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Abstract

The ability to readily access social group representations and automaticathprcze others as
members of social groups plays a central role insmaial lives. This ability helps us guide our
behavior by providing a rich set of information about unknown individuals based on the existing
knowledge stored in our semantic systeneutdpsychological studies reporting the presence of
patients with demera disproportionally impaired at processing social group knowledge, with spared
knowledge about other categories, together with patients presenting the opposite pattern, led to
proposethat social groups might well be represented separately from categociess animals,

plants or objects.

The organization of the semantic system in categories is consistent with several theories
arguing that the relevance of the sensory and functiorfiatmation, or features, forming a
representation varies depending ba semantic category. The presence of a dissociation for social
groups is however only accommodated by more recent theories that go beyond the simpler
sensory/functional distinctionsade by traditional models. Some of these theories suggest that for
the lepresentation of social groups a critical role is playedffgctive features. This hypothesis was
corroborated by a study with brain tumor patients whose lexical semantic procéssio@l groups
was affectedy lesions of the left amygdala, insuladamferior frontal gyrus, all of which are also
part of the brain network involved in processing affective information. However, beyond this finding,
the empirical evidence in suppoitthe affective features hypothesis put forward about social groups
is to date relatively scarce. Thus, the aim of my dissertation is to provide the evidencgreatee

relevanceof affective features in social group representations by describireattigenal studies

First, | have reviewed the main theories of semantic memory and affect, and then | reported
three original studies. In Study 1, by applying transcranial magnetic stimulation on the left inferior
frontal gyrus, previously linked to ptessing negative affed showed a link between processing

social group knowledge and this area. Results showed an increase in the speed at which negative
1



social categories are categorized, without affecting responses to other stimuli. In Study 2edi repor

that social categg names are more susceptible to affective priming effects compared to nonsocial
categories. The behavioral priming effect was also reflected in a late neural component measured via
electroencephalography, where social group namgsagied different amptiudes based on the
affective congruence with the preceding prime. In Study 3 | documented that evaluative responses to
social group names and pictures tend to be delayed compared to those towards nonsocial categories
despite no diffeences in categoricaemantic access. Additionally, a multivariate pattern analysis
(MVPA) of the neural correlates associated with this evaluation highlighted a better decoding of

affective content for social groups in both an early, and a late tim@wiadross input modaiies.

The findings reported in my thesis provide an affirmative answer to the hypothesized greater
relevancef affective features social groupepresentation$ argue thasuch relevancis expressed
in terms ofan affect procesng region contributig totheir semantic categorizatioa greater benefit
from affective priming and an enhanced affective decodiingse resultshopefully add valuable
neuroscientific evidenceabout how social groups are representecontributing toweds the
identification of their neural substrate and affective electrophysiological correlates in terms of

response magnitude and temporal dynamics.



CHAPTER 1

Introduction

AMan i s by nat ur iadividualsvbocis uasocialanaturaiyaahdnacaidentally is

either beneath our notice or more than human.

- Aristotle, Politics

In order to survive and thrive we live next to other people in a sosimbament.The observation
made by Aristde of society preceding the individuean indicatehe greatinfluencethat aperceived
social grouphas on what we think of and feel about other pedplpist a fraction of a seconfhces

tend to automatically be categorized as members gifen socal group, based on their gender,
ethnicity, social status or occupatjam process thgirecedes the processing of thea ¢ pe@anal
identity (Ito & Urland, 2003) In this instance hte Gocietyppreceding the individuas her/hissocial
group carrying alongall the characteristics that are proper @ttroup,automaticallyattributedto

the individual.For such categorization tmccur,one needs to haveraentalrepresentation othe
differentcategories present in our sociedach withspecificcharacterizing featuredoreover, this
representation needs to be stored in the brain for later recollection, as indeed argue@hycdety

of semantic memory described in the following paragraphe existence of a dedicated sebrain
regions that supposdocial group representations has recently been reinforced by the observation of
patients with impaired social group represdion following brain damaggRumiati, Carnaghi,
Improta, Diez, & Silveri, 2014 Building on extat theories suggesting that semantic representations
are embodied by virtue of their reliance on sensory and functional processing modalties,
argumenthas been put forward ofspeciallink between the representation of conspecifics and the

processingf affectiveinformation Accordingly, based on evidence showing the presence of damage
3



to brain regions supporting the processing of emotions, theingsrdtluced ability to do so has been
suggested to be the leading cause to an impoverished reptieseotaocial groupgPiretti et al.,

2015)

Beyond orrelatioral data the hypothesis of a speciihk between social groups and affective
processesias not found supporting or disproving evidetwealate, especially as compared to the
effort that has poured in research on other categofiesowledge. Bypresentingan overview of the
maintheoriesof semantic cognition and describing a series of original studies, the any thiesis
is to provide a better understanding of (a) how our conceptual knowledge about categories of
conspecifics is representedtiwin the affectivésemantic system, (b) how the affective information
about social groups is processed by the brain, and (c) whether the rgir@senf social groups
possesss unique characteristics thatakesit different from that of norsocial categoes (in the

affective domain

1. Semantic memory and social cognition

1.1 Semantic memory and semantic representations

As a component ofongterm memory, semantic memory is described as the storage of our
encyclopedic, conceptual knowledge. We may know whegreis when we see one, but we do not
necessarily know when and where we acquired such knowledule the former information is
stored in the semantic memory, the latter informatgstored by thepisodic memoryPatterson,
Nestor, & Rogers, 2007yWhenwe think about a concepbur brain recreates a representation of that
concept, which also leads to thenewal of the related multisensory perceptual experience in the
absence of sensory stimulatidin.Bpresentatiamwill be thus intended here as the act by which
consciousness, as a result of sparse neural ac{d#haene, Changeux, Naccache, Sackur, &
Sergent, 2006)reproduces an external object, or an internal object such as mood or a fantastic
product, and also the content of that act of recreation, i.e., a simulstioVilson, 2002) In the

4



human brain, the representatiortitkc oncept Opendé will thus compr.i
it, which could be its shape, purpose and Asgpenscome in different shapes and forms, according
tothePr ot ot ype theory, the i mmediate ment al rep
would consist of the features that our idea of the stahdorototypical pen possesqé&dimore,

1975) All these features will also be reciprocally linked to the entry in the ahdaticon for the

word Openbo, t h e te thahboodep(Bindeg Desdi, @&raves & €onant, 2009;
Leshinskaya & Caramazza, 201&he single sgnbols (i.e., words, or lexical items) linking to our
corceptual knowledge are held by some theories to be organized in a-keqarahtic network made

of nodes and relationships, allowing words to be also represented separately from the sensory and
functional features of the concepts they refer to (egshinskaya & Caramazza, 2018he strength

of the links between entries in the network is dictated by two factors. The first fattteirispatie

temporal contingency, or statistical-oocurrence(Simmons, Hamann, Harenski, Hu, & Barsalou,
2008; Vigliocco,Meteyard, Andrews, & Kousta, 2009) as i n tHhefwemd appemr i
the word 6paperd, and the second facto(arahonsi :
& McClelland, 1991; Rogeret al., 2004)such as the color and use ofthewardgsa per 6 and 6
When it comes tthe question as to how the brain represents concepts in the first place, a very popular
view, common taseveral theoriesargues tha semantic knowledge groundedinto perception and

action. Our conceptual understanding would be thus dependent on the way our body interacts with
the environment and the brain areas processing that information, for which semantic knowledge
woul d be it s eaWifl bedesmbbdonbie & digiail in the following sections, there is
convergent evidence that shows how semamficesentationsollow a hierarchical organization

which is partially embodied. As such, this organizatcamtairs both distributed modality- and
attribue-specific systems and amodal singlocus systemsthat abstract knowledge from

combinations of featurdéeshinskaya & Caramazza, 2016; Patterson et al., 2007)



1.2 Evidence for categorgpecificity in semantic knowledge

The first cases of categoespecific semantic impairments were described by Warrington and
colleaguegWarrington, 1975; Warrington &lccathy, 1983; Warrington & Shallice, 1984Fome
patients werealisproportionally impairedat recognizingpictures representing animals and plants
when presented with their nandging an identification taskn contrasttheyperformed much better
when they were presented with names of fmate objects. Later reports of patients presenting the
reverse pattern, that isdeéproportionate recognition objectscompared t@nimals and plants (for
reviews, seé€apitani, Laiacona, Mahon, & Caramazza, 2003, and ThomPshbitl, 2003, led to
suggest living/nonliving distinctionin semantic representatis The correlation between the type
of semantic deficit and lesionddain areagWarrington, 1975; Warrington & Shallice, 198#)ith
damage to visual regions and motor regieasling, respectively, tdeficits for living and nodiving
things was later also observed in healthy individuaking imagingtechniques Martin and
colleagues, usingositron emission tomograpKyET), reported how naming animals activated brain
regionsassociated with visual processing, whereas for tlmlsto a greater activation in areas
associated with motor actiorsichasthe left premotor are@Martin, Haxby, Lalonde, Wiggs, &

Ungerleider, 1995; Martin, Wiggs, Ungerleider, & Haxby, 1996)

1.3 Categoryspecificityin social cognition

The idea of our knowledge about other people as also being represented by a distinct neural substrate
was first suggested by neuropsychological studies reporting patients with an inability to name and
recall more detailed information about otherwise faamipeople as a consequence of brain damage
(e.g., Miceli et al., 2000; Thomspn et al., 2004)The categonrgpecificity of conspecifics was made
evident not only byatients wih animpairment spang knowledge about the semantic categories of
objects or animals, but also by patients showing the reverse pattern i.e., an enp&mobjects

and animals with intact knowledge about pegflaslam & Sabah, 2013; Kay & Hanley, 2002;
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Lyons, Kay, Hargy, & Haslam, 2006; Thompson et al., 2QCRYumiatiand colleagueRumiati et

al., 2014)later also described patients with specific impairments in their knowledge about social
groups,revealing how impairments for conspecifics can also occursapeaordinatecategorical

level. In orderto better understand what makidne represeation of social categories uniquibe
following sections will providea description of the differentébries initially formulated to explain

the categonspecific deficitsfirst reported only among nesocial categories (for reviews, see
Capitani, Laiacona, Mahon, & Caramzaz 2003, and Thompseschill, 2003, their evolution, and

their explanation of the emergence of semantic deficits for conspecifics.

1.4 Theories osemantic memory

One of the first theoretical accounts on the emergence of the catgggmjic deficitsis the
sensory/functional theo§FT) first proposed by Warrington and Shallice (1984 theory holds
that categorical deficits emerge because amage tosystemsprocessing modalitgpecific
information, either sensory or functionain which living and nortliving things, respectivelyare
representedWith this interpretation, Warrington and Shallfast introduce theseeds for the later
theories ofembodiedcognition,wherebythe contents of semantic cognition are based on perception
and actione.g.,Barsalou, 201Q)an organizational principlalso found to emerge in computational

models of the conceptual semantic sys(earah & McClelland, 1991)

A different theory, thedomainspecific hypothesi$DSH; Caranazza & Shelton, 1998)
suggestinsteadthat distinct semantic categorigeprocessed by specific brain networks developed
as a result of evolutionary pressukéhough, as | will discuss later, the theory has since been updated
(Mahon & Caramazza, 2009 its original formulationsemantic categories emerged because their
unique survival relevance related to nutrition, escaping from predators or reprodéictiording to
this interpretation, any relatiship that a category has with a specific sensory or motor feature or

brain regon is only secondary to its pdetermined implementation. As the SFT, also the DSH
7



endorses to some extent the embodied view of semantic memory. Nevertheless, an emplasis is pu

on the greater independence of conceptual knowledge systems from sensomyfresto

1.4.1 Beyond the animate/inanimate distinction

Although sufficientin explaining the living/nodiving dissociatios initially reported both theSFT

and theDSH needed to beefined in order to accommodate later findings of patients with deificits
sub-categories withithe living/nonliving distinction.Within the living category, é&yond the deficits

for conspecifics (e.gMiceli et al., 2000)single casesdve been reportadlith selective deficitalso

for fruits/vegetables (Hart et.a1983 Samson & Pillon, 2003) and for animals (Blundo et al., 2006
Caramazza & Shelton, 1998). Such fimgs led to both a reformulation of the existing theories, but
also he formulation of new ones, each nowadagpyingdifferent degrees of suppottwill here
briefly describesome of the most accredited theories by dividing them according wathm which
embodiment is interprete@Meteyard, Cuadrado, Bahrami, & Vigliocco, 2012; tsyeard &
Vigliocco, 2008) Based on how the interaction between semantic septations and
perceptual / motor modal ities 1 s expactatiore(or, t he

secondary embodimenty totheé me d i a twieak entbod{meircategories.

1.4.2 Secondary activation theories

Secondaryactivation theoriesargue that semantic representations are not dependent on sensory
information and thus are amoddlhe link to sensorynotor content is present in the form of a
secondary activatiomeriving from the existent connections between an iedépnt semantic
system, and the sensory and motor syst@asiage to sensory/functional modules would thus result

in impoverished representations with minimal semantic impairn{sftateyard et al., 2012)



As a first thery of the kindthe hub-and-spokesnodel(Lambon Ralph, Jefferge Patterson,
& Rogers, 2016; Noonan, Jefferies, Visser, & Lambon Ralph, 2013; Patterson, Nestor, & Rogers,
2007; Rogers et al., 2004)ent beyond the initial binary sensory/functional distinctigrhblding
that the process by which conceptual repregems are formed consists of an interplay between a
central amodal module (tie h § dnd several, modalitgpecific areasd( s p 9.kAecsrdingly, the
modality-specific information of thepokesvould be abstracted away by theb, rendering it purely
symbolic.Whereas damage to theh located in the anterior temporal lobes (ATL), would result in
semantic impairments across categories, as observed in semantic dementia patieleffdaas,
Patterson, Jones, & Lambon Ralph, 200@mage to modalitgpecific areas would impair the
processing of knowledge features related to sound, praxis, function, visiem;e; and mental
lexicon. Thus, damage the praxisspokewould in turn impair the knowledge of a specific semantic
category mostly relying on that knowledge. Hostance lesiors to the temporeparietal area,
involved in the processing of praxislaied nformation,have been found tiead to an impairment
of the semantic representation of nraade toolsfor which theirmost relevant semantic feature

relates mainly to their use (e.8yxbaum & Saffran, 2002)

Another secondary activation theotke distributed domairspecific hypothesi@istributed
DSH; Mahon & Caramazza, 2009pldsthat semantic content is distributed across several regions
and interacts with sensory and motor information via-admtrary connections. Like theub-and
spokesmodel, the distributed DSH also explanhe number of properties relevant for conceptual
knowledge to include sensory processes, motor action and emotional responses. As in the original
formulation of the theory, an organization into dorrsprecific networks would be the result of
evolutionay pressure, and all semantic knowledge would be represented in an amodal, abstract
manner. The representation of each concept would produce an activation of sensory/motor
information, but this would only be secondary toTihus,areas processing semanti¢ormation

would only connect tgensory/functional brain regionsithout overlapping



1.4.3 Mediation theories

Unlike secondanactivationtheories, thé&ey assumption of mediatidheories is that sensory/motor
information constitutes at least parttbé sematic representations. Rather than being the result of a
secondary activatiorthe activity in modality/specific cortical areas,dthus their content, plays a

key role in coneptual representations. Furthermore, the integration of single features within a
modality would take place nearby those areas, as for the combination of features across modalities,
according to a principle of spatial proximity. The explanatbiteracton effects between word
processing and perception/action is to be found in aatiediprocess by areas adjacent to primary
sensory and motor areas, and presenting reciprocal conngdfieteyard et al., 2012)n thisway

the activation of semantic content and the processing in primary areas evenpletely independent,

and the strength of the reciprocal influence depends on the characteristics of the connections, but also
on the task demands, which could make s@mesory/motor features more sali¢ghan others

(Simmons & Barsalou, 2003)

One of such theories is the Convergence Zone (CZ) theory first proposed by Damasio
(Damasio, 1989and later extended by Simmons and BarsdBunmons & Barsalou2003)
Accordindy, higherorder CZs present in association cortices respond to patterns of activation in
adjacent sensory/motor cortices, which themselves respond to itywsgedcific features.
Convergence zones would thus be part of a hierarchicabm&uorganization, going from neurons
responding to simple features (egygycolor) to combinations of features (e.g., visual input deriving
from the sight of @reydog,including its shape and motion), defineccasjunctive neurondJnlike
the orighal theorization of Damasio, which argued that CZs act as a bidirectional bridge that
reinstates patterns of activity across the neuronal hierarchy, Simmons and Bégsalmons &
Barsalou, 2003proposed CZs to have a representational capacity on their own. This means that
damage to simpler CZs would not lead to impaired represerdggiraturecombinations arstored

10



in higherorder CZs. The authors also add to the thed®ynalarity in Topography (SIT) principle,

which predicts that the distance between two neurons in a convergence zone would be inversely
proportional to the similarityof the features they associate. Rostance in a visual CZ, the
conjunctive neurons rpsnding to human faces would be located closer together to those that respond

to faces of other mammals, as opposed to chairs.

Thegrounding representation in percem, action and emotio(GRAPES) model proposed
by Martin (Martin, 2016)is another instance ahediation theories. The modektends the original
sensory/functional theorgnd differemiates itself from the CZ theory by suggesting that semantic
memory is organized according to the properties of concepts, rather than according to sensory
modalities.In turn, the property acquisition modality would not define the location of its neural
substrate, which would therefore be biologicallypletermined. This proposal was driven by studies
on the similarities between typically developing individuals andividuals with congenital
modality-specific deficits. For example, in congenitally blintividuals (Amedi, Raz, Azulay,
Malach, & Zohary, 201Q)he recognition of an objebased on tactile information, deriving from its
neverbeforeseen shape, would rely on the same areas recruited in the typically developing for
processing shape imfmation, and partially overlapping with visual shape processing areas in the
ventral ocqgpital stream(Amedi, Jacobson, Hendler, Malach, & Zohary, 2002)ese areas str
information about object propertiesdpartially overlap with the sensemotor regions allowing to
experiencehemin a specific modality. Nevertheless, as it would be #s=dor hearing the sound of
an engine or reading t he ewsnalglopertiesaofacar can beeeadilyn f o |
accessed from different input modaliti@dthough the representation of a concept can involve several
areas, each dealingth a different type of property, the relevance of a property in the representation
varies from one category to another, and this relative distribution is also continuously updated through

learning.
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1.5 Social group representations and thigective features hypothesis

While the link between the category of tools and the processing of praxisdrasxtensively studied
(e.g.,Martin, 2016) it remains © be fully understood whickind of featuresare more relevant for
processingsocial categories. In reporting cases of patients iragair processingsocial group,
Rumiatiand colleaguefRumiati et al., 2014highlightedthe importance of distguishingbetween
personspecific andgroup categorical knowledge in the semantic domalhis distinction is
particularly important when drawing conclusions on the processing of conspecifics based on
comparisons with other categaief knowledge. Accordingly, any difference emerging from the
comparison of persespecific knowledge with knowledgabout animals and objectaould be
confounded by the required level of analygis an examplewhile Ronald Reagan is a unique
individual with very specific characteristics and only one individual will be identified as such, all
chairs of any shape analor will always be considered as chairs. While we can discuss what all
chdrs have in common, that is, that they are supposed to be se cannot talk in the same terms
about Ronal Reagan for obvious reasons. On the contrary, despite differencais imdthidual
identities, all policemen will be considerashaving the common social function. The idea that these
two levels of analysialso imply different neural substrate also made evident by studies showing

a greater efficiency dfocialcate@rical knowledge extraction from faces relative to perspecific
knowledge(Cloutier, Maon, & Macrae, 2005; Mason & Macrae, 200dnd also by evidence of
subordinate (instanespecific) knowledge beag generally more impaired than that for supetinate
(categorical) concepts in neurodegenerative diseases such as semantic d&atetson eal.,

2006; Rogers, Patterson, Jefferies, & Lambon Ralph, 2015)

The first reports of neurological patientsth impairments in recognizing social groups
(Rumiati et al., 2014andthe ceoccurrenceof lesions in brain areas commonly linked to affective
processesncluding the amygdala and the ins(ffaretti et al., 2015)together with the presence of

affective deficitCarnaghi, Silveri, & Rumiati, 2015led to suggest that social gragpresentations

12



may rely to a greater extent on their affective feat(fPagtti et al., 2015)Unlike objects, people are
agents, that is, they originate action that can direciéctithe individual. Humans therefore focus on
knowi ng ot her peopl e 6 whoserxXpected consequenoasidderve assap 0 s |
useful source of informatiorNeuroimaging studies identified affect processing brain areas which
selectively repond to social, as opposed to nonsocial stimuli, as well as areas, such as the amygdala,
that show additive effects of a pictora e mot i on al (Norgs, Ghe,ZhusSmalli & | i t vy

Cacioppo, 2004)

The above theories also contain hints linking affective features to the representation of
congecifics.In thehub-and-spokesnode| the authors suggested that impairments in the processing
of conspecifics may derive fromlamage to cortical areas involved in the processing of affective
features. This processing of valence, as they defined it, wimilchrriedout by the orbitofrontal
cortex, which is connected to subregions of the Atibvia the uncinate fasciculysambon Ralph
et al., 2016)However, the authors also pointed to theklaf empiri@al evidence in understanding

how affective knowledge interacts with knowledge about conspecifics.

