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Abstract

Keywords: Affectivity, Bilingualism, Emotional Development, Psychology

Summary of Theories.

Two theoretical frameworks have been present in the definition of emotion: the discrete
or basic emotion theory and the dimensional view. The first is the classic view and considers
emotions as discrete categories. The second is the current approach of emotion, in which there
are two basic dimensions through which each emotion navigates: arousal and valence.

Emotions are affective appraisals of the environment. They allow us to respond
coherently to the evaluated stimuli and events, enhancing our chances of survival. Emotions
are modulated by cultural, social and cognitive factors, which also shape language. Emotion
can be described as a set of processes that occur during its experience: valuation, response,
regulation and expression.

Language on the other hand is a system of signals that lets humans communicate
internal representations created by cognition. It is built on both biological and social ground
and depends highly on culture. Both emotions and language then depend on cognition, social
norms, and culture. Language encompasses conceptual knowledge and serves a function of
categorization, creating schemas about the world. Emotion words and emotion-laden words
create a context in the mind that allows the development of emotion. Concrete and affective
words have different representations in the brain.

Bilingualism is the presence in the daily life of a person of more than one language. It
is more and more present in the current society. This phenomenon shapes the metalinguistic
knowledge of the person and subsequently their conceptual knowledge. It includes several
cognitive and behavioural changes that affect the social development of the person and its

affective appraisals. It has been widely studied and has found enhanced performance on all of



the cognitive domains, but when seeing the affective studies, most of them compare bilinguals'
language in the term of emotionality, but they did not compare bilinguals to monolinguals on

a general emotion processing.

Method and Results.

We proposed two hypotheses: bilinguals and females would have better scores
(understood as an enhanced emotional processing) compared to monolinguals and males.

To measure emotional processing (understood as a set of processes that start with the
perception of an emotional stimuli and end with the emission of an emotional response) we
used several self-assessment scales: the Perth Alexithymia Questionnaire (PAQ), Emotion
Expressivity Scale (EES), Perth Emotional Reactivity Scale (PERS), and Emotion Regulation
Questionnaire (ERQ).

Since we wanted to compare bilinguals to monolinguals, we used the Language
Experience and Proficiency Questionnaire (LEAP-Q), which helped us distribute our sample
into thhree groups: L1 (monolinguals which speak only Spanish), L2 (bilinguals which speak
Spanish and English), and L3 (trilinguals which speak Spanish, English and French).

Our sample was composed by 395 psychology students (mean age = 20.6, SD = 4.72).
52.9% were females (x2 = 1.34, p = 0.247).

At a group level, the univariate analyses showed no significant differences between any
of the variables. The multivariate analyses, on the other hand, found meaningful differences
between groups (F = 0.799, p = 0.014), confirming our first hypothesis.

At a gender level, almost all univariate analyses found statistically meaningful results
in the comparison between both genders. The multivariate analyses found significant

differences as well (F = 7.739, p <0.001), confirming our second hypothesis.



Conclusions and Discussion.

To conclude, our two hypotheses were achieved. We found that bilinguals (and
multilinguals) performed differently than those subject that spoke only one language, with a
general tendency of better results than their peers. Females, as well, had enhanced results in

comparison to their male peers.



Resumen

Palabras clave: Afectividad, Bilingliismo, Desarrollo Emocional, Psicologia

Introduccion y Base Tedorica.

El término emocién tiene muchas definiciones. Algunos autores las definen como
estados discretos y otros como estados funcionales. Es una parte indispensable de la
comunicacion humana, principalmente ejecutada a través del lenguaje humano y tiene
funciones fundamentales de adaptacion y supervivencia. Los estados emocionales estan
modulados por factores sociales, cognitivos y ambientales, a su vez son facilitadores de las
interacciones sociales.

Hay varias formas de clasificar las emociones. Una de ellas es el modelo cldsico que
cientificos como Ekman promovieron, considerando las emociones como categorias discretas
con manifestaciones fisiologicas propias. En este sentido, esta teoria recibe apoyo de los
estudios de las expresiones faciales durante episodios emocionales. Otra forma es el modelo
dimensional, que considera que todas las emociones se pueden describir a través de dos
dimensiones fundamentales, valencia y activacion. Este ultimo enfoque es que tiene mayor
apoyo por la comunidad cientifica, dado que considera las distintas emociones como parte del
continuo de estas dos dimensiones. Los estudios que mas han aportado a este modelo son los
basados en la activaciéon del sistema nervioso autondmico. Asimismo, este enfoque
dimensional tiene mejor adaptacion de una lengua a otra y de una cultura a otra.

Para facilitar el estudio, partimos el constructo en varios de los procesos que lo
componen: procesamiento afectivo, expresion, regulacion y reactividad emocionales. Cada
emocion comienza con la percepcion y procesamiento del estimulo que la desencadena, una
vez eso ocurre, la persona elabora una respuesta en base a sus esquemas emocionales y los

estilos de regulacion emocional que pueda tener. La respuesta, o reactividad emocional,



generada a partir de ahi puede traducirse a tres dimensiones: activacion, duracion e intensidad.
Finalmente, ocurre la expresion emocional entendida como cambios comportamentales
producidos a raiz de la experiencia emocional.

Dicha experiencia se modula a través de multiples factores, como el lenguaje, la cultura,
el ambito social, la educacion de la persona, o, incluso, el género. El género influencia tanto el
proceso emocional como las competencias lingiiisticas de las personas, generando una
diferencia fundamental entre ambos. La hipotesis de la masculinidad describe esta
diferenciacion como asentada en la educacion que se imparte basada en las diferencias de
género, preparando a las chicas para desempefiar un papel mas orientado al apoyo emocional.

En cuanto al lenguaje, este se entiende como un mecanismo evolutivo para la
comunicacién de informacién conceptual. Este utiliza mecanismos neurofuncionales (p.e.
competencia lingiiistica y conocimiento metalingiiistico, pragmadtica, emociones Yy
pensamientos), modulados por multiples factores, incluyendo la cognicion, la cultura y las
interacciones sociales. Sirve como modelo predictivo y facilita la creaciéon de esquemas
explicativos del mundo que rodea a la persona. Es un factor necesario, pero no suficiente para
la percepcion emocional. Su funcidn reside en extraer la informacion del entorno para generar
el percepto emocional, dotando esa informacion de significado.

La afectacion (ya sea orgédnica o psicoldgica) en la relacion entre sistema lingiiistico y
el afectivo puede derivar en diversos trastornos, entre ellos el bien conocido como alexitimia.
Este se describe, literalmente, como la falta de palabras para describir emociones. Las personas
que presentan alexitimia, segun la severidad con la que la tengan, tienen dificultades para
identificar y describir emociones y un pensamiento caracterizado por estar orientado a lo
externo en vez de a los procesos interoceptivos. Se trata de una condicion transdiagnostica que
puede afectar tanto la presentacion, como el diagnostico y el tratamiento de multiples

patologias. Multiples teorias han salido entorno a esta condicion, pero el modelo més completo
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y reciente es el propuesto por Preece y colaboradores (2017) denominado Attention-Appraisal
Model of Alexithymia. Este modelo propone que las alteraciones en los sistemas de evaluacion
emocional y un desarrollo insuficiente en los esquemas afectivos son los causantes del
trastorno. Considera el lenguaje como clave para el desarrollo de dichos esquemas afectivos.

Finalmente, para concluir esta parte descriptiva, hablamos del bilingiiismo como
fendémeno multidimensional cada vez mas frecuente en la sociedad actual. Se presentan
multiples factores moduladores de la representacion neural de la adquisicion de un segundo
idioma, entre ellos la edad de adquisicion (a menor edad mejor es el aprendizaje), habilidad y
exposicion al lenguaje. Multiples estudios han encontrado diferencias significativas en las
representaciones neurales de personas bilingiies frente a personas monolingiies. Ser bilingiie
atafie cambios a nivel cognitivo, comportamental, neural y emocional. Las personas que hablan
mas de un idioma presentan mejoras en sus funciones ejecutivas, en el manejo de simbolos y
la creacion de conceptos, flexibilidad cognitiva, comunicacion social y teoria de la mente. Hay
que resaltar la mejora en la inhibicion también, pues en todo momento manejan dos sistemas
de comunicacidén que compiten entre si, para seleccionar el coherente con el &mbito en el que
se encuentra la persona.

En los estudios hasta la fecha se ha estudiado la relacion entre bilingliismo y
emocionalidad, pero siempre se ha abarcado comparandola entre los dos lenguajes del
individuo. Tampoco ha habido un consenso en los instrumentos y pruebas usadas para estudiar
esta relacion.

El estudio de la emocién y del lenguaje se abarca también desde las neurociencias, a
través de los estudios de imagen. La Quartet Theory of Human Emotion de Koelsch y cols.
(2015) resume los cuatro sistemas neurales de afecto, los cuales se encargan de modular la
respuesta emocional a través de cuatro sistemas efectores. Es una teoria que integra aspectos

clave para definir las emociones humanas: incluye emociones que son exclusivamente
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humanas, incluye la interaccion entre lenguaje y emocion, resalta las emociones relacionadas
al apego y establece la base de un modelo interdisciplinario.

A nivel neural, tanto emocién como lenguaje dependen de circuitos neuronales que
sirven propodsitos genéricos no especificos a ellos. El cerebro es un sistema altamente

adaptativo que se moldea a través de la experiencia.

Metodologia y Resultados.

Propusimos dos hipdtesis para la realizacion de nuestro estudio. La primera era que los
sujetos bilingiies iban a obtener mejores puntuaciones en comparacion a los que dominaban un
solo idioma; la segunda hipdtesis era que las mujeres iban a obtener mejores resultados en las
pruebas afectivas y lingiiisticas.

Para poder encontrar si estas hipdtesis se cumplian, generamos una bateria de cuatro
pruebas afectivas, a saber: Perth Alexithymia Questionnaire (PAQ), Emotion Expressivity Scale
(EES), Perth Emotional Reactivity Scale (PERS), y Emotion Regulation Questionnaire (ERQ).
Como prueba de control de historia y competencia lingiiistica utilizamos el Language
Experience and Proficiency Questionnaire (LEAP-Q). Adicionalmente, el LEAP-Q también
sirvid para crear nuestros grupos de sujetos.

Los criterios de inclusion de los sujetos exigian sujetos sanos, con vision y audicion
normales o corregidas a normales y sin antecedentes de problemas de salud mental. Era
imprescindible que fueran espafioles de nacimiento, pues el espafiol era el idioma dominante
en el estudio. Adicionalmente, podian hablar inglés o inglés y francés. Cualquier otra
combinacion de idiomas se reducia a exclusion de los resultados. La muestra final fue de N =
395, edad media de la muestra fue de 20.6 afos y la desviacion tipica fue de 4.72. 52.9% de
los sujetos fueron mujeres y el restante 47.1% fueron hombres. Las pruebas de chi-cuadrado
no encontraron diferencias significativas en la distribucion entre ambos géneros (y2 = 1.34,

p=.247).
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Tres grupos de fueron creados: en el primero estaban los sujetos monolingiies (grupo
L1), en el segundo los bilingiies (espanol e inglés) (grupo L2), y en el tercer grupo estaban los
sujetos que adicionalmente hablaban francés (grupo L3). Las distribuciones de los sujetos por
grupo fueron: L1 =33, L2 =182, L3 = 180.

Se analizaron la edad de adquisicion, la competencia lingiiistica, la forma de aprender
los lenguajes a través de la socializacion y la exposicion a cada idioma. Nos centramos
principalmente en el primer idioma, donde no encontramos diferencias significativas entre
grupos en ningun parametro excepto en el modo de aprenderlo (donde los grupos L2 y L3
declararon haber aprendido el lenguaje socializando con menor puntuacion en comparacion al
grupo L1). En el segundo idioma, entre los grupos L2 y L3, encontramos diferencias en la
competencia lingiiistica percibida por los sujetos (el grupo L3 reportdé mejor competencia), la
manera de aprenderlo y en el tiempo de exposicion al mismo (el grupo L3 habia estado mas
expuesto al idioma).

En cuanto a los analisis de género, encontramos diferencias significativas en las cuatro
variables de la primera lengua y Uinicamente en el modo de aprender el segundo idioma en las
restantes. Las mujeres declararon una edad media inferior de adquisicion de la lengua materna,
mejor competencia lingiiistica, mas exposicion al lenguaje y un modo de aprender mas
cualitativo.

Para los analisis de los parametros afectivos utilizamos pruebas MANCOVA, donde las
variables independientes eran grupo y género y las variables dependientes las escalas. La edad
confirmd ser covariable.

Los andlisis demostraron resultados ambivalentes a nivel de grupo. En los andlisis
univariados, ni una de las dimensiones evaluadas satur6 suficientemente como para reportar
diferencias significativas entre los tres grupos. A nivel multivariado, uniendo todas las

dimensiones evaluadas, si obtuvimos unos resultados significativos (¥ = 0.799, p = 0.014).
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A nivel de género, casi todos los analisis arrojaron resultados significativos tanto a nivel
univariado de andlisis como a nivel multivariado. Las Unicas variables que no sefialaron
diferencias significativas fueron: la expresion emocional y una de las estrategias de regulacion

emocional (reevaluacion cognitiva). A nivel general obtuvimos una /= 7.739 y una p < 0.001.

Conclusiones y Discusion.

Consideramos esta investigacion como relevante, pues nos permitié describir algunos
procesos emocionales (expresividad, regulacion y reactividad) asi como la evaluacion de la
alexitimia de forma diferencial entre tres grupos: monolingiies, bilingiies y trilingiies.

Nuestros resultados en cuanto a las evaluaciones de la competencia lingiiistica fueron
acordes a lo descrito en la literatura cientifica. La lengua dominante de nuestros sujetos, tal y
coémo habiamos esperado, era la materna. Los idiomas evaluados (inglés y francés) son los que
habitualmente se aprenden en la escuela, por lo cual no tienen la profundidad social que tendria
un idioma aprendido por inmersion y a través de las vivencias, donde habria una motivacién
adicional de aprendizaje aportada por la socializacion.

Hallamos diferencias significativas entre grupos cuando comparamos las cuatro escalas
emocionales (a través de sus subescalas) a través de un analisis multivariado, acorde a lo que
habiamos planteado en nuestra hipotesis. La unica tendencia que no seguia la hipdtesis genérica
fue la obtenida por la EES, donde a medida que los sujetos hablaban mas lenguajes tendian a
obtener menor puntuacion. Los estudios hasta la fecha habian medido la emocionalidad en cada
idioma por separado y habian hallado que la lengua no dominante tenia de base menor
intensidad emocional. No ha habido estudios que midan y comparen dicha intensidad
emocional en muestras monolingiies frente a bilingties.

En cuanto a las variables de género, los resultados coincidian plenamente con la
literatura cientifica también, pues encontramos que las chicas tenian mejor competencia

lingiiistica a la par que un mejor desempefio en los procesos emocionales (a excepcion del uso
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de supresion emocional como estrategia de regulacion emocional) y en la expresion emocional
medida por el EES, donde los chicos obtuvieron mayores puntuaciones.

Para concluir: las dos hipotesis planteadas se cumplieron. Los sujetos que hablaban mas
de un idioma se comportaban de forma diferencial a los sujetos que hablaban un solo idioma,
con tendencias a puntuaciones promedias mejores que sus pares. Asimismo, las mujeres
obtuvieron también mejores puntuaciones que los hombres de forma constante en la gran
mayoria de los parametros medidos.

Estos resultados nos plantean varias propuestas de futuras investigaciones, donde
deberia de centrarse el esfuerzo en mejorar las escalas de medicion de la competencia
lingiiistica como base. Estas deberian de adaptarse a los momentos cambiantes y valorar el
multilingliismo como un continuo. En esta misma linea, tanto la investigacion basica como la
aplicacion clinica se beneficiarian de obtener descripciones mas fiables de estas poblaciones.
En la investigacion seria interesante tenerlo en cuenta para poder controlar variables extrafias,
para poder entender mejor las muestras con las que se trabaja y facilitar el analisis de los datos.
En clinica, tanto en psicopatologias como en enfermedades de otra indole, permitiria poder
establecer una base sobre la que generar un diagnéstico y trazar un plan de tratamiento mas

orientado al paciente.
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Prologue

There are many topics in the current scientific literature that have gaps and that can be
further researched. Almost all of them. While looking for a topic to dedicate a few years of my
life, I was (greatly) advised to find something I felt passionate about, something that sparked
great interest. This was one of those things that you recall years later and suddenly it all makes
sense.

Multiple topics were in the line, I have always considered myself a curious person, but
I had to choose between all of them. Deciding which one would be the one that I would be
motivated to write even when frustrated, exhausted or already fed up was difficult. But then it
clicked. I was quite interested in bilingualism; we had approached the topic briefly in my
masters' and as a multilingual myself I was interested to understand me a little bit better, and
all the underlying processes.

It is not a perfect or infallible way of doing things, but looking back, I did not despise
the topic, I am more than ready to change the subject of my studies, but I am perfectly happy
with the process and the research we performed. And maybe, in a few years, I will get to revisit
the study and follow the future directions of the research, correcting the fails we encountered
along the way.

With that said, I would like to consider this thesis as a learning curve. A process that
led to writing over 170 pages of science. It is not a linear process and there were more downs
than ups. But it led to having an excuse for reading hours on end books regarding emotions,
language, neuroscience and everything that is mildly similar. It led to the publishing of a couple
of papers. And it led to participating in some very nice scientific symposiums and meeting tons

of brilliant people. It also helped with developing critical thinking on times of uncertainty.
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The original research idea was to find if bilinguals felt different than monolinguals. As
aresearch question it lacked some details. Every study I read regarding bilingualism showcased
fundamental differences in neural networks, executive functioning, language performances,
attention, or even resource distribution of all the basic psychological processes. The studies
referred to language emotionality and described the differences between a first and a second
language emotionality and how psychopathologies had different onset and symptoms in each
language. I read so much about acculturation that I started to feel that way, even when I had
never even thought about it. But no matter how much I read, no study I ever found
acknowledged that, maybe, and just maybe, speaking more than one language impacted the
emotional world as a general concept of the person.

It felt obvious for me. Every emotion research spoke about emotion schemas, about
emotion knowledge. All the social factors surrounding the multilingualism phenomenon were
obviously related to some extent to the internal world of the subject and ultimately to his
feelings. Obviously learning a second language was also hugely impacted by the environment
in which the person was learning it. There are quite clear differences between a language
learned in a classroom and a language learned through socializing.

Then I decided to do it myself. The first year I spent reading. And the second I spend
planning the experimental task. Then a global pandemic occurred, and the experimental task
had to go and get changed. Fast-forward to this very moment, when after a few failed tasks we
finally got a good one.

Finally, this thesis will aim to answer if the affective processing of bilingual and non-
bilingual speakers is any different, in order to establish if the effect of second language learning
extend over the cognitive domain up to the affective one. Is affective processing modulated by
second language learning or is it not? Do bilinguals feel the same way as monolinguals? What

other factors can be involved in emotion processing?
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Some focus will be placed on gender variances in emotion processing as a control
factor. The research on the topic has yielded clear results and we (plural as my very patient
director and myself) consider it as something that will help with finding the real effect on the

group comparisons that will be made.

The structure of this thesis will be relatively simple. It will have three main parts,
starting with a theoretical approach and review of the literature, continuing with the research
itself, and finishing with the final discussion, references and appendixes.

The theoretical framework will be divided in three chapters. The first one will be
dedicated to the definitions and concepts, also current theories of emotion, language and
bilingualism. The second chapter will be about the neural networks and areas that are involved
in the emotion and language processing. This chapter is aimed to help further the insight into
the topic, even though it is not directly appliable to the experimental design we finally chose
for our experiment. The third chapter is a summary of the instruments used by other researchers
to evaluate the constructs we are interested in.

The research part will start with a chapter that narrates how we got to the final task
design, followed by a methodology chapter, continuing with the data analysis and results and
finishing strong with the conclusions and discussion of the results and the research.

The final part will be a discussion of this project and will serve to summarize the

experience and the knowledge that it developed.
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Chapter 1

Language as Context for Emotion Perception

Emotion: Definition, Theories, and Related Processes.

Lindquist (2017) defines emotions as discrete states that are sensed as having certain
subjective feelings. Emotion as a construct is defined as "a basic element of human
communication, which is extensively operated through language” (Hsu, Jacobs and Conrad,
2015). Barrett, Lindquist and Gendron (2007) remark the importance of context in emotion
perception due to its heterogeneity. To be able to perceive an emotional state, we need to have
a description of the social situation and/or additional information such as body postures,
emotional faces, voices or even the conceptual knowledge linked to language. In other words,
emotion perception is highly dependent on the context.

Emotion has been described as a functional state too (Dubois et al., 2020), being its role
of immense relevance for survival and motivated behaviour (as it incorporates sensory and
motor features) (Adolphs, 2010). Burkitt (2019), citing the work of Damasio and LeDoux,
delimits emotions as behavioural responses caused by innate brain mechanisms, triggered with
the appearance of a competent stimulus. On the other hand, emotions were designed to solve
adaptive problems, since they generate alarms and interrupt behaviour, evaluate rewards and
punishments, and serve as a facilitator of social interactions (through appraisal). In fact, the
appearance of emotion is modulated by social, cultural, and learning factors (Palmero,
Fernandez-Abascal and Martinez-Sanchez, 2019).

Becerra, Preece, Campitelli and Scott-Pillow (2017) define emotions as a multifaceted
system that responds to the environment through three channels: subjective-experience,

physiology, and behaviour. Berridge (2018) considers the essence of emotion to be to contain
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affect and Clore (2018) describes it as affective states because of an appraisal process. The
multiplicity of definition for such a concept just showcases its complexity. A summary can be
made of all those approaches, and it is that emotion, being a response mechanism, is highly
modulated by the external and internal environment of the subject.

Being such a complex concept, finding a theory that describes emotion in the most
accurate and exhaustive possible way is a very difficult task. Emotion has been described by
many authors and multiple theories have emerged to explain its process and its components, a
walk through some of the most relevant ones will be made in the next subsections.

Emotion Classification: Discrete and Dimensional Models. Two major emotion
approaches have been on the spot for some time now. The first one considers emotions as
discrete categories, each emotion being a separate construct and having its own neural network.
One of the theories represented by this approach is the basic emotion theory proposed by
Ekman. The second type, the dimensional approach, considers that there are two basic
dimensions, arousal (activation) and valence (pleasant or unpleasant) (Larue et al., 2018;
Dubois and Adolphs, 2015; Skerry and Saxe, 2015).

The basic emotion theory is a classic approach first proposed by Paul Ekman (1992),
that classifies emotions in categories based on clear and unambiguous biobehavioural signals,
founded on the study of human facial expressions (Ekman, 1992; Barrett, Lindquist and
Gendron, 2007; Dubois and Adolphs, 2015).

There are six basic emotions, those being: anger, disgust, fear, happiness, and sadness
(Huang et al., 2018). Following this theory, basic emotions cannot be divided, they are the most
fundamental unit that exists. As it was mentioned before, each basic emotion is represented by
a unique physiology and an innate neural circuitry, accompanied by a prototypical facial
expression (Skerry and Saxe, 2015). The origin of basic emotions is believed to be in affect

programs, which are neural circuits dedicated and preserved evolutionary. Their most basic
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characteristics are that they are innate and universal (Barrett, Lindquist and Gendron, 2007,
Ekman, 2017). In his transcultural studies, Ekman found that the facial expression of basic
emotions was not learned by the culture the subjects have been living in, but instead were rather
universal, being quite similar in different countries and even in indigenous populations.

