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PART I. THEORY
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Introduction

A word’s emotional connotation is an important component of its meaning and
function in daily communication. Most psycholinguistic studies investigating emotional
word processing have focused on a gross distinction between positive and negative
valences rather than examining specific emotions. However, emotional words can
express a variety of emotional nuances of the same valence (e.g. “vomit” and “failure”).
The present thesis goes beyond the general contrast between positive and negative
valence stimuli, providing more detailed evidence on how emotional connotations
within the same valence affect word processing; to this aim the thesis chose disgust, one
of the six basic emotions proposed by Ekman, as the emotion of interest and in some

experiments established sadness, another negative emotion, as a contrast condition.

This thesis consists of three experiments. The first experiment investigated the
electrophysiological signatures associated with the processing of disgust-realted words,
compared to neutral words, to test a neural embodiment hypothesis. In addition, the
experiment was conducted using Mandarin, a language different from Indo-European
languages in a series of features such as the impoverished inflectional morphology, the
abundance of monosyllabic words, and the logographic writing system. The second
experiment explored the acquisition of words’ connotations of disgust or sadness using
an associative learning paradigm, in which facial expressions or emotional sentences
were repeatedly paired with pseudowords to find out which of these materials is more
efficient to induce emotional meaning in novel words. Finally, the third experiment also
used an associative learning paradigm pairing pseudowords and face expressions, to

examine how acquired disgusting or sadness connotations of new words differentially
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affect electrophysiological activity, again to test the neural embodiment of the semantics

of emotions.

The Embodiment Approach to Emotions

The theory of embodiment semantics proposes that word meaning is grounded on
experience and reuses the neural systems of perception, action, and emotion (Barsalou,
2008; de Vega et al.,, 2008; Glenberg & Kaschak, 2002; Horchak et al., 2014;
Niedenthal et al., 2005; Zwaan, 2014). Previous studies have demonstrated that motor
and premotor brain regions are involved in the processing of action-related words or
sentences. For example, Hauk and colleagues (2004) employed functional magnetic
resonance imaging (fMRI) to measure participants’ brain activity while presenting them
with face-, arm-, and leg-related words, which were matched for various lexical
variables, in a passive reading task. Results suggested that brain areas directly adjacent
to or overlapping with areas activated by actual movements of the tongue, fingers, or
feet are activated when participants passively read action words referring to these body
parts. Such results indicated that the meaning of action words is correlated with

somatotopic activation of the motor and premotor cortex.

In addition to actions, studies on emotion processing in language also yielded a
similar correlation between emotional meaning and the body. Havas and colleagues
(2007) manipulated participants’ facial expressions by asking them to hold a pen in the
mouth by just the teeth or just by the lips, inducing indirectly a physiological smile or
sad expression respectively, in three experiments to investigate the role of emotion
simulation in language comprehension. In the first experiment, participants were
instructed to read sentences describing pleasant and unpleasant scenarios and judge their

pleasantness under one of the two pen-in-mouth conditions. In the second experiment,
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participants were asked to respond to sentences as either “easy” or “hard” to understand
under the pen-in-mouth conditions. And finally, in experiment 3, participants kept
holding the pen in their mouths and performed a lexical decision task involving neutral
or associated primes and word or nonword targets. The experimental results
demonstrated an emotion-sentence compatibility effect as judgment times were faster
when facial posture and sentence valence were consistent (i.e., pleasant sentence with
pen in teeth) than when they were inconsistent (i.e., pleasant sentence with pen in lips),
yet no such effect was manifested in the lexical decision task involving emotional words.
Therefore, this study suggested that the emotional systems contribute to language
comprehension beyond the initial lexical access as the effect diminished in the lexical
decision task involving emotional words. In an electromyographic (EMG) study carried
out by Foroni and Semin (2009), two experiments were conducted to investigate
whether semantic stimuli induce motor resonance in facial muscles that are involved in
emotional facial expressions. EMG responses of the zygomatic major muscle, involved
in smiling, and corrugator supercilia muscle, involved in frowning, were measured in
the first experiment where participants were presented with concrete verbs referring to
specific perceptual features of emotional expressions (e.g., to smile) and abstract
adjectives referring to states associated with emotional expressions (e.g., funny). Motor
resonances for the appropriate facial expression muscles to both concrete verbs and
abstract adjectives were found although the intensity was higher for the former than the
latter. In the next experiment, participants saw funny cartoons preceded by the words in
the first experiment being presented for only 30 ms while half of the participants’ facial
motor resonances were inhibited using the pen-in-mouth manipulation. The task was to
rate the funniness of the cartoons. This second experiment revealed that emotional

words influence affective rating even when presented subliminally yet such an effect
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only occurs when motor resonance is possible. Taken together, this study indicated that
emotion simulation occurs during language comprehension and can shape people’s
judgments. In the same line of research, Havas and colleagues (2010) presented
participants with happy, sad, and angry sentences while their reading times were
recorded; the experiment was carry out in two sessions, before and after receiving the
injection of botulinum toxin-A (BTX) in their corrugator supercilia, as part of a
cosmetic treatment, which temporarily prevents them from frowning. Results suggested
that after the injection of BTX, participants’ reading times for both angry and sad
sentences were significantly longer than before receiving the injection, which indicates

a bidirectional link between emotion expression and language.

The embodied link between emotion and language was also found by Chwilla and
colleagues (2011) using electrophysiological approach. The researchers designed a
mood induction procedure where two different groups of participants were shown happy
and sad video clips, respectively. The effectiveness of the mood induction was
measured by asking participants to rate their mood on a rating scale that -10 equals
extremely sad, 0 equals neutral, and +10 equals extremely happy. After that,
participants read four blocks of sentences with high- and low-cloze probability critical
words while their EEG data was recorded. The clips were shown again between each
block to consolidate the mood induction effect. The mood induction was successful as
those who watch the happy clips scored higher than those watching the sad clips in the
mood rating scale. Meanwhile, the N400 cloze effect was strongly reduced by sad mood
compared with happy mood. The results further supported the embodied theory that
language is grounded in the bodily states that comprise emotions. Another important
finding regarding the embodied processing of emotion in language is the “approach-

avoidance” effect. Mouilso and colleagues (2007) asked two groups of participants to
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read angry, sad, and neutral sentences along with nonsense fillers while making
responses to emotional sentences by either pushing a lever away or towards their bodies.
The authors found that participants’ push-away responses were faster after reading
angry sentences and push-towards responses were facilitated by reading sad sentences.
Such a pattern suggested that emotional language processing influences emotional
action tendencies, which manifests that emotional language can be embodied. Lugli and
colleagues (2012) composed sentences referring to either a positively or negatively
connoted object and a motion toward the self or other persons (self & other person in
experiment 1 and self, positive target, e.g. friend, negative target, e.g. enemy, & neutral
target, e.g. man in experiment 2) as well as non-sense filler sentences. Participants were
instructed to judge whether the presented sentence makes sense by either pulling the
mouse toward or away from their bodies. It was found that participants’ reaction times
were shorter when performing pulling-toward responses for sentences referring to
positive objects. The finding clearly demonstrated that emotional valence influences

bodily performance.

The studies discussed above have provided empirical evidence that semantic content
is grounded in perceptual-motor and emotional processing. It may be concluded that
perceiving and processing emotions recruit the perceptual, somatovisceral, and motoric
systems (Niedenthal, 2007) and thus emotions will be processed simultaneously with, if
not prior to, semantic content during language comprehension and activate the neural

systems outside the standard language network.

The Emotion of Disgust

Ekman proposed that there are six basic emotions universally experienced in all

human cultures; namely, happiness, sadness, disgust, fear, surprise, and anger, based on
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eight characteristics of signal, physiology, antecedent events, rapid onset, short duration,
unbidden occurrence, automatic appraisal, and coherence among responses (Paul
Ekman, 1992b). Among them, disgust is an emotion highly relevant to our well-being
(Rozin & Fallon, 1987). The definition of disgust varies according to the focus on object
or action. Darwin defined disgust as “something revolting, primarily in relation to the
sense of taste, as actually perceived or vividly imagined; and secondarily to anything
which causes a similar feeling, through the sense of smell, touch and even of eyesight”
(Darwin, 1872). Angyal (1941) held that disgust is the aversion of the possibility of oral
intaking of offensive objects. He also identified body wastes as a focus of disgust and
the intensity of disgust is related to the degree of intimacy of contact. Rozin and Fallon
(1987) expanded Angyal’s definition by adding “The offensive objects are contaminants;
that is, if they even briefly contact an acceptable food, they tend to render that food
unacceptable”. In addition to food and ingestion, Curtis and colleagues (2001; 2004)
provided evidence that the best account for disgust is infection potential and proposed
that disgust is thus evolved to protect humans from being infected. According to the
above-mentioned definitions, it is likely that the properties of disgust are shaped by
disease threats and infection as humans eat more animal-origin food and start living in

groups, which increases the risks of parasite (Rozin et al., 2008).

This thesis focused on core disgust, which is elicited by a sense of possible oral
intaking, offensiveness, or contamination (Rozin et al., 2008). Most external material
stuff enters human bodies through the mouth and such entrance is generally irreversible
except by vomiting (Rozin & Fallon, 1987). Rozin and colleagues (1995) provided
empirical evidence that the sense of aversion of contacting offensive entities is stronger
for the mouth than for other body parts by conducting surveys in participants asking

them to rate the vulnerability or sensitivity of various body parts to intrusion and
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contamination. Regarding offensive entities, human and animal body products such as
feces, vomit, urine, sweat, and blood are all aversive and disgust-inducing (Angyal,
1941; Meigs, 1978). Some animals are disgusting themselves as they resemble body
products (e.g. slugs - mucus) or they are commonly in relation to rotting flesh, feces, or
other human or animal wastes (e.g. cockroaches). Notably, there are certain animals
eliciting both fear and disgust (e.g. snakes) and Davey and colleagues presented
evidence that aversion towards these animals is more disgust- than fear-based by
showing participants pictures of such disgusting and fearsome animals and asking them
to rate the intensity of disgust and fear induced by these animals (Davey, 1993; Ware et
al., 1994; K. Webb & Davey, 1992). Finally, contamination is universally effective in
inducing disgust in entities that are originally non-disgusting. For example, American
adults felt that drinks become undesirable after only briefly contacted a sterilized, dead
cockroach and clothes previously worn by a disliked person were less desirable than
those previously worn by a liked or neutral person, and refused to eat food shaped into a

disgusting object measured by questionnaire responses (Rozin et al., 1986).

Disgust is also characterized by encouraging withdrawal and avoidance behaviors to
repel the objectionable sensory input of infectious and offensive entities and such
behaviors are usually motivated by sensation or imagery (Woody & Teachman, 2006).
Disgust can also induce a variety of psychophysiological responses. In a study
investigating the effects of specific emotion on airway changes, Ritz and colleagues
(2005) showed asthmatic and healthy participants pictures of various emotions while
their oscillatory resistance, respiration, and cardiac activity were measured. The
researchers found that disgusting pictures elicited increased oscillatory resistance in
both asthmatic and healthy participants. Stark and colleagues (2005) presented

participants with 36 disgusting pictures of different intensities, each for 8 seconds, and
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asked them to rate the pictures on the Disgust Sensitivity Scale. During the picture
presentation, participants’ heart rate (HR), skin conductance response (SCR), and EMG
activity of the musculus elevator labii were registered. Participants’ disgust ratings were
negatively correlated with HR and positively with SCR. More disgusting pictures
elicited higher EMG responses than neutral ones, yet the EMG responses were not
correlated to participants’ disgust rating. Concerning disgust-related facial movements,
Rozin and colleagues (1994) employed a facial expression identification design to
investigate the relationship between certain facial movements and disgust-eliciting
objects and scenarios. In the first experiment, the researchers asked four persons (two
males and two females) to pose 12 specific facial gestures in two types: standard
expressions of three basic emotions that could be confused with disgust, fear, anger, and
surprise, and nine expressions of specific facial action units that were hypothesized to
be related to disgust. Experimental participants were instructed to match the faces with a
set of situations including negative sensory stimulation of mouth, nose, and eyes;
imaginative offensive stimuli of various sensory modalities; food and nonfood
prototypical disgust-inducing situations; prototypical situations for other negative
emotions than disgust; and one-word emotion labels and rate their choice confidences.
Among all action units, nose wrinkle, upper lip raise, and gape with tongue extension
stood out from others to be closely related to disgust. In the following experiment, the
researchers narrowed down to three faces showing with these three action units
respectively and instructed participants to match them with 15 disgust-inducing and
three anger-inducing situations. It was found that the mapping between the three action
units and disgust-inducing situations remained despite certain statistical differences
from experiment 1. The third experiment was then conducted to refine the results in

which the three action units were perfectly demonstrated without any confounds. By
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doing this, a stronger mapping effect than that found in experiment 2 was yielded.
Therefore, nose wrinkle, gape and tongue extrusion, and raised upper lip are the typical

components of facial expressions in response to disgusting stimuli.

Researchers have also found the neural basis of disgust processing in the brain.
Brain lesion studies have suggested that when asked to select emotion labels for faces,
non-verbal emotional sounds, and prosodic emotional digits expressing the six basic
emotions, a patient with damaged insula and putamen showed significant incompetency
in identifying the emotion of disgust exclusively (Calder et al., 2000). In another case
report, a patient with a lesion in the right anterior insular region suffered the feeling of
disgust when seeing pictures containing curved/multicolored lines or tangles, which
indicated that anterior insula lesion may have resulted in a decoupling of emotional and
visceral response to complex visual stimuli and disgust perception (Cantone et al.,
2019). In addition to patients with brain lesions, researchers also investigated disgust
processing in obsessive-compulsive disorder (OCD) patients, whose symptomatic
behaviors are associated with activation in the insula. When showed OCD-related,
disgusting, and neutral pictures, patients with OCD demonstrated no heightened activity
in the insula for disgusting pictures compared with healthy participants. However, their
insular activity was enhanced for specific OCD-related pictures (Viol et al., 2019).
There have also been numerous brain imaging studies investigating disgust processing
in healthy participants. Phillips and colleagues (1997) presented participants with
disgusted and fearful faces whose expression intensities were divided into mild and
strong by either weakening or enhancing the facial features of the prototypical faces.
The emotional faces were presented along with neutral faces, an emotional control
baseline. Participants were instructed to judge the gender of each face by pressing one

of two buttons with their thumbs. fMRI results suggested that while the amygdala
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manifested more activation for fearful faces, both mild and strong expressions of disgust
activated the anterior insular cortex but not the amygdala. Wicker and colleagues
(Wicker et al., 2003) moved further than Phillips and colleagues’ study by introducing
disgusting odorants in order to examine the brain spatial dynamics when experiencing
disgust. Participants performed two visual and two olfactory experimental sessions. In
the visual sessions, video clips showing individuals smelling the content of a glass were
presented. The glass contained an unpleasant, pleasant, or neutral odorant and thus the
individuals in the clips would react with a disgusted, pleased, or neutral facial
expression. In the olfactory sessions, participants themselves were exposed to
disgusting and pleasant odorants. It was found that both observing disgusted faces and
feeling disgust activated the anterior insula. The activation of the anterior insula was
also found when participants viewing pictures depicting contamination and mutilation
(Wright et al., 2004). Pictures of contamination scenes showing poor hygiene or poisons,
mutilation scenes showing human injuries and disease, fear scenes showing imminent
attacks, and neutral scenes showing objects such as landscapes and household tools
were presented to participants and the anterior insula responded only to contamination
and mutilation but not attacks and neutral scenes. Schienle and colleagues (2017)
administered 90 disgusting and 90 neutral pictures and showed them to participants in
three different sessions on three consecutive days. In the first session, participants
viewed 30 pictures of each emotional condition passively. In the second session,
participants received a capsule for oral intake as a placebo, which was suggested to be
able to reduce disgust-related symptoms, before viewing the pictures. In the third
session, participants were instructed to imagine that the contents in the pictures were
unreal but artificially created so that participants’ picture viewing would involve a

cognitive reappraisal process. After viewing each picture in each session, participants
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rated the intensity of disgust experienced on a 9-point scale. The researchers found that
while the placebo and reappraisal manipulations reduced the experienced disgust
intensity effectively, the activation of the insula and dorsolateral prefrontal cortex was

reduced in the placebo condition but enhanced in the reappraisal condition.

In conclusion, the above-mentioned empirical findings in both patients and healthy
participants indicated that the insula is likely to be the brain structure responsible for

processing disgust of various modalities.

Learning Words’ Emotional Meanings

Investigating which is the more efficient approach for acquiring the connotation of
disgust for new words and how such acquisition modulates neural dynamics are
important research objectives of this thesis. Consequently, faces and sentences were
selected in this investigation as candidate materials to examine the acquisition of

disgusting connotations.

Faces

Facial expressions have been considered as effective communication channels
(Darwin, 1872) and especially, an essential and common component for conveying and
perceiving emotions (Paul Ekman, 1992a, 1993). For humans, the initial acquisition in
life of emotional signals occurs when children recognize the facial expressions of their
caregivers (Denham, 1998; Caroll E Izard, 1971). Later on, the association of faces and
language occurs. For instance, Markham & Adams (1992) carried out an experiment
including four tasks on 24 children aged 4, 6, and 8 years. In the discrimination task, the
researchers showed the children a series of photos of persons expressing various

emotions and gave them emotion labels and corresponding relevant typical situations.
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The children were instructed to select the photo that matches the given emotion label
and situation. In the matching discrimination task, the researchers described the emotion
felt by a person and then showed the children four photos of persons demonstrating
different emotions, among which they have to choose the one expressing the same
emotion as described. In the forced choice labeling task, the children were required to
choose the correct emotion label for each photo shown. Finally, the free labeling task
required the children to respond to each photo shown with either single words or short
phrases when asked “How was this person feeling when their photo was taken”. Results
across the four tasks suggested that response accuracy increased with age and the
children’s performances were task-dependent. Such an age-driven developmental
recognition of emotions was discovered with larger sample sizes and broader age
variations. Vicari and colleagues (2000) recruited 120 school-aged children who were 5
— 10 years old and assigned them to an emotion matching task, in which the children
were asked to choose matching photos for target expressions from four alternatives, an
emotion memory task, in which the children viewed the photos for 5 seconds and then
selected photos expressing the same emotions from alternatives, an emotion recognition
task, in which the children were instructed to read short stories expressing various
emotions and select photos that match the emotion conveyed by the stories, and an
emotion labeling task, in which the children viewed the photos and responded with
emotion labels. The researchers discovered an increase in response accuracy with ages
by analyzing the children’s performances. The results of the two children-based studies
suggested that the acquisition of emotion labels for concrete emotions proceeds with

age as children’s language proficiencies improve.

Concerning words’ emotional meanings, a lot of empirical evidence has suggested

that emotional words are tightly associated with facial expressions in one’s semantic

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.
Su autenticidad puede ser contrastada en la siguiente direccion https://sede.ull.es/validacion/

I dentificador del docunento: 3100297 Cbodigo de verificacidn: qdkg/ h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15
UNIVERSIDAD DE LA LAGUNA

Maria de las Maravillas Aguiar Aguilar 12/03/2021 13:21:41
UNIVERSIDAD DE LA LAGUNA

20/221



Universidad de La Laguna
Oficina de Sede Electréonica
Entrada
N° registro: 2020/130260
N° reg. oficina: OF002/2020/128904
Fecha: 10/12/2020 12:37:05

14

memory. The Stroop task was commonly used to examine the interaction between
emotional words and faces. Stenberg and colleagues (1998) set up three experiments in
which happy, angry, and neutral faces; happy, sad, and neutral faces, and sad, angry,
disgust, happy, and neutral faces were employed. respectively, as primes and positive
and negative emotional words as targets. The task was to judge the emotionality of the
words Results of all three experiments demonstrated that negative words generally took
longer to process than positive words and the processing of negative words was
facilitated by negative face primes and inhibited by positive face primes compared with
positive words. Beall and Herbert (2008) prepared a series of happy, sad, and angry
faces and positive and negative words for two experiments. In the first experiment,
happy and sad faces were used along with the emotional words to construct two
experimental conditions. In both conditions, the faces and words were presented
together but in the first condition, participants were instructed to judge the valence of
the words while ignoring the faces and in the second condition it was the other way
around. In the second experiment, the more aggressive and threatening angry faces were
introduced to replace sad faces to further investigate the Stroop-like interference effect
between faces and words. Generally, the interference effect was found in both
conditions. Specifically, the effect was more prominent during valence judgments of
words than faces and angry faces showed a larger interference effect than sad faces.
There was no significant difference between angry faces and happy faces regarding the
interference effect, which indicated that emotions in faces were processed faster than
those in words. Using the similar design, Kar and colleagues (2018) investigated the
proactive and reactive control effects in the face-word Stroop task. The proactive
control effect was defined as “the reduction of Stroop interference (difference between

incongruent and congruent trials) as a function of previous trial emotion and previous
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trial congruence” whereas the reactive control effect “the reduction in Stroop
interference as a function of current trial emotion and previous trial congruence” The
researchers used also happy, sad, and angry faces in two experiments but participants
were only asked to respond to the valence of the faces. Moreover, instead of positive
and negative words, only the emotion labels (happy, sad, and angry) corresponding to
the three types of faces were adopted. Regarding the proactive control effect, sadness,
and anger in previous trials exerted a greater influence on proactive control than
happiness. For the reactive control effect, sad faces in previous trials generated more
reduction in the Stroop interference for happy faces in current trials and angry faces in
current trials were more adaptive than happy faces. It was concluded that the emotional
valence of task-relevant stimuli influences both proactive and reactive control and the
adjustive behaviors reflected when encountering conflicts are crucial for emotion

regulation.

In addition to the behavioral approach, there have also been studies using
electrophysiological techniques to examine the Stroop interference effect between faces
and emotional words. For example, Baggott and colleagues (2011) selected angry, sad,
fearful, and neutral faces and emotional words (e.g., “furious” for anger, “depressed”
for sadness, “afraid” for fear) as experimental stimuli in an emotion-congruency
judgment task. A congruency effect was found in behavioral results as participants were
faster in judging congruent face-word pairs. ERP data analyses demonstrated enhanced
N170 amplitudes for incongruent trials compared to congruent trials, indicating early
processing of emotional information conveyed by both faces and words. The face-word
Stroop effect was also tested in bilinguals. The Stroop interference was more prominent
for Chinese-English bilinguals in their first than second language when they judged

whether the face presented expresses happiness or fear while ignoring the emotional
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word presented simultaneously, indicating stronger emotionality for participants’ first
language (Fan et al., 2018). Furthermore, participants’ ERP data showed that a
negative-going wave between 350 — 550 ms after stimuli onset appeared to be larger for
incongruent than congruent first language trials. First language incongruent trials
elicited a more pronounced negative amplitude between 230 — 330 ms after stimuli
onset than second language incongruent trials. The enlarged orthographic decoding
negativity between 230 — 330 ms and the conflict processing negativity between 350 —
550 ms provided electrophysiological evidence for the emotionality enhancement in
participants’ first language (Fan et al., 2016). Such a conclusion was also drawn from
EMG studies on bilinguals. Baumeister and colleagues (2017) selected 20 happy words,
20 angry words, and 40 neutral words in Spanish and English and recruited Spanish-
English bilinguals to perform an emotion-association judgment task in which they were
instructed to identify whether the present word is associated with emotion or not while
their EMG signals were recorded. The bilinguals then completed a surprise memory
task 24 hours later, which included words in the previous session and a set of new
words. The bilinguals then had to indicate whether the word presented is from the
previous session or new. A memory advantage was manifested in emotional words
compared with neutral words in the first language but not the second language.
Regarding EMG results, facial motor resonance and skin conductance responses to
emotional words in the first language were marginally enhanced compared with the
second language. It is worth noting that although the EMG responses to emotional
words were reduced in the second language compared to the first language, they were
not completely absent, indicating that the association between facial expressions and
emotional words exists, at least partially, even in people’s second language that is

acquired later in life.
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The functional role of faces as emotion acquisition materials have been tested in both
healthy participants and patients. Walther (2002) designed five experiments to
investigate the mechanism of attitude formation by pairing liked or disliked persons’
faces with previously neutral persons’ faces. The five experiments investigated the
attitude spread effect, which in this study means a liked or disliked face may affect not
only the evaluation of the neutral face but also other faces related to the liked or disliked
face, with various paradigms including evaluative conditioning, aversive evaluative
conditioning, and second-order conditioning. Results of the different experiments in the
study suggested that the face pairs indeed elicited the spreading attitude effect that was
strong enough as to resist extinction and facilitate second-order conditioning and
happened regardless of cognitive resources availability. Blessing and colleagues (2013)
showed dementia patients and a group of healthy participants a set of neutral unfamiliar
faces paired with liked, disliked, and neutral faces. The patients and healthy participants
were both instructed to rate the valence of all faces before and after stimuli
presentations. Compared with healthy participants, the patients changed their valence
ratings of the unfamiliar faces based on whether they were presented with liked or
disliked faces. In addition, the patients rated unfamiliar faces as more positive when
they were presented with neutral faces, which was explained by the authors as an
exposure effect. In conclusion, the results of the above-mentioned two studies on both
healthy participants and dementia patients have shown that emotion-laden faces can
effectively change the perceived valence of neutral faces. Whether such an emotional
transference exists when faces are paired with unfamiliar written words remains unclear.
The current thesis aimed at filling this research gap by introducing disgusted and sad

facial expressions as potential emotion acquisition materials for new words.
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Linguistic Materials

Linguistic materials such as words and sentences are common resources for acquiring
meanings for new words. Statistical theories of meaning, notably the latent semantic
analysis theory (LSA) demonstrated that word co-occurrence data obtained from big
corpora of representative texts, allow to compute a number of dimensions in a vectorial
space in which words are represented as vectors; moreover, some mathematical
relations (cosines) accurately reflect semantic relations among them (Landauer &
Dumais, 1997). According to the ASL theory, these facts strongly suggests that word
meaning arises from linguistic contexts. The functional role of linguistic contexts in
meaning acquisition has been widely investigated in laboratory settings. In an eye
movement study carried out by Chaffin and colleagues (2001), sentences containing
target words differing in familiarity (high, low, and novel) and words related to target
words were combined to build sentences that were either informative or neutral about
the meaning of the target words. Participants were instructed to read the sentences and
answer random yes or no comprehension questions while their eye movements were
monitored. It was found that both the familiarity of the target word and the
informativeness of the sentence influenced participants’ reading time, and that
additional time was spent on the word related to the target only when the context was
neutral. Such results suggested that readers were able to detect the relevant parts of the
sentences for understanding novel words. Frishkoff and colleagues (2010) examined the
effect of meaning acquisition with linguistic contexts by measuring participants’ ERP
data before and after learning. The researchers prepared familiar words and new words
as well as sentential contexts that are either semantically constraining or uninformative
to the new words. The experiment was conducted in two separate sessions. In the first

session, participants read the contexts containing the new words and after each sentence,
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the new word was presented in isolation and participants were instructed to provide a
corresponding synonym. The second session took place two days after the first session
and aimed to examine the delayed learning effect. Reduced negativity in the left
temporal sites around 300 ms after stimuli onset was obtained in the ERP data of the
first session for new words learned in high-constraint contexts than those in low-
constraint contexts. Yet, both types of new words elicited a stronger medial frontal
negativity around 350 ms than familiar words. The delayed learning effect was
manifested in a late left parietal positivity (600 ms) instead of the left temporal
negativity. An additional semantic priming test was carried out in the second session to
further probe into the learning effect in which the learned new words, familiar words,
and unlearned new words served as primes and semantically related and unrelated
familiar words were targets. Participants were asked to decide whether the prime and
the target were semantically related or not. The classical N400 effect was stronger for
familiar words and new words learned in high-constraint contexts while weaker for new
words learned in low-constraint contexts. Unlearned new words elicited no N400 effect
at all. The results across these various tasks suggested that the linguistic contexts and

the following synonym generation were highly effective for meaning acquisition.