In one of its latest formulations, thistributed domairspecific hypothesialso suggests the
presence of an integration of affective inforroatespeciallywhen representing conspecifics, which
would be less evolutionarily relevafdr tools. As one of the neural correlates of this integration
process, the theory pointsttee fusiform face areavhich wouldselectively respond to facbky virtue
of its conrectivity with several regions implied in extracting socially relevant information from

stimuli, among whiclthe amygdalgMahon & Caramazza, 2011)

The link between affect and social cognition is also made explicttlhgr theoms. For
example, in theiconceptual topography theqr$§immons and Barsalou also includeeanotional
processing modalitfSimmons & Barsalou, 2003)Accordingly, emotional CZs would contain
conjunctive neurons integrating information coming from different modaltiegh, based on

previous studies, might be located in the orbitofrontal cortex and in the right somatosensory cortex.
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While the former is hypothesized iotegrate erational and conceptual informatidand is also
highlighted by théhub-and-spokesmodel) the latter would bind emotional features from different
sources, and has been indicated to be particularly relevant for decoding information from facial

expressions and bodily postures.

Lastly, in hisGRAPEStheory, Martin proposes emotion to be a conceptual property relevant
for social knowledge, and that such seemotional knowledge is processed by a circuitry of regions
for processing biological motio(superior temporal sulcus) and emotion (amygdala). Nevertheless,
the authoralsorecognizes the need for further studies to clarify the roles of frontal and anterior

temporal cortices in our social knowled@#artin, 2016)

1.6 Affective features hypothesis and abstract concepts

Given the lack of causal evidertbatour knowledge about social groupsharacterized bggreater
reliance on affective featuresither by secondary activation by mediation my thesiswill be
dedicated tdhe investigation ofiow the processing of affective information intesagith semantic

knowledge, and whetherighinteraction presents some unique properties when representing social

groups.

Regardless of the semantic category, the contribution of affective information to conceptual
knowledge has so far mostly been linked to the representation of abstract wesks wiinds, such
as fAhonor o, as opposed to fAknight o, rel ate t
perceive and act upon (Kousta, Vigliocco, Vinson, Andrews, & Del Campo, 2011; Vigliocco,
Meteyard, Andrews, & Kousta, 2009s for thehypahesis of a greater reliance on affective features
put forward about social categories, it has been suggested that abstract concepts may be grounded ir
affective states, or that, among the several features contributing to their representatioragsfact p

predominant role (Vigliocco et al., 2014¥hile the reason for such groundihgs been attributed to
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the lack of external perceptual features of abstract concepts (Barsalou & Vastergs, 2005),

this explanatiomloes not apply to social categs,or at least not to the same exténtleed jt would

be hard tdully attribute an increased reliance on affective features to an increased abstractness of
social groups. Although thesenceptscould be considered as relatively more abstract thagcobj
concepts, concepmuchasd pol i cemané do possess a iocludmgi nat i
visual (e.g., wearing a uniform) and motor features (i.e., bipedal m&agpeo, Wurm, Oosterhof, &
Caramazza, 201,/thatconcepts likdéi g r a@ rotgpossesEor these reasons, the greater weafh

affective features will mostly be attributed to the occurrence of exclusively social emotional processes

like mentalization and empathy.

2. Affective semantic knowledge

2.1 Affective features isemantic cognition

From an evolutionary perspective, the apilio performfast evaluations is of utter importance to
respond quickly to stimuli in the environment. TaAigomatic procesalows us to determine whether
whatever we encounter is potentidiigrmlessbeneficial or dangerous (Cacioppo & Berntson, 1999)
Thus, & the most basic level, evaluative procegs®siuce a positive or negative affective response

to determinavhether something is good or bad foywkich not onlyguides our immediate behavjor

but stores the affective association in memfmy it to be retrieved in assecondmoment. The
immediate response and its recollection from meraoeynot processedndexperienced ithe same
mannerFor example, eating a candyll be associated with a pleasant experience. The concept of a
candy elicied by rading the word will also be linked to something pleasant. In both cases, positive
valence information is being processed, nonetheless these take place at different levels of processing
In his hierarchical emotion theory, Panks@panksepp, 1992012)argues that there are three levels

at which affective processing can occur. The first level comprises positive or negative response

elicited by a direct experience with an objéelg., eating a candy)he second level is related to
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Pavlovian larning (e.g., anticipating the positive experience of eating a candy at the sight of the
candy) the thirdlevel processing would coincidéth the longterm memory association, which can

be recollected even in the absence of a stimulus (e.g., readingotlred d g 6 amand knowi n.
is associated with a pleasant experien&®me authors make an even simpler distinction between
the terms oaffective valenced and Osemantic
emotional response, and thadatrefering to the semantic knowledge about valefitess, Kimchi,

Haj-Ali, Shapiro, & Kron, 2017)Valenceis alsoaddressedy several theoriesn emotion that
consider affect as a core component from which discrete emotional exesride happiness, fear,

and anger are derivgikuhlmann, Hofmann, & Jacobs, 201T) turn, even if emotions are ner
complex than affective reactions, on which they are built, the two terms are often used
interchangeably. As in the present thesis this will also be the case, the terms will always refer to the

basic positive/negative distinction just described.

When it ®mes to vkich brain regions support positive and negative valence procgssing
contrasting theorieargued about the twealence as beingorocessed by the same neural substrate
(e.g.,Carroll, Yik, Russell, & Barrett, 1999; Reell & Carroll, 1999) or abouttherebeingdistinct
neural substrates processing positive and negative affective inforrf@tio)Cacioppo, Gardner, &
Berntson, 1999)More recenmetaanalyticstudies present support for both theories sughest the
presence of an interplay between valegeaeral and valenegpecific regiongCacioppo, Gardner,

& Berntson, 1999or a review sekindquist et al., 2016)The presence of an even partially separable
neuralnetwork for affective processing makes the study of affective processing increasingly complex.
The possibiliy of positive and negative valence being processed separately also imply the possibility
that the same stimulus can be associated with both mositist negative affect, whose immediate
relevance is context and gatgpendenfMan, Nohlen, Melo, & Cunningham, 201An example of
thsan be the concept of O6exercisingé, linked t

separateapresentations of positive and affect for the same concept, it has been suggested that the
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more dominant association will influence early, automatialuative processes regardless of task
demands, whereas later processing may involve adjusting the affeative association with a
conflicting one, and thus elicit greater reflective processing driven by contextual information and task
demands(Cunningham, Raye, & Johnson, 2004; Cunningh@&anZelazo, 2007) As affective
responses are highly subjective, if different brain areas are involvesl pmdbessing of negative and
positive affect, this means that the processing of the same stimulus by two individuals may not always

involve the sam neural substrate, a factor that needs to be taken into account.

Either i n Plevllpweassipgd si nt htihred conc ept affecive 6 af f
theories converge with the previously outlined semantic theories suggesting valence (or, more
generally, affect and emotion) to constitute a distinct feature of semantic representations (e.g.,
Lambon Ralph et al., 2016; Mahon & Caramazza, 2011; Martin, 2016; Simmons & Barsalou, 2003)
Although related to semaatknowledge affective knowledgédnas been shown to possessat least
a partiallydistinct neural substrgtéeading to different behavioral outcomé&sr instance, whereas
semantic information (i.e., nonaffective) would drive instrumental-gwattedbehaviors in frontal
brain regions, affective information has been argued to directly drive behaviors o&ep@mnd
avoidance with the contribution of the amygdg@anodio & Ratner, 2011)Other stdies also show
how the areas involved in affective and radfective processing in general are highly anatomically
interconnected and communicatirgciprocally(Ghashghaei & Barbas, 2002yhich allows for a
study of their interaction and their interdependeifose think of features athe building blocks of
semantic re@sentations, it may seem straightforward to assumehbisiperception precedes the
full consciousconceptual represtation Identifying an object involves first processing its single
physical properties, like its color and shapewever, affective faares can only be extracted after
the perceptual encoding, and thvel differ from individual to individual.One carthen ask whether
it is possible taliscern betweenalenceas beingstored in memoryather than being derived from

posthoc evaluatia (Lebrecht, Bar, Barrett, & Tarr, 201,28ven though a pasioc evalation may
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also be based on a memory storage, although accessed in a more controlled @ueomiegham &

Zelazo,2007)

2.2 Affective featues in priming studies

A first empirical indication of how affect can be conceived as a conceptual property is given by

studies showing thmfluence of preactivatingaffective valence processimmg semantic accesé\s

previously sated, the strength of the associations within the semantic rietsvalso determined by

the features shared by two concepts. Semantic priming paradigms have been extensively used to

measure these associations also by means of spreading of activatadtn¢othd be derived from the

processing of common specificfeaus (e. g., the word O6strawberry

referring to something red, sweet and edilfl@llins & Loftus, 1975; Neely, 2012)Affective
priming, as a special case of semantic primisgconsidered to be a demonstration that affective
features are also representatior@istituentyStorbeck & Robinson, 2004As such, these features
were absent in initial semantic representation theddeay. Warrington & Shallice, 1984 Affective
priming refers to the process by which the representation of a concept is tedtilita the prior
processing of affectively congruemformation, like a word, Wwich is considered to activate a
valenceprocessing node in the netwofRe Houwer, Hermans, Rothermund, & Wentura, 2002;
Fazio, Jackson, Dunton, & Williams, 1995; Fazio, Sanbonmatsu, IP@&v&ardes, 1986) For
example, people are on average faster at identifgingposi ti ve word such
immediately preceded positive wordlike @ | u, ssshopposed ta more negativevord asnifed .
Moreover, this facilitationonly obtainedwith shorterprime-target delaygfor a review, se&lauer

& Musch, 2003)is considered to bexdependentf any non-affectiveassociation between the prime
words and the tar¢g®e Rather, itis thought to depend on automagicocessingof the congruent

affective featureghat the prime concept activatéd3e Houwer et al., 2002; Spruyt, Houwer, &

Hermans, 2009)These affective prim&arget relationships can in some cases have an even greater
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influence comparetb nonaffective relationships. This is the case of when affective featurasdee
salient via task demands, like explicitly asking to focus on the affective content of a o@gept
Bargh, Chaiken, Goveler, & Pratto, 1992; Bargh, Chaiken, Raymond, & Hymes, 1996; Klinger,

Burton, & Pitts, 2000; Storbeck & Robinson, 2004)

2.3 Theneural correlates of affectiieaturesprocessing

At the neurophysiological level, everglated potential (ERP) studies indeedhat the mechanisms
behind affective priming are similar to those of semantic priminguggestetby the elicitation of a
commonN400 effect(Yao & Wang, 2014but see alsdlerring, Taylor, White, & Crites, 2011)f

we consideraffective informationas a type of semantic feature, this should not be surprising.
Nevertheless, neuroimaginstudies show the presence of both common and distinct networks
implementing the two processes. In a study by Liu and colleg¢ludsu, Hu, Peng, Yang, & Li,
2010) the leftmiddle frontal gyrus MITG)/superior tempal gyrus §TG) have been found to be
active in both types of priming, activity in the l@&fferior frontal gyrus IFG) and in tle STG was
specific to semantic priming, and the Iefsiform gyrus FG) and insula were involved in affective
priming. The common activation in the temporal cortex is in line with semantic theories indicating
the area as supporting amodal conceptual gemg(Lambon Ralph et al., 201,6)hile the left IFG

has been regatedly shown to be involved in semantic memory retrieval and sel¢btass et al.,
2005) The FG also finds an association with sertni@processes in other studies, both for positive
and negative affective informatighuo et al., 2004)whereas the insula is more commonly associated
with subjective emotional respons@snodio, 2014) but presents variations when it comes to the
valence being processedith the left part responding more strongly to negative than to positive

stimuli (Lindquist et al., 2016)

Several of the areas involved in affective and nonaffective semantic priming are also active

when processing emotional information in social stimuli. For example, activity in thedataylias
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also been associated with both positive and negative socsl, dike those concerning social group
membership of individual faces, and has thus been proposed to support the processing of social threat
and social rewar¢Amodio, 2014) The anterior insulé found tosuppot the subjective experience

of negative affect also when processing social stimuiile the area involved in mentalizing and
perspective taking, the mial prefrontal cortex (mMPFC) more broadly, may be engaged more strongly
towards ingroup (positive valence) than outgroup (negative valence) mei@ibest, Swencionis,

& Amodio, 2012) This latter region, receiving projectioftdm the amygdala and insules also
thought tosupport the integration @feneralaffective processesvith processesuch asnentalizing
andempathy Such use of affective information for processes which are unique to social encounters,
like mentalizing and empathy, does provide an initial indication of how affective infornmataaad

to social stimuli may undergo distinct processes whichaddake place when representing nonsocial

concepts.

2.4 Affective features as attitudes

In absence of persespecific information, when it comes to evaluative judgments of other
individuals, he main driving factor stems from the affective knowledge we haveat the social
group we associate that individual with. In thecial psychological literaturehis knowledge is
defined as aattitude,and it isconceptualizd asa subjective evaluatiorepresented in memotiat
determines our positive or negativispbsition towards other$azio et al., 1995,986; Greenwald

& Banaji, 1995) The combined effesbf categoizationand evaluatiomakes it possible fattitudes

to influence novelkocialencountersas how people feel about a social group is generalized to all
individuals identified as its memiz In turn, it could be argued that the most salient valence
information about individuals comes from their social groups. This affective trace in semantic
memory does not necessarily require a prior interaction with the members of a social group. The
information simply acquireffom our social environmer{Hilton & von Hippel, 1996) from our
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parentqCastelli, Zogmaister, & Tomelleri, 2008nhd through mass mediaukachinsky, Mastro, &
Yarchi, 2015)s enough for attitudes to loeeated Based on thdataconveyedy different sources

we start to link a social group with an affectexealuation. Butvhereas in social psychology the main
Gttitude objectSof interest are represented by peofeycan also consist of any n@ocial entity,

such as places, objects, or even abstract condeptdich several of the same processes aply
unanswerd question is the extent to which the attitude towardemifft categories of concepts, as

part of our knowledge about them, contributes to their representation, and whether such affective

knowledge plays a special role when social groups are compatredasisocial categories.

3. Introduction to the studies

In thefollowing chapters | will present three experiments designed to stomhywe processocial

and nonrsocial categorieand the role oaffectivesemantianformation To achieve this aim, | will
enmploy transcranial brain stimulation and neurophysiologicatordings during semantic
categorization and evaluation tasksparticular] will compae social groups and objects of different
types both on the positive and the negative side of the vakpemrumAs the extent of embodiment

in semantics is still under debate, | will attempt to accommodate my findings within the multiple
semantic modelshat argue foran affective processing modalitps this modality represents a
meeting point between s@antic andaffective theories, its mechanisms are expected to follow those
of what the latter theories describedsamantic affectThe affective semantic componemitl thus

be treated as having two dimensions, a positive and a negative one, eachtegbnesdisinct

valencespecific areas at the level of the corfeindquist et al., 2016)

In Study 11 will focus on the contribution of a frontal cortical arethe left inferior frontal
gyrus- foundto be invovedin processing negative affective respongensinger & Schacter, 2006)
and damaged in patients showing sematgitcits fa social groupgPiretti et al., 2015)Theaim of

the study was to assess whettiee stimulationof this areawould affect to a greater extent the
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categorization of names of social grouphich are generallyevaluated as more negative in
comparisorto more positively evaluated social groups, amddnsocial categories overalh Study

2, while recording the correspondingeurophysiologicalkignatures via electroencephalography
(EEG), I will require participants to focus on the affectoantent of he same types of stimuli in
order to provide arevaluative response during an affective priming paradigiere too, the
comparison betweegocial and nossocial categories will involve the affective dimension, evahgat
whether thebrain response to posie and negative information changes basedhansemantic
category from which it iderived and on the affective congruency with prime wdrdStudy 3l will
apply multivariate pattern analyses (MVPA) BRG datato measure theemporal dynamicsf the
brain in processingthe affective content of s@l and nomsocial stimuli In this study | will
manipulate the modality of presentation of the stimuli, allowing to measure the activity of a cross

modal neural substrate for processing affective knowletigeaial groups
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CHAPTER 2
Study 1: The Contribution of the Left Inferior Frontal

Gyrus in Affective Processingof Social Groups

This chapter is a modified version of the following paper: Suran, T., Rumiati, R. I., & Piretti, L.
(2019).The contribution of the left inferior frontal gyrus in affe@igrocessing of social groups,

Cognitive Neuroscience, 10:486195, DOI: 10.1080/17588928.2019.1593127

Abstract

We investigated the contribution of thars opercularif the left inferior frontal gyrus (LIFGop) in
representing knowledge about sociabgps. We asked healthy individuals to categorize words
preceded by semantically congruent or incongruent primds stmulating the LIFGop. Previous
studies showing an involvement of the LIFGop both in processing social stimuli and negative valence
words led us to predict that its stimulation would affect responses to negative social category words.
Compared to thé&/ertex as control site, the stimulation of the LIFGop increased the speed of
categorization of negative social groups, and disrupted thenserpaming effect for negative words
overall. Within the framework of recent theories of semantic memory, wes dhgt the present
results provide initial evidence of the representation of social groups being characterized by affective

properties, whosprocessing is supported by the LIFGop.

1. Introduction
The study of neur ol ogi c abiltegs alows ghlightidg the undenying i v e

neural systems. Thus, brain damage has been shown to selectively and severely impair tbg ability
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individuals to name and recall detailed information about otherwise familiar people, leaving their
semantic knovedge about objects or animals intgeg., Miceli et al., 2000; Thompsohad., 2004)

or it can produce the reverse pattern, that is, impaired recognition of objects and animals with intact
knowledge about pets (Haslam & Sabah, 2013; Ka§ Hanley, 2002; Lyons, Kay, Hanley, &
Haslam, 2006; Thompson et al., 200%hese dissociations argue in favor of distinct brain systems
for processing conspecifics and other1soicial stimuli.However, he theories formulated to explain

the categonspecific deficits initially reported only among nencial categories have been a little
silent on how concepts about conspecifics mighepeasented (for reviewseeCapitani, Laiacona,
Mahon, & Caramaza, 2003; Caramazza, Anzellotti, Strnad, & Lingn2014; Thompsocschill,

2003)

Extantneur opsychol ogi cal r e s e f@iture o ndmee/secognibeo w n
famous peoplesuch asRonald ReagaiiMiceli et al., 2000; Thompson et al., 2004)selectively
limited tothe individual identitieswhile their ability to recognznonsocial entitiesemains intact
Neverthelss the level of the information required for the successful recognitiomdi¥idual
conspecificgnight be intrinsically different frorthe onaequired for recognizing nesocial entities.
Recently, Rumiat Piretti and colleagues reported that sqoagents were selectively impaired at
recognizing conspecifioshen presented a®cial groupge.g.,doctors Piretti et al., 2015; Rumiati,
Carnaghi, Improta, Diez, & Silveri, 2014)his deficit is argued to originate at the semantic level as
it has been observed when either sorting nanfie®cial groupgRumiati et al., 204) or naming
images depicting ther(Piretti et al., 20%). In the latter studyusing voxelbasel lesiorsymptom
mapping (VLSM),Piretti et al. (20158ocumentedumor patientswith lesionsin regions associated
also with affective processes suchrasila, amygdala, basal ganglia, and inferior frontal gywh®
were impaired abtaming photographd socialgroups This association between damage to affective
processing areas and recognition defiot®Ilving socialgroupded us to hypothesize thaticcessful

recognition of such social categorieaydependn an intact ability to process affectiméormation.
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As the recognition of living and neliving things primarily weigks on sensory and functional
propertiegespectivelywe hypothesized thaécognition of sociajroupsmightrequire a privileged
aceess to affective propertidsdeed compaed with patients without the deficit and healthy controls,
patients with dementia and semantic deficits for sogralipsexpressed less extreme affective
evaluations for both positive and negative social graupsffect that is known a&mnotional blunhg

(Carnaghi et al., 2015)

Fromatheoretical perspectivBarsalou and colleagues proposed thatdatiteon to the other
sensory modalities, a model of conceptual knowledge should also irstugl@otion modalityhat
is relevant forprocessingthe affective properties of conceptual representati@simons and
Barsaloy 2003 Barsaloy2008. In their view, the internaffecive states represent a component of
knowledge that is as important as théernalperceptuakxperienceprocessed by other modalities
(Barsaloy2008. Thus,the patient8deficit at recognizing social groupR@miatiet al.,2014 Piretti
et al, 2015)can be interpreted as being due to degradfattive propertiesthatplay a prominent
role in their represerdtion Martin (2016)too suggested thdhe affective propertiesrestored in
emotional systems, with affective information being a salient component of social coraepts.
emotion modality is also present ihe hub-and-spokesmodel proposed byLambonRalph and
collaborators(Lambon Ralph, Jefferies, Patterson, & Rogers, 2016; Noonan, Jefferies, Visser, &
Lambon Ralph, 2013; Patterson, Nestor, & Rogers, 2007; Rogers et al.w2@ddhythe conceptual
representationsesult from integratingseveral, modalityspecific arear spokesi that process
information related to sound, praxis, function, vision, valence, and verbal desciiptioch in turn
feed a central modalityndependent module (thé h . bnéerestingly the nodel predids that
impairmentsnvolving the representation of conspecifics may derive from damage to cortical areas

thatprocessrzalence(Lambon Ralph et al., 2016)

As to the neural correlates, tpars opercularisof the left inferior frontal gyrus (LIFGop)

singled out by Pirettet al (2015) is one of the candidabesvhich the affective processing of social
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groups may take place. This area has also been found across several neuroimaging studies. First, the
LIFGop is specifically involved in the semantic representation of famgeople when individual
identities ae categorized based on their profession at the level of social (Zbedid et al., 2016)
Additionally, the LIFGop is one of the joint regions being active when healthy subjects read sentences
describingbehaviors of both individuals and s$aicgroups (Van der Cruyssen, Heleven, Ma,

Vandekerckhove, & Van Overwalle, 2014)

As to the involvement in the processing of affective information related to conspetifics, t
LIFGop has been assocet with bothemotional empathic respses(ShamayTsoor, Aharon
Peretz, & Perry, 2009andin processing emotional facial expressi@Dscety & Chaminade, 2003)
Moreover, aghe LIFGopis alsopar t o f Brocabs area, | tingpaird a ma g
linguistic processes linked to affect. Thus damage to this region intipairstreval of the names of
the emotionsonweyed byfacial expressionfAdolphs, Damasio, Tranel, Cooper, &dasio, 2000)
while neuroimagingtechniques repeatedly highlighted a link betwéd#rGop and theaffective
processingf words with a negative valendeor instancethe cortical activityin thisarea increase
more when participantgudge the animacyof wordswith negative valencéhan positive valence
(Kensinger & Schacter2006; but see also Leclerc & Kensinger, 201Additionally, a greater
LIFGop activation to negativihanneutral or positivavords has been recordadworking memory
taskswith emotional word distractor&arciaPacios, Garcés, del Rio, & Maestu, 2018st, the
area is increasingly activated when jgabs read sentences about negative social groups or an
individual with a negative trait performing a negative behavior, coaag@ when positive behaviors
are performed by positive social groups or individ&ian der Cruyssert al., 2014)In sum, the
reviewed evidencesuggests a key rolef the LIFGop in both lexical and affective processing
involving conspecifics. Based dhe hypothesis that the representation of sapialipsrelies on

processing affective informatioand that thé.IFGop supportdo a greater externhe processing of
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negative words, e areamightin turnbe expected teupporthe representation of socgoupswith

a negative valence.

In the present study weppled transcranial magnetic stimulati (TMS) over the LIFGop
when healthy participants performadsemantic primingask.In fact, here is a consensus that the
contibution of an area to a categespecific representation can be establishedyylying TMS
duringa semantic primingask(eg., Cattaneo, DevlinSalvini, Vecchi, & Silvanto, 2010; Fuggetta,
Rizzo, Pobric, Lavidor, & Walsh, 2009)he stimulationby influendng theactivity of an aredased
on the initial state of activatiorshould induce the same facilitatory effects in categorizing a
unprimedtarget as ifit was preceded by a congruent prif@attaneo, Rota, Vecchi, & Silvanto,
2008) Consistentlywe expeted asmallerpriming effect for sociagroupsthan forobjectswhen
stimulating the LIFGopwith no significant differences iRTs betweertongruent and incongruent
trials containing gcial group targets. More specifically, this reduced difference shesldt from
the categorization of social groups in incongruent trials targets becoming faster when stimulating the
LIFGop relative to a control sitéeaving the responses in congruéngls unaffected Given the
previously established link between thE-Gop and the processing of negative valence stimuli, we
additionally expected to record stronger or unique effects for social group words associated with a

more negative valence.

2. Method

2.1 Participants

Twenty participants (10 females, age rangei 28 yeas) took part to the study fa monetary
compensation. The inclusion criteria consisted in the absence of common contraindications to TMS
(Rossi, Hallett, Rossini, & Pasctiabéone, 2009, 2011speaking Italian as first language and-self
reported righthandedness. This study pvobl was approved and cadieut in accordance with the
recommendations of the local Ethics Committee (2793/10), and in accordance with the Declaration

of Helsinki. All subjects gave written informed consent prior to participating.
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2.2 Materials

Stimuli wereselected from a dataset afSlItalian plural related nouns of Objects (echiavi[keys])

and Social groups (e.gtudentistudents]). Ratings were collected from a sample of 14 participants,

and were based on familiarity, imageability, and valenbe. fool of selected stimutonsisted of

30 nouns of Social groups and 30 nounsObfects(see Appendix 1)The two categories were
matched on word length(58) = 1.00p = .34, familiarityt(58) = 1.53p = .40, imageabilityt(58) =

-1.92,p = .06, andvalencet(58) = 1.00,p = .32. Additionally, each category was divided into two
subsamples of equal size based on their valence. Within each category, Positive (e.g., modelle
[female models], gioiell{jewels]) and Negative words (e.g., alcolificoholics] pistole [guns])
werematched based on lengtactial Group28) = 1.19p = .24;tonject{28) =.34,p = .74), familiarity
(tsocial_Group§28) = 1.33p = .19;tonject{28) =.46,p = .64), and imageability €social_croup28) =-.11,p

= .91;tonject{28) = .43,p = .67), butdiffered significantly in their valencéstcia_croup§28) = 9.48p
<.001;tobjectd28)=11.22p< . 001; see Table 1). The words OF
(objecs) were used as primes, with the former being treated as semantically congr8eutat

groups, and the latter to Objects. Primes and targets were always presented in uppercase and
lowercase, respectively, to make it easier for participants to distimgatsveen the two and reduce

the likelihood of erroneously responding to the @sm

Category Valence Imageability Familiarity Length
ial
Socng . 6.23 (.46) 7.03 (.42) 6.50 (1.12) 7.93 (1.79)
positive
Object 6.06 (.48 7.36 (.83 5.90(1.33 7.20 (1.47
positive .06 (.48) .36 (.83) .90(1.33) .20 (1.47)
Social 3.98 (.80 7.04 (.38 5.99 (.96 7.13 (1.89
negative .98 (.80) .04 (.38) .99 (.96) .13 (1.89)
Objed
h 3.45 (.76) 7.25 (.42) 5.69(1.08)  7.00 (1.77)
negative

Table 1.Mean valence, imageability, and familiarity on a scale from 0 to 7 (0 = extremely low; 9 = extremely

high) and average word length for each word category. Standard deviations repihitegaventheses.
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To assess whether there were significant differefetween each target Category/Valence
group in terms of their semantic relationship with the primes, we employed the Italian version of the

snaut open online software h{tp://meshugga.ugent.be/sthdalian-2/; Mandera, Keuleers, &

Brysbaert, 20170 extract their respective semantic distes, calculated based on word co
occurrences in large text corpora. An ANOVA on the resulting values using Category and Valence
as between factors and Congruence as within factor revealed only a significaneffeainof
CongruencdF(1, 56) = 45.73p < .00, — = .45, characterized by a lower semantic distance for
Congruent i1 = .79,SD = .10), relative to Incongruent primel € .92, SD = .08), with all other

effects being nonsignificant (g > .35).

2.3 Transcranial Magnetic t8nulation

Threedimensional MRI data of each subjectwerece gi st ered to the volunt
a navigational template for the positioning of the TMS coil. The positioning was conducted with the
Brainsight software (version 2.1.5; Rogue &esh, Monteal Canada) connected to a Polaris Vicra
Optical Tracking System (Polaris, Northern Di
position with respect to the head using a stereotactic camera, which senses both the coil and the
reflectorslocé¢d on a strap tied to the subjectds hea
reconstruction based on ma@patomical landmarks (nasion, inion, lateral canthi, and tragi), and the
locations of the induced field and stimulation spe¢se dispayed on the MRI data. LIFGop location

was based on the findja of Piretti and colleagues (2015) through MNI coordinates-@8,y = 1,

z = 15), whereas Vertex location was set manually as the midpoint between nasion and inion and

between théragi.

Pairedpulse TMS was delivered via two 2002 units connected to a 70 mm-fifnaight coll
through a BiStimmodule (Magstim Company, Whitland, UK). During the experiment, the coil was

held by a mechanical arm. For the LIFGop, the coil was orienthdan agle of approximately 45°
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from the nasionnion line with the handle pointing inwards. For the Vertex, the coil was oriented
tangentially to the scalp and perpendicular to the sagittal plane. The two pulses were separated by a
100 ms interval (1®z), heldto induce an inhibition of cortical activity (as iBhen, Wassermann,

Canos, & Hallett, 1997; Oshio et al., 201t see als®pie, Riddng, & Semmler, 2015; Shirota,

Sommer, & Paulus, 201,6and delivered approximately every 6 seconds.

2.4 Procedure

Prior to positioning the coil, each participa
determination of the RMT was cducted viaobserved movement motor threshold estimagonl-

MT; Pridmore, Fenandes Filho, Nahas, Liberatos, & George, 1988jined as the percentage of

total machine output (PTMO) of singfmilse stimulation over the left primary motor cortex (M1; ~5

cm lateral from the Vertex) that evoked 5 out of 10 visibleratettieral finger/hand motor responses.

Stimulation intensitys t hen set to 90 M=307S®0a3xH). subject ds

After positioning the coil over the target area, participaampleteda semantic priming
paradigm. A PC running-Brime (versior2.1, Psychological Tools, Inc) controlled the presentation
of the stimuli, the recording of responses, and the onset of the TMS pulses. Stimuli were projected
on a white background via a 190 LCD monitor
frame rate of 60 Hz. During each trial, a fixation cross waseptes for 500 ms, followed by the
presentation of a prime word (50 ms). The prime was replaced by a blank screen (100 ms) that
preceded the target which remained on the screen for 1500 mdil gautircipants gave a response

via button press (see Fig..1)
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Figure 1. Temporal progression of a trial containing a Positive Social group target preceded by the
semantically congruent prime. Bolts indicate TMS pulse delivery, with the first pulsgdiogwith the offset

of the prime and the second with the onset of tigetavord, separated by a 100 ms interval.

Within the task, the first TMS pulse was delivered at the offset of the prime, whereas the
second one coincided with the onset of thgdaword. To avoid potential effects associated to the
stimulation in the peceding trial, a 4000 ms int&ial interval was used, making a single trial last up
to a maximum of 6150 ms. Participants were instructed to just attend the first word (pririe) an
categorize the second word (target) based on whether it represdmiad ar a nonliving entity.

The response was given via button press, with the catégtign mapping counterbalanced across
participants. Since the TMS was mainly targeted tefalateralized area, participants always
responded using the index anddafie fingers of their left hand. Before starting with the main task,
participants were given 5 practice trials with a different sample of stimuli to familiarize with the task
and tre stimulation. During the main task, all target stimuli were presented tw& random order,

once with the semantically congruent, and once with the semantically incongruent prime. The
resulting 120 trials were then split into two blocks of 60 triatheAfter the first block, participants
could take a short seffaced bregkafter which they continued by pressing a response button. The

same procedure, lasting approximately 7 minutes, was completed by each participant twice, once per
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stimulation sitewith the order of the site being counterbalanced across participantspdrarent

thus consisted of a 2 (Site: LIFG vs. Vertex) x 2 (Category: Sgualpsvs. Objects) x 2 (Valence:
Positive vs. Negative) x 2 (prirtarget Congruence: Congruent vscdngruent) withirsubjects

design, with response time (RT) as the dependanable. Given the subjectivity of the valence
ratings previously acquired, to check whether the present subjects considered the two semantic
categories having an equal valencéhm eachevel of thepre-established/alencefactor, we asked

them to ra¢ the valence of each word at the end of the session.

2.5 Data analysis

We used RR Core Team, 201@&nd Ime4(Bates, Machler, Bolker, & Walker, 201&) perform a

linear mixed effects analysis using RTs as predicted variable &ed Gategory, Valence,
Congruence and their interactions as fixédats. The model also controlled for the effects of item
length, familiarity and imageability to improve the accuracy of the fixed effect estimates. Random
intercepts for each item nestetthin each subject were used as random effects. Incorrect miéls a
trials with RTs greater than 2 SD from their average (62%Ds,161) were filtered prior to analysis.

To fix deviations from normality, as from visual inspection of residual plofswRBre transformed

via reciprocal logransformation. Following trafiormation, no visible deviations from normality we
detected. Fralues are reported using restricted maximum likelihood (REML) estimation and the
Satterthwaite approximation to calculdte denominator degrees of freedom. Follgpvanalyses to
explore thesignificant interactions were conducted via an analysis of simple effects, with Bonferroni
corrected contrasts between congruence and stimulation site conditions. The effects size of the
contrasts wer e cal ddolrepgeaed measurds(yo htdinleakesp20k8n 6 s

Rosenthal, 1986)
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As a manipulation checkotassessvh et her t he s u bsjcencitled withthe@ | e n c

pre-determined/alencefactor, we ran an ANOVAonthe average valence ratings of the target words

given at the end of the sessiarsing Category and Valence as factors.

3. Results

3.1 Main results

The analysis revealed a significant maffeet of CongruencéF(1, 3325) = 50.51p < .00], with
participants being overall slower on Incongruent trials compared to Congruent trials, and no
significant main effects of Sitg-(1, 3342) = 1.56p = .21], Category[F(1, 1129) =.18p = .67 and
ValencgF(1, 1128) =.71p = .4Q. Two significant threavay interactions emerged between Valence,
Category and Sitf-(1, 3348) = 7.71p = .004, and between Valence, Congruence and [Ei{e,

3328) = 3.85p = .04, but not a significant fowway Congrueoe x Category x Valence x Site
interaction[F(1, 3329) = .01p = .93. To disentangle the Valence x Category x Site interaction, we
tested how RTs to each Category were influenced by stimulation Site based ealtdraie. To do

so, we ran two random effts models, one for each level of Valence, using Category and Site as fixed
factors, controlling for imageability, length and familiarity. Random intercepts for Congruence nested

within items and subjects were dsas random effects.

For Negative stimulithe results showed a significant Site x Category interaffi@ih 1147)
= 7.19,p = .007. Bonferronicorrected contrasts addressing stimulation effects showed a significant
effect for Social group$§t(1158) =-2.58,p= . 0 3, d€ a38ewitld faser responses when
stimulating the LIFGop compared with the Vertex, and no effect for Olj¢ti85) = 1.20p = .68,
C o h ed @19 (see Figure 2). In addition, there was a significant differentesistimulation effect
between the two categorifi§1147) =2.68p= . 02, d€ &G Axnfor she Positive stimuli,
neither the interactiof(1, 2150) = 1.58p = .21], nor the main effect of Sifé-(1, 2150) = .61p =
43, or CategoryF(1, 2150 = 1.58,p = .21], were observed.
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Figure 2. MeanRTs (ms) for Negative (left panel) and Positive targets (right panel) separated by stimulation
site and Category. Relative to the Vertex, participants were significantly faster to respond to socabigroup

more negative valence when the LIFGop was beiimgulated. Error bars represent + 1 SE.

To disentangle the Valence x Congruence x Site interaction, we tested how RTs in each
Congruence condition were influenced by the stimulation Site based orewtieth belonged to the
Negative or Positive valen¢see Figure 3). As for the previous interaction, we ran two random effects
models, one for each level of Valence, using Congruence and Site as fixed factors, controlling for
word imageability, familiarig and valence ratings. Random intercepts for itenstedewithin

categories and within subjects were used as random effects.

The results for Negative stimuli showed a main effect of Congryérite 1679) = 12.60p
< .001, no significant effect of Sitf~(1, 1686) = .97p = .33, and a marginally signifant Site x
Congruence interactiofF(1, 1676) = 3.35p = .07. Bonferronicorrected contrasts on priming

effects (Congruent vs Incongruent trials) showed the presengesighificant priming during the
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stimulation of the Vertekt(1681) = 3.79p < .001,C o h ed=0684], but not during the stimulation
of the LIFGop[t(1673) = 1.22p= . 6 7, dE€ e.2¥]eRoidtlse Positive valence stimuli, the
significant main effecbf Congruencg¢F(1, 1647) = 40.35p < .00], did not interact with the Site

factor[F(1, 1654) = .96p = .33.
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Figure 3. Mean RTs (ms) for Negative (left panel) and Positive targets (right panel) separated by stimulation

site and semanticongruence with the preceding prime. Error bars represent = 1 SE.

3.2 Manipulation check

The analysi®f the valence ratings showed a significant main effect of thegieblished Valence
factor[F(1, 19) = 65.30p < .001,— =.77], with positive valence words having higher ratingls{
6.29,SD = 1.07) compared to negative wordd € 4.26 SD= 1.20). The main effect of Category

and the interaction between Category and Valence were not significanpgoetii0).
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3.3 Exploratory analysis

We further explored the data to assess the extent to which the faster responses for Negative Social
groups duringLIFGop stimulation were driven by changes in RTs in Incongruent or Congruent trials
relative to the Vertex. To this end, we ran Bonfernmmirected contrasts for stimulation effects
(Vertex vs. LIFG) on Incongruent and Congruent trials contaimiegative Social groups or

Negative Objects.

For Negative Social groups, a significant effect of the stimulation emerged in Incongruent
trials [t(1686) =-2.74,p= . 01, d€-6BH,dut Bosin the Congruent ongél687) =-.93,p =
. 71, e h24d) nndicating that the overall faster responses to Negative Social groups, and the
same lack of a priming in the LIFGop stimulation condition, was mostly driven by faster responses
to unprimed targets (see Figure 4). In the casé&edative Objects, no sigmhant effects of

stimulation were observed for either Incongrug(677) =-.12,p= 1. 00, d=GC&®%, ern 6 s

Congruent trial$t(1670) =1.76p= . 15, d€8%h ends
Incongruent Congruent
- 630 H\/ertex
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Figure 4. Mean RTs (ms) for Incongruent (left panahd Congruent (right pal)@f negative valence divided

by semantic category and site of stimulation. Error bars represent + 1 SE.
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4. Discussion

With the present study we aimed at assessing the role played by the LIFGop in representing social
groups. This pediction was based on empal facts and extant theories. First, brdamaged
patientswere described with selective deficit in processing so@abups(Rumiati et al., 2014)and

the LIFGopwas identifiedas he under |l ying common cortical re
naming performancen social groups(Piretti et al., 2015)Second, sme theoretical propositions
(Barsalou, 2008; Lambon Ralph et al., 2016; Martin, 20d6)us to hypothesize that the semantic
representation of socigroupsmight be better captured by affective propertiggh the affetive

valence playing a critical roldoreover, the observed association between LIFGop activity and the
processing of negative valence wor@arciaPacios et al., 2017; Kensinger & Schacter, 2006;
Leclerc & Kensinger, 20119uggested thdhis area might be specifically involden representing

social groups of negative affective valence

When TMS was applied over the LIFGop, relative to the Vertex, we found a significant
decrease in RTs to negative social categories, with no effect itivpa®cial categories or objects
of any valence. In line with our hypothesis, we interpret this finding as an indication of a preferential
involvement of the.IFGop, boosted by TMS, in the representation of social groups when processing
negative affectie attributesAn exploratory analysislso revealed that, when the stimulation was
applied to the LIFGop (relative to the Vertex), the faster responses were mostly driven by lower RTs
to unprimed trials. These findings, together with the unaltered respdasprimed trials, are
consistent withprevious TMS studies on object representations, also reporting faster responses in
unprimed trial{Cattaneo et gl2010, 2008)According to the statdependent hypothesithe TMS
effect on the target neuronal population in a state of lower activation (during the unprimed condition)
should lead to an increased excitability and faster procegSattaneo et al., 2010, 2008; Silvanto,

Muggleton, & Walsh, 2008)t is thus plausible that the overall facilitation we found in categorizing
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negative social groups derives from a @amation of the TMSnduced facilitation in incongruent

trials and a stable priming effect in congruent trials.

Additionally, our resulthiave shown a disruption of the priming effect, which, contrary to our
expectations, was not unique to social groups,ibwas present for negative words in general,
including objects. In the latter case, although not significant, the disruption ofithimg was
numerically mostly led by a decrease in RTs for primed object targets, contrary to what was found
for socialgroups. If the LIFGop supports the activation of negative affective representations and these
are more strongly linked to the processmigocial groups, then an increase in its excitability through
stimul ation might have siobnategodza a dal gooapwhenceadmagan t s
negative word regardless of its category. We hypothesize that such readiness mightchaed@mo
lag in the categorization of primed object targets. Although purely speculative, this idea is in line with
eledrophysiological studies suggesting the presence of effects driven by the affective content of

words preceding and influencing later setmaprocessingKissler, Assadollahi, & Herbert, 2006)

It is still notclear whether the involvement of the LIFGop might extend beyond accessing the
existing social semantic knowledge. Fostance, a recent TMS study failed to find a significant
involvement in the formation of social impressi@Rsrrari et al., 2016 However unlike the present
study, the possibility of a valenspecific effect was not considered by Ferrari and colleagues,
suggesting that possible contribution of this region in creating novel social impressions, especially
for negative stimuli, is not toébexcluded. To this end, it is worth noting that an fMRI study on
impression formation from social behavioral descriptions reported @pased activation of the

LIFGop when contrasting negative vs. positive social attribfivas der Crugsen et al., 2014)

When it comes to accessing the representation of social groups, our findings support the
hypothesis on the relevance of affective information, consistently with the proposal that social
concepts are characterized by a predominancaffettive propertiegPiretti et al., 2015) This

condusion is consistent with the role of LIFGop in processing negative valence (@aasaPacbs
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et al., 2017; Kensinger & Schacter, 2006; Leclerc & Kensinger, 2011; Van der Cruyssen et al., 2014)
and with muliple theorizations linking the processing of social concepts with affect (aumphon

Ralph et al., 208; Martin, 2016) Consistently with the Conceptual topography th€&iynmons &
Barsalou, 2003)the present findings also support the distinction in processing of positive and
negative affective features within the emotional modality, additionally suggesting the latter being
implemented in the LIFGop. Finding tlsame pattern of results for positive words following the
stimulation of an area involved in the processing of posiiffective information would bring
additional evidence in support of this distinction and of the hypothesis that social concepts rely on

affective information.

Our results are not easily accommodated within previous theories of emotion lateralization
suggeting that the processing of negative affect is rlgtaralized in the prefrontal regions
(Davidson, 1992, 1995; Davidsé&nlrwin, 1999). Consistentvith our findings,however, in a more
recent neuroimaging study the affective processing of picture and word stimuli led to a bilateral
activation of prefrontalateral regiongKensinger & Schacter, 20Q6n the domain of language,
Kensinger & Schacter (2006und a greater activation for negative compared with positive words
only in the LIFGopYet, our results do not exclude the possibility that also other areas might support
the processing of social groups with a negatislence. We rather favor the idea that the LIFGop is
part of a wider network of cortical and subcortical regions supporting affective and semantic

processing, that in our study we might have affected intjredth the stimulation.

In conclusion, our da support thehypothesisof a predominant role of the LIFGop in
affective processingf socialgroups Confirming the previously evidenced involvement of the region
in processing negative features, we sugtfest its activation facilitates the processiofglexical
stimuli thatrely more heavilpnsuch featuresn this view,compared to the categorization of objects,
the categorizatiorof social group nameis facilitated because their representation ratese on

affective information than objects do. As such, our findings bring additional evidence to the
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theoretical propositions that link semantic representations to affective pro¢Basssiou, 2008;
Lambon Ralph et al., 2016; Martin, 2016; Simmons & Bars@003)and suggest where in the brain

this interplay is likely to take place. While a comparison with only the objects category poses a limit
to the strength of our conclusions, ecourag future studie®n the representation of social groups

to replicde thepresent finding®y taking into account comparisons with semantic categories such as
animals. Asprevious research has argusgectsand animals tde distinguishedor the variety of

their uses and of their visual propertiesspectivelywe arge thatthe factor playing a greater role

in enabling us to discern among sogalupsss likely to be thaffectivevalence we attribute to them.
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CHAPTER 3
Study 2: Electrophysiological Correlates ofSocial

Group Representations in Affective Priming

Abstract

There is growing evidence in cognitive neuroscience that processing of information about social
groups involves the associated affective features, compared with processing information about
nonsocial semantic categories. With the present study mvedaatassessing the extent of such
involvement by measuring everdlated potentials in healthy individuals while they performed an
affective priming paradigm requiring evaluative responses. Behavioral results showed a greater
affective priming for sociajroupthan for nonsocial category targets, while the analysis of the neural
correlates revealed a modulation in the late positive component, which was higher in the positive
valence social groups as compared to positive valence nonsocial categoriesesemfipdings
complement previous neuropsychological and brain stimulation studies by showing how the
engagement in affective processing enhances the representation of social groups compared to
nonsocial categories, as indicated by the emergence directlehavioral and neurophysiological

response.

1. Introduction

When we categorize our conspecifics into social groups based according to characteristics such as
gender, ethnicity, social status or occupation, we rely on both semantic and affectivetioforfoa
exampl e, the | abel Acri minal so, referred to

generally negative evaluation; l i kewi se, t he
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young age of individuals that attend some tgpedicational system, would generally be attached to

a positive evaluation. The semantic component informs us about the appearance and behavior of the
group, whereas the affective one determines our attitude, a positive or negative disposition towards it
(T. D. Wilson, Lindsey, & Schooler, 20Q0yhe semantic and affective systems have often been
regarded as being ap@iRessoa, 2008however arguments for their interdependence have also been
put forward. For instance, it has been suggested that affective informatiahbecatore component

of our conceptual knowledge as much as any other type of information, and that its relevance would
differ depending on the semantic categ@srsalou, 2008; Lambon Ralph et al., 2016 )particular,

some autha have proposed that the affective information largely contributes towards the
representation of conspecifi(ambon Ralph et al., 2016; Mahon @aramazza2011; Martin,

2016) Indeed, neuropsychological studies documented patients with a selective deficit at processing
social groups, thus suggesting that concepts about them might have a representation of their own
(Carnaghi, Silveri, & Rumiati, 2015; Rumiati, Carnaghi, Improta, Diez, & Silveri, R\dreover,
widespread tumorgonsn areas commonly |l inked to affect
accuracy at naming pictures of social groupisetti et al., 2015)What needs to be explained is the

role played by valence in processing the affective information. Using transcranial timagne
stimulation on healthy subjects, the increased excitability of the inferior frontal gyrus, associated to
the processing of negative valence stimuli, has been found to facilitate the categorization of negative

social groupgSuran, Rumiati, & Piretti, 2019)

To further assess the extent to which affective valence contributes to the semantic
representation of social groups, we employed an affective priming paréBamo, 2001; Fazio,
Sanbonmatsu, Powell, & Kardes, 198Buring the test, participants are shown either a positive or
negative target word upon which they build an evaluative response. To influence their speed in

evaluding the target, a prime word of the same or opposite valence is presented right before it, pre
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activating an affective processing. The priming effect corresponds to faster responses to targets

preceded by affectively congruent, relative to affedyivncongruent primes.

In order to establish the stage at which the primes influence the processing of the targets, we
complemented the behavioral paradigm with the measurement ofrelagetd potentials (ERPS).
The two most studied components in affeepriming are the N400 (~400 ms pdatget onset) and
the late positive component (LPC; ~600 ms gasjet onset), whose effects emerge from their
differences between congruent and incongruent trials. In this context, the former effect has been
associagd withthe process of integrating the semantic content of primes and t@ligatsg, Lawson,
Guo, & Jiang, 2006; Zhang, Li, Gold, & Jiang, 2010he LPC, reported to beensitive to word
valence(for a review, se&itron, 2012) has been regarded to also capture affective pramget
incongruities and thus to be a more reliable index of affective priming when controlling for non
affective primetarget relationshipgHerring et al., 2011; Hinojosa, Carretié, Méndigrtolo,

Miguez, & Pozo, 2009)

In line with previous studies showing a f#ated response to manifable object targets
following sensorymotor priming(Labeye, Oker, Badard, & Versace, 2008; MyuBlymstein, &
Sedivy, 2@6), at the behavioral levelwe expected that activating the processing of affective
information would result in a facilitated response (i.e. shorter reaction time) to social groups.
Moreover, such facilitation, if not specific tmcial groups, was exped be significantly greater
when compared to the facilitation observed for-sonial semantic categorie&s there is yet no
consensus concerning which ERP component should be more sensitive to affective aisniing,
previous tudies, we expected tonfii both an N40@Zhang et al., 2006, 201@nd an LPC effect
(Herring et al., 2011)Additionally, we expected these effects to be greater towards social category
targets relative to nonsocial cabegs, reflecting theirypothesized stronger reliance on the affective

features being primed.
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2. Method

2.1 Participants

Twenty-six healthy righthanded participants, all ltalian native speakers, were recruited from the local
population in exchange of monetaxympensation, and all gawritten consent prior to participation.
Because of the inability to obtain sufficient EEG data in three participants due to the presence of
artefacts coming from excessive movement, these were excluded from the analysis, thréniyiady
sample to 23 articipants (13 female, age range-29). The study was approved by the Ethics
Committee of the International School for Advanced Studies (SISSA, Trieste) in accordance with the

Declaration of Helsinky.

2.2 Materials

A total of 108plural nouns of social cageries (N = 54) and nonsocial categories (N = 54) were used
as target stimuli after being selected from a larger database rated by a different sample of 12 subjects
(see Appendix 2)Each semantic category was divided in a pasiind negative subset o7 2
elements each, differing significantly in their valence ratings [Social positive vs. Social negative,
t(52) = 20.66,p < .001; Nonsocial positive vs. Nonsocial negatit(®2) = 22.24,p < .001).
Additionally, within each valete subset, social and nowsd category nouns were matched
according to their average ratings of valence [Social negatid®nsocial negativel(52) = 1.32,p

= .19; Socialpositive vs Nonsocial positivet(52) = 1.34;p = .19), arousal [Social negatiwes
Nonsocial negative(52) = 1.54,p = .13; SociapositivevsNonsocial positivet(52)= 1.56;p = .13],
familiarity [Social negativer'sNonsocial negative(52)= 1.22,p = .23; SociapositivevsNonsocial
positive,t(52) = .28;p = .78], and lendt [Social negativesNonsaial negativet(52)=.71,p = .48;

Social positive vs Nonsocial positivet(52) = .98;p = .33] (see Table 1). A separate sample of 18
words to be used as primes was obtained from the ANEW rated database of Italian words
(Montefinese, Ambrosi, Fairfield, & Mammarella, 2014)These consisted of 9 positive and 9

negative nouns amadjectives of significantly different valent€l8) = 33.23p < .001], and matched
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according to their arousa(18) = .28,p = .78], familiarity [(18)=.02,p = .98], length {(18) = .86,

p = .40], concretenesst(L8) = .24, p = .81] The additionakoncreteness matching was done to
account for the different effects of abstract and concrete prime words on affective gitamé
Wang, 2013)To this list of words, 9 strings of hash symbols (#) witkegual average length to the
positive and negative words-@elements) was added to seas affectively neutral primes, bringing

the total number of primes to 27.

To ensurean equal semantic relationship between the prime words and each target
Categoryalence group, we employed the Italian version of #imaut open online software

(http://meshugga.ugent.be/sndalian-2/) to extract their respective semantic distances, calculated

based on wordo-occurrences in large text corpora via cosine similarities between semantic vectors
(Mandera et al.2017) A mixed ANOVA on the extracted values using Category and Valence as
between factors and Congruence as within factor showed, as expected, a significant otanh effe
CongruenceH(1, 104) = 104.9p < .001,— = .50] characterized by a loweersantic distance for
Congruent relative to Incongruent primes, and an interaction between Congruence and Wélence [
104) = 13.05p < .001,— =.11] with agreater distance between congruent and incongruent primes

for negative, relative to positiwgords.

Category N Valence Arousal Familiarity — Length :?mSaTt';
Social 27 6.24 (.48) 4.11 (.42) 4.02(1.11) 7.19(1.24) .03 (.04
Positive 24 (.48) 4.11(42) 4.02(1.11) 7.19(1.24) .03 (.04)
Nonsocial

Positive 27 6.41(.45) 3.90(.56) 3.94 (1.13) 6.82(1.52) .03 (.04)
Social 27 3.06 (.64) 3.93(.50) 3.10(.88) 7.30(1.54) .05 (.05)
Negative ' : : . ; : . . . .
Nonsocial

Negative 3.28(.58) 3.73(.48) 2.81(.86) 7.00(1.52) .06 (.04)

Table 1.Mean valence,rausal and familiarity ratings (0 = extremely low; 7 = extremely high), average word
length, and difference in the semantic distance (cosine) with the congruent and incongruent primes for each

target word category separated by valence cttssmdard devigons reported within parentheses.
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2.3 Procedure

Participants performed the affective priming task in a dark and acoustically insulated room. The task
required to evaluate a target word preceded by a prime of the same or opposite valence. Instructions
were praided to the participants in both written am@l form by the experimenter. Prior to the task
proper, participants completed a set of 20 practice trials containing a different set of primes and
targets. To ensure the task had been understood, partidi@ehte undergo 20 additional practice
trials in a newly randomized order if they had responded incorrectly to more than practice 5 trials.
Each trial began with the presentation of a fixation cross (500 ms), after a 200 ms interval, the prime
(150 ms) andhe target (300 ms) appeared, separatedf)pans ISI (see Figure 1). After the offset

of the target, participants were presented with a blank screen during which they had an additional
1500 ms to give their evaluation via button press. Following #i®g, or after pressing a button,

the blankscreen intertrial interval was jittered between 800 and 1200 ms (in 100 ms intervals). To
respond, participants pressed either the fAfo
and Anegat mapgmy courdesbplanced aeross participday-choice was driven by the
presence of daslike bumps allowing for easier identification in the dark room. To help participants
differentiate primes from targets, the primes were always presented in uppanthsargets in
lowercase format. Additionigi, to ensure words with equal length subsided an equal amount of visual
angle, all word stimuli were presented in Lucida Sans Typewriter monospaced font, thus making the

amount of horizontal space occupied lagle character the same.

Participants completE324 test trials split in 12 equal blocks. The breaks between blocks were
self-paced. The 108 targets were presented three times, each time paired with a prime of different
valence. To avoid two same targetpearing too close to orenother, primdarge pairs were
presented in a pseudandom order. Only after all targets had been presented once in a random order,
they were presented for the second time in a new order, and the same was done for the third

preentation. Within each of the 3 resulting @&lof 108 trials, the order of the appearance of each
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primetarget pair was randomized. The task was programmed in Python using the Psychopy library

(Peirce, 2007)and lasted approximately 25 minutes.

fixation 1 blank

PTTE | blank target
1 | blank blank
+ 1
LOVE
students
—_— E)O 150
—————— 200 100
—————— 300

—_—
—_——
—_—
—_—
—_——

Figure 1. Schematic representation of the affective priming task depicting an affectively congruent trial.
Stimuli succession is represented left to right, with the respective screen presentation time expressed in
milliseconds below each stimulus. The last blargplly represents the intertrial interval with a jittered

duration between 800 and 1200 ms in 100 ms intervals.

2.4 Behavioral data analysis

Behavioral data were preprocessed and analyzed@®re Team, 2036Subjects whose overall
accuracy was lower than 80% were excluded from further analgse8). On the remaining 20
subjects, the average accuracy score was subjected to a 2 (Category: Social vs. Nonsocial) x 2
(Valence: Positive vs. Negative) x 3 (Congruence: Congruent vs. Incongruent vs. Neutral) repeated
measures ANOVA. The same model vihen applied to the logransformed RTs following the
removal of incorrect trials and trials i n whi
average (14% of the total trials). As a measure of effect size we used partial eta squateat Post
tests for significant higher order effects were calculated as planned contrasts on priming effects

applying the Bonferroni correction.
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2.5 EEG recordings and data analysis

EEG was recorded with a set of 64 Ag/AgCl active electrodes mounted on an elastic cam lblased
International 120 systen{Klem, Luders, Jasper, & Elger, 1999jgnal amplification was achieved
through a BioSemi Activd@wo amplifier system. Dumg recording data were visualized and stored

by means of ActiView acquisition software (Agiew 707, Biosemi, Amsterdam, The Netherlands).
Electrode offsets were kept between £20 mV, and the signal was sampled at a rate of 1024 Hz, with
a 24bit digitizaa i on resol uti on. A common mode voltage
feedback loop was aed for analogo-digital conversion of recorded voltages for each electrode (cf.

to https://www.biosemi.com/fag/cms%26drl.htm). Data were kzass filtered betweed.0Li 100

Hz during data acquisition. To monitor eye movements and blinks, horizontal atichlve
electrooculogram (EOG) was recorded via four additional electrodes placed at the outer canthi of

both eyes, and below and above the left eye.

EEG data prepmaessing was performed using the Brainstorm softwaeedlel, Baillet
Mosher, Pantazis, & Leahy, 2014)d subsequently analyzed in(R Core Team, 2I6) using the
erpR packagéArcara & Petrova, 2014First, the EEG recordings were resampled offline at 250 Hz
and banepass filtered (0.05 40 Hz). Bad electrode channels were removed upon visual inspection,
as well as movement artefacts.efylinks artifacts were removed through independent components
analysis (ICA;Makeig, Bell, Jung, & Sejnowski, 199@tpochs containing artefacts other than eye
movements were removed after \abinspection. Average ERPs were computed separately for each
participant, electrode, targeategory/valence combination fror800 to +1500 ms relative to the

onset of the targeind baselineorrected using the 200 ms gtmulus period.

To identify the time windows for the N400 and the LPC components and avoid the issue of
circularity in windows selection, we used thellapsed localizeapproachLuck & Gaspelin, 2017)
and the examination of existing litere¢uBoth for the N400 (480680 ms) and the LPC (70®00
ms), the waves collapsed acradlsconditions were used. For the respective components, the time
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regions surrounding the greatest peak amplitudes were selected. Four symmetrical regionstof intere
(ROIs; see Fig. 2) were then created by averaging the amplitude of the respectivdesdesetiected

based on a visual inspection of the scalp topography of collapsed conditions in the relevant time
windows previously obtained. Each of the four ROfgesented a combination of Caudality (frontal

vs. posterior) and Laterality (left vs. right)

The resulting ERPs were subjected to two 2 (Category: Social vs. Nonsocial) x 2 (Valence:
positive vs. negative) x 2 (Congruence: congruent vs. incongruent) Gaaddlity: frontal vs.
posterior) x 2 (Laterality: left vs. right) repeated measures ANOYAs,e f or each comp
window. Followups to significant interactions consisted of Bonfermmirected contrasts of priming
effects. Interactions that inix@d spatial factors (Caudality or Laterality) were followed up within
each level. The aimf@ur study was to assess the effects of affective congruence across categories,
thus, consideration is exclusively given to the contrasts concerning the intesdsttoveemffective
Congruence and target Category. Only interactions yielding significiotv-up contrasts are

reported.
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Figure 2. Scalp regions used for electrode grouping for statistical analyses ofrelaat potentials.

3. Results

3.1 Behavioral results

The analysis of the RTs showed a significant main effect of CongrugE(,e38) = 876, p < .001,

.32] and asignificant interaction between Category and Congruelf(Z B8) = 3.88p = .03,

.17].All other main effects and interactions were not significant (1). Follow-up analyses on

the Congruence effect realed a significant difference betweea ongruent and Neutral condition
[t(38) = 3.48p < .01], and between the Congruent and Incongruent condi(®8) E 3.76p < .01],
whereas between the Incongruent and Neutral conditions there was no sigdifieagnce {(38) =

-.30,p > .05]. In the interaction, a significant difference between Congruent and Incongruent trials
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(i.e., the priming effect) was observed for Social grot(38] = 4.65p < .001] but not for Nonsocial
categoriest[38) = 1.87 p = .38]. This difference wasignificantly greater for Social groups relative

to Nonsocial categorie(88) =-2.78,p = .05].
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Figure 3.a) Violin plots with reaction times (ms) to target words based on the affective congruence with the
preceding primeCongruent trials are fasteglative to Incongruent and Neutral trials, indicating the presence
of a facilitation of the affectively congruent primes. b) Priming effect, calculated as the difference between
Incongruent and Congruent trials, for Social &lmhsocial targets. Sociat@ups showed a greater affective

priming effect following the same primestror bars represent +1 SE.

3.2 ERP results

4807 680 ms.This time interval encompassed a negageeng wave, peaking around 600
ms, interpreted by previs authors using an analogoparadigm as reflecting the N4(@hang et
a., 2006) Although the redlts revealed a significant interaction between the factors of Category,
Valence, and Congruencg([L, 19) = 6.85p = .017,— = .26], posthoc analyses did not show

significant categorical differences based on Congruence for targets of either Valengs (odib).

70071 900 ms.The analysis of the later timgindow also revealed a significantway

interaction betwee@ategoy, Valence and Congruendg(lL, 19) = 7.25p = .01,— =.28] which in
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turn interacted also with Caudalitiy(fL, 19) = 6.57p=.02,— =.26]. Posthoc Bonferronicorrected
contrasts showed a higher LPC for Congruent as compataddogruent tidls for Positive Social
group targets in the anterior electrode clustgB89) =-3.09,p = .008], which was not significant in

the posterior cluster$(B9) =-2.21,p = .09]. Only in the anterior electrodes, this difference between
Conguent and Incongrent trials for Social group targets was also significantly greater than the one
for Nonsocial targets(89) = 2.70p = .03]. No other LPC effects were observed gal> .05). An
exploratory analysis of the anterior clusters motivatethbyisual inspction of the scalp distribution

of the LPC effect for Social groups (see Figure 4b) has shown that a marginally significant effect over
the left electrodeq([L04) =-2.43,p = .05], and a significant effect over the right electrotd$4) =
-3.50,p=.002], leading to a significant difference between Social and Nonsocial categories only over
the right anterior clustet(d8) = 2.87p = .02]. Again, no LPC effect was found for Nonsocial targets

(all ps > .05).
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