On the other hand, the dimensional perspective has found some relevance in those
studying affect through the autonomic nervous system (ANS) (Mauss and Robinson, 2009). In
this review, the authors describe that emotional responses are organized by two fundamental
dimensions, as it was stated previously, arousal and valence. A third dimension (approach or
avoidance motivation) is suggested and is found to have relevant results in the central nervous
system (CNS) studies. In summary, this approach has better support in neural level
investigations.

Both approaches to emotion classification can be used to describe the other: basic
emotions can be described through arousal level and valence, and vice versa. A problem arises
when a translation of an emotion is attempted from one language to another. Not all languages
use the same emotion categories (or words), and even though they may appear similar, different
cultures and different languages have their own specific terms to describe their internal
affective life (Harmon-Jones, Harmon-Jones & Summerell, 2019; Wierzbicka, 1999). In this
sense, the dimensional approach gets a head start since it describes those emotions through the
levels of their affective valence and arousal. It is also more accurate, since individuals can use
the same label to define the emotion, they are feeling but evaluate it through different intensities
(easily explained through dimensions).

Emotion Processes. As we have already established, emotion is a highly complex
concept. Emotion can be broken down into a few easier to approach processes: affective

processing, emotion expression, emotional reactivity, emotion regulation and empathy. They
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all refer to the reception of an emotional stimuli, the manipulation and processing of the
information it carries, and the response to it effectuated by the person experimenting it.

Affective Processing. The affective processing consists of the detection of a stimulus
that triggers a response (altering the arousal level of the subject that experiences it). This
response is somatovisceral and can be registered as subjective feeling (Pavlenko, 2012). The
result of the affective process is the emerging of the emotional meaning of the stimuli, which
occurs in a situated process. Informational, contextual and personal factors shape the way the
emotional content and its relevance are perceived.

Emotion Expression. The nature of emotion is to be interpersonally expressed. The
term emotional expressivity refers, thus, to the behavioural changes that occur during emotion
experience. There are several channels to express emotion: verbal, non-verbal, and
physiological (Trierweiler, Eid and Lischetzke, 2002; Gross and John, 1995; Lempert and
Phelps, 2016). We can selectively express certain emotions over others due to the influence of
emotions in a range of both interpersonal and intrapersonal processes (Gross and John, 1997).
Emotion expression is modulated by individual differences, such as daily experiences, personal
appraisal, culture, immediate situation, and the interaction of the person and said situation, and
is fundamental for adaptive human functioning (Dobbs, Sloan, and Karpinski, 2007).

Gross and John (1995, 1997) additionally studied the dimensionality of emotional
expression. They found it is a multifaceted construct with three dimensions: positive and
negative emotion expression, and impulse strength. They are all modulated by emotion-
response tendencies.

Emotion Regulation. Personal well-being and optimal social functioning both depend
on an effective emotion regulation (Dan-Glauser and Scherer, 2012). Impaired emotion

regulation leads to psychological disorders and inappropriate behaviours, which also impair
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personal relationships. An effective ability to regulate emotions, however, is associated with
resilience to psychopathology (Stellern et al., 2023).

There are certain conditions that mediate the presentation of an altered emotion
regulation, such as parental neglect (Beyazit, Yurdakul, and Ayhan, 2024), interpersonal trauma
and gender (Gallagher and Brunelle, 2024). Mostly, what research found is that underlying
organic psychological conditions, experienced trauma, or growing up in a violent environment,
enhance the presentation of inappropriate emotion regulation techniques.

Studies of affected emotional regulation associate it, just to cite a few, with eating
disorders (Azzi et al., 2021), substance use disorders (Stellern et al., 2023; Weiss et al., 2022),
attention-deficit and hyperactive disorder (ADHD), intermittent explosive disorder, social
phobia, generalized anxiety disorder (Aslan, Dorey, Grant and Chamberlain, 2024), and suicide
attempts (Harris et al., 2018).

Emotion beliefs also influence the emotion regulation strategies a person uses (Ford
and Gross, 2018; 2019). There are two major categories of emotion beliefs: are emotions good
or bad, and are they controllable or uncontrollable? Both categories can be divided in beliefs
about specific emotions, emotion channels (of expressions and experiences), specific contexts
and specific targets. It is based on the basis that emotions are constructed through valuation
processes. If a person thinks the emotion he or she feels are uncontrollable, he or she would
not try to regulate them or would think expending energy towards the control of the emotion is
useless (Ford et al., 2018).

Emotional Reactivity. 1t is considered to be the person's affective style and is
determined by three components related to emotion response: activation, duration, and
intensity (Becerra, Preece, Campitelli and Scott-Pillow, 2017; Nock, Wedig, Holmberg &
Hooley, 2008; Karrass et al., 2006; Usler, Foti and Weber, 2020). It defines the extent to which

a person responds to emotional stimuli through the three dimensions. The activation dimension
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refers to arousal in the response, duration refers to the time interval it takes to the subject to go
to baseline level of arousal, and intensity is the arousal amplitude reached (Nock, Wedig,
Holmberg & Hooley, 2008). Emotional reactivity can be directly influenced by emotional
regulation (Davidson, 1998).

An increased emotional reactivity has been linked to several psychopatologies (i.e.
suicidability, self-injury thoughts and behaviours, psychosis, affective disorders, mood
disorders, eating disorders, and personality disorders) (Ronai et al., 2024; Nock, Wedig,
Holmberg & Hooley, 2008; Wolz, Biehl & Svaldi, 2021). Karrass et al. (2006) also showed the
link between emotional reactivity, regulation, and development in communication skills, such
as speech. Emotional reactivity, thus, has relevant implication in cognitive, behavioural, and
emotional regulation, and must be considered both in clinical settings and in experimental
environments. It also can facilitate the understanding of the onset and persistance of
behavioural problems (Nock, Wedig, Holmberg and Hooley, 2008).

Gender Differences in Emotional Processing and Expression. Gender serves as a
moderator in the emotion process and linguistic competence. In other worlds, gender shapes
emotion and language. And on its own, gender is shaped by culture and social norms (Etchell
et al., 2018; Brody, 1997; Bianchin and Angrilli, 2012; Adani and Cepanec, 2019; Newman,
Groom, Handelman and Pennebaker, 2008).

Gender roles are the main modulators of the way man and women acquire emotion
behaviour and their communication skills. Mendia et al. (2024) explained the differences
between males and females in the emotional ambient through the masculinity hypothesis,
which states that a gender-differentiated socialization educates men to focus on material and
instrumental aspects rather than on emotion expression, compared to women that are usually

assigned a caregiver’s role and are educated to provide emotional support.
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An early language development advantage for girls is supported through research
(Adani and Cepanec, 2019). Girls tend to use more adjectives and express more emotion
through language compared to boys, who use more swear and taboo words and are more
focused on using language as instrument of communication (Mulac, Wiemann, Widenmann
and Gibson, 1988; Newman et al., 2008). Additionally, Newman et al. (2008) noted that the
differences in language are greater when the task that evaluates subjects is less constrained.
They found out that women are more likely to create longer sentences (both written and
spoken), but boys speak more words since they take more turns in conversations.

Bianchin and Angrilli (2012) found, in an electrophysiological study, that women had
an increased sensitivity to negative and aversive visual stimuli. Kemp, Silverstein, Armstrong
and Nathan (2004) had already paved the way and had found similar results. They encountered
that there were differences in the emotion processing of stimuli despite their valence, even
though there were no differences in the subjective mood or ratings of the pictures. Additionally,
Kret and De Gelder (2012) found that the cerebral networks that both genders employ during
emotion processing are different. They explain those differences through biological (hormonal
and chromosomal) factors and environmental factors.

Current Theories. We will focus on current theories of emotion since some of the
historical theories will be better discussed in the next chapter due to their relevance to the
neuroanatomical substrates of emotion.

Constructionist Theory. This approach stays behind the assumptions that mental events
(i.e. emotional experiences and perceptions) are constructions of basic psychological
operations (Lindquist and Barret, 2012; Barrett, Lindquist and Gendron, 2007). This set of
elements and operation is what is called a conceptual system, and it is composed mostly by
past experiences (Hoemann, Gendron and Barrett, 2017). This conceptual system, along with

ad hoc concepts (predictions), is what conforms the constructionist theory.
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To construct contextualised mental states (emotions, body states and thoughts),
Oosterwijk et al. (2012) propose three, continuously available, sources of stimulation: external,
internal, and prior experience. Following this perspective, each mental category, such as
emotions, cognitions, or perceptions, are linked to events and explain not specific causal
processes. In other words, emotions emerge from a process that is composed by components
not specific to particular emotions and it involves a variety of brain circuits to construct
different emotions (Huang et al., 2018).

Appraisal Theory. Unlike the constructionist approach, in which an emotion is
elaborated by stimulation sources, in this proposal, emotion is the result of the interpretation
(or appraise) of the events that occur around the person that is experiencing it (Skerry and Saxe,
2015). It involves an enormous set of emotions that can be constructed through the large
vocabulary of features. Those experiences, emotionally rich, unfold through a set of
evaluations and coping mechanisms (Dubois and Adolphs, 2015).

Larue et al. (2018) describe that the appearance of emotions occurs during an evaluation
phase in which emotionally relevant information is captured by an assess of a set of factors.
They highlight the importance of the personal significance of the situational stimuli.

Quartet Theory of Emotion. In 2015, Koelsh et al. propose yet another biological
model of human emotions and name it "quartet theory of emotion" (QTE). The advantage of
this model is that it considers four fundamental aspects for defining better human emotions:
they include emotions that are uniquely human, consider the interaction between language and
emotion, emphasize on attachment-related emotions, and lay the basis of the model on
interdisciplinarity.

This theory goes beyond previous appraisal proposals, but it shares the need of an

evaluation of the information that is being processed. It proposes that a conscious appraisal
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system influences four affective systems that interact with four effective systems and transform
conscious appraisal in emotion percepts that can be reconfigured through the language systems.

The affect systems select and modulate biological processes (behaviours, perceptions,
attention, and memory), they can work in absence of conscious attention and awareness and
the result of their activity is usually an emotion percept or subjective feeling. They respond to
antecedents of affective activity, learning, memory, emotional satiation, cognitive complexity,
the effects on emotional effector systems, the quality of their subjective feeling and the extent
to which they can be controlled and modulated by conscious appraisal. The four affect systems
are centred on different brain anatomical structures, such as: brainstem, diencephalon,
hippocampus and orbitofrontal. Each of them interacts with the others, and each has a distinct
function in emotion perception.

The emotional effect systems, on the other hand, are the ones that elaborate a response,
mostly physical, to the emotion. It includes both conscious and unconscious responses. After
the emotion percept, an unverbalized subjective feeling, is originated, it can be transformed
and reconfigured into language.

For a more in-depth review of the tradition and historical study of emotion theories, see
Barrett and Satpute (2019). The quartet theory of human emotions is of special interest for the
direction of this review, in which there is a need for a delimitation of the role of language in

emotion.

Language: Definition, Functions, Emotionality, and Alexithymia.

Language is a mechanism for communicating conceptual information (Perlovsky,
2009). What separates human language from animal vocalizations is the will present in the act,
in fact, animal vocalizations are volitionless. A question comes when thinking about the
evolution path of language, did it evolve from scratch, or did it use already developed systems

and mechanisms? Studies show that the mechanisms used to produce language acquisition are
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neither human unique nor specific to language, suggesting the use of already existent brain
mechanisms and domain-general abilities (Gong, Shuai and Wu, 2018). Some of these
neurofunctional mechanisms are an implicit linguistic competence and metalinguistic
knowledge, pragmatics, thought and emotion (Paradis, 2008).

At this point, it is also necessary to highlight the importance of cognition in the whole
process of communication. Cognition serves the ability to create internal representations and
models and it is possible due to the existence of mechanisms of concepts evolved for instinct
satisfaction. Its goal is to achieve a better understanding of the world (Perlovsky, 2009). Those
concepts operate similarly to internal models of situations and objects. In fact, conceptual
knowledge in the present is constructed with the sum of already existing experiences
(Hoemann, Gendron and Barrett, 2017).

One of the big influences on language learning and development is social interaction.
This interaction is called social gating hypothesis, and it can operate through the increase of
attention and arousal, information that is present, relationship sense and the activation of brain
mechanisms that link perception and action (Kuhl, 2010). In fact, since language does not build
only on a biological level, but also on a social interaction one, it is said that it has a dual
existence, in which it is the result of the interactions of the biological capacity and the idiolect
and communal language (Gong, Shuai and Wu, 2018). Following this line, the shape of
language is the result of certain factors, such as its learnability, memory limitations, and
structure, processing, and communication constraints.

In 1921, linguist Edward Sapir defined speech as an acquired and non-instinctive
human function, highly dependent on culture and social groups (Sapir, 2017). Imai, Kanero
and Masuda (2016) consider that culture is a uniquely human collection of knowledge attained
through history which has an important influence on thought and therefore on language.

Culture, as well, is considered to be a collection of thinking patterns (attitudes, values and
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beliefs). These authors describe language as a group of elements (such as words, grammar,
pragmatics, and narrative styles) that facilitate the reflection of cultural views and culture-
specific epistemologies. In summary, the way of thinking and speaking is reflected by the
culture in which the language has been acquired. Culture is such an important element for
language that their relationship is intimately interdependent, having a direct influence on the
internalization of concepts through social interaction and indirectly through the organization
of the social settings (Paradis, 2008; Halle et al., 2014). Culture provides a series of
unconscious assumptions about the world and the life in it that are established in the basis of
the structure of each language. The existence of an interaction between these two concepts
produces as a result a very culture-specific mode of thinking, attention, and perception (Imai,
Kanero and Masuda, 2016).

On another note, language serves as a predictive model when people try and make
meaning of what they feel and perceive, including emotions (Lindquist, 2017). Following this
line, language is a necessary factor (but not sufficient), for the experiences and perceptions of
emotions. This approach of the link between emotion and language is known as constructionist
(as previously explained), and it defines the role of language as essential for labelling through
emotional words the vague affective sensations (of pleasure and displeasure) into a discrete
emotion. Thus, meaning that language has an important function as a context in the perception
of emotion. In fact, the conceptual knowledge about the world that grows with experiences and
is recreated during perception is linked to the role of language in emotion processing (Barrett,
Lindquist and Gendron, 2007).

Emotionality in Language. The link between language and emotion is curious, the
clearest way to view it is through lesion studies. Following Nook, Lindquist and Zaki (2015),

emotion results in a permanent impairment when a damage occurs in brain areas that support
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language. This occurs due to the impossibility of patients to access the meanings of the
emotional words.

But lesion studies are not the only way to study this link. As a matter of fact, Barret,
Lindquist and Gendron (2007) expose different results from neuroimaging studies that have
been confirming the language-as-context hypothesis, in which emotion words cause a
perceptual shift on how faces with emotional expression are seen by the subjects. Language
helps re-enact the knowledge of previous experiences during current perceptions, helping
resolve competing perceptual hypothesis and contributing to the construction of emotional
percepts, reconfiguring dynamically how structural information is processed.

On the other hand, language exhibits emotionality through its melody of speech
(prosody), which varies in concordance with emotions and motivations (Perlovsky, 2009). This
is where the quartet theory of human emotions comes in to explain how conscious cognitive
appraisal, which involves language amongst other functions, regulates, modulates, and
partially initiates activity of affect and effector systems (Koelsch et al., 2015).

Perlovsky (2009) talks about how the brain has an ability to create new interpretations
out of past experiences. This function allows imagination and improvisation and facilitates the
elaboration of new concepts if needed. It is performed through conceptual combination and is
a key to understand the mixed emotions concepts. All these complex (or mixed) emotions
require the same neural networks as the ones used to direct attention and behaviour and
conceptualization (Lindquist and Barrett, 2012). In fact, this is only possible when involving
language and cognition.

Barrett, Lindquist and Gendron (2007) define the role of language in general perception
as one that derives from previous experiences and conceptual knowledge about the world. In
Lindquist et al. (2012) they take this concept further (in their conceptual act model proposition)

and define it as a categorization (or conceptualization), as previously explained. They focus on
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words, but these are not the only linguistic stimuli that can be found across the current scientific
literature on the topic.

There are different channels of expression to communicate emotions, in which verbal
and no-verbal information must be integrated fast. In the paper of Kotz and Paulmann (2011),
a multistep process for modelling emotional speech is proposed. It includes three steps: first,
sensory analysis of the stimuli (both acoustically and visually), second, derivation of emotional
salience based on the results of the first step, and third, amodal evaluation.

In an implicit or explicit way, emotion words generate an internal context that constrains
the meaning of the perceived emotional stimuli (i.e. a face) (Barrett, Lindquist and Gendron,
2007). Language, in other words, helps to the development of the emotional percept, extracting
information from the environment.

There are two general types of words that generate emotion: emotion words and
emotion-laden words. Pavlenko (2008) describes the first category as words that refer to an
affective state or process (describing or expressing it). Their function may be to elicit an
emotion or as an abstract word. The emotion-laden words, on the other hand, "describe
behaviours related to particular emotions without naming the actual emotions". They express
the emotion instead of referring to it directly. Some examples of this last group are swearwords,
taboo words, insults, reprimands, endearments aversive words and interjections (i.e. ay, ouch).

In the study of Altarriba (2003), a specific effect arises when processing concrete words:
they are more easily processed and understood than abstract words since they have better
context availability. This occurrence is termed as "concreteness effect” and has been seen in
some experimental tasks (i.e. lexical decision, free recall and paired associate learning).
However, emotion words are processed differently than both concrete and abstract words and
have distinct characteristics. Emotion words are different than the other two kinds in terms of:

concreteness, imageability and context-availability. As already said before, they possess
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valence, arousal and potency (Pavlenko, 2008; Altarriba, 2003). This last characteristic has
been studied across psycholinguistic studies (cited in Altarriba, 2003) which suggest that the
dimensions of emotion words are important in the process of organization of the mental
lexicon, which means that they are represented, processed, and recalled differently than
concrete and abstract words. Altarriba (2003) further suggests that the emotion words may be
processed differently even across languages due to the context of acquisition of the same.

To conclude this section where a walk-through of the importance of the influence of
culture and language on emotion was made, the Sapir-Whorf hypothesis will be explained. In
this theory, which comes from the cognitive psychology field, cultural norms and language
development are indivisible and create a unique way of thinking, which translates to the fact
that each culture and language have their own worldviews and psychological structures
(Paradis, 2008; Imai, Kanero and Masuda, 2016). This is important since it will also translate
on distinct experiences interpretations.

Imai, Kanero and Masuda (2016) highlight the focus of the theory on the particular
segments of language that influence perceptions, categorizations and knowledge
representations. Perlovsky (2009), on other note, considers emotionality's importance equal to
the conceptual differences that can be found among languages and cultures, since emotional
differences are usually related to grammar, and they cannot be borrowed in most of the cases.

Emotion Pathologies Related to Language: Alexithymia. One pathology, that is
described as "lack of words for emotion", stands out in emotion research (Martinez-Sanchez,
1996; Taylor, 2018; Preece et al., 2017). It is a construct created to describe individuals that
present problems in three dimensions: difficulty identifying feelings (DIF), difficulty
describing feelings (DDF) and externally oriented thinking (EOT).

Alexithymia first appears in 1943 in Ruesch's studies with psychosomatic patients who

presented a primitive psychological organization and rather infantile and immature personality.
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Many years later, in 1973, Sifneos creates the term "alexithymia” to refer to his psychosomatic
patients who had difficulties identifying and describing feelings, distinguishing between bodily
sensations, and who presented an absence of fantasies (Taylor, 2018; Preece et al., 2017; Tatar
etal., 2017).

Nowadays it is considered as a transdiagnostic condition (Lee et al., 2019), due to its
relation to other psychopathologies, such as substance abuse, eating disorders, gambling,
depression, anxiety, and autism, just to name few (Morie and Ridout, 2018; Honkalampi, De
Berardis, Vellante & Viinaméki, 2018; Davidson, Russo-Ponsaran, van Rest and Scarpa, 2023;
Lee et al.,, 2019). It is also related to physical illnesses, such as chronic illnesses,
gastrointestinal problems, and cardiovascular conditions (Porcelli and Taylor, 2018; Kiskimska
and Martinez-Sanchez, 2023). It affects both onset and treatment of all those pathologies
(Ogrodniczuk, Kealy, Hadjipavlou and Cameron, 2018), because it reduces treatment
engagement and outcomes, since it affects the therapy processes.

There are two forms to classify the pathology. One form comes from its origin: biogenic
alexithymia comes as a result from neurological defects and psychogenic alexithymia is caused
by emotional trauma, developmental delay or conditioning trough parenting and culture. The
second form is based on the duration or permanence of the pathology: primary alexithymia is
a persistent condition that lacks significant change over time, secondary alexithymia is related
to the psychogenic alexithymia and is more transient (Thompson, 2009).

Alexithymia is a variable that should be had in mind when doing emotion and language
research, since it may affect both and generate a confounding variable that alters the research
results in an unexpected way.

Attention-Appraisal Model of Alexithymia. Preece et al. (2017; 2018c) propose the
attention-appraisal model of alexithymia (AAMA) to define a better framework for the

construct. They base their model on two theories: the cognitive-developmental theory of levels
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of emotional awareness (Lane and Schwartz, 1987), and the extended process model of
emotion regulation (Gross, 2015).

Gross (1997, 2015) proposes an emotional valuation process with four stages (situation-
attention-valuation-response) to create an emotional experience. Furthermore, each step of the
process refers to a different emotion regulation strategy, summing a total of five strategies:
situation selection and modification, attentional deployment, cognitive change, and response
modulation. During the situation selection, the individual acts towards or against a situation
due to the predicted emotional desirability that the situation would provide. Situation
modification refers to taking actions to change certain situation to modify the emotional impact
it has. The third strategy, attentional deployment, refers to changing the focus of attention to
different stimuli. Cognitive change is a strategy based on modifying one's appraisal of a certain
situation, changing this way the emotional impact caused from it. And last, but not least, the
response modulation refers to the individual's influence of experiential, physiological and
experiential components of the emotion response. Emotion regulation processes are modified
by the increasing language ability, which allows to better understand, explain, and modify one's
own emotional experience.

The second theory, the Lane and Schwartz model, proposes five different levels of
emotional awareness and development of affective schemas (or representations). The authors
base their model on both developmental theories and ethnolinguistics advances (Sapir-Whorf
hypothesis). It follows Werner's orthogenetic principle of development, where we start with a
global view and lack of differentiation and progressively increase to a more complex and
specific state. The emotional awareness level of a person depends on the devoelopment of their
emotional schemas. The levels, and their subjective experience of emotion, are from simpler
to more complex: first and second are the sensorimotor level (starting with bodily sensations

and building up to action tendency and arousal), the third level is the preoperational
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(unidimensional emotions, limited and extreme emotional experiences), the fourth level is the
concrete operational (more differentiated and attenuated, feeling opposing emotions
simultaneously, ability to describe differentiated emotions), and the fifth level is the formal
operational (ability to understand, describe and differentiate complex states of emotion).

In the AAMA, Preece et al. (2017) propose that alterations in the functioning of the
valuation system proposed by Gross are responsible for the different dimensions of
alexithymia. For example, the EOT dimension of alexithymia can be seen as difficulty at the
attention stage (difficulty focusing on the emotional response), meanwhile DIF and DDT
dimensions of alexithymia are difficulties at the appraisal stage (difficulty to accurately
appraise the emotional response to an affective stimuli). Insufficiently developed emotional
schemas can cause difficulties in the attention and valuation stages of emotional processing.

This model is quite interesting due to the relevance of language in emotional knowledge
and affect schemas, which explains in depth the alexithymia construct and the altered processes

that generate it.

Bilingualism: Definition, Second Language Learning, and Emotionality in Bilinguals.

Bilingualism is a multi-dimensional phenomenon that takes place in the human species
(Buschweitz and Prat, 2013). It occurs when a person uses more than one language regularly.
The biggest part of learning occurs through interactions with others, in which the social context
and language itself are of huge relevance (Halle et al., 2014), in fact, second language (L2)
learners come with a baggage of social personality, customs, ethical or moral codes, social
attitudes, traditions and behaviour codes linked to their first language and the culture it is
developed in (Paradis, 2008).

At this point, it is needed to establish the relevance of the fact that the L2 is acquired in
a specific context, where specified system is already present (Perani and Abutalebi, 2005). As

it was previously specified, languages convey important cultural norms and expectations, and
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each culture has its distinctive behavioural norms and goals for social-emotional development
(Halle et al., 2014).

There are many factors that can affect the learning of a second language and its
representations on neural and behavioural level (Li, Legault and Litcofsky, 2014). Age of
acquisition, proficiency, and amount of exposure all can affect those representations (Perani
and Abutalebi, 2005). Following these same authors, and since the second language learning
arises in an already existing system, any qualitative differences that may arise between the
native and the L2 speakers disappear with the increase of proficiency. The same applies to the
neural representations of both languages in the bilingual mind. This is a theory the research
defines as the "Green's convergency hypothesis".

Cognitive and Behavioural Changes. Learning multiple languages comes with
several cognitive, behavioural, and neural changes, as well as some advantages and
disadvantages. Bilinguals show enhanced attentional processing (Timmer, Grundy and
Bialystok, 2017), enhanced cognitive flexibility in working with symbols and forming concepts
(Sawyer, 2016), enhanced executive function skills (Kuhl, 2010; Imai, Kanero and Masuda,
2016), improved nonverbal executive control (inhibition, working memory, cognitive
flexibility, metalinguistic understanding, performance in perspective taking tasks) (Sawyer,
2016; Anderson et al., 2018c, Halle et al., 2014), advantages for social communication and job
opportunities (Garcia-Pentén et al., 2011; Rossi, Newman, Kroll and Diaz, 2018) and
improvement of theory of mind (Imai, Kanero and Masuda, 2016). It also develops the ability
to communicate feelings in multiple culturally accepted and appropriate ways (Halle et al.,
2014).

The executive control system, associated with self-monitoring, planning, initiation of
activity and mental flexibility, composes the cognitive mechanisms that influence a big part of

the linguistic processing in bilinguals (Halle et al., 2014). Due to this, some authors consider
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the bilingual brain as a very adaptative system that responds flexibly to multiple language
experiences, reflecting the highly adaptive dynamics through functional and anatomical brain
changes (Li, Legault and Litcofsky, 2014). Ye and Zhou (2009) specify that the mere fact of
using two language systems results in a small difference in the interference control and changes
in signal processing.

From a developmental point of view, the mere exposure to a language even when the
infant does not even speak their first words causes important changes to the brain's neural
circuitry (Kuhl, 2010). This may influence one of the disadvantages that comes with learning
a second language soon in life (during childhood), as these neural changes and competing
grammars and cultures may confuse the developing brain and may cause challenges to
socialization and acculturation (Halle et al., 2014).

Rossi, Newman, Kroll and Diaz (2018) and Timmer, Grundy and Bialystok (2017)
confirm that bilinguals need to activate both languages when they speak (as well as their lexical
representations) even in those environments that require only one of the languages, but through
inhibitory control they may need to temporarily inhibit the language they are not producing
(usually the inhibition that is needed is greater on the dominant language). To perform this task,
they use non-specific to language cognitive processes in order to control, monitor and inhibit
the more dominant language and to produce the intended one (Ye and Zhou, 2009). Timmer,
Grundy and Bialystok (2017) add that, in order to select a target language without intrusion of
the non-target one, a control system is needed. This leads to subtle differences in interference
control and signal processing (Ye and Zhou, 2009). In fact, bilinguals use mostly executive
control brain regions for linguistic processing for both languages, while monolinguals use
separate brain regions for the same task (Anderson et al., 2018).

Changes in the brain are highly experience-dependent, so they can end as a result of the

environmental input (stimulation), the behavioural experience and cognitive demand but,
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mostly, they can be caused by the frequency of use of the language and its intensity (Li, Legault
and Litcofsky, 2014).

Factors that Affect Second Language Learning. As it was already established, there
are some factors that influence L2. Some of them are age of acquisition (AoA) (or when the
language was learned), the context the language was learned in, daily exposure and use of the
language and similarity or distinctiveness from the first language (L1) (Hsu, Jacobs and
Conrad, 2015; Caffarra, Molinaro, Davidson and Carreiras, 2015; Buchweitz and Prat, 2013).

These factors affect processing and language knowledge on different levels. For
example, AoA affects mostly the processing of grammar knowledge (implicit for L1 and
explicit for L2), but the lexical knowledge depends more on the declarative memory system
(explicit learning) and AoA's effect is smaller. On the other hand, proficiency affects highly the
L2 processing and the more it rises, the more convergence there is onto the neural
representations of L2 and L1, this meaning that usage and exposure are very important for the
brain plasticity mechanisms and the neural substrate of language (Perani and Abutalebi, 2005).

Emotionality and Bilingualism. Paradis (2008) states that dominant language has a
richer emotional structure than the second language. Many researchers agree with him
(Caldwell-Harris and Aycicegi-Dinn, 2009; Opitz and Degner, 2012; Dewaele, 2015). Subjects
in bilingualism experiments state persistent subjective impression that L2 does not have the
same intensity and quality as L1, even when the proficiency is high, in fact, emotional words
are processed slower in L2 (Opitz and Degner, 2012). These authors attribute this lower
emotionality to weaker associations between the emotional context and the word.

Dewaele (2015) explains this phenomenon from the perspective of learning
environment of the language: usually, L1 is acquired as part of the affective socialization,
which charges words and expression with strong affective and autobiographical dimensions.

This means that, since emotion is extensively operated through language, emotionality in L2
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can reach the same intensity as emotionality in L1, and the emotional context of learning
(exposure, proficiency and AoA) will be the modulator of such development (Hsu, Jacobs and
Conrad, 2015; Opitz and Degner, 2012).

But the dual templates of organization of the world that bilinguals possess also
influence emotion perception (Paradis, 2008). It makes them efficient at changing perspective
or shifting perspectives in the demands of the situation they are immersed in. Following the
author, emotions cannot be expressed equally well and in the same way in different languages
because translation equivalents have different strings of associations, connotative meanings,
metaphorical extensions and affective accompaniment.

Emotion words and their associated conceptual contents help to reduce the uncertainty
of the emotional perceptual stimulation, constraining the meaning of such stimuli to allow
quicker and easier perceptions of emotions (Barret, Lindquist and Gendron, 2007). Since
language primes the specific values, attitudes and memories of the cultures of the bilingual
persons, they may possess different representations of the self-depending on their languages.
Paradis (2008) refers to this occurrence as a phenomenon of experiential and psychic duality
in bilingual speakers.

Findings from the Study of Emeotion and Language in Bilinguals. Studying the
memory effects of emotional language on bilinguals, papers report better recall of emotional
words in L1, both in bilinguals and monolinguals (Pavlenko, 2008, 2012). The recall of
emotional words is mediated by L2 proficiency and is context dependent. She also reports, in
finding from psychophysiological studies and neuroimaging that affective processing may be
less automatic and immediate in the L2 (due to delayed lexical access), which can be affected
by affective valence. These finding are confirmed by Aycicegi-Dinn and Caldwell-Harries
(2009), who explain this effect with the fact that L1 is frequently experienced as more

emotional.
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In the case of lexical retrieval, bilinguals perform worse in the Boston Naming Task
(BNT), taking longer response times and making more errors, which suggests different and
more effortful word retrieval process for them (Bialystok, Craik, Green and Gollan, 2009).
These authors compare lower vocabulary levels in bilinguals with compensation with
advantages in cognitive control that generalizes over many aspects of cognitive functioning. In
fact, in the Attentional Network Task (ANT) (which measures selective attention and executive
control), bilinguals show a greater attentional control and better conflict resolution. Kissler,
Assadollahi and Herbert (2006), when speaking about semantic analysis state that emotional
content amplifies its early stages. Affectively charged stimuli, then, function as instructed
attention, facilitating processing of their meaning.

When speaking about Stroop emotional task, unpleasant words produce greater
interference than neutral words, which happens in the taboo Stroop task as well (Eilola,
Havelka and Sharme, 2007). However, relative language proficiency is an important factor
when analysing the results. In other studies (Fischler and Bradley, 2006), a difference in the
speed of processing of differently valenced items showed that even when comparing positive
and negative stimuli, the later are processed faster.

In the study of comprehension of noun phrases, Fischler and Bradley (2006) found that
a sentence is more than the sum of its lexical parts. They also found that in words pairs charged
affectively, the dimension of arousal had more effect on the modulation of the ERPs than the
valence dimension.

All of the above findings are explained by Vuilleumier (2005), who elaborates on the
fact that emotionally salient stimuli are more readily to be paid attention to, because emotional
information has a prioritized access to attention and awareness. Some denominate this

"motivated attention” (Kale, 2006; Schupp, Flaisch, Stockburger and Junghofer, 2006).
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Conclusions.

Emotion influences many aspects in our daily life. Many theories have been postulated
through its extensive study. The quartet theory of human emotion, proposed by Koelsh et al.
(2015), incorporates the appraisal theory approach, as well as the neural basis for human
emotion. It divides the emotional experience in four systems based on the neural areas
involved, further summary of said neuroanatomical correlates will be explained in Chapter 3.

On the other hand, there is culture and its influences on both language and emotion
experience. Cultural norms define the human mind from both behavioural and cognitive levels,
this includes cognitive development, interactions and reactions to our environment and the
stimuli received from it. Learning a second language allows the individual to broaden its mind
and learn an additional set of cultural norms, which influences its way of responding to
incoming stimuli.

The bilingual mind is not only two cultures into one person, as well as two languages
competing constantly for their expression, as well as enhancements in many cognitive
functions, such as executive control and attentional processing. The effect of bilingualism has
been observed by many authors, and even when some authors report the appearance of
acculturation in some individuals, the effects on the overall personal development are mostly
positive.

In this project, the quartet theory of human emotion will be used as a basis to determine
the effect of bilingualism on affect experience and behavioural output, in order to broaden the
understanding of the extension of such effect. In the next two chapters the neural basis of both
emotion and language will be established, as well as the current experimental designs and

approaches to the study of this topic.
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Chapter 2

Neural Basis of Emotion and Language

Introduction to Measuring Emotion.

Affective neuroscience is a field that centres on the study of the neural mechanisms
subjacent to emotion, mood perception and experience (Dalgleish, Dunn and Mobbs, 2009).
Mauss and Robinson (2009) establish several ways of measuring emotional states, which are
classified by the focus of the research question. By way of illustration, if the aim is to establish
the subjective experience, self-reports are the most optimal instrument there is. But, if the aim
is to study the response of the autonomic nervous system (ANS), maybe other techniques
would be recommended, such as heart rate and its variability or skin conductance responses.

For instance, the purpose of this chapter is to determine the physiology and response
patterns of the central nervous system (CNS) when a subject is immersed in an affectively
charged situation, as well as integrating to this field with the outcomes from the linguistic point
of view studies. This will be achieved with a brief walk-through study using different
neuroimaging techniques, such as electroencephalography (EEG), magnetoencephalography
(MEG) and functional magnetic resonance imaging (fMRI). Several topics will be revised,
such as the neural basis in terms of areas that participate in the whole affective and linguistic
process, the times at which certain events occur in the brain and what factors can modulate the
response intensity of those areas. As already seen in chapter one, language and the bilingual
phenomenon are modulators of such responses, alongside with culture, environment, and even

certain neurotransmitters.
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Advances in Affective Neuroscience.

There have been several contributions to the history of the study of emotion through
the neuroscience perspective, starting with the James-Lange theory (proposed over a century
ago), passing through the Cannon-Bard theory, the Papez circuit and later, MacLean's limbic
system (Dalgleish, Dunn and Mobbs, 2009). These authors and their theories established the
ground for what is known today as affective neuroscience. These classical approach to
emotions is classified in what Dalgleish, Dunn and Mobbs (2009) denominate single system
models, where the same neural system underlies all emotions.

To get some insight, the James-Lange theory was focussed on the response the body
has, influenced by the ANS, and on the perception of the changes that occurred. Only this
consciousness constitutes the experience of emotion (Adolphs, 2010). James even stated that
the brain does not have any special system dedicated to emotion, being this nothing but a
function of the motor and sensory areas of the neocortex (Ledoux and Pheps, 2008). Cannon
critiqued this theory, stating it is an incomplete conceptualization since the autonomic activity
fails to differentiate between emotional states. This way, the Cannon-Bard theory started, being
considered the first substantive neuroanatomical emotion theory, which gives importance to
the thalamus (Thal) and hypothalamus (Hy), two regions that are essential in the emotional
response to stimuli (Dalgleish, Dunn and Mobbs, 2009). Several years later, Papez proposed a
more extensive neuroanatomical approach to emotion, creating a circuit that continued
involving the Thal and Hy, but with the addition of the cingulate gyrus and hippocampus
(HCMP) (Ledoux and Pheps, 2008).

The Papez circuit was then extended by MacLean, who created the concept of a limbic
system, composed by five key regions: amygdala (Amy), prefrontal cortex (PFC), anterior
cingulate cortex (ACC), insula (Ins) and the periaqueductal grey matter from the midbrain

(PAG). To sum up MacLean's ideas, he deduced that affect and other cognitive processes cannot
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be separated, and affirmed that this system has a general purpose, involved in mediation of
functions that are fundamental for the survival (Dalgleish, Dunn and Mobbs, 2009; Ledoux
and Pheps, 2008). This theory of the limbic system divided the brain in three interacting
systems: the reptilian brain (striatal complex and basal ganglia), the "old" mammalian brain or
"visceral brain" (Hy, Thal, HCMP, cingular cortex, Amy and PFC) and the "new" mammalian
brain (conformed by the neocortex.

The truth nowadays is not that far from these first theories that took over the general
view of affect during the twentieth century, even though the use of the concept "limbic system"
is going extinct due to the presence of several inaccuracies at structural and functional levels
(Ledoux and Pheps, 2008).

Conceptual Act Model. Some of the recent scientific literature includes a meta-
analysis performed by Lindquist et al. (2012). They focus on the study of emotion from a
psychological constructionist account and propose the conceptual act model, describing
emotions as situated conceptualizations that appear when the person makes a meaning out of
the environmental stimulation that surrounds him. In this theory, the emotion process initiates
from basic psychological operations (not specific to emotion itself).

This model suggests a process in which the subject categorizes the current experience
based on previous episodes, working directly with the episodic memory network. Emotion
words are important factors in the perception of emotion since they help the whole
categorization (or conceptualization) act and through social construction delimit more clearly
emotion categories. The role of executive attention is also fundamental for the succeeding of
this process, focusing on the relevant features from the scenery the subject is immersed in.

To test previous hypotheses of brain-emotion correspondence, those authors used a
meta-analytic approach of emotion neuroimaging studies. They found out that the traditional

emotion approach does not correspond to the reality. For example, from the classic view, the
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Amy was associated with fear exclusively, Ins with disgust, orbitofrontal cortex (OFC) with
anger and ACC with sadness, just to name few. As it can be seen, these hypotheses of such
correspondence are linked with the discrete emotions approach (basic emotion theory)
explained in the previous chapter. Instead, the review showed a better equivalence between
brain activation and the psychological constructionist hypothesis, as well as a bigger
consistency with the dimensional approach. Brain activation and areas will be explained more
in depth in future sections.

Quartet Theory of Human Emotion: Neural Substrates. As already explained,
Koelsch et al. (2015)'s theory has a neurobiological focus, in which there are four classes of
emotion that come from four affect cerebral systems (brainstem, diencephalon, hippocampus
and orbitofrontal). The affect systems work together with effector systems (such as the motor
systems, peripheral physiological arousal, attention, and memory systems). The regulation,
modulation, initiation and activity of these affect and effector systems is made by a conscious
cognitive appraisal. Their activity ends up in a pre-verbal subjective feeling denominated
emotion percept, which later on can be configured into language (or other symbolic codes).

Brainstem-Centred Affect System. This system oversees ascending and descenting
activation and deactivation. It involves mainly the reticular formation (RF) and the
periaqueductal grey (PAG) (non-reticular and non-autonomic brainstem nuclei). It also
modulates the activity of extra-nervous organ systems and peripheral-physiological arousal
(i.e. sympathetic activity is associated with higher arousal, and parasympatetic activity is linked
to lower arousal and even immobilization). It generates, as well, somatomotor and
neuroendocrine activity as a response to stimuli with emotional valence.

The RF itself is a modulator of attention (in its most basic alertness and vigilance
function) and, alongside the Hy, controls the wake and sleep cycle. It has cholinergic and

monoaminergic projections to al the subdivisions of the brain. The caudal pontine section of
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RF takes part in startle behaviour. Its activation is modulated by external and internal stimuli
(novel stimuli, danger signals, circulating chemical information and sexual information).

The PAG, on the other hand, participates in the vocal expression of emotions and mating
behaviour. It also has a role in coordinating the behavioural and autonomic activity of the
individual in order to survive (i.e. freeze, flight and fight).

Diencephalon-Centred Affect System. The diencephalon is integrated by the dorsal and
ventral Thal, Hy, epithalamus, habenular complex, pineal gland and subthalamic nucleus
(STN) and participates in processes that involve pain, pleasure, urges and homeostatic
emotions.

The importance of this circuit relays on the Thal, which receives, filters, and distributes
information from all sensory channels to the rest of the brain. The authors suggest that it imbues
the information with affective valence and this process can occur even before the information
is perceived consciously.

The Hy on the other hand is part of the reward circuit (alongside with Amy, HCMP and
OFC) and participates in several behavioural, autonomic, and endocrine processes, as well as
modulation of pleasure or fun. It also participates in homeostatic functions and takes part in
immediate survival behaviour.

Hippocampus-Centred Affect System. The hippocampus is the neural correlate of
genuine emotions. Like Hy and the brainstem system, it is involved in behaviours that are
essential for survival, exchanging information with structures that take part in the regulation of
the activity of the autonomic, hormonal, and immune system.

The HCMP formation takes part in learning and memory (i.e. autobiographical
memory), novelty, spatial orientation, familiarity, expectancies, and emotional processes. It

generates attachment-related affects and behaviour.
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The affects generated by HCMP, contrary to the affect generated by the modulation of
the homeostatic functions, do not satiate.

Orbitofrontal-Centred Affect System. The orbitofrontal cortex is composed by the
Brodmann Areas (BA) 47, 11 and 10. It makes a non-conscious cognitive appraisal of external
and internal information. On the affective side of its functions, it generates somatic markers,
participates in the generation of moral emotions and the perception of rewards and
punishments. It is important in the decision-making process and the motivation (or inhibition)
behaviour. Its performance is fast, intuitive, and not rational. It is important in the goal directed
behaviour, in the generation of moral affects (based on complex social norms and conventions)
and is suggested that it has an implication on the generation of certain emotions (i.e. gratitude,
vengeance, jealousy).

Somatic Marker Hypothesis. The Somatic Marker Hypothesis (SMH) proposed by
Damasio (1996) is based on the functioning of the prefrontal cortex, more concisely, the
ventromedial prefrontal cortex (vmPFC). It was generated as a response to the occurrence of
cases of patients with acquired brain injury that performed well in tests that measured
intelligence, general and social conventions knowledge, language, working memory and basic
attention, but nevertheless their choices are not the most advantageous ones for their life,
deriving into abnormal decision-making patterns (more salient in personal and social
environments).

The vmPFC is involved in the use of the emotional bodily feedback in complex and
uncertain moments to guide the decision-making (Dalgleish, Dunn and Mobbs, 2009). Somatic
markers, in this sense, are tags that activate previous emotionally significant events and are
made notorious to the person that experiments them through physiological reactions. This way,

they allow decisions where logical analysis is insufficient.
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Brain Areas and Networks of Interest.

All these theories are a good approximation to the whole emotion process, but there is
no perfect approach nor a theory that does not leave out anything. Every day there is more
research questions being made and more answers being found. One of the core questions of the
study of emotion in the last decades is the neural basis, both in the temporal and the spatial
dimensions. In this section the aim is to describe the neuroanatomical substrate and timespan
of emotion.

In a recent meta-analysis performed by Lindquist (2017), results showed that an
important part of the brain regions that support language are involved in emotion as well (there
are regions of significant spatial overlap). The author cites as some of them: the left
ventrolateral prefrontal cortex (VIPFC), bilateral lateral temporal cortex (ITC), dorsomedial
prefrontal cortex (dmPFC), anterior temporal cortex (aTC), amygdala (Amy), insula (Ins) and
ventromedial prefrontal cortex (vmPFC).

A complex brain network has been linked to emotion processing. This network includes
areas like the amygdala, orbitofrontal cortex, anterior cingulate cortex, and the temporal and
subcortical structures. It has been assumed that the valence of the perceived emotion might
influence the spatial processing of the stimuli (Kotz, Meyer and Paulmann, 2006).

Amygdala. As Lindquist et al. (2012) said, the amygdala has been traditionally
associated with the emotion of fear. Nowadays, research has showed that the Amy is involved
in the whole, general, emotion perception (conscious and non-conscious), emotion processing
and in the response to danger. To begin with, it is a part of a distributed network which signals
if external information is motivationally salient (helping realize core affect). This is important
because this confers the Amy a role in detecting motivationally salient stimuli (Tamietto and

de Gelder, 2010; Lindquist et al., 2012; Dalgleish, Dunn and Mobbs, 2009).
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It activates to negatively and positively valenced stimuli (Tamietto and de Gelder, 2010)
and is involved not only in the perception, but also in the expression of emotional responses
(Phelps, Lempert and Sokol-Hessner, 2014). In fact, it shows distinctive patterns of activation
when presented different faces and other social signals, as well as approach behaviour through
a selective response to dynamic social stimuli (Dalgleish, Dunn and Mobbs, 2009).

Activation in Amy has been associated to the processing and integration of facial and
vocal emotional content of fear in neuroimaging and in lesion studies (Wildgruber, Ackerman,
Kreifelts and Ethofer, 2006). Alongside with the anterior insula, the response of the amygdala
has been linked (selectively) to the comprehension of specific emotional categories. More
specifically, Amy has shown that its activation depends on the implicit processing of emotional
signals (when they are not being explicitly attended).

Some studies suggest that this role of expression processing has a modulatory role in
face identification as well and works in coordination with the superior temporal sulcus and the
parietal cortex (Schwaninger, Wallraven, Cunningham and Chiller-Glaus, 2006; Keysers and
Gazzola, 2006). On the same fashion, amygdalar responses are involved in cognitive evaluation
of emotional information (i.e. threat and danger) and left Amy has been connected to
crossmodal integration in fear processing (Ethofer, Pourtois and Wildgruber, 2006). To sum it
up, it has been demonstrated that Amy modulates cognitive judgements.

Keysers and Gazzola (2006) propose that the amygdala does not participate on the
perception of fear expressions alone, but in the processing of all emotional expressions as well.
Hennenlotter and Schroeder (2006) cite numerous studies which indicate that the Amy had
differential response to fear and anger stimuli compared to other emotions (i.e. happiness,
disgust or anger), and that this activation occurred mostly in the left Amy. They sum up the
findings with the fact that such response was dependant on the degree of threat-related

ambiguity. In terms of surprise faces as an experimental stimulus, the same authors review that



57

there is distinct activation depending on the interpretation of the surprise: more positive
appraisals lead to activation in the ventral medial prefrontal cortex, negative evaluations lead
to changes in the right ventral Amy and perception of surprised faces in neutral stimuli
activated the dorsal Amy. They also suggest a role of the amygdala in sadness perception, which
is linked to the modulation of the vigilance level as a response to emotionally charged
stimulation.

A pathway of interest is the pulvinar-amygdala pathway, which is important for the fast
processing of threat (Adolphs and Spezio, 2006). Some of the areas that participate in this area,
alongside the amygdala, are the superior colliculus and the pulvinar, which all activate in a
masked facial stimuli condition (non-conscious).

Amygdala and Attention. In a study performed by Pourtois and Vuilleumier (2006), the
amygdala showed an increased activation towards fearful faces perception, which might be
important in the attentional orientation toward threat and threat locations (helping with the
process of visual orientation of attention). These finding were confirmed and even analysed
more in depth by Wiens (2006), who found that this activation occurred even when there was
no conscious processing and subjects did not attend the fearful faces, and going even further,
the activation of Amy was bigger when the stimuli were unattended. This amplification process
is emotional and content-driven, and Amy has been implied in all its stages (Kissler,
Assadollahi and Herbert, 2006).

The possibility of fast behavioural responses is due to the direct pathways that arrive to
the amygdala and the cortex from the superior colliculi and the Thal, as they allow for an
automatic and non-conscious processing of salient stimuli (Kissler, Assadollahi and Herbert,
2006).

Additionally, the amygdala takes part of a widespread neural network (alongside with

the visual cortex, the temporal, parietal and prefrontal cortices, that takes part in early
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discrimination of features related to affective content (in spatial selective attention) (Keil,
2006). In this line of thought, Adolphs and Spezio (2006) highlight the influence of the
amygdala on visual processing (and therefore visual and visuospatial attention). Its activation
is even required in facial expression-specific activation of the visual cortex.

Amygdala and the Emotional Learning. Through its connections with other regions of
the brain, Amy participates in the process of memory consolidation and fear and appetitive
conditioning (Dalgleish, Dunn and Mobbs, 2009). Lang and Davis (2006) explain this through
the activation of the area in studies in which there is clear modulation of memory in a variety
of tasks (i.e. inhibitory avoidance and motor or spatial learning). As a matter of fact, activation
of Amy is assumed to occur whenever the emotion networks are activated.

A hypothesis proposed by Kissler, Assadollahi and Herbert (2006) has suggested that
there might be activation of subcortical mechanisms during the acquisition of emotional
semantics, which underlies the importance of Amy in emotional learning.

Motivational System. The Amy composes a finely tuned motivational system in charge
of estimating the probability that events might require survival action. For this, several
amygdala nuclei work alongside the OFC, and dorsal and ventral striatum.

The process begins in the basomedial nuclei of the Amy (Bla), where a sequence of
neural events that support emotion occurs. Bla projects to the extended amygdala and the
central nucleus of the amygdala (CeA), which have a function of increasing the processing of
significant emotionally charged stimuli (both pleasant and aversive). CeA, alongside with the
bed nucleus of the stria terminalis mediate overt action through its somatic and autonomic
components, and also project to the dorsal striatum and OFC, that take part in the avoidance
response itself. At last, the Bla projects directly to the ventral striatum and OFC, which take

part in the action of approach and choice of behaviour (Lang and Davis, 2006).
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Bla receives projections from the Thal, HCMP and cerebral cortex. Its projections to
CeA and BNST may additionally mediate autonomic responses, such as the cardiac response
that is linked to attention (through projections to the Hy and brainstem). Bla projects as well to
other amygdala nuclei and to areas that have an important role in emotional memory and action.
(Lang and Davis, 2006)

BNST itself projects to the ventral tegmental area (important in the mediation of
dopamine metabolites in the prefrontal cortex) and to the paraventricular nucleus (which also
takes part in neuroendocrine responses, but only when the emotional stimulation is sustained
in time). Another eferences of the BNST are the ones going to the dorsal motor nucleus of the
vagus, the nucleus of the solitary tract and the ventrolateral medulla.

On the other hand, the historical approach of the study of this area has shown that it is
implicated in social cognition and behaviour, acting as a guide to social cognition and action,
associating the value of the events that are occurring in the socioenvironmental context to the
perception of any stimuli (i.e. a visual percept with its emotional meaning) (Adolphs and
Spezio, 2006). All of this is due to the structural pathways from the amygdala to the visual
areas of the cortex.In this line, it has been suggested that the amygdala interprets the
socioenvironmental context and modulates the cortical processing (of bodily responses to
emotionally charged stimuli) through somatosensory attentional mechanisms (Adolphs and
Spezio, 2006).

Lastly, but not least important, Sommer et al. (2006) speak about the role of the Amy
in the formation of stimulus-reinforcement associations. Together with the OFC, they modulate
the encoding and implementation of associative information that gives to certain stimuli a
motivational significance.

Periaqueductal Grey. The periaqueductal grey (PAG) is not part of amygdala's nuclei,

but its functionality is of relevance to the area. In fact, the ventral part of the PAG is linked to
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activation in Amy in the process of mediation of attentional responses (having a direct effect,
more activation of Amy leads to more activation in vVPAG). Ventral PAG has eferences to both
cardiovascular centres and mediates bradycardia and the inhibition of the motor system. On the
other hand, the dorsal part of PAG projects to centres that mediate tachycardia and active escape
behaviour (flight processes) (Lang and Davis, 2006; Dalgleish, Dunn and Mobbs, 2009). It
takes part in the detection of threat and in adaptative behavioural responses.

In the review of Lindquist et al. (2012) is confirmed the regulation of autonomic
substrates that allow the previously explained behavioural adaptations (i.e. freezing, fleeing,
vocalization and reproductive behaviour), making it responsible for the activation that people
experience when they perceive highly aroused emotional stimuli (with preference over
unpleasantly valenced states). It is also found that the PAG participates together with the cortex
during the regulation of visceral activations in the body.

Tamietto and de Gelder (2010) add to these functions the implication of PAG (and the
locus coeruleus) in automatic and reflex-like defensive behaviour.

Frontal and Prefrontal Cortex. The prefrontal cortex (PFC) has a key role in the
regulation of our everyday functioning. It is important in language and emotion regulation as
well (Bourguignon, 2014; Dalgleish, Dunn and Mobbs, 2009).

In language control in bilinguals, the PFC has important role in executive functioning,
decision-making, response selection, inhibition and working memory (Bialystok et al., 2009).
In this same review was shown that, in monolinguals, the PFC works along with the ACC and
the caudate in tasks that need resolution of conflict from competing responses. In the
monolingual population, it was seen that it is sensitive to changes in the demands that are
involved in switching between tasks. The left portion of the PFC was associated with naming

pictures in dual-language condition in bilinguals, it co-activated with the ACC and the left
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caudate nucleus. This highlights its importance in selecting a language when interference is
present.

The caudal PFC, alongside the insula, has a role in the organization of discrete actions
into more simple and linear sequences (Bourguignon, 2014).

Orbitofrontal Cortex. The orbitofrontal cortex (OFC) is part of the PFC and is involved
in the association and learning between the emotional and motivational value and a stimulus.
It works alongside the Amy in stimuli reinforcement and can detect changes in the value of
already learned stimuli and modulate the response to it (Dalgleish, Dunn and Mobbs, 2009).

In the study of decision-making linked to emotion, Phelps, Lempert and Sokol-Hessner
(2014) associate the OFC, vimPFC and striatum in the fundamental role of coding the subjective
value of experiences. The striatum, on the other hand, is responsible for updating prediction
error. The OFC, in fact, has been found to code independently positive and negative valence
and to respond differentially between positively and negatively valenced stimuli. It is its medial
part that contains the valence-related information (Kragel and LaBar, 2016).

Kotz and Paulmann (2011) include the OFC in a network that is recruited during
emotional speech and language processing. This network is formed by temporal cortex, fronto-
parietal and frontal cortex, OFC, amygdala and basal ganglia. On the same line, together with
the dorsolateral prefrontal cortex and ventral prefrontal cortex, it is involved during emotional
prosody judgement. It is also associated with response to stimulus quality.

These findings have been corroborated by the study of Lindquist et al. (2012), in which
they found that portions of the OFC play a role in core affect (integrating exteroceptive and
interoceptive sensory information and guiding appropriate to the context behaviour). Certain
parts of the OFC (lateral and medial) were found to have a role in decision making, reversal
learning and associative learning. In summary, a general role in integrating heteromodal

sensations and in decision making.
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Medial Prefrontal Cortex. Medial prefrontal cortex (mPFC) is in charge of higher top-
down cognitive processes (i.e. predictive coding or perception). It has roles in person
perception (and in people different than the own self), mentalizing and outcome monitoring, as
well as in resolution of perceptual ambiguity by events prediction (Dalgleish, Dunn and Mobbs,
2009). It is an area that contains invariant to perceptual modality representation of emotions
and information about attributed emotions (Skerry and Saxe, 2015). Ye and Zhou (2009) define
this area as responsible for cognitive regulation across domains, as well as conflict resolution
across modalities. In language, it has been associated to sentence comprehension and its control
processes (in flanker and Stroop tasks).

Ventromedial Prefrontal Cortex. Its function has been linked to fear extinction along
with the amygdala (Dalgleish, Dunn and Mobbs, 2009). The ventromedial prefrontal cortex
(vimPFC) has been seen to have a role on semantics as well (Lindquist, 2017).

The network formed by vmPFC, dorsomedial prefrontal cortex (dmPFC) and the
retrosplenial cortex/posterior cingulate cortex takes part in the realizing instances of emotion
experience and perception (linked to conceptualization). The activity of these areas helps to
put into shape current experience (and perceived affect), turning it into meaningful instances
of emotion (Lindquist et al., 2012).

Lindquist et al. (2012), associating the vmPFC with the anterior cingulate cortex,
suggest that their response to valenced stimuli shows bigger differences when comparing
negative to positive stimuli than when comparing positive to neutral.

Dorsomedial Prefrontal Cortex. Spunt and Adolphs (2019) link the function of this area
(dmPFC) and the ventrolateral prefrontal cortex (vIPFC) to causal attribution. It is important
in the process of getting out the meaning of one's affective state through attention and
integration of conceptual knowledge (Lindquist, 2017). It is associated with both semantic

representation and retrieval, and with emotion. The dmPFC, together with the bilateral lateral
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temporal cortex and left ventrolateral prefrontal cortex, have connections to the amygdala and
the insula and have a role in the generation and representation of affect.

Lateral Prefrontal Cortex. The lateral prefrontal cortex (IPFC) is in charge of
responding accordingly to progressively more undefined situations (Bourguignon, 2014). It is
important in the coordination of neural pathways between sensory inputs, internal states, and
behavioural outputs through providing bias signals to the parietal regions (Ye and Zhou, 2009).
In the next paragraphs two of its component areas will be discussed: ventrolateral prefrontal
cortex and dorsolateral prefrontal cortex.

Ventrolateral Prefrontal Cortex. The ventrolateral prefrontal cortex (vVIPFC) or inferior
frontal gyrus (IFG) includes areas such as the pars opercularis (BA 44), pars triangularis (BA
45) and pars orbitalis (BA 47/121) (Barrett, Lindquist and Gendron, 2007). It supports
functions such as emotion perception, cognitive processes (i.e. language, goal-related retrieval
of conceptual knowledge) and provides emotional labels to the emotional faces of caricatures.

It informs about social norm violations and punishments and detects if a stressor is
controllable. Its right part controls the intentional and voluntary suppression of actions and
thoughts, and its left part is relevant in the language network (in lexical retrieval and selection,
as well as decision-making and strategic phonological processing in picture-related tasks)
(Dalgleish, Dunn and Mobbs, 2009; Bourguignon, 2014). The vIPFC helps, as well, in the
process of categorizing emotional experiences as discrete states through the retrieval of
semantic concepts (Lindquist, 2017). The middle part shows activation during word generation
tasks, superior cognitive control and exploration processes, semantic retrieval and associative
processes and selection control, word generation and sentence generation (Bourguignon,
2014).

According to Ye and Zhou (2009), the vIPFC controls the interference from salient but

irrelevant stimuli and guides the processes of stimulus-response mappings. This area, they
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suggest, may be responsible for the implementation of conflict control strategies, as well as
control and prevention of misunderstandings and error correction. Its left portion has been
associated to general selection in active lexical representation and its anterior part is involved
in controlled retrieval processes of lexical items. Together with the dorsolateral prefrontal
cortex, ACC and left caudate, it participates in switching processes for in between- and within-
language conditions.

Continuing with bilingualism and language studies, Buchweitz and Prat (2013) define
the function of this area to be related to syntax, bilingual language control and non-linguistic
rules.

In the meta-analysis review of Lindquist et al. (2012) some of these functions are
corroborated. The VvIPFC is found to respond upon semantic processing tasks and
categorization of objects, as well as representation of abstract categories and inhibition of
responses. It is also associated with phonological processing during language switching
(alongside Broca's area and parietal cortices) by Bialystok et al. (2009).

Felton et al. (2017) associate the vIPFC with the middle frontal area, middle temporal
gyri, right precentral, superior temporal gyri, supplementary motor area and bilateral caudate
nuclei in bilingual language switching.

Dorsolateral prefrontal Cortex. The dorsolateral prefrontal cortex (dIPFC) takes
importante part in cognitive operations such as behavioural selection, attentional demands
maintenance, top-down control of memory and counter-factual 'what if' thinking and inhibition.
It takes part of the striatal-thalamo-cortical loop (Dalgleish, Dunn and Mobbs, 2009).
According to Bourguignon (2014), the mid-caudal part of this area is in charge of second order
response selection (in terms of broader contextual contingencies). The dIPFC also takes part in

responses to feedback on a trial-to-trial basis, directing attention to stimulus response mappings
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in posterior areas, implementing the necessary executive control to reinterpret stimuli (Ye and
Zhou, 2009; Phelps, Lempert and Sokol-Hessner, 2014).

Lindquist et al. (2012) attribute to the dIPFC executive attention functions in directing
different psychological operations during the emotion construction. It has been found to be
involved in working memory and in goal-directed attention.

In bilinguals' language processing, this area participates in control processes in order to
select an appropriate response and directing attention to the phonological representation in the
target language, while, simultaneously, inhibiting the non-target language. Its left portions,
together with the left caudate nucleus, reflect the sensitiveness of bilingual listeners and readers
to the occurence of the languages they speak in the environment, and the potential interference
that may occur. This includes maintaining the goal of communication and the inhibition to the
language that is not targeted (this last function is done in concordance with the anterior
cingulate cortex) (Ye and Zhou, 2009).

In their study, Bialystoket al. (2009) found out that the activation of the dIPFC in
monolinguals was associated with conflict generated by the Stroop task, while in bilinguals it
was responsible for the language switching process.

Frontal Pole. The frontal pole (BA 10) functions together with the anterior prefrontal
cortex in episodic control. They manage different processes in order to implement behavioural
strategies over long-term events. Its principal function is associated with the solving of novel
and open-ended problems, using for its behavioural strategies (taken from long-term memory)
and exploratory processes (Bourguignon, 2014). It is also implied in the discursive level of
speech.

Motor and Premotor Areas. The motor and pre-motor cortices act in simple responses
to salient stimuli. They participate, as well, in articulatory motions, picture naming tasks, word

reading repetition, pre-planned speech, reading and repeating verbal material (i.e. sentence
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repetition) and control over motor responses (both sequencing and performance)
(Bourguignon, 2014).

The supplementary motor area is engaged in language and speech processing, speech
motor control (initiation and triggering), automatization, monitoring and task switching. The
pre-supplementary motor area, on the other hand, has higher cognitive order functions, such as
lexical disambiguation, context tracking, monitoring, and inhibition of non-target language

(Dietrich, Ackermann, Szameitat, and Alter, 2006).

Cinculate Cortex.

Anterior Cingulate Cortex. Mostly involved in emotion regulation. It is a mediation
point of several information channels, such as visceral, attentional, and emotional. The anterior
cingulate cortex (ACC) is considered to be a regulation centre of affect and other forms of top-
down control (Dalgleish, Dunn and Mobbs, 2009; Ye and Zhou, 2009).

The ACC has an important role in cognitive control of attention, conflict monitoring
and error detection additionally to its role in emotion (Bialystok et al., 2009; Li, Legault and
Litcofsky, 2014; Ye and Zhou, 2009). In terms of conflict monitoring, Li, Legault and Litcofsky
(2014) found less activation of this area in bilinguals, suggesting that this population may need
less activation for more affective conflict monitoring.

Dalgleish, Dunn and Mobbs (2009) hypothesize that the dorsal part of the ACC is
focused on cognitive control of the areas mentioned previously, or even in adaptative control
in responses to errors (in task switching). The ventral part is destined to affective control. It
generates autonomic changes and participates in pain control, both functions associated with
conscious emotion experience.

In the study of language, it has been associated to sentence and discourse generation.

Its dorsal part has been seen to be implied in motivational aspects of cognitive control, and
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Bourguignon (2014) connects this to the idea that continuous speech needs sustained levels of
energy and internal motivation.

The ACC has a curious manifestation of the effects of bilingualism. Neuroimaging
studies have confirmed that there is reversed cortical thickness asymmetry in it and in the
corpus callosum. The rigth ACC was found to be thicker than the left ACC in bilinguals, but
the left ACC was found to be thicker than the right ACC in monolinguals (Felton et al., 2017).
Following this same research, this area is described as a part of a cognitive control network for
bilingual language use, along with the dIPFC, basal ganglia and inferior parietal cortex.

In language, response-based conflict and inference control in bilinguals, it takes part of
a network conformed by the pre-SMA and the left caudate (Bialystok et al., 2009).

The pregenual ACC and subgenual ACC (pACC and sACC respectively) are parts of
the ACC with designated affective function which takes part in classical conditioning, pain and
affective behaviours. Together with the anterior mindcingulate cortex (aMCC), they take part
in various psychological operations and realization of core affect. They serve for visceral
regulation during motivated action (Lindquist et al., 2012). The aMCC directs attention and
motor response from exteroceptive sensory information, responsible for resolving action
selection during the occurrence of conflicts in sensory input. The ventral and rostral parts of
the ACC, on the other hand, have a role in valence coding (Lindquist et al., 2012).

Posterior cingulate cortex and anterior frontal cortex activate during auditory
presentation of emotional words, and in general, the cingulate cortex (and vIPFC) are critical
in integrating information from verbal and non-verbal prosodic expressions (Kotz and
Paulmann, 2011).

Insula. The insula (Ins) works along with many cortical and subcortical brain areas.
For example, it is sensitive to angry prosody (no matter of the task demand), and this role is

done together with the temporal cortex, amygdala and the mediodorsal nucleus of the thalamus
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(MDThal) (Kotz and Paulmann, 2011). But this is not its only function. Dalgleish, Dunn and
Mobbs (2009) highlight its role in the perception of bodily changes and prediction about
anticipated body states associated with conditioned stimuli (in attention allocation and action
execution), in the recognition of empathy and in the generation of risk prediction error (in order
to guide decision-making in complex situations). Spunt and Adolphs (2019) suggest an
important role of the insula during embodied simulation.

Lindquist (2017) explains that the insula is involved in the representation of affective
changes in awareness. They attribute an increase in the activity of the Amy and Ins during
labelling process with words in affective representation. This process, as well, modulates the
intensity of the emotional response, suggesting that emotion words facilitate perception.

On the other hand, in language production, the Ins has been involved in sentence and
discourse generation alongside ACC and rostral prefrontal regions as well. It takes part in the
selection of words (at a predicative and phonological levels), picture naming (Bourguignon,
2014).

Anterior Insula. Lindquist et al. (2012) found that the anterior insula (alns) takes part
in representing the core affective feelings and bodily sensations in awareness. They found
higher response during consciousness of body movement, gastric distention, and orgasm.

It is considered to be part of the salience network, which is in charge of representing
the reaction of the body to affectively charged stimuli in the environment. The salience network
has been seen to be composed by the bilateral alns, bilateral lateral OFC, bilateral Amy, ventral
striatum, Thal, dmPFC, dorsall ACC, SMA, bilateral vIPFC, lateral right temporal lobe and
occipital cortex (Lindquist et al., 2016). Its left ventral and dorsal portions, together with the
left amygdala, show differential activation to positive and negative valence (increased response

in negatively valenced stimuli).
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Temporal Cortex. In language studies, the superior temporal sulcus (STS) and the
anterior temporal cortex (aTC) have been associated with word categorization processes (Spunt
and Adolphs, 2019). The aTC has been also linked to semantic representation, important during
emotion perception (Lindquist, 2017). In Lindquist et al. (2012), the aTL was described to be
implicated in the representation of abstract social concepts as well.

Different discriminable patterns of activity have been found in the STS (and fusiform
gyrus) as a response to different facial expressions (Skerry and Saxe, 2015). Bilateral mid STS
activates differentially in acoustic presentation of emotional words (happy and angry prosody).
The posterior STS activation is associated to emotional tone in voice recognition studies (Kotz
and Paulmann, 2011).

Parietal Cortex. Ye and Zhou (2009) hypothesize that the parietal cortex may be in
charge to inform the IPFC when conflicts are present (between representations of inputs). It is
also implied in the maintenance of representation in bilingual language control and in working
memory (Bialystok et al., 2009).

Visual Cortex. The visual cortex shows increased activation when the stimuli is
presented visually. It has a higher increase when the emotional stimuli are more negatively
valenced and highly arousing (Lindquist et al., 2012)

The visual word form area (VWFA), part of the visual cortex (and located in the
occipitotemporal cortex) is involved in word-reading processes. Its activation serves as a
predictor to L1 reading skill development. The VWFA is sensitive to ortographic regularity and
in bilinguals’ functions as a biological marker of proficiency (Buchweitz and Prat, 2013).

Basal Ganglia. The basal ganglia (BG) participate in cognitive and language control in
bilinguals. It is immersed in tasks such as: language selection, set switching (and response
shifting), language planing and lexical selection (Bialystok et al., 2009). It also has an

important role in planning of sequences and inhibition of competing alternatives (Ye and Zhou,
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2009). In this line, it is responsible for automatic motor responses as well (Tamietto and de
Gelder, 2010).

In voice studies, the BG was involved in processing conscious auditory verbal and non-
verbal emotion expression, as well as emotional prosody and semantics (Kotz and Paulmann,

2011; Tamietto and de Gelder, 2010).

Thalamus.

Pulvinar Nucleus. 1t is involved in attention mechanisms and is responsible for the
response to salient visual targets. Its activation occurs during non-conscious perception of
emotion stimuli (Tamietto and de Gelder, 2010).

Substantia Innominata. 1t participates in the emission of a response to consciously
perceived emotional stimuli, corresponding more to the arousal dimension than to the valence
dimension (Tamietto and de Gelder, 2010).

Hypothalamus. It is involved in consumptive behaviours and homeostasis (Tamietto
and de Gelder, 2010).

Hippocampus. The hippocampus (HCMP) has showed differential activation towards
different discrete emotions. For instance, the right HCMP activates when a person perceives
any instance of emotion (in a face, body, or voice), but the left HCMP activates only when the
emotion is fear related (Lindquist et al., 2012). It is involved in the evaluation of context during
emotional stimuli perception, working along the amygdala in order to mediate memory
consolidation for the perceived stimuli (both consciously and unconsciously) (Tamietto and de

Gelder, 2010)

Conclusions.
In this chapter we reviewed the neural substrates and areas involved during emotion

and language processes. Due to the heterogeneity of both constructs, we found some
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overlapping between areas and networks. At the end, the brain serves its function as a highly
complex system, similar to a machine's engine. Each area has its distinct function, but in order

to work correctly, it depends on the rest of the areas and systems.
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Chapter 3

Measurement of Language and Emotion

To sum up what has been already explained, emotion is a basic human process highly
dependent on the context (and environment). Two relevant factors that modulate emotion (and
its perception) are language and culture. Both language and emotion rely on certain neural
networks that serve a general purpose and are not specific to them. Some of these functional
networks are common for both processes. Lastly, the brain is highly adaptive system that
changes through the environmental stimulation, which implies the study of a second (and more)
languages. Distinct activation patterns and neural configurations have been observed in
bilinguals and multilinguals to influence their processing and experience of both emotion and
language.

In their review, Mauss and Robinson (2009) define three types of measures of emotion:
self-report, physiological (autonomic and neuroimaging), and behavioural measures. The ones
that interest us in the context of this work are the self-report and the behavioural ones. Studies
using behaviour as a measurement collect data such as vocal characteristics (i.e. vocal pitch),
facial behaviour, body posture, and many others. It is based on the communicative function of
emotions and is usually harder to collect, because it needs trained observers to register it. Self-
reports, on the other hand, are much more convenient due to the easiness of application but are
limited to the personal beliefs of the subject and his understanding of the instrument that is
being used (Robinson and Clore, 2002; Mauss and Robinson, 2009). Self-reports are not the
perfect choice for investigation of automatic affective processing but are really optimal for the
understanding of the interpretative processing (Pavlenko, 2012).

In this chapter an overview of current self-assessment instruments will be performed.

However, in Appendix B there are multiple emotion and bilingualism experiments described
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by the scientific literature. Reading them and summarizing them was an important part for the

direction of the current research, because it set a base and deepened the knowledge on the topic.

Some Self-Assessment Instruments to Measure Emotional Variables.

As previously mentioned, emotion encompasses various processes that can be assessed
using validated scales and questionnaires. In this chapter, we will focus on a selection of these
tools that are particularly relevant to our research. A quick view of the instruments described
in the part can be found in Table 3.1.

Berkeley Expressivity Questionnaire (BEQ). The BEQ, created by Gross & John
(1995) assesses both strength and degree of expression of emotional response tendencies,
understood as behavioural impulses.

It gives information in three dimensions: negative expressivity (degree of behavioural
expression of negative emotional response tendencies), positive expressivity (degree of
behavioural expression of positive emotional response tendencies), and impulse strength
(general strength of emotional response tendencies). Higher scores in the scale indicate higher
levels of emotional expressivity.

The scale has been adapted to many other languages, such as Turkish (Tunay Akan and
Barigkin, 2017), Dutch (Kupper, Dujndam, and Karreman, 2020), German (Mohiyeddini, John,
and Gross, 2008) and Japanese (Lin et al., 2016). There is no official adaptation to Spanish, but
the scale has been translated and used in several studies in Spanish (see Martinez-Sanchez,
1996; Moreno et al.,, 2016; Cifuentes-Férez and Fenollar-Cortés, 2017; Kiskimska and
Martinez-Sanchez, 2023).

Difficulties in Emotion Regulation Scale (DERS). Developed by Gratz and Roemer
(2004a, 2004b), the DERS measures clinically relevant difficulties in emotion regulation. It
includes 36 items that assess six subscales: nonacceptance of emotional responses, difficulty

engaging in goal-directed behaviour, difficulties in impulse control, lack of emotional
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awareness, limited access to emotion regulation strategies and lack of emotional clarity. It is
used in clinical, treatment and research settings (S6rman et al., 2022).

It is a very valuable scale, but its length of 36 items makes it somehow difficult to
include and administer always. To solve this issue, several shorter forms have been developed:
DERS-16 (Bjureberg et al., 2016), DERS-18 (Victor and Klonsky, 2016), M-DERS (Benfer,
Bardeen, Fergus and Rogers, 2019), and the DERS-SF (Kaufman et al., 2015; Gouveia et al.,
2022).

Several studies have adapted the scale and its variants to clinical subsamples and other
non-normative adult samples. Hallion, Steinman, Tolin and Diefenbach (2018) used the
original DERS and the three short forms to adapt them to adults with emotional disorders,
similarly, Fowler et al. (2014) used a sample of adults with severe mental illness. Kokonyei et
al. (2014) established the factor structure and validated the scale in patients with chronic pain.
Weinberg and Klonsky (2009) adapted it to an adolescent sample. Other studies use it to assess
emotion regulation in postpartum (Cohen et al., 2023), drunkorexia (eating disorders) (Azzi et
al., 2021), cerebral palsy (Honan et al., 2023), among many others.

Adaptations to other languages are also available, such as the French (Dan-Glauser and
Scherer, 2012), Italian (Giromini et al., 2012), Turkish (Ruganci and Geng6z, 2010), Brazilian
(Cancian et al., 2018), and Spanish, adapted by Hervas and Jodar (2008).

Emotion Beliefs Questionnaire (EBQ). It was created by Beceerra et al. (2020), and
citing Johnston et al. (2024a) (who also re-evaluated the questionnaire), "the Emotion Beliefs
Questionnaire was recently developed to measure beliefs about the controllability and
usefulness of negative and positive emotions". The EBQ 1is useful in both clinical and non-
clinical settings. It is an important construct to assess due to its influence in emotion regulation
and subsequent onset of emotional disorders. It is based on the theoretical framework of Ford

and Gross (2018).
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It is a 16-item self-report. It uses a 7-point Likert scale from "Strongly disagree" to
"Strongly Agree". The questionnaire assesses four distinct dimensions: General Controllability
(positively and negatively valenced emotions), two usefulness factors that are specific to
valence (Negative-Usefulness and Positive-Usefulness), and a general beliefs factor.

Johnston et al. (2024b) used the questionnaire to assess the impact of emotion beliefs
in depression, anxiety, and stress symptoms, finding that they are a useful tool in both
assessment and treatment target. Becerra, Gainey, Murray, and Preece (2023) linked the
concept to intolerance of uncertainty, which on its own affects mostly anxiety disorders and
other psychopathologies. They found out that interventions on beliefs about uncertainty can
enhance the effectivity of therapy.

The EBQ has been adapted to Iranian (Ranjbar et al., 2023), Polish (Larionow, Preece,
and Mudto-Gtagolska, 2023), and Japanese (Kashimura, Ishizu, and Becerra, 2023). It has not
been adapted to Spanish yet.

Emotional Expressivity Scale (EES). Created by Kring, Smith and Neale (1994) it is
a 17-item self-report. It assesses verbal and non-verbal emotion expression. The scale expresses
general displays of emotion, it does not account for emotional valence, and is designed as
unifactorial. Higher levels of emotional expressivity are translated in a higher score in the scale.

It has a high correlation to the BEQ (Gross and John, 1997), and both give a measure
of a general emotional expressivity. The big difference is that EES uses just that one dimension,
whilst the BEQ, as we previously discussed, additionally yields information in three subscales
definitory of emotion expression. Dobbs, Sloan, and Karpinski (2007) compared the BEQ and
EES scales, finding that the EES factorial structure was consistent with the original study.

Emotion Regulation Questionnaire (ERQ). Itis a 10-item scale that assesses emotion
regulation through two dimensions or common strategies: cognitive reappraisal and expressive

suppression, created by Gross and John (2003). It was adapted to Spanish by Cabello, Salguero,
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Fernandez-Berrocal, and Gross (2013). It has a short form, the ERQ-S, revised by Preece,
Petrova, Mehta, and Gross (2023).

Sérman et al. (2022) highlight that both ERQ and DERS measure emotion regulation,
but they do so through distinct conceptualization of the concept.

The questionnaire has been used and adapted by several research groups in different
populations, such as in women with cancer (Branddo, Schulz, Gross and Matos, 2017), in a
general Australian community sample (Preece, Becerra, Robinson, and Gross, 2020), in general
United States community sample (Preece et al., 2021), to assess the association between
COVID-19 stress and mental distress (Haver et al., 2023), just to cite few.

Perth Alexithymia Questionnaire (PAQ). This questionnaire gets created following
the AAMA model proposed by the Perth team to assess Alexithymia traits (Preece et al., 2018).
It is comprised of 24 items, which divide in five dimensions: positively valenced difficulties
identifying feelings (P-DIF), negatively valenced difficulties identifying feelings (N-DIF),
positively valenced difficulties describing feelings (P-DDF), negatively valenced difficulties
describing feelings (N-DDF), externally oriented thinking (EOT), and a general alexithymia
construct.

It has several adaptations to other languages: Farsi (Lashkari et al., 2021), Turkish
(Bilge and Bilge, 2020), Iranian (Asl, Mahaki, Khanjani and Mohammadian, 2020), Polish
(Larionow, Preece, and Mudto-Gtagolska, 2022), and two Spanish adaptations: one to a Latin
sample by Becerra et al. (2021) and one to a Spanish sample by Kiskimska and Martinez-
Sanchez (2023). A short form is also available (PAQ-S) (Preece et al., 2023a).

There are many studies using the questionnaire, just to cite a couple of them: Muir,
Preece, and Becerra (2022) used it to assess the link between eating disorder symptoms and
alexithymia, and how exactly does emotion regulation modulate this link; Fynn et al. (2022)

used it to assess alexithymia in acquired brain injury.
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Perth Emotion Reactivity Scale (PERS). This scale was developed by Becerra,
Preece, Campitelli and Scott-Pillow (2017) to measure emotional reactivity. In this case, they
define the construct as a set of three variables: ease of activation, intensity and duration of the
emotional responses one presents. They also evaluate these three variables in both valences:
positive and negative. Plus, two composite subscales depending on the valence of the items. A
shorter form was created by Preece, Becerra and Campitelli (2018d).

Toronto Alexithymia Scale - 20 (TAS-20). Described across several papers from the
same team (Parker et al., 1993; Bagby, Taylor and Parker; 1994), it is the most used scale to
assess alexithymia. It uses a 5-point Likert scale and has 20 items distributed in three
dimensions: difficulty identifying feelings (DIF), difficulty describing feelings (DDF), and
externally oriented thinking (EOT). They do not have in mind valence. It has been widely used
and translated, with validations in over thirty languages (Bagby et al., 2020). The Spanish
adaptation was done by Martinez-Sanchez (1996). It was later used by Kiskimska and
Martinez-Sanchez (2023) in their adaptation of the PAQ. Both scales correlated positively in
the measurement of alexithymia.

The Perth research team has made multiple comparisons between the PAQ and the TAS-
20 (Preece et al., 2024; Chan et al., 2022; Preece et al., 2020a), in which they find that even
though high correlations between that TAS-20 and the PAQ exist, the TAS-20 scale has severe
discriminant validity problems. This is supported by previous research as well. Sekely et al.
(2018) found low consistency in the EOT dimension of the scale, additionally, many studies
find only one factor in the scale, which reflects, depending on the scales to which they
compared the scale, psychological distress, reduced ability to access and define emotions, and
negative affect expression (Bagby et al., 2020; Sekely et al., 2018; Leising et al.; 2009; Tull et
al., 2005). These findings are, however, not very clear. Torres et al. (2019) performed a study

of the validity of the TAS-20 in patients with Anorexia Nervosa and found out the three-factor
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structure defined by the authors. They did find, whatsoever, that the EOT dimension had low

internal consistency that decreased with the age of the participant. More studies are needed to

clarify the internal consistency of the TAS-20 instrument.

Table 3.1

Emotion Processes Self-Assessment Questionnaires

Questionnaire Author Adaptation Items Answers Dimensions
Gross & 7-point Positive expressivity, negative
BEQ n/a 16 ]
John (1995) Likert scale expressivity, impulse strength
Nonacceptance of emotional
responses, difficulty engaging
Gratz & in goal-directed behaviour,
Roemer Hervas & 5-point difficulties in impulse control,
DERS 36
(2004a, Jodar (2008) Likert Scale lack of emotional awareness,
2004b) limited access to emotion
regulation strategies and lack of
emotional clarity
General Controllability
] (positive and negative),
Becerra et 7-point )
EBQ n/a 16 ] Negative-Usefulness and
al. (2020) Likert scale .
Positive-Usefulness, and a
general beliefs factor
Kring et al. 6-point i )
EES n/a 17 . Unifactorial
(1994) Likert scale
Gross & Cabello et al. 7-point Liker Cognitive reappraisal and
ERQ 10 )
John (2003) (2013) scale expressive suppression
Positive and negative difficulty
identifying feelings, positive
and negative difficulty
Preece etal.  Kiskimska & 750 describing feelings, externally
-point . o iy
PAQ (2018b, Sanchez 24 ] oriented thinking. Additionally,
Likert scale ]
2018c) (2023) two composite scales for

positive and negative difficulty
assessing feelings and general

alexithymia
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Questionnaire Author Adaptation Items Answers Dimensions

Positive activation, positive

intensity, positive duration,

Becerra et 5-point negative intensity, negative
PERS n/a 30 ] ] ) o
al. (2017) Likert scale duration, negative activation,
general positive reactivity, and
general negative reactivity
Difficulty identifying feelings,
Bagb 1 Martinez- 5-poi difficulty describing feeli
agby et al. -point ifficulty describing feelings,
TAS-20 =Y Sanchez 20 ) ] o
(1994) (1996) Likert scale externally orientated thinking

style and general alexithymia

Note. BEQ = Berkeley Expressivity Questionnaire; DERS = Difficulties in Emotion Regulation Scale; EBQ
= Emotion Beliefs Questionnaire; EES = Emotion Expressivity Scale; ERQ = Emotion Regulation
Questionnaire; PAQ = Perth Alexithymia Questionnaire; PERS = Perth Emotion Reactivity Scale; PES =

Perth Empathy Scale; TAS-20 = Toronto Alexithymia Scale - 20; n/a = not defined.

Measuring Language Proficiency in Bilinguals: Self-Assessment Instruments.

Language Experience and Proficiency Questionnaire (LEAP-Q). This questionnaire
was created by Marian, Blumenfeld and Kaushanskaya (2007) in order to develop an
instrument that reliably measures the bilingual language status. The authors revisited the
questionnaire several years later to put insight in how it has been used and to give further
information for researchers, making a recopilation of the adaptations to other languages as well
(Kaushanskaya, Blumenfeld and Marian, 2020). In line with that, it has been translated to over
20 languages. There are at least three translations to Spanish, one for the US, one for Mexico
and one for Spain. We used the peninsular Spanish translation found on the website of the
questonnaire (Mayenco, 2016).

The questionnaire itself allows to screen participants by their proficiency, age of
acquisition, exposition to language, way of learning said language and many more. It is

complete tool that allows to describe the sample that uses it accurately.
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Language History Questionnaire (LHQ). This questionnaire was first created by Li,
Sepanski and Zhao (2006), and then was revised two times: Li, Zhang, Tsai and Puls (2014)
and Li, Zhang, Yu and Zhao, (2020). It was first created as a web-based interface. It was created
to assess the linguistic background and proficiency of those that spoke more than one language
or were in the process of learning a second language. It is very useful in a way it approaches
all the main questions about bilingualism. It has not been translated to Spanish.

Language and Social Background Questionnaire (LSBQ). Created by Anderson,
Mak, Chahi and Bialystok (2018a, 2018b), it was created to reduce the variability of the
instruments and ways to measure bilinguals' proficiency and their degree of bilingualism, in
order to be able to assess along other cognitive variables in research. It shares features with
both LHQ and LEAP-Q questionnaires. It evaluates what language is used in different social
contexts and the proficiency through different expressivity measures.

It is a simple yet powerful tool that has four major subscales: home language use, social

language uses, and both English and non-English language proficiency.
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Chapter 4
Evolution of the Experimental Task:

A Timeline.

Lane and Schwartz (1987) suggested that individual differences exist in the structural
representations of emotion. Some factors that can tackle those differences are gender identity,
culture, age, social status, values, language spoken among many others (Brody, Hall and
Stokes, 2016; Clark-Polner, Wager, Satpute and Barrett, 2016). All those are mostly related to
the sociological definition of emotion in which emotions are essentially social (Lively and
Weed, 2016). The focus of this study was to find if any of those differences can be explained
by the knowledge and use of more than one language in individual's daily life. As we have
already seen, language and emotion intertwine, with language being an important part in
emotion schemas development, we can assume that speaking more than one language would
mean an extended vocabulary to define emotion, which would result itself in an enhanced
emotion processing.

This study went through several experimental task proposals that needed to be adjusted
to the environmental limitations we were forced into, or due to the failure of an instrument. I
will proceed to narrate what did not work out, what did and what did not go through. In this
chapter I will focus on the previous attempt and all the side quests that had to be completed
before finding the final and all the rest of the experimental part chapters will focus on what we

finally did and what our studies showed.
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The Affective Priming Task.

We started the creation of the first experimental task following the affective priming
paradigm, which states that each target stimulus is preceded by a single prime (both target and
prime are a stimulus with a valence charge) (Frings and Wentura, 2008). The participants must
categorise the target valence as positive or as negative. Three types of valences can be found:
positive, negative, and neutral. Two types of conditions are used: congruent or incongruent. In
congruent conditions, the prime and the target have similar valence (i. e., both are positively
valenced words). In incongruent conditions, prime and target have different valences (i. e.,
prime is a negatively valenced picture, target is a positively valenced picture). Subject
categorizes the valence of the target word (positive, neutral or negative). Response time and
accuracy are measured in order to evaluate the performance in the task. Usually, participants
show faster response times when evaluating a target stimulus when it is preceded by a prime
stimulus charged with the same valence (compared to when that prime stimulus has different
valence) (Altarriba and Canary, 2004; Frings and Wentura, 2008). In other words, congruent
affective content serves as a facilitator of choice reaction (Keil, 2006).

Parting from this theoretical base, we created an affective priming task in order to check
our hypotheses. We started by researching experimental stimuli. There are many kinds of
emotional or emotionally-laden stimuli: some authors use linguistic stimuli (i.e. Pavlenko,
2008, 2012; Bialystok et al., 2009; Harris, 2004; Zirnstein, van Hell and Kroll, 2018; Altarriba,
2003; Kotz and Paulmann, 2011; Eilola, Havelka and Sharma, 2007; Aycicegi-Dinn and
Caldwell-Harris, 2009; Ponari et al., 2015; Sutton, Altarriba, Gianico and Basnight-Brown,
2007; Altarriba and Canary, 2004), others use pictures (Barrett, Lindquist and Gendron, 2007)
or even sounds. There are multiple experimental tasks and instruments that can be performed
to study the link between language and emotionality, but affective priming was the perfect tool

for our study. It provided an easy application, let us use different language stimulus (Spanish
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and English), images, and involved a fast and preconscious processing, which all summed up
in response to the experimental question to be studied: do bilingual subjects process affectively
charged stimuli differently than monolinguals?

At first, we used multimodal and multilingual stimuli: words, pictures, and sounds. It
was interesting to see both linguistic and non-linguistic processes in action. An obvious effect
of language dominance in the performance was expected, but how would participants perform
when mixing linguistic stimuli with non-verbal ones such as pictures and sounds?

For the linguistic stimuli we used the Affective Norms for English Words (ANEW)
database (Bradley and Lang, 1999) and its Spanish adaptation (Redondo, Fraga, Padrén and
Comesafia, 2007). For pictures, we used the International Affective Picture System (IAPS)
(Lang, Bradley and Cuthbert, 2008) adapted to a Spanish sample by Molto et al. (2013). Lastly,
for sounds we used the International Affective Digitized Sounds (IADS) (Bradley and Lang,
2007), adapted to a Spanish sample by Fernandez-Abascal et al. (2008).

We created our experimental task using OpenSesame software (Mathdt, Schreij, and
Theeuwes, 2012; Mathot and March, 2021).

In previous studies, presentation times of prime, target, fixation and ITI varied, some
authors used stimulus masking as well (see also Table 4.1). We are going to cite just a few, but
there is quite an extensive literature that addresses the task.

In their study, Hinojosa et al. (2009) performed a masking affective priming task, in
which the prime lasted 200 ms and the target lasted 300 ms with a white screen of 100 ms
between both and a 2500 ms inter-trial interval (ITI). They used high and low arousal stimuli
since they wanted to evaluate the arousal dimension in affective priming tasks. Dannlowski et
al. (2006) used a fixation point (a dot) for 500 ms, 17 ms prime, 133 ms mask and then
unspecified time for target presentation, with a 3000 ms ITI. Frings and Wentura (2008) used

a '+' fixation mark for 1000 ms, 63 ms or 188 ms prime (they varied) and target was presented
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after that until subjects reacted to it, and 1500 ms ITI. Spruyt et al. (2007), on the other hand,
did a 500 ms fixation, 200 ms prime, a variable target duration of up to 2000 ms (changing trial
after subject's response) and a variable ITI between 500 and 1500 ms. They also used an inter
stimulus interval (ISI) of 50 ms. Yao, Wang, Lu and Zu (2019) used a 500 ms fixation mark,
with an ISI of 100 ms, a target duration of up to 1500 ms and a variable ITI of 1800 to 2200
ms. We analysed these previous studies in order to determine times, repetitions and blocks. Our
trials started with a 500 ms fixation point (we used a "+" sign in the middle of the screen),
followed by a 33 ms exposition to the prime stimulus and 1000 ms of the target stimulus, with
1500 ms of ITI. No ISI or masking was used.
Table 4.1

Affective priming studies

Fixation Fixation Prime Target
Study ITI Masked
Point Mark Duration Duration
Hinojosa et 300 ms white
n/a n/a 200 ms 300 ms 2500 ms
al. (2009) screen
133
Dannlowski
A dot 500 ms 17 ms n/a 3000 ms 'XOXOX0OX'
et al. (2006)
mask
Frings and ) )
) 63 ms OR  Until subject
Wentura '+' sign 1000 ms 1500 ms No
188 ms reaction
(2008)
Spruyt et al. ) 500 - 1500
'+' sign 500 ms 200 ms <2000 ms No
(2007) ms
Yao et al. 1800 - 2200
n/a 500 ms 200 ms <1500 ms No
(2019) ms

Note. 'n/a' = not available, authors did not report the data.

On the used stimuli, we got the four databases and sorted their items by valence. Then
selected the 9 most negatively, 9 most neutrally and 9 most positively valenced stimuli. More
detail of the selected stimuli and the descriptive statistics they possess can be found in the

summary tables in Appendix C.
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The auditive stimuli did not pass the first round of try-outs. The experimental task
became eternal, which was not optimal for subject's performance. Attention span could decline
and not only it would affect the tiredness of the participants, but it would also affect negatively
the results of the study. The polished final design had a total of one pilot and seven experimental
blocks, with 18 randomized trials per block (a total of 126 trials). Duration of each block would
be somewhere around 4 minutes. Details of the blocks and the trials can be found in Appendix
C.

This experiment, although almost finished, had to be soon discarded, since the COVID-
19 pandemic arose and gathering subjects into a laboratory setting was unthinkable due to the

rapid spreading rates of the virus.

The Perth Alexithymia Questionnaire Adaptation.

While rethinking the experimental design, we established the confound variables that
would be controlled (more about the ones we finally chose can be found in Chapter 5). One of
the main ones that we were interested in controlling was the presence of alexithymia. As
previously explained, this construct defines individuals that have difficulties identifying and
describing feelings. According to the attention-appraisal model of alexithymia, this is due the
failure in the regulation of the emotion valuation process and the insufficient development of
the emotional schemas.

The whole alexithymia definition, models, and instruments have already been explained
in previous chapters, but in this chapter, we will provide just a quick summary of it and expose
the tool we adapted, since it was a huge part of the research we performed.

When attempting to find an instrument to accurately measure alexithymia, we found no
updated tests or questionnaires. There was a gap in the literature for the assessment of
alexithymia in Spanish samples. The last adapted tool in Spain was the Toronto Alexithymia

Scale-20 (TAS-20), adapted by Martinez-Sanchez (1996).
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This TAS-20, on an international level, had received multiple criticism in the past years,
as previously explained, and over twenty years had passed since the Spanish version was
adapted. During this timelapse, another alexithymia measurement instrument had appeared: the
Perth Alexithymia Questionnaire (PAQ) (Preece et al., 2018). With this in mind, we curated the
adaptation of the PAQ (Kiskimska and Martinez-Sanchez, 2023). The adaptation of the
questionnaire took us quite a long time but assured us to have a measurement tool that we could

trust. It also allowed us to update the TAS-20 instrument.

The First Study and the Lessons Learned from it.

In the PAQ adaptation, we used Google Forms (Google, 2021) to collect the data. The
use and experience with the software gave us the idea to redefine our experimental task, without
the need to gather the subjects to the laboratory. It also redefined, to a certain point, the
measured variables. We went from a direct measurement of emotion processing to a subjective
one through self-assessment. The pros from the self-assessment scales were obvious: easily
appliable to multiple subjects, bigger sample available, less resources needed and easier data
cleaning and analysis. The big con, however, was the fact that they are highly dependent on the
subjective perception of the subjects and the development of their internal valuation systems.

Starting from there, a Google Forms test battery was created using the following
instruments from the previously explained in Chapter 3: LSBQ, TAS-20, PAQ, EES and BEQ.
We wanted to find the correlation between language history and bilingualism with the
experimented emotion processes. The tests were applied to the students of the "Motivation and
Emotion" class of the Psychology degree in the University of Murcia in April 2022 through a
link sent to their faculty email. Inclusion criteria were for subjects to be between 18 and 35
years old, no previous history of psychopathology and no current medication. Normal or
corrected to normal eyesight and no auditory problems. We aimed for native Spanish speakers,

monolinguals or bilinguals, with their second language being English.
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It was a quick failure, 40 persons responded to the battery. We did not pursue it because
the time did not help, students were going through their final exams and were not easily
reachable. The course they were asked to participate in for extra credits had already finished in
December, so they had no additional incentive to participate. The data we received was hard
(almost impossible) to clean and analyse, and we noticed that subjects responded without
reading the inclusion and exclusion criteria We assessed the language history and use with the
LSBQ, but we found it insufficient. The sample we recruited exceeded our expectations. We
had expected to receive mostly monolinguals and bilinguals, but we found out that many of the
subjects spoke a third language as well (French). Also, to use both BEQ and EES was not
necessary, because we could change the longest one to measure another emotion factor.

What we took from that experience was: we needed to change the LSBQ with another
measure of language so we could contemplate trilingual subjects as well, we needed to ask
subjects to participate at a better period, and finally, we had to find the scale to substitute one
of the emotion expression questionaries.

The experimental journey explained here is just a brief summary of some years of
working towards the goal to find the best fitting experimental design for this thesis. Many hours
of work were invested, but failure had to happen in order to find a better and more suitable for

our research interest way.
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Chapter 5

Methodology

Ethical and Legal Consideration.
The study performed in this thesis was approved by the Ethics Committee of the
University of Murcia (ID: 2625/2019). All subjects participated voluntarily and signed an

informed consent prior participation.

Aims of the Study.

We wanted to confirm if bilingualism affects emotion processing defined as enhanced
emotion expression and regulation and less emotional reactivity. We also wanted to confirm if
there are any significative differences in alexithymia presentation between multilinguals and

monolinguals.

Instruments and Procedure.

We used Google Forms (Google, 2021) to elaborate the survey. It is a flexible and easily
accessible tool that allowed us to register all the relevant data we were interested in. It is easily
accessible as well. Once we had the battery poured into the app, we shared it to the students of
the Emotion and Motivation class in the Psychology Bachelor's Degree at University of Murcia
via institutional mail. Each student received a randomized six-digit number on their email,
which they had to put into their response. This way, we assured anonymity of the responses.
We did that process at two different periods to achieve the final sample size.

For the data cleaning we used Microsoft Excel (Microsoft Corporation, 2018), for the
data analyses we used jamovi (2.0.0.0) (R Core Team, 2021; Revelle, 2019; The jamovi project,

2021).
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The psychological assessment tools we used were previously described. We used the
Language Experience and Proficiency Questionnaire (LEAP-Q) for the language experience
of subjects and further classification into the experimental groups, the Perth Alexithymia
Questionnaire (PAQ) to assess alexithymia, and the self-explaining Emotion Expressivity Scale
(EES), the Emotion Regulation Questionnaire (ERQ), and the Perth Emotional Reactivity Scale

(PERS).

Inclusion Criteria.

For the sample, we reached psychology students enrolled in the Emotion and
Motivation class, for their participation they received class credit. The data was collected in
two times: first, the students filled the battery of questionnaires, then, they were asked to
administer it to family and friends. This way, we could reach more people.

To participate, subjects had to be Spanish from birth. It was important that their mother
tongue and the one they spoke at home was Spanish to make the sample more homogenous and
to reduce unwanted confounding factors. Subjects speaking, additionally to their native
language, could speak English, or/and French. Any other language spoken besides these three
led to exclusion from the experiment.

We looked for subjects that were not taking any medication or treatment that could
collude with the research (such as hormonal and psychiatric medicines). We also looked for
people that had normal or corrected to normal vision and normal or corrected to normal hearing.
We excluded people with history of mental health issues (i.e. dyslexia, depression, anxiety),

because they would alter the data and the results.

Sample Description.
Actotal of 552 subjects participated. After cleaning the data, we removed all the subjects

that did not meet the criteria. We deleted the responses of the subjects that responded a
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nationality different than Spanish, subjects with history of psychopathology, subjects that
spoke any different language other than Spanish, English or French. We checked once more
and analysed visually for any data incongruence (such as if subject responded they only spoke
one language but responded to the questions of other language proficiencies, meaning they
were wrongly categorized, or it was ambiguous to assume to which group they fit better). The
final sample was N = 395. The mean age was 20.6 years old (SD = 4.72).

Of those, 209 subjects were female (52.9%) and 186 were male (47.1%). We analysed
the goodness of fit measure, a x> = 1.34 (p = 0.247) was obtained, meaning that there were no
significant gender differences in the sample.

We distributed the subjects in three possible groups according to their spoken languages
(as shown in the Table 5.1). In sample size of each group, bilingual and trilingual group are

quite similar, but the monolinguals are approximately one sixth of each of them.

Table 5.1
Subject Groups
Group L1 L2 L3 n Proportion Mean Age SD
1 Spanish Non Non 33 8.35% 26.3 11.25
2 Spanish English Non 182 46.08% 20.4 4.00
3 Spanish English French 180 45.57% 19.7 1.87

Note. L1 = First language learned; L2 = Second language learned; L3 = Third language learned; n = number

of subjects in the group; SD = standard deviation of age.

Language Characteristics Across the Groups.

Age of Acquisition. Ages of acquisition were calculated. The global mean L1 was 4.34
years. For groups two and three, the mean of L2 acquisition was 8.01 years. For group three,
the mean of L3 was 8.01 years. Table 5.2 contains a description of each AoA by group and
language, which gives us a better insight of when subjects started learning/speaking each

language.
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We performed a one-way ANOVA with Games-Howell post-hoc test to discard any
possible significant differences between the three groups in the terms of age of acquisition of
first language for the three groups and age of acquisition of second language in the second and
third group. There were none.

The Games-Howell post-hoc test was chosen as it does not rely on equal variances and
sample sizes (in comparison to Tukey's test), which is currently the case since we have a big
disparity between the first group and the other two in terms of sample size.

Table 5.2

Age of acquisition by group and language.

Group AoA L1 (SD) AoA L2 (SD) Ao0A L3 (SD)
1 4.60 (1.31) - -
2 431 (1.80) 7.55 (4.95) -
3 4.32(1.18) 8.46 (3.56) 8.01 (6.24)

Note. AoA = age of acquisition in years; first language learned; L2 = second language learned; L3 = third

language learned.

Language Proficiency. Subjects were asked at multiple items the proficiency they
believed they had when using each language. The questions were related to the proficiency
when speaking, reading and understanding speech in that language, and were rated from 0 to
10 To simplify tests, we averaged the three items in one. The results describing our sample are
showed in Table 5.3.

Table 5.3

Proficiency reported by group and language.

Group L1 (SD) L2 (SD) L3 (SD)
1 9.43 (0.907) - -
2 9.01 (2.144) 4.89 (3.193) -
3 8.90 (2.275) 5.95 (2.799) 3.40 (3.218)

Note. L1 = first language learned; L2 = second language learned; L3 = third language learned.
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What we can observe is that the first language produced a better proficiency compared
to the following, having a decline with each additional language. It is also curious to see that
bilinguals and trilinguals showed lower averages on L1.

We performed an ANOVA with Games-Howell post-hoc test on this factor to see
differences between the groups. We obtained no differences in L1 (see Table 5.4). However,
comparisons between bilinguals and trilinguals in estimated proficiency in L2 showed
significant differences, -1.07 (p = 0.002).

Table 5.4

ANOVA assessing differences between groups in proficiency levels of L1.

Group 1 2 3
Mean Mean Mean
p-value p-value p-value
difference difference difference
1 - - 420 151 .536 .058
2 - - - - 117 871
3 _ - - - _ -

Note. * p < .05, ** p <.01, *** p < .001.

Way of Learning. Six questions were made in the LEAP-Q to subjects as to what extent
their family, friends, reading, self-learning or consuming media had an impact on their
language learning experience. They could rate it in a scale from 0 to 10.

Table 5.6

Way of learning descriptives.

Group L1 (SD) L2 (SD) L3 (SD)
1 8.48 (1.32) - -
2 7.72 (2.42) 4.04 (3.01) -
3 7.66 (2.45) 4.83(2.73) 2.26 (2.48)

Note. L1 = first language learned; L2 = second language learned; L3 = third language learned.

A tendency similar to the proficiency tests we performed is seen here. We performed

the same ANOVA with Games-Howell post-hoc test to assess if there were any significant
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differences between the groups. This is important due to the fact that usually a second language
has less emotionality if learned in a non-organic way.

Subjects reported significantly less influence of the reported factors for L1 learning as
they spoke more than one language. We contrasted L2 differences as well. The learning of a
second language was influenced significantly different for bilinguals and trilinguals (mean
difference = -0.787; p = 0.026).

Table 5.7

ANOVA assessing differences between groups in way of learning of L1.

Group 1 2 3
Mean Mean Mean
p-value p-value p-value
difference difference difference
1 - - 765 .028* .824 .017*
2 - - - - .0596 971
3 - - - - - -

Note. * p < .05, ** p <.01, *** p < .001.

Subjects reported significantly less influence of the reported factors for L1 learning as
they spoke more than one language. We contrasted L2 differences as well. The learning of a
second language was influenced significantly different for bilinguals and trilinguals (mean
difference = -0.787; p = .026).

Language Exposition Time. After assessing the influences for language learning in
subjects, we asked them about the exposition time to each language in similar contexts to the
language learning items: family, friends, reading, self-learning or media consumption.

Table 5.8

Language exposition time descriptives.

Group L1 (SD) L2 (SD) L3 (SD)
1 8.934 (1.73) - -
2 8.316 (2,56) 2.740 (2.45) -
3 8.169 (2.54) 3.400 (2.33) 0.953 (1.66)

Note. L1 = first language learned; L2 = second language learned; L3 = third language learned.
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There were no significant differences between the three groups in L1 exposition, as
seen in Table 5.9. However, differences between L2 exposition in groups 2 and 3 were found
(mean difference = -0.660; p = 0.024).

Table 5.9

ANOVA assessing differences between groups in language exposition time of L1.

Group 1 2 3
Mean Mean Mean
p-value p-value p-value
difference difference difference
1 - - 618 .199 766 .087
2 - - - - 147 .847
3 _ - - - _ -

Note. * p < .05, ** p <.01, *** p < .001.

Language Characteristics Across Gender.

As we established in the theory part, gender differences in emotion processing are
important. We wanted to check out if there were any differences in the language variables
described in the previous section throughout gender.

An independent samples t-test (Student's t) will be performed as there are only two
levels in the gender variable. We assume that group one and group two are different.

Table 5.10

Gender and language descriptives for L1.

Dependent Variable Female Male
Mean SD Mean SD
Age of acquisition 4.138 0.926 4.559 1.95
Proficiency 9.199 1.929 8.769 2.33
Way of learning 8.070 2.291 7.394 241
Exposition to language 8.659 2.317 7.897 2.64

Note. L1 = first language learned.
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There are some variables in which we can see gender differences. For instance, females
learned earlier the first language, evaluated to have more proficiency in it, had a better quality
of learning (first and second language) and were more exposed to it.

Table 5.11

Gender and language Student's t analysis.

Language Dependent Variable t p

L1 Age of acquisition -2.79695 .005%**
Proficiency 2.01023 .045%
Way of learning 2.85762 .004%*
Exposition to language 3.05889 .002%*

L2 Age of acquisition 0.15258 .879
Proficiency 1.93964 .053
Way of learning 2.84388 .005%*
Exposition to language 0.56738 571

L3 Age of acquisition 0.47166 .637
Proficiency 0.87852 380
Way of learning 1.16111 246
Exposition to language -0.00632 995

Note. L1 = first language learned; L2 = second language learned; L3 = third language learned; ¢ = Student's

t; *p<.05, % p< .01, **p< 001

Hypotheses.

In the language variables registered, we hypothesize that females will have better
proficiency compared to males, as well as earlier age of acquisition.

In the emotional variables analyses, for both group and gender analyses, we expect
subjects from the L2 and L3 groups, and females, to obtain lower results in the PAQ (showing
lower alexithymia), higher results in the EES (better emotion expression), lower PERS scores
(lower emotional reactivity) and higher means in the ERQ (better emotion regulation). In

general, a better performance compared their peers.
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Conclusions.

In this chapter, we defined our methodology, established the procedure we used and
described our sample across multiple variables and comparisons, as well as described our
hypotheses to be tested. This will help us understand and describe in a better way the results

we will obtain in the following chapter.
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Chapter 6

Data Analysis and Results

Factors and Analysis Selection.

To sum it up, we have two independent factors (IV) (group and gender), we have several
dependent variables (DV) (the different tests and their subscales), and we have one possible
covariable, which is subject's age. Since we have more than one DV we can use two tests:
MANOVA or MANCOVA. To discriminate between one or the other, if we have a covariable
we use the MANCOVA analysis and if we do not have one, we will perform a MANOVA
analysis as a better fit for our data.

To confirm if age is a covariable, we will use age as a DV and group as [V in an ANOVA
analysis to confirm it or discard it as such. Analysis can be seen in Table 6.1 and confirms age
as a covariable. This leads us to select the MANCOVA analysis in order to gain explicative
power in our results.

Table 6.1

Age as Covariable Confirmation.

Sum of

df Mean Square F P
Squares
Group 1213 2 606.4 31.4 <.001
Residuals 7576 392 19.3

Note. A p <.05 is significant and confirms covariable; df = degrees of freedom.

To get simpler and more direct results, the analyses will be made separating each scale.

This way we will be able to confirm on a construct level the findings of the study.
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Perth Alexithymia Questionnaire and Subscales.

The hypothesis of this analysis is that both group and gender will have significant
differences. Theoretically speaking, it would be consistent with the literature that gender
differences in emotional processing exist. It would be also consistent that the group differences
would be significant due to the fact that subjects that speak more than one language can have
an easier access to lexical information regarding emotions. They would also have more
developed affective schemas.

The PAQ has a theoretical five factor structure: difficulty identifying feelings
(positively and negatively valenced), difficulty defining feelings (both positive and negative
valence) and externally oriented thinking. Results are described in Table 6.2 and Table 6.3.

Table 6.2

General tests on PAQ five factor subscales (Wilks' Lambda).

Value F df1 df2 P
Gender 0.886 9.846 5 384 <.001
Group 0.972 1.116 10 768 347
Gender * 768 .506
0.976 0.928 10
Group
Age 0.988 0.961 5 384 442

Note. * p < .05, ** p < .01, *** p < .001; df = degrees of freedom.

We can appreciate that the interaction between both independent variables is not
significant, which mean that they do not interact. However, the results show that gender,
overall, has significant differences between groups in the alexithymia measurements, compared
to group which does not have any significant value.

These results confirm our hypothesis that gender influences difficulties identifying
feelings and describing them, and also the externally oriented factor. However, they disregard

our hypothesis that being multilingual would also affect the results in the construct.
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Additionally, we analysed the descriptives for gender: females scored consistently
lower than males in their mean results. Females had a total PAQ scoring mean = 61.38 (SD =
26.21), compared to males' mean of 76.7 (SD = 27.62).

Table 6.3

Univariate tests for the five-factor structure of PAQ.

DV Sum of Squares F D
Gender N-DIF 331.565 9.2087 .003%*
P-DIF 720.173 30.4981 001
N-DDF 372.623 8.9938 .003**
P-DDF 790.845 31.0570 001 *#*
EOT 3536.297 35.0039 001
Group N-DIF 87.114 1.2097 299
P-DIF 102.419 2.1686 116
N-DDF 40.328 0.4867 .615
P-DDF 58.550 1.1496 318
EOT 445.773 2.2062 A11
Gender * Group N-DIF 26.049 0.3617 .697
P-DIF 32.510 0.6884 .503
N-DDF 114.601 1.3830 252
P-DDF 5.999 0.1178 .889
EOT 84.030 0.4159 .660
Age N-DIF 99.915 2.7750 .097
P-DIF 0.703 0.0298 .863
N-DDF 93.393 2.2542 134
P-DDF 0.257 0.0101 .920
EOT 58.372 0.5778 448

Note. * p<.05,** p<.01, *** p <.001; DV = dependent variable; N-DIF = difficulty identifying negative
feelings; P-DIF = difficulty identifying positive feelings; N-DDF = difficulty describing negative feelings;
P-DDF = difficulty describing positive feelings; EOT = externally oriented thinking.

Similarly, we analysed the descriptives for each group in each dimension. Results can
be seen in Table 6.4. Generally speaking, even when significant differences were not found,
the L1 and L3 groups scored consistently lower in all of the dimensions in the PAQ (showing

less alexithymia). We discard the hypothesis due to lack of significancy, even though the results
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have the tendency towards confirming it. We will discuss all the results we obtain in this chapter
in the conclusion section of the study, this way we can have a better view and more accurate
review.

Table 6.4

Group descriptives for the PAQ subscales.

N-DIF P-DIF N-DDF P-DDF EOT TOTAL

Ll 142(632)  11.8(659)  15.1(631) 123(6.30)  25.6(12.6)  79.0 (34.7)
L2 13.3(6.04)  9.34(449)  144(646)  10.6(5.05)  20.7(10.1)  68.5(26.4)
L3 12.6 (6.04)  9.43(5.18)  13.9(6.61)  104(5.15)  20.5(10.3)  66.8 (27.8)

Note. N-DIF = difficulty identifying negative feelings; P-DIF = difficulty identifying positive feelings; N-
DDF = difficulty describing negative feelings; P-DDF = difficulty describing positive feelings; EOT =

externally oriented thinking. SD results are in parenthesis.

Emotion Expressivity Scale.

Since the EES has only one dimension, an ANCOVA analysis will be done instead of a
MANCOVA. The hypothesis is the same as in the PAQ correlates. We expect that both gender
and group have significant differences, females scoring higher in the scale, as well as
multilinguals.

Table 6.5

EES results (Wilks' Lambda).

Sum of Squares F df P
Gender 152.5 2.628 1 .106
Group 113.9 0.981 2 376
Gender * Group 126.3 1.088 2 338
Age 73.4 1.265 1 261

Note. * p < .05, ** p < .01, *** p < .001; df = degrees of freedom.

The descriptives for group and for gender were also calculated. Group one had a mean
of 55.2 (SD = 9.14), group 2 had a mean of 54.5 (SD = 7.53) and group 3 had a mean of 53.8
(SD = 17.59). Gender-wise, females scored a mean of 53.1 (SD = 7.07) compared to males that

had a 55.5 mean (SD = 8.18).
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These results deny both hypotheses. In fact, they are the total opposite of what was
predicted. Multilinguals, who we expected to obtain higher results in the emotion expressivity
domain did obtain lower scores, with additional languages lowering it. Similarly, females
obtained lower scores in expressivity than females. We did not obtain any significancy and all
the results are subjected to a mean tendency. We cannot confirm that either group or gender

alter the EES score.

Perth Emotional Reactivity Scale and Subscales.

The hypothesis is that females and multilinguals will score lower (less emotional
reactivity). In a first analysis, we compared the 6 subscales of the PERS in a MANCOVA.
Significant differences were found both between genders and between groups (see Table 6.6).
There was no reported interaction between the categories. This is optimal because we did
expect that there would be a difference.

Table 6.6

General tests on PERS subscales (Wilks' Lambda).

Value F df1 df2 P
Gender 0.934 4.478 6 384 <.001%***
Group 0.936 2.156 12 768 .012*
Gender * 768

0.971 0.942 12 504
Group
Age 0.978 1.411 6 384 .209

Note. * p < .05, ** p < .01, *** p < .001; df = degrees of freedom.

These results were further analysed to see the situation on a subscale level. For our
surprise, in the subscale level, gender still did show significant differences, but group did not.
In fact, neither one of the six subscales of the PERS scale punctuated even remotely close to
be significant.

This is understandable if we have in mind that univariate analysis usually explores each

variable independently, in comparison to multivariate analysis which explores the multiple
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variables together, as well as their interactions and correlations. It detects subtle differences on
an individual variable level that accumulate across the multiple factors that compose the
analysis.

Table 6.7

Univariate tests for PERS' subscales.

DV Sum of Squares F D
Gender PACT 159.24 5.8309 .016*
PINT 223.26 5.5080 .019*
PDUR 17.69 0.5543 A57
NACT 690.73 17.1786 <.001%***
NINT 593.35 13.2778 <.001%***
NDUR 288.06 6.6542 .010%*
Group PACT 33.75 0.6179 .540
PINT 8.17 0.1008 .904
PDUR 120.56 1.8884 153
NACT 35.08 0.4362 .647
NINT 125.76 1.4070 246
NDUR 14.82 0.1711 .843
Gender * Group PACT 9.23 0.1690 .845
PINT 24.19 0.2984 742
PDUR 14.96 0.2344 791
NACT 139.15 1.7304 179
NINT 112.32 1.2567 .286
NDUR 117.37 1.3556 259
Age PACT 87.92 3.2194 .074
PINT 1.20 0.0297 .863
PDUR 106.24 3.3282 .069
NACT 52.53 1.3065 254
NINT 13.41 0.3002 .584
NDUR 3.75 0.0865 769

Note. * p < .05, ** p < .01, *** p < .001; DV = dependent variable; PACT = positive emotion
activation; PINT = positive emotion intensity; PDUR = positive emotion duration; NACT = negative

emotion activation; NINT = negative emotion intensity; NDUR = negative emotion duration.
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Table 6.8

Group descriptives for the PERS subscales.

PACT PINT PDUR NACT NINT NDUR
Ll 226(6.14)  21.6(586)  23.8(6.80)  20.1(6.30)  19.7(6.95)  18.7(7.59)
L2 234(5.00) 21.5(639) 223(542) 21.1(6.77)  222(7.02)  19.8 (6.69)
L3 228(534)  214(647)  218(5.66)  20.4(6.20)  223(649)  19.7(6.35)

Note. PACT = positive emotion activation; PINT = positive emotion intensity; PDUR = positive emotion
duration; NACT = negative emotion activation; NINT = negative emotion intensity; NDUR = negative
emotion duration.

Seeing the descriptives of each group in the six subscales, we can notice that there are
no clear tendencies, and the variation feels almost non-existent. This is why the multivariate
test is important to acknowledge that each subscale has no statistical power itself in the group
comparisons but when summed, it does.

What we can see is that in multilinguals (when adding the second and third group),
subjects tend to have lower emotional reactivity in positively valenced emotion, and higher
emotional reactivity in negatively valenced emotion compared to monolinguals. It does not
confirm or deny our initial hypothesis due to the multidimensionality of the construct
measured.

Table 6.9

Gender descriptives for the PERS subscales.

PACT PINT PDUR NACT NINT NDUR
Females 23.7(5.39) 222(6.67) 224(6.02) 21.9(19.3) 232(6.50)  20.5(6.24)
Males 224(5.03)  20.7(593)  22.0(525) 19.3(6.25)  20.7(6.90)  18.8(6.91)

Note. PACT = positive emotion activation; PINT = positive emotion intensity; PDUR = positive emotion
duration; NACT = negative emotion activation; NINT = negative emotion intensity; NDUR = negative

emotion duration.
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On gender differences, we can clearly see a tendency for males to show lower emotional
reactivity in comparison to females, in both positive emotion and negative emotion factors.

This confirms our initial hypothesis that females would have higher emotional reactivity.

Emotion Regulation Questionnaire and Subscales.

The two hypotheses for this questionnaire are that multilinguals and females will have
better (higher) results in the cognitive reappraisal dimension and lower results in the emotion
suppression. As previously explained, the ERQ has only two subscales: cognitive reappraisal
and emotion suppression.

Table 6.10

General tests on ERQ subscales (Wilks' Lambda).

Value F df1 df2 P
Gender 0.892 23.392 2 387 <.001***
Group 0.985 1.468 4 774 0.210
Gender *

0.999 0.139 4 774 0.968
Group
Age 0.994 1.249 2 387 0.288

Note. * p < .05, ** p < .01, *** p < .001; df = degrees of freedom.

Table 6.11

Univariate tests for the ERQ.

DV Sum of Squares F p
Gender Cognitive Reappraisal 2.56 0.0590 0.808
Emotion Suppression 1276.84 46.6060 <.001%**
Group Cognitive Reappraisal 44.47 0.5122 0.600
Emotion Suppression 141.15 2.5760 0.077
Gender * Group  Cognitive Reappraisal 13.95 0.1606 0.852
Emotion Suppression 5.48 0.1000 0.905
Age Cognitive Reappraisal 76.51 1.7623 0.185
Emotion Suppression 27.86 1.0171 0314

Note. * p<.05, ** p <.01, ¥*** p <.001; DV = dependent variable.
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These results show a significant correlation of gender and punctuation on the ERQ
scale, having in mind both scales. Group does not show any meaningful correlation. In the
univariate results we can see that emotion suppression was better predicted by gender over
cognitive reappraisal, which on its own did not produce a significant result.

Analysing the group descriptives, we can see that females punctuated a mean of 28.5
(SD = 7.04) in the cognitive reappraisal dimension and 11.2 (SD = 5.00) in the emotional
suppression subscale compared to males who got 28.4 (SD = 6.00) and 14.8 (SD = 5.51)
respectively. We can appreciate a similar punctuation in the first dimension for both genders,
but a visibly bigger mean score in males for the emotional suppression regulation technique.

In a group level description, we find that the L1 only group has a mean of 28.1 (SD =
6.1) in the first subscale and 15.3 (SD = 6.46) in the second. The L2 group obtained 28.1 (SD
= 6.66) and 12.8 (SD = 5.50), and the L3 group got 28.8 (SD = 6.55) and 12.4 (SD = 5.30)
respectively. We can see a visibly smaller mean result in multilinguals in the emotional

suppression dimension.

General Analysis of All Variables.

Since all the analysis we did were to check how each scale and subscale correlate with
the gender and group independent variables, the next step was to incorporate all of the
information as a whole to check how they contribute to the greater information.

Table 6.12

General model analysis (Wilks' Lambda).

Value F df1 df2 P
Gender 0.776 7.739 14 375 <.001%#**
Group 0.884 1.698 28 750 0.014*
Gender *

0.943 0.799 28 750 0.761
Group
Age 0.965 0.976 14 375 0.478

Note. * p < .05, ** p < .01, *** p < .001; df = degrees of freedom.



107

The expectations before analysing the data were that both gender and group would have
significant correlations with the dependent variables: the subscales of the chosen instruments.
So, the hypotheses would be accomplished here. The dependent variables included in the

general analysis are the ones described in the univariate analyses of this chapter.

Conclusions.

In this chapter we used the experimental groups and subjects' gender as independent
variables to analyse the results obtained in the scales administered to our sample. Some
hypotheses were confirmed, but mostly the group IV has not shown t be the best in predicting
subject's performance in those questionnaires. In the next chapter, we will proceed to draw

conclusions from those results, analyse limitations overall and discuss them as a whole.
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Chapter 7

Conclusions of the Research

In the two previous chapters we analysed and exposed all our results and sample
descriptions. We have three groups. The first group speaks only Spanish (L1 group), the second
group speaks Spanish as a first language and English as a second language (L2 group), and the
last one speaks Spanish as a first language, English as a second language and French as a third
one (L3 group). These groups were created naturally after a first, preliminary, study in which
we noticed that most subject were bi- or trilinguals, in contrast to the expected result of mostly
monolinguals.

The hypotheses of this study were that subjects in the bilingual or trilinguals groups, as
well as females, would have an enhanced emotional processing compared to monolinguals and
males. This chapter will be divided in three major subsections: review of group and gender

analyses, and a final general overview.

Group Analyses Review.

To start, an initial annotation must be made: while groups L2 (n = 182) and L3 (n =
180) are quite similar in sample size, the monolinguals group is significantly smaller (n = 33).

Language Descriptives. Analysing the age of acquisition of the first language, we
found a general tendency of earlier acquisition in bilinguals and trilinguals, but the differences
between groups in AoA of the first language were far from significative.

A curious result was found in the L3 group in the third language: AoA was found to be
earlier than the AoA of the second language by almost half a year. This can be due several facts:
languages like English and French are both learned in school (the learning curriculum can start

at similar ages), the used questionnaire relies on memory and recall, as well as subjective
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evaluation of one's own skill, which can be somehow misleading in the timespan of events.
However, even though age of acquisition has been on and off the radar in the literature, in the
study of Pelham and Abrams (2013) they found that early and late bilinguals performed
similarly in lexical accessing tasks and had similar executive function benefits. What
determined the presence of said benefits was the regularity of use and a mean of over 7 points
in the proficiency of the language evaluated through the LEAP-Q.

In the self-perceived proficiency, subjects evaluated the first language as the one with
a better proficiency, rating the second and third languages decreasingly lower. No significant
proficiency differences were found between the three groups in the first language, even though
the predisposition could be analysed visually. The tendency we found would be in line with
expected results: the mother tongue is usually the one that we learn in social contexts and the
one we use the most. The second and third languages do not usually have this emotional and
social depth, as well as they are usually learned later in life and in a more synthetic way (i. e.
in the classroom). Several studies had already found out that the second language was evaluated
by people as less emotional (Caldwell-Harris and Ayg¢icegi-Dinn, 2009; Opitz and Degner,
2012; Hsu, Jacobs and Conrad, 2015).

In their review, Sharif and Mahmood (2023) found out that bilinguals had advantage in
congruency effects on negative emotion, in emotional regulation and reducing emotionality of
stimuli. However, monolinguals did perform better when detecting and identifying emotions.
Language proficiency in the second language was key as well in emotional processing. In our
study, we did not account for how language proficiency in bilinguals altered their emotional
processing, because we used categorical variables for bilingualism instead of the continuum it
presents on.

The multilinguals' group evaluated languages with somehow lower proficiency levels.

This might be due to a better understanding of the complexity of assessing one's own ability in
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such a context: a language is a highly elaborated signal system and even if we are fluent in a
certain language we can acknowledge the gaps in our proficiency. Bilinguals and trilinguals
may have developed better schemas on the topic, which helps them to assess more accurately
their own level of proficiency, having better metalinguistic awareness (Francis, 1999).
Trilinguals also reported a significantly better perceived proficiency in their second language
compared to bilinguals.

We assessed the way of learning of each language with six questions regarding the
impact of the subject's surroundings in the quality of learning each language. We found that the
second and the third group used to evaluate the impact as lower compared to the monolinguals.
In fact, significant differences were found between the L1, L2 and L3 groups in the first
language way of learning. A significant difference was found between L2 and L3 in the second
language learning. As well as each language had a lower influence of the environment
compared to the previous.

This can be explained through the same principle used in the previous category: English
and French are usually learned in a non-natural way in classrooms, they are usually not used
in social contexts or chosen as a first option when consuming media.

The last language variable we studied was the exposition time to each language. We
used the environmental variables used in the way of learning variable. What we found is that
there were no significant differences between groups for none of the languages, but a general
tendency of lowering the exposition time for each additional language. Also, bilinguals
trilinguals punctuated a lower mean of exposition to their first language compared to the other
group, obtaining trilinguals the lowest score. This might be due to the distribution of exposition
time across the different languages each person speaks. There was a significant difference
between the time groups L2 and L3 were exposed to the second language (English). Trilinguals

used more their second language.
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Emotional Variables. We evaluated alexithymia, emotional expressivity, emotional
regulation and emotional, and emotional reactivity individually and as a general model. When
using each scale and their subscales separately, we most often found no significancy in group
comparisons. In the literature, there are unconclusive findings due to the disparity of methods
used in the research of the topic (Morawetz et al., 2017).

We started out with the Perth Alexithymia Questionnaire, a tool evaluating alexithymia.
There were no significant differences between groups in the MANCOVA analysis, but we could
find a general tendency of lower mean results for groups L2 and L3, with L3 being the lowest.
A limitation of this part might be the sample size and the way we evaluated language
competency. At the moment, there are no studies that have researched the link between
alexithymia and bilingualism. There is one Russian study performed by Galkina. Lasovskaya
and Pupkova (2021) that uses a sample of bilinguals with alexithymia to study their linguistic
personality through texts in both languages, but the study does not compare bilinguals to
monolinguals in the alexithymia construct. However, as we previously explained, there are
multiple emotional processes occurring to explain alexithymia, and we will focus on two of
them: emotion regulation and emotional expressivity. We have studied them through two
distinct scales. More studies on this end would be necessary to establish and describe how
alexithymia behaves in monolinguals and in multilinguals.

In the emotional expressivity itself measured with the EES we did not find anything
meaningful either. In fact, what we expected was for multilinguals to score higher than
monolinguals, and the tendency was the opposite. This might be because the scale we used did
not differentiate between positively and negatively valenced emotions. We also know that
bilinguals have a language they prefer for emotional speech, because they feel more intensely
in that language (usually, the dominant language). Marian and Kaushanskaya (2008) found out

that emotion expression in bilinguals may vary across languages, being both linguistic and
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affective systems intertwined in the cognitive architecture of the bilingual. However, we cannot
account if they have more or less expressivity for each language with the current tests we used,
and this would be a point of improvement for future studies.

The next variable we analysed was emotional reactivity as a multidimensional construct
separated in three factors: activation, intensity and duration. Each factor then had a distinction
in the emotional valence they evaluated. This left us with six subscales. We found significant
differences when comparing groups (even though the evaluation of each individual subscale
did not arise any significancy). We found out that multilinguals had less reactivity in positive
emotions and higher reactivity in negative emotions compared to the monolinguals group. This
is coherent with the literature, in which we often find a more negatively valenced speech in
bilinguals (Marian and Kaushanskaya, 2008). Previous studies of emotional reactivity focused
on autonomic parameters to measure the extent of the response (Harris, 2004; Eilola, Havelka
and Sharma, 2007; Weimer, Koniakowsky, Nazir and Huckauf, 2022). We cannot extrapolate
those results to our study, but we can interfere from them that negatively valenced emotional
words and taboo words elicit greater response in the first language, but tend to have lesser
response in subsequent languages, since they lose the automaticity of processing and the
emotional charge they come with trough social context.

The last instrument we used was the ERQ which measures two emotion regulation
strategies: cognitive reappraisal and emotion suppression. We found no significant differences
in the use of any of the two subscales in any of the groups. Our interpretation is that
bilingualism does not affect the two emotion regulation strategies used in this study. This is in
line with the study of Morawetz et al. (2017), in which they also did not find differences
between language contexts in the cognitive reappraisal strategy. Our greatest limitation is that
we did not use direct measures of emotion regulation, but the subjective evaluation of our

sample of how they behave in two very concrete emotion regulation strategies. Previous
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research shows that bilinguals outperform monolinguals when regulating negative emotions
(Sharif and Mahmood, 2023). A study from Quifiones-Camacho et al. (2018) shows that
bilinguals use different emotion regulation strategies depending on the language context they
are in. Some other strategies were researched by Morawetz et al. (2017), such as content
labelling and emotion distancing in trials set in the second language of subjects. For future
studies, a differential approach for each language should be made, as well as a general one in
which we can confirm how exactly bilinguals regulate their emotions and compare their results

to a control group of monolinguals.

Gender Analyses Review.

Language Descriptives. Starting with the language descriptives, we found significant
differences between both genders in all of the variables in the first language. We also found a
significand difference in the way of learning of the second language.

Females had a lower age of acquisition, a better perceived proficiency, and had more
exposition and a better quality of learning their mother tongue compared to their male peers.

Adani and Cepanec (2019) described early differences in language development,
reaffirming that girls, from a very young age, show advantage in early language development.
Differences in language acquisition were present for the first language, but also for any
additional language learned. Women usually present better verbal performance, and some
studies stipulate it is due to the social roles each gender has. Etchell et al. (2018) performed a
systematic review in which they confirmed differences between boys and girls in language
development, but also highlighted the importance of other factors that might enhance the
differences, such as age and the task with which they are evaluated. On the other hand, culture
and gender roles also shape this development.

Emotional Variables. Generally speaking, and as explained in previous chapters,

gender is a huge influencer of emotion processes. To analyse the results and compare both
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genders served both as a control condition as well as a confirmatory analysis of current
literature.

In most of the variables, females exceeded their male peers. In the alexithymia field,
they obtained lower results in the PAQ scale and significant differences were found in all of
the five subscales. The biggest differences were found in the positively valenced subscales and
the externally oriented thinking. This is in accordance with previous research. For instance, in
their review Xia (2013) described that women have been found to use more describing
adjectives than man to describe their ideas and feelings but use less swear words and expletives.
In a meta-analytic study correlating gender and alexithymia, Mendia et al. (2024) found similar
results to ours, but they did not account for emotional valence. However, they did highlight
that there were high variations between studies due to their heterogeneity, with cultural
indicators carrying the weight of the explications. Brodbeck and Silani (2013) confirmed those
findings, and also did not report for emotional valence, since they used the TAS-20.

When analysing the PERS, women got higher means showing bigger reactivity in the
three dimensions and throughout the two valences. Statistically, the biggest differences were
found in the negatively valenced activation and intensity of emotional response. The only
subscale that did not show substantial differences between genders was the positive duration
of emotion reaction. Our results are in line with the confirmation study of the scale performed
by Becerra et al. (2017), in which women also did punctuate generally higher than their peers.

In the emotion regulation field, when comparing the two strategies we found that they
saturated to have great statistical differences between gender, but when analysing the variables
independently we found that the cognitive reappraisal did not arise such difference. Males
punctuated higher in the emotion suppression subscale, meaning they did use that strategy more
often than females. In their study, Teeters, Laves, King and Brausch (2023) found that there are

differences between the regulation strategies used by each gender. They found no significant
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differences in the use of each strategy in their sample but acknowledged that there are mixed
findings in the literature, in which they found some studies that did not find differences and
others showed that males used the emotion suppression strategy more. In Gullone, Hughes,
King and Tonge (2010) we find the latter. They studied emotion regulation development in
children and found that the use of emotion suppression had a linear decline over the year,
reappraisal had a linear increase of use and that males reported more suppression.

The only variable that did not find any difference between groups was the emotional
expressivity. Similarly to the group analyses, we can find a limitation in the scale we used as
not distinguishing between positive and negative emotions, which might be a better descriptor
of how the sample behaves rather than a general emotion expression variable. This is also noted
in the study performed by Deng et al. (2016), in which they found inconsistency between
emotional expressivity and experience. They recorded autonomic measures of emotional
experience (they used heart rate variability), and also analysed the responses to participants
assessment of their own emotional expressivity through a report of valence, arousal and
motivation of the perceived stimuli. They found out that women had higher emotional
expressivity in negative emotions, but men had more intense emotional experience. They used
a discrete approach for classifying the emotional stimuli instead of the dimensional one. They
found higher arousal ratings for most of the emotional stimuli in females. Chaplin (2015)
found, on his review, that gender usually shows small gender differences in emotion
expression, with women having greater emotion expressivity. Results were differentiating
between the valence of emotions, with increased results in the positively valenced ones. They
did find, in accordance with the Deng et al. (2016) study, that even though men did not show
such high emotion expression levels, they did experience them equally or even stronger than
their female peers. These findings are consistent with the social acceptance that women are

expected to behave more emotionally, and with men being expected to keep their feelings for
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themselves. In Florentini (2013) we find that, although most studies report certain gender
differences such as the ones described previously, others do not find any. So, as far as we know,
a more unified form of studying emotion expressivity in gender should be done, and it should

have in mind culture and other social variables as covariates.

General Overview and Limitations of the Study.

After having analysed specifically each variable through gender and group results, a
general model analysis was created to see how all the variables behaved together. It is
interesting to see the details of each subscale, but the study was focused on a general group
difference between monolinguals and multilinguals. We did find several variables to be
significant, but would the whole emotional processes we measured have the statistical power
to discriminate between the groups?

Generating a MANCOVA with all the analysed factors, and using group and gender as
independent variables, we found significant differences both between groups and gender (both
IV were not found to interact).

Understanding emotion processing as an event that starts with a stimulus that is
perceived, appraised, and responded (in which the appraisal and the response are modulated by
psychological factors such as development of emotional schemas, emotion regulation strategies
the person uses, emotional reactivity and expressivity), this lets us confirm that multilinguals
process emotion differently than monolinguals, and we can confirm with great certainty that
females and males also process emotions differently.

The most important one is the sample size. A bigger sample in the monolinguals group
can be influential in the results and help with generalizing them to greater populations. To use
a language assessing tool that is based on subject's ability might be beneficial as well.

Another limitation is that, in comparison to Algarni and Dewaele (2018), we simplified

our sample and used only native Spanish persons as a sample, whose mother tongue was
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Spanish. This helped us eliminate confounding variables that could interfere in the study (as
different backgrounds and cultures of subjects) but limited us in the sample size. They used
two separate samples, one that was Arabic and one that was English, and then created two
groups for each, a monolingual and a bilingual one.

Finally, we would recommend for future research to use a more natural ways of
measuring emotion processing. This way the effect of subjectiveness in the self-assessment
tools would be eliminated. We evaluated subjects about their second and third languages using
scales in their first language. This might be a limitation, because people have different social

personality, attitudes, ethical, moral and behavioural codes for each language (Paradis, 2008).

Conclusions.

In this chapter we reviewed the results we obtained and compared them to the results
of other researchers on the topic. Even though there is still some heterogeneity in the current
literature on some of the variables, our findings were in line. We found that our hypotheses
were achieved; both multilingual groups obtained better results in the emotion processes we
measured compared to their monolingual peers, and females had overall enhanced emotion
processing. The strongest correlations were found in gender, the group results were relatively
smaller in size effect.

There is still a lot more to research on the topic, but we consider this a solid first step

on our behalf.
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Discussion and Conclusions
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We hypothesized that being a bilingual (or a multilingual), would have beneficial effects
on the general understanding and development of emotion schemas. As a control, we put gender
as an additional independent variable. Current literature is precise on the gender effect on both
language performance and emotionality.

To confirm our initial hypotheses, we chose instruments that measure: alexithymia
(Perth Alexithymia Questionnaire), emotional reactivity (Perth Emotional Reactivity Scale),
emotion expressivity (Emotion Expressivity Scale), and emotion regulation (Emotion
Regulation Questionnaire). We wanted to compare monolinguals to bilinguals, and we chose
the Language Experience and Proficiency Questionnaire to evaluate language history and
proficiency of our sample.

We recruited a sample of Psychology students and applied to them the battery of
instruments. After an exhaustive data cleaning, and a couple of analyses later, we found that on
a general note both of our hypotheses were achieved. Individual variables did not saturate
enough to confirm group differences, but a multivariate analysis did find significant differences
between the three groups in the emotional factors. Gender analyses were clearer on both
individual and general level, showcasing significant differences as well.

We consider this research to be relevant to the study of bilingualism and emotion. We
have advanced in the understanding of how the emotional processes we analysed behave in a
bilingual and trilingual sample. It is a first step towards a better definition of the bilingual
affectivity. This is also relevant in both other research topics and clinical applications.
Bilingualism is more and more frequent in the current globalized society. Knowing more about
how it affects the person will be useful to trace and tackle clinical interventions in
psychopathology, and also serves as a modulator of the presence of neurodegenerative diseases,

as it creates a cognitive reserve that delays the onset and reduces the speed of those diseases.
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We also understand a need to evaluate emotional processing in a more direct way, less
dependent on subjective evaluations. We did study it through self-assessment scales, which
also did not assess all the processes there are. The study we performed is an approximation to
the topic, laying a ground to further research it and generate more accurate descriptions.

Bilingualism encompasses more than just two languages in a person, it includes
schemas and worldviews of two socially accepted norms. Its relevance has already been shown,
and its advantages have been widely studied, but more research is needed to describe the impact
on the emotional schemas and advantages in the affective world of the person.

We were limited in time and in available resources and materials to perform this study.
More analysis can be made with the sample we have, more sample can be recruited to generate
a more powerful effect. More instruments can be used to adjust the gaps we left (such as the
emotion regulation strategies or the emotion expression studied through its valence). The
possibilities are endless.

The most important thing would be to find a unified way of studying the bilingualism
itself. We are surrounded by media in multiple languages daily both in television and in social
networks, this must be generating impact and creating, even at a small level, second language
learning experiences. Bilingualism should not be considered as a categorical yes or no variable,
it is dimensional, and it should be displayed as a continuum. More accurate instruments should

be made.
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Appendix A. Neuroanatomy of Emotion and Language.

Area

Function

Authors

Amygdala

Angular Gyrus (BA 39)

Anterior Cingulate Cortex (ACC)

- Activation decreases when the ambiguity of structural information in an emotional face is
reduced.

- Activation is associated with emotional valence of the stimuli.

- It is a necessary component in the processes that involve updating representations of value.
- It is responsible for encoding affective significance and in generating affective responses
in the body.

- Modulation of the hippocampal and caudate-putamen memory systems.

- Mediation of motivated attention and preparation for action.

- Basolateral nucleus: mediation of motivational significance of input.

- Central nucleus: mediation of fight/flight responses, mediation of the relevant cue as a
focus of attention. Modulatory role in secondary reinforcement paradigms.

- It controls sentence comprehension processes.

- Coordination of multiple linguistic processes.

- Activation arouses when there are conflicts in the possible interpretation (even when there
is no coherent interpretation available).

- Discourse generation.

- Important role in contiuous speech, as well as motivational aspects of higher cognitive
control.

- Reading, repetition and generation of sentences.

- Evaluation and signalling of conflict in downstream cognitive processes.

- Switching processes: between- and within-language.

Barrett, Lindquist and Gendron (2007);
Morrison and Salzman (2010); Lindquist
(2017)

Ye and Zhou (2009)

Bourguignon (2014); Ye and Zhou (2009)
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Area Function Authors
- Communication goal maintenance and inhibition of unselected language.
Anterior insular cortex - Picture naming and syllabification. Bourguignon (2014)
- Word generation.
Anterior Prefrontal Cortex (aPFC) - Episodic control Bourguignon (2014)
(BA 45/46) - Exploratory processes using strategies from long-term memory to solve new problems.
- Word generation.
Anterior Temporal Lobe (ATL) - L2 picture naming. Li, Legault and Litcofsky (2014);
- Linked to semantic representation. Lindquist (2017)
- Involved during emotion.
Basal Ganglia (BG) - Sequential events planning. Suppression of competing alternatives. Ye and Zhou (2009)
Broca’s area (BA 44, 45) - Picture naming and syllabification. Bourguignon (2014)
Caudal Frontal Cortex (cFC) (BA - Sentence generation tasks. Bourguignon (2014)
44/45/47)
Caudal Prefrontal Cortex (BA 6, - Organization of discrete actions into simple linear sequences. Bourguignon (2014)

13, 44)

Caudate Nucleus - Switching processes in between- and within-language combinations.

- Reflects sensitiveness to the occurrence of the languages the bilingual speaks and reads in
their environment, as well as the potential interference that occurs.

- Detection of phonological anomalies in the selection of competing verbal responses.

- Reflects need to inhibit L1 during the performance of L2.

- Bilingual language control and syntax.

- Use of non-linguistic rules.

Cerebellum (CB) - Procedural memory.

Ye and Zhou (2009); Li, Legault and
Litcofsky (2014); Buchweitz and Prat
(2013)

Li, Legault and Litcofsky (2014)




157

Area Function Authors
Dorsolateral frontal cortex (BA - Picture naming tasks. Bourguignon (2014)
9/44)

Dorsolateral Prefrontal Cortex - Switching processes in between- and within-language combinations. Ye and Zhou (2009)

(dIPFC) (BA 9/46)

Dorsomedial Prefrontal Cortex

(dmPFC) (BA 8)

Frontal Pole (BA 10)

Fusiform gyrus

Hippocampus

Inferior Frontal Gyrus (IFG) (BA
44/45)

- Reflects sensitiveness to the presence of the languages the bilingual readers and listeners
speak (plus the potential interference that may occur).

- Control processes in sentence comprehension.

- Implicated in both semantics and emotions.

- Role in semantic representation and retrieval, generation and representation of affect.

- Role in attending to and integrating conceptual knowledge in order to make meaning of
one’s affective state.

- Implicated in semantics.

- Discourse level of speech and discourse generation.

- Control processes in sentence comprehension.

- Selectively related to the coordination of multiple linguistic processes.

- Activation arouses when there are conflicts in the possible interpretation (even when there
is no coherent interpretation available).

- Discriminable patterns of activity elicited by different facial expressions.

- Memory consolidation of emotional events.

- Supports emotion perception.

- Implicated in a host of cognitive processes (language, goal-related retrieval of conceptual
knowledge).

- Provides an emotional label to caricatured emotional faces.

- Selection of words at predicative and phonological levels.

- Role in syntax and bilingual language control.

Ye and Zhou (2009); Lindquist (2017)

Bourguignon (2014); Ye and Zhou (2009)

Skerry and Saxe (2015)

Barrett, Lindquist and Gendron (2007);
Bourguignon (2014); Buchweitz and Prat
(2013)
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Area Function Authors
- Use of non-linguistic rules.
Inferior Parietal Cortex (BA 40) - Control processes in sentence comprehension. Ye and Zhou (2009)
Insula (BA13) - Syllabic and phonological planning. Bourguignon (2014); Lindquist (2017)

- Picture naming tasks.
- Selection of words at predicative and phonological levels.
- Sentence generation tasks.
- Discourse generation.
- Representation of affective changes in awareness.
Lateral Prefrontal Cortex (IPFC) - Maintenance of communication goal and inhibition of the unselected language.
Lateral Temporal Cortex (ITC) - Implicated in both semantics and emotions.
- Semantic representation and retrieval, generation and representation of affect
Left Inferior Frontal Gyrus (IIFG) - Lexical retrieval and selection, together with related processes of picture-related decision-
(BA 9/44) making and strategic phonological processing.
Left precentral gyrus (BA 4/6) - Word reading and repetition.
- Pre-planned speech.
- Reading and repeating verbal material (sentence repetition).
Left Ventral Motor Cortex - Articulatory motions.
Left Ventral Premotor Cortex - Articulatory motions.
Medial Prefrontal Cortex (mPFC) - Contains invariant to perceptual modality representations of emotion.
- Implicated in both semantics and emotions.
- Associated with semantic representation and retrieval, generation and representation of
affect.
Motor Cortex (MC) - Simple responses to salient sensory cues.

- Word reading repetition.

Bourguignon (2014); Ye and Zhou (2009)
Lindquist (2017)

Bourguignon (2014)

Bourguignon (2014)

Bourguignon (2014)
Bourguignon (2014)
Skerry and Saxe (2015); Lindquist (2017)

Bourguignon (2014)
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Area Function Authors
Orbitofrontal Cortex (OFC) - Code of positive and negative value (independently and together). Kuhl (2010)

- Valence-related information.

- Memory of emotional events.
Premotor Cortex (PMC) - Simple responses to salient sensory cues. Bourguignon (2014)

- Word reading repetition.

- Sentence generation tasks.
Pre-Supplementary Motor Area - Lexical disambiguation.

- Inhibition of erroneous language representations.
Right Cingulate Cortex (BA 24/32) - Sentence generation tasks.
Rostral Prefrontal Cortex (BA - Word generation tasks.
45/46)
Rostral Prefrontal Cortex (rPFC) - Discursive level of speech.
(BA 10/46) - Discourse generation.
Superior Prefrontal Cortex (BA - Discourse generation.
8/32)

Superior temporal sulcus (STS) - Discriminable patterns of activity elicited by different facial expressions.

Supplementary Motor Area (BA 6) - Picture naming tasks.

- Discourse generation.

- Motivational aspects of higher-order cognitive control (in continuous speech).

- Sentence reading and repetition.
- Sentence generation.

- Language and speech processing.

Hertrich, Dietrich and Ackermann (2016)

Bourguignon (2014)
Bourguignon (2014)

Bourguignon (2014)

Bourguignon (2014)

Skerry and Saxe (2015)

Bourguignon (2014); Hertrich, Dietrich
and Ackermann (2016)
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Area Function Authors

- Speech motor control — speech initiation and triggering.
- Initiation and timing control, automatization, monitoring and task switching.
Ventrolateral Prefrontal Cortex - Control processes in sentence comprehension. Ye and Zhou (2009); Lindquist (2017);
(VIPFC) (BA 44/45, 47) - Switching processes in between- and within-language combinations. Bourguignon (2014)
- Left middle vIPFC: selection processes (general selection among active lexical
representations)
- Left anterior vIPFC: controlled retrieval processes of lexical items with relevant features.
- Implicated in both semantics and emotions.
- Semantic representation and retrieval, generation and representation of affect, selection
control and semantic associative processes.
- Retrieval of semantic concepts for categorizing emotional experiences as discrete states.
- Word generation.
- Hierarchically superior levels of control and exploration.
Visual Word Form Area (VWFA) - Involved in word-reading processes. Buchweitz and Prat (2013)
- Activation predictive of the development of L1 reading skill (fine-tuned to reading skill
development).
- Sensitive to orthographic regularity (recurring properties of a writing system).

- Biological marker of increasing expertise in reading in L2.
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Appendix B. Experimental Approaches in the Study of Language and

Emotion.

Authors Task Sample Stimuli Measurements Results
Sabatinelli et al. (2006) Narrative emotional 21 introductory - 12 auditory scripts Self Assessment - Higher increase of neural
imagery psychology students at describing scenes (12 Manikin activity for emotionally
the University of Florida  pleasant scenes, 6 neutral, fMRI valenced stimuli versus neutral
(11 male) 12 unpleasant) - Act of imagining oneself in a
- Emotional imagery narrative activates areas
involves in planning and action
execution, semantic language
processing and primary
auditory cortex.

Rajhans et al. (2016) Priming design (256 32 eight-old month - 4 pictures of body EEG Body context matters as seen
trials, 16 possible infants (16 male), normal  postures of happiness and in ERP related to: attentional
conditions). birth weight and full-term  fear allocation and recognition

- 4 pictures of female memory.
faces depicting happiness
and fear
Oosterwijk et al. (2012) - Mental state generation: - Participants were fMRI Body feelings, emotions and

emotions, body feelings

and thoughts

presented with audio
stimulation of sensory

rich scenarios about

thoughts share distributed
brain networks linked to basic

psychological processes
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Authors Task

Sample

Stimuli Measurements Results

- Scenario immersion

method

negatively valenced
scenes

- Then, they were asked
to generate a situated
conceptualization in
which the situation was
experiences as a certain

mental state

Oxford et al. (2015) Narrative approach

6 bilingual subjects with
high proficiency in L2 (3

male)

- Participants wrote their ~ Analysis of the Learners’ stories and
personal stories about stories the subjects motivations for learning a L2.
learning L2 wrote about acquiring

a non-native

language
Boerma and Blom (2017) 132 children aged 5-6 - Q-U NWRT (Quasi- PaBiQ There is a combination of tools
years. 50% Bilinguals Universal Nonword (Questionnaire for that can reliably identify L1 in
(heterogeneous). Repetition task) parents of bilingual both monolingual and
- MAIN (Multilingual children) bilingual learning context.
Assessment Instrument ALDeQ (Alberta
for Narratives) Language and
Development
Questionnaire)
ALEQ (Alberta

Language
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Authors Task Sample Stimuli Measurements Results
Environment
Questionnaire)
Vukovic and Williams 20 proficient Dutch- 24 contextually low- Trials that require a - Activation of both languages
(2014) English bilinguals constraint sentences in “yes” or “no” answer  leading to greater competition

English (with interlingual
Englush-Duch
homophone in the final
position

24 sentence and picture
pairs as controls

72 sentence-picture pairs

(acting as filters)

in a memory recall

task.

between alternative meanings
in responses to target stimuli in

homophone conditions

Choi, Tong and Samuel
(2019)

Lexical Stress

Discrimination task

30 Cantonese-English
bilinguals (mean age =
20.9 years), 30 native
English (mean age =23.7

years)

AX test — ISI = 600 ms

9 blocks of trials, 96 trials
total

- Phonotactic/lexical
context stimuli and

acoustic signals.

Language and music
background
questionnaire
Short-term memory
(adaptation of the
Simon game)
Non-verbal

intelligence

- Cantonese-English bilinguals
performed better in
discriminating English lexical
stress

- Enhanced FO sensitivity to
facilitate English lexical stress
discrimination in Cantonese
speakers.

- Cantonese tone language
experience facilitates

Cantonese-English bilingual
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Authors Task Sample Stimuli Measurements Results
speakers’ discrimination of
English lexical stress.
Hopp et al. (2019) 200 students (88 - Lexical knowledge in - Non-verbal 1Q: - Bilingual disadvantage when

monolingual German;

English, German and the

Grundintelligenztest

comparing group means

112 bilingual) non-German L1s. Skala 2 — Revision . Advantages for bilingual
- Receptive vocabulary in ~ (CFT 20-R) students in English productive
English: British Picture - Phonological vocabulary and receptive
and Vocabulary Scale awareness: tasks for ~ grammatical skills
(BPVS3) phoneme - Bilingualism acts as a
- Productive vocabulary: ~ manipulation in predictor of foreign language
category fluency task in English success (plus cognitive and
English, German and L1s. - WM: forwards and  linguistic factors)
- Grammatical knowledge backward digit span - Bilingual benefits in early
of English: Test for tasks in German foreign learning in vocabulary
Reception of Grammar (adapted from and grammar.
(TROG-2). HAWIK-1V) - Bilingual advantages for
- EF: computer-based  foreign language learning
Simon-Task extend to early childhood.
- Sociocultural
variables
Harris (2004) Early childhood AoA - Emotional expression Preliminary phone - Taboo words in both

group = 15 Spanish-
English bilinguals (L1 =

words: taboo, reprimands,
endearments and insults

(8 stimuli of each in

call to assess CoA
and AoA.
SCR of the hand.

languages generate the largest

SCRs
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Authors

Task

Sample

Stimuli Measurements

Results

Spanish; dominant
language = English)
Middle-late childhood
AoA group 2 21
Spanish-English
bilinguals

English and 8 stimuli of
each in Spanish) 2 a
total of 64 emotional
expressions and 36 less
emotional items (12
positive, 12 negative, 12
neutral single words)
administered via audio.
- Instructions to rate each
stimulus for
unpleasantness (scale 1-

7).

- Insults do not elicit higher
SCRs compared to single-word
category

- Endearments do not elicit
SCR

- Reprimands showed different
patterns of SCR comparing L1
and L2 and between early and
late bilinguals (higher SCR in
late bilinguals)

Zirnstein, van Hell and

Kroll (2018)

Experiment 1:
24 monolinguals speakers
of English (15 female,

mean age = 21.92 years).

Experiment 1: Experiment 1:

- 120 critical sentences Sentence reading task
and 40 filter sentences. Battery of individual
difference measures
(AX-CPT)

- Language
proficiency measures

- ERP recording.

Experiment 1:

- Performance on the portion
of AC-CPT related to effortful
engagement of inhibitory
control predicts the magnitude
of ERP response to unexpected
words in highly semantically
constraining contexts (when
costs related to prediction error
are highly probable).

- Cognitive control ability

(inhibitory control) is activated
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Authors Task Sample Stimuli Measurements Results
when readers find prediction
errors in their native language.
Experiment 2: Experiment 2: Experiment 2: Experiment 2:
- 28 Chinese-English - Same as Experiment 1 - Same as - The magnitude of the cost of
bilinguals (18 female, except the verbal fluency = Experiment 1 the prediction error in bilingual
mean age = 23 years) task was administered in readers is influenced by
both languages inhibitory control ability and
verbal fluency.
- As found in monolinguals:
cognitive control and
inhibitory control can attenuate
processing costs of prediction
errors.
Altarriba (2003) 3 groups of 21 Concrete, abstract and Participants had to - Imagery scale: emotion and

participants (native
Spanish speakers, English
as L2) distributed

randomly.

emotion words that had
one-word translation in
Spanish (98 concrete
words, 61 emotion words

and 156 abstract words).

rate the words on one
of the three scales:
concreteness,
imageability or

context availability.

abstract words were rated
lower than concrete words.

- Concreteness scale: concrete
words > emotion words >
abstract words.

- In Spanish, the dimensions of
emotion words and abstract

words have similar values.
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Authors Task Sample Stimuli Measurements Results
- Language as a feature that is
encoded with specific episodes
- encoding specificity.
Eilola, Havelka and Emotional and taboo 41 native Finnish Four lists of words (20 A questionnaire to - L2 usually produces reduced
Sharma (2007) Stroop task speakers; late and words each, translated to  establish fluency and  emotional activation.
unbalanced bilinguals (L2  both English and use of L2. - Longer latencies for negative

= English) (mean age =
28.4 years; mean AoA =
9.24 years) (5 male, 29

female)

Finnish): neutral,
positive, negative
(selected from ANEW)
and taboo (selected by
researchers). Each word
presented in one of four
colours: red, blue, green

and yellow.

Participants had to
identify the colour of
the words and ignore

the meaning.

and taboo words compared to
neutral words.

- Neutral and positive words
did not differ in response time.
- Threatening word stimuli in
the L2 produced similar
activation as they do in the L1:
similar reply of threat-response
mechanisms.

- Negative and taboo words
with similar activation in L1

and L2.

Aygigegi-Dinn and
Caldwell-Harris (2009)

- Shallow processing task 59 native speakers of
- Emotion rating task Turkish (88% female; L2
- Word association task = English).

Positive, negative and
neutral items (16 per
category) and 9 taboo

words.

- Subjective rate of
fluency.

- Word fluency task
in English and
Turkish (FAS).

- Basic emotion-memory effect
(greater recall of emotionally
charged words versus neutral)
in both L1 and L2

- Reprimands showed higher
effect in the L2
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Authors

Task

Sample

Stimuli

Measurements

Results

- Negative words showed no
recall advantage.

- L2 is able of demonstrating
emotional-memory effects
(similar to L1 effects)

- Word-association task
induces a similar level of

processing in L1 and L2.

Hammer (2017)

149 participants, L2
sequential Polish-English

bilinguals (mean age =

31.1 years; 86% females).

- WEB questionnaire for
the use of languages in
the different domains of
life: communicative
function, cognitive
function and inner

speech.

Common European
Framework
Reference for

Languages (CEFR)

- Acculturation level has a
significant effect on L2 use in
inner speech, cognitive and
communicative functions =2
patterns of language use are
linked to acculturation.

- Social network profile is
linked to L2 use.

- Length of residence is not
linked to L2 use, but it is

related to acculturation level.

Persici et al. (2019)

Picture-auditory work

recognition task

Experiment 1:
2 groups of child
bilinguals (77 children,

36 native speakers of

Experiment 1:
- 2 sessions: one for each
language. 60 picture-

word pairs in one of four

Experiment 1:
- Children’s accuracy
and speed in making

lexical judgments.

Experiment 1:
- General activation of both

languages, even when
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Authors Task Sample Stimuli Measurements Results
Italian and German, 41 conditions: match, - PPVT (Peabody experiments called for only
Italian L2 German mismatch, false friends Picture Vocabulary one language.
learners) and semantic relation. Test Revised). - The balanced and unbalanced

group differed in how well
they perform.

- The ability to cope with
interference improves with

proficiency.

Experiment 2:
51 L2 French learners
(unbalanced Italian-

French bilinguals).

Experiment 2:
- Similar to Experiment 1,
substituting German with

French.

Experiment 2:
- Identical to

Experiment 1.

Experiment 2:

- Significantly better L1
performance.

- Simultaneous activation of
both languages deriving into

higher interference effects.

Ponari et al. (2015)

Lexical decision task

95 native English
speakers (60 females,
mean age = 22.58 years)
and 156 with English as
L2.

- 111 words (37 positive,
37 negative and 37
neutral) and 111

nonwords.

- Language history
questionnaire (LHQ)

- No difference in the type and
direction of the effect created
by emotion between native
speakers and bilinguals (late
and early) - faster recognition
of valenced words.

- Valence effect found in native

and bilingual speakers.
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Authors Task Sample Stimuli Measurements Results
- No language immersion
modulation on the valence
effect
Barker and Bialystok n-back task (1-back and 63 subjects (31 Non-verbal emotional - Language and - Faster responses in 1-back.
(2019) 2-back) bilinguals, 32 stimuli (facial Social Background - Greater differences in
monolinguals, 18-26 expressions: happy, Questionnaire response times in bilinguals on
years old) neutral or angry). (LSBQ) emotion condition of the n-
- Shipley-2 back.

- Emotion Regulation

- Bilinguals were more

Questionnaire (ERQ)  accurate on the 2-back than
- BIS/BAS scales monolinguals.
- EEG
Paap et al. (2019) 201 undergraduate - Four nonverbal - Background - No interference task was
students (104 bilinguals, interference tasks (Simon, questionnaire better performed by bilinguals.

62 monolinguals and 35

others).

Spatial Stroop, Vertical
Stroop and Flanker)

- Raven’s test

- MINT task of
productive vocabulary in

English

(Qualtrics survey)

This may be due to language-
specific inhibitory mechanisms
in bilinguals or to task-specific

inhibitory control.

Sutton et al. (2007)

Emotional Stroop

64 Spanish-English
bilinguals (L2 being the

dominant)

- Negative and neutral
emotion words (16 in
each condition and per

language) = each

- Ishihara’s test of

colour blindness

- Demonstration of the
emotional Stroop effect

through negative stimuli in
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Authors Task Sample Stimuli Measurements Results
participant viewed eight - BDI-II (Beck both L1 (smaller effect) and
emotion words in Depression L2 (bigger effect).
English, eight in Spanish, Inventory)
eight neutral in English - LHQ (Language
and eight in Spanish. History
Questionnaire)
Altarriba and Canary Word Priming Paradigm;  Experiment 1: Experiment 1: Experiment 1: Experiment 1:
(2004) Affective priming; 30 undergraduates (15 45 emotion-laden words - Instructed to rate The aim of this study was to

Lexical decision task

females, most were
monolingual English
speakers; mean age = 19

years approximately).

mixed with 45 concrete

and 45 abstract words.

valence and arousal

of the words.

classify the words along the
arousal and valence

dimensions.

Experiment 2: Emotion-laden prime- - LHQ - Priming occurs in English for
45 English monolinguals  target word pairs created high and moderate arousal
(24 had experience with from the database of stimuli only.
an L2) Experiment 1 = 15 - Bilinguals respond
45 Spanish-English critical sets of word pairs. differently than monolinguals
bilinguals (L2 dominant).  Primes were English to affective primes.
words, targets were half
English words half non-
words.
Wang, Shangguan and Lu  Lexical decision task: 25 college students (15 60 emotion-label words - Edinburgh - Emotion-label words and
(2019) word or not a word? (In females; mean age =22.6 (30 positive and 30 Handedness negative emotion-laden words:

order to explore how

negative), 60 emotion-

Inventory

influence on P2 and N400
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Authors Task Sample Stimuli Measurements Results
positive and negative years) native Chinese laden words (30 positive - EEG components. Positive emotion-
emotion-label and speakers. and 30 negative) and 60 laden words influenced N400
emotion-laden words neutral words. 180 —> earlier effects for positive
modulate the ERP Chinese pseudowords emotion-label words than for
components). were created randomly. positive emