coventry ot
al., 2008).

Still, spatial distance seems not 1o be the only factor driving
demonsirative choice. The same authors provide evidence
that other parameters to the choice: ownership, visibility, and
familiarity (Coveniry et al., 2004). Other authors, however,
showed results in contrast with Coventry and colleagues”
ones. For instance, Bonfiglioli and colleagues, showed that
the proximal'distal contrast is present also within the
boundary of the peripersonal space (Bonfiglioli, Finocchiaro,
Gresierich, Rositani & Wescovi, 2009). In their study with
[talian speakers, participants responded to instructions using
demonstratives with a reach-to-grasp movement. Participants
were faster in a congruent condition | guesfo used to refer to
an ohject closer 1o the participant and quello for a more
distant object), compared to the incongment condition
{quesio-far, gquello-closel even if the far object was always
located in the peripersonal space. Interestingly, Cooperrider
{20161 showed that demonsirative choice might be
madulated by pointing gestures and their potential to reduce
ambiguity. In particular, a more frequent use of Bhiz when
pointing with the hand and in simations characterized by less
ambiguity was shown. Interestingly, participanis used this
mare  frequently when pointing with the laser (less
ambiguous) even far in space. Rocca and colleagues {Rocea,
Tylén & Wallentin, 201%) showed that there is a preference
for this to refer to objects more readily affording actions
{smaller and harmless objects) regardless of any spatial
parameter. However, even the basic assumption about
demonsiratives according to which demonstrative choice
depends on egocentric proximity has been challenged by an
EEG  smdy  (Peeters, Hagoon & Ogyirek, 2019).
Electrophysiological data, indeed, suggest that participants
prefer the proximal demonstrative when an object is in a
shared space between the speaker and an addressee, but only

in the absence of another possible referent outside the shared
space. In the presence of a potential reference outside the
shared space participants don't show a prefesence for this or
they even prefer the distal demonstrative.

In light of this evidence, the mole of the peripersonal’
extrapersonal contrast in demonstrative choice is still unclear.
Indeed, Kemmerer {(19%%) has argued that demonstrative
chioice maps in fact onto 8 more abstract space rather than a
concreie and physical space.  For instance, consider a
sentence like “this planct is smaller than that planet™ wttered
when looking at the sky: clearly the proximaldistal contrast
felicitously applies well into the extrapersonal space. But
then, which of these views can better explain demonstrative
choice? Or alternatively can they be made consistent with
each other?

With the aim of providing a unifying perspective, Brovold
and Grush (20012 proposed a theory that might in fact
represent a bridge between these alternatives. In their
proposal, demonstrative choice leverages on the speakers’
awareness of their own controllability of the referent. In this
view, demonstrative semantics (both  production  and
understanding of spatial demonsiratives) relics on the
interlocutors’ spontanecus assessment of their own and each
other’s “control domaing™ which objects they have comtrol
over and which they don't. In other words, the
proccimal/distal contrast instead of reflecting a more
superficial spatial one maps onte a deeper (and abstract)
contrast between in control'not in contrel. While Brovold and
Grush distinguish three types of control, here we focus on
physical control and  leave other kinds for  future

investigation.
T.

Figure X: Demonstrative choice based on physical
controllability.

While this theoretical framework has the potential o
accommadate much evidence on spatial demonstratives,
direct experimental support has not been so far provided.
Thus, the aim of this study is to experimentally test the
hypothesis according to which, when people are in physical
control of an object, they tend to refer to it using the proximal
demonstrative (this) and, vice versa, when they are not in
contral of the object they prefer the distal one (Hhar).

Method

To assess the effect of physical control on demonsirative
choice, we adapt the visual search task of Wen and Haggard
{2018) in which participants use the mouse to interact with




stimuli with different level of physical controllability. We
elicit demonstratives withowut participants being aware that
their linguistic choice is relevant for the purposes of the
experiment. The experiment was mun in [talian.

Participants

In line with previous experiments carried out by Coventry,
Griffithe & Hamilion (2014), we recruited twenty
participanis for this study. All participanis were healthy,
right-handed and native Italian speakers {11 women, mean
age = 2576, 5D = 4.21) and not bilingual from birth. All
participanis used their right hands to mowve the mouse during
the tasks. All participants had corrected-to-normal visual
acuity. The excluzion eriterion was 75% of the valid irals (i.e.,
irials with comect target identification). No participant met this
criterion. Pamicipants gave their written informed consent
hefore the experiment staned.

Procedure

Participants were asked to sit at a desk in front of a screen.
To avoid differences in terms of distance from the sereen, we
ensured that, for each participant, the screen was located at
the boundary between cach participant’s peripersonal and
extrapersonal space. Toe do that, we asked pamicipants to
extend the arm in front of them, towards the screen, and we
maved their chair location so that, with their arm fully
extended, the tips of their middle finger was 20cm far from
the screen. Impomantly, this procedure also ensures that all
the stimuli were always located in the extrapersonal space of
participants. The experimenter £at next to the participant to
simulate 8 condition of joint atention with minimal
interference with the task. The experimenter randomlby
changed sides across participants to avoid any possible side
hizs. Onee in position, we asked participants to fill the
informed consent. Handedness was assessed with the
Edinburgh handedness inventory (Obdfield, 1971} As in
Coventry et al. (2008), participants were not informed abot
the real aim of the experiment and amy reference to the
relevance of spatial demonstratives for the experimental
study was avoided. Participants were given a visual search
task and were told o communicate their cheice to the
experimenter who sat either on their left or on their right. To
limit linguistic warizbility across participants, they were
instmucted to linguistically point fo the relevant target using
only the Italian demonstrative system: “guesto” of “guello”.
Participants read the instructions on the screen and if they had
any doubts, they could ask the experimenter for further
instructions. After the instroctions, participants had the
possibility to familiarize with the task in a practice session.
In the visual search task, participants had to identify, as fast
as possible, the target stimulus and to report their selection to
the experimenter. The entire experimental session was
composed of two sessions imterspersed with a break. Each
seasion was composed of six blocks and each block was
composed of eight trials for a total of 96 trials. All trials began
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with a fixation cross (0.5s) on a white screen followed by two
stimuli {see Figure 3. At the start of each tial, two circles
{with a diameter of | cm), with a colored circumference (one
red and one blue) appeared on the screen. The center of the
circles was not filled (white). Both circles stayed on the
screen for all the duration of the trial {55). Once panicipants
started to move the mouse, the swo circles started to move as
well but the relation between the mouse movements and the
trajectory of the motion of the circles could vary. More
specifically, in cach trial, one of the two stimuli had a high
lewel of physical controllability (90% control), while the
other one had a low level of physical controllability (L10%
contral). For the high controllable stimulus, the other 10%
{and for the low controllable the other 90%) of the trajectory
was randomly drawn from a database of irajectories acquired
by the authors before the beginning of the data collection. In
particular, while the high controllable circle could be moved
in each part of the screen by moving the mouse, the low
controllable stimulus mostly siayed in a given area {around
the center of the screen). Only when participants staried to
move the mouse, the shape of the circles changed. One of the
1w circles was the distractor {one gap in the circumierence)
while the other one was the target stimulus (two gaps in the
circumference ). Moreover, in each trial the color of the circle
was randomized so that in half of the trials the target stimulus
was red and in the other half it was Blue. Importantly,
unknown to the participants, the shape of the circles changed
only when the two stimuli reached a certain distance in the
screen. In other words, to solve the task more efficiently (to
detect the target stimulus), participants could discowver the
underlving strategy and exploit the controllability of one of
the two circles in their favor. By moving the high contrallable
circle far from the other (the low controllable circle),
panticipants could more efficiently discover the perceptual
feature. Mext, participanis were reguired to respond in Italian
by saying cither “guesto” or “guell” to inform the
experimenter of their choice. After the five seconds of the
stimuli preseniation a new screen appeared on the monitor
showing a red and a blue dot. In this case, participants had to
indicate what was the color of the target stimulus (in Italian
“rogga” or “Bla™). As in Coventry and colleagues’ study
(Coventry et al., 2008), in each trial the experimenter noted
the linguistic choices made by participants. To increase
salience of the relative controllability of the stimuli, an
attentional check at the end of cach block of eight trials was
added. [n the attentional check, we asked participants “in the
previous trial, did you control the target stimulus?'. They had
1o answer io this question by pressing the 58" to say yes and
T D AV o,
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Figure 3: Timeline of a trial in the experiment.

Results

We computed the percentage of demonstrative choices of
proximal guesto or distal guello (see Figure 4). We ran a
generalized linear mixed model on the proportion of proximal
choices with “Target” (target/not target) as fixed factor and
“Subject” as random factor. From this model, a significant
cffect of controllability of the target stimulus on the use of
“this™ has emerged (Z= 17.187, p<.001).

TAROET CONTOY

Arswny
propoton of THeS)

Figure 4: Proportion of proximal choices used to refer to the
target stimuli.

The proportion of proximal choices was significantly
higher when the target stimulus was controlled compared to
when it was not controlled.

Next, we run a second generalized linear mixed model in
order to assess whether proximal choice changed as a
function of the block: the interaction between Target
(target/not target) and Blocks (the number of the block). In
this casc as well, a main cffect effect of controllability on
proximal choice was also observed (Z=6.399 p<.001). We
also observed a significant interaction with blocks (Z= 3222,
p=-001) suggesting in particular that the propensity to use the
proximal demonstrative when the target was not controlled
decreases in time.
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Figure 5: Proportion of proximal choices to refer to the
target stimulus along blocks.

Finally, we conducted an exploratory analysis on
movement trajectorics. We reasoned that different motor
strategies can reveal whether participants exploit stimulus
controllability to solve the visual search task or adopt a more
exploratory strategy of random movements. We assumed that
goal-directedness implies a stronger sense of control, and
conjectured the adoption of a goal-directed strategy could
influence demostrative choice. Participants engaged in 96
trials per session, with cach trial lasting 296 scconds. During
these trials, positional data was continuously recorded at one-
sccond intervals, generating a time series of 296 data points
for cach trial. We examined the data as one-dimensional time
serics, focusing solely on the distance from the center of the
screen as our primary reference point because it was the only
direction of movement that led to change the shape of the
circles. We conducted an analysis of these trajectory time-
series using principal component analysis (PCA). The initial
two components cffectively clucidated 67% of the total
variance. The plot in Figure 6 visually represents the time
series projected trajectories across the initial 8§ components

Principal Components trajoctories
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Figure 6: Principal components of the mouse trajectorics.




The first two components capture two distinet behavioral
patterns. The first component involves displacing  the
controllable stimulus from the center of the screen towards
the borders. The second component involves an initial
mowvement towards the borders in the first phase of the trial,
followed by & return to the center in the subseguent phase,
Each trial within every session was then catcporized by
identifying the component with the strongest correlation o
the trial ime series. A trial received the label “PC1" ifthe first
principal component had the strongest correlation, 'PC2° if
the second principal component had the strongest correlation,
and so on. We correlated the probability of each component
across subjects (the propomion of trials labeled with that
component), with the participant’s response sensitivity to
target.  Sensitivity to target control was caleolated by
asgigning A sensitivity score of 1 if the subject always
responded gueste when the target was in control or guells
when it wasn't. Conversely, if the subject responded guello
when the target was in control or gueste when it wasn't, the
sensitivity score was sct to 0.

= missiraly

Figure 7: Classification of participants according to
sensitivity to target control (in red) and prabability o adopt
PC2 {in blue).

On this basis, we explored the comelation between
sensitivity and the probability of each component across
subjects. We did not find significant cormrelations between the
different principal components and target conirol sensitivity.
However, the only correlation that was close to significance
was with the PC2 component thet describes a strategy of
initially moving the object towards the border of the area and
then moving it back to the center of the screen that is
suggestive of a goal-directed sirategy (Pearson's product-
mmment comelation, =045, t{I7=20705, p=033%3). In
general behavioral strategies are noi correlated  with
participanis” sensifivity to control.

Discussion
Our stsdy provides novel evidence in the debate on the

semantics of spatial demonstratives providing empirical
support for an effect of physical control over a referent on the
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speaker's demonstrative choice. Results of this study are
therefore  consistent with Brovold and Grush's theory
{Brovold & Grush, 2012), who hypothesize that selection of
which demonstrative to use to refer to a target takes into
account the speaker’s phiysical control over the referents (or
his'her lack thereaf). In our study, we leverage a visual search
task in which participanis had to move twoe stimuli (one
controllable and one non-controllable and, at the same time,
atarget vs & non-target circle) om the screen with their mouse.
To solve the task, participants could exploit the physical
controllability of one of the two circles to make target
percepiual feature appear more efficiently. We show that,
when [talian participants'speakers intended to indicate to the
experimenter which stimulus was the target one, they
preferred to use the proximal demonstrative guesfo (“this'™)
when in physical control of the target stimulus. Consistently,
they reveal a preference for the distal demonstrative guelfs
{"that™) when lacking control over the target stimulos.
Muoreover, our resulis show that this tendency increases over
the blocks. We interpret this result in part as a leaming effect,
and in part in terms of increasing awarencss on stimulus
controllability over time. The latter aspect suggests that
reducing ambiguity is indeed an important factor as proposed
by Cooperrider (2016). Instead of simply adding evidence for
a new non-spatial parameter, in line with Brovold & Grush
{2012), we suggest that these results might provide support
for a more general explanation. Spatial parameters are strictly
interconnected with physical controllability considering that
usually the near space entails physically controllable and that
physical controllability characterize objects that afford
interaction (Rocca, Tylén & Wallenting, 201%). Still physical
contral can also be extended far in space too as when
remotely control a flying drome.

The importance of physical controllability in  the
demonsirative cholce shares new lights on the link between
these universal linguistic systems and action. 'We want to
stress, thus, that the demonstrative choice is not just a martter
of space perception, but that the possibility to act towards a
referent and to do it in joint attentional situations plays a key
role. Our view, thus, is in line with the one according towhich
language may have evolved from actions and gestures in
human evolution (Arbik, 2002) as well as in children's
development  (Iverson &  Goldin-Meadow,  2005).
Considering, indeed, that demonstratives are the earliest
words that we acquire, our resulis might suggest that their
function is sirictly interconnected with the possibility, in
children, to be able to physically control and, consequently,
interact with referents in space and the world that, otherwise,
would not be physically accessible.

While results of this study suppons this wiew, it is
imporiant 1o acknowledge several limitations, which can be
addressed in future work. Firstly, we have only focused on
the exophoric use of demonstratives in the extra-linguistic
context leaving aside their intralinguistic use (endophoric
reference). Secondly, this study has collected evidence for




[talian only and generalization to other languages may not be
ensured. Indeed, although the demonstratives contrast relies
on a binary distinction in Italian as well as in English, in other
languages it relies on a three terms system as in Spanish
{Diessel, 2005). Thirdly, the analysis of movement
irajectories did not reveal an association between behavioral
strategies and their sense of control (operationalized as
sensitivity to target contrel ). Ome possible reason for this lack
of evidence could be due to the experimental design. In the
current paradigm, the explicit task of discriminating between
the shapes of the circles when they changed hid an
instrumental task, which is to find a way to change the shape
of the stimuli by using the stimulus under control. Howewver,
in the current version the mstrumental task can be easily
solved with many different behavioral strategies. As a result,
it may not be straightforward to determine from behaviors
whether participants exploited the controllability of the
stimulus to solve the task or simply moved randomly. A
future direction of this study involves refining the paradigm
=0 that the underdying instrumental task can be used as a
covariate measure of the participants’ sense of physical
control. Finally, while Brovold & Grush (2012) proposed a
broader theory about controllability, taking in consideration
other forms of contral beyond the physical (like perceptual
and social control), in this stdy, we just focused on physical
control. For these reason, future work will replicate and
extend these findings with new paradigms o investigate
perceptual and social control. These possibilities have the
potential to provide new evidence about other parameters
already highlighted in previeus studies such as ownership,
visibility, and familiarity.
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Physi cal controllability and motor

use of the proxt mada duaprhdenxspterraitmevnet

We conducted a first behavioral experi ment

to which thet lcdhotdhoaeh plse tometeon a contrast bet wee

(physical control) of the referent. This expe
Participants interacted with two circles on a
objective was to solve an instrumental -task
controll abl emomsee byt asumigoeckh et he perceptual f ¢

a gap, the other shotwleed pawot igcaippant sAth aichdtso pio
onwei two Tpgpssing dgrmuelgatel diton viemig H(A tsRate o vt $ i ne
with our hypothesis. Further morecoparbicspaant
time (across blocks). However, the results o
whet her the densoonsctorrarteilvaet ecsh owicten atlhe mot or cc
I n some cases, participants could randomly an
able to detect the target stimul us,r ewmcehobuett we
the two <circles, thereby not exploiting the
i nstrument al t ask. For this reason, we decid
conception of physicalarconttor oel mpahsat shiilzee e hdadeipuans |
that, It hwse eslkamded ddriegtédd om@sgse gmatemen
as wel |l dur i-dnigr ebcltoecdk smo uGocealmov ement s, in this
consequence of an enhanced awar enes smnpoeft ethhcee pi
exploiting physical controllability to solve

we carried out a second experidenhheimntobugengo

similar to the previous one. I n this <case, W

O



i nstrumental task and revealed the gaps in th
was to emphasize the role of controllability i
the instrument al taskt, | hheheomptrreol oalsl e xpier
threshold reilcanmitvel| t abitlhietyl oowi rcl e to open t
participants were required to discover a hidd
move the highly controll abldea csierndlcd ricruttaranmrier
center of the-imichhtschalefn.ofl mplhethdht !l vy, partic

exi stence of this hidde,n vaherae rUagdii kley trhevipmeg

screen often | ed participants to easily 1iden
highlight the perception of <control i n one of
requi tedi pamts to move the controllable circl
greater demands on motor control and reliance

The overall experimental structure remaine
number of trials, bl ocks, and sessions. Besid

movement with a high | eveloldfabadduryadcy t(h%0 % tad

controll able circle more compared to the previ
when participants moved the highly controll ab
wer e ydeds.pldas i n the previous experiment, once

were instructebdi soa s'tgwaetbdgswelgsut(oc"'k I(y as possi bl e
i ntroduced a more interacti veierxepseproinmseen tfear nant
After the participant responded with "questo"
t aertg sti mulus by saying Arosso o blu?060 (fAred o
simud alt®®0% accuracy condition, the experiment g
each trial and always asked for the correspon
col or by ysdasyommgdmec®iof (erently from the first

more rapidly to the following trial i f they w

O



before the end of the trial, which had a maxi
the keyboard. This was crucial to measure the
trial. The results ofatéedst seco®naf stthua yf inrogt o
for using the prtohxiismal tdbmobhsatgatigei Mul us wh
3 , but they also provided us with further cl

demotnr ati ve choice.
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Combined with those of the first experi ment
demonstrative choice as being based solely on
space. At the same time,|l al appegh thesenteast
we argue that they are complementary: physica
the relevance of action potentiality in spati:
a fuer step, by enhancing the role of the pos
of control, i mportantly, does not require dir
of a mouse to interacbnwltbpaaegeiTbeseehi ndi &«
broader framewor k of embodi ed cognition, s h«
sensori motor experiences. The observed prefer
physical ctosn ttrhoel isduepap atrh adtr eagcatridnl ge sosv eorf a#@nc toubajl e
can reshape the perceived relationship bet wee
choice becomes a |linguistic conseguwenche tohfe darn
|l anguage is not only |linked with the spatial
to act upon referents |l ocated in the space. I
I talian demonsrter atthiavne smeernecloyd es pneot i a | rceufl et ruer nacl «
evidence we candét generalize our results to o
di fferent semantic structures acr os socluasn gua ¢ eh
point, i nvestigating whet her t he rol e of p h
generalizable across different | anguages and
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Label s as scafcfooglndiitningpnof human

I n the previous <chapter I reported evidei
pronouns to refer to a referent depending on
the demonstrative use from aresgnngi sensei dan
among 1t bBadeguwirrled words (Clark 1978, 2003) . Ch
old to coordinate the interlocutordés joint at

the veryseaf |l i B¢ agleumanswisttleafretr etnot sa s(sio.cei.a,t eo l

in the world), to categorize those referents
i's a symbolic el ement (usually a word) that s
orent)tiwbhile a "word" is a unit of | anguage,
"handl e” that allows the mind to group diver se
i ntoi mgl e ment al representation ("dog"). AAL t
experience could make it easier to perform sc

object kinds (Xu, 2002) andouwnmddrires (ICatrwgen 2
(Wi nawer et al ., 2007) , or influencing how ec¢
Ward, 2013)0o (Connell, 2019). Il ndi vidual s may

of the cradiesi, dwhles are presented with a novel

the corresponding | abel. Being a tennis |l over
tennis | essons, my tenni s c oercvi cseh,0o weodr erhea ntdh, e
Let s pick one of them: the forehand. Hitting
(1 provide a facilitated version): rotat-e you

domi nant |lramd e ddhee movement towards the ball,
up t o ydoounmi N @ shoul der . According t o Lupy a
i nformati on, induces a categorizati ohepdotéess

components are encoded as part of the same t
M



i nvolves categorizing similar information tog
di fferent and far between each other. For ins
as part of the same actioel yfoeephasdnt bbe Wwe
the backhand even if they comprise similar mo
be categorized as more similar between each o
of toheormsequences of the forehaonrdaind dd hosei at
backhanbdacwiHtdraedds t o di stinct and separated c
actions. But thatodos not the end of the story.
sensorimotor processes as perceptitoend, Qnhceer eab
perceptual processes are GiehbebhGel a0 6 MG echy ®
way to eixpdwe bythaki ng .i nltaomiancgc ocuwon to rcso ldooress n o
words to communicate which range of l i ght w
coll eagues of20@@Egratnece ,t hat gr eaanii mmganbkefeade g
respective categories with specific perceptua
t wo categories. However, It has to be noted
| anguages, therethe entyrespaeocheefhaimdga micee
there iIis no |linguistic boundary, green and b
speaker s. Therefor e, ,s peuackhe rass oTh iangetsuea I'ol ry alpagpu
these colorst@aacmooeheasn mcompared to English
AccordihgHé&le dtblae K phyopotsteas iby flLourp yEanng | (1290 2meala |
starting from the moment of the formation o1
autoambtycactivates the green cadegor pr otleiss eis
|l ead f egdecayg etglbey with green el ements-girmemnhe
referentgsr eceenbmgowegver, it should be acknowl ed
that the effects of color | abeling on percepti

& FIl eckeNow 2t0Oh2a5t) t he rol e of | abels and the r e

n



is clearer, |l etds focus specifically on the |
|l et 6s move back to the study published by Haul
the Hebbian associati9ve IWearcminn g aaygaihmt(, He brbo,r

of view, the authors showed how processing a

the experience with that word. When the word 7
codi hg word fApickod while experiencing the phy.
an object. Through Hebbian | earning, t hen, t h

word (mostly semantic regi dansmne haasv et hlbee esne nascotri
These sensorimotor regions, i n that mo ment ,

picking an object or when producing the actioc
sensorimotor ragi 6ohe weame @mommewe and through
together. However, it has to be noted that t
|l iterature and opening gquestions related to t
wormk anOngt he one hand, It has been argued t h:
mot or cortex activation (Mahon & Caramazza, 2
action word processing dods crmadt retgr ioatsl y nwvwe n

execution (PosFhegeerabhnd 26DBgagues (2012) i

association between verbal | abels and new ac
associating a verbal stimulus to a nowmelcthaomd
bet ween perisylvian | anguage regions and mot c
novel words to the participant sa:ngvaisdpeionsg snhoovwee
towards a cylinder or animated a+dwtirfdisciaalapi ma
French sampl e. Parti ci pawotrsd waesrseo caisakteido nt od ul reian
i n which they werenexpyoded aodthleemogemal sti
Participants were also asked to imitate the m
verbal stimulus. Resvords asBoweadatibat i srheesauplctdsl

n



showed an actparaitetoanl orfe giemns o( sensori motor r

St

day

muli on day 1 but not on day -Qentmaladacti v

2, not specificaloldyi ngel altheed atuat hohe aaot i

suggesting an activation of convergerdceefbeaeet

mo

w h

r

o

e

r

e abstract acfTheseraptéesani anisomaw etlhweo nea

c h ttohre immof or mati on is integrated iIin a more
mary information directly involved in the ¢
cess: in a firstorphatednaicmbvieeésmecorfirce@i
word presentationlabel aasecoinat phhmsreeadclhes
e detached from basic sensorimotor infor ma
Anot her empirical evidence related to the
el tool) and a verbal | abel is a study con
aut hors wused i mmer si wd heirr tassaslocrn @ali intlgy ntec
el tools could enhance tool use. Participa
m were associat é3NIlwi t WNThleev. d/kéhrébra |l t Hradbee | wer

n, thr gugtasasetr gpgiamitn ci pants were asked to
uence and target object. Results showed t h:
|l s compared to unnamed toolob.seCrvietdi ¢ al It h,e t
dition, when participants were just requir
erpret this effect and facilitation of t he
posed byY)Lupywanaca3®@ri ation of the | abel wi:

nections so that when participants see t|
sequence, reactivating t he correspoohnechongr
or mati on rel at ed -dtoownt hneechabebmst,hr oagheqtu

sorimotor processes involved in the mani pu



Yet, this is not the end of the story. A | arg:
that | anguage can directly mocdaunatde ko m@amian § cm
experiment (Gentil uccpan& sGarnega cthaendo ,a nld 9g8r)a s ppeac
related words (e.g., Al ongo vVvs. Ashort o) wer
decel eration were higher when the word Fmpl i ¢
i rrel evanretn.t Suxbpseerg ment s (Gentilucci et al .,
semantic influence extends to different objec
grammati cal cl ass: adjectives dies gof 6bj gbbd)
whereas adverbs (e.g., fAupodo) and especially v
ki nemati cs, with verbs producing stronger moc
wor k (Dall a 9o lftuar tehteralr.e v e2a0l0e ¢ ed mmatdo tvepibces esfl
actions comrmpedraetde dt ov efr bost. Toget her, Gentilucci
processi ng -rienMpatceads mnmdtjcerctr epresentatngntshenpbpa
and control of actions. Il n parall el studi es
compelling evidence for a fast and bidirectic
Usi nggrfaiinneed ki nelmay i £hawead ytsleat, @processing ac
ongoing reaching movement within the first 2
facilitate movement when processed before mo

i nterkteéfentepersisted even when acti oni2nwolr ds

ms del ay; Nazir et al ., 2008) , indicating th
Critically, the presentation aftedctsiubseqeebs
(Boul enger et al ., 2008), demonst rweotridn g rtolceets s
To summari ze what it has been said, in |line w
new | abel with a referent creates a sort of
sensorimotor one, hel pi nog diosts otco att ee i rmd foe rman



recalling the | abel when presented with the re

processes, but | abels are continuously abl e t
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Back to the origin of the | ink be
possible interiorization process o0

| earning

Several evolutionary theories propose that
|l inked to the emergence and progressive compl
that the human hand evolved b&hdapthieveloy at ot i @
support the articulatory gestures required fo
expanded by subsequent researcher s, who emphe:

required for obpgdedthamaninywwll aateidon na articul at:i

Corballis (2006) in the Gestur al Primacy Hypc¢
l i nguistic communication. They argued that t
evodmany scaffolding for | anguage, all owing f
speech within the same neur al circuits, speci

As empirical support for tkiss(RYpPd)headeimonsbGe m

participants were asked to pronounce a syl l ab
their mowt dem¢p etnteali r vocalization was | ouder /|
than ®oMmallcés. Besides this, it has been argue
devel opment of manual skills and the resul ti ng

(Engel s, 200 3; Stout & Chamhkadg, aBf12)p0l Can
provided, as Engels put it, Aman in the makin
began to develop predominantly within the | ef
and cognitwae &lumeadynsorBe aad v aenc ead . (, RwzlyloX ) .
these proposal s, in the Cognitive Coupling Hy

(2018) suggested that | anguage emergededgeaus

P



about how to create and manipul ate new tool s.
facilitate the teaching and | earning processe
neur al mechani sms for @a@onitionaltpladdnyi ndge vaensde pseealo
and todweraki ggadually |l inked with neur al me c
eventually with | anguage. l ncreases in the s

progressivaticoompbé&xibfriaci n regions rel ated t o

evolutionary perspective is supported by 71 ece
(2019) provided results in favor of audeanlkey i
showing that individual di fferences in tool u
et al., 2019). This relationship was further
| anguage and tool ulsepmodtenndey Ishtaral anchaoea
given these shared resources, training in toc
conversely, |l anguageetpaihongaraodahCTlrisbawlolt e

When early humans were engaged in teaching

may have taken advantage of a form of protol a

mot or aspects of t he task, nmeonipohrasp rzo mmed usrpee ca

facilitating | earni mgy HFeuwma b i ® n sdonvens , nad cahnagoui a
modul ating the | earner ds sensori mot ormapyr ohcaevses
i ntroduced a crduaneale daleemoenrstt riady @m : it allow
| earners perceived as more relevant. As a res
t amky hasvédapeenby | inguistic guidance, | eadi nq
representation of action. In this thesis, we
|l earners internalizing the casplayci ttyh etroe buys ef alca
own l earning procsessay Tadeaey,i ninedi vsipdeueaclh t o

hypot hesized mechanism closely resembles the

tal king about private speech and inner speect

P



i nn
Cog
dev
spe
e mo
spe

cog

att

spe

t al

er speech in action | ear Mdi7ndh pAnluiad h eCdo nif re |
nitive Scikncepé&obtedtdprhqatto Vygotsky, t he
el opment i's characterized by a transition
ech as a cognirteigvuel attad win, usheed piolg saé@li f dr en
t i ocenrsbablyi zvi ng t h-onwoghet sgeanred addtyi,omupporting
ech, on trlegpreskeatetdante final stage of tr

nitive tool becomes i.nternalized (Vygotsky

ner speech and its role in cogni

l nner speech has been commonly defined as
erience consisting of covert ' i ngui stic at
onsciously, it is a perrwadsaiyv e osgunb jte cvtei vaec te >
ause inner speech is not merely the verbal
| . Through i nner speech, cognition can b
entional rporloeceissesuppdritsed by a | arge boc

estigating the executive functions showed

ech was employed during task execution (Fe
FBoemret ol ot t i et al ., 2014). Our interest in
mai n considerations: (1) t he recogni zed
siderably, with increaesitng newvwiadekmnc & hsal o vair re
action; (2) the role of | anguage and 1inst.
oratory settings. This | ink has beernfserves
cusswhoenr)e the focus is not I imited to-inne
k (includtagkal so overt self



Fernyhough and Borghi coll ected extensive
a cognitive control t ool (Fernyhough & Borghi
when performing a boring task ehbddnteghtt bant
actively driving cognition in the ongodiamgd t as
revi ews, including that byddMdenberrsg aartdce drmdat c
enhances performabhasksptbonépbahb oemrebahOver al
appears to function for human cognition much
regulating multiple cognitive processes. ttoewe
modul ation of inner speech on cognition depen
as a seabsd sxtwphedrngognitive functions. At t

whet her this role afblieninnedi adppdeueactths d esp egnednse raan i

cognitive strategies .that individuals wusually
A methodol ogi cal overview of the i
Al t hough there are individuals reporting |

atiaalclondi ti on knoWedaes§amepyYd®m ha)pira speech i s
mo s t used cognitive strategies in daily | ife
accurately assess and report their own use of
own <case, whienng efnocroutnhbee f i r st time the quest
Questi-Bemnnsed (Al derson Day et al ., 2018) . S

met hodol ogical challenges fodheogwoste werdet lye ai s

to investigate inner speech include Descripti
seldport questionnaires, and | inguistic inter
participants are intkreimi tdeinktyyasciigwnial eds dor i

P



sked to describe their ongoing experience at
ubsequently explored in detailed interviews
xper.i eemcet hereposet offusestionnaires, participa
el ated to their habitual cognitive strategie
references foverntealbadt,watmesgtideen,crmasned of wer bal
orm of inner speech employed. I n the experim
ssessed by using two validated questionnaire
1. The I nternal Representation Questionnaire,

the participants use to solve everyday tas

composed by four subscal es:

a.internal verbalizati on: consisting in t
Al think about problems in my mind in t
b.vi sual i magery: consisting in generatin
and easily picture a scene that | have

c.representationadnsmanim@mti abtfi wywn:mani pul at

~

mation (e.g., Al can easily i magin

-}
—
o
—

d.orthographic I magery: consisting in vis

or hearing someone else talking (e.g.,
2. The Variety of I nn&krev$Speach aQune sitgi dronainwve s
participantso6é preeami reantally ,u2d 1(8Al.d elrhd &sn q

by five subscal es:

a.di al ogi c: an | Samfthoartt hf eced msv € ri skaet iao nb aocrk
(e.g., Al ask myself a question and the
b.condensed: abbreviated IS, characterize
(e. g., AThinking 'keys' instead of ' n



c.ot her peopl e: experiencing the voice of
your mind when you make a mistakeo).
d.evaluative/critical: | S used to express
AThat was a stupid thing to say; |l shou
e.positive/regul asopport S(baged D¥YMowsedan
and stay focusedo).

I n this revised version of the questionnaire,

provide information al ss@uiothamce iand ematsipweattiso

previous version thattfioedsedtmecrae atsmpiectliIsy i o

acceptation. This revised version improved t
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Researchers oftan examineg the rale of overt language and Inner speech in cog-
nitlhon by using articulatory suppression as a form of verbal interference. The
hypathesis behind is that it causally prevents participants fram using verbal strat-
egles during the execution of a primany task. Articulatory suppression rvolves
uttering elther meaningful or meaningless syllables or words——aloud, silertly,
whispered. Althowgh widely used to disrupt linguistic processing, the heterage-
nelty of procedures ralses guestions about the specificlty of its effects, and its
underying mechanisms remaln unclear. Studies vary in verbal stirmull, articulation
madalities, rytheng, and modes of stimulus presentation. Howeses, there are few
emparical investigations about the impact of these methedological differences on
thie Interferance effects. Articulatory suppressicn also has different purposes: it is
employed as the maln experimental manipulation or as a control @sk When itis
thie primary manipulation, once the suppression methods have bean dentified,
attention should shift toward determimning the most appropnate dual-task control
candition. Convercely, when articulatory supprestion is used as a control task,
methodological detalls are often insufficiently reported, Umiting replicability. This
Frun-review exarnines artcles from the last decade that use articulatony suppres-
slon to disnapt phonalogical access during the execution of a primany task. We
prowide an overview of protocals employing artioulatony suppression, emohasiz-
Ing the heteragenelty of methodaleglcal chesces and discussing the imnplications
of this heterogenaity within embodied cognition. We stress the need for evsdence
af the neurocagnitive implications of different articulatory suppeeceion madall-
ties, This would Improve awareness when choosing meodalities, consagquently
enhancing coherence acrass studies and replicabllity.

HETWADIRDS

articulatory suppression, dual-task paradigm, embodied cognition, language, linguistic
interference
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1 Intreduction

1.1 Theoretical assumptions underlying
articulatory suppression

The use of dual-task methodologies involving verbal interfer-
ence is grounded in evidence from various research domains show-
ing that language supports cognition {Alderson-Day and
Fernyhough, 2015; Baddeley et al, 2001). Engaging the same cogni-
tiwe respurces— for example, by continoously repeating a syllable—
can impair performance on 2 concurrent primary lask. Researchers
olten examine the role of overt and covert language in cognition
using verbal interference as a secondary, concaomitant task during
the execution of the primary one, which is hypothesized to invalwve
language (Banks and Connell, 2024). If performance on the primary
task is significantly impacted by linguistic interference, language is
sapposed to play an effective rale in the primary task. Also, when
studying visual working memory, researchers use linguistic interfer-
ence as a control condition to prevent participants from asing veshal
instructions to complete the task {Brady and Stormer, 2022).
Blocking possible verbal rehearsal strategies allows researchers to
specifically investigate and isolate the visual working memary pro-
cesses implied in the task. In bath these cases, the most used verbal
interference task in the cognitive sciences is articulatory suppression
[Nedergaard et al., X023, for a review). While its use is well-estab-
lished, the wide variety of articalatory suppressicn tasks emploved
in research suggests that choosing the most appropriate one is not
always straightforward. Articulatory suppression is well extablished
as 2 means to causally disrupt the use of inner speech by imvolving
the mouth motor components to produce sounds, conseguenthy dis-
abling the articulatory control system of the phonological loop
{Larsen and Baddeley, 2003). The articulatory control system allows
individuals to mentally rehearse key verbal information to maintain
it in working memary [Baddeley and Hitch, 2009). A good example
of this is when people receive a security code via text message and
have to remember it for 2 few seconds to complete an anline pay-
ment. The articulatory sappression system allows them to mentlly
articulate and maintain that code in working memory. By asking
participants to perform articalatory sappression, researchers essen-
tially disable this process, either totally or to 2 significant degree.
Thus, for 2 long time, articulatory suppression has been irvestigated
primarily as a cognitive task that interferes with working memuory
{Baddeley et al., 1984). Howewver, articulatory suppression, regard-
less of the corveyed meaning, impacts conceplual processing/pro-
duction, highlighting the irvolvement of the speech motor intention.
Importantly, there is evidence that impairing linguistic articulation
plays 2 cansal role in comprehension and recall {I¥ Ausilio et al.,
2004}, highlighting the tight relationship between language produc-
tion and comprehension.

1.2 Articulatory suppression in the
framework of embodied cognition

Recent debates on the future of embedied cognition have high-
lighted the need for paradigms whose resalts cannat be easily inter-
preted ar accommodated within other frameworks. Mamely,
sometimes embodied cognition studies da not allow for “strong infer-
ence,” Le., they do not provide decisive evidence for one hypathesis
over competing ones, and fail to draw cousal conclusions.
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Interference paradigms with healthy participants can provide
appartunities to test bypotheses directly derived from an embadied
perspective { Ostarek and Huetting, 201%; Ostarek and Battind, 2021}.
In this framewoark, investigating articulatory suppression, which is
thought to interfere with inner speech, can play a critical role in pro-
viding evidence in favor af embodiment. Importantly, however, stud-
ies on inner speech have yielded two contrasting views: according to
the so-called “abstraction wiew" {e.g. Jomes, 2008), inner speech
invalves anly the initial stages of speech production before asticula-
tion; it is therefore more condensed and does not imvobve badily
actions. In contrast, the motor simulation view {Loevenbruck et al,
2018} underlines the importance of articulation for inner speech; this
view relies, for example, on EMG evidence, which is, however, nat
always comsistent {eg., Malborceyk et al, 2020). Notably, we do nat
believe that even the first view is incompatible with an embodied and
grounded view of semantics (Reilly et 2., 2023): covertly pronouncing
the word “hand” may activate the hand matar system, even if lips or
tongue are not directly imvolved in the word's articulation (Borghi,
2023} Interesting approaches combine the twao views, saggesting that
inner speech varies along a continuum from featural richness 1o
abstraction {Alderson-Day and Fernyhough, 2015; Fernyhough and
Borghi, 2023}, Indeed, some forms of inner speech are more con-
densed [Vygotsky, 193419457}, thus not fully articulated, and therefore
less detectable in their embodied components. In this regard, studies
on articulatory sappression can be particularly informative for
embadied cognition, since they help determine when and bow motor
simulation and articulation are invalved during cognitive processing.

1.3 Current work

This mini-review collects and examines gtudies employing articu-
latory suppression, providing an overview of its different purposes and
mudalities. To facilitate future imeestigations and provide a compre-
hensive overview of articulatory suppression paradigms, we summa-
rize the studies published over the past 10 years, detailing the key
features of the methodology used.

We report methadological choices along the main dimensions of
dual-task paradigms irvolving articulatory suppression and highlight
the substantial heterogeneity in the ways this task is applied across
shudies,

Through a targeted review over the last decade of research
employing articulstory soppression to induce verbal interference, we
underscore the absence of validated, and cros-linguistically gemeraliz-
able standards guiding s use. In doing so, we draw attention to the
“garden of focking paths” chamcterizing its implementaticn, and high-
light the need for researchers to be mare aware af the consequences of
the different methodological choices, suggesting more rigorous meth-
adologies in the use of this task, and more detailed reporting of task
design features to enhance transparency and replicability in science.

1.4 Method

We conducted a lHerature search of journal articles on Google
Scholar between August and October 2025, We inserted the keywords
“articulatary suppression” - “clinical” - “developmental® - "brain
imaging” Articles were excluded if they were inaccessible, ot peer-
reviewed, or not written in English. To refine the dataset, we applied
the following criberizc inclusion criteria were studies reporting empiri-
cal behavioral data on articulstory suppression using behavioral
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paradigms; exclusion criteria incloded reviews, meta-analyses, confer-
ence abstracts. The screening process invalved reviewing titles and
abstracts for relevance, followed by full-text examination. The final
corpus comprised 147 peer-reviewed studies. Stadies were classified
depending on whether articulatary suppression constituted the pri-
mary experimental manipualation {Supplementary Table 1} or the con-
trod candition (Supplementary Table 2). For each study, we extracted
key methodelogical informatien on the articalatory suppression para-
digm, incliding whether articulatory sappressicn was the main exper-
imental manipulation, the type of control condition, the simulus
used, its modalsty, rhythm, monitoring procedures, and presentation
format, and the language of the articulatory suppression stimulus
materials. We also recorded information on the primary task in which
articulatory suppression was applied, induding its dependent variable,
the stimulus wsed, as well as reporting the aothors and year of
publication.

2 A garden of forking paths:
methodological variability in
articulatory suppression research

Articulatory suppression inwvalves uttering either syllables, pho-
nemes, o wards across different modalitses-—alowd, silently, whis-
pered-—or even silent moath movements. These stimuli are usually
presented either auditorily or visually to participants, wha are required
to repeat them continwously at a specific rhythm or at a self-paced
rate. Althoagh articulatory suppression is widely used to disrupt lan-
gaage processing, the cognitive and motor mechanisms through
which different forms of articulatory suppression exert their effects
remain unclear. This leaves cpen important questions abowt whether
varztions such as open versus close vowels, meaningful versus mean-
ingless momosyllahles, or overt versus covert articulation engage dis-
tinct processes and, consequently, produce different patterns of
interference.

We identify five factors that vary in the implementation of articu-
latory suppression and that modulate mner speech along a continuwum
ranging from mare embodied to more abstract forms: (i) the articu-
lated stimuli {ii} the modalities of the articulatory suppression; (i)
the rhythm of articulation; {iv) the presentation format of the stimuli;
(v) cognitive Joad.

2.1 Articulated stimuli

Current research employs various phonemes, syllables, and words
{see Supplementary Table | and Sapplementary Table 2). These mate-
rials vary across two main dimensions: antiodatory complexity and
lexical status.

2.1.1 Articulatory complexity and lexical status

Stimuli materials differ across studies in the complexity af articula-
tory demands. Regarding length, stimuli range from single syllables
(&g, [a) to maulti-syllzhic words (eg., December) and numbers, which
cam be either single digits {e.g., 31 ar multi-digit sequences (e.g., 753,
The stimuli alo differ in meaninghalness: meaningless stimul inclode
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syllables withmat semantic content {eg. ba) and nonwords (2.,
BABATARKA), whereas meanirgful stimuli include syllables with lexical
value {eg., thel, full words (eg., Califormial, and numbers, whose
meaning depends on the comtext. In most cases, the choice of stiruls
is mot justified by explicit predictions about the expected effect of inter-
ference on the primary task. Both theoretical models of speech praduc-
than [Levelt, 1992, Levelt et al,, 1999} and empirical studies (Bohland
and Guenther, 2006; Riecker et al., 2008) indicate that increasing syl-
lzhic ar sequential complexity places greater demands on the speech
production system. Evidence further suggests that syllable- ar word-
sized units can be learned and stored as articulatory “chonks,” forming
a mental syllmbary that enables frequenthy wsed forms 1o be executed
efficiently as single mator programs (Levelt and Wheeldon, 1594). In
combrast, less practiced or longer words must be assembled online from
muhtiple subunits, thereby increasing articulatory load and planning
time { Tomaschek et 2l 2021). Consistent with this view, a syllable fre-
quency effect has been ohserved in speech production {Cholin et al,
I, i.11.|:|i.|:nl:i|:|3 that II'tiI:L‘IJﬂhJIT routines become aufomatized
through repeated use. In addition, articulstory complexity varies sys-
tematically across phonetic and phonalogical structures {Locke, 1572;
Glanz et al, 2022; Shuster and Cottrill, 2015; Ziegler and Aichert,
2015}, reinforcing the idea that articalation efidency depends jointhy
an word length, stroctural complexity, and motor familiarsty. Thas is
reflectad in langer mator plan durations, increased articalator vari-
ahility, and delays in anset time even in fluent speakers. Interestingly,
while articulatory sappression has been used to investigate the effect of
loog ws. short words on recall (Homani et al | 2005, Rosso and
Grammatopoulow, 2003), oo study has tackled whether using long vs.
shart stimudi in the articulatory suppression may have a different
impact. At the same time, asking participants to repeat meaningful
words (e, Racket or Monday) could reactivate different semantic can-
tents related fo those words. The same would not happen when asking
participants to repeat & meaningful syllable (eg. the), which has no
meaming in the context of the articulabory suppression task {as for
function words), or 2 meaningless syllable (e.g., ta). Consequently, the
digferent semanitic loads associated with the materials used for articula-
tory suppression must be carefully considered, as they may engage
cognitive processes beyvond mere articulation. Indeed, experimental
evidence from healthy pasticipants dempnstrates that the semantic and
syntactic properties of words become available slightly before their
phonological forms during speech production {Indefrey and Levelt,
3{H; [escheniak et al., 2002), suggesting that meaningful stimuli coald
trigger pre-phonological lexical-semantic activation, potentially influ-
encing task performance.

Motably, the studies summarized in Supplementary Table 1 and
Supplementary Tahle 2 also differ in the language used for the articula-
tory suppressian stimuli, and in several cases, neither the language nor
participants’ native-speaker status was reporbed, which poses chal-
lenges for assessing cross-study comparahility and potential language-
specific effects.

2.2 Modalities of articulatory suppression

Verbal interference strategies also vary in the modality of the
articulation employed. Stimuali may be articulated 2loud, whispered,
muauthed silently, or repeated covertly (ie., subvocally). These varia-
tions in articulation modality may differentially engage cognitive and
mudor resources, potentially influencing the degree of interference
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praduced. For instance, in overt articulation, speaking generates audi-
tory and somatosensory feedback {Franken et al, 2022; Orepic et al.,
2023} that participants inevitably process, whereas this feedback is
partially or totally absent during covert or silent articulation. In the
cases of silent articulation—mowthed or subvocal—it is not possible
far the experimenter to externally verify whether the task is performed
correctly. Reporting bath the articolation modalities and any proce-
dure used 1o monitor periormance can therefore provide important
methadological context and enhance the reproducibilsty of results.

2.3 Rhythm of articulation

An even less explored aspect of articulatory suppression is the
rhythm at which the verbal material is repeated. The required repeti-
tion rate varies considerably across studies, and no standardized
benchmarks exist far determining an optimal frequency. This lack of
consistency complicates comparisons between studies and may
influence the strength of the interference effect. The major difference
is between paradigms with self-paced articulstory suppression and
others with an imposed one. Even in the second case, different artic-
ulation frequencies may be requested from participants. This, in
turn, raises more guestions about whether and how the experi-
menter manitoss these rhythms during the execution. In some cases,
even if arely, a metronome is employed, and participants are facili-
tated in l:upingﬂu rh‘yﬂ1ml:'u.|1 't Wout and Jaredd, 2022). However,
including 2 metronome adds auditory stimulation to the task
ensemble.

2.4 Presentation format of the stimuli

Adter reviewing several methodalogical dimensions of articula-
tory suppression that might impact #ts effectiveness as a dual-task
condition, we pow tam to the manner in which the stimali are usaally
delivered.

The component responsible for verbal working memary is the
phonological loop, which is typically divided into two components
the phonclogecal store and the articulatory control spstem. Auditory
stimuli can be directly encoded inte the phonalogical store, whereas
visually presented material must first be recorded i the phonological
loop befare entering the articulatory control system { Baddeley and
Hitch, 2019). Different stadies variably employ suditery or visoal
(written]} presentation af stimuli in articolatory soppression tasks {see
Supplementary Table | and Supplementary Table 2). Notbly, the
modality of presentation often differs across the primary task, the sup-
pressaan task, and the controd task—sometimes inconsistently. This
incomsistency becames particolardy relevant when analyzing phono-
logical similarity effects, as the underlying mechanisms differ depend-
ing on input modality: phonological similarity tends to impair
performance with visually presemted materials bat may facilitate pro-
cessing in anditory contexts. Empirical indings (Baddeley et al., 1984;
Macken et al., 20114} show that articulatary suppression typécally abal-
ishes the phonological smilarity effect when phoneme lists are pre-
sented visually, whereas the effect offen persists with auditory
presentation. Indeed, the mechanisms proposed to underlie phono-
logscal similarity effects vary depending on whether the stimulus
materials are presented visually or auditosily, with evidence of com-
promised retrieval under verbal interference conditions—particualarly
when visually presented materzals are paired with phonolegically dis-
similar itemns {Medergaard etal, 2023).
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2.5 Cognitive load

Asking participamts to repeat a sequence af multiple syllables such
a5 b« bre-bi-bo- b rather than a unigue meaningful syllable, such as
the, and to repeat them at varizhle frequendies, adds a further element
to the picture, the cognitive load. Here, we refer to the cognitive load
ax the amount of working memory respurces that the participants are
required 1o imply when asked to repeat 2 combination of syllables or
nambers, rather than a single syllable or digit, at a certain frequency.
Maintaining in working memory a three-digit number {eg., 755)
instead ufasingl.t-digjtnmh:;fnriminnu, increases the amount of
copnitive resources implied by the participant in the secondary task.
In addition, repeating the syllables at a frequency of 2 Hz rather than
1 Hz implies a higher amount of cognitive rescurces. Therefore, these
different choices lead to differences in terms of cognitive load that
must be carefully comsidered when designing and interpreting
such tasks,

3 The role of the articulatory
suppression in the experimental design

Examining articles employing articulatory suppression, it emerges
that there are two main reasons why authors adopt this paradigm.
First, they use it as a main experimental manipulation to directly
investigate whether linguage plays 2 rale in 2 given task. Second, they
employ it a5 2 control task to isolate the contribution of a non-linguis-
tic cognitive function in a task where language may still be recruited—
for example, in visual working memory tasks. In the next bwo sections,
we llustrate bath possibilities of use of the articulatory suppression.

In the framewnrk of stadies investigating the role of language in
cognition, researchers address whether language is imvalved in specific
tasks, whether linguistic or not. In this context, articalatory suppres-
sion plays a crucial role in the experimental design, being the main
manipulation condition. If language is effectively imlved in the pri-
miary sk, the inahility to access it due to the interference should lead
to an impairment in the performance {Banks and Connell, 2024}
Once the rale of the articulabary suppressicn in the experimental
design has been identified, it is critical for authors to determine the
most appropriate dual-task control condition. As suggested by
Emerson and Miyake (2003), a passive contral conditian is typically
insufficient to enware proper experimental control. Considering that
perfarming a simubaneous secondary task impairs performance in the
primary task, it is suggested to compare the articulatory suppression
condition with another dual-task condition. This ensures that the cog-
nitive load across the two conditions is comparable and the perdor-
mance impairment in the primary task is selectively due to linguistic
interference rather than a cognitive bozd disparity between conditions.
Then, the authors’ attention shifis to choosing the most appropriate
control secondary task. A key aspect considered when selecting a can-
tral condition is the cognitive load imposed by the secondary tasks.
The contral secondary task matches the experimental secondary task
in several aspects, depending on the medalties chosen for the articu-
latory suppression, so that any abserved efect on the dependent vari-
able can be attributed to the independent variahle itself, mther than to
2 mismatch in cognitive demands, for example, between the two sec-
andary tasks. Choosing a secondary task in the experimental condi-
tion that requires greater cognitive resources than that in the control
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condition would intreduce a confound. Consequently, any differences
in primary task performance could be explained by the higher cogni-
tive demand of the experimental secondary task rather than by the
intended manipalation. In contrast to the previous case, articulatory
suppression is also employed as 2 control task. This use is particulary
common in studies investigating aspects of working memory unre-
lated ta verbal processing, sach as wisual working memory [(Chung et
al., 2025; San etal, 2021}, In such stadies, researchers seek to ensure
that perfarmarce in tasks such as object memorzation reflects specthi-
cally the cognitive processes underlying visual working memaory, while
minimizing the potential comfounding influence of verhal recoding
strategies.

4 Discussion and proposal

This mini-review focuses on studies that specifically use articula-
tory suppression to distupt phonological access. We examined the
different methodologies and aims underlying the implementation of
articulatory suppression tasks. First, we chserved a substantial meth-
cdological heterageneity, rmnging from the articulated stimuli, articu-
lation madalsty, and rhythm to the presentation format These
variations have direct consequences for the cognitive and sensorima-
tor processes involved, and for their relative impact on more o less
embodied forms of inner speech because, depending on the adopsed
approach, both the guantity and the quality of sensorimotor pro-
cesses—heing flexible and context-dependent {Barsalou et al., 2008;
Kemmerer, 2019)—may vary and underlie different neurophysiologi-
cal mechanisms. Importantly, sensorimatar simulation processes, as
shown in nomerous studies, are cubturally mediated (Ghandhari et al,
2020; for a full review, see Tbdfiez et al, 2023), and the effect of articu-
latory processes cn inner speech will likely vary depending on the
relationship betwesn the participant’s native language and the lan-
gazge of the stimuli_ In light of this, it appears clear how the quality of
articulatory suppression can differently interfere with inner speech,
which can be conceived “as a physical process that unfolds over time,
leading to an enactive re-creation of auditory percepts via the simala-
tion of articulatory actians” (Malborcoyk et al., 2022; Fini et al, 2022}
Drepending on the modality of the parameters adopted in the asticula-
tory suppressi and depending on the type of cog-
nitive task aiming to elicit inner speech, different sensorimator and
cognitive processes can be more ar less efficiently captured.

For this reasan, we suggest that further studies should explore
mare in depth the nearccognitive implications of the different moddal-
ities of articulatory suppression. It would indeed be useful for
researchers working in the field to be aware of the cognitive implica-
tions of asking: (i) participants to articulate meaningful syllables or
words rather than meaningless ones; (ii) to produce syllables com-
posed of open vowels rather than closed ones; {iii) to articalate aloud
rather than whispes, or even just mave the mouth withowt articulating
(e.g., chewing). We also report that articulatory sappression can be
used hath as main experimental condition and control condition. In
beath cases, the use of articulatory suppression is quite hetercgenecas
and sometimes not ::Lli'EM:i:nﬂ]!.I described. Furthermare, a lack of
attention to methodological details characterizes studies where articu-
latory suppression is employed as control condition. This knowledge
would be helphul in adopting mare systematic methodological chosces
that rely on a dlearer classification of articulatary suppressicn forms;
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this might contribute to further understanding their differential
effects on cognitive tasks. Such an approach s essential for refining
dual-task paradigms and ensaring more robuast experimental designs,
thus fostering research cn the embodied nature of language and
inner speech.
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Toward Understanding the Role of |

Learning

As reported in the previous sections, inne:
articulatory suppression paradigm as seconda
empl oyed also in studying inagqéithskhebpt i ma
hypot hesized that | anguage plays an i mportant
cr edsosmai n properties, wuseful not o+#wley btad moduwli
( Nedergaar dAcectoradli.n,g 2t002 3t)h.e Bootstrapping Hypc
use |l anguage to attach | abels to sensorimotor
This hypothesis has been empiricallgneslulppOo20?2
in which the authors examined very c¢closely th
three behavioral experiments. Il n tshueb j feicnt st dee>
participants were @&a\kddridddhonscomdttrenctwad cwo onda
role of i nner speech in |l earning how to con:

participants to per froerpme aatritnigc utlhaet oshyglrlsadbpl per afgtsl

(wki watching the video), during recal/l (whil e
results showed an i mpaired performance when p.
of the task, compared to udheaetnorlyS smappraerasil aml a
during recall did not significantly affeet pe
subjects design, participants were asked to c

bricksyamwiathl @ number of steps needed for the
purposes: to increase the difficulty of the
number of construction steps, ctomesthiugheront lseq

were more easily | abelable; to reduce the pos



| ogi cal inference rather than | inguistic | abe
videos showing how to construct a boat (4 ste

an alien (11 steps)t,i caunlda tao rtye nspu pep r(els3s isane pvwsa s.

and recall . Consistent with the first experim
memory performance, whereas disruption at rec
siffncant interaction between the number of st
i nner speech supports encoding independently
Mor eover, no significant r esmel.t Iwasa otbhsierrdv ealx
aut hors investigated whether the effect obser
di fferences in terms of gener al cognitive | oa

to inner speeclsedi sTou@mtdidoresp t his -tposlsi donditty

an auditory monitoring control t ask, to match
condition. The results confirmed that i nher eff
di sruption. | ndi viduals wuse inner speech to
thereby facilitating encoding. This is eviden

in relatively smal leer, memorryol eev eonft si.n nMorr esopve e
encodi ngwhpernociensfsor mat iioat her cbhaol ddated recal
this study that inner speech i sdoamahienl ptfauslk sa nic
language is not strictly requnned.| £ogunagé asd
to help us remember and reproduce events ever
compl etely ©Ooeaveebabh indhvsdsealrsatmgy, raetgonod
thatlinguistic | abel can replace a portion of
I n this way, a word or phrase can act as a
sensori motor referent becpuesehiaguosalcistpae
resources than their sensorimotor counterpart

2008; Connell, 2019; Louwerse, 2011)



The cognitive process that takes place in th
psychol ogy, taking place when trying to | earn

cognitive strategy useful tmitcoMmMpewdialtle2)d, D51 St

Considering this |imit, i ndividual s mani pul at
of information that would cross the working n
for exampl e,r bvad dtatbeedh tao weveery digit. Consi d
composed of 10 digits, 10 exceeds the working

a chunking process means reorgani zing st h(ee.sgi.n
128%5 V910 r at-B2456-7-8:%91n0 ) 1 I n this way, the ten
chunks comprising 2/3 digits each and the num

I's composed of severaltodi gintfso,r nmaant iact iaonnd isse ga

do for numbers, individuals may chunk the inf
the working memory work and, in general, t he

actionost dhoave names,; when actions are meani ng|
particular meanings in our | ife; when actions
segment ed. Not being able bonsyrelateviodualagt ne
single sequence composing the actions. It i s
sensorimotor informationilwkehytbaptungopgsthe

of the seqagnceéehelacthios wi ght be cognitively

each associated with a motor sequence. Anot he
this framework is |l earning the sWeeprs okcerswsiam
Il talian person preparing a coffee, the | earne
to a linguistic | abel. I n this way, Aopen t he
to the filtero, ngesery thp fhétmoka to compa
man from Napol:i shared with me once), Afncl ose
cognitively simpler than retaining the full v

>



Neur al bases of inner speech

One of the ways to isolate inner speech ac
us e, i's to ask participants to perform covert
these two tasks. For e x ampfler,mpairlte rcti paaa di mmg
Behind this methodol ogi cal choice there is ev
experience hearing or imaging their own voice
( Al déerasyo ne2t0 1a7l).., There is vast agreement in th

engaged both in auditory perceptioBerasowetti a
2041Zatorre et Tailan a&nmd 9Poeppel (2010) reported
superior temporal gyrus (STG), for inner spee:¢
could represent the somatosensory poegcdci ctpiexcn f

Pernet and o9Qolrlegpaogued (t2h®i5 the tempor al areas

to human | anguage processing (Belin et al ., 2
agreement al so about the invol venfeort ionfnetrhes|
production. However, the difference in the |
controversial. For exampl e, Bookhei mer and co
silent reading compgredHotwevreeadianmd harcudve(f 29 ¢
this greater activation was due to an inhibit
Huang and coll eagues (2002) showed an involve

foovert and overt speech depended on the task
consisting of covertly generating ani mal name
naming task. The resul tosef ofhipgsesvstiodyg atedi
activations for covert and overt speech, show
('l FG) f or I movae rstt udpye ecom.ducted by Shergill e

asked to silently complete sentences, the aut
s



but also extended to Wernicke's area (BA 22),
parietal | obe (BA 7) and right posterior cerel
f MRI study conducted byexBpuelrlimoernet ,etp aarlt.i c(i2p0adn0t

whet her the word presenngdobwaeca .| Ani ngpor trant

and overt speech is reported by Stephane and
Wer neibcsk area and Brocads area for perceptual a
the authors showed that reading silently | ead

Specifically, the activpatrtiensalwéobdbull@ecanedtihe
areas typically involved in |l ocalizing extern
i nner speech is not merely as overt speech bui

coelalgues (2022) showed specific activations f

experiment, participants completed three typ:
i nternal pronunciati on, andtlostedemgorf al | awa
gyrus and tempor al pol e) , occipital areas and
speech, suggestigymt ac triocl eprionc elsesxiincga,l sensory
the absencecof atoiver.t lartcontrast, external S
activation of the ventr al antrerliadredc if mgpult atl e
reflecting motor planning, executi ont,akanndg tihne

account neur opsyGkhohbogitg ad h phtawrdOdelspati ents st
performance in inner speech tasks when the | e

front al gyrus (BA 443l bgyrafispBhesdainee whapr aina

above, we may take into aciBeuhol bheéiwankl pobl
their work, the authors suggested not only th
t hat i nner rmpedcht riusncat €éd overt speech. Th e\

di fferences between covert and overt speech b

overt speech reflect motor execwstipcresamd 9§ ang

>



Besides that, they reported that inner speech

i nternal processes in addition to the inhibit

However, there are other factors enriching
we may intentionally employ inner speech or w
Grandcehtamp ., 2019); on the other ha3drdan dtchhermg
and coll eagues (2019) s hhoeweids Ipatna oileovgoul evse noef n tl amt

as welf| tdae precuneusshandspaui atahgl abaebeser se

suggesting perispecther stwidicdrs ngi magi ng someo

in the | ater al precentr al gyrus (left premoto
mot or ar ear) taenndp osruaplergyor us (1l eft tempor al cort
2001). -BayYyermodhe@Aluederasyo net al ., 2016) devel
paradigm to investigate dial ogical I S. They s
di al ogi cal | S engages the superior temporal g
and sever al posterior midline structures, wit
in the Theorly OdnsMider itnags ktshat one | imitation
evokingpanhaneous form of inner speech, some
designing paradigms evoking inner spddehgmers:
(2016) reported greater activations in transyv
activations in the |IFG compared to a prompte

replicated by Grandc haBmps iadred ddlflfeaeuneses ( deE

spontaneous inner speech, Grandchamp and col
reported differences between intentional (i.c¢e
verbalwamidndg episodes) i nner speech. ThHe aut
control networks in intentional i nner speech

Mhe Theory of Mind refers to the cogniti Weucdpasi ttiy etic
beliefs, inténbi pnediandaddsiex@sain their behavior (Pr

>
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s decreased activation in |eft tempor al au

Xpe
n d
eqgi
I ng
tro
att
egi
nd

nd

rience. The authors also examined two mor
expanded vs. condensed dnhakogispeecher Repg!

ons s doptphoerrt idnigs tsienlcft i on and perspective s\

ul ate cortex, and inferior pari et al | obu
ngl y t-preo dcuocrtei osnp eceicrhcui tr vy, including the
er, expanded inner s peepcrho diuncvtoil ovne da nsdt rsoenngs
ons, including the | eft infsampieon ofrr aetmplor

i nferiorOmpatrhetatt hereghamé&, condensed i1 nne
empor al, acuodnistiosrtye natr ewsiistnhu | aaetdikkoeyy e satuidni ¢ va lyh i

mor & oanlcsetpetpucatl s ent at i on.



CHAPTER V

Hy pot heGaeMeatridodol ogy




| ntroducing our hypotheses and met

To summari ze t he evidence revi ewed SO far

perspective of | anguage as deeply integrated
action. Since these two cognitive adamaa cntsi osnh
mutually influence one another. Recent findin

separ atsdansforroom)moalrad i sheases neurocognitive re
system, but also thagniti emn HBitits viehgs mopdadap
By reviewing existing evidence and presenting
can shape cognitiveabpl eldedenlavs 9 n eesv.e nF a chies i snog
rel ahipnbet ween action and | angtwtagd,v ewe wartcgu e
did more than merely providing a means to coml
usddét introduced a new di mehangonage aadnatti oon
i nfluence each ot her because they share c¢ommi
hi gher hierarchical r-dbeni nogoghi veonhpohcting
Il ntegrating the information presented in t
new action may not be solely a matter of visu

everyday human activity tédhsatamteigdrecltaanrgniing wa

the role of one of the most <central cogni ti v
associate names with almost everything, we be
verbal bhabeVeWwiabtion. On the one hand, inves
and a novel action extends empirical evidence
processing. Crucially, we awamredd aaos oeaxfphléocrtes e
encoding itseltf and, consequently, mot or per f
chunking discussed in the introduction on i ni
process might occur swhen admdemwt it he aa mtoiveed il s

T



sible encoding mechanisms. First, the | abel
ch is fi-tékdtewdtbemsoi iomotor information,

el presented just beforei vhespateowhi cmhyi €
guistic information, possibly consisting ¢
ategies may vary depending on the cognit.i
suomoeémob alv)s. I n both <cases, we predict t !
resentation of the action, such that, besi

a whole -wevédinhaehagbtlircal elonvemdienhicen z oin

i on i s not associ

nks. I n this

ated with a | abel, we sp

case, based on the evidence I

l' icitly pstovatdegi ¢ s nhguamsttiici pants may still

t these hypotheses, we conducted a first

ther :

.The alcabeoln a

l eading to f

A f the actio

should be al

a.Action ex

b. The motor

To address t

a side of e x

SsocCi

aster

n i s

ation facilitates action
reaction times for t he |

encoded as a unit rat her

S0 observable in the action ex

ecut i

unf o

his h

ecut i

on time are sholrakeal Ifeod dr

|l ding is smoother, with r

.Labienduced categorization |l eads to more di

ypothesis, we designed a

on, predicatprgathaedcambeg

|l abell ed actiohsabebmpdradtionsnofe. g. , t he

cylinder to

|l ef t ; t he same

|l abel |l ed) .

the r

il ght in Actionl is execut

chunke caamrt eprerdfortmea tcd milse |
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St

the control codmdiet i mmssoicia@atjond, apar on
eech to provide themselves with 1implici
coding.

st the hypothesis 2b and 3, we al dasiemc]| |
n analysis software. Additionally, we 1in
egies could affect. aRaritoinc iepnacnotdsi nagl saon dc orr

sing their preferred cogntiR)i vien (elvReQ)y daanyd

coll ected informetliadredomopar ticoimpeaentend i
tiatioal encndang and reproduction. Final
g the task, participants were asked to
tion.

sides Experiment 1, where we expliwetly
also interested in participants’ use of

pot hesized that participants spontaneous
fic sensorimotor|l abmélbirmgtofonsimeglge , chuunmpk:
i ned motoronsspeatimmgettch.af. i@ ner speech i
i erieaoacienparfadi gms such as articulatory s
i ment to address this hypothesi s. I n par

i nner speech during enicord.i nWe choyud adt h erspiaz

rticipants in the articulatory suppressi
ading to poorer action acquisition, | es
ecution compared to a control condition.
rticipants in the control condition rep
ndition and higher 1S use was associated
rticipants I n t he articulatory suppress
rategies in everyday | ife could be more
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t hem

mpairment. The opposite pattern was expec

ndividuals with higher use of visual stra
n Experiment 1, we controlled for partici
al/visual strategies.

astly, to extend the evidence on the invo
uct an f MRI study aiming to isolate speci
recall . We hypothesize that:

n participants who predominantly rely on
l ngui stic activations could be detectabl e

eft inferior frontal gytesaturEGPpn AdMRiIep

peech use, the |l eft inferior frontal gyru
ehearsal, semantic r eiDraiye WwalFeamd hiomutgehg r &t0
003; Vigneau eactalv.a,t i 2M®6 )mayThroesfel ect cov
hunks, phonol ogi cal rehearsal of cue wor
equences (FEBualioeem¢i)hl eThem,00be al so expect
emporal | obe, such as in the middle tempol
emantic mapping of motor chunks, Lambon R.
angul afroorppynos pgi cal working memory rabnad s e
abeling (Seghier, 2013) . Depending on th
ncoding (visuomotor vs verbal, or a combi |
ct-emanoding related activatindrmss aales asikre da t

ecall (asking them to employ the cogniti ve
ather than effectively executing them.

n that the three experiments were designe
evel oped a common experi ment al paradigm W

empl oyseidbj eet waelesi gns.-suHbpdewe desidgm, wpdr

T



control condition (i.e., actions not associat

for the novel actions, takiabelnapsoatabhnohso
experiment al conditiomctlonthes weaisleacboerdd iotlseal
actil abel association) woul d not have been po

existing study we are aware of the associatio

of movemant ewiptlth cit goal s, we adopted a si mil
additional complexity by wusing actions with <c
the interpretation of the | abted semaglhayy, clwearlh)
actions. Il n addition, our atrteloantse dd itdon 6eiv ehrayvde
goals. The only specific goal was to fiexecute



CHAPTHR V

Behaviorall Experi men




Met hods

The protocol and dympert iveesrets pofer etghiisst er e

(https://osf.)joekeéepp/ boerrtvthewhypot heses on Kki

Participants
A total of 104 participants (68 females; \Y

partici pahi sy everrsh adli@8ded r(iagshsessed via the Edin

Ol dfield, 1971), nati ve |t aguaan ssme aaknedr swi twhi |
neur ol ogi cal conditions. We balanced sex dist
females and 18 mal es. The target sample size

conducted in &LFPow2007]Fauvudgreaunp nde ai dre t wietelm g |
predictor. Specifically, t heampiaey s swwias paw
80% to detect a medium effect silze .(OGdDEe nydse!ld
a minimum required sample of 102 participant
mai ntain equal group sizes. We recruited a to
failure to meet inpltoblemscr Addrtaoonltgchnatc
2 participants could not be analyzed for tec
(divided in two groups, see below for detheils
full sample we also recorded videos of the ac
this subset to 40 participants based on the s
words on action throudhskhbjneamatdesi gresnp( Ny be
Boul enger et al ., 2G68t1 Bo)a.t ehlgpe? 0@ e rail meg n t2 Ov2
the Ethics Committee of the Department of Dyn

Al l participants provided written and verbal


https://osf.io/k3f6p/overview

Mat eri dlesi gn, and procedure

The experiment was carried out in a quiet
Psychology, and Health Studies of Sapienza Un
positioned at the short side&Ooftma ©Oect areguladd
front of the piamtchcmpantor weAeema ANB1917AS) <co
A12VF | aptop and placed at a fixed distance o
mar ked with oeapesatdengfthkReshable, a yellow p
starting position of the object, a wooden cyl

square, and a computaerrr okvwe ykbeoya rhdi gwhi | tahydEthegds duesw @r

Figemdéde experimental setting.

Tas kMol or.Tthaesknot or task consisted of two actioc
through video observation during an encoding
action videos were recorded wusi ngwiatnh | CPapdet ,1
compressed to 720p at 30 fps into a single vi.:
participants viewed videos featuring a mal e héa
a female hand oresr.f oBotimga dthieonasctwer e composed

the manipulation of a cylinder. Action 1 cons

T



from the starting position (yellow square) t
bal ancing condition; (2) flipping the cylinde
It back in the same ploisnderonf,r amdt { &)y @leltaw nliir
Action 2 consisted of: (1) flipping the cylin
the starting position to the right or | eft si
( 3) ' i fting and r espanaec ilnoc athieo nc;y lainndd e(r4 )i np Itahce
starting square.

After the encoding phase, participants co0mj
per action) to familiarize themselves with th
participants t o execut ecadarhsei daeateido nasn Itrhietsiea l
Assessment . No feedback regarding performance
participants completed the test phase, whi ch

randomi zedhopdeti topaeac

Encodi nignpdhmasegr oup, Label Group, the actions
in the Control Group no | abel was presented.
the | abels were presented (wrent)t efnori n2 bsleaccdkn da

the presentation of the corresponding action
New et al Xu,) 2D0M&h2Gd maboddles,,siconsi sltetdt eorf pfsievuedo
adapt end Iftoarl iaan sampl e, specifically <created
(http:// www. |l exiqgue.orgl/). When the actions v
screen appeared before the prasantdatiifenm enft ea
bet ween the two groups, participants in the L

memori ze.the | abel s



Fi gudrfdhe sequence of t hlea beenlc.oQ@i tnegp Ppihchese odfn d@deh ac

times in total. Each action video is preceded by

Fig8imTde sequence of t heneGobudi.n gl hpeh avsied eion otfhee ach

times in total. Each action video is preceded by

During the encoding phase, each action was pr ¢
was counterbalanced across participants so th
ot her 52 on the | eft,oraemav evri,cef ovrers2a @garrt iAccitj
Actionl (x4), Action2 (x4), Actionl (x1), Act
shown. Consi delrabnegl st haes sactiiadn o n, we counter
participaentabelf Group so that forNEB&bd AdbdtimoaA
wi GONTaEOnd vice versa with the other 26NERSIt i c

was associated with the GONTTWoOoONh exlee udeel o©m t Hn

versa for the resting 26 participants. To red
test phases, visual go signals were used i nst
each corgrdopdarmaei nni ti al posture of one action

Y



Action 1 depicted a hand grasping the top of

whereas the i mage for Action 2 showed a hand ¢
Irt. All actions were performed using the righ
Executi.&macphéaseal began with a white screen.

hol di ng -atrreowd &kwerny using the index, mi ddl e f i ng

<

held down, a fixation cross wams dby ptl g eglr @
the I abel (or the blank scregngnadkepemadgeg iomd
action was to be executed in that trial. Par t
before rel emasiimg ttilad i nggy tdhe movement. This pr

Action Learning Assessment (practice phase) a
practice phase, participants perfbrmed gr ocedi

in the test phase they performed 50 trials.

A GO SIGNAL IMAGES B 1 2 3
- Action learning phase Practice phase Test phase
(4 trials) (50 trials)

Initial Action
CONTROL LABEL Learning Assessment
GROUP GROUP

VIO -

VIDEO
ACTION1 ACTIONY
Ly NERS! | [EES

oeo vioco ACTION ACTION
AT EXECUTION EXECUTION

ACTION 1 ACTION 2

Figodle Panel A, the go signal images of each ¢

phase of the first motor chunk of each action

Dependent vari.ilabltde emeiog omved measured as depend

T Reaction: meangur(eRd )i n milliseconds, defined

startinlgeyorselteasne and taken as an index of



T Action Execution Time (#éETde:f i meas uarse dt hien inmmit
starting position key releastve acdi shaBEng of
provided an index of. movement execution spee

T Action Adcwrraowy:ded a measure of sthe overall

T Action Performance Scor e: it provided a qual

Action Accuracy and Action Performance Score
in which the following criteria were used:
1. Action Accuracy (binomial variabl e: 1 = cor

are assigned:

a.l, when wdeorarcecitolny executed: al | four <chu
order, independent!| yeafn ttthe e@yliIfiercd a v egreixg.c |
and their order of execution, not thedqual
the cylinder in a different way compared t
iwasot relevant in this measucroeubledChneeguemn:

perf or mamaseo ts o r(ee he maxi muendal allhseo aicfc utrhaec yg
merdgevo chunks i n a dsti ngdres icdeurn kt, hiwse pdr oc e s
effect and example of spontaneous semanti c
b.0, when wawseotacctoironectly exdadtegerfloempat .
(more chunks or | eesdsh ecnm uinrk sa ,d itfhfeeyr eendtrhfeorrdre
action on the wrong siwa&, Whenptehtohatnteavneore A
be 5 (the maxi mum).

c.NA, whenwahbhet texatuted oeduometghitrhgu hdp @ad n
collect data oindn habonsirdael, thatd wei dl in t
the pagsmaei gantal procedurcat hnei sdtakret i(ntgh ep/o s
before the go esdhgntalh e | margexda)prpiemyg theyt it iad Kk

Y



2.Action Performancex Scohempendiamgi oy e mnumbe
maxi mum score). This score is the sum of al/l
p Entire action score (particular cases i n wt
chunks):
A 5: when wasoractcitdny e x e c wteeedx.e cAultle df oiumd etchheu
and the cylinder has been grasped correct

sc cdhrass dexingned as reward for the overall

A 0: when WwWaexeacutieoodh on the wrong side (rig
l ndependently of the chunks executed, the

p Chunks:
A Each chunk correctly executed, correct mo
t he mwaas s)i,gned +1, independently of the <c

A Each chunk correctly wascurt edt Wdaessrsh lgg o athl
+0.5 if t hedap aritfifceirpeanntt cwsea nder grip com
moving the cylinder from thevagtramspieng fp @
side rather than top).

Alf pasexedpu@hunk in a wredignevaychoéedyori ni
chunk more times t-hwa aspeghed,ta sBhatech
chunk repetwddoonns,i dtehree de rfrrooom t he second r e

A When pasunidtiypeandchunks into a single moveme
then moving the cypetdierc¢cyltiherdeorarwhicli @ amad
+Was assigned to both cvhasoknss i(d+e0.e5d paesr ac hpu

not as an error.

Ki nemaltoi analyze the kinematics, we employed a

of measuring kinematics wiiahomot et ee-0p g0 mfad me

Y



to kinematic systems employing markers on th
BlackflyS 1280x1024,1/ 2", CMOS, 1. 3MP, Col or
recording at a 1280 x 1024 resoluteomnandl bBai
tripods and fixed on the tables to avoid movert
and a Swift Ultra PC implAadRk2ded wi 1R @arbdb2elksGe
GeForce RTX 4070 gr apgththiec i anmrge.s Alclqutitse tgstoep s k
model training were perfor memoawasp .ngi tJWBIX.EIE0 /Mc
We created a keypoint schema with a total of

the bt,huoame on the index finger, and eight on
di stinguish between the two sides of the cyl]
mar ked both parts with thandamemptcygl dd sackneddil

by using | arger markers on one of them.

FigabQur Kkinempati c set



TasKkixuos phaatcikalwox ki ng memory task

After completing the motor t adsl,ckparatsikc it pa

for potential differences in working memory b
50 trials, including 10ut argenstisit@lds odnd 40 3
square appeared in different positions on eac
stimulus | ists were generated using a Python
wi hheach experimental condition, with each su
2back task, as well as the motor task, was pr

Each trial began with a fixation cross dis
stimulus i mage for 650 ms. Part-acrpankey wawhe

position of the black sqguar es neaarclhieedr .t hBee fpoorsei

participants completed 10 practice trials to

2350ms

Figadren example of target stimulubachk taAaskvisuospa

Subjective measures
Foll owing completion of the working memory
i nner speech during the motor task. They wer

i nstructions during both the wviddeoti obhsé¢exatciuo
Y



of the motor task. Specifically, we asked par
we meant | abeling each motor seqgquence composi
Participants also completed the I nternal Repr
Speech QuiRetviicrm®)(f\Vel BIQi c h-t wame!| abtaecck by the f

coll aborators, and areguesedohmabite.assessing

Data anal ysi s

All statistical analyses and data visualiz

Team, 2024) through the RStudio environment (

statistical models includisegspepeédted absarvwva
to inferential anal yses, mo d e | assumptions w
di stributions, assessing normality and homosc
the perf kamence Rac¢lLi;decke et al ., 2021), to

Wor king memory task

Vi suospatial working memory-ppemfeor(rddNyce fwd
approach adopted by G-mez et al. (2024) . For
bet ween the standardi zed-ahiatrenr @dbd) andHithe ©t A
Stanislaw & Todorov, 1999). This index served

as the sole predictor (d_prime ~ Group).
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ability analysi s

nreart er rwellieavkbikluiattyed on a randomly sel ect e

mple (n = 21). Agr eemnamtwidnedteweeennd etnis i bld Iri inlda r

sessed usiomg b@ahemM&s i on Accuracy and Action

tor task

Mot or l earning (Action Accuracy, Action Pe
ecution Times) was examined by comparing gr ¢
compared the motor perfor manrcees ,byi nantahley zlinni
arning Assessment (I ALA) we only compared m
tion Performance Score. We avoided analyzi
rticipants could etavtehemopr ad edurdy fmamewglkrda 3
preskReaatiomr Ti mes or Action Execution Ti mes
included all participants in the analyses,
e participants tried to remptrodabeut hehacac!i
erall

i tioal Action Llermrtinhergl AMistsieals mgatti on Learnin
oded as 1 = correct, O = incorr-ectécwasmadal
oup entered as a fixed effect and Particip
rticipant)), i mplemented via the gl mer () ful

rformance Score (APS) wafsf eantad ymedleluswintgh at

ndom effects structumd )()Sccrsd imaGreau p s+ n(gl t

st .phaseame analytical strategy was applied
at participants <classified as outliers wer
rformance. We consider ed loeudt Itioercsoralelc ttl hyo seex
tion in both the Initial Action Learning As

Y



and Action Performance Scor e, in this phase,
(AET) were anal tzed.sfTolremedwdaroe alcagpunt f or sKke
using | i-emfefaectms xmmadel s wi t hd Graorutpi caisp aan tf iaxse da
(l ogRT ~ Group + (1 | Participant) ; |l ogAET ~
function from I med4d (Bates et -2.15 ,SR2O0flr'5dgm tAH & o¢

be discarmneldudaed inmtt he analysis of RTs and AI

l nner speech ratings
Ratings of inner speech (1 S) use were analy
Group (Label vs. Control) and Task Phase (enc

an-ploli nt Likert scale ranghegtifmem) 0O (Anever o)

Different from the preregistered plan, whi
groups and phases, to I mprove our statistical
l ink mixed model . Specificadrldyi,nalhepamkiede wars
2023), with Group, Phase, and their I nteract
Participant specified as a random intercept (

with the pTekagjiwsvdtread ipmst hoc compari sons wet

Correl atison anal yse

Within each experimental groaoapdébLabeltrebac
computed to examine the rel at i ondsnhainpesl yb eAtcweuer!
(tot al number of corredtalinyd eax eceut aafd acagmintsig

di fference variabl es.



These included: | S ratings; the subscal es
I nternal Ver balization, Vi sual |l magery, Ortho
subscales of the VarietiResviocsteIIRN(NVEon$eeeed, QO
Eval ug@nii tviec al , Ot hiRregB¢aploey) Posindi mae composit

Sport Questionnaire.

The spobat ed score was computed as an i ndex
of starting practi6c ey eawesi gilt20dy pesir ftosii;l DAV e @ i0s
= 10 points; over 20 yessssmend pangesfroes0lt
used to assess participantsodé preferred cogniti
versus visual repres-ntcaptaonejl, gwhéreasi vbedV

experience.

Resul t s

Wor king memory task

The visuospati aabiwoirtkiiensgy betmoaen t he t wo
(p=.R82NDdual s were approxi maitWillyk ntoersma |l |IW =d i0Ost
Thereby, any significant difference in the mo

working memory abilities differences.



Working Memory Score (d')
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Label Control

Fiug2Di stri patitodippfsmtes & st he wor kipnegr nmeeantohr yg rtoauspk.

Reliability Analysis

At t he ohomédiret writing, two second coders ar

Mot or task
I nitial Action Uenartrhiend nAstsseass Mernti on dralrns eag
on ActiomiAndur aeweal signifi ant 3réhe) fsearnan oye s

performed on tdeowverdekils searesvieaIngfr 3,t7i00) .

B
100% 5
2y
o . .
S 75% ® 3
g Action Accuracy g 1
B 50% correct c
= | g
m @ -1
25%
g S
- <-q
0% -5
Label Control Label Control
Fiug 230n panel A, percentage of correct and wrong

di stribution of Acti on Perfor mance Scor e across



diamonds), and medians (horizont al Itrhiitcikalb aAcst iionn

Assessment

Test hh ashee taestwethhhesseanal yses (po=n A% &)onoRAcesh
signi fi cerst. dihfef esr@emniktey moldeedk showed no evide
di spersfoap&atiB@830 in the case of Action Per
di fferences were dptec BHABWebveetrwe etnh eg rsoaunpist y( c h
Perf or mance sSuwhosrtea mteivaelaldeedvi ati ons from nor mal
group differences were a-sbfgrzed medeweirgphth stch
influence of outliers wkialsaraccocdmticttg.r cReod t
consistent across -stfaeadis dmpddenemnopleruds usminged he

package (Kobhkerrmi20d6he significant eeffé etct of

model ) .

A 100% B 5
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o 50% correct 5 -1
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0% -8
Label Control Label Control

Fiug 40n panel A, percentage of correct and wrong

di stribution of Acti on Perfor mance Scor e across

diamonds), and medians ( t9gr.i Borntthalpltohisc k efarrs tion t

Crucitahlenp)| gsleosy tr aRsdotr mend sTiomed t hat t he L

signi ffiacadoemmp yr ed t o t (beiORCGIEOIOIH=1EGT200Fm® 0.7 The
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Label Group was signi fliocga nttrlapncstf aosr timeeEdx a(b=wib i D n
013, SEO0 50=1246p=.016) To assess the robustness of th
from nor mal i ty, -eaf freocbtuss tmoldienlenagra snhiéiefdt ed ust | m
(Kol l er , TR&O®1gin effect of Group was confir me

i ndicating that the observed group difference

*k *
A B 12000
3000 —_
12}
B .. E
52‘)00 g 9000
» E
@ 2000 e
£ c
= 2 6000 P ¢
= 1500 3
o e
E 1000 * "cl
& * S 3000
500 S
<
0 0
Label Control Label Control

Fiug 250n padébtAj buti on of dat ae apcohi ngtr ooufp ¢R epana tipilaanre il

of data point of Action Bwddutpil®mn sTirmegse rpero eaiceh t

l nner speech ratings

I S ratings did not differ significantly be
adj ups=t eld 000) or the ex-adytup=beld pohlads)e. (HBowefveerrr,
di fference emerged between bt=iik. (B40 O0pzh3d6s,.e&9 ,i n
Bonf eadjomgtedO012), while no such difference
(Bonf-adjasted p = .724). Participants in the
during action e&xXecut2i.®r6)( M oampda.redl, t o action e
( Furgep Or di nal ratings were analyzed using cunm

proportional odds assumption was tested wusing
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- 4 Control
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0
ISencoding ISexecution

Fiugk6Di stri bution of inner speech ratings across t
(bl ack squares), and medians (bars in the boxpl ot

Correlation analyses

Correlation dmndEyeceps omaepidchaett e lhetai onshhp be
Orthographic I magery subscale of(sHORO0ERAL and
anad negative relationship bet weRamdt it e eOtRearc tR «

(svi10. 287, p = .043).



Spearman correlations Label Group
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AET RT Score Accuracy
FigaZSpear man correlation matrix for the Label gro

indices (Accuracy, Scor e, RT, AET) and individual
pairwise deletion. |Cedfl fsi;diceerptoay sSpéanmama@asnges fr

Asterisks denwdleuanncop rec.tl®d, p*p < .01, **p < .00

Concerning the correlations of the Control
Mani pul ati on Representation subscale of the |
Accursasc9.e®e4, p = . 0£P0).,32Rleacpt i=on O0T2iGmMme san(dr t he
(s=7039,8 pOF AOPpositive significant correlati or
Ssubscale -Rfandet Vé SReact.id07 ,Tipness .(GF16). Final

I ndex signefatedt  wytbot he At0t.i309n3 ,E xpe c=ut.i000n6 )T.i



Spearman correlations Control Group
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|l nteri m di scussi on

I n
actio

assig

abili
perfo

rat he

f or ma
cont a

motor

corre
groun

parti

this experiment, we investigated whet he
n (performed by a model in a video) coul
ned to the Label Group. GPaupicbpaobatbab!

a bl ank screen before each action video
ties revealed no significant di fference:
rmancewbegweepstbantbe speciifiabal |l msabrci
r than to baseline cognitive difference:
acy and Action Performance Scoéeeketdluerd nngot
nitial Action Lear ni ndgs iAgsnsiefsiscnaenntt doirf fdeure
est phase for Reaction Times and Action |
, participants irn btolhd lLabelec@lddumgwama f
nted with the go signal (a cue i mage rep
ctions). Providing participants with ver
tion of two distinct Asemantic container
i ners may have been filled with the cor:

chunks composing tkBe eacobidewds)t.heTHhaewvoe bayc

nct entities. Although the actions invol
en the two actions. When participants we
ecutae ,im tmeathaniism similar to that descH

occurr eih.l sToh ec ocnusel diemaegilenay steamaen td wt e ma tmud .
ctivation of the associated d aadcetli, v arhii ccrh
sponding sensorimotor information, as pr
ded simulation theory. Thus, the two seil

cipants mai ntuxitibiothexampl ect r EONMdDR e § h g
.



first had to move the NEWRIShegerfitroett hadritght] iy
associating actions with | abels and consider.i
of the same motor chunks arranged in a differ

more @halgl.efPartici pants may have become confu

order of motor sequences, resulting in higher
acaely to that of the Label Group. These inter|
use. While participants in the Control Group

during encoding and t estGrphugs ease,poparetdi csiipgann tf g
i nner speech during the executiTonsphase| Ll il
participants in the Label Group didndét need t
Rat her , -ltahbee la catsisoonci ati on may have reduced th

speech useodo specificalrlsy ngeflabhredd tassompht ed!

chunks (e. g., Arai seo, Aflipo). Participants
during the execution phase. Al though they ma
encodi ndhet s efmalniti ¢ space defined by the | abel
execution phase. We speculate that the single

t he da@athiedn association. The | aektbobhtatbegmenti e
as a unified representiadi smppdarhteed blyy pree s ol ime
Timand performed as a single motor uni t (to

trajectories are expected for thepaabietulGamwnliuy

chunk tiaamresiexipoencst ed i n the Control Group. A
compact cognitive representation of | a b HILLAIHIL
executions, ratdhegrhumkanegimgind achoamk ( Roy et

correlations between motor performance vari a
strategies, inner speech wuset,i oann de nseprogretd cionmpteht

bet ween the Other Pe®&plasmds Reacdalienofli mbe. VEB

0]



subscale reflects the experience of hearing

participants with higher scores may have si mul

| abel when presented wiitrhg tsheen sgoor ismogtnaarl ,r e threire
analyses of the data regarding | abel rehear sa
phases) are necessary to support this interp

repeatteadbet se during the task (across both encc
currently wunder anal ysi s. Additionally, wi t h

bet ween the Manipul ation Represehérmamamane s$adre

this subscale refers to the ability to maniplt
who habitually rely on this strategy may have
On the one Hhaabd, addheciaacttiioom facilitated the R
Ti mes, promoting a more compact cognitive r e|]
stronger sensory manipulation abiliti-grsadinmey |
sensorimotor details involved in the cylinder
cue iIimage go signal. I n the Control Group, S
performance indices (Reacteisgn ahidmeAsc,t i Amnt iAocnc u
Mani pul ati on Representation scal e. However, i
fi-oeai ned motor execution in the same way as

sensory mani guwlrathiean iarpirloivteadd smornt-gorr & iiemxeedc upt ri eocni
an already fast resdiomstehd aCartirnalt e@r doyp,t hveh dr
better performance was associated winthempugeta
i's supported by a significant negative correl
Il ndex. Taken together, these findings suggest
empl oyed their usaiatlherogtna trievienfsdrrad etghheesr ol e
precision, beyond the facilitation affiehded Db
no explicit or implicit l i ngui sti c sitgmitfeigd a&n

0]



correlations between the motor performance an
be more sensitive to iAldikodgll t Vi Suempieoili me
registered, clearly di stinguishing bot h dir
acknowl d e etplgatat el y hmay i iskf ftayrpeef d mielrywwirs e Thi
applies t@armkdkpietr i vnielnlt be kept into account f o

Future analyses and future studies wil/ be

the sensorimotor organi zation and the Kkinema

gualitative analyses on the Acitgihoenr Psecrofroersmafnocr
Group compared to the Label Group. One possi
i nformation into a single semagnrtaicnebdoxmo ttolre a

action executignag s arstt e;afd ymiofviiedd nsummary of |

perspective, this wil/l be investigated by exa
of the groups differs from the model i olys e rov &
Control Group may show distinct motor chunk p
when manipulating the cylinder. Conversely, 1

(fewer acceleration peakoss sainldl enoa heu ncko nesvt earnlt a s
but more variable precision grip during cyli
anal yses we wil/ i nvestigate whether particic¢g
more towiades ofieetsausabbe the categorization
di stinct cogniiddoampamredgrtes emdrattii oinpant s in the
without -lamlyelaca,smaqc hatvieomategorized | ess or n
thereby not r dlililiaidlle mkbntdhl tohtehreras As a conseque
to the right, or the | eft, theya nidddhdliiita vt eo woaoridns
center of the table. We expect atdlleetaer aliifd atr
the two actions. These hypotheses are grounde

| anguage produces transient modludvaeli)o np roofc eosnsgi

N M



case of color, this means that after | earning
representations-cadtoirvat eodbjleyta bgecweef evad lpaeadk |
ver bal | abedacfigvaéeéerd. i Fhcrearrye swdrtppi nign oaf ttehrep c
with greens pushed closer togethemgra&mhisor Vg reaev
green object bekciomgsi at hPlhiex diew i pavei. bl e consi
wor ks tkhBrauogghvienmet hoddsownrb ya ncd pbba tmtiammgma oipon t |
forward and feedback communicative | oops betw

hypot hacstiisont opr oducti on.

I n this experiment, we investigated both t
spontaneous (subjective repor-tabelf asai@eci stpiee
the information on the impliogcithiasabphradi gmdy
chuln&kvel implicit | abeling. Participants may e
strategies such as countinggmatoerdcbenksyi moct:
about thse gryilp ndreribnternally scanning the rhy
observation. At the same time, we aimed to in
involved in action | earning. Forl tdéx permriemerotn,
similar design, in whiwhhtwe xdxairhi rde & rwipdti megr pe
could impact (datyiddancill ¢ dmmmmdgmpt ed | i ngWAi sti c
interference with spPwunrttameromaor d,i ngal i sitmed ttrac
di sruption depended on individual cognitive s

The second behavioral experiment will be d

the mamwsleriipre vdoegwni t i on.
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CHAPTHIR V

Behavioral2 Experi men
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* T

Ab

Si |l ent Coach: The Rol e of | nne

and Performing New Chunked

Angel o Mattia Gervasi, Claudia Mazzuca, A
hese authors contributed equally to this wo
stract

ny people use inner speeeghii((dla$h)c,e,t lpd ainmti enrgn
nversations. Research suggests it serves as
s role may extend t ostoudiyeri ncvoeggsntiitg avtee sd owrhae t
tion | earning and, therefore, execution. We
aningful actions would engage IS to support
ti oemms|l ¢ oar med while continuously repeating a
e encoding phase, to prevent them from usin

rfor metdappifmggttask at the samelffequemeycag

a dual t ask. Participants in the AS condit
ality in subsequentiaxeéconiiove dphh das esn g nri d p rca
mber-l efadmeamidvwal s unable to reproduce t-he ac

ported |I S use was significantly | ower durin
ase (AS absent), confirming the dislt8ppiag:
uci al role in action | earning by facilitatdi
s -ewédlalbl i shed role in executive functions,
ocesses, i ncludi nggmoitrog iltear nmpgct Bgn haghi

N M



expands our understanding of | S as a versati/l

in | earning and execution across domains.

1.l ntroducti on

The link between action and | anguage seems

to the Cognitive Coupling (COCO) Hypot hesi s (

emerged as a tool to facilitatensiinsst,r uccltoisnegl yc
with action from the very early stage. Langu
attentional processes toward key sensorimotor

Beyond being a communication devi ce, | angu
et al ., 2024) . Recent research has increasing
|l anguage: inner speech (I S) .t iMonrse atsh aan cjougsnti tai
of driving attentional resources during task
LangHasdan & Vicente, 2018). IS has primarily
et a2B,, Widttredl fmcus on its role in acquiring
expressed words i mpact simple actions, such a
et al ., 2008) , and explicit verbdlo iobbsterwvattii a
Stefani et al., 2020) . Recently, Banks and Co
for event s, suggesltimguiastr @l et asfk sl S Thesa@aone s

Bootstrapping hypothesk14LCpopnaekcbr &i bhgnto whi

attach | abels to bundles of sensorimotor i nfo
Her e, we aim to test whet her I' S enabl es th
by investigating its role in action | earning.

mot or sequences executed mevermrri nagn ionb j eevcetr, y ddaeyv o

N M



sole goal of reproducing them as shown, mu ¢ h
hypot hesis, we conducted a behavioral experim
participantso6é ability to gcqupseohopaltact pan
|l earn actions (encoding phase) and then to a
experiment al group, to disrupt the particiopatl
perform fBaryarsupptassion task (Jarosl awska,

Connel |, 2024) . I n cognitive sciences, articu
performed simultaneously with the priimed. tlat
consists of repeating | oudly a verbal content,

a s-hertm storage system of working memory res

I nf
tas
Nal

t he

act

Thi
eff
i mp
str
que
t he
str
| S.

mo t

ormation (Logi e, 2011 ToBaddebuey &oHi tbhk, c2
k during the encoding phase (Emerson and
borczyk et al., 2022), we asked participant
eni fdidhger of the right hand. Then, we askec
ions in a randomized order during the exec
the articulatory suppr easnsdi ofni nger onuopt orre geaxred
s I mpairment would be attributed to the di:
ective internalization of the motor sequen

act opamhesobépabtilcity to acquire the actions

ategi es t hey rely on i n everyday | FRf e . T
stionnaire; the | atter througtestshenl R@.ulWe
ability to acquire new actions more in ¢
ategies than on visual strategies. The | at

Lastly, weehwpoehesartedi phatsthn the cont

or performance.
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2.Met hods

The protocol and hypot heses of this ¢

(https://osf.iol k3f6p/ ?view only=28a5¢c40441d9

are in |ine with the preregistration, aegciepts
dat a, and codes ar e avail abl
(https://osf.io/5dupa/?view_only=c9e208b28d9c

2. Participants

A total of (198 fpamalies paMtagecR3IpdniN3iMmilt ly
wer é358year sshandled r(aghdsessed via the Edinburg
1971), native Italian speakers, and of no oth
We bal anced sex distriButainadn 28cmasSasphbeupgrEel
determined using a power analysi sgrioaups*dPeosviegn
group as the sole predtHecetsar .f oTrh et weon ail nydse pse nsdie
power to ddatmeetf feché8i @he(d=2Qub)y edt sample siz
to 104 (n=52 per group) toTenseaech etqgluiad tgaroge

particepahude@8for unmet criteria or technica

The experi ment was approved by t he Et hi
[ MASKED_FOR_REVI EW] Uni versity (Prot.n. [ MAS
provided written and verbal consent.

2. Material s

N M



The experiment was conducted at the Depart.
Participants sat at the short end -ohch mMBdilt2
(connected to an MSI Cyborg 15 Al12ViE Itapti @p)e
where the participant sat, a horizontal yell o\
a yellow square (75x75mm), on which a wooden

placed, and a keyboakdeédwiinhytehéeé owddwr'es KFey.md

FigThe experi mental setting.

2. 2Task 1, motor task

The motor task consisted of two actions th
observation during an encoding phase and succ:
mani pul ating a cylinder ionacfho uarn dmorteotru rcnh umokvse,
Since those movements did not require specifi
i nvolving the cylinder manipulation. The two :
sequenti ant saramdth gexnecuti on side (balanced acr
Action 1 on the right, the other 52 on the | e

the cylinder from the startindg pboei tyiedh oy dlilm
N N



and replacing the cylinder in the samMe ppdasictiin

the cylinder back from thAcyebh2w Linkelipptheg

starting. pmsvtngnthe cylinder from the start:i
3. raising and replacing the cylinder in the
posi bDuowinng the encoding phase, each atsionhw,;
seqguence was Actionl (x4), Action2 (x4), Acti
shown for the remaining 52 participants. Vide

compressed to 720p/ 30fpgsalhtacaiesneayl disptdage
to match participantsdé sex. To minimize | ingu
the practice and test phases, representing th
a hgmasping the top of the cylinder; Action2 i

(Fig. 2, panel A).

2. 2Task 2, v-bso&spati al 2

After the motor task, parbtaiccki ptaanstks tcoa rcroinetdr
memory differences between groups. This task
and 40 distractors. To enpareistpmaoales wandem
stimul.ii using a Python script. Each group was
was assigned to one different |list. Similarly

9sqguar e wirtiikseach trial displaying a black sql

mot or task were programmed .using PsychoPy (Pe

2. Design and procedur e

Participants were included in a single exp

and randomly assigned to the Artitcaudlat®aryt rSalp

N M



(DTCG). All participants were asked to read t|

videos and | e drSriG tplag ttiwa panttisompse.r f or med t he a
repeating the syllable ASA0 (Aknowso in [Iltali
syl l able was chosen for its phoneti c ysiwmitlha rain
articulatory suppression task (Fini et al ., 2

monoaslyllds (Banks .& 1@Gomrdelol ,did0xn%o)t contain any
chose a frequency of two syllables per second
per second was not interfering enoughorWe tasek
finger tapping with the same effector (the
execution, at the same frequency as for the A

A metronome was set to 120bpm before the v

and stopped when participants were aligned, t
participants all ocated att drmtsikgn aMde rpersoovui rdceeds
foll owing instruction: AAl though you should t
your main task is to observe the action and 1

(2024) wor k Adnlwasi neftfreetenwmeodi ng phase, no

execution. Af t er the videos, participants pe
themselves with the procedure. Cruci alalry,i nge
Assessment (1 ALA). No feedback about the acti
performed with the right hand, and the outlin

practice and test plase.paAt itch e ant & r-dprrredsws elde \z
This triggered the appearance of a fixation ct
of actions to be executed was randomized acro
to perform. Participants were specifically ir
releasing the key and starting the movement,

milliseconds), the intervad Actoimon hEXx eawwet ionrs €

N M



milliseconds), the interval from the key rele
participants ret-arnedw gegsénnfgi bheeddywn The A
quickly participants peefoomeidstadhofac2bonri &
in a randomized order for each participant.
measured the Action Accuracy and the Action Pe

(l=correct), OeaBoboacécon was considered as <co

mot or chunks in the right order. I f the order
fewer, or different chunks thancwhaéeécwasTs hoavl
APS, ai mi ng -groaipmed/ iidref drimeaeti on about the act

score to eachlzshono&ar eeaecut@d55fcorrect but dif

APS was t he s ueracohf cthhuen ks,c oar ex aoltfwe ar anagii g mf rod

Suppl ementary Materials for further details o
A GO SIGNAL IMAGES B MOTOR TASK
Action lea:nlng phase Practlci phase Test :hase
(4 trials) (50 trials)
E:"’ Initial Action

Learning Assessment

VIDEO
ACTIONT  viDEO

x5) ACTION2 ) -
= =
ARTICULATORY / FINGER
SUPPRESSION TAPPING
(]
R SA. ACTION ACTION
EXECUTION EXECUTION

ACTION 1 ACTION 2

FigOn2panel A itnhaeg egso sciogsalsting in a frame r
movement for each action; on panel B the outl

At the end of the motor task,bpaktiaskhanhAsft
i nstructions, they performed 10 practice trie
phase. At the beginningb®rhs)eawdis tpr eadentaed,i xfac

(stimulus) for 650ms. Participants had to pr e

N N



same grid quadrant as it was two trials befor

exampl e) .

Af ter the working me mor y t ask, participart

experimenter 6$ Squee®t idaumrs ,ngt heéier mot or t ask, b

(encoding phase) and the action executiiloaw(te

much did you rely on inner | inguistic instru
videos?0.

Additionally, we asked them to fill the 1In
& Lupyan, 2020), the Vari éRees s etR,( VAN 8a ySpeate c

a

, 2018), -twharma$| aveerde bbya ctkhleorfatresrts ,auarmdra af

related to their sport habits.

2. Data analysis

We used R (Re€CesiregnhRda2®.)l,via the RStudio in

create pl200t2s5 . (0V5® 00sH 409n6T2€0a2nb ) . We i ncluded Parti

all the models with at | east one observation g
pl ots, normality checks, homoscedasticity, an
package (L¢decke et al., 2021) to ensure that

2.4War king memory task

Si mi IGgrmetzo et al . HP20Me) (dwe wsed he Vi suos
scor e, calcul ated for each swibdecdal Smha rhi stl haew
Todor ov, 1999), and as the dependent wvariabl e
Group) .
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2. 4Rel i ability analysis
Il nreant er reliability was assessed omefWée o f

the main experimenter and a blind coder for A

2. 4Mat or task
Action acquisition was analyzed by compar |

groups during the I ALA and the test phase. Re

anal yses. First, we analyzed Acthenddpendacty
bi nomi al l ogi stic regression, with Group as
(Accuracy~Group+ (1] Participant)), using gl mer
2015) . Next, we amalgyz2dd atshda hAeP 3 elpye nwefnft e cvtasr
model , with Group as fixed factor and Partici i
using the Imer () function from Al med4dd0 ROS pac
We conducted the same analyses, by runnin
excludtHrearMenms (i . e, participants who coul d
|l ALA and test phase) to control for potenti al

We reasoned those participants could provi

compl etely disabled by the secondary task to

l earner, O=l earner, and we mbarehderd dadheapbssi
Group with a binomial |l ogi stic regression (No
Analyses of the test phase also included R

were analyzed -eff agt | motdraadrssnioamreniieodg RTs and AE
fixed factor and Participant acsmranmdedmo | RG = r |
(l ogRT~Group+ (1| Participant); | o gAET~Group+(1
the Action Accuracy and the APS rel aebedet® W

removed from the eanahygysudedwhnl althéhewet her

N N



2.4.mner speech ratings

Next, we analyzed ratingo®iotsl| Bi sret (sneals
Oneverntr @al 10t)heintirmel ation to the Group (ASG Vv
execution). Differently from the preregistrat
by group and phase, following Reviewedeld @mn glgs
ratings. We used Cheisjtedaad tphacGk age ,i PhRs(Ee,
(Groupl Phase) as predictors and Par ti
(Rating~Group*Phase+ (1| Participanctogxt edAs ppseéer

compari sons.

2. 4Cerrel ation anal yses

For each group (ASG and DTCG) we computed

performance, Accuracy (sum of correct acti ons
scales) of the I nternal RepresentnativVorsu@uedtmi
Orthographic I magery, Mani pul ati on Repreisenta

RevisedR;( MJoSh\@ ensed, DCril bigec al, , EQahiBagkbpepbey)
score derived fromsedes Sp4nE )N tQuTelsitsi osncnoari e ew a s

i ndex given by the total number TGy o xyMHEry/=df5;p

1PL9yo0=10; >20yo=5) . Specifically, the | RQ exX
parantspin their everyday |ife (e.g., v-Br b al
explore the types of 1 S.

3.Resul ts
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3.Working memory task

The two groups had comparable visuospati a

t=0.26, p=.792; see the Supplementary Materi a

3.Reliability Analysis

Reliability analyses indicated strong agr
second <coder for So00.h28AXt.id,N A<.cU0B,cyNELO0IH)

z=59.7, p<.001, N=1011).

3.Motor t ask

I n the I nitial Action LeaTaashmgCAmrstsres!ls mén o u
out performed the Articulatory Suppression Gr
SE=1. 03, z=2.176, p=.006; Fig. 3 panel SAP=0a n3d

t=2.09,Fi®=.pahel B).

A OO B 5
.
T5% o3 .
@ . *
o ) g
5 Actions ]
E E0% Correct E :
Ed Wirang ga
& i
[+ 8 . o -1
2% 5
=
g3
0% 4
Articulabary Supgreasion Duial-lask Cantrel Articulatory Supprassian Dual-task Cantrod
Fi 80n panel A, percentage of correct and wron

the distribution of Action Performance Score
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(bl ack squares), and medians (bars in the box

Assessment .

However, the same anal yses cdrerairenderosuyt dond
significant differences in either Accuracy (b
(b=0.25, SE=0.33, t=0.76, lpekd492; skFiagi s4igane
descriptive analyses indicated higher Accur a
actions=673) compared to the ASG (n correct &
(DTCG: M=3.57, MSB=B473;SDA3G90) (see Fig. 4).
specific score ranges are visually detectabl e
(Fig. 3 and 4 panel B)), we performed pobBaeri.
the model adequately captured the overall dat
mi xed model i mpl emented using the Arobust!| mmo

similar estimates (| Aedt phOBs&5,bSE=R739SEt6l

A 1003¢% - B
-
= 5% Q ' P B
o ’ 8
.| Actions § 2
& 50%- Correct g .
2 Wron
3 9 %
o s &
25%- e 1
o
Y g ’
Articulatory Suppression Dualtask Control
Articulatory Suppression Dual-task Control

FigOnd4panel A, percentage of correct and wron
the distribution of Action Performance Score

(bl ack squares), and mediahser(barshentebée pba
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The analysis on tlheeardiegtsr ialcutoisossn tchfe Nowo ¢
significanltdar nneorrse innont he ASG idomf®ar esE2t08@Hh e

p=.019) (see Fig. 5) .

100% 1

75%1
>
) Learner status
S 50%] H Learners
- Non_learners
o

25%

Articulatory 'SuppressionDual-tasI'( Control

FigPebcentage of-lleaameerss faoanmd eddarie agmeup aouad

On the other hand, exploratory anal yses 4
transformed RéQmclid,onSHE Ol O,bpt=1638) and Acti
(b=0.01, SE=0.07, t=0.07, p=.942) aenrioslss tther

results figure).

3.4nner speech ratings

The cumul ative |link mixed model on the I
(i ncl udlieagr nNanms ) reveal ed a marginal iln t9e6r, a c-
p=.050h0c Pbskey pairwise comparisonsatemngal awe

significantly | ower during encedidmsg d(i AS Owre n c

SE=0.3%5.,84z2= p=.004) . No difference beiOneleln, p
N N



SE=0. 807.,04z,= p=. 968Qup Beompga&mi sons showed no s

either encodi ngil(.b4=70,. 6p4=,. 1HAEI-)0 .04 4 ,exzecut i on (b=

How much did you rely on inner linguistic instructions during the observation/execution of the actions?
iz

210

S

= 9

4]

£ 8

- 7

© 5 Group

] . .

o 5 . * ry Articulatory Suppression

- 4 > Dual-task Control

o 3

é 2

I 1

o 0

ISencoding ISexecution

FigDi 6tribution of inner speech ratings acros
means (black squares), and medians (bars in t

3.€£o0orrelation analyses

While no significant correlations were fou
analyses on the ASG group indicated a negatiyv
phase and bot hsActB3i36&n Acc DElHg Y 7athyd PAP.SO4L&) . Ad
found a positive correlation between Acti on A

(st0. 273, p=.050) .

4.Di scussion
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I n this study, we interfered with the par
phonol ogical | oop through articulatory suppre
Compared tToastkheCobualol Group (kDTp&G,f ofrimregle rd utr a
videos) , the Articulatory Suppression Group (
assessment, both in tegmai nédAmbiton Agegcuacyn:
Score, APS). Tot savwd dr @ mdlVvesdr(eyarestedMaud pant s unal
even one action correctly). We obtained two
|l earni mgg:aianefdi mene, given by the -Apafryneress;, oant
not hingodo onree,angilwen sbyont ht-lhea rpmrerpo.r t Evoen oif f Ntol
slightly better motor performance results, i

compared to the ASG was abttystabhesspeal fycsiag

of MNemarners showed that 1S interfer elnecaer neerds ti
t he ASG. These results suggest that f oro+some
not hi nrg ot ragrr aféinneed) i n action | earning so that
with internal |l inguistic instructions, they a

the field. The role of haegutageated aotsotndhes

to be acquired via verbal instructions (Jaros
on the motivational role of IS in action and
weeamaware of, Banks and -dComaiien Ir 126 204f) IsSh oanse dw
I S on memory for events (such as building a w

l ine with studies showi nrgb atlh aagtredl IBadsnupp ok $ s( N @

al . 2022, Fernyhough & Borghi, 2023). We-al so
reported use of IS both in the task and in t he
ef foefctAS on the ability to use | S was support
in the ASG reported | ower | S use during encod

The more participants in d@daditei AGGt he i ¥dl Itdblre,l

N N



per f
phon

not

may

atte

or mance was. Thi s provided proof of t he
ol ogical | oop during the AS, | eading to al
report higher 1S use derimgtletAP@. ehlitiod il

t be due to the fact that repeating the s
he ASG, probably overestimating 1it. Il n th

ded, spaarghti wmawte underestimated its wuse.

itation of the study, reflecting a more gel

encounter difficulties in emompieghHty hhawea nmg

ntion to that in their |l i ves.

When analyzing correlations between types

ASG

who frequently use condensed IS (an abbre
ue words) in their everyday Thife sthpguedt $

di fferent effects depending on the type ¢
ctured 1| S, hel ping participants encode t
or mance. Howekives , nédedute investigate mor
rmation participants provided themsel ves

more on sequence | abeling, some ont hsee mar
i on, and others might set the rhythm by a
er in the order of execution. Participant
rring to each motor aeéegeencdfofipdhethuasi
ntion of visuomotor information. So, futu
s in these kinds of tasks. I s the i mpact
ctdeor wrah memory processes, resulting in
, i n the future, it would be interfestki ng
I tions. This would all ow wusi nai viindvueaslt | gta
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empl oyed when trying to | earn the attcdslonenag
expecting better actions compared to the DTCG
Notably, we show that | anguage, particul ar|
requiring |l inguistic pr odoensasiinnge f fHecrte:, fwoer osbosr
Andrearner so) , articulatoony s$Gppmues nigomcitmpani
model observation, producing an effect when r
results bring evidence in favor of the view
mani pul ateialtsae ndaddoirmpat men memory and sensor
al ., 2019; Brozzol et al ., 2019; Thibault et

role that | anguage plays in shaping cognition

pd
Il



CHAPTER VI I

f MR

Experi ment




| ntroduction to the f MRI experi men

Neu

roimaging studies have consistently sho

mpparoi et al net work that partially -Bevretrdlagptst i

, 2012) . A centr al rol gdrostadttgybus ed wi i

urop

ercu

sychol ogi cal evidence further supporti

| aris and adjacent inferior frontal reg

r iBenret ol otagueasnd( ®M14)e al so stated that inne

rus

similarly to overt speech. I n addition,

e | eft i nferior front al gyrusnglhuy asuggeantdi n

ntri
vert
we l
edi c
rtol
tegr
om p

et he

peri

ring

pect
codi

vert

bute to a hierarchicmposyahnhehmypfi nnaer s;
speech withoutr esloautnedd. or eBgei yoonnsd, pirto deuncgtai
| . The asnudp enriidodrl geti & mepnoproarveoll ved i n audito
ted sensory conseqguencxesn docfh aamrpt iectuiladt.or
ottiTieatn a8l .Roe2plgledli; nf 2010y . parsepalmobadal
ation of auditory .amHbwseomat osmrmsdo royf rtehp
aradigms that explicitly elicit i1nner s
rrinner speech m@Inisnpgounitsatnieco udsd nyairnesc rsuu c
ether linguistic activations in such «cc
ment 2, we found Dbehavioral evidence tI
natearning, and that articulatory supepr

nner speech may serve as a structuring

iterature on the neumnaliobasesesuul tanerf

to be able to isolate linguistic trace
ng and recall . Specifically, we expect

pspeéechi on, |l i ngui stic integration, C o
N =



structuring of moDay &eFeengksu¢hA] d2 o&rdan dalzd n

et al).., We1fQurt her anticipate involvement of
phonol ogi cal wor king memory and mul ti modal [
represe@rtandomamp Seetg haile.r,, 22001193;) . Recruitment
area is also expected, consistent with its ro
(Grandchamp et i BértokotldsSheegmbhee0dld,, 2001)
traces for mdear tr epfr eseeat @b ¢ on, si méemargacdu i
recall, when participants prepare the action

subject design comparing a Free Leareliwgogroh
preferred strategies, with an Articulatory Su
mani pul ati on, grounded in the Dbehavioral res

activations associ at edpewicthh usspeo.ntlafneionseri nap

encodi ng, we expect stronger rerndatmdr e egoosiss
Learning group, as wel |l as shared neur al patt
|l i ngststucturing progressively stabilizes acti
wi || become more robust across repeated enco
compared to the first. At t he ggeome st idmea,i nagc te

expected to reflect the strategies employed I

strategies they rely on in everyday |ife. | mp
on di ff erienmtert yspesse cahf. For example, simulating
and -hemghs$ pherGxy arnedgecehtoanmap (, 2019; Mc Guire et al
and dial ogi cal I nner speech recrduiatls flriolnatadr
( Al dérasyo ne't al ., 2016) . Therefore, we =expect
participants reporting forms of inner speech

considering the resmpdrttsi wif p&Extpse rmane nagr i2vi Iseogne

ver bal ones. For this reason, we wi || CoOrrel a

N



ported measures of i nner speech and cogni't

di vidual di fferencebawedtd| aootvdti oresthbutctwed
st. Spectisftiactael | fyyncrteisptaéntge cmsa nenay i viethy ect <
suomotor strategy tendenci es. Finally, we e
a localizer task in the scanner, i n which
tioher rahan physically execute them. Il n t hi
ee Learning group who relied on inner speec

ng-uabated regions duri ng nfeanvtoarli nrge cvail sl u o nwohte
(I show stronger engagement of sensori motor
To be able to test our hypotheses, some pa
mpared to Experiment 2. To detect inner spe
(I introduce a free articulatory suppressiao
ndition wil|l consist in performing articul a
the action videos). This wil/ all ow us toc

ticulatangdg pheoesem®ve ishuebm etchr osuugoht raa cwii tomi

ol ate potential semantic inner speech acti v
ntrol also for the visual acéi wationsapmpélya
btraction method between groups: Free Learn
1 | eave potenti al resi dual Il nner speech s

epending on thglogygerd)ti Wetstbrlayt,edy eéal ance

participants belonging to the Free Learning

ac

an

t h

ppression task as well

Further mor e, considering t hat our pri mar
tivations during encoding and recall, for n
d to test the contrast betwdemseéncadi)ng weun

e number of action encoding trials (divide

N



di fferences, we wi | | use gquestionnaires about

subjective ratings related to the task, and
neural activations dursngaméotctal izeproduaocwi bh

Applying al/|l these modifications means dev
Experi ment 2, thereby opening new technical é

conducted two pilot studies (aeael d MR& 9pcient iaf
met hodol ogically robust par adi gm. Thereby, w e
handhrough a technical 1if dRI poitreglte apatteichinp &

i ssues (for exampglaesemotiyon har siyfldatbl e arti cu

all owed us to verify whether the model ed BOLI
hand, carrying out a behavioral pilotd eftewed
over time (i.e., over the 3 runs). At the ti me
and analyzed, and the continuation of the f MR

I n this chapter, after having presented t

met hodol ogy and results of the fMRI and behavi

wi | | be foll owed by a resuletds pswmgmarsysiamd odn t

pd
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f MRdi lemperi ment

Material s

For this pilot experiment, we ihnacnl duedde d wointel
precocious bilingualism and with no history f
out at the CERMEP of the Lyog BHe®Br decil @an Se e e
resonance. Structur al and functional magnetic
standard protocols optimized forebbbhbtspat aatk

i mages were coweieghted umpmnegpetar egfdt rapi d acqui s

( MPRAGE) sequence. Anatomical Il mages were ac
providing detailed structur al i nformation fo
| ocal.i zRun otni onal i mages, i n-vteegt pdvamahac quaig
(EPlI') sequence. The repetition time (TR) was

resolution ofec2hho5 axnguiAsimulotni s cphreanee wsaesn seinipil
robustness to artifacts, with three echo ti me:
ms. The action videos showed to the participal

were recor ded mypidtteh caa mMdRla ( MRC -Byst dme mo dlelo s

resolution of 1024 x 768. The same camera wa
movements in real time while performing the a
i ndeeedctperdkojon a screen | ocated outside the sc
were observable, from the participantos point

and mirroring behind his headc.d Whd hc amérl a cgko ir
which were | ocated a response button at the
sur faceili ni n hwehicehgtrred¢gludoecewas pl aced and mani pt
The cube wdsasmadce sof as to have enough frictio

fall from the tablet.

pd
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Fi gu®ehe-upetf or the action execut,i arh,e wiutbhe t(hen tthr
hand) and t heHirgehsl piognhste¢ dbeuitotaoyme.r aowsed to record ac

phase and showing to the participant their I ive h

Regarding the action videos of the encoding ¢

experiments. The action videos were compresseEe
presented in the same or desr coafs &,h eh doweehvaevri,o rtahle
15 s of baseline (fixation cross) foll owed by
seconds, with 5 seconds of interstimulus inte
mai nt aitnerampemi ment coherence, the actions |
experiments. The Action 1 consisted in: movi n
yell ow squar e, tur,nirnag siitngcliac kowi stehebypl9%0c e a

moving the cube back to the starting position
clockwi o&@8 W)he9Gtarting position, moving it to

and putting it down again, and moving the cub

=z
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Procedur e

The participant was included in a unique
i nstalled in the scanner, the participant was
phase. The practice phaseiaemadthothet prloeeplar

The motor task procedure was similar to those
the participant could not start the action on

t hatbutrimd had to wait for a go signal to st a

which the image representing the first MmO V € m¢
screen. This procedure was naneasuarey tthe ke ta bl
the recall. The practice phase was thus nece
participantoés procedure error (e.g. rel easing
way t he possirbeiclailtly atcot inveaatsiuornes) . The practi ce
6 trials in which the participant had to pres
key was pressed, a fixation cr oss,s famplplecawesd bay

representing a hand i n tureDstwast uegdpdsartngnt

to avoid the use of the action images). This
participart 8 amard .i Thils i mage was presented
i mage di sappeared, the participant was asked
the cube placed in the middle square.

pd
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Fi g@20OBhe neutr al i mage used during the practice p

i mage is also the point of view of the participan
Once the cube was touched, the participant coc
button). After the familiarization, the parti

for 15 minutes (600 viklemas)jedThén| | o¢Wwiengnot lo

Articulatory $SEkEppueesi2dh Group

=z
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MOTOR TASK RUN OUTLINE

/ Action learning phase Action execution phase Free articulatory suppressi:h

N

Jg

VIDEO
ACTION1  VIDEO

@ acmonz  VIDEO
x4

ACTION1 VIDEO

x1 ACTION2
x1
FREE ARTICULATORY
LEARNING  |VS| SUPPRESSION ﬁg;:g:;ig ")“S"’
GROUP GROUP
S
X3
Figurfe s2ilngl e motor task run outline.
It consisted, differently from the behavioral
15 s of baseline (white screen with a black f

the participant hatietdreqgquiecclyatned 2 syll abl es
the participant was aware of the articulati on
appeared written at the center of the screen
rhyt hm. Then the action videos (10 actions, 5
for 130 s while the participant articulated t
articulatory suppressisgnd |latbltehe ae mk amfi ntghas | v in
has been chosen to be in |ine with the Exper
reduce articulation movements in the scanner
t he patr twiacsi ppssrtk ed t o carry out the execution p

had to press and keep pressed the green butto

to the familiarizati on phiarsset, neoxvceenpetn tt hoaft ohneer
was presented (as in the behavioral experim
experi ment s, in which we asked participants t
which actiontkekddi hotbhatexecal, here we instru

NC



di sappeared from the screen to initiate the m

jitter, as in the familiarizati on, in order t

to the action recall . p@Qmrdada ctilpeanitméhgped dios apefd e

perform the action. Differently from the beha

in total, 5 x actidqmeeandiignura rR&2ndomi. aend oartde
SINGLE TRIAL OUTLINE

ﬂ\CTION PLANNING/RECALL \

N

GO SIGNAL IMAGE

LIVE CAM
OF THE HAND
PERFORMING
THE ACTION

v

ACTION EXECUTION

4s jitter
\ (3.5s, 4s, 4.5s)
X10

Illlll..’

Fi guzle s2ingle trial of action execution outline.
Once the 10 trials had been executed, the par
articulatory suppression task. Here the parti

encoding phase and wlalsalals&k,edwhiol erdb seid vaitreg t d
of the screen, with the same frequency of t h
encoding video (130 s). Then, after 15 s of b
wa®lfil owed in Run 2 and Run 3. After the three

to go through a Il ocalizer run. This run only

NC



required production was not motor. After havi

be executed in that trial, the participant wa
p Phase 1: rel ease the green bonttbe pndfeepe
natural way. Once finished, the participan
total number of trials was the same as the

p Phase 2: release the green button and repe:

the participant had to press the green but:t
p Phase 3: release the green button and repe:
participant had to press the green button t

To conclude the protocol, the participant wund

|l maging data analysis

Prepr ocTehses ipnrge pr ocessing pipeline used for the
use of the following softwares and processes

nor mali zation, smoothing.

f MRI PReespul ts included in this manuscript c¢come
25.2.3 (Esteban et al. (2019); Esteban et al

1.10.0 (K. Gorgolewski et al. BI:290QR)Q0XK502).. G

Anat omical dafAat pt apwreo gehd xidhd T1lw) | mages wer e
BI DS dataset . The T1lw i mage -umad orcmirtry c t(dadNl
N4Bi asFieldCorrection (Tustison et al . 2010)
RRI D: SCR7004adand -ustdrascdltwhr oughourte ftehree nwoer k
then-sgkulplped with a Nipype i mplementation of
ANTs) , using OASI S30ANTs as target t emrap | atleu.i
(CSF) -mawthtietre ( WMyatared JgrGVW) was pextfrmoameed ohlw

N C



fast (FSL (version unknown), RRI D: SCR -ads2e8d2 3

spati al nor mali zation to one standard space
nonlinear registration with artedRewersgirans omnf
reference and the Tlw template. The foll owing
and accessed with TemplateFlow (25.0. 4, Ciric

templ at e version 2 0 099 c, [RFRolnDb:vSCRt 0081796 ;( 206
MNI 152NLin2009cAsym].

Functional daFar peaphockesshaeag5 BOLD runs foun
sessions), the following preprocessing was pe
the shortest echo of the BOLD run, usdnmo@i cn:
correct-mohi oRlepdr ameters with respect to the
and six corresponding rotation and translatio
filtering using mcflirt ThESIBOLDJ grelk-rergehnctee twaad
the Tlw reference using mri _coreg (FreeSurfer
with thebadsadhdraeyi stration (-Gueveiraenmd sCEa athibr
confighredxwdegrees of freedgemi eSeweral cadrfud
the preprocessed BOLD: framewi se -wiisse |glcoebreelnts
FD was computed using two for mul aitvieo nnso tfiod n so,w
et al . (2014)) and Jenkinson (relative root n
al. (2002)) . FD and DVARS are calcul ated for

i n Nipype (foll owionmert reea ddf.i n2i0tlidogns Thhye t hr e
within the CSF, tbhreaiWM,maasrkd .t PAad dwhaloemal | vy, a
were extracted téeéasleldomoier compemeéemton ( Comp
Prainpal components apraes se sftiilmaetreidn ga fttheer-s g@hriiegphs o
(using a discrete-ocfds)i feorf itlhtee rt wwoi tCho nlp2C8osr cvuatr

and anatomical (aCompCor) . t @admpf G oorm ctohnep ot noepn t

N C



voxels within the brain mask. For aCompCor, t
CSF+WM) are generated in anatomical space. Th
i n that instead of eroding maek maskpi bgl 2 tphax
a volume fraction of GM is subtracted from -
thresholding the corresponding partial vol um
extracted from voxlelfsrzonhit@an nomhgGM. mkinmanl | vy,

BOLD space and binarized by thresholding at 0
are also calculated separately within the WM .
k mmponents with the | argest singular valwues a
series are sufficient to explain 50 percent ol
or temporal). The remainisgdeomap o meneonttiJohne rebsetdidn
calculated in the correction step were also

confound time series derived from head moti on
i nclusion roifvatimpes adndlequadratic terms for ec

exceeded a threshold of 0.5 mm FD or 1.5 stan

Additional nui sance time series araakwpnsicsl af
signal found within a thin band (crown) of Vv oOX
Reynol ds, and Birn 2017). Al resamplings cal
composing al/l thengoe(t ineoeentio@b o anmsnfsof romant imat ri

di stortion correct-regi wheatavas!| abl anpatoni cal
(vol umetric) resamplings wer e perfor mepl iunsei n

I ntatpoli.

Many I nternal operation8. 1lolf. 1 f MRAIbR raehpa mu see
RRI D: SCR_001362) , mostly within the functi on:
pipeline, see the section corresponding to wo

N C



CopyrighfTfh&waiabenve boilerplate text was aut ome

express intention that wusers should copy and
released under the CCO |icense.
TedaMual-etciho functi onal data were denoi sed hwsi n

i ndependent compbdbRAant &nabywicses MEMe cheri es

f MRI Prep were provided as input (t.hrEeeh ccecsh owe¢
optimally combined prior to I CA decompositio
classifi4dkeaeshb@OmdbDmnhas adkepemdebce metrics (Kund
and -Bh@ND components wer e. rTeheo vierdaifm oma stkh eg edmae

was used during denoising. Default parameters

Nor mal .Dzatoiiesred functional i mages were spati al
( MNI 152NLIin2009cAsym) using Advanced Normal i z
transformations estimated during f MRInPriepedprte

seres using antsApplyTrantsdbwmaff i Spectfacal odym

T1w-dMNI nonlinear warp were concatenated and a
performed using BSpline interpolation.
Smoot®patgi al smoothing was applied to the nor

(v0.121.1) in Python. -wA dGahursesx idmulifer A WHM)wi a fh 3

used.

GLM anaTlaysskelsat ed activity WwWayvededstGematrad Lsinea@
I mpl emented in Nilearn. For each run, the GLWM

and smoothed) BOLD tisnpeecsdiriicesdessigmg makbhed x a

N C



autoregressive noise structur epa(ssR(fli)l)t,era odos

additional spatial smoothing was applied at t
model fitting). Parameter regtemabes owernetebe
regressors included in the design matrix. Whi
at the time of the writing, due to technical

activations:
p Localizer task.
p Motor task:
Activations related to the execution phas
Activations related to the free articul at
We measured the BOLD signal during the action
to the encoding processes. Thus, we model ed tl

by the onset time and adnud aRri eoen_ AT, edaecfhi naecdt i boy

duration. Then, to estimate the regressofis rol
related activations <could stil]l be detected
Suppr g9 iu@n , four contrasts weTad | déa fhicree da asnidr
participant was included, all the reported co

N C



Table 1.Summary of contrasts used to test the robustness of the regressors.

Level Contrast Contrast Formula Regressors robustness tested

First level Mean Actions 0.5 x actionl + 0.5 x Testing action encoding + articulatory

(encoding) vs. action2i baseline suppression regressors robustness
Baseline

Firsti level Free_AS vs. Free_ASI Baseline Testing articulatory suppression regressors
Baseline robustness

Firsti level Mean Actions vs. 0.5 x actionl + 0.5 x Testing regressors related to sensorimotor
Free_AS action2i free_AS activations by contrasting encoding with AS v

Free AS

Longitudinal Runlvs. Run3 (0.5 x actionl + 0.5 x  Testing the robustness of the action encoding

(Mean Actions)  action2)...i (0.5 x regressors by contrasting/comparing the first
actionl + 0.5 x and last run of encoding phase
action)
This contrast was i mplemented by assigning po

negative weights to the corr esdpdrfcirreg cree girags s
Fi xeefdf ect s across .Farmsc qiRurm@shter Blu ra3pwpilsiec acbd ret)r,
esti mates were computed separately for Run2 al
maps. These were subsequent!| yweiognbti adc tifeiaxaesd me
(i nvwearsieance weighting) i mpl emented via compu
singl-effeged contrast map per subject and con
Vi sual.iSgattiien i cal maps were visualizedr wsing
contrasts, maps were displayed on t hec ocnobrirneesdp
(f i-xfefdect s) avo rster acsotnst,r arsun esti mate®ess wreurmrs fus

prec-wei ght eedf ffeicxesd model , aafdf etchtes rneaspul wa sh gv if

N C



representative anatomical background in MNI s

templ ate). Threshol d$4 .(%®) gwer e /spmlti @ d rfesrh oV ids

Explorat emuyjsicnglaeti vati on patterns

ContriaMeanl ActBasneslTivesecontrast comparing mean
to baseline revealed extensive -aecrtalvaltliam rpe el
a peak in the |l eft hemisphere 92111 3mmji)8,4,c oinls5i;:
strong visual proceAddintgi areana nglisg roif f it chaen hteacslku.
nght premotor cortex [/ inferior ,ferfantsalp pdyerme:

mot or area (SMA) (123, lefi®t r &psurl iceriseh | 5.up&;r i ®5 6

|l obullRS) (126, 157, mIhtzsupbraddy Ppabsi9mmpz) =c o
281 m@mmid) | eft dorsal premotor cortex (156, 18,
11 g

-11 ©

Figax*®t ati stivadluemgdp i(sz overlaid on the participani

are displayed at z O 4.5 (uncorrected, for visual

NC



ContriaMetan2 Fre8aAB8lTheecontrast comparing the f

suppression co(nzdi> i30.n5,troe vbeaaskeeld cnhee di) vat i on i n
fromatoor network. The | argest cluster was obs
inferior frontal gyrus (56, 13, 39; z = 6.39;

articmbbboorgngddiemeaonal significamiefe¢el usters
suppl ementary motor area (SMA) [/ dorsomedi al
mmjposterior occipital cortex (1| eft cehreenti eslplhaerr e
regions extendimpegakbidtat(e2,alilby7, wo@al, lagar =c l5u $td¢

additionally dbheéetvedfiemi par patralet al regions)

7.4

3.5

Figa«at ati stivadluemgdp i(sz overlaid on the participani

are displayed at z O 3.5 (uncorrected, for visual

Cont riaMetan3d ActHroenesTAW$ contrast comparing mean
conditions to the free articulatory suppressi
activation predominantly in biswatlercalt eac dinpitth

occipitalbid@reweuda,l ITy87, 4, z = 7. 77;ricqdhitst e41 si

NC



z = 6.21;)al30a&Ndmmjg i nto adhAmactemer ploange i ©lru
observdafti nsuperi or parietal cortex [/ intrapat
mmj. ) Addi ti onal <cl usléefetr ssweperi éouparidet al thebu
671 mmght posterior parietal carghetx [(&t6er dl6 49 C
tempor al region (64,lef49po28tezinvarb5ioapempdd athm

cor t® e, (mM42, 120; z = 4.79; 296 mmj) .

7.8 j

Figegx*tati st ivmadluemgp i(sz overl aid on the participan

are displayed at z O 3.5 (uncorrected, for visual

Cont diaRRUN1.RWUN.Eompared to the previous contras
account positive activations resulting from t
positive and nTehgeatciovnep aarcitsiovma th eothvBaeuennl. R u rRuln 33 n
uncor mewteemd)ed modest byt psiignmirfiilyantin diufbfcomran
pari et aPo gietgii vwoen schl suesrtveerd wier evemitdlomaidmn al t i @loamn
(2, 19, 118; =z = 4.M8e€di xll ufsraemtt esrlii zaerd 4g iemBYBY | ndint] €

= 4.33;,76afmmj pr pari dtfdll,/ 26pr a hdr, gizphetl 4are

N M



| at er al paipiaet &It al trempomo (69 ,pdsuBt7er I12i8.c& =g W

154185, z = 3. A%; i h7 1 hrmmjcRounnt3r,a snio dReusntl but si gni
were reveal ed i n tihReu nclo n(tRuansBt; bzet>we3enl ,Rwm3cor r
front al regions. The strongest clusBer 7Waszl e
4. 27; 93 mmj), extending toward dorsomedi al p
the rergihdar ifnfontal gyrus (26, 33, 12; z = 4.0
(723, 43, 15;, z = 3.72; 62 mmj).

4.9

31

Figaat ati stivadluemgdp i(sz overlaid on the participani

are displayed at z O 3.1 (uncorrected, for visual

N M



Behavpioesaperi ment

I n Experiment 2 reported in this thesis, w
through an articulatory suppression task i mpa
through videos. I n this a@axpergment eaparhgcspeas’

observing two actions executed repeatedly fiwv

2 in f MRI to isolate inner speech activation
paradi gmghi aetjoeanencoding trials), and to co
| earning over time, we needed to increase the
the |l earning phases, and consthueat | Jowdeer x et

in the ©participantsd exposure to the action

suppression remained effective for all the th
singl e expoisnurEex ppehraisnree n(tas2) . To investigate th
pilot. This experi ment has been conducted at
Research Center. We included the fGrrouutp tvv8o Adpr «
Group) . Al | participant shawera. FTadryh wep @a kaerks
experimental paradigm similar to the one used
familiarized themselrhveedwireh theykeagreelsaed
divided into three runs. I n each run, each p
presented through videos on the screen. Whil e
taoyt to |l earn the actions, participants Siamn t he
a frequency of 2 syll ables per second. Each a
presented in the same entds}). a¥hen, tAakt ereveos

participants of both groups were asked to try
the fMRI paradigm, they were asked to execute

actiems svi milar to those presented in the f MR
N M



those used in the scanner; instead, they were
pil ot experiment. To be in line with the f MRI
experiment, participantes fofr mfbat Mfgreewpsarwaerceail
for the same duration of the encoding phase w
break between the runs, they were asked to pe
experwmemeasured a single motor wvariable: Act|

coded through videos of the participants6é act

The qualitative analysis shows that the Ac
runs, reaching in the third run percentages o0
Group (AS ON Group accuracy peBé&@enfRage3 RuBS81

OFF Group accuracy percentage: Run 1 = 71.93%

||
;

Run

AS ON

1.00 1
0.75
0.25 1
0.00 -
1 2 3

Fig@nlehe proportion of correct and wrofdSaON omss Aj

AS OFF

Actions

. correct
B wrong

Accuracy Proportion
g

2 3

OFF)
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l ight of these results, we wondered whet he

e AS ON was due to a | oss of efficacy of
suomotor strategies. I nothe Butsmatagzati ome
ppression task across runs, freeing up cogr
ner speech and i mprove action | earning. On

uld bempeemstadoi ancohrough visuomotor resourc
ecuting the actions bet ween each encoding
ogressively filled with additional vhiassueassmo t
test both these hypotheses, we included tw
ether we could reduce a possible automati zal
each run. Thus, weptaskebHonbpengewosi kRepAstC
ticulate a different syllable in each run.
' 1 8MNllekpronunci atliopnilmdédad hien wemgl i sh) . With
codi-BEge ®utei on) , Il nstead, we aimed to test
fective i f all the three encoding phases we
ul dveemhe possible contrilkdtiwhn| ef execusua

t ween each encoding phase. This group was a

N 1



AS ON 3 syllables

1 2 3

Fi ga&Tehe proportion of correct and wrong actions |

Actions

. correct
. wrong

Accuracy Proportion
=]
3

AS ON ||
1.001
0.751
0.251
0.00 A
1 2 3

Run

ON 3 syll ables).

The qualitative analysis related to the first
3 Syllables Group followed a similar patterr
percentage: Run 1 = 23.33%, RuSByPRl abb&s 3GfouR
percentage: Run 1 = 36. 73%, Run 2 = 52.00%, F
|l osing efficacy across runs despite the syl l a

N M



AS ON AS ON encoding pre-execution

1.00 A
0.75 1
Actions
50 1 . correct
. wrong
0.25 1

0.00

Accuracy Proportion
=]
3

w

Run

Fi g@xTehe proportion of correct and wrong actions |

ON encoe¢dixmguprnen) .

The qualitative analysis related to the secon
ON EncodHxnegc uRrieon Group maiiwti aihneérd g Piemiclear a
accumpacyss runs (AS ON Group3ad8UWm akwnper cent3
= 98.25%; AS -ElNe cEntcioan n@r ;Pupe accuracy percen
76. 00 %, Run 3 = 71.43%). These | ast resul ts

cognitive resoureegur(des) ,tooicsommensata for

Another possibility is that participants may

runs, compensate for the presence of articul a
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Results summary and future pl ans

To provide neurophysiological support to E
study. Prior to data <collection, considering
techni cal f MRI pil ot and one pehawanor alr epi Imo n
on the feasibility of the paradigm and the |
particular, the technical fMRI pilot served t

due t o exceemdrntes heuardi mp vt he articul atory supp

pil ot served to test the efficiency of articu
Il ssues, we were not able to exelroures aaardd relplor
the analyzed runs, robust sensorsiunbojteocrt afcMRIv
confirms the technical feasibility of combini

and executionTa nawvtohied ssctarnonnegr . moti on artifact
articulatory suppression in the scanner, part
Rogal sky et al., 2008), maintain a veww&l tsouwn
producing sound or without mouth overture ( Me
risk of motion artifacts inducedhlbby aglgoudi i

model ing approach yieddteidvabbastpantderi m$ e Pu @

contrast (action encoding vs baseline) showed
vi sual cortex, parietal regions involved in s
(I eft supplementary motor ar ea, bil ater al pr e

activations are consistent with the high vi st
encoding. Specific activateigoamsnswerfe tdet elcntterde
i nvol vednoitrorviismmucegration of hand moVvementent
for grip adjustment), and mani pul ation of obj

suppressi bedcoondmbton activations mostly | oca
N M



front al regi ons, together with supplementary

activations ar e coemostiosrt ecnantwiotlh aanrdt ipcrud vaitdoer yu

solating senaetatednanetriespe®alps anal ystes ( Gr u
von Cr amon, 200 3; Emch et al ., 2019) . | mport a
articulatory suppression -ppareideotnailn aandtliyv ihtiyg, hlsi
after spbhboeoceadutne®n as expected considering the
encodingpeactionvi suomotor processes are robu

The comparison between Run 1 and Rwri&tatk

di fferences, suggesting different strategies
i nvol vement in | ater runs may erneafnldesc.t Aslttrhaotueggh
semaihtmgui stic activations emerged in this si
cautiousl y. First, the pilot included only on

Articul ator you$upoplrhausssi dn n@Grui sti c activations
critical test -gwidup rcedmp aorni skoentsweienn t he f ul | ¢

Group minus Articulatory Suppr es-subnpueb&troascpt icoo

(frefeencSOding with AS) to isolate residual ser
behavior al pil ot i ndeed, a between subjects
Experi ment 2, articulianpany edu@Ernte NI olne air mii tnii
participants in the AS ON condition progressi
OFF group. I n order to try to keep articulato
groupshypWwe hesi zed that t he | oss of articul a

compensation through alternative cognmadgdtvliey s
considering that participants werenabtdiongssgesd
The Articul at orSy ISluglplreess sGromu pPON( i3n whi ch a di f
each run) showed a similar I mprovement patter

automati zation oésanotpfealtley] sypll aibh et l® r ec o\
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hand, the Articul at or yExSaq@uytriedsvsh &me WOaN | E necnocda dni

precededdceixkcobtomhow the same progressive |

encoding and execution alternatnedd.e tTwnheiesn feinncdoidi
may contribute to the formation of a visuomot
articulatory suppression. However, the possi
excluded. Resul2t s hfowomhBEBxpanritmemtt at ory suppre
for al | participants and entirely. I n some ¢
resources and participants may stil lverrelrye poena t
exposure, such residual l' inguistic processing
these results, we wil!/l run an f MRI experi ment
encoding runs exeentedtabh. pAlbhotghasomenpar
speech even under articulatory suppression,

l inguistic activations in the Free Learning C
use Qgaunedsti onnaires on cognitive strategies. F
specifically investigate for inner speech act
verbally recall the action,achysssitmagkmul(ti ear,
during encoding and recall and tested during \
desi gn, I ncogphjradti ngumigahomiporonthatsween ques
stateempasamnd a | ocalizer, provides a mul tidi
hypot heses.

Al so, the data of the behavioral pil ot ope
of articulatory suppression on action encodi I
Results showed that articulradumg,y dcweptrestshe®ne
action between each encoding phase. Presumab
vi suomotor trace was created, integrating 1in
execution andaclhserwatinemdafmtgermana execution p

N 1



participants were exposed to the action video
execution phase, the |l ess articulatory suppre
may have used compensatormnye (witewomdtedr t hetmr atl
to the action videos.

Considering the interesting results that t
carrying out a behavioral experi ment . I n t hi s
i mpact of articulatory suppnesfieowvaonabtcbnenoc

phase (e.g., duration, number of expositions

I n conclusi on, the pilot studies provide |
I mportant dynamics of strategy adaptation ove
not simply eliminate | earningsimat Tag aomgagigreda
study wi l |l all ow us to determine whether i nn
encoding and recall, whether such traces str el

representations.
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Di scussi on, conclusions and future

o
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P

The present thesis advances a theoretical

onceptualized as the pridduwgtuicftian siyrsttegm, atre
i suomotor process. i AsibupyarcmouU28:2)YX haoguydés | a
f what. wearkg@owage i s not merely a tool for <co
nd conceptual representations online. Il n a s
eri pherpatls tboutcoinscean i ntrinsic and ateedbapgar
ypothesis proposes that when a -dawrlf eadldeaeak

ransiently modul ates ongoi ng tphatc elsash enlge d fiiwta

more internally coherent and more distinct fr
separation between sensorimotor and | inguisti
hybrid sdmgsoorsitmoct oarr chi tecture i n which | angua

o]

epresentations during actidomaaaoaqpiripteirdn e s hi

ognition (Borghi et al ., 2023; 2@24) onWhehe
redominantly taking into account senédbot mot o
xplicit addonsnetuspeseeahfunctionally relevant
cting as a toolngf oandcogmnttriole. sMaowutctaoabser va
mphasi zes sensorimotor mapping mechani sms, o]
eur on sysftreamt(aplardiertcoui ts active during act.i
aomh et al ., 1999). While these studies esta
n observational action | earning, the role o
ramewor k. This appr oach ocfanhuumadne rbweaiignhta nad chbr
eople rarely | earn complex actions from vis
ncluding | abels, and structured |l inguastiasc
tdopvn organi zer that biases which action fea
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Thi s integrated view is ontogenetically pl a

sensori motor systems are deeply intertwined.
among the earliest (bet ween one usred twoa dyeara
presuppose spatial and motor grounding (Gerva
children | earn to recognize the things they s

converge with Vaepguage, (Q0R6Mher T he eccaatlelgeodr ilzoa
l evel processing of sensorimotor information,

spokes may be shared across multiple wied@s.en:

Similarly, i n our experi Gomth oMe msshiraa ki ¢ r,e esvaam
chunks, the specific sensorimotor information
stable entities. The bswetneadnt mot ohrubf & anttuergersa,t e ¢
categorization (e.g., Gol deRaRphreevalr. Y BOof7
a Computational framework b Neuroanatomical sketch

Spoke
Processing
unit

t 'y
Vi
o ATL (modality-
Speech » | invariant hub) Function

>
00000
000600

oooo&

Valence

Fi g@80ehe -aansbpoke model pr ®Rpopddeby alambgr017) .

We extend this | ogic to complex actions. Duri
as distributed motforroncthau n kesi rwiutihtisn. planr ioceutro f M
suldciunspl i cated in hand apepmoadcihngigamd ormljiercd

(Binkof skidoaemtd alr.emoit®¥9)areas including the in
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i nfo

expe

beha

wel |

mo t
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gove

(7]

ynt
toot

cyl i

r

ecruited during action encoding. These |

rmation. We hypothesize that this process

ri

Vi

ment on inner speagh))y woialsr ismpylgiressidte dl abhb

oral experiments. At this point, the ac

explained by Pulverm¢gller, who referred

or

(sPyun tveexrame | | er 2014). Just as |linguisti

rns action hierarchy. The author reported

a X

iI's and how it is structwea aldwe otrgampu iz e

hpaste on the toothbrush before brushing

e X

ud

es

be

er from the starting position to the yel

O tshiet isotna.r ti ng po

facilitate the encoding, participants m

inner speech so that Actionl and Actic
flip, rai se, move bac.kOA apnods sihifblliep ,e xnpolv

this strategy is the Bootstrapping Hyp

tt, 201ArcGCGondnelgl to2Cda@Nhell, I inguistic

r than full sensori motor simul ations.

ve cognitive resoluegvcarst whtidectpuresam e mag
pl ain the Reaction Times and Action Exet
action is associated GONTRONMERSAWDbed eafl
tic containers" etematsipn ¢ aentmoitmtr e rsfegruesn
ecution time. When a verbal | abel di s as
i ng the AdPmagnidnapepgubhbae gptos dehurmlscienp
erotnanteir o re tl{ aanbRanl B 18t al . |, 2017). We pr

treated as structured conceptual uni ts
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chosdeoe

FigB8Bdlehe hierarchical structure in whi-lchbé¢éheas$ svsocan

This process-amipoloe smoadhel Huwhere the concept
a hi er argcohayl sofansdubspeci fic motor nodes. Her e,

Destructurninnegr speech decomposes thewsaatuicdruriim

an external | abel i ntegrates those chunks int
mutually exclusive, these processes may coexi
aspects of the chunks, mose amdtoraat i onesabou
components (as the cylinder grip). This will

openi ng dqouuets ttihoensefafbeabebf atbwet@aamgni odoul d we [

detect differences between the Label Group an
moment of the encoding? I n that case, what di-
time, partiaml thedseashirngotoo correl ates beca
aspectsermongtention may depend more on | ingu
engram matures, the representationy,l itklee ymama
mi ght be highly "grounded" in the sensorimoto

to become more "abstracto i-gor daihredAThot dhidetdai
generalize the acdomtneXtGon(te."g.t,o wsifrigrandi ff e
resemble Dobler and coll eaguesd (2024) neur al

of abstract concepts vyi ellidveedd nauccthi vrietdyu c é\h eann
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were | earned in the context of wordfasnman,g diomr
concrete and abstract meanings. These results
conceptual representdadiingnexpamnikeaclkesi lat ofnreg ma
at the neurobiological | evel i's enabl ed by ar
This also opens new perspectives on the ftutur.
of the | abel l' i mited to young adults? What ab
peopl e, facing a sensorimotor deterioration?
concreteness effect. Hu marmnds tye.ig.a,l | gp plre,c els a
accurately, and with better recall than abstraeé
suggests that while older adults still show a
tgounger adul ts, as the sensory "trace" becom
l ndeed, aging leads to a decline in sensori mot
proprioception), strurctmatadr aaandd fsuenrcstd royn ad o rcthi
matter integrity affecting distributed networ
two representational c odweer:. b al -biamebEdreybde g Pat
l98artivating di-specibutedsmodamst yvi sual, au
cortex). Abstract words rely more heavily on |
the role of |l abels in an oladesr foampileeu,r opstyert
cognitive therapies and rehabilitation. Since
i mplicit and explicit verbal strategies coul d
mi ght bei stolosdhger participant s, neurally prob
sensori motor areas but i ncreased ATL/ I FG eng:

precision compared to younger adults oystedm.er

Resul ts

support

LAT

S

from this thesis and future studies ¢
of the-AchtensiTherbhpygUQadgarT,; Di frances
a rehabilitatropapaentdsgmi phi mphiabkyauy
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consequence of a brain damage, such as a stro
coll eagues as a direct application of the the
sort of game consistin@gientoomreiqugspatioentpd at
therapist) cards to match those in their hand.
promotes the interactions within players, f
particapaot ssee the reqguested card but only h

Besidestéehm e€bhgcts of -ltahleell adbsed o ainat itdre ar

we wonder whet her similar effects would be ol

verbal, el ements (e.g. aascwmudct)d tto tame aaxdti iodmn
effect? Il s the facilitatory effect that we f
special ? Also, does attaching a color (light

cosn dering that a color is something already Kk
involve prior experience | eading to confounds

| abel s already empl oyed ifoonrs ,o tihnesrt eaacdt ioofn sn,o vfeoll

the effect of the | abel di minish because of p
Our findings may strongly impact also the
i nterest on the contemporary challenges posed

new evidence on the relad kospgoowvtehreont et uc ihide
such as Hat zi georgiadis and <coll eaduwad Kk (a0 1tl
perf or matnalek iSredlfudes al so overt pr-toalulctii mwnolb
motivationali masstprecdtsi doreassli dtersé K. uBlea thypse doff f £¢

mot or performance depending on t htealtky pies osfu psep

tasks requiring precision, techn)i.guCn tahned oftihn
motivatitah&al (Sglou can do it," "push harder ")
strength, endurance, or high intensity, such
type of i mater weperebhstigated in our experi mel
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i nstructiabkal sekewing that it plays an i mport a
effect of inner speech, also the effect of | a
which Rabahi and col loeamgaunecse (i 2n0plr30)v esnheonvie d tah rpo
a jump performance after either |l oudly or sil
the same priming effect could be triggered wt
actions.

Regarding the contemporary <challenge on A
convergence between cognitive theories of | an

Model s angoha@angiuaged robotic Syst eans maasres | @

communi cation, but as a control system capabl
l earni ng, generalization, and planning. I n t
processels as i dnhnaevre sepneeerbghe df oirnm o f internall

mec hani s ms -ofTeh.ogu.g,h t Ch alkd éhAootu,g hTrsee Bor ghi et al

resul ts wild.l allow a more precise characteri z
| anguage,r vprsoucoensosteos , and action, moving beyo
anatomically and functionally separate, and r
t ool of human cognition. I n future, twegraitms
behavior al data (reported in this thesis) wit
measures, in order to model the interaction be
will allow to for mhleates ,f gromalg, btegotnablparky yo
To conclude, our findings support a model
visuomotor computation but is deeply shaped b

bet ween sensori motor aspects canded,inguesarc

generalizabl e action representations ar e for
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perspective that treat | anguage and action

reinforcing the view of | anguage as a centr al
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Table 1

The rable summarizes studies published berween 2005 and 2025 (n = 72} that employed articulatory suppression (A5} as the primary experimental manipulation
fauthors and vear are reported in columns {§ and 12). It details key characteristics of the AS procedure, including the A8 stimulus feolumn 1), ity modality
feoluma 2, rinethim jeolumn 3), the method used to monitor AS performance aceuracy feolumn 4), and the presentation format (column 5). In addition, the table
indicates whether AS was implemented in combination with ather secondary tasks and contral conditions feolumn 9), and specifies the particular sub-saudy or

sub-studies in which AS was used. . Finally, it repores the primary task(s), dependent variablefs), and stimulus materials used in each study.
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Table 2

The table summarizes studies published between 2005 and 2025 (n = 77} that employved articulatory suppression (AS) as comtrol condition rather than as the
primary experimental manipulation {authors and year are reported in columns 1 and 12). &t details key chavacterisiics of the AS procedure, including the AS
stimulies cofumn 1), its modality fcolumna 2J, rhythm (column 3), the method wsed to monitor AS performance accuracy (column 4), and the presentarion format
feoluma 3). fn addition, the table indicates whether AS war implemented in combination with ether secondary tasks and contral conditions feolumn %), and
specifies the particular sub-study or sub-studies in which A5 was used.. Finally, it reports the primary taskis), dependent variable(s), and stimulus materials

wsed in each study.
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