Besides general meaning acquisition, there has also been empirical evidence
suggesting that pairing emotional words with neutral words can effectively change the
valence rating of neutral words. Back in the 1950s, Staats & Staats (1957) conducted
experiments pairing meaningless syllable with emotional word pairs and testing
memory and valence for the syllables. Results suggested that the originally meaningless
syllables acquired emotional valence through the pairing with emotional words. Such an
effect was also found occurring in the absence of contingency-awareness. When

participants viewed a series of neutral words presented for 2500 ms followed by either a
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positive or negative word presented only for less than 30 ms, they were not even aware
of the presentation of emotional words during the experiment. However, the neutral
words were still rated more positive when followed by a positive word and more
negative when followed by a negative word (de Houwer et al., 1994). In a follow-up
study (de Houwer et al., 1997), the researchers replaced the neutral words with
meaningless pseudowords and reduced the number of emotional words to one extremely
positive and one extremely negative, reporting similar changes in valence ratings of the
pseudowords. Next, the number of presentations of pseudoword — emotional word pairs
were doubled and the pairings between pseudowords and emotional words were fixed
rather than randomized. In addition, participants were asked whether they were aware of
the presentation of emotional words during the experiment. Results suggested that
emotion acquisition for pseudowords occurred even for participants who did not aware
of the emotional word presentation. Finally, the researchers set up two experimental
conditions in which the pseudoword — emotional word pairs were presented to
participants either two times or four times. However, the emotion acquisition effect was
not significant neither when the word pairs were presented two times nor four times.
Nevertheless, the meta-analysis conducted by the authors of the results of different
experiments in the study yielded a relatively minor yet statistically reliable emotion

acquisition effect.

Using sentences as materials of emotion acquisition for neutral stimuli was rare in
previous studies. One example was Junghofer and colleague’s work (2017). Sixty
sentences describing either neutral occupations or aversive criminal activities were
constructed, and 60 neutral faces were selected from the KDEF database. Participants
were instructed to rate the valence and arousal of the faces before and after the

magnetoencephalography (MEG) recording session and complete a face — sentence
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matching task at the end of the experiment. During the MEG recording session, there
was a learning phase where the faces were presented with either sentences describing
neutral occupations or aversive criminal activities auditorily. In addition, the faces were
presented alone to participants before and after the learning phase. The learning phase
significantly influenced participants’ ratings of the faces and MEG activity. Faces
paired with criminal activities were rated more arousing and negative than those paired
with neutral occupations and elicited stronger magnetic fields in the left visual cortex
between 220 — 320 ms after stimuli onset, and thus proved that it is possible for neutral
stimuli to acquire emotional connotations from sentences conveying emotional
information. Regarding neutral verbal stimuli, in real life, when we look up an
unfamiliar word in the dictionary or learn a word from another language, it is common
that we resort to sentences, which provide more detailed and specific information than
single words, to understand its meaning, especially the more complex emotional
connotation. There has been no study using sentences for acquiring emotional
connotations for new words to date and thus, whether sentences are effective materials

for new words to acquire disgusting connotations was investigated in this thesis.

Relevant ERP Components of Emotional Word Processing

The ERP technique measures brain electrophysiological activity with electrodes
placed on the scalp and applies subsequent data processing time-locked to the target
stimuli, to obtain evoked activity. It shows high temporal resolution and thus is useful
for investigating the time-course of cognitive functions and processes. The relatively
low spatial resolution of the ERP technique can be complemented by using caps with
many electrodes (i.e., 64 or 128) to acquire more comprehensive data so that the neural

generators of the recorded ERP components can be computed using source estimation
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techniques. In this way, a complete picture of the spatiotemporal dynamics of disgust
processing in written words can be yielded by measuring ERP components and their

likely brain sources.

According to previous studies, a series of ERP components have been repeatedly
reported to be related to emotion processing in verbal stimuli. In the early time window,
the early posterior negativity (EPN) is one of the most representative components in this
regard. The EPN is a negative-going waveform appearing 200 — 300 ms after stimuli
onset and is located in posterior and occipital electrodes. Larger EPN amplitudes for
emotional than neutral words were found in various experimental paradigms. Kissler
and colleagues (2007) designed a silent reading and free-recall task in which pleasant,
unpleasant, and neutral nouns were shown to participants in a rapid serial visual
presentation (RSVP) format differing in fast and slow rates. Pleasant and unpleasant
words were better memorized than neutral words and elicited larger EPN amplitudes
and such effects were more pronounced for the fast presentation rate. Using a similar
design, Herbert and colleagues (2008) investigated the differences among pleasant,
unpleasant, and neutral adjectives. Results suggested that pleasant adjectives were
remembered better than neutral adjectives and pleasant and unpleasant adjectives
elicited larger EPN in the fast presentation rate. Moreover, the researchers looked into
the hemisphere distribution of EPN and found it to be more pronounced for negative
adjectives than neutral adjectives in the left hemisphere. Finally, nouns and adjectives
were mixed and presented for a fixed period of time in a silent reading and free-recall
task and a word counting task. Once again, the EPN was enhanced by emotional words
compared with neutral words (Kissler et al., 2009). The emotional EPN effect is also
commonly found in the lexical decision paradigm. Scott and colleagues (2009) selected

positive, negative, and neutral words of high and low frequencies and designed a lexical
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decision task with an additional set of pronounceable pseudowords. The EPN reflected
not only an emotion but also a frequency effect. Positive words and negative words
elicited larger EPN than neutral words and such effect was significant only for words of
high frequencies. Palazova and colleagues (2011) designed a lexical decision task with
adjectives, verbs, and nouns of positive, negative, and neutral valences and
pseudowords. Half of the words were high, and the other half were low in frequency.
The EPN effect varied based on different word categories. Positive and negative nouns
elicited larger EPN than neutral nouns, positive adjectives elicited larger EPN than
negative adjectives, and positive verbs elicited larger EPN than neutral verbs. The
different EPN amplitudes between emotional words were also reported in nouns in a
lexical decision task using RSVP; in this case, larger EPN was found for positive nouns
than negative and neutral nouns. It was worth noting that in the same study when
distractors were non-recognizable stimuli instead of pseudowords, the emotional EPN
effect diminished, which indicated that such an effect requires a certain level of post-
perceptual processing as the task only requires participants to identify words from non-
recognizable distractors, which are obviously different (Hinojosa et al., 2010).
Moreover, the emotional EPN effect was proved to be task-independent. For example,
when pleasant, unpleasant, and neutral nouns were paired with possessive pronoun “my”
or “his”, which indicated different self-referentiality, larger EPN was elicited by
pleasant and unpleasant words both in self-reference and other-reference conditions
(Herbert et al., 2011). Concluding the empirical evidence, the EPN is considered as an
indicator of the amount of attentional resources allocated to processing selective
emotional stimuli in the early stage (Junghofer et al., 2001; Schupp, Junghéfer, Ohman,
et al., 2004; Schupp, Junghéfer, Weike, et al., 2004). There have been controversies,

however, on the lateral distribution of the component. Junghofer and colleagues (2001)
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prepared pictures of high and low arousals and presented them to participants either 10
frames (the fast condition) or 6 frames (the very fast condition). Enhanced EPN
amplitudes were found for highly arousing pictures in both conditions and the effect
was more pronounced in the right hemisphere comparing with the left. Using the RSVP
paradigm, Schupp and colleagues (2006) selected pictures depicting erotic couples,
mutilations, and neutral scenes as stimuli. Once again, results suggested that larger EPN
was elicited by emotional pictures compared with neutral ones and the effect was more
robust in the right hemisphere. However, in the studies investigating the visual
processing of emotional nouns and adjectives described above (Herbert et al., 2008;

Kissler et al., 2007), a left-hemisphere advantage for the EPN effect was manifested.

One of the main research objectives of this thesis was to investigate disgust
processing in Mandarin, which is different from the Alphabetic languages used in the
above-reviewed studies. One commonly found early ERP component in studies
involving Mandarin is the P2 (or P200). It is a positive-going waveform that peaks
around 200 ms after stimuli onset with a distribution in the centro-frontal electrodes. It
was reported to be enhanced by words that are phonologically related to previous
priming words in word pairs compared with those that are unrelated in a homophone
judgment task (Zhang et al., 2009). Kong and colleagues conducted two experiments to
investigate the relationship between P2 and phonological (2010) and orthographic (2012)
processing. In the phonology study, participants performed a semantic judgment task on
word pairs. The stimuli consisted of filler pairs, which were semantically related, and
target pairs, which were semantically unrelated and further divided into homophonic,
rhyme, and phonologically unrelated. Results suggested that both homophonic and
rhyme pairs elicited larger P2 amplitudes, which indicated that P2 was sensitive to

lexical phonology at both the syllabic and sub-syllabic levels. As for the orthography
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study, the same semantic judgment task was adopted, and the stimuli were semantically
related filler word pairs and orthographically related but semantically and
phonologically unrelated target word pairs. Results demonstrated reduced P2 for
orthographically related pairs, suggesting that P2 is sensitive to orthographic similarity.
However, in addition to be an orthographic signature, the P2 component was also
reported to be sensitive to the processing of emotional words. Herbert and colleagues
(2006) showed participants pleasant, unpleasant, and neutral adjectives and instructed
them to perform an emotional evaluation task. It was found that both pleasant and
unpleasant words elicited larger P2 amplitudes than neutral words. Kanske and Kotz
(2007) designed a lexical decision task in which positive, negative, and neutral nouns
that varied in concreteness and length and pronounceable pseudowords were included.
The P2 was reported to be larger for positive words than neutral words. Ding and
colleagues (2016) examined the influence of emotional words on the semantic
integration of following neutral nouns during sentence comprehension using Mandarin
stimuli. A sentence structure of introductory context followed by a critical verb and
noun and then other information was established and thus creating four experimental
conditions: negative verb — noun congruent, negative verb — noun incongruent, neutral
verb — noun congruent, neutral verb — noun incongruent. Participants were instructed to
read the sentences carefully and complete a comprehension test after the sentence
presentation. The P2 component in such a design was enhanced by negative verbs
compared with neutral verbs. In conclusion, the results of the literature reviewed above
indicated that the P2 component was similar to the EPN component when it comes to
emotional words processing in Mandarin, although both components differ in polarity

and scalp distribution.
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Following the early components of EPN and P2, the N400 and late positive complex
(LPC) are usually found in emotional word processing. The N400 is a negative-going
deflection that peaks around 400 ms after stimuli onset with a typical distribution in
centro-parietal electrodes. The N400 was commonly reported to be an indicator of
lexical and semantic processing (Kutas & Federmeier, 2000; Lau et al., 2008). But
empirical evidence has suggested that it is also sensitive to emotional variables. Kanske
and Kotz (2007) reported larger N400 manifested for neutral words than positive and
negative words and concrete words than abstract words in a lexical decision task. While
in the study focusing on the brain dynamics of emotional adjective processing carried
out by Herbert and colleagues (2008), unpleasant adjectives elicited larger N400
amplitudes than pleasant adjectives and the overall amplitude was reduced by
repetitions. Sass and colleagues (2010) reported enhanced N400 amplitudes for neutral
words compared with arousing words in an emotional Stroop task in which pleasant,
threat, and neutral words were presented in four different colors. Similar results were
obtained by Gootjes and colleagues (2011). The researchers employed a similar
emotional Stroop task in which negative and neutral words were presented in four
different colors. Participants rated the valence and arousal for half of the words prior to
the ERP recording so that an exposure effect could be examined. Results suggested that
the N400 was enhanced by neutral words compared with negative words and new words
compared with exposed words. It has been argued that the reduced N400 for emotional

words reflects facilitated lexical or semantic processing (Citron, 2012).

The LPC is a positive-going waveform that has been found in numerous studies in
relation to emotions. Its main distribution is in the centro-parietal sites and usually
begins around 400 — 500 ms after stimuli onset and lasts for several hundred

milliseconds. Similar to the EPN component, the LPC is usually enlarged by emotional
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words compared to neutral words (Hinojosa et al., 2010; Kanske & Kotz, 2007; Schacht
& Sommer, 2009). Moreover, the LPC component often responded differently to
positive and negative words. In Herbert and colleagues’ studies that investigated
emotional and neutral adjectives, positive words elicited larger LPC than negative
words (2006, 2008). Such a positive preference was also reported by Kissler and
colleagues (2009) as positive words elicited larger LPC than negative words in the silent
reading task. Meanwhile, a reversed pattern was shown in numerous studies as well.
Among the literature reviewed above, Gootjes and colleagues (2011) and Kanske and
Kotz (2007) both reported an enhanced LPC for negative words compared with positive
words. Finally, several studies also suggested that larger amplitudes of LPC were
elicited by neutral words than emotional words. In a task requiring participants to
identify words, including positive, negative, relaxing, and neutral words, among
nonsense stimuli, neutral words elicited larger LPC than positive, negative, and relaxing
words (Hinojosa et al., 2009). The more robust LPC for neutral words was reported by
Citron and colleagues (2011) in their study employing a lexical decision task.
Moreover, the LPC component was demonstrated to be manipulated by self-
referentiality. In a series of studies carried out by Herbert and colleagues (2011a,
2011b), self-referenced emotional words, especially positive words, elicited larger LPC
than other- or no-referenced emotional words. Taken together, the LPC component
indicates more controlled, explicit, and deep processing of emotional information
carried in words and thus demonstrates more refined differences between positive and
negative valences compared with the EPN component. Moreover, the mixed patterns
regarding the differences between emotional words and emotional words and neutral

words suggested that the LPC component is more task- and stimuli-dependent.

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.
Su autenticidad puede ser contrastada en la siguiente direccion https://sede.ull.es/validacion/

I dentificador del docunento: 3100297 Cbodigo de verificacidn: qdkg/ h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15
UNIVERSIDAD DE LA LAGUNA

Maria de las Maravillas Aguiar Aguilar 12/03/2021 13:21:41
UNIVERSIDAD DE LA LAGUNA

347221



Universidad de La Laguna
Oficina de Sede Electréonica
Entrada
N° registro: 2020/130260
N° reg. oficina: OF002/2020/128904
Fecha: 10/12/2020 12:37:05

28

By the time the thesis was composed, the paper introducing Experiment 1 was under
journal review. The paper describing Experiment 2 has been accepted by a scientific
journal and was ready for publication. Regarding Experiment 3, a paper has been
written based on the results and was ready for submission. The latest versions of all

three papers were presented in the thesis.
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Objectives and Hypotheses

OBJECTIVE 1. To verify whether the processing of disgusting connotations in

Mandarin words involves neural embodiment, and to what extent the neural

signatures match those found in Indo-European languages.

To this aim, Experiment 1 was conducted using a Go/NoGo semantic
categorization task. Previously, Ponz and colleagues (2014) adopted the same design to
investigate the spatiotemporal brain dynamics of disgust processing in French words.
The researchers prepared 35 disgust-related words and 35 neutral words as experimental
stimuli and 24 vehicle names as fillers. During the experiment, the two types of words
were presented along with the fillers. Participants were instructed to respond to only the
vehicle names and their ERP data were recorded. Results suggested that disgust-related
words elicited larger EPN, N400, and LPC than neutral words, and source localization
suggested that disgust-related words generated higher current density than neutral words
in the left insula, right middle temporal gyrus, and right superior temporal gyrus during
the N400 time window. The more robust activation of the insula during the N400 time
window suggested that the processing of disgust-related French words activated neural
systems more than those involved in language processing and in this case, the neural
locus of processing disgusting information of various modalities. In the first experiment
of this thesis, the same experimental design as in Ponz et al. (2014) was employed but
the stimuli were in Mandarin and the number of trials was increased significantly to

improve the statistical power.
The hypotheses of the experiment are,

1. Disgust-related Mandarin words will elicit larger P2 than neutral Mandarin words.
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2. Disgust-related Mandarin words will elicit larger LPC than neutral Mandarin words.

3. Regarding the N400 component, disgust-related words were predicted eliciting more
reduced amplitudes than neutral words, since the emotional information would facilitate

lexical and semantic processing.

4. The insula and other emotion processing-related brain structures are expected to be

more active during the processing of disgust-related words.

OBJECTIVE 2. To examine the effectiveness of two associative contexts, faces

and sentences, for acquiring disgusting and sad connotations for new words.

The second experiment of the thesis selected face expressions and emotional
sentences as associative contexts to induce emotional connotations in novel words,
departing from most previous studies that generally use pictures as contexts for the
acquisition of words’ emotional meaning (Fritsch & Kuchinke, 2013; Hofmann et al.,
2009; Kuchinke et al., 2015). The two learning contexts used here, presumably differ in
the cognitive and neural mechanisms involved. Whereas face expressions are primary
biological signals of emotions which could be automatically interpreted, linguistic
contexts provide a more indirect and cognitive route for learning. In order to yield more
refined and accurate results, sadness, another negative basic emotion was introduced as
an emotional control baseline to better demonstrate the unique features of acquired
disgusting connotation, avoiding a confounding with pure valence effects. Sadness was
chosen for several reasons. First of all, compared to disgust that is usually urgently
induced by external aversive stimuli, sadness is more passive, internal, and
psychological (Kreibig et al., 2007; Mikulincer & Florian, 1997). It is different from

other negative basic emotions such as anger and fear, which are distinctive and easy to
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identify, but are also commonly induced by external threatening stimuli (Spielberger &
Reheiser, 2010) as disgust. Sadness is more socially involved as it occurs when facing
the loss of valuable objectives or significant others (Lench et al., 2011) and social
rejection (Izard & Buechler, 1980). Secondly, a unique set of facial movements
associated with sadness including lowered mouth corners and raised inner portion of the
brows were reported in previous studies (Ekman et al., 2002). During the experiment,
Spanish participants were divided into two groups to engage in a training session in
which pronounceable pseudowords were paired with emotional facial expressions and
with emotional sentences, respectively, to induce disgusting, sad, and neutral
connotations in the pseudowords. Next, two memory tests probing into participants’
learning of specific face/sentence — pseudoword pairs followed. Most importantly, after
the training session there were two generalization tests in which the participants judged
whether the learned new words applied to new faces/sentences stimuli expressing

disgust, sadness or neutrality.

The hypotheses of the experiment are,

1. Faces will be more effective than sentences as contextual clues for the acquisition of
emotional connotations of new words, as they are straightforward biological signals and

also are socially engaging.

2. Sentences are comparable to faces regarding the acquisition of sadness as they
describe more detailed social scenarios, which may facilitate the endogenous generation

of sadness.
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OBJECTIVE 3. To investigate how the acquired disgusting and sad

connotations of new words affect the brain dynamics of word processing, and

whether the neural embodiment hypothesis is confirmed for these new words.

This objective moves beyond previous studies that only focused on the influence
of acquired positive or negative valences on word processing (Fritsch & Kuchinke,
2013; Kuchinke et al., 2015). In the third experiment, Spanish participants first
completed a training session in which pronounceable pseudowords were paired with
faces expressing disgust, sadness, and neutrality, and then they attended the ERP
recording session on the following day. During the ERP recording session, the
Go/NoGo paradigm of Experiment 1 was employed, but in this case including the three
types of learned pseudowords (disgusting, sad, and neutral), a set of non-learned
pseudowords, a set of real words, and a set of vehicle names. The participants were
instructed to only respond to vehicle names, by pressing a button and refrain from
respond otherwise. The ERPs waveform were analyzed for the novel words (learned
pseudowords), and the sources for the significant ERP effects, which may differ for
disgust (Phillips et al. 1997; Ponz et al. 2014; Wicker et al., 2003; Wright et al., 2004)
and for sadness (Niida & Mimura, 2017; Ramirez-Mahaluf et al., 2018; Webb et al.,

2018), were also estimated.
The hypotheses are,

1. Disgusting new words will elicit the largest EPN compared to the other two types of

new words because of the alerting nature of disgust.

2. In the late time window, neutral pseudowords will elicit the largest LPC as they lack
emotional features and thus are vulnerable to the interferences from new pseudowords

and real words.
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3. On the other hand, disgusting pseudowords are expected to elicit the smallest LPC

given the salient emotional connotations they carry.

4. As for source localization, more robust activation in the insula is expected to be

found for processing disgusting pseudowords.

5. The processing of sad pseudowords is predicted to be associated with higher current

density in the anterior cingulate cortex as reported in previous studies.
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PART II. EXPERIMENTS

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.
Su autenticidad puede ser contrastada en la siguiente direccion https://sede.ull.es/validacion/

I dentificador del docunento: 3100297 Cbodigo de verificacidn: qdkg/ h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15
UNIVERSIDAD DE LA LAGUNA

Maria de las Maravillas Aguiar Aguilar 12/03/2021 13:21:41
UNIVERSIDAD DE LA LAGUNA

4117221



Universidad de La Laguna
Oficina de Sede Electréonica

Entrada

N° registro: 2020/130260
N° reg. oficina: OF002/2020/128904
Fecha: 10/12/2020 12:37:05

35

EXPERIMENT 1'

Embodied Processing of Disgust in Mandarin

Words: An ERP Study

Abstract: The embodiment theory of linguistic meaning posits that
comprehension reuses the sensory-motor systems and their neural networks. The
present study aims to verify the embodiment theory by investigating the spatiotemporal

brain dynamics of processing disgust-related words in Mandarin. These words were

chosen because disgust is a basic emotion (e.g., it recruits neural resources in the insula)

that has received little attention in neurolinguistics. The participants were required to
read disgust-related and neutral words with instructions to perform a semantic
categorization task while their EEG data were recorded. The results revealed that
disgust-related words elicited larger amplitudes in the P2 and LPC components of the
ERP and reduced the N400 amplitudes compared to neutral words. The source
localization for the effects obtained in the P2 time window showed activations of the
insula and other sensory and emotion-related brain structures. These results

demonstrated the brain dynamics of Mandarin-speaking Chinese participants during

emotion processing in words and clearly supported the theory of embodiment semantics.

Keywords: emotion; disgust-related words; Mandarin; embodiment; ERPs

! Experiment 1 has been accepted for publication in the Journal of Neurolinguistics.

It is currently in press.
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Introduction

Disgust is one of the basic emotions (Ekman, 1992) induced by aversive stimuli
(Rozin et al., 2000). Stimuli inducing disgust usually come with the threat of
contamination or disease, and feeling disgusted encourages withdrawal behaviors
(Woody & Teachman, 2006). In most languages, a rich vocabulary is associated with a
variety of emotions, including disgust. The neural response to disgust-related words has
been relatively neglected by researchers, and is virtually absent in research involving
the Mandarin Chinese language. This paper contributes to filling this gap by using the
event-related potentials (ERPs) technique to study how Mandarin speakers
process disgust-related words.

The amodal theory and the embodiment theory are two classical theories of
comprehending lexical meaning. The amodal theory proposes that word meaning is
achieved using only abstract, arbitrary mental symbols without activating the sensory-
motor systems (Bobrow & Winograd, 1977; Charniak, 1978; Griffiths & Steyvers, 2004;
Landauer & Dumais, 1997; Lund & Burgess, 1996). Therefore, according to the amodal
theory, brain structures functionally associated with emotional processing are not
immediately activated when reading emotional words, or they are activated in a late
post-lexical access stage. The theory of embodiment semantics, for its part, posits that
meaning is grounded in the body and reuses the neural mechanisms of perception,
action, and emotion (de Vega et al., 2008; Horchak et al., 2014). For instance, a number
of studies demonstrate that motor and premotor regions in the brain are activated during
the processing of action-related words or sentences (Gallese, 2008; Hauk et al., 2004;
for review, see Wang et al., 2019). Moreover, according to the embodiment theory, the
processing of emotion-related words triggers activations in the brain regions involved

in the processing of emotional information.
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In this study we will test, by means of the event-related potentials (ERPs)
technique, whether disgust-related words induce modulation of certain neural
markers of the disgust emotion. If so, the result would demonstrate that disgust-
related words are grounded on the corresponding emotion, supporting the
theory of embodiment semantics. The ERP technique is an ideal tool for exploring
the temporal dynamics of emotional word processing. Previous studies have provided
evidence that both early and late ERP components are sensitive to the emotional
features of words (Herbert et al., 2008; Kanske & Kotz, 2007; Kissler et al., 2007,
2009; Yi et al., 2015; Zhang et al., 2014). The early ERP components, include the
P1-N1, which are sensitive to the interaction between word frequency and emotion
(Hofmann et al., 2009; Scott et al., 2009), the P2-N2, which respond to emotional
information of the stimuli (Herbert et al., 2006; Sass et al., 2010), and the EPN
(early posterior negativity), which is a task-independent component usually
enhanced by emotional stimuli (Herbert et al., 2008; Kissler et al., 2007, 2009);
these early components were considered to reflect visual attention to the emotional
content of words in early perceptual processing. For later time windows, the N400
and the LPC were commonly found during emotion word processing. The N400 is
an indicator of lexical access and lexico-semantic integration and is generally larger
for neutral words than emotional words, reflecting a facilitation effect of salient
emotional content on lexical and semantic processing (Herbert et al., 2008; Kanske &
Kotz, 2007; Ponz et al., 2014). One exception is Ponz et al.’s study (2014), which
reported enhanced N400 amplitudes for disgust-related words compared to neutral
words and the authors ascribed the unusual pattern to their experimental design
that required participants to inhibit semantic processing over emotional words. The
LPC component indicates a deeper comprehension and prolonged evaluation of the

emotional content of stimuli and is therefore generally enhanced by emotional stimuli
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(Carreti¢ et al., 2001; Herbert et al., 2006; Palazova et al., 2011).

Disgust is a negative emotion induced by aversive stimuli threatening
contamination or disease (Rozin et al., 2000) and is one of the six basic emotions
proposed by Ekman (1992). Given the fact that stimuli inducing disgust encourage
withdrawal, disgust protects us against noxious substances that may harm us or reduce
our well-being (Rozin & Fallon, 1987). Brain lesion studies (Calder et al., 2000) and
brain imaging studies of healthy participants (Phillips et al., 1997; Wicker et al., 2003;
Wright et al.,, 2004) demonstrated that the anterior insula is likely to be a main
neural structure involved in processing disgust information across various modalities.
Other brain structures, such as the amygdala as well as the anterior and posterior
cingulate gyri, were also reported as being involved in the processing of disgust
(Phillips et al., 1997; Phillips et al., 2004).

In spite of the relevance of disgust as a basic human emotion, the study of the
processing of disgust-related words has received little attention. Most studies in the
field only conducted a gross contrast between emotional and neutral stimuli instead of
focusing on investigating specific emotional categories (e.g., Fritsch & Kuchinke, 2013)
while the current ERP research aimed to study the specific brain responses to disgust-
related words. As stated above, disgust is usually triggered by external aversive stimuli
so that disgust-related words, which refer directly to concrete disgusting objects,
actions, or concepts, can serve well to induce the corresponding emotion whereas other
negative emotions such as anger and fear and the only positive emotion among the six,
happiness, were more effectively induced by pictures, real-life experiences, or videos
rather than sign words (Ferrer et al., 2015; Yan & Dillard, 2010) To the best of our
knowledge, only one ERP study has been performed on this subject with French

disgust-related words as stimuli (Ponz et al., 2014). Ponz et al. recruited 21 healthy
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French participants for surface EEG recording and two patients with epilepsy for
intracranial EEG recording. The researchers found enhanced EPN, N400, and LPC
components by disgust-related words compared to neutral words, and the source
estimation for the N400 effect was the left anterior insula among healthy participants.
These results were corroborated with higher accuracy, recording EEG with intracranial
electrodes in two epileptic patients. Overall, the results confirmed a neural embodiment
of disgust-related words, indicated by the brain temporal dynamics and the activation of
brain structures beyond the language system induced by such words. French is an Indo-
European language with alphabetic writing, and it remains untested whether the
processing of disgust-related words also recruits the same neural mechanisms in a
language such as Mandarin Chinese, which differs from Indo-European languages in
several features. For instance, Mandarin has an impoverished inflectional morphology,
abundance of monosyllabic words, and a logographic writing system. There is
empirical evidence that supports that these features induce differential brain processes
in Mandarin speakers. For example, Valaki et al. (2004) found that the
neurophysiological activity in temporal and temporoparietal brain areas of Mandarin
Chinese speakers differed from that of Indo-European language speakers in a spoken-
word recognition task. Regarding the emotional dimension of language, it has been
reported that terms denoting external and internal body parts constitute a large
proportion of conventional expressions referring to emotions and emotional experiences
in Chinese (Yu, 2002). Such metaphorical expressions have bodily and psychological
bases. Cross-cultural studies also suggested that Chinese and English-speaking
Americans differ in the ways they express emotions and describe emotional experiences.
For example, Chinese patients tended to use bodily rather than psychological terms to

describe their depression symptoms compared to American patients (Kleinman &
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Kleinman, 1985). Some scholars proposed that in Chinese culture, psychological and
physical states are considered to be tightly connected and, therefore, Chinese speakers
tend to use somatic terms when expressing emotions or describing emotional events
more often than English speakers (Kleinman et al., 1986; Ots, 1990). Other researchers
suggested that the reason for such lexical biases is that somatic words and emotional
words are more similar in Chinese logographic orthography than in alphabetic
languages (Tung, 1994). Tsai and colleagues (2004) investigated the word choice of
European Americans, more acculturated Chinese Americans, and less acculturated
Chinese Americans when describing emotional events and found that even when asked
to speak English, less acculturated Chinese Americans used more somatic and social
words than European Americans. Therefore, the way that Chinese speakers process
emotional words could differ substantially from the way that speakers of alphabetic
languages do. Despite this, the somatic character of Mandarin emotional words makes
predictions from embodied semantics more plausible than those from amodal semantics.

The present ERP study aims to investigate, for the first time, to our knowledge, the
brain spatiotemporal dynamics of processing emotional words in Mandarin and how it
may differ from an alphabetic language. To this end, following a previous study
performed in French (Ponz et al., 2014), we examined the processing of emotional
words employing a Go/NoGo semantic categorization task in which the participants
decided whether each word referred to a vehicle (pressing a response key) or not
(withholding from responding). Therefore, no judgment was requested about disgust-
related or neutral words themselves; in other words, the emotional contents were
processed implicitly. Three types of words were selected as experimental materials:
disgust-related words (target stimuli), neutral words (controlling baseline), and vehicle

names (fillers).

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.
Su autenticidad puede ser contrastada en la siguiente direccion https://sede.ull.es/validacion/

I dentificador del docunento: 3100297 Cbodigo de verificacidn: qdkg/ h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15
UNIVERSIDAD DE LA LAGUNA
Maria de las Maravillas Aguiar Aguilar 12/03/2021 13:21:41

UNIVERSIDAD DE LA LAGUNA

471221



Universidad de La Laguna
Oficina de Sede Electréonica
Entrada
N° registro: 2020/130260

N° reg. oficina: OF002/2020/128904

Fecha: 10/12/2020 12:37:05

41

We expected to identify emotional effects on both early and late ERP components
as reviewed above. The time course of the neural response observed in the ERPs could
provide important information. The sensitivity of early components (e.g., N2, P2, or
EPN) to disgust-related words would index an automatic attentional response to
emotional features of words during lexical access. By contrast, later components (N400,
LPC) showing the effects of disgust-related words would indicate post-lexical
elaboration processes. Indeed, the source estimation of the effects allowed us to see
whether and when the insula gets involved. As reviewed above, the activation of the
insula occurs when processing disgust stimuli of various modalities, such as facial
expressions (Phillips et al., 1997) and pictures (Wright et al., 2004). Since Chinese
speakers tend to use somatic words to express emotions, it is expected that the
processing of disgust-related words in Mandarin will show strong neural embodiment
responses, that is, these words may elicit similar ERP components and source
localizations as those reported in Ponz et al.’s study, including enhanced EPN, N400,
and LPC compared to neutral words, and even earlier activation of the anterior insula.
On the other hand, the amodal theory would predict null effects of disgust-related
words in Mandarin. According to the amodal theory, the insula would not play any
significant role in processing disgust-related words, given the fact that word meaning

consists of amodal symbols.

Material and Methods

2.1 Participants

A total of 21 Chinese college students (12 females), all native speakers of Mandarin

Chinese, with ages ranging from 18 to 25 (M = 20.14), all right-handed, with normal or
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corrected-to-normal vision and no history of psychiatric or neurological disorders,
participated in the experiment. All participants participated voluntarily in the
experiment and received money for their participation. Two participants were excluded

from the final analysis due to the excessive number of artifacts in their EEG data.

2.2 Material®

Eighty-two disgust-related words were initially selected. Thirty college students
who did not participate in the experiment rated the words on a 9-point disgust scale (1 =
not disgusting at all, 9 = extremely disgusting). Only words with rating scores over 5
were retained (M = 6.30, SD = .98). Sixty-three words met this criterion. Then 63
neutral words were selected from a Chinese emotional words database (Yao et al.,
2017). Another group of 46 college students rated these words on their
valence, arousal, and imageability on a 9-point scale (1 = extremely negative, not
arousing at all, extremely difficult to image, 9 = extremely positive, extremely
arousing, extremely easy to image). The disgust-related words and the neutral
words were matched for their arousal, imageability, and strokes (disgust-related
words were naturally more negative). The frequency of the words was obtained
from the Modern Chinese Frequency Dictionary (Wang et al., 1986). After controlling
the lexical variables, 60 disgust-related words and 60 neutral words were selected as
experimental material. An additional set of 50 vehicle names were selected as fillers.

The details of the lexical variables were shown in Table 1.

2 See the questionnaire used for the normative study in Appendix 1, and the selected
materials of the experiment in Appendix 2, at the end of the thesis.
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Table 1 Lexical Variables of Experimental Material

Variables
Disgust-Related Neutral p-Value
M SD M SD
Valence* 1.81 .38 458 37 .00
Arousal 435 35 448 .64 .16
Imageability 587 .72 5.58 1.31 13
Strokes 18.40 5.21 18.45 4.34 .96
Frequency of Use 592 12.73 7.12 7.94 .54
*p<.05

2.3 Procedure

In the present study, a semantic categorization task was used to investigate the
brain spatiotemporal dynamics during the processing of Mandarin disgust-related words.
Participants were seated comfortably in a chair in a sound-attenuated room. Materials
were presented on a computer screen about 80 cm away from the participants.
Participants were instructed to silently read each presented word and identify as quickly
and accurately as possible whether it was a vehicle or not. If yes, they were asked to
press “J” on the keyboard with the index finger of their right hand. If not, they were
asked to stay still. All words were presented randomly. Each participant read 170 trials
including 60 disgust-related words, 60 neutral words, and 50 vehicle names. The words
were presented in white color (Song typeface, size 36) on a black background.
Before the presentation of the word, a fixation cross appeared on the screen for 500 ms,
after which the word was presented on the screen for 1000 ms. Participants made their
decisions during the presentation of the word. The word presentation was followed by a
500 ms blank and then a signal for eye blinking lasting for 2500 ms. Before the

experiment started, participants completed 20 practice trials to familiarize themselves
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with the experimental procedure (see Figure 1). The material presentation was

conducted using E-Prime software.

1000 ms (press “T”
if it refers to a vehicle)

Figure 1 Experimental Procedure (the word means “vomit” in English)

2.4 EEG recording and analysis

The EEG data were collected with a 64-electrode cap (Brain Products) placed
according to the extended International 10/20-system. Electrode impedances were kept
below 5 Q during the recording session. All electrodes were re-referenced oftline to the
average of all electrodes. For each trial, the ERP recording was time-locked to the onset
of the word, and ERP analysis was applied to an epoch extending from 200 ms before
to 1000 ms after the onset. The preprocessing of the EEG data was conducted using
Fieldtrip (Maris & Oostenveld, 2007; Oostenveld et al., 2011). Ocular and motor
artifacts were corrected for each participant by running Independent Component

Analysis (ICA). The 200 ms preceding the word onset were used for baseline correction.
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Epochs showing amplitude values exceeding =+ 70 puV in all electrodes were
automatically removed. The average number of remained trials was 45 (SD = 5.6) for
disgust-related words and 45 (SD = 4.6) for neutral words.

Artifact- and error-free epochs of each participant were averaged for each
experimental condition using the Fieldtrip toolbox. The ERPs were analyzed using the
cluster-based random permutation method implemented in Fieldtrip. This method
performs multiple comparisons in space and time by identifying clusters of significant
differences between experimental conditions over the whole ERP segment while
effectively controlling for type 1 error.

This statistical method allows only for pair-wise comparisons. For the current
study, each of the two conditions was calculated for each participant, and then the

waveforms were statistically compared to each other.

2.5 Source localization

Source localization was conducted using the standardized low-resolution brain
electromagnetic tomography (SLORETA) (Pascual-Marqui, 2002). This is a method that
computes images of electric neuronal activity from EEG. sLORETA calculates the
standardized current density at 6239 voxels at Smm spatial resolution within a head
model of the MNI-reference brain. For each participant, sSLORETA images
corresponding to ERP components with significant differences were defined as the
mean current density values for the time windows of interest and were corrected for
multiple comparisons. Statistically significant difference was set to p <.01 to obtain the
most prominent differences in brain region activations between the two categories of

stimuli.
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Results

3.1 Behavioral results

The mean accuracy of the vehicle identification task was 97.6% (SD = 0.03) and
the mean response time was 561.32 ms (SD = 58.17). The rate of false alarms for
disgust-related words was 0.2% (SD = .01) and for neutral words 0.2% (SD = .01). The
high level of accuracy indicated that participants fully understood the requirements of
the experiment and paid attention to the stimuli. The mean response time suggested that
the duration of each trial (1000 ms) was sufficient for participants to process the

meaning of the word.

3.2 ERP results

When disgust-related and neutral trials were compared, three temporal clusters of
differences were identified using the randomization method described in the section

‘ERP recording and analysis’ (Figure 2).

3.2.1 Early time window (anterior: 170-232 ms; posterior: 196-236)

Two significant temporo-spatial clusters were identified in time windows
coincident with the P2 and the EPN components. One extended between 170 and 232
ms after stimuli onset and revealed more positive amplitudes for disgust-related than
for neutral words over fronto-central electrodes (Tmaxsum = 1042, p = .012),
corresponding to the P2 component. The other overlapped temporally with the previous
one (196-236 ms) but showing more negative amplitudes for disgust-related than

neutral words over occipital and left parieto-occipital electrodes (Tmaxsum = 529, p
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=.046), likely representing an instance of the EPN component.

3.2.2 Late time window (315-600 ms)

The next significant cluster occurred between 315 and 600 ms after the word onset
and was characterized by more reduced centro-parietal amplitudes for disgust-related
than for neutral words (Tmaxsum = 5265, p < .001). The timing and topographical
distribution of this cluster reflected a sustained effect encompassing both the N400 and

the LPC components.

A B
Fz

,/i/fé\W!—d DISGUST
Cz

‘AT/:\"""' NEUTRAL

A A 1.75 pvV
O
-2 pv I
R piFF ) )
2 v 800 ms I
-1.75 pv
disgust
neutral 170 — 236 ms 315-600 ms
difference

Figure 2. (A) Averaged ERP waveforms at medial scalp sites (Fz, Cz, Oz electrodes)
for disgust-related words and neutral words. Grey shaded areas highlight the time
windows of the significant differences between disgust-related words and neutral words.
(B) Scalp distribution of voltage in the two time windows (170-236ms and
315-600ms) for disgust-related words, neutral words, and the differences between
them (disgust —neutral). Black points highlight the scalp sites corresponding to the

significant cluster-base differences.
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3.3 Source localization

SsLORETA was used to conduct source localization for the ERPs identified above.
Source localization for the N400 component of the two experimental conditions failed
to reach a converging result. However, for the early time window, disgust-related words
generated higher current density than neutral words in the insula, uncus and superior
temporal gyrus, and anterior cingulate, cingulate gyrus, and posterior cingulate. The
inferior temporal gyrus and middle temporal gyrus also demonstrated stronger
activations for disgust-related words (Table 2 and Figure 3).

In the late window, higher current density was found for disgust-related words in
the precuneus in addition to the posterior cingulate and cingulate gyrus (Table 3 and
Figure 4) during the positive-going segment of the cluster that resembles the LPC

component.

Table 2 Locations of disgust-related words eliciting higher current density in the 170-

232 ms time window than neutral words. The critical t-value for p = .01 is 4.65

Structure (BA) MNI t-Value
Coordinates

Fusiform Gyrus (20) 40, -10, -30 6.47
Inferior Temporal Gyrus (20) 40, -10, -35 6.51
Insula (13) 40, -5, -5 4.88
Middle Temporal Gyrus (21) 40, -5, -35 6.28
Middle Cingulate Gyrus (31) 0, -35,45 4.74
Parahippocampal Gyrus (35) 25,-15,-30 4.70
Postcentral Gyrus (2/3) -35,-25, 40 5.40
Precuneus (7) 0, -40, 45 4.82
Superior Temporal Gyrus 45, -5, -10 5.53
(13/21/22/38)

Uncus (20/28) 35, -10, -40 5.98
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Figure 3 sLORETA images of the 170-232 ms time window with axial, sagittal, and
coronal views. The color scale corresponds to the t-values of differences between

disgust-related and neutral words.

Table 3 Locations of disgust-related words eliciting higher current density in the 315-

600 ms time window than neutral words. The critical t-value for p = .01 is 4.50

Structure (BA) MNI t-Value
Coordinates

Precuneus (7/31) -10, -50, 35 4.57

Posterior Cingulate Gyrus (31) -10, -45, 40 4.70
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Figure 4 sLORETA images of the 315-600 ms time window with axial, sagittal, and
coronal views. The color scale corresponds to the t-values of differences between

disgust-related and neutral words.

Discussion

In the present study, we used a semantic categorization task to investigate the
spatiotemporal brain dynamics in the processing of Mandarin emotion words.
Compared to neutral words, disgust-related words modulated both early (170-236 ms,
P2 and EPN) and late (315-600 ms, N400 and LPC) ERP components. As for the source
estimation, the insula, together with other sensory and emotion-related brain structures,
became more activated for disgust-related words compared to neutral words in the early
time window. Furthermore, robust activations of precuneus (an action-related structure)
were obtained for disgust-related words in the late time window.

The positive-going waveform around 200 ms is similar in time and distribution to
the P2 component (see Figure 2 for details). The enhanced P2 obtained here for disgust-

related words confirms the results of several previous studies with different kinds of
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stimuli and modalities (Ding et al., 2016; Herbert et al., 2006; Kanske & Kotz, 2007,
Wang et al., 2013). P2 is taken as a possible index of attention orientation to emotional
stimuli (Citron, 2012) and is responsible for the conscious processing of emotional
content (Herbert et al., 2006). Therefore, the enhanced P2 component suggests that
disgust-related words demand more attention than neutral words in our Chinese
participants, indicating early processing of emotional features for Mandarin words. In
addition, enhanced EPN-like negativity was detected for disgust-related words
compared to neutral words in occipital and left parieto-occipital sites during the 196-
236 ms time window. The EPN component is commonly found in emotion-related
studies and has been associated with automatic attention allocation during the initial
stages of accessing to emotional information (Schupp et al., 2004) and is usually
enhanced by emotional words (Franken et al., 2009; Hinojosa et al., 2010; Palazova et
al., 2011; Schacht & Sommer, 2009; Scott et al., 2009). Once again, the enhanced EPN
component demonstrates the early attention allocation on processing Mandarin
disgust-related words.

In the later time window, disgust-related words elicited smaller negativity than
neutral words from 315 ms onward, and this effect was more pronounced in the more
medial-posterior areas. The initial period of this sustained effect resembles the N400
component commonly found in semantic processing tasks, indexing lexical access (Lau
et al., 2008), and lexico-semantic integration processes (Kutas & Federmeier, 2000).
The attenuation of N400 for emotional stimuli has been reported in previous studies and
generally interpreted as reflecting the facilitation of lexical-semantic processing for
emotional stimuli (Herbert et al., 2006; Kanske & Kotz, 2007). However, in Ponz et
al.’s (2014) study, using the same Go/NoGo paradigm, the authors found enhanced

rather than attenuated N400 for disgust-related words in conflict with other studies in

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.
Su autenticidad puede ser contrastada en la siguiente direccion https://sede.ull.es/validacion/

I dentificador del docunento: 3100297 Cbodigo de verificacidn: qdkg/ h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15
UNIVERSIDAD DE LA LAGUNA

Maria de las Maravillas Aguiar Aguilar 12/03/2021 13:21:41
UNIVERSIDAD DE LA LAGUNA

58/221



Universidad de La Laguna
Oficina de Sede Electréonica
Entrada
N° registro: 2020/130260
N° reg. oficina: OF002/2020/128904
Fecha: 10/12/2020 12:37:05

52

the literature (Herbert et al., 2008; Kanske & Kotz, 2007) and with the effect reported
here.

Following the N400-like difference, disgust-related words elicited larger positivity
than neutral words in what appears to represent an instance of the LPC component. The
enlargement of the LPC amplitude has been found in almost every emotion-related
study (Citron, 2012). In the present study, the enhanced LPC amplitudes associated
with disgust-related words were in line with the traditional pattern reported elsewhere
(Carretié et al., 2001; Herbert et al., 2006; Palazova et al., 2011), indicating a post-
lexical process of deep and deliberate analysis of emotional contents in disgust-
related words. More controlled and explicit processing of emotion usually occurs
during the time window of this late component, indicating additional cognitive
processes devoted to either the refinement and contextual integration of the emotional
content or the sustained attention toward motivationally relevant stimuli (Fischler &
Bradley, 2006; Schupp, Junghéfer, Ohman, et al., 2004).

Concerning the neural sources for the early time window effects, it is remarkable
that the activation of the anterior insula is associated with disgust-related words,
confirming other results in the literature reporting the special role of this structure in
processing disgusting stimuli of various modalities (Huang et al., 2010). In
addition, regions are activated generally associated with orthography processing
and object recognition, including the fusiform gyrus, the middle temporal gyrus, and
the inferior temporal gyrus (Acheson & Hagoort, 2013; Devlin et al., 2006; Spiridon
et al, 2006). However, since the disgust-related and neutral words were
controlled for critical psycholinguistic variables, the differential activations in those
regions suggested that the disgust-related words were more deeply processed as they
drew more attention and were intrinsically important to human survival (Rozin &
Fallon, 1987; Woody & Teachman, 2006). The observed activation of the precuneus

for disgust-related words
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could be related to attention directing when a person imagines or prepares movements
(Cavanna & Trimble, 2006; Kawashima et al., 1995), thus indicating that the disgust-
related words, though not as straightforward as images or facial expressions, still
elicited withdrawal behaviors (Woody & Teachman, 2006). This claim is further
supported by the observed activations of the postcentral gyrus associated with the
primary somatosensory cortex (Case et al., 2016). Also, the more robust activations of
cross-modality  brain  structures for disgust-related words including the
parahippocampal gyrus are involved in scene recognition (Mégevand et al., 2014); the
uncus, part of the olfactory cortex, also suggested that our participants simulated the
referents of the presented words in their minds during the experiment. The activations
of other emotion-processing structures such as the cingulate gyrus (Hadland et al., 2003)
in this early time window also proved that disgust processing in Mandarin words
extends beyond the written word processing system.

The results of the present study clearly support the theory of embodied semantics
in the processing of disgust-related words. Previous studies of embodied cognition
suggested that some semantic contents are grounded in perceptual-motor and emotional
processing (Barsalou, 2008; Horchak et al., 2014; Niedenthal, 2007). Pulvermiiller et
al.’s studies show that semantic activation can occur as early as 200 ms after the word
onset and spread to non-linguistic content-related brain regions (Pulvermiiller, 2005).
For instance, action words, such as ‘pick’ and ‘kick’, activated brain regions
somatotopically corresponding to hand and foot areas. As for words denoting emotions,
they could activate motor programs associated with the expression of the corresponding
emotions (Dreyer et al., 2015; Lugli et al., 2012; Moseley et al., 2012; Mouilso et al.,
2007; Wittgenstein, 1958), as well as the general neural network of emotions, including

the insula and the amygdala (Jones et al., 2010; Kanske & Kotz, 2011; Lewis et al.,
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2007; Nakic et al., 2006; Ponz et al., 2014; Straube et al., 2011). Therefore, the early
activation of the anterior insula during the processing of Mandarin disgust-related
words indicates that readers of this language recruit emotion-related (not only motor)
networks as part of their meaning. These facts support the theory of embodiment
semantics rather than the amodal theory.

Generally speaking, the current results with Mandarin converge with the results
from previous studies with Indo-European languages and alphabetic writing systems.
However, some differences between the study of Ponz et al. (2014) performed with
French-speaking participants and the present study are remarkable. Ponz et al. reported
larger EPN and N400 amplitudes for disgust-related words than neutral words,
associated with increased activation of the insula. To explain their results, the authors
proposed that the N400 component associated with emotional words indexes difficulty
in inhibiting them. Participants in that study were instructed to focus on vehicle words
(Go trials) and ignore the others (NoGo trials), and they found it harder to ignore
disgust-related words than neutral words. By contrast, in the present study, performed
with Chinese participants with the same Go/NoGo procedure, there was reduced
negativity for disgust-related words in the N400 time window, which may indicate that
Mandarin Chinese readers, unlike French readers, succeeded in inhibiting responses
when reading disgust-related words. Instead, the earliest difference obtained here
between disgust-related and neutral words was manifested on the P2 and the EPN
components, associated with enhanced activity of the insula. The EPN and P2 are
identified in similar time windows and could be equally sensitive to emotional stimuli,
but they differ in scalp distribution (Citron, 2012). Ponz et al. (2014) attributed the
absence of P2 in their study to the particular task requirements of the Go/NoGo

paradigm. However, in the present study, we used exactly the same paradigm and found
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that the P2 component was sensitive to the emotional manipulation of words. Such
different results could derive from the different cognitive demands of the alphabetic and
Mandarin writing systems. The P2 component has consistently been found in
Mandarin-related studies but not in alphabetic language studies (Chen et al., 2007;
Kong et al., 2010, 2012; Q. Zhang et al., 2009). P2 is viewed as a component reflecting
the processing of orthographical and phonological features of words, and the absence of
this component in studies with alphabetic language could be ascribed to the close
relationship between the letter and the pronunciation, which triggers earlier components
than P2 (Xie et al., 2016). But beyond this orthographic explanation, we infer that in
Mandarin, the emotional sensitivity to disgust-related words occurs earlier than in
French. Such an inference is further supported by the fact that the activation of the
insula of our Chinese participants occurred during the P2 time window instead of the
N400 time window in Ponz et al.’s study. Moreover, a similar EPN pattern was detected
in the present experiment but occurred earlier and overlapped with the P2, which
further testified the early processing of disgust in Mandarin words. Finally, the present
study significantly increased the number of trials compared to the previous study (170
vs. 94) so that statistical power was increased. Nevertheless, both Ponz et al.’s study
and the present one can illustrate the point that the embodiment theory of lexical

emotional meaning is culturally and linguistically universal.

Conclusion

The present study determines the spatiotemporal brain dynamics of emotion
processing in Mandarin, using disgust as the specific emotion. Early effects of emotion

were identified on the P2 component instead of EPN for Mandarin Chinese word
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processing, indicating a fast reaction to the emotional value of words. Moreover, this
early effect was associated with the activation of the insula, which is the neural locus of
disgust processing across various modalities. Further semantic processing of emotion
features indexed by the negativity during the N400 time window was inhibited among
Chinese participants. Taken together, the results of the current study extend the results
of previous studies to the Mandarin language in support of the theory of embodiment
semantics on written word processing. When processing emotional content in Mandarin
words, cross-modality sensory activation occurs in the brain along with semantic

comprehension being decoded.
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EXPERIMENT 2°

Learning new words’ emotional meanings in the
contexts of faces and sentences

Abstract: Language is a powerful vehicle for expressing emotions, although the
process by which words acquire their emotional meaning remains poorly understood.
This study investigates how words acquire emotional meanings using two types of
associative contexts: faces and sentences. To this end, participants were exposed to
pseudowords repeatedly paired either with faces or with sentences expressing the
emotions of disgust, sadness, or neutrality. We examined participants’ acquisition of
meanings by testing them in both within-modality (e.g., learning pseudowords with
faces and testing them with a new set of faces with the target expressions) and cross-
modality generalization tasks (e.g. learning pseudowords with faces and testing them
with sentences). Results in the generalization tests showed that the participants in the
Face Group acquired disgust and neutral meanings better than participants in the
Sentence Group. In turn, participants in the Sentence Group acquired the meaning of
sadness better than their counterparts in the Face Group, but this advantage was only
manifested in the cross-modality test with faces. We conclude that both contexts are
effective for acquiring the emotional meaning of words, although acquisition with faces
is more versatile or generalizable.

Keywords: emotion acquisition, face, sentence, pseudoword

3 Experiment 2 has been accepted for publication in the journal Psicoldgica. It is

currently in press.
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Introduction

An important semantic dimension of words is their emotional valence. Some
words refer to pleasant or positive concepts (party, intelligence), whereas others refer to
unpleasant or negative concepts (pandemic, cancer). Moreover, these words can work as
powerful emotional stimuli themselves, inducing neural activities similar to those
induced by emotional facial expressions or emotional pictures (Citron, 2012; Schacht &
Sommer, 2009). But how do words acquire their emotional connotations? One
possibility is that associative learning plays a role, as these words could repeatedly co-
occur with specific emotional stimuli in daily experience. For instance, the disgusting
connotation of some words (vomit, cockroach) could be induced by their associations
with the corresponding perceptual stimuli, as well as with proprioceptive reactions or
with facial expressions of disgust. The present study investigates the acquisition of
emotional connotations for new words using two different associative contexts: faces
and sentences. Despite the potential relevance of these two associative mechanisms, to
our knowledge, no comparison has ever been conducted to explore which of the two
mechanisms induces words’ emotional meaning more efficiently.

Facial expressions are effective communication channels (Brosch et al., 2008;
Darwin, 1872) and an essential component for expressing emotions (Ekman, 1992a,
1993; Russell et al., 2003). There is experimental evidence that emotional words and
facial expressions are strongly associated in one’s semantic memory, interfering with
each other in Stroop tasks (Baggott et al., 2011; Beall & Herbert, 2008; Kar et al., 2018;
Stenberg et al., 1998). Even in late bilinguals, processing emotional words in the second
language triggers motor potentials in specific face muscles (Baumeister et al., 2017) and
induces word-face conflicts in Stroop tasks (Fan et al., 2016, 2018). However, the

emotionality of second-language words is considerably reduced compared to that of
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first-language words, because the processing of meaning is more direct and automatic in
the first language than in the second language (Kroll & Stewart, 1994; Opitz & Degner,
2012; Pavlenko, 2012). In addition, studies on how children acquire emotion concepts
have found that they initially recognize emotions through the facial expressions of their
caregivers (Denham, 1998; Izard, 1971) and later acquire linguistic labels for concrete
emotions as their language proficiency improves (Markham & Adams, 1992; Vicari et
al., 2000). For adults, emotions could also be recognized both through other people’s
facial expressions and by being associated with words referring to emotional states and
events (Kissler et al., 2009; Niedenthal et al., 2002; Padmala et al., 2011).

Previous associative learning studies have shown that associating neutral facial
expressions with emotional facial expressions modifies the affective evaluation of the
former in both healthy participants (Walther, 2002) and dementia patients (Blessing et
al., 2013). However, whether such an effect exists in the acquisition of emotional
valence for new words remains unclear. Since facial expressions are one of the first
accessible sources of emotion acquisition for humans, and they are strongly associated
with emotional words in adults” memory, we expected that face-new word associations
will play an important role in the acquisition of words’ emotionality.

Another possible scenario for acquiring new word meaning is in the context of
other words or sentences. This is quite common for adults when they learn low-
frequency words in their own language or new words in a second language (Chaffin et
al., 2001; Landauer & Dumais, 1997; Lindsay & Gaskell, 2010). In the laboratory,
experiments pairing new words with linguistic contexts succeeded in inducing lexical
representations. For instance, in a study by Frishkoff and colleagues (2010), participants

received novel words embedded in informative sentences. In a second session, the
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trained new words compared to untrained new words showed ERP signatures similar to
those for familiar words and modulated the N400 in a semantic priming paradigm.

Moreover, numerous laboratory studies have suggested that emotional words
can modify the emotional valence of neutral words. For instance, neutral words can
acquire emotional connotations through pairing with emotional words even in the
absence of contingency awareness (de Houwer et al., 1994, 1997). Such an effect has
been found even when nonsense trigram syllables were paired with emotional words (A.
W. Staats & Staats, 1959; C. K. Staats & Staats, 1957). Note, however, that in real life,
when we look an unfamiliar word up in the dictionary, the meaning of the word is
usually explained with more detailed information than just a single word. It thus seems
more realistic to use sentences describing certain emotion- inducing scenarios for
emotion acquisition than to use single words. But only a few studies have adopted such
a design. An interesting exception was the study reported by Junghofer and colleagues
(2017), in which sentences describing either a neutral occupation of a person or a
criminal activity were paired with neutral faces. After training, neutral faces were
considered less pleasant and induced more extensive brain activity when associated with
criminal rather than neutral behaviours. In the current research, as far as we know, we
use for the first time sentences as a learning context to induce emotionality in new
words.

Previous studies investigating contextual emotion acquisition have focused on
the difference between emotional and neutral valences. Behavioural research suggests
that pseudowords associated with negative pictures are better remembered than those
associated with neutral pictures (Eden et al., 2014). Evidence from EEG studies
suggests that pseudowords with acquired emotional and neutral connotations differ in an

early time window and in the P300, indicating that contextual learning using pictures is
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suitable to establish emotional associations in words (Fritsch & Kuchinke, 2013). The
present study intends to go further by examining the acquisition of specific emotional
connotations, beyond general differences in affective valence. With this aim, in this
study two types of negative stimuli, disgust and sadness, as well as neutral stimuli were
paired with pseudowords to induce the acquisition of emotional meanings. We chose the
two negative emotions for several reasons. Firstly, we were primarily interested in the
study of disgust, one of the six primary emotions (Ekman, 1992b), which has been
relatively neglected in the field of emotional language. Secondly, rather than
establishing a gross contrast with a positive emotion like happiness, we wanted to
contrast it with another negatively valenced emotion. Moreover, happiness, the only
primary positive emotion, is more effectively induced by pictures, real-life experiences,
or videos than by single sentences (Ferrer et al., 2015; Yan & Dillard, 2010). Thirdly,
we chose sadness as a contrasting emotion for disgust because they have several
distinctive features: disgust is mainly triggered by external physical stimuli (Rozin &
Haidt, 2013), whereas sadness is a more internal and psychosocial emotion (Mikulincer
& Florian, 1997); moreover, the two emotions differ in facial expressions. We are aware
that other negative emotions such as fear or anger are also very distinctive and easy to
identify in face recognition tasks (Adolphs et al., 1999; Mattavelli et al., 2014).
However, like disgust, they are generally reactions to threatening stimuli (Spielberger &
Reheiser, 2010), while sadness differs from disgust as it is the response to the loss of
valuable stimuli or goals (Lench et al., 2011). The neutral emotion condition was
included as a control baseline.

Disgust is induced by specific types of aversive stimuli (Rozin et al., 1994).
Unique facial expressions and physiological responses can be induced by the emotion of

disgust. For facial expressions, nose wrinkle, gape, tongue extrusion, and raised upper
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lips were reported to be associated with disgust (Rozin et al, 1994).
Psychophysiological responses including nausea, reduced heart rate, amplified skin
conductance (Stark et al., 2005), and decreased respiratory rate (Ritz et al., 2005) are
induced when contacting disgusting stimuli. Stimuli inducing disgust usually come with
the threat of contamination or disease and feeling disgust encourages withdrawal
behaviours (Woody & Teachman, 2006). Therefore, disgust protects us from noxious
substances that may harm us or reduce our wellbeing (Rozin & Fallon, 1987). Previous
studies also suggested that viewing disgust facial expressions would activate the insula,
which is the main neural structure involved in disgust processing (Jabbi et al., 2008;
Wicker et al., 2003).

Sadness, on the other hand, results mainly from loss (Carver, 2004; Lench et al.,
2011; Levine & Pizarro, 2004) and failure (Lench et al., 2011). Sadness can be induced
by social and non-social situations of loss (Keltner & Kring, 1998) and relevant facial
expressions are associated with reduced sympathetic (lower skin conductance level,
lengthened cardiac pre-ejection period) and increased parasympathetic (higher
respiratory sinus arrhythmia) activities (Marsh et al., 2008). Sadness, while sharing a
negative valence with disgust, is more endogenously oriented (Lench et al., 2016) and is
often characterized by a facial expression that lowers the corners of the mouth and
raises the inner portion of the brows (Ekman et al., 2002).

According to previous studies, the facial expressions of disgust elicit stronger
activation of the defensive motivational system and the orientation response than the
those of sadness (Gantiva et al., 2019). Therefore, it is expected that the associative
context of faces will be more advantageous for the acquisition of disgusting
connotations than sad connotations for new words. In addition, it is thought that faces

will be more effective than sentences for acquiring disgust-related meanings, as faces
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are simpler and more straightforward. On the other hand, sentences can demonstrate
advantages for the acquisition of sadness over disgust, as sentences are able to describe
scenarios that are more specific, which are compatible with the endogenous nature of
sadness (Lench et al., 2016).

This study aims to explore the acquisition of words’ emotional meanings using
faces and sentences as two different associative contexts. To this end, participants were
divided into two different groups to acquire disgusting, sad, and neutral emotional
connotations for pseudowords through either faces (Face Group) or sentences
describing emotion-related scenarios (Sentence Group). The experimental design
included a Learning Phase and an Evaluation Phase. In the Learning Phase,
pseudowords repeatedly associated with either faces or sentences were presented to
participants in three blocks. After each block, there was a block learning test to instantly
probe participants’ learning of the associations between the pseudowords and the
particular faces or sentences presented in the learning block. When the Learning Phase
was finished, participants proceeded to the Evaluation Phase, comprising a pseudoword
matching test, a within-modality generalization test, and a cross-modality generalization
test. The Evaluation Phase was designed to assess whether the learned pseudowords
acquired emotional connotations after their repetitive associations with emotional

stimuli.

Methods

Participants

Eighty-four native Spanish-speaking and physically and mentally healthy
college students from the University of La Laguna (Spain) participated in the

experiment in return for course credits. All participants were right-handed with normal
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or corrected to normal vision. Half of the participants were randomly assigned to the
Face Group, learning the associations between pseudowords and faces, while the
remaining participants were assigned to the Sentence Group to learn the associations
between pseudowords and sentences. Two participants in the Face Group and one
participant in the Sentence Group were excluded from the analyses for their excessive

errors in the Learning Phase (accuracy < 60%).

Materials

Thirty pseudowords of 5-7 letters were composed with the first two letters being
“al”, “ro”, and “le”, respectively. Forty-five faces were selected for the Face Group (15
disgusting, 15 sad, and 15 neutral). The faces were selected from the KDEF (Lundqvist
et al., 1998) stimuli set. The experimental face stimuli portrayed 15 individuals (eight
females: KDEF no. 01, 02, 05, 07, 09, 11, 13, and 14; and seven males: KDEF no. 10,
11, 12, 13, 17, 22, and 23), each showing one of the three expressions (disgust, sadness,
and neutral). Non-facial areas (e.g., hair) were removed by applying an ellipsoidal mask.
The arousal data of the faces were obtained from the KDEF documents (Karolinska
Directed Emotional Faces (KDEF) documents — Department of Experimental Clinical
and Health Psychology — Ghent University, n.d.) (see Table 1). There was a significant
effect of emotion, F (1, 44) = 22.596, p < .001, #° = .518. Post-hoc tests showed that
disgust and sadness faces were significantly more arousing than neutral faces (p <.001),
and there was no significant difference of arousal between disgust and sadness faces (p
= .520). The faces were presented against a black background. Each face stimulus was
11.5 cm high by 8.5 cm wide, equalling a visual angle of 9.40° (vertical) x 6.95°

(horizontal) at 70-cm viewing distance.
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Table 1. Means and Standard Deviations of arousal of the faces used in the experiment.

AROUSAL
EMOTION
disgust 3.57(0.5)
sadness 3.41(0.4)
neutral 2.64 (0.3)
overall 3.21 (0.6)

For the Sentence Group, 54 emotional sentences were composed to describe
disgusting, sad and neutral scenarios. 39 students of the same college population who
did not participate in the final experiment rated the emotions expressed by the sentences
through online questionnaires®. Participants were asked to select the emotional label
(neutral, sadness, happiness, disgust, or anger) that best fit the emotion connoted by the
sentences, and to rate how confident they felt about their choices on a 5-point scale (1-a
little sure, 5-completely sure). Another group of 32 college students rated the arousal of
the sentences in a different questionnaire, over a 5-point scale (1-very peaceful, 5-very
exciting). Only sentences with 70% or more choices of the intended emotion were
retained (see Table 2). The average categorization rates of the retained disgusting, sad,
and neutral sentences were 88.89% (SD = 9.91%), 89.74% (SD = 8.78%), and 89.74%
(SD = 9.84%), respectively. In total, 45 emotional sentences were used for the
experiment (15 disgusting, 15 sad, and 15 neutral). Critically, there was no significant
difference among the sentences of the three emotional categories in intended emotion
choice rates, F (1, 44) =.027, p = .973, > = .001, or confidence scores, F (1, 44) = .102,
p =.903, #7 = .005. For arousal, there was a significant effect of emotion, F (1, 44) =

119.327, p < .001, #° = .850. Post-hoc tests showed that disgusting sentences and sad

4+ See questionnaires used for the normative studies in Appendix 3, and selected
materials in Appendix 4, at the end of the thesis
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sentences were significantly more arousing than neutral sentences (p < .001) and there
was no significant difference of arousal between disgusting and sad sentences (p = .916).
The mean arousal scores for disgusting, sad, and neutral sentences were 4.32 (SD
= .393), 4.25 (SD = .671), and 1.84 (SD = .380), respectively. The sentences were

presented against a black background in Times New Roman font, size 30.

Table 2. Means and Standard Deviations of the categorization rates (percentage), choice

confidence scores, and arousal of the sentences used in the experiment.

CATEGORIZATION CHOICE

RATES CONFIDENCE AROUSAL
SCORES

EMOTION %

disgust 88.89 (10) 4.64(0.2) 432 (0.4)

sadness 89.74 (9) 4.62(0.3) 425(0.7)

neutral 89.74 (10) 440 (0.2) 1.84 (0.4)

overall 89.46 (9) 4.55(0.3) 3.47(1.3)

In total, 30 pseudowords, 45 faces, and 45 sentences were used in the
experiment. Ten pseudowords were assigned to each emotion category (disgust, sadness,
neutral) to pair with 10 faces/sentences of the corresponding emotion, which were
presented to participants in the Learning Phase. The 15 remaining faces/sentences were
used for the generalization tests in the Evaluation Phase (5 in each emotion category).
All 30 pseudowords appeared in all the generalization tests with the correct response
counterbalanced across participants as well as the assignment of pseudowords to

emotions.
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Design and Procedure

The experiment used a mixed 2 x 3 factorial design, with learning procedure
(faces and sentences) as between-participant factor and emotion (disgust, sadness, and
neutral) as within-participant factor. The Learning Phase consisted of three blocks, each
followed by a testing block. The Learning Phase was followed by an Evaluation Phase,

as illustrated in Figure 1 and Table 3.

Learning Block

- Pseudoword

Block 1 to 3 Selection Test

Pseudoword
Matching Test
Within-
Modality
Generalization
Test
Cross-Modality

Generalization
Main Dependent Test

Measures

Figure 1. Experimental procedures for both groups
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Table 3. Outline of the experimental design.

Two learning groups: faces and sentences
The Face Group was presented with pseudowords paired with faces.

The Sentence Group was presented with pseudowords paired with sentences.

Three emotions: disgust, sadness, and neutral
In both groups the stimuli paired with pseudowords (either faces or sentences)

involved disgusting, sad, or neutral emotional connotations.

Main dependent measures:

e Within-modality generalization tests

o The Face Group was presented with new faces to test how the
emotional connotations of pseudowords generalize to unlearned
faces.

o The Sentence Group was presented with new sentences to test how
the emotional connotations of pseudowords generalize to unlearned
sentences.

e Cross-modality generalization tests

o The Face Group was presented with sentences to test how the
emotional connotations of pseudowords generalize to emotional
sentences.

o The Sentence Group was presented with faces to test how the
emotional connotations of pseudowords generalize to facial

expressions.

Participants in both groups started the experiment by reading the task instructions.
They were asked to memorize the association between the face/sentence and the
pseudoword and then to complete the following tests. The instructions did not mention
anything about emotion and only the learning and testing blocks were explained. After
reading the instructions, participants completed a practice block of 6 learning trials and
3 testing trials. The pseudowords and faces/sentences used in the practice block were

not presented during the experiment. Instructions for the Evaluation Phase were given
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after completing the Learning Phase. Participants’ accuracies and response times for the
evaluation tests were recorded.
Learning in the Face Group.

The Learning Phase was divided into three blocks. There were four face-
pseudoword pairs of each emotion in the first block and three in the second and third
blocks. Each pair was repeated six times within each block resulting in 72, 54, and 54
trials in the first, the second, and the third block, respectively. Pseudowords starting
with “al”, “ro”, and “le” were respectively assigned to one of the three emotion pairs.
The assignment was counterbalanced across participants. Each trial began with a
fixation cross presented for 1000 ms in Times New Roman font, size 30 followed by the
face presented for 1000 ms. Then, the pseudoword was presented in Times New Roman
font, size 50 in the middle of the screen over the face for 5000 ms (see Figure 2 A).
After each learning block, the participant’s learning of the associations was evaluated in
a pseudoword selection test. Each trial in this test began with a fixation cross presented
in Times New Roman font, size 30 for 1000 ms, followed by one of the faces previously
seen presented for 1000 ms (see Figure 2 B). Then, two pseudowords from the
preceding learning block were presented at the lower- left corner of the screen in Times
New Roman font, size 18. The participant was required to select which one had been
associated with the face on the screen by pressing “1” on the keyboard for the
pseudoword on the left and “2” for the pseudoword on the right (not the keypad) with
their left hand. The time limit for response was 5000 ms.

Evaluation in the Face Group.

The first test was a pseudoword matching test, consisting of 30 trials (10 for

each emotion) with the following sequence of events: 1000 ms fixation cross in Times

New Roman font, size 30, followed by a face from the three learning blocks presented
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for 1000 ms, and then a pseudoword over the face in Times New Roman font, size 50
with two options of “correct” and “incorrect” at the lower-left corner of the screen in
Times New Roman font, size 18 (see Figure 2 C). Participants were asked to judge
whether the pairing between the pseudoword and the face was correct according to the
associations acquired during the Learning Phase by pressing “1” on the keyboard for
“correct” and “2” for “incorrect”. The time limit for response was 5000 ms. Like in the
pseudoword selection test, the matching test aimed to probe participants’ memorization
of the association between the faces and the pseudowords. The next two tests included
in this Evaluation Phase were designed to investigate whether learned pseudowords
acquired emotional connotations, rather than only associations with specific face stimuli.
The within-modality generalization test proceeded in the same fashion as the
pseudoword selection test, except that here the learned pseudowords of the three
emotions were paired with new faces, i.e., faces not previously seen in the Learning
Phase (see Figure 2 D). The participant was asked to select among the two pseudowords
the one that best described the emotion expressed in the new face by pressing “1” or “2”
on the keyboard as he or she did in the pseudoword selection test during the Learning
Phase. The time limit for response was 5000 ms. There were 15 test trials in this test (5
for each emotion). The last test was a cross-modality generalization test, as it introduced
emotional sentences rather than new faces (see Figure 2 E). The 15 test trials (5 for each
emotion) began with a fixation cross presented for 1000 ms in Times New Roman font,
size 30 followed by an emotional sentence presented in the middle of the screen for
1000 ms in Times New Roman font, size 30. Then two pseudowords from the previous
acquisition blocks were presented at the lower-left corner of the screen in Times New
Roman font, size 18. Participants were asked to select the pseudoword that best

described the emotion associated with the sentence by pressing “1” or ‘“2” on the
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keyboard as in the previous test. There was no time limit for response, as such a cross-

modality task was more demanding than the previous ones.
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1000ms

1000ms

5000ms

1 2
almego robina

(E) Cross-modality generalization test
1000ms

1000ms

Un perro se mea en

tu pierna. No time limit

Un perro se mea en tu
piemna.

* The English translation of the sentence is “A og pises on your leg”.
Figure 2. Examples of materials in the Face Group. The English translation of the
sentence is “A dog pisses on your leg”.
Learning and Evaluation in the Sentence Group.

For the Sentence Group, the learning and test procedures were similar to those in
the Face Group, except that faces were replaced by sentences in the Learning and the
Evaluation Phases. Thus, in the Learning Phase, each pseudoword was presented below
a sentence in the middle of the screen (see Figure 3 A). Concerning the pseudoword
selection test and the three other tests in the Evaluation Phase, the same format was
applied as in the corresponding tests for the Face Group, the only difference being that

the faces were replaced with sentences (see Figure 3 B and 3 C). This means that new
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sentences were used for the within-modality generalization test and faces were used for
the cross-modality generalization test (see Figure 3 D and 3 E). Note that the
generalization materials used for the within-modality and the cross-modality tests, i.e.,
new faces and sentences, in the Sentence Group were exactly the same as the ones
employed in the Face Group for the cross-modality and the within-modality tests,
respectively. All fixations and sentences were presented in Times New Roman font, size
30, the pseudowords in Times New Roman font, size 50, and the options for the tests in

Times New Roman font, size 18.
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(A)Learning Trial
1000ms

1000ms

Te limpias la nariz con
un pafiuelo sucio. 3000ms

Te limpias la nariz con
un pafiuelo sucio.

almego

* The English translation of the sentence is “You clean your nose with a dirty
handkerchief™.

(B) Selection Test
1000ms

1000ms

Te limpias la nariz con

un paiiuelo sucio. 5000ms

Te limpias la nariz con
un pafiuelo sucio.

* The English translation of the sentence is “You clean your nose with a dirty
handkerchief”.

(C) Matching Test
1000ms

1000ms

Te limpias la nariz con

un pafiuelo sucio. 5000ms

Te limpias la nariz con
un paiiuelo sucio.

Imego
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(D) Within-modality generalization test
1000ms

1000ms

Un perro se mea en

tu pierna. 5000ms

Un perro se mea en tu
piema.

1 2
alm vina

* The English translation of the sentence is “A dog pisses on your leg”.

(E) Cross-modality generalization test
1000ms

1000ms

No time limit

1 2

almego robina

Figure 3. Examples of materials in the Sentence Group. The translation of the sentence
in (A) and (B) is “You clean your nose with a dirty handkerchief”, and in (C) is “A dog

pisses on your leg”.

Results

This section reports results related to the accuracy of responses to the
generalization tests (within-modality and cross-modality tests), which are the most
informative measures of meaning acquisition (see Figure 4 and Table 4). In the

supplementary materials, we include additional accuracy statistics for the learning tests
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(pseudoword selection and pseudoword matching) and the response times of all the tests,

which demonstrate no major difference in data analysis.

Table 4. Means and Standard Deviations of response accuracy (percentage) in the

within- and the cross-modality generalization tests as a function of learning group and

emotion.
FACE GROUP SENTENCE GROUP
Within- Cross- Within- Cross-
Modality Modality Modality Modality
EMOTION % % % %
disgust 86.50 (19) 84.50 (20) 81 (26) 73.20 (24)
sadness 67.50 (22) 79 (24) 77.10 (21) 79.50 (20)
neutral 79.50 (23) 80.50 (20) 66.80 (27) 66.80 (24)
overall 78 (17) 81 (16) 75 (18) 73 (16)

Within-Modality Generalization of the Two Groups

The mixed Group (2: sentence, face) and Emotion (3: sadness, disgust, and
neutral) ANOVA on accuracy rate in the within-modality generalization tests yielded a
main effect of emotion, F (2, 80) =9.512, p <.001, #° = .099, but not of group, F (2, 80)
=525, p= 471, #° = .007. This emotion effect was qualified by the significant Group x
Emotion interaction, F (2, 80) = 7.551, p <.001, * = .079.

For the Face Group, post-hoc comparisons revealed that the accuracies for
disgust and neutral trials were significantly higher than those for sadness, ¢ (39) = 5.208,
p < .001; ¢ (39) = 3.674, p < .001. There was no significant difference between the
accuracies of disgust and neutral trials, ¢ (39) = 1.769, p = .085. In contrast, for the
Sentence Group, accuracies were higher for the two emotion categories, disgust and
sadness, than for the neutral category, ¢ (40) =2.916, p = .006. There was no significant

difference between disgust and sadness trials, 7 (40) = .822, p = 416.
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The comparisons across the two learning groups showed higher accuracy in the
Face Group than in the Sentence Group, ¢ (80) = 2.274, p = .026, for the neutral
category. In contrast, there was no reliable difference between the learning groups for
both disgust and sadness 7 (80) = 1.070, p = .288, ¢ (80) = 1.969, p = .052, though for the
latter there was a tendency for better performance in the Sentence group relative to the
Face Group.

Cross-Modality Generalization of the Two Groups

The mixed ANOVA on accuracy rate revealed a main effect of group, F' (2, 80)
=5.153, p = .026, #° = .061, but not of emotion, F (2, 80) =2.213, p = .113, #° = .026.
The accuracy in the Face Group was significantly higher than in the Sentence Group.
This effect was qualified by the Group x Emotion interaction, F' (2, 80) = 3.299, p
=.039, n° =.039.

For the Face Group, there was no significant difference in accuracy among the
three emotion categories, F (2, 39) = .979, p = .380, #° = .024. In contrast, for the
Sentence Group, accuracy was higher for sadness than for the neutral category, ¢ (40) =
3.329, p =.002, while there was no significant difference between disgust and sadness, ¢
(40) = 1.525, p = .135, or between disgust and neutral, ¢ (40) = 1.305, p = .199.

Finally, the comparisons across groups for each emotion revealed higher
accuracy in the Face Group than in the Sentence Group for disgust, ¢ (80) = 2.310, p
=.024, and neutral, 7 (80) = 2.731, p = .008, while there was no significant difference
between the two groups for sadness trials, ¢ (80) = .103, p = .918.

General Comparison of Emotion Acquisitions

In order to explore emotion acquisition efficiency for the two stimulus

modalities (faces and sentences), participants’ performances over the same test stimuli

were analyzed.
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New Face Stimuli

This comparison analyzed participants’ accuracy rates on new face stimuli, i.e.,
the within-modality generalization test for the Face Group and the cross-modality
generalization test for the Sentence Group.

The mixed ANOVA on accuracy rate revealed a main effect of emotion, F (2, 80)
=3.547, p = .031, 5° = .037, but not of group, F (2, 80) = 1.578, p = .213, #° = .020.
This emotion effect was qualified by the significant Group x Emotion interaction, F (2,
80) = 13.109, p < .001, #° = .137. The accuracy rate in the Face Group was higher than
in the Sentence Group for disgust and neutral faces, ¢ (80) = 2.749, p = .007, ¢ (80) =
2.392, p = .019. By contrast, the accuracy rate of sadness faces was significantly higher
for the Sentence Group than for the Face Group, 7 (80) =2.585, p =.012.

New Sentence Stimuli

This comparison analyzed participants’ performances on sentence stimuli, which
would be the cross-modality generalization test of the Face Group and the within-
modality generalization test of the Sentence Group.

There was no significant difference between the two groups in accuracy rate, F'

(2,80)=2.171, p= 117, #* = .025.
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Figure 4. Means and Standard Errors of response accuracies (percentage) in the within-
and the cross-modality generalization tests as a function of learning group and emotion.

“*” means p <.05.

Discussion

The present study compared two different contexts for the acquisition of specific
emotional meanings of written new words. Two groups of participants acquired
disgusting, sad, and neutral connotations for pseudowords, by associating them either
with faces or with sentences. Both groups performed well in the initial association tests,
as shown in the supplementary materials, which confirmed that participants learned the
associations between specific pseudowords and specific emotionally valenced stimuli.
Critically, the two groups reached good performance in the within-modality
generalization tests, with non-learned faces or sentences, indicating that the two

associative contexts succeeded in inducing emotional meanings and serving as
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mediations to process new words (Kroll & Stewart, 1994). Still, the performances of the
two groups were modulated by emotions. Participants in the Face Group tested with
new faces performed better at new words associated with disgust and neutral stimuli
than those associated with sadness stimuli, while participants in the Sentence Group
tested with new sentences did better at new words associated with disgust and sadness
stimuli than those associated with neutral stimuli. The two groups showed cross-
modality generalization as well. Specifically, when the Face Group was tested with
sentences, the participants performed equally well for the three emotional categories,
whereas when the Sentence Group was tested with facial expressions, performance was
better for new words associated with sadness stimuli. Comparison between the two
groups demonstrated that the Face Group outperformed the Sentence Group at new
words associated with disgust and neutral stimuli while, in some analyses, the Sentence
Group did slightly better at new words associated with sadness stimuli than the Face
Group. To sum up, the results suggested that 1) the learning was efficient for both
learning groups; 2) the two groups manifested differences; and 3) the differences were
dependent on the specific emotion involved.

The acquired emotional meanings of new words were categorial in two senses.
Firstly, the emotional connotations of the new words generalized to new stimuli beyond
those used in the Learning Phase. This generalization even extended to stimuli in a
different modality than the learned stimuli. Secondly, the new words themselves had a
categorial structure, as all the pseudowords associated with a given emotion had a
distinctive orthographic pattern (e.g., for some participants, pseudowords starting with
“al” could be associated with disgust), thus offering a proxy of real emotional words
that are often organized as morphological sets with the same root (e.g., disgust,

disgusting, disgusted).
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Notably, both associative learning procedures were efficient for inducing
emotional meaning, despite the different cognitive and neural processes presumably
involved. Concerning the processing of facial expressions, previous studies have shown
that emotions can be vicariously activated in oneself by observing other people’s motor
or vocal emotional expressions, relying on the mirror neuron system (Baumeister et al.,
2017; Gallese et al., 2004; Niedenthal, 2007). Such an idea is further supported by
studies investigating the first-person experience of disgust and the recognition of disgust
in other people (Calder et al., 2000; Wicker et al., 2003). Therefore, pairing new words
with emotional facial expressions, as we did with the Face Group procedure, likely
results in establishing Hebbian associations (Hauk et al., 2004; Hebb, 1949) between the
activation of face- related mirror neurons and the activation of neurons responsible for
encoding the orthographic and phonological features for the co-occurrent pseudowords.

In contrast, the induced emotional meanings of new words in the Sentence
Group relied on purely linguistic associative processes. Linguistic context plays a well-
known role in learning word meaning (Bloom, 2000; Chaffin et al., 2001; Landauer &
Dumais, 1997; Lindsay & Gaskell, 2010; Nagy et al., 1987). For instance, word co-
occurrence is exploited by readers to learn the meaning of low-frequency and abstract
words that cannot be easily associated with perceptual experiences (Landauer & Dumais,
1997; Mestres- Missé, 2008). Linguistic context can be especially relevant to learn
emotional vocabulary, given the fact that some social or introspective emotions (e.g.,
jealousy, envy, frustration) do not involve distinctive facial or body expressions and
learning their corresponding labels may require verbal descriptions or narratives
(Aragdo, 2011).

Above all, which learning protocol was more efficient, the face or the sentence

association? The Face Group demonstrated a general advantage in acquiring disgust and
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neutral meanings for new words in comparison to the Sentence Group. The
pseudoword-face associative procedure seemed especially efficient in acquiring
disgusting connotations, probably because of the extremely distinctive expression for
this emotion, which might trigger the disgust-related mirror neuron system, as previous
studies have demonstrated (Gallese et al., 2004; Wicker et al., 2003). Another
explanation, suggested by studies on second language embodiment, is that bilinguals are
able to simulate actions and emotions when they process words in their second
languages (Baumeister et al., 2017; Dudschig et al., 2014; Macedonia, 2015; Pasfield-
Neofitou et al., 2015; Sheikh & Titone, 2016). In the present study, faces served as
more concrete and straightforward materials for acquiring emotional connotations for
new words. Given the fact that disgust is associated with distinctive facial expressions
(Rozin et al.,, 1994), the embodiment effect could contribute to the participants’
performance in the evaluation tests. As for the Sentence Group, participants performed
well, being able to use the new words to match new sentences sharing the same
emotional category (within-modality generalization), but these participants were not as
efficient when encountering faces (cross-modality generalization). Such patterns
suggest that the sentences used for disgust acquisition had successfully induced the
intended emotion, reflected by the higher accuracy in the within-modality test. However,
the lower accuracies for the cross-modality test suggest that the acquisition is scenario-
based and less categorial.

Another advantage of the Face Group over the Sentence Group was its
participants’ better performance with emotionally neutral stimuli. Neutral stimuli have
been commonly used as a control or baseline condition in studies of emotional facial
expressions (Phan et al., 2002; Wager & Smith, 2003) and emotional words (Fields &

Kuperberg, 2012). Though some previous studies have indicated that neutral faces may
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be evaluated as negative in some circumstances (Lee et al., 2008), participants in our
Face Group did not confuse neutral faces with disgust or sadness during acquisition, as
their high accuracy in the generalization tests demonstrated. However, the performance
of the Sentence Group for neutral trials in both the within-modality and cross- modality
tests was significantly worse, which could be attributed to the difficulty of maintaining
the neutrality of the sentences during acquisition. Though the sentences were rated as
neutral in the normative study, they were prone to be contaminated by individual
differences or participants’ personal experiences. For example, if the participant was
late for class due to a delay of the tram, the sentence “You go to school by tram” might
gain a negative valence.

Although the Face Group showed significant advantages over the Sentence
Group on disgust and neutral trials, the two groups’ performance on sadness trials was
similar for the generalization tests. Sad facial expressions have raised some
controversies in previous studies (Fernandez- Dols & Crivelli, 2013; Reisenzein et al.,
2013). Prototypical facial expressions of sadness are not always observed when people
experience sadness as an internal state under non-social circumstances (Namba et al.,
2017). Therefore, the ambiguity of the sad facial expressions might cause confusion for
participants in the Face Group when they encountered new faces, especially along with
another negative emotion. However, for participants in the Sentence Group, the new
faces were introduced as stimuli of another modality that carried social values. These
factors simplified the difficult task of decoding the faces. Nevertheless, the Face Group
did well at sadness trials in the cross-modality test, that is, generalization to sentences,
indicating successful emotion acquisition.

Some limitations are worth noting. Firstly, the study demonstrated strong

associative learning of emotional connotations for new words but did not test whether
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these acquired meanings play a lexical role in linguistic contexts, such as being
integrated at the sentence or the discourse level. For instance, once the association of
“robinado” with sadness had been learned, would the participant understand the
sentence “John’s dog died in his arms and he felt robinado”? Secondly, in future
experiments, it will be worth investigating the neural signatures of the new words’
acquired meanings, comparing them to those of real words to verify the extent to which
the lexicalization process is implemented in the brain (Fernandez-Dols & Crivelli, 2013;

Reisenzein et al., 2013).

Conclusion

The present study compared the efficiencies of two associative contexts in
emotional meaning acquisition of written words: faces and sentences. Post- acquisition
tests suggested that faces are more effective for learning disgust and neutral emotions,
while sentences are slightly more advantageous for learning sadness. However, the
advantage of sentences in learning sadness was only manifested when the words were
generalized to describe faces. Taken together, facial expressions, as the first accessible
channel for humans to acquire emotions, are found to be more effective than emotional

sentences for acquiring emotional meanings for written words.
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EXPERIMENT 3°

ERP signatures of new words acquired emotional

connotation of disgust and sadness

Abstract: The present study investigated how two negative yet distinctive
acquired emotional connotations, disgust and sadness, affect the neural activity in word
processing. Participants completed a learning session in which pseudowords were
repeatedly paired with faces expressing disgust, sadness, and neutrality. The learning
session was followed by an event-related potential recording session on the next day, in
which the participants received the learned pseudowords (herein, new words), mixed
with new pseudowords, real words, and vehicle names with instructions to press a key
only for the latter. Sad new words reduced the early posterior negativity (EPN)
amplitudes compared to disgust and neutral new words in the time window of 206 — 242
ms, while disgusting new words reduced the amplitude of the late positive complex
(LPC) compared with neutral new words in the time window of 400 — 500 ms.
Importantly, the source localization in the EPN time window perfectly dissociated the
three emotional conditions: disgusting new words elicited the largest activation in the
right insular cortex, sad new words elicited more activity in the right anterior cingulate
cortex, and neutral new words increased activations in the facial expression area in the
occipital lobe. These results suggested that faces are an effective source for the
acquisition of words’ emotional connotation, which also revealed distinctive neural

signatures.

s Based on the results of Experiment 3, a paper has been written is ready for submission.
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Introduction

Emotional connotations are important features of word meaning (Taylor et al., 2013).
Although numerous studies have explored the brain dynamics of emotional word
processing in various languages, only a few of them examined how acquired emotional
valence of words (Hebb, 1949) modulate neural activity, generally finding differential
modulations in early and late ERP components However, these studies on the
acquisition of words’ emotional connotations only reflected a gross distinction between
positive and negative valences, which does not represent the rich variety of emotional
nuances conveyed by real-life emotional words. For instance, words like ‘vomit’ and
‘failure’ share a negative valence yet involve very different emotions. The present study,
like the previous ones, used an associative learning paradigm to induce emotional
meaning in written new words, but it focused for the first time on two specific negative
emotions, disgust and sadness, aiming at finding differential neural signatures for them

rather than examining general valence effects.

Disgust is one of the six basic emotions proposed by Ekman (Fargier et al., 2012;
Liuzzi et al., 2010; Pulvermiiller, 2005), which is induced by aversive stimuli in relation
to contamination or disease (Taylor et al., 2013). Disgust is an emotion highly relevant
to our well-being as it protects us from being harmed by noxious substances by
encouraging withdrawal behaviors (Hebb, 1949). Such withdrawal behaviors usually
come with a variety of psychophysiological responses such as nausea, reduced heart rate,
amplified skin conductance, and decreased respiratory rate (Fargier et al., 2012; Liuzzi
et al., 2010; Pulvermiiller, 2005). Results of brain imaging studies of lesions (Taylor et
al., 2013) and healthy participants (Hebb, 1949) showed that the anterior insula is likely

to be the main brain structure involved in processing disgust in various modalities.
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Sadness, on the other hand, also being one of the six basic emotions, is
associated with failure (Fargier et al., 2012; Liuzzi et al., 2010; Pulvermiiller, 2005) and
loss (Carver, 2004; Lench et al., 2011; Levine & Pizarro, 2004), both in social and non-
social situations (Keltner & Kring, 1998). It could serve as a biological reaction that
helps individuals maintain group attachment (Bolby, 1980) and expresses a need for
change that may elicit empathy (Kreibig et al., 2007). Previous studies suggested that
sadness elicits increased diastolic blood pressure (Krumhansl, 1997; Sinha et al., 1992)
and nonspecific skin conductance (Frazier et al., 2004) and decreased ear pulse
amplitude and finger skin temperature (Gross & Levenson, 1997; Kreibig et al., 2007;
Krumbhansl, 1997; Kunzmann & Griihn, 2005). Previous studies have demonstrated that
there are multiple brain structures in relation to sadness processing (Lane et al., 1997)
but most recent ones have yielded more converging results that anterior cingulate cortex
is associated with and mediates sadness-related experience (Niida & Mimura, 2017,

Ramirez-Mahaluf et al., 2018; Webb et al., 2018).

In this study, we chose disgust and sadness as the emotions of interest for several
reasons. First of all, rather than investigating the differences between new words’
acquired valences as in previous studies (Bayer et al., 2019; Kulke et al., 2019), we
intended to narrow the research scope to analyze fine-grained differences in neural
dynamics for two specific negative-valence emotions. Secondly, we were particularly
interested in studying disgust, an emotion that is highly relevant to humans’ well-being
as stated above yet relatively neglected in emotional language studies. Thirdly, sadness
was chosen as the contrasting emotion to disgust because both of them possess
distinctive features: disgust is more urgently triggered by external physical stimuli
(Rozin & Haidt, 2013) whereas sadness is a more passive, internal, and psychosocial

emotion (Kreibig et al., 2007; Mikulincer & Florian, 1997). Other negatively valenced

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.
Su autenticidad puede ser contrastada en la siguiente direccion https://sede.ull.es/validacion/

I dentificador del docunento: 3100297 Cbodigo de verificacidn: qdkg/ h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15
UNIVERSIDAD DE LA LAGUNA

Maria de las Maravillas Aguiar Aguilar 12/03/2021 13:21:41
UNIVERSIDAD DE LA LAGUNA

96 /221



Universidad de La Laguna
Oficina de Sede Electréonica
Entrada
N° registro: 2020/130260
N° reg. oficina: OF002/2020/128904
Fecha: 10/12/2020 12:37:05

90

emotions, such as fear and anger, are also highly distinctive and easy to identify
(Adolphs et al., 1999; Mattavelli et al., 2014). However, both of them are generally
triggered by threatening stimuli (Spielberger & Reheiser, 2010) similar to disgust yet
disgust manifested different behavioral and ERP patterns in attentional modulation than
fear and anger (Zhang et al., 2017) while sadness is different in that it is the reaction to
the loss of valuable goals or significant others (Lench et al., 2011) and social rejection
(Izard & Buechler, 1980). In addition to the two negative emotions, the neutral

condition was introduced as a control baseline for a general emotional effect.

In the present study, participants acquired emotional connotations for
pseudowords by pairing them with faces expressing disgust, sadness, and neutrality.
This is a main novelty with respect to other associative learning paradigms that typically
use pictures or videos to induce the acquisition of emotional connotations in words or
pseudowords. Facial expressions are effective channels (Darwin, 1872) for
communication and expressing emotions (Paul Ekman, 1992a, 1993; Russell et al.,
2003). They also serve as the first source for children to acquire emotional concepts
when children interact with their caregivers (Denham, 1998; Izard, 1971). Previous
studies have demonstrated that words’ emotional connotations and facial expressions
are strongly associated in semantic memories (Baggott et al., 2011; Beall & Herbert,
2008; Kar et al., 2018; Stenberg et al., 1998). Such association was found in the second
language as well. Experimental evidence suggested that processing emotional words in
the second language induces word-face conflicts in Stroop tasks (Fan et al., 2016, 2018)
and specific face muscles involved in processing certain emotions were triggered during
emotional words processing in the second language (Foroni, 2015), even in late
bilinguals (Baumeister et al., 2017), although such effects were not as strong as in the

first language (Kroll & Stewart, 1994; Opitz & Degner, 2012; Pavlenko, 2012). In face-
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to-face communication scenarios, emotions could be recognized through other people’s
facial expressions and words associated with emotional states and events (Lundqvist et
al., 1998). Regarding the two emotions concerned here, feeling disgusted is associated
with nose wrinkle, gape, tongue extrusion, and raised upper lips (Rozin et al., 1994)
whereas feeling sad involves lowered mouth corners and raised inner portion of the

brows (Ekman et al., 2002).

Measuring event-related potentials (ERPs) is an effective way to investigate the
influence of acquired emotional connotations on word processing. Previous studies have
provided vast evidence that ERPs are sensitive to emotional features of words in both
early and late time windows (Citron, 2012; Herbert et al., 2008; Kanske & Kotz, 2007,
Kissler et al., 2007, 2009; Yi et al., 2015; Zhang et al., 2014). For early ERP
components, the most commonly reported modulation of emotion is the early posterior
negativity (EPN). It is a negative-going component that mainly occurs over temporo-
occipital electrodes, which peaks between 200 to 300 ms after stimulus onset. There is
extensive evidence suggesting that the EPN component is modulated by emotion-related
factors such as attentional resources used in emotional perception and emotional arousal
(Junghofer et al., 2001; Schupp et al., 2004a; Schupp et al., 2004b). However, such
modulations were independent of experimental tasks (Herbert et al., 2011; Kissler et al.,
2006; Schacht & Sommer, 2009a). The EPN component can also be associated with
lexical access (Citron, 2012), which has been commonly reported in studies on
emotional words processing (Franken et al., 2009; Herbert et al., 2008; Palazova et al.,
2011; Scott et al., 2009). More specifically, Ponz and colleagues (2014) found larger

EPN amplitudes for disgust-related word processing compared with neutral words.

In the late time window, the late positive complex (LPC), or late posterior

positivity (LPP), which peaks between 400 — 800 ms, is highly relevant to emotional
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words processing. It is a component sensitive to words’ valence and indexing sustained
and deep processing of the words’ semantic and emotional connotations (Carretié et al.,
2008; Hinojosa et al., 2010; Kanske & Kotz, 2007; Kutas & Federmeier, 2000; Schacht
& Sommer, 2009a). Numerous previous studies have reported enhanced LPC
amplitudes for negative words than neutral words (Gootjes et al., 2011; Hofmann et al.,
2009; Kanske & Kotz, 2007; Schacht & Sommer, 2009b). Such emotional enhancement
of LPC was also found in the comparison between disgust-related and neutral words
(Ponz et al., 2014). However, there was also evidence demonstrating larger LPC
amplitudes for neutral words than emotionally-valenced words (Citron et al., 2011;
Hinojosa et al., 2009). Compared with EPN, LPC represents more controlled and

explicit processing of words’ emotional connotations (Citron, 2012).

This study used faces with disgusting, sad, and neutral expressions to endow
written pseudowords with emotional connotations and to examine the neural signatures
of such acquired emotional connotations. Participants first completed a learning session,
in which they were exposed to the pseudowords repeatedly paired with the faces in three
learning blocks. After each block, participants went through a test that was designed to
probe their learning of the pairings. When the learning phase was completed,
participants continued to the evaluation phase, consisting of three tests to further
examine their learning of the pairings and the acquisition of emotional connotations.
The ERP recording session was conducted the next day after the learning session for
each participant. A simple Go/NoGo lexical-semantic decision task was employed in
which participants were instructed to make responses only to vehicle names. Therefore,
the emotional connotations of pseudowords were processed implicitly. We hypothesized
that as a more alerting and externally induced emotion that draws more attention,

disgust would elicit the largest EPN amplitudes in words processing among the three
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emotional conditions and sadness the smallest since it is more passive and internally
generated. On the other hand, neutrality, being the only non-valenced condition in the
current experiment, might require more sustained attention and evaluation to be
successfully processed (Citron, 2012) compared with the two negative emotions and
thus elicit the largest LPC amplitudes in the late time window. On the contrary, we
expected that disgust would elicit the smallest LPC amplitudes for its salient nature.
Regarding brain activations, we hypothesized that the insular cortex would be more
active during the processing of disgusting connotations and processing sad connotations

would induce more activations in the anterior cingulate cortex.

Material and Methods

Participants

Twenty-nine Spanish college students (4 males) were recruited as participants for the
experiment, who are all native speakers of Spanish, with ages ranging from 20 to 22, all
right-handed, with normal or corrected to normal vision and no history of psychiatric or
neurological disorders. All participants participated voluntarily in the experiment and
were rewarded with course credit for the learning session and money (5 euros) for the
ERP recording session. One participant was excluded due to excessive artifacts in the

ERP data.

Material®

For the learning session, 30 pseudowords of 8-9 letters were composed, one third of

which (10) started with the syllable “al”, “ro” or “le” respectively. Forty-five faces

s The whole set of materials of Experiment 3 is reported in Appendix 6, at the end of the
thesis
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expressing disgusting, sad, and neutral emotionality were selected from the KDEF
(Lundqvist et al., 1998) stimuli set (disgust: F02, F03, F09, F12, F13, F16, F22, F35,
M12, M14, M18, M22, M24, M25, M31; sadness: FO5, F09, F11, F13, F14, F20, F22,
F31, M05, M11, M13, M14, M25, M31, M35; neutral: FO1, F03, F05, F07, F13, F19,
F26, F29, M06, M08, M10, M11, M13, M31, M35). Table 1 shows the hit rates of
intended emotions and the arousal values of the faces obtained from the KDEF
documents (Karolinska Directed Emotional Faces (KDEF) documents — Department of
Experimental Clinical and Health Psychology — Ghent University). There was no
significant difference in hit rates among the three categories of emotions, F (2, 28) =
1.896, p = .169, #°,=.119. Regarding arousal, there were significant differences among
the three categories of emotions, F (2, 28) = 40.812, p < .001, #°,=.745. Post-hoc tests
suggested that disgust and sadness faces were significantly more arousing than neutral
faces, p < .001, but no significant arousal difference was found between disgust and
sadness, p = .211. Non-facial areas (e.g. hair) were removed by applying an ellipsoidal
mask. The faces were presented against a black background with each face being 11.5
cm high by 8.5 cm wide, which equals a visual angle of 9.40° (vertical) x 6.95°

(horizontal) at 70-cm viewing distance.

In addition, 15 sentences expressing the three emotions (5 in each emotion category)
were composed for the cross-modality generalization test in the evaluation phase. Two
groups of students of the same college population who did not participate in the final
experiment rated the emotions expressed by the sentences (39 participants) and their
arousal (32 participants) through online questionnaires. For the emotion expressed,
participants were instructed to choose the emotion (neutral, sadness, happiness, disgust,
or anger) that better fits the emotion connoted by the sentences, and to rate their choice

confidence on a 5-point scale (l-a little sure, 5-completely sure). For arousal,
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participants were asked to rate the arousal of the sentences in a different questionnaire,
over a 5-point scale (1-very peaceful, 5-very exciting) (see Table 2). There was no
significant difference in hit rates among the three categories of emotions, F' (2, 8) =.209,
p = 816, °,= .05, nor confidence scores, F (2, 8) = 2.057, p = .19, 5’,= .34. There
were significant differences in arousal among the three categories of emotions, F (2, 8)
= 54.041, p < .001, 5#°, = .931. Post-hoc tests suggested that disgust and sadness
sentences were significantly more arousing than neutral sentences, p = .004, p < .001,

respectively. There was no significant difference between disgust and sadness, p = .916.

For the ERP recording session, in addition to the 30 pseudowords, 10 new
pseudowords starting with "bi" were introduced as a control baseline for demonstrating
the learning effects. In addition, 20 real neutral words were included in the experiment
to ensure participants’ semantic processing of the stimuli and serve as a baseline for
demonstrating the lexicalization effects. Finally, 20 vehicle names were included in the
ERP recording session for participants to make responses.

Table 1. Means and Standard Deviations of the hit rates of intended emotions

(percentage) and arousals of the KDEF faces used in the experiment.

HIT RATES AROUSAL
EMOTION %
disgust 91.87 (9) 3.75(0.5)
sadness 91.66 (7) 3.43(0.4)
neutral 87.69 (5) 2.46 (0.2)
overall 90.41 (7) 3.21(0.3)
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Table 2. Means and Standard Deviations of the hit rates of intended emotions

(percentage), choice confidence scores, and arousal of the sentences used in the

experiment.
HIT RATES CHOICE CONFIDENCE AROUSAL
SCORES
EMOTION %
disgust 80.51 (3) 4.48 (0.2) 4.15(0.4)
sadness 81.02 (4) 4.49 (0.2) 4.12(0.5)
neutral 81.03 (5) 4.28(0.1) 2.07 (0.4)
overall 80.86 (4) 4.42(0.2) 3.45(0.4)

Design and Procedure

Learning session. This session included a training phase, an evaluation phase, and a
generalization phase. Figure 1 depicts the sequence and timing of the events in each
kind of trial. Each training trial began with a fixation cross at the center of the screen,
followed by the face alone, and them the pseudoword (in Times New Roman font, size
50) overlapping the face. There were three training blocks with four face-pseudoword
pairs of each emotion in the first block and three pairs in the second and third. Each pair
was repeated six times within each block and thus, there were 72, 54, and 54 training
trials in the first, second, and third block respectively. The assignment of pseudowords
to emotions was counterbalanced across participants. After each training block, there
was a pseudoword selection test that evaluates participants’ learning. The test trials
began with a fixation cross, followed by one of the faces presented in the training
phased and then two pseudowords of the preceding learning block appeared at the

lower-left corner of the screen (in Times New Roman font, size 18). Participants were
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instructed to select which pseudoword has been presented with the face on the screen in
the previous training block by pressing “1” on the keyboard for the one on the left and

“2” for the one on the right (not the keypad) with their left hands.

The evaluation phase began after participants completed all three training blocks.
The first test in this phase was a pseudoword matching test. The 30 trials in this test
were presented in the following sequence: a fixation cross followed by a face from the
three training blocks, and then a pseudoword over the face with two options of “correct”
and “incorrect” at the lower-left corner of the screen. Participants were required to judge
whether the pairing between the pseudoword and the face was correct according to their
learning during the training phase by pressing “1” on the keyboard for “correct” and “2”
for “incorrect”. The font and font sizes here were identical to those in the pseudoword

selection test.

The next two tests, the within-modality generalization test, and cross-modality
generalization tests, were designed to go beyond simply testing participants’ learning of
specific pairings between pseudowords and faces but to investigate whether the learned
pseudowords acquired emotional connotations that generalize to new stimuli. The 15
trials in the within-generalization test proceeded in the same sequence as the
pseudoword selection test, except that here two learned pseudowords were presented
with a new face that was not presented in the training phase but also expresses one of
the three emotions. Participants were asked to select among the two pseudowords the
one that best describes the emotion expressed by the new face by pressing “1” or “2” on
the keyboard as in the pseudoword selection test. Finally, participants were required to
complete the cross-generalization test, which introduces sentences expressing the three
emotions rather than faces. The 15 test trials began with a fixation cross followed by a

sentence at the center of the screen (Times News Roman font, size 30). Two learned
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pseudowords were then presented at the lower-left corner of the screen. Participants
were instructed to select which pseudoword best describes the emotion expressed by the
sentence by pressing “1” or “2” on the keyboard as in the previous test. There was no
time limit for responses here since it was more demanding than the previous tests. In all
four tests, participants received immediate feedback after their responses indicating

whether they have made the right choice or not.

EEG session. The EEG recording session was conducted on the next day after
participants completed the learning session. Participants first completed a refreshment
task of what they have learned on the previous day in which they went through all four
tests in the preceding learning session. After that, they were seated comfortably in a
chair in a sound-attenuated room. Stimuli were presented on a computer monitor with
E-Prime software about 80 cm away from participants. The task of the experiment was
to silently read each presented stimulus carefully. When the stimulus presented was a
vehicle name, participants were asked to press a button “1” on the gamepad as quickly
as possible. Otherwise, they were instructed to stay put. Each participant read 30 learned
pseudowords, 10 new pseudowords, 20 real words, and 20 vehicle names during the
experiment and all stimuli were repeated three times, resulting in 240 experimental
trials. Each trial began with a fixation cross presented for 500 ms in white color against
a black background in Times New Roman font, size 36, followed by the stimulus
presented in the same color, font, and size for 1000 ms. Participants responded during
the presentation of the stimulus. Next, a 500 ms blank screen was presented followed by
a 2500 ms rest signal (Figure 2). Before the experimental started, participants first

completed 20 practice trials to get familiar with the experimental procedure.
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Figure 1. Outline of trials in the learning session. (A) Training trial. (B) Pseudoword
selection test trial (left) and pseudoword matching test trial (right). (C) Within-modality

generalization test trial (left) and cross-modality generalization test trial (right).

1000ms (Press “1”
ifitis a vehicle
name)

Almegado

2500ms

Figure 2. Outline of a trial in the ERP recording session.

EEG Recording and Analysis

Electroencephalography (EEG) and electrooculography (EOG) data were recorded with
Ag/AgCl electrodes mounted in elastic Quick-caps (Compumedics). EOG data were
recorded from two bipolar channels: one from two electrodes placed at the outer canthus
of each eye and the other from two electrodes above and below the left eye. EEG data
were recorded from 60 electrodes arranged in accordance with the standard 10 — 20
system with additional electrodes placed on the left and right mastoids (M1 & M2). All
electrodes were re-referenced offline to the left and right mastoids. EEG and EOG
signals were amplified at 500 Hz sampling rate using Synamp2 amplifier (Neuroscan;

Compumedics), with high- and low-pass filters set at 0.05 and 50 Hz respectively. The
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impedances of the electrodes were kept at under 5 k Q. The ERP recordings were time-
locked to the onset of each stimulus and ERP analysis was applied to an epoch
extending from 200 ms before to 1000 ms after the stimulus onset. The preprocessing
and analysis of the EEG data were conducted using Brainstorm (Gramfort et al., 2010).
Experimental trials with drifting, ocular, or motor artifacts were rejected by visual
inspections before analysis. Eye blinks and movements were further removed by
applying the Independent Component Analysis (ICA). Next, trials with EEG voltages

exceeding 70 uV measured from peak to peak at any channel were removed.

ERP were computed and analyzed with Brainstorm as well. The 200 ms period
before the stimulus onset was used as the baseline. Then, ERP waveforms were
obtained by averaging baseline-corrected EEG segments in five conditions: disgust
pseudowords, sadness pseudowords, neutral pseudowords, new pseudowords, and real
words. Massive pairwise t-tests were conducted between every two conditions to find
ERP time windows of interest. Next, the ERP amplitudes of relevant conditions were
averaged within those specific time windows to identify electrodes showing significant
differences. Finally, statistical data of the electrodes in specific time windows were
exported to run one-way, repeated measures ANOVAs with emotions (disgust, sadness,

and neutral) as within-subjects factors.

Source Localization Analysis

Source localization was conducted using Brainstorm and EEG data were co-registered
with a standard anatomical template (ICBM152) and boundary element head models
were constructed with OpenMEEG (Pascual-Marqui, 2002). Source activities were
estimated for each emotion condition using sSLORETA (Pascual-Marqui, 2002) with

unconstrained source orientations. Differences between every two conditions were
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calculated for each participant and ROIs were created accordingly for sets of
neighboring solution points showing significant differences (p < .05). Mean absolute
values of the current densities of the ROIs were then exported for running ANOVAs as

in the EEG data analysis.

Results

Behavioral Results
Learning Session

In this section, we focused on the results of accuracy of the two generalization tests
(within- and cross-modality generalization tests) as they are the most informative

measures of emotional meaning acquisitions for the pseudowords (see Table 3).

The mean response accuracy for disgusting, sad, and neutral trials in the within-
modality test and in the cross-modality generalization test are shown in Table 3.
Response accuracy did not differ significantly among the three categories of emotions in
the within-modality (F (2, 54) = .862, p = .428, #°, = .031) or in the cross-modality

generalization test (F (2, 54) = 2.932, p = .062, n°,=.098).

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.

Su autenticidad puede ser contrastada en la siguiente direccion https://sede.ull.es/validacion/

I dentificador del docunento: 3100297 Cbodigo de verificacidn: qdkg/ h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15

UNIVERSIDAD DE LA LAGUNA

Maria de las Maravillas Aguiar Aguilar
UNIVERSIDAD DE LA LAGUNA

12/03/2021 13:21:41

109/221



Universidad de La Laguna
Oficina de Sede Electréonica

Entrada

N° registro: 2020/130260
N° reg. oficina: OF002/2020/128904
Fecha: 10/12/2020 12:37:05

Table 3. Means and Standard Deviations of response accuracy (percentage of correct

choices) in the within- and the cross-modality generalization tests.
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Within-Modality

Cross-Modality

Emotion
disgust
sadness
neutral

overall

%
88.57(13)
82.86(23)
84.29(18)

85.24(18)

%
95.71(8)
85.00(22)
87.86(21)

89.52(17)

ERP Recording Session

The mean accuracy for the vehicle name decision task was 86.43% (SD = 5.49%) and

the mean response time was 577.23 ms (SD = 61.21). The rate of false alarms was 2.27%

(SD = 2.87%).

ERP Results

Since the present study was focusing on the emotion acquisition effect, only results of
comparisons among the three emotional categories of learned new words were
presented here. Nonetheless, additional analyses of the learning effect (contrasting
learned new words vs. unlearned new words) were reported in the supplementary
materials’. The cluster-based random permutation method was used to find significant
clusters in the time window of 0 — 1000 ms by comparing disgusting trials and sad trials,
disgusting trials and neutral trials, and sad and neutral trials. The cluster time windows

were determined by collapsing time windows where significant differences were found

7See Appendix 7 at the end of the thesis
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in each comparison. Then each comparison was averaged to identify electrodes showing
significant differences. Finally, clusters were established based on electrodes showing
significant differences in all three comparisons. In this way, two clusters were identified
with the first one extending exclusively from 206 — 242 ms and the second 400 — 500
ms (Figure 3 & 4). The ERP data for each condition for each time window were thus

exported to perform further analyses.
Early Time Window (206 — 242 ms)

Figure 3 illustrated the waveform and topography of the significant effects of emotion
for the early time window: F (2, 54) = 7.051, p = .002, ?, = .207. Post-hoc tests
indicated that disgusting and neutral new words elicited larger negativity in right
posterior electrodes than sad new words (p = .002 and p = .009, respectively). There

was no significant difference between disgusting and neutral new words (p = .82).
Late Time Window (400 — 500 ms)

Figure 4 showed the waveform and topography of the significant effects of emotion for
the late time window: F (2, 54) = 3.710, p = .031, #%,=.121. According to the Post-hoc
tests, neutral new words elicited larger positivity in central and right posterior electrodes
than disgusting new words, p = .023, while no significant difference was found between

disgusting and sad trials, p = .134, nor sad and neutral trials, p = .396.
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Figure 3. ERP results in the early time window (206 — 242 ms). (A) Average
waveforms of disgusting new words, sad new words, and neutral new words in a cluster
of electrodes manifesting significant differences (CP2, CP4, CP6, PZ, P2, P4, P6, P8,
PO4, PO6, PO8, 02). (B) Topographical distributions of the EPN component for

disgusting new words, sad new words, and neutral new words.

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.
Su autenticidad puede ser contrastada en la siguiente direccién https://sede.ull.es/validacion/

I dentificador del docunmento: 3100297 Cédigo de verificacio6n: qdkqg/h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15
UNIVERSIDAD DE LA LAGUNA

Maria de las Maravillas Aguiar Aguilar 12/03/2021 13:21:41
UNIVERSIDAD DE LA LAGUNA

112 /221



Universidad de La Laguna

Oficina de S

ede Electronica

Entrada

N° registro
N° reg. oficina:
Fecha: 10/1

: 2020/130260
OF002/2020/128904
2/2020 12:37:05

106
"A T T T
—— Disgusting PW
— Sad PW
3 —— Neutral PW -~
2+ —
g f/\,/‘

—

Il Il 1

04
Time (s)

@

Neutral PW

Disgusting PW

Sad PW- Neutral PW Disgusting PW- Neutral PW

Disgusting PW- Sad PW
206ms — 242 ms 400ms — 500 ms

06ms —242 ms

06 08
AN 3
o
I_
1y
o
I_
1

\Y

3

\Y

Figure 4. ERP results in the late time window (400 — 500 ms). (A) Average waveforms

of disgusting pseudowords, sad pseudowords, and neutral pseudowords in a cluster of

electrodes manifesting significant differences (CP3, CP1, CPZ, CP2, CP4, CP6, P2,
P6, P8, PO4, PO6, PO8, 02). (B) Topographical distributions of the LPC component

disgusting new words, sad new words, and neutral new words. (C) Differences betw
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disgusting new words and sad new words and sad new words and neutral new words in

the EPN component, and disgusting new words and neutral new words in the LPC

component. The dots represent electrodes with significant difference.
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Source Localization

Source localization for the ERPs identified above was conducted using SLORETA in
Brainstorm. The analysis for the late time window failed to reach a converging result
but three ROIs were identified in the medial orbitofrontal extending to the rostral
anterior cingulate cortices, F (2, 54) = 6.325, p = .003, °,= .19, in the insular cortex
extending to the supramarginal gyrus and the superior temporal gyrus, F (2, 54) = 7.057,
p = .002, #°,=.207, and in the lingual gyrus extending to the fusiform gyrus and the
lateral occipital cortex, F (2, 54) = 6.950, p = .002, ?, = .205, during the early time
window (Figure 5). Post-hoc tests showed that disgusting new words elicited larger
current densities than sad new words in the insular cortex & supramarginal gyrus &
superior temporal gyrus, p = .002, and lingual gyrus & fusiform gyrus & lateral
occipital cortex, p = .003. However, current densities for sad new words were larger
than for disgusting new words in medial orbitofrontal & rostral anterior cingulate
cortices, p = .002. Finally, neutral trials elicited larger current densities than sad trials in

lingual gyrus & fusiform gyrus & lateral occipital cortex, p =.03.
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Figure 5. Source localization results corresponding to the ERPs in the early time
window of 206 ms — 242 ms. (A) The cortices demonstrating the three ROIs: the insular
cortex, the anterior cingulate cortex, and the occipital lobe. (B) Mean current densities

for disgusting new, sad, and neutral new words in the three ROIs.

Discussion

The present study investigated the brain spatiotemporal dynamics associated with
written new words, which acquired emotional connotations of disgust, sadness (or
neutral) in an initial learning session by pairing them with faces. In the main EEG
session, the emotional new words along with unlearned pseudowords, real words, and

vehicle names were presented in a Go/NoGo decision task while participants’
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electrocortical activities were recorded. The results showed that facial expressions are
effective to induce emotional connotations in new words, confirming previous
behavioral results (Gu et al., in press). Most importantly, the ERP data revealed
differential brain signatures for new words associated with the target emotions of
disgust and sadness compared to neutrality. In the early time window of 206 — 242 ms,
sad new words reduced the EPN amplitudes compared to disgusting and neutral new
words. Differences were also found in a late time window of 400 — 500 ms where
disgusting new words elicited larger positivity than neutral new words. Remarkably, the
source analysis in the early time window, clearly dissociated the neural activities of the
specific emotions. That is, disgusting new words elicited more robust activations than
sad new words in the insular cortex, a region typically associated with disgust, as well
as in the supramarginal gyrus and the superior temporal gyrus. By contrast, sad new
words elicited more activities than disgusting new words in the medial orbitofrontal and
the rostral anterior cingulate cortices, which are frequently related to sadness and
depression. Finally, neutral and disgusting new words elicited more activations in the

fusiform gyrus, the lingual gyrus, and the lateral occipital cortex than sad new words.

The overall high accuracy in the evaluation phase of the training session
indicated successful acquisition of emotional connotations beyond simply associating
each pseudoword with each specific face, as participants were able to correctly apply
the new words to new faces with the appropriate expressions (within-modality
generalization) or even to sentences with emotional content (cross-modality
generalization). There was no significant difference among the three emotions regarding
accuracy in both tests although there was the tendency that participants performed better
at generalizing disgusting new words to disgusting sentences. The categorial design of

the pseudowords could contribute to the high accuracy since they served as proxies of
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real emotional words that are often organized as morphological sets with the same root

(e.g., disgust, disgusting, disgusted)

In the current study, processing disgusting and neutral new words elicited larger
EPN amplitudes than sad new words in the right posterior electrodes. Such a
distribution was commonly found in studies using faces (Langeslag & van Strien, 2018;
Miihlberger et al., 2009; Zhao et al., 2017) and pictures (Junghofer et al., 2001; Schupp,
Stockburger, et al., 2006) as stimuli, which once again proved successful acquisition of
emotional connotations for the new words. The larger EPN elicited by disgust compared
with sadness may indicate that more attentional resources were allocated to processing
disgusting than sad connotations, according to the literature on this ERP component
(Schupp, Flaisch, et al.,, 2006; Schupp, Junghofer, Ohman, et al., 2004; Schupp,
Junghofer, Weike, et al., 2004). Here, the emotional connotations were acquired with
faces, and previous empirical evidence consistently showed that disgust expressions
were easier to identify than sad expressions (Suzuki & Akiyama, 2013) and elicited
larger occipital negativity around 250 ms than sadness expressions (Leleu et al., 2015).
The enhanced EPN amplitudes for disgusting faces were in line with the results yielded
in these studies. Moreover, previous studies also reported that the detection of sad facial
expressions was slower than threatening faces (Ohman et al., 2001) and regarding ERP
signatures, sad facial expressions elicited reduced negativity peaking at around 230 ms
in the posterior area compared to fearful, angry, and surprising expressions (Balconi &
Pozzoli, 2003). Such results were interpreted as reflecting differences in arousal
between emotional stimuli. However, in the present study, there was no significant
difference between the arousal of disgusting faces and sad faces yet disgust still
demonstrating an attentional advantage. We can conclude that our empirical distinction

between the acquired connotations of disgust and sadness relies more on emotional
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attributes rather than arousal and adds to the literature of the uniqueness of ERP patterns

for disgust (Liu et al., 2015; Zhang et al., 2017).

Interestingly, neutral new words elicited larger EPN amplitudes than sad new
words while no difference was found between neutral and disgusting new words. Such
patterns were inconsistent with previous studies in which emotional stimuli usually
elicited larger EPN than neutral stimuli (Aldunate et al., 2018; Junghofer et al., 2001;
Schupp et al., 2003). However, previous studies have also demonstrated that EPN is
sensitive to stimuli complexity since simple figure-ground scenes elicit larger
amplitudes than naturalistic scenes (Bradley et al., 2007; Low et al., 2013; Nordstrom &
Wiens, 2012). In the present experiment, compared with the two categories of emotional
faces, neutral faces were with less facial muscle movements and thus presented less
distinguishable features that may facilitate processing. Similar to figure-ground scenes
in previous studies, the enhanced EPN reflected difficulties in decoding neutral new

words whose connotations were acquired with emotionally featureless neutral faces.

Such decoding difficulties extended to the late time window, reflected through
the LPC component. There was extensive evidence that the LPC component was
sensitive to the emotional content of the stimuli (Herbert et al., 2006, 2008; Kissler et al.,
2009; Naumann et al., 1992). However, here the LPC amplitudes were enhanced for
neutral new words compared with disgusting new words. Such a reversed pattern has
also been reported in previous studies employing word identification (Hinojosa et al.,
2009) and lexical-semantic decision tasks (Citron et al., 2011), in which neutral stimuli
elicited larger LPC than emotional stimuli. It could be attributed to the less salient
nature of neutral stimuli so that they required more sustained attention and evaluation to
process (Citron, 2012). Therefore, the reduced LPC elicited by disgusting new words

suggested that less attentional and evaluative efforts for disgust in the late time window.
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This could be ascribed to the relatively short learning process in the current design that
although participants were able to generalize the new words to describing disgusting
connotations in new stimuli, no substantial semantic connotations were established.
Therefore, compared to the robust neural activities in the early time window, the
processing of disgusting new words was relatively automatic and subliminal in the late

time window as LPC is the indicator of sustained attention and evaluation.

In addition to the ERP results, the source localization provided further evidence
for demonstrating the brain dynamics of processing the three categories of learned
pseudowords. Notably, disgusting new words elicited more activation than sad new
words in a cluster comprising the insular cortex, the supramarginal gyrus the superior
temporal gyrus. Such a result further proved that the insula is a main neural region in
the disgust processing network (Calder et al., 2000; Krolak-Salmon et al., 2003; Wright
et al., 2004). Meanwhile, the lateralized distribution of the activation in the right
hemisphere was also in line with previous studies on disgusting facial expressions
(Phillips et al., 1997; Sambataro et al., 2006), which once again indicates that the
connotations of the new words were successfully acquired through the disgusting faces.
In addition, the more activations in part of the supramarginal gyrus, which was reported
to be involved in having empathy with other people(Hoffmann et al., 2016; Silani et al.,
2013), and the superior temporal gyrus, which involves in emotional facial expression
perception (Bigler et al., 2007; Phillips et al., 1998), also demonstrated the attention-
capture nature of disgust compared with sadness in the early time window. On the other
hand, sad new words elicited more activations in medial orbitofrontal and rostral
anterior cingulate cortices than disgusting new words. According to the literature, both
structures are engaged in sadness processing (Haas et al., 2008; Markowitsch et al.,

2003; Zubieta et al., 2003) and the rostral anterior cingulate cortex is closely related to
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depression as well (Boes et al., 2008, 2018). Although the EPN amplitudes elicited by
sad new words were less robust, such activations in these sadness processing-related
structures indicated that the acquired sad connotations modulate written word
processing in the early time window. Finally, an occipital cluster consisting of the
lingual gyrus, the fusiform gyrus and the lateral occipital cortex was identified. The
activation pattern here was identical to the interaction manifested in the ERP results.
These three structures were reported to be associated with face processing both in
healthy participants (Eger et al., 2004; Kim et al., 2007; Rossion et al., 2003) and in
participants with brain lesions (Allison et al., 1994; Dinkelacker et al., 2011; Wada &
Yamamoto, 2001). The enhanced activations further demonstrated the more attention
captured for the alerting nature of disgust and decoding difficulty of neutrality of the

two categories of new words.

The ERP and source localization results of the present experiment suggested that
the acquired emotional connotations effectively affected the processing of previously
meaningless pseudowords. Previous studies on second language embodiment have
proposed that bilinguals simulate actions and emotions expressed by words in their
second language when processing them (Baumeister et al., 2017; Dudschig et al., 2014;
Macedonia, 2015; Pasfield-Neofitou et al., 2015; Sheikh & Titone, 2016). The learning
procedure and pseudowords in the current study have partially simulated the learning
process of a new language and the results were in line with the conclusion of second
language embodiment. Moreover, the current study extended the results of previous
studies examining how emotional connotations influencing words processing using
general positive and negative pictures (Fritsch & Kuchinke, 2013; Kuchinke et al., 2015)

by employing more specified negative emotions and more socially-engaged faces.
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Conclusion

The current study demonstrates how acquired emotional connotations affect
written word processing by pairing meaningless pseudowords with faces expressing
disgust, sadness, and neutrality in a learning session and measuring the brain activities
of processing these learned pseudowords in an implicit Go/NoGo lexical-semantic
decision task. The learning session was effective for participants to acquire emotional
connotations for the pseudowords, reflecting in the high accuracy in the generalization
tests. The ERPs showed that the emotional connotations affect words processing in an
early time window 206 — 242 ms and a late time window 400 — 500 ms. In the early
time window, disgusting and neutral new words elicited larger EPN amplitudes than sad
new words, indicating higher attentional resource allocation on processing the former
than the latter. In the late time window, neutral new words elicited larger LPC
amplitudes than disgusting new words, suggesting sustained decoding difficulties in
processing less salient neutral connotations. Furthermore, the ERP modulations in the
early time window were associated with source localization results. More activations
were manifested in the right insula for disgusting new words than sad new words, which
is in line with existing evidence of the insula being the neural locus of disgust
processing. Sad new words, on the other hand, elicited more activations than disgusting
new words in the rostral anterior cingulate, which is reported to be involved in sadness
processing and depression. In addition, the higher attentional requirements for
processing disgusting and neutral new words were reflected by the enhanced activations
in the right occipital lobe. Taken together, the results of the current study extend
previous evidence on acquired emotional connotations affecting written word

processing by demonstrating the brain spatiotemporal dynamics of processing new
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words whose emotional connotations were acquired from their association with

disgusting, sad, and neutral facial expressions.
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General Discussion

The emotional dimension of word meaning is a topic of growing interest in
neurolinguistics. This thesis focused on disgust-related meaning, since the emotion of
disgust is a basic human emotion involving well-known brain mechanisms, although it
has been relatively neglected by neurolinguistic researchers. In this sense, the thesis
offers some novel objectives. Specifically, to demonstrate the neural dynamics of
disgust-related words in a non-Indo-European language, to examine the acquisition of
disgust-related connotations for new words in the context of facial expressions and
emotional sentences, to explore the neural dynamics of new words acquired emotional
connotations and, finally, to verify a neural embodiment hypothesis of disgust-related
words, that is, whether the insula — a main neural network involved in disgust — is

activated by these words / new words.

The first experiment examined whether disgust processing in Mandarin is different
from that in alphabetic languages and whether the processing is embodied. The ERP
results indeed suggested a different processing pattern than previous studies carried out
in alphabetic languages (Ponz et al., 2014). Instead of EPN, enlarged P2 was found for
disgust-related words, compared to neutral words, indicating higher allocation of
attentional resources. This P2 effect could be related to phonological and orthographic
integration of Mandarin. However, linguistic variables of the stimuli such as word
frequency and number of strokes were strictly controlled, which excluded the possibility
that the P2 component was due to linguistic factors. In addition, the pattern of larger P2
for disgust-related words than neutral words was similar to the EPN pattern previously
reported in French, which further proved that here enlarged P2 indicates participants

allocating more attentional resources on processing disgust-related words. Regarding
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the N400 component, rather than finding an enhanced N400 for disgust-related words as
reported in the previous study, the present experiment yielded a reversed pattern. In the
previous study with an alphabetic language (Ponz et al. 2014), the researchers ascribed
the enhanced N400 for disgust-related words to the nature of the task, arguing that
instructing participants to respond to irrelevant fillers (vehicle names) leads them to
ignore disgust-related words. In this case, the N400 might be an indicator of semantic
inhibition rather than integration. However, in the current experiment, the reversed
N400 pattern was obtained using a similar task, in accordance with previous evidence
suggesting N400 was usually reduced for emotional words reflecting a facilitation of
semantic processing (Kanske & Kotz, 2007). Therefore, we conclude that the EPN and P2
components reflect brain mechanisms oriented to detect and allocate resources to
emotional words, whereas the N400 modulation reveals further facilitation of semantic

processing.

The first experiment also verified the neural embodiment of disgust in Mandarin by
conducting source localization of the ERP signals. Most importantly, the results
suggested that the anterior insula was more activated for disgust-related words than
neutral words in the time window where the P2 component was discovered. This is
consistent with previous neuroimaging studies that reported the activation of the insula
for processing disgust stimuli of various modalities (Phillips et al., 1997; Schienle et al.,

2017; Wicker et al., 2003; Wright et al., 2004)

After examining disgust processing in existing Mandarin words, the thesis turned to
investigate the acquisition of disgusting connotations for new words. A learning
paradigm with two associative contexts, faces, and sentences, was designed in the
second experiment. Although, the focus of this experiment was the emotion of disgust,

there were two contrasting conditions in the learning paradigm: neutral new words and
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sad new words. Neutral new words served as baseline, non-emotional condition, while
sad new words provided a negative-valence contrast to examine the specificity of
disgust-related meaning. The experimental hypothesis that faces are more effective for
acquiring disgusting connotations of words than sentences was verified. Moreover, the
results also provided additional evidence regarding the acquisition of sad and neutral
connotations for new words. Sentences were slightly more efficient than faces for
acquiring sad connotations, although such an advantage was only manifested in one of
the two tests probing participants’ emotion acquisition. The sentences used in the
experiment were composed in the second-person perspective (e.g. Your dog is dead).
Previous empirical evidence suggested that the pronoun “you”, or the second-person
perspective in general, makes readers more likely to feel the emotional valence and the
affective states expressed by the material than the first-person perspective (Brunyé et al.,
2011). Therefore, the sentences describing detailed sadness-inducing scenarios in a
second-person perspective were more effective in triggering sad resonances in
participants, which is in line with the endogenous nature of the emotion (Lench et al.,
2016). Other than that, faces were advantageous in all other tests of the three emotions
involved, which indicated that as the first channel available for humans to perceive
emotions (Denham, 1998; Izard, 1971), faces still have a great impact on the acquisition
of words’ emotional meaning, even in adults. Such results also suggest that in second
language learning, pairing emotional words with the corresponding facial expressions

can play an important role in learning emotional meanings.

Based on the evidence that faces are more efficient than sentences in inducing the
acquisition of emotional connotations for new words, the third experiment examined the
brain dynamics of processing new words whose emotional connotations were acquired

with faces. It was expected that these new words would elicit similar ERP patterns and
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activate the same brain structures as existing words carrying identical emotional
connotations. Concerning the ERP patterns, some interesting findings were obtained.
Firstly, differential effects associated with new word emotional connotation were
observed for the EPN component. However, contrary to the commonly found effect that
the EPN is enhanced by emotional words compared with neutral words, in the current
experiment, both disgusting and neutral new words elicited larger EPN than sad new
words. The anomalous modulation of EPN by neutral new words was unexpected. As a
component indexing attentional allocation, EPN is sensitive to stimuli with more salient
characteristics such as emotional words (Junghofer et al., 2001; Schupp, Junghdfer,
Ohman, et al., 2004; Schupp, Junghdfer, Weike, et al, 2004). In the current
experimental design, in addition to the three categories of learned new words, a set of
unlearned new words and a set of real neutral words were included as control baselines
for testing learning and lexicalization effects. Compared with them, the connotations of
the learned neutral new words were acquired through intensive training just prior to the
ERP recording session, which made these learned new words more relevant and salient
in the experiment and thus elicited larger EPN. There have been arguments proposing
that the emotional EPN effect is task-independent and is not affected by processing
depth, emotional nature of the task, or self-referentiality (Citron, 2012). However, the
results of the current experiment suggested that in a learning paradigm, the emotional
effect of EPN can be overwhelmed by the learning procedure and coexisting neutral
stimuli. The neutral faces in the learning session were less distinguishable due to their
relatively fewer muscle movements compared to emotional ones and thus increased
decoding difficulties of the neutral new words. Such results were consistent with
previous studies reporting the EPN as a component sensitive to stimuli complexity

(Bradley et al., 2007; Low et al., 2013; Nordstrom & Wiens, 2012).
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In the late time window, compared with the first experiment in this thesis performed
with existent Mandarin words, the N400 effect was missing and the LPC pattern was
reversed between disgusting and neutral new words. These late components are
indicators of semantic integration (Kutas & Federmeier, 2000) and prolonged evaluation
(Citron, 2012). The absence of the N400 effect suggested that although the new words
have acquired emotional connotations through the rapid learning procedure using faces,
they did not necessarily acquire semantic meanings. In real life, children first acquire
emotional concepts through facial expressions of their caregivers but learn linguistic
labels for various emotions and words containing emotional connotations gradually,
over an extended period of time, as their language proficiency improves (Markham &
Adams, 1992; Vicari et al., 2000). Therefore, the learning with faces in the third
experiment simulated only the initial stage of emotional connotation acquisition for new
words, without reaching a consolidate representation in semantic memory. Regarding
the LPC pattern, previous studies have reported that it is modulated only when the
emotional content of the stimuli is relevant to the task or when a deep semantic
processing is required but not by shallow processing as in lexical decision or
orthographic judgment tasks (Fischler & Bradley, 2006). In the current experiment, the
background task was to only respond to vehicle names included as fillers. In this case,
the semantic processing of emotional and neutral new words was incidental and shallow,
since no explicit emotional judgment was requested for them. For this reason, the LPC
amplitude was not modulated by emotional new words, rather LPC increased for neutral
new words, which are less salient and distinguishable from the real word fillers that all
possess neutral valence, whereas disgusting new words were easily processed because
of their salient emotional connotations. Finally, the source estimation analysis for the

early time window confirmed the neural embodiment hypothesis in the sense that the
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anterior insula was more active during the processing of disgusting new words, whereas
more activation of the anterior cingulate cortex was associated with sad new words.
These results are in accordance with previous empirical evidence yielded from disgust
(Phillips et al., 1997; Schienle et al., 2017; Wicker et al., 2003; Wright et al., 2004) and
sadness (Niida & Mimura, 2017; Ramirez-Mahaluf et al., 2018; Webb et al., 2018)

processing.

A plausible neural model to explain associative learning in our second and third
experiments is as follows. The facial expressions of disgust triggered activations in the
participants’ emotional machinery through mirror neurons mechanisms, which in the
case of disgust expression includes the insula. Concerning the processing of facial
expressions, previous studies have shown that emotions can be activated in oneself by
observing other people’s motor or vocal emotional expressions based on the mirror
neuron system (Baumeister et al., 2017; Gallese et al., 2004; Niedenthal, 2007). Studies
investigating the first-person experience of disgust and the recognition of disgust in
other people have provided more refined and specific supportive evidence for the
findings of the current study (Calder et al., 2000; Wicker et al., 2003). Secondly, the
pronounceable pseudowords used in this study would be encoded by the grapheme-to-
phoneme conversion mechanisms in the brain including the left IFG (pars triangularis)
and the visual word form area (fusiform gyrus) (Taylor et al., 2013). Finally, the co-
occurrence of pseudowords and facial expressions of disgust could determine a
simultaneous activation of neural assemblies in the insula and in the visual word form
and left IFG areas inducing a Hebbian learning mechanism (neurons that fire together
for a while strengthen their mutual connections and thus become more tightly associated)
(Hebb, 1949). In this case, a subsequent presentation of a learned new word could

activate specific neurons of the visual word form area and left IFG that trigger
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activation in specific neurons related to the associated emotion; for instance, the insula
in the case of disgusting new words. Such a Hebbian learning model has been proposed
to explain that action-related new words, adquired by means of associative learning
paradigms, activate neural motor processes (Fargier et al., 2012; Liuzzi et al., 2010;
Pulvermiiller, 2005). This study suggested that the Hebbian learning mechanisms could

also underlie the learning of emotional connotations of words.
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Conclusions

1. The processing of emotional words in Mandarin elicited ERP signatures for
disgust-related meaning, about 200 ms after the word onset (EPN and P2 components),
which indicates early attention to disgust-related words. Also, an attenuated N400-like
component and an enhanced LPC-like component for disgust-related words, compared

to neutral words, suggested a facilitation effect of lexico-semantic processes.

2. The processing of disgust-related words in Mandarin also confirmed the neural
embodiment hypothesis, as the main neural source of the early time window effects
(EPN and P2) was the anterior insula, which has been associated in the literature with

the processing of disgust in various modalities of stimuli.

3. Using an associative learning paradigm, facial expressions have been found to
be more effective than emotional sentences as associative contexts in inducing
connotations of disgust in new words. This conclusion is based on the superior
performance of the face-trained group on the within-modality generalization test
(correctly attributing disgusting novel words to new faces) and on the cross-modality

generalization test (correctly attributing disgusting novel words to emotional sentences).

4. After acquiring emotional connotations in an associative learning paradigm with
facial expressions, disgusting novel words elicited larger amplitudes in the EPN
component of the ERPs than sad novel words, again indicating early attention to

disgust-related meaning acquired after a short associative training.

5. Neutral novel words produced paradoxical results in the ERPs. They do not
differ from disgusting novel words in the early ERP’s time window (EPN), but they

elicited larger amplitudes in the LPC component in comparison to emotional novel
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words of disgust and sadness. Given the fact that neutral facial expressions are relatively
ambiguous, it is likely that this enhanced LPC for the associated neutral new words

reflects sustained decoding difficulties in processing less salient neutral connotations.

6. Most importantly, the neural embodiment hypothesis was confirmed for novel
words with acquired emotional connotations. That is, disgusting new words increased
activation in the anterior insula compared to sad new words during the EPN time
window. Moreover, sad new words induced more activation than disgusting new words
in the anterior cingulate cortex, a region frequently associated with sadness and

depression.

7. This thesis does not provide direct evidence on the neural mechanisms involved
in learning words’ emotional connotations in the context of faces. Nonetheless, a
plausible explanation may depend on well-known mechanisms reported in the literature,
such as the mirror neuron system that would encode facial expressions in the anterior
insula, the Broca area to encode pronounceable pseudowords, and most importantly the
Hebbian learning mechanism that strengthens the mutual connections between neural
populations which are activated simultaneously in those regions to produce their

association.
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APPENDICES

Appendix 1

Experiment 1. Normative study questionnaires

BRETIEE, FHHEIZEERS|IZRERE

1 RTFAFZEAEREERAEERD. RE. BREZTENRL,
5 RRARIZIABEERIREO. KE, BRILE,
9 RFEMBZNEREIFFETLC. KE FEERZIE.

BAEER—FE LEBAKENE, EREMREEENE —REHETIEE.
Please read the following words and rate their extents of disgust:

1 refers to not feel sick, disgusted, and the intention to withdraw at all;

5 refers to feel moderately sick, disgusted, and the intention to withdraw,

9 refers to feel extremely sick, disgusted, and the intention to withdraw.

Please do not dwell on each word for too long. Rate each word based on your most

intuitive feelings.

FRAE dirtiness1 23456789
BB Mly123456789
Ef mousel 23456789
MWE germ1 23456789

MIFfF bathroom1 2 3 456 7 89

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.
Su autenticidad puede ser contrastada en la siguiente direccion https://sede.ull.es/validacion/

I dentificador del docunento: 3100297 Cbodigo de verificacidn: qdkg/ h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15
UNIVERSIDAD DE LA LAGUNA
Maria de las Maravillas Aguiar Aguilar 12/03/2021 13:21:41

UNIVERSIDAD DE LA LAGUNA

166 /221



Universidad de La Laguna
Oficina de Sede Electréonica
Entrada
N° registro: 2020/130260
N° reg. oficina: OF002/2020/128904
Fecha: 10/12/2020 12:37:05

160

E#® snot 123456789
FESS acne 123456789
=98 malignant tumor1 2 3 456789
FiE viper1 23456789
HE{F feces1 23456789

F 7 mummification1 2 3 456 789
BIK boneash1 23456789
R¥zm ulcer1 23456789
JBsT miriness1 23456789
MRE pustulel 23456789
&Y frecklel 234567 89
fAyE scar1 23456789
P& skeleton1 23456789
R lousel 23456789
Siadirt1 23456789

W8 F scorpion1 23456789
I bloodstain1 2 3 456 7 89
28 remains1 23456789
mEvirus1 23456789
&F zombiel 23456789
P corpse1 23456789

$&E88 cockroach1 2 34567 89
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& plague1 234567 89
BIiJanus1 23456789

B infection1 23456789
XMt vomit1 23456789
BBk amputation1 23 456 7 89
YK spider1 23456789
K@ spitton1 23456789
55 herpes1 23456789
JHAE grease1 23456 789
FEdiinsect1 23456789
IMEpiss1 23456789
ERl wastel 23456789
SiRfilth1 23456789

Y& roundworm1 234567 89
BEfgrectuml 23456789
A% sarcomal 234567 89
e phlegm1 23456789
BfErot1 23456789

R dysentery1 23456789
T4 toilet1 23456789
KIE excrement1 23456789

f% illness1 23456789
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FRi& urinel 23456789
BERL fertilizer 1 2 3456 7 89
%1 intestinel 234567 89
Fhi& mucus1 23456789
e slurry1 23456789
BYEE tumor1 23456789

8 F mosquito1l 23 456 789
A% toad1 234567 89

=Y centipede1 23 4567 89
INR hircus1 23456789

R cimicid1 23456789
O7Ksalival 23456789
=IE hemorrhoids 1 2 3 456 7 89
YRR greasiness1 23456789
ER mould1 23456789
YR dogshit1 23 4567 89
ERstinkl 23456789

B nudiy1 23456789
&%) constipation 1 23 4567 89
SFimsweatstainl 23456789
BER fatmeat1 234567 89

ERearwax1 23456789
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B85 diarrheal 23 4567 8 9
fib £ rentacle1 234567 89
W2 locust1 23456789
f%3% brains1 23456789
B eczemal 23456789
LB dandruff1 23456789
BRE abscess1 23456 789
0 & maggot1 23456789
% pimple1 23456789
{5t urinal 1 23456789

AR halitosis1 23456789

BHEETINEE, FHAEZEENATER:
farfi =

EIE RS AR R A
k) ZiE%f.

BERRREEE, HEAMN1 FEERER) 219 (5

MR

S BEENAHEIYTIERERE, HE0M 1 (RXE, FEEm) 29
(FFEREINE) ZEEk.

wRM

EIRERNEEE, RESRFBBRUXIMIRENERETIM | (FFEH)
B9 (FEED) zETL.
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4n:

“IEILXME, EEEBEERERERACE (RE) | ORI (REE
E) , REERBILREZFNERHIEILNGR (REM) | BARLIMEEN
TPEFRBEEE 6 MU £, M BL"XME, ETRRBEIEE LRFHERWL,
BB LR TR, REBREXMEABREANEER, BANZE AR EMNGREE
WEBFESDESR, REMMRET 3.

BEE—MILHRZZERAAMRN, KAEXNEZS, FiFENRREKESCH
R,

Please read the following words and rate the corresponding variables:

Valence

1t refers to positive or negative emotional experience brought by the word and its

intensity, which scales from 1 (extremely negative) to 9 (extremely positive).
Arousal

1t refers to how much the word arouses your emotional experience, which scales from 1

(not excited and not arousing at all) to 9 (extremely excited and arousing).
Imageablitity

1t refers to whether you could easily imagine the object or feeling denoted by the word,
which scales from 1 (extremely difficult) to 9 (extremely easy).

For example:

The word “wedding” usually gives you a positive feeling (valence), fairly arouses you
(arousal), and is easy for you to imagine what a wedding is like (imageability). In this
case, the ratings of these variables are likely to be above 6. The word “fact” on the
other hand, you feel neither positive nor negative after reading it, you do not feel very
emotional, and it is difficult for you to imagine a specific object or feeling denoted by it.
In this case, the ratings for valence and arousal are likely to be around 5 and

imageability below 3.
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The feeling after reading a word varies from person to person. There is no right or
wrong answer for this questionnaire. Therefore, please rate the words based on your

most intuitive feelings.

T germ T B bathroom

iR E 123456789 MRE 123456789
Valence MGEERE 123456789
MREZ 123456789 REM 123456789
Arousal

xEM 123456789

Imageability

&5 ulcer EI frreckle

R E 123456789 HE 123456789
REEE 123456789 MREEE 123456789
xEM 123456789 xEM 123456789
18 scorpion B2 infection

WHiE 123456789 THE 123456789
REERE 123456789 MEEERE 123456789
REM 123456789 KEM 123456789
£k amputation IME piss

MHE 123456789 THE 123456789
MREERE 123456789 REEFE 123456789
REM 123456789 RKEMH 123456789
E B rectum I toilet

R E 123456789 MHE 123456789
MREERE 123456789 MEEE 123456789
FEM 123456789 REM 123456789
FRi& urine FhJE tumor

WlHE 123456789 THE 123456789
MREEE 1234567809 MEEERE 123456789
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xEM 123456789 ®EM 123456789
07K saliva E 5 mould

WHE 123456789 T E 123456789
REERE 123456789 MEEERE 123456789
REM 123456789 KEM 123456789
{E# constipation AE Y fat meat

MHE 123456789 MHE 123456789
MREERF 123456789 REEFE 123456789
xEM 123456789 KEM 123456789
B85 diarrhea L8 dandruff

WHiE 123456789 MHE 123456789
MREEFE 123456789 MEEERE 123456789
REM 123456789 KEM 123456789
g fly B35 snot

WHE 123456789 THE 123456789
MREERE 123456789 RREFE 123456789
RKEM 123456789 REMH 123456789
=% viper % 8% remains

R E 123456789 iE 123456789
MREERF 123456789 MREEE 123456789
REM 123456789 KEM 123456789
5 virus IXAt vomit

WHE 123456789 THE 123456789
MREERE 123456789 MEEERE 123456789
REM 123456789 KEM 123456789
AIJE sarcoma %4 mucus

MHE 123456789 THE 123456789
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MREERF 123456789 REEFE 123456789
REM 123456789 RKEM 123456789
&4 toad BREA centipede
MHE 123456789 THE 123456789
MREERE 123456789 RREFE 123456789
REM 123456789 KEM 123456789
B8 eczema 2%l pimple
R E 123456789 HE 123456789
MREERF 123456789 MREEE 123456789
REM 123456789 REM 123456789
[ & halitosis R mouse
WHE 123456789 THE 123456789
MREERE 123456789 MEEERE 123456789
REM 123456789 KEM 123456789
FESE acne & malignant tumor
MHE 123456789 MHE 123456789
MREERE 123456789 REEFE 123456789
REM 123456789 ®EM 123456789
&% bone ash F & skeleton
MHE 123456789 R E 123456789
MREERE 123456789 MEEE 123456789
REM 123456789 KEM 123456789
& F louse {EF zombie
WlHiE 123456789 THE 123456789
REEE 1234567809 MEEERE 123456789
xEM 123456789 xEM 123456789
& corpse 1% cockroach
MHE 123456789 MR E 123456789

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.
Su autenticidad puede ser contrastada en la siguiente direccion https://sede.ull.es/validacion/

I dentificador del docunento: 3100297 Cbodigo de verificacidn: qdkg/ h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15
UNIVERSIDAD DE LA LAGUNA
Maria de las Maravillas Aguiar Aguilar 12/03/2021 13:21:41

UNIVERSIDAD DE LA LAGUNA

1741221



Universidad de La Laguna
Oficina de Sede Electréonica
Entrada
N° registro: 2020/130260
N° reg. oficina: OF002/2020/128904
Fecha: 10/12/2020 12:37:05

168

MREERF 123456789 REEFE 123456789
REM 123456789 RKEM 123456789
AL anus J82 herpes

MHE 123456789 THE 123456789
MREERE 123456789 RREFE 123456789
REM 123456789 KEM 123456789
§i & roundworm & phlegm

R E 123456789 HE 123456789
MREERF 123456789 MREEE 123456789
REM 123456789 REM 123456789
J&YZ rot #I%% dysentery

WHE 123456789 THE 123456789
MREERE 123456789 MEEERE 123456789
REM 123456789 KEM 123456789
A {E excrement K1 cimicid

MHE 123456789 MHE 123456789
MREERE 123456789 REEFE 123456789
REM 123456789 ®EM 123456789
#59E hemorrhoids ¥R dogshit

MHE 123456789 R E 123456789
MREERE 123456789 MEEE 123456789
REM 123456789 KEM 123456789
TR stink % 3Z brains

WlHiE 123456789 THE 123456789
REEE 1234567809 MEEERE 123456789
xEM 123456789 xEM 123456789
BRBh abscess {E3th urinal

MHE 123456789 MR E 123456789
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MARERE 12 3 4 REEE 123456
REM 1234 KEM 123456
FE{E feces FF mummification
HIHE 123 4 BHE 123456
REERE 12 3 4 BEEE 123456
FEM 1234 REM 123456
BRE pustule 95 plague
HrIHE 123 4 BIHE 123456
MAEERE 12 3 4 EEEF 123456
REM 1234 KEM 123456
% #H spittoon IR R hircus
I 123 4 BHE 123456
AR 12 3 4 MAEERE 123456
FEM 1234 REM 123456
86 i1 maggot % intestine
HHE 123 4 BIHE 123456
MREERE 12 3 4 BEEE 123456
REM 1234 KEM 123456
E R earwax
BiHE 123456789
MFERF 123456789
FKEM 123456789
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Appendix 2

Experiment 1. Selected Stimuli
Disgust-relatd words
8 phlegm [ fff bathroom JEEE acne /M piss ZH i mould AEMA fat meat
[7K saliva BfJ&g tumor [ R halitosis MKt vomit KX{E feces fEJE diarrhea
FR& urine 3LJB dandruff PRE pustule 5%E virus {EF) constipation FH 4 viper
B X bone ash X3 brains FEL{F excrement 5% toad FER stink #HH maggot
% F intestine ¥8R dogshit /B infection R mouse & corpse ¥4 cockroach
BB abscess JE eczema €3t urinal 1&%% remains J{&R hircus B JR earwax
R A centipede J&4Z rot S hemorrhoids AT{7] anus [AJJ& sarcoma FIF dysentery

BE3% snot @5 herpes {EF zombie DSfF toilet T mummification 5

roundworm

R o cimicid #87F scorpion #&4H spittoon 4% mucus F T louse )%l pimple
YA germ EJE malignant tumor 5% ulcer & skeleton JEJE plague T8 fly
Neutral words

BEIE facial makeup tH{& secularity £%4% comfort #£3 tidiness M fA perspective
HEA date £ H entry Z 3| difference $NZEE piano /51 & long-cherished wish

REE medal EJEZ harbor HHPR, exquisition T vision ZEFS situation SKFR
regulation

4 fishing B common people T4 rice cake X % kite {7z whereabouts

E #X national emblem i F order 3P BB passport FRZE hemp rope ZE i

circumbendibus
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KB phoenix i pond $¥24 onion & 2% porcelain /% moment WER fountain
1R % security guard )% willow 83K foam JRiiF tourism FRAS rouge i tomato

EE list S tie MM rule &R longing 7 discrepancy &%) simplicity A4
life

BT 57 review £ red wine 4Ft finance #5/%E building [ temple % 'E examiner

X F1 power 5 fishing rod Bij& prospect F&i&E road Jilja) consultant %& ZF

sprouting

WA shower {1 gymnastics #$F congestion

Vehicle names

/A3Z public transportation 5% car /\Af boat EAZE bicycle <K% truck

ARAE wooden boat #EZE cart jE# ferry X Ef rocket X ZE train Hi%k subway

FEFT motorcycle #H1ZE locomotive HffE yacht f+ taxi ELZE tram %2%} light rail
TRAR sailboat RfE speedboat “¥4f] airplane D% carriage 2+ bus ZZE coach
SR motorboat $¥%F wagon % trailer 457 cable car #Z school bus

2% police car HIZE sports car FEZF racing car 7% sedan F I jeep KT pickup
"KM airship "KL spaceship #Af steamship F5Z RV kAR battleship ZEAR warship

RS cruise ship $8AE cargo ship &AL fishing boat 4-Z ox cart F)ZE bullet train

=%k high-speed train X Z forklift &%Z chariot 1H75 tank & submarine
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Appendix 3

Experiment 2. Normative study questionnaires

Correo Electronico (opcional)
Email (optional)

Nombre (opcional)

Name (optional)

A continuacidn, se presentard una serie de frases cortas, en las que deberas seleccionar
qué emocion te parece que describe mejor su contenido. En algunos casos, puede que la
frase te sugiera mas de una emocion, pero debes seleccionar una sola. En otros casos,
quiza te parezca que la frase no se ajusta a ninguna emocion particular, en cuyo caso

debes seleccionar ‘neutral’. Veamos algunos ejemplos:

Next, a series of short sentences will be presented, in which you must select which
emotion you think best describes its content. In some cases, the phrase may suggest
more than one emotion, but you must select only one. In other cases, you may find that
the phrase does not fit any particular emotion, in which case you should select 'neutral’.

Let's see some examples:
Tu amigo tiene cancer.

You friend has cancer.

neutral tristeza alegria asco enfado
neutral sadness happiness disgust anger

emocion
emotion

(Qué tan seguro estas?

How sure are you?

poco medio completamente
seguro seguro seguro
a little moderately completely
sure sure sure
seguro
sure
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Abres la puerta de tu casa.
You open the door of your house.

neutral tristeza alegria asco enfado

emocion

(Qué tan seguro estas?
How sure are you?

poco medio completamente

seguro seguro seguro

seguro

En la primera frase, la emocion mas evidente es ‘triste’ y debes sefialarla. En la segunda
frase, la respuesta mas plausible es ‘neutral’. Cuando hayas sefialado una de las
emociones, debes a continuacién puntuar cuan seguro estas de tu eleccion en la escala
que aparece debajo. De modo que si has elegido ‘triste’ en la primera frase el puntaje 5
indica que estas completamente seguro, el puntaje 1 que estas poco seguro, y los demas

puntajes tendran valores intermedios.

Cuando lo desees puedes seguir con las frases siguientes. Por favor, responde

rapidamente, no dediques mucho tiempo a pensar en cada frase.

In the first sentence, the most obvious emotion is 'sad’ and you should point it out. In the
second sentence, the most plausible answer is 'neutral. When you have indicated one of
the emotions, you must then rate how sure you are of your choice on the scale that
appears below. Therefore, if you have chosen 'sad' in the first sentence, score 5
indicates that you are completely sure, score I that you are not quite sure, and the other

scores will have intermediate values.

You can continue with the following phrases when you want to. Please respond quickly,

don't spend too much time thinking about each sentence.
Limpias el fregadero sin guantes.

You clean the sink without gloves.
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neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Un perro se mea en tu pierna.
A dog pees on your leg.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Limpias el pafial cagado de un bebé.
You clean a baby's messy diaper.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Pisaste una mierda de perro.
You stepped on dogshit.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro

Vomitas después de beber vino.

You vomit after drinking wine.

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.
Su autenticidad puede ser contrastada en la siguiente direccion https://sede.ull.es/validacion/

I dentificador del docunento: 3100297 Cbodigo de verificacidn: qdkg/ h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15
UNIVERSIDAD DE LA LAGUNA

Maria de las Maravillas Aguiar Aguilar 12/03/2021 13:21:41
UNIVERSIDAD DE LA LAGUNA

181/221



Universidad de La Laguna
Oficina de Sede Electréonica
Entrada
N° registro: 2020/130260
N° reg. oficina: OF002/2020/128904
Fecha: 10/12/2020 12:37:05

175
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Ves un cachorro comiendose su caca.
You see a puppy eating its poop.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Te limpias la nariz con un paiiuelo sucio.
You wipe your nose with a dirty handkerchief.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Buscas un reloj en la bolsa de basura.
You look for a watch in the garbage bag.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro

Ves gusanos en la basura.
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You see worms in the garbage.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Hueles a pescado podrido.
You smell like rotten fish.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Sientes una cucaracha en tu brazo.
You feel a cockroach on your arm.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Ves moscas en la sopa.
You see flies in the soup.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente

seguro seguro seguro

seguro
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Te comes una chuleta podrida.
You eat a rotten cutlet.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Usas un vater sucio.
You use a dirty toilet.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Comes un gusano en la fruta.
You eat a worm in the fruit.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Sacas las tripas del pescado con tus manos.
You remove the guts from the fish with your hands.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
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[ seguro | |
Suspendes el ultimo examen de la carrera.
You fail the last exam of the semester.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Fracasas en una entrevista importante.
You fail an important interview.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
No puedes pagar la residencia.
You cannot pay for residency.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente

seguro seguro seguro

seguro

Te has perdido tu concierto favorito.

You have missed your favorite concert.

neutral tristeza alegria asco enfado

emocion

(Qué tan seguro estas?
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poco medio completamente
seguro seguro seguro
seguro
Tus padres se divorciaron.
Your parents got divorced.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Tus compaiieros de clase te ignoran.
Your classmates ignore you.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Pasas la Navidad sélo.
You spend Christmas alone.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Pasas el dia de San Valentin solo.
You spend Valentine's Day alone.
neutral tristeza alegria asco enfado

emocion
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(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Tu pareja te abandona.
Your partner leaves you.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Nadie viene a tu cumpleafios.
Nobody comes to your birthday.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Tu perro ha muerto.
Your dog has died.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Asistes al funeral de un amigo.
You attend a friend's funeral.
| neutral | tristeza alegria asco |  enfado |
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[ emocion |
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
El huérfano esta llorando.
The orphan is crying.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
El nifio de tus amigos muere de leucemia.
Your friend's child dies of leukemia.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Tu abuela ha muerto.
Your grandmother is dead..
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente

seguro seguro seguro

seguro

Tu actor favorito muere de cancer.
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Your favorite actor dies of cancer.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
No puedes consolar a tu deprimido amigo.
You cannot comfort your depressed friend.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Tu casa queda destrazada por una inundacion.
Your house is devastated by a flood.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Te has perdido el contacto con tus amigos.
You have lost contact with your friends.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
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Charlas con un amigo.
You chat with a friend.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Te subes a un avion.
You get on a plane.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Haces cola en un cine.
You stand in line at a movie theater.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Ves la television en casa.
You watch television at home.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
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[ seguro |
Montas en la bicicleta estatica.
You ride the exercise bike.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Tomar el tranvia a la Universidad..
You take the tram to the University.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Caminas por la calle.
You walk down the street.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Te pones una chaqueta.
You wear a jacket.
neutral tristeza alegria asco enfado

emocion

(Qué tan seguro estas?
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poco medio completamente
seguro seguro seguro
seguro
Compras manzanas en el supermercado.
You buy apples at the supermarket.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Bebes un vaso de agua.
You drink a glass of water.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Lees los titulares del periodico.
You read the newspaper headlines.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Echas gasolina al coche.
You put gas in the car.
neutral tristeza alegria asco enfado

emocion
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(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Envias un correo electronico.
You send an email.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Llamas a un taxi por el movil.
You call a taxi on your mobile.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Cierras la puerta de tu casa.
You close the door of your house.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro

Sacas una botella de agua de la nevera.

You take a bottle of water out of the fridge.

] | neutral | tristeza | alegria | asco |  enfado |

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.
Su autenticidad puede ser contrastada en la siguiente direccion https://sede.ull.es/validacion/

I dentificador del docunento: 3100297 Cbodigo de verificacidn: qdkg/ h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15
UNIVERSIDAD DE LA LAGUNA

Maria de las Maravillas Aguiar Aguilar 12/03/2021 13:21:41
UNIVERSIDAD DE LA LAGUNA

193/221



Universidad de La Laguna
Oficina de Sede Electréonica
Entrada
N° registro: 2020/130260
N° reg. oficina: OF002/2020/128904
Fecha: 10/12/2020 12:37:05

187
[ emocion |
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Te bajas del bus en la parada.
You get off the bus at the stop.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Repasas los anuncios de la revista.
You go through the ads in the magazine.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente
seguro seguro seguro
seguro
Lees un libro en la biblioteca.
You read a book in the library.
neutral tristeza alegria asco enfado
emocion
(Qué tan seguro estas?
poco medio completamente

seguro seguro seguro

seguro
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Correo Electrénico (opcional)
Email (optional)

Nombre (opcional)

Name (optional)

A continuacion, debes evaluar una serie de frases que se refieren a situaciones variadas
en una escala de tranquilidad-excitacion. Es decir, que en cada frase debes valorar como

te sentirias en esa situacion. Por ejemplo:

Next, you must evaluate a series of sentences that refer to varied situations on a scale of
tranquility-excitement. That is, in each sentence you must assess how you would feel in

that situation. For example:

1 2 3 4 5
muy neutro muy
tranquilo neutral excitado
very very

clam excited

Una arafa trepa en tu pierna.
A spider crawls on your leg.
Te sientas en una silla.
You sit in a chair.

El puntaje 5 indica que estds muy excitado, el puntaje 1 que estds muy tranquilo. En la
primera frase, la situacion mas evidente es ‘excitado’ y debes sefialar 5.En la segunda
frase, la situacion mas plausible es ‘tranquilo’ y debes sefialar 1. Los demaés valores de

la escala corresponderian a estados de calma o excitacion intermedios.

Cuando lo desees puedes seguir con las frases siguientes. Por favor, responde
rapidamente, no pases mucho tiempo pensando en cada frase. Es mejor que respondas
atendiendo a tu primera impresion y recuerda que puedes utilizar todos los valores de la

escala.

A score of 5 indicates that you are very excited and a score of 1 indicates that you are
very calm. In the first sentence, the most obvious situation is 'excited' and you should
select 5. In the second sentence, the most plausible situation is 'calm' and you should
mark 1. The other values on the scale would correspond to intermediate states of calm

or excitement.
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You can continue with the following phrases when you want to. Please respond quickly,
don't spend too much time thinking about each sentence. It is better that you answer

based on your first impression and remember that you can use all the values of the scale.

1 2 3 4 5
muy neutro muy
tranquilo excitado
Limpias el fregadero sin
guantes.
You clean the sink without
gloves.

Un perro se mea en tu pierna.
A dog pees on your leg.

Limpias el pafial cagado de
un bebé.

You clean a baby's messy
diaper.

Pisaste una mierda de perro.
You stepped on dogshit.

Vomitas después de beber
vino.

You vomit after drinking
wine.

Ves un cachorro comiendose
su caca.

You see a puppy eating its
poop.

Te limpias la nariz con un
paiiuelo sucio.

You wipe your nose with a
dirty handkerchief.

Buscas un reloj en la bolsa de
basura.

You look for a watch in the
garbage bag.

Ves gusanos en la basura.
You see worms in the
garbage.

Hueles a pescado podrido.
You smell like rotten fish.
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Sientes una cucaracha en tu
brazo.

You feel a cockroach on your
arm.

Ves moscas en la sopa.

You see flies in the soup.

Te comes una chuleta
podrida.
You eat a rotten cutlet.

Usas un vater sucio.
You use a dirty toilet.

Comes un gusano en la fruta.
You eat a worm in the fruit.

Sacas las tripas del pescado
con tus manos.

You remove the guts from the
fish with your hands.
Suspendes el ltimo examen
de la carrera.

You fail the last exam of the

semester.

Fracasas en una entrevista
importante.

You fail an  important
interview.

No  puedes pagar la
residencia.

You  cannot  pay  for
residency.

Te has perdido tu concierto
favorito.

You have missed your
favorite concert.

Tus padres se divorciaron.
Your parents got divorced.

Tus compaiieros de clase te
ignoran.
Your classmates ignore you.
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Pasas la Navidad solo.
You spend Christmas alone.

Pasas el dia de San Valentin
solo.

You spend Valentine's Day
alone.

Tu pareja te abandona.

Your partner leaves you.

Nadie viene a tu
cumpleafios.

Nobody comes to your
birthday.

Tu perro ha muerto.

Your dog has died.

Asistes al funeral de un
amigo.
You attend a friend's funeral.

El huérfano esta llorando.
The orphan is crying.

El nifio de tus amigos muere
de leucemia.

Your friend's child dies of
leukemia.

Tu abuela ha muerto.

Your grandmother is dead.

Tu actor favorito muere de
cancer.

Your favorite actor dies of
cancer.

No puedes consolar a tu
deprimido amigo.

You cannot comfort your
depressed friend.

Tu casa queda destrazada por
una inundacion.

Your house is devastated by a
flood.
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Te has perdido el contacto
con tus amigos.

You have lost contact with
your friends.

Charlas con un amigo.

You chat with a friend.

Te subes a un avion.
You get on a plane.

Haces cola en un cine.
You stand in line at a movie
theater.

Ves la television en casa.
You watch television at
home.

Montas en la Dbicicleta
estatica.
You ride the exercise bike.

Tomar el tranvia a la
Universidad..

You take the tram to the
University.

Caminas por la calle.

You walk down the street.

Te pones una chaqueta.
You wear a jacket.

Compras manzanas en el
supermercado.

You buy apples at the
supermarket.

Bebes un vaso de agua.

You drink a glass of water.

Lees los titulares  del
periddico.
You read the newspaper
headlines.
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Echas gasolina al coche.
You put gas in the car.

Envias un correo
electronico..
You send an email.

Llamas a un taxi por el
movil.

You call a taxi on your
mobile.

Cierras la puerta de tu casa.
You close the door of your
house.

Sacas una botella de agua de
la nevera.

You take a bottle of water out
of the fridge.

Te bajas del bus en la parada.
You get off the bus at the
stop.

Repasas los anuncios de la
revista.

You go through the ads in the
magazine.

Lees un libro en la biblioteca.
You read a book in the
library.
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Appendix 4

Experiment 2. Selected Stimuli

Pseudowords
Aljuevo, almego, alfirda, alsasto, altorzo, altapo, alsudi, algifo, alfuso, alyape
Robina, robica, rofelu, ronago, ronina, ronico, rorano, rogima, rofeno, royafe

Lenuro, lerite, lefre, leriyo, leniaz, lerija, lengil, lesori, letuco, leceno

Faces

Disgust
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Sentences

Disgust

Un perro se mea en tu pierna. 4 dog pees on your leg.

Limpias el pafial cagado de un bebé. You clean a baby's messy diaper.

Pisaste una mierda de perro. You stepped on dogshit.

Vomitas después de beber vino. You vomit after drinking wine.

Ves un cachorro comiendose su caca. You see a puppy eating its poop.

Te limpias la nariz con un pafiuelo sucio. You wipe your nose with a dirty handkerchief.

Buscas un reloj en la bolsa de basura. You look for a watch in the garbage bag.
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Ves gusanos en la basura. You see worms in the garbage.

Hueles a pescado podrido. You smell like rotten fish.

Sientes una cucaracha en tu brazo. You feel a cockroach on your arm.
Ves moscas en la sopa. You see flies in the soup.

Sacas las tripas del pescado con tus manos. You remove the guts from the fish with your

hands.

Te comes una chuleta podrida. You eat a rotten cutlet.

Usas un vater sucio. You use a dirty toilet.

Comes un gusano en la fruta. You eat a worm in the fruit.

Sadness

Tus padres se divorciaron. Your parents got divorced.

No puedes consolar a tu deprimido amigo. You cannot comfort your depressed friend.
Tu casa queda destrazada por una inundacion. Your house is devastated by a flood.
Tus compatfieros de clase te ignoran. Your classmates ignore you.

Pasas la Navidad s6lo. You spend Christmas alone.

Te has perdido contacto con tus amigos. You have lost contact with your friends.
Pasas el dia de San Valentin solo. You spend Valentine's Day alone.

Tu pareja te abandona. Your partner leaves you.

Nadie viene a tu cumpleafios. Nobody comes to your birthday.

Tu perro ha muerto. Your dog has died.

Asistes al funeral de un amigo. You attend a friend's funeral.

El huérfano esta llorando. The orphan is crying.

Tu actor favorito muere de cancer. Your favorite actor dies of cancer.

El nifio de tus amigos muere de leucemia. Your friend's child dies of leukemia.

Tu abuela ha muerto. Your grandmother is dead.
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Neutral

Lees un libro en la biblioteca. You read a book in the library.

Te bajas del bus en la parada. You get off the bus at the stop.

Montas en la bicicleta estatica. You ride the exercise bike.

Tomar el tranvia a la Universidad. You take the tram to the University.
Caminas por la calle. You walk down the street.

Te pones una chaqueta. You wear a jacket.

Compras manzanas en el supermercado. You buy apples at the supermarket.
Bebes un vaso de agua. You drink a glass of water.

Lees los titulares del periodico. You read the newspaper headlines.

Echas gasolina al coche. You put gas in the car.

Envias un correo electronico. You send an email.

Llamas a un taxi por el mévil. You call a taxi on your mobile.

Repasas los anuncios de la revista. You go through the ads in the magazine.
Sacas una botella de agua de la nevera. You take a bottle of water out of the fridge.

Cierras la puerta de tu casa. You close the door of your house.
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Appendix 5

Experiment 2. Supplementary analyses

Pseudoword Selection Test Response Accuracies of the Two Groups

For the Face Group, ANOVA analysis showed that there were significant
differences among the three emotional categories, F (2, 78) = 5.492, p = .006, 5 = .055.
Response accuracies for neutral trials were significantly higher than those for sadness
trials, #39) = 3.602, p = .003. There was no difference between disgust and sadness
trials, #(39) = 1.23, p = 226, or disgust and neutral trials, #(39) = 1.981, p = .109 (see
Table 5).

For the Sentence Group, there was no significant difference among the three
emotional categories, F(2, 80) = .728, p = .486, n? =.009 (see Table 5).

Pseudoword Matching Test Response Accuracies of the Two Groups

For the Face Group, ANOVA analysis showed no significant difference among
the three emotional categories, F(2, 78) = 2.114, p = .128, 1> = .026 (see Table 5).

For the Sentence Group, ANOVA analysis showed that there were significant
differences among the three emotional categories, F(2, 80) = 5.759, p = .005, n% = .053.
Response accuracies for sadness trials were significantly higher than those for neutral
trials, #(40) = 3.726, p = .002. There was no difference between disgust and sadness
trials, #(40) = 1.828, p = .15, or disgust and neutral trials, #(40) = 1.464, p = .151 (see
Table 5).

Pseudoword Selection Test Response Time of the Two Groups

For the Face Group, ANOVA analysis showed that there were significant
differences among the three emotional categories, F(2, 78) = 3.635, p = .031, n% = .012.
Response time for sadness trials were significantly long than that for neutral trials, #(39)
= 2.582, p = .041. There was no difference between disgust and sadness trials, #39)
=.562, p =.577, or disgust and neutral trials, #39) = 1.952, p = .116 (see Table 6).

For the Sentence Group, there was no significant difference among the three
emotional categories, F(2, 80) = 2.608, p = .08, n> = .009 (see Table 7).

Pseudoword Matching Test Response Time of the Two Groups
For the Face Group, ANOVA analysis showed no significant differences among

the three emotional categories, F(2, 78) =2.791, p = .068, n?> = .013 (see Table 6).
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For the Sentence Group, there was no significant difference among the three
emotional categories, F(2, 80) = 1.315, p = .274, n> = .007 (see Table 7).
Within-Modality Generalization Test Response Time of the Two Groups

There was no significant difference between the two groups in response time,
F(2, 80)=2.195, p=.115,712>=.005.

For the Face Group, ANOVA analysis showed no significant differences among
the three emotional categories, F(2, 78) = 2.778, p = .068, n> = .016 (see Table 6).

For the Sentence Group, there was no significant difference among the three
emotional categories, F(2, 80) = 1.728, p = .184, n> = .006 (see Table 7).
Cross-Modality Generalization Test Response Time of the Two Groups

There was no significant difference between the two groups in response time,
F(2, 80) = .825,p=.44,71>=.002.

For the Face Group, ANOVA analysis showed no significant differences among
the three emotional categories, F(2, 78) = 1.325, p = .272, n* = .005 (see Table 6).

For the Sentence Group, there was no significant difference among the three
emotional categories, F(2, 80) = 1.651, p = .198, n> = .012 (see Table 7).

General Comparison of Response Time of Acquisition Modalities

New Face Stimuli.

This comparison analyzed participants’ response time on new face stimuli, i.e., the
within-modality generalization test for the Face Group and the cross-modality
generalization test for the Sentence Group.

There was no interaction effect between the two groups in response time, F(2, 80)
=.213,p=.794,1>=.001.

New Sentence Stimuli.

This comparison analyzed participants’ response time on new sentence stimuli, which
would be the cross-modality generalization test of the Face Group and the within-
modality generalization test of the Sentence Group.

There was no interaction effect between the two groups in response time, F(2, 80)

=.013, p=.987, 12 = .00.
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Table 5. Means and Standard Deviations of response accuracies (percentage) in the
pseudoword selection and the pseudoword matching tests as a function of learning

group and emotion.

FACE GROUP SENTENCE GROUP
Pseudoword Pseudoword Pseudoword Pseudoword
Selection Matching Selection Matching
EMOTION % % % %
disgust 89 (12) 81.50 (16) 93.70 (13) 87.80 (11)
sadness 86.30 (14)  77.70 (16) 95.90 (8) 91.20 (10)
neutral 93 (9) 84 (16) 94.40 (8) 84.60 (13)
overall 89 (9) 81(11) 95(7) 88 (9)

Table 6. Means and Standard Deviations of response time (milliseconds) in the
pseudoword selection, pseudoword matching, within-modality generalization, and

cross-modality generalization tests of the Face Group.

Pseudoword Pseudoword Within-Modality = Cross-Modality

Selection Matching Generalization Generalization
RT RT RT RT
EMOTION ms ms ms ms
disgust 1102 (332) 1269 (436) 1667 (919) 2029 (867)
sadness 1121 (382) 1275 (398) 1886 (844) 2148 (1121)
neutral 1031 (359) 1178 (320) 1629 (936) 2209 (1022)
overall 1085 (335) 1241 (350) 1727 (794) 2129 (924)
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Table 7. Means and Standard Deviations of response time (milliseconds) in the
pseudoword selection, pseudoword matching, within-modality generalization, and

cross-modality generalization tests of the Sentence Group.

Pseudoword Pseudoword Within-Modality = Cross-Modality

Selection Matching Generalization Generalization
RT RT RT RT
EMOTION ms ms ms ms
disgust 1018(313) 1129(316) 1574(717) 1969(786)
sadness 976(274) 1073(281) 1687(857) 2200(955)
neutral 947(327) 1079(326) 1732(917) 2039(913)
overall 986(283) 1094(276) 1664(771) 2069(749)
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Appendix 6

Experiment 3. Selected stimuli

Pseudowords

aljuvado almegado alfirdado alsastado altorzado altapido alsudido algifado

alfusado alyapado

robinado robicado rofeludo ronagado roninado ronicado roranado rogimado

rofenado royafado

lenurado leritado lefreado leriyado leniazado lerijado lengilado lesorido letucado

lecenado

bierado bicerado birenado bidelado bigirado bicitado biantado biverado biemado

biscarado

Real words
congelado frozen asfalto asphalt ladrillo brick gimnasio gym ministro minister
despacho office documento document municipio municipality cuadrado square
martillo hammer conjunto set candidato candidate mercado market
elemento element producto product contexto context comercio commerce

sombrero hat camarero waiter impuesto fax

Vehicle names
autobus bus coche car bote boat bicicleta bicycle camion truck tren train
metro metro motocicleta motorcycle taxi taxi avion plane jeep jeep
triciclo tricycle astronave spacecraft tranvia trolley car yate yacht

sedan sedan cupé coupe locomotora locomotive canoa canoe

Este documento incorpora firma electrénica, y es copia auténtica de un documento electrénico archivado por la ULL segun la Ley 39/2015.
Su autenticidad puede ser contrastada en la siguiente direccion https://sede.ull.es/validacion/

I dentificador del docunento: 3100297 Cbodigo de verificacidn: qdkg/ h0S

Firmado por: BEIXIAN GU Fecha: 10/12/2020 12:30:15
UNIVERSIDAD DE LA LAGUNA
Maria de las Maravillas Aguiar Aguilar 12/03/2021 13:21:41

UNIVERSIDAD DE LA LAGUNA

212 /221



Universidad de La Laguna
Oficina de Sede Electréonica
Entrada
N° registro: 2020/130260
N° reg. oficina: OF002/2020/128904
Fecha: 10/12/2020 12:37:05

206

helicoptero helicopter

Sentences used in the cross-modality generalization test of the learning

session

Disgust

Un perro se mea en tu pierna. 4 dog pees on your leg.

Limpias el pafial cagado de un bebé. You clean a baby's messy diaper.
Pisaste una mierda de perro. You stepped on dogshit.

Vomitas después de beber vino. You vomit after drinking wine.

Ves un cachorro comiendose su caca. You see a puppy eating its poop.

Sadness

Tus padres se divorciaron. Your parents got divorced.

No puedes consolar a tu deprimido amigo. You cannot comfort your depressed friend.
Tu casa queda destrazada por una inundacion. Your house is devastated by a flood.
Tus compaifieros de clase te ignoran. Your classmates ignore you.

Pasas la Navidad so6lo. You spend Christmas alone.

Neutral

Lees un libro en la biblioteca. You read a book in the library.
Te bajas del bus en la parada. You get off the bus at the stop.
Montas en la bicicleta estatica. You ride the exercise bike.

Tomar el tranvia a la Universidad. You take the tram to the University.
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Caminas por la calle. You walk down the street.

Faces

Disgust
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Sadness
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Appendix 7

Experiment 3. Supplementary analyses

Pseudoword learning effect

The pseudoword learning effect was manifested through the LPC component with the

time winodws varying in each condition.

Figure 6 illustrated the waveform and topography of the significant learning effect
between disgusting pseudowords and unlearned new pseudowords: ¢ (27) = 3.329, p

=.003, Cohen’s d=.629.

A

35

—— Disgusting PW -
— New PW

Amplitude (V)

04
Time (s)

Difference

Disgusting PW New PW

Figure 6. ERP results of the learning effect between disgusting pseudowords and new
pseudowords (346 — 640 ms). (A) Average waveforms of disgusting pseudowords and
new pseudowords in a cluster of electrodes manifesting significant differences (C3, C1,

CZ, C2, FC4, CP5, CP3, CP1, CPZ, CP2, CP4, CP6, P7, P5, P3, P1, PZ, P2, P4, P6, P8,
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PO7, POS, PO3, POZ, PO4, PO6, POS, O1, OZ, 02). (B) Topographical distributions of
the LPC component for disgusting pseudowords, new pseudowords, and the difference

between the two.

Figure 7 illustrated the waveform and topography of the significant learning effect
between sad pseudowords and unlearned new pseudowords: ¢ (27) = 4.423, p < .001,

Cohen’s d= .836.

A

i —— Sad PW
N —— New PW

25 4

2 —

Y M

Ampiitude (V)

' v ’ \/\/\/
05 -
15+ -1
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1
04 06 08
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-2

|

Sad PW Difference

New PW

Figure 7. ERP results of the learning effect between sad pseudowords and new
pseudowords (308 — 646 ms). (A) Average waveforms of sad pseudowords and new
pseudowords in a cluster of electrodes manifesting significant differences (FC1, FCZ,
FC2, C3, Cl1, CZ, C2, C4, C6, CP5, CP3, CP1, CPZ, CP2, CP4, CP6, P7, P5, P3, P1, PZ,
P2, P4, P6, P8, PO7, POS, PO3, POZ, PO4, PO6, POS, O1, OZ, 02). (B) Topographical
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distributions of the LPC component for sad pseudowords, new pseudowords, and the

difference between the two.

Figure 8 illustrated the waveform and topography of the significant learning effect
between neutral pseudowords and unlearned new pseudowords: ¢ (27) = 5.394, p <.001,

Cohen’s d=1.019.
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Figure 8. ERP results of the learning effect between neutral pseudowords and new
pseudowords (308 — 646 ms). (A) Average waveforms of neutral pseudowords and new
pseudowords in a cluster of electrodes manifesting significant differences (FC3, FCl,
FCZ, FC2, C3, Cl, CZ, C2, C4, C6, CP5, CP3, CP1, CPZ, CP2, CP4, CP6, P7, P5, P3,
P1, PZ, P2, P4, P6, P8, PO7, POS, PO3, POZ, PO4, PO6, POS, O1, OZ, 02). (B)
Topographical distributions of the LPC component for neutral pseudowords, new

pseudowords, and the difference between the two.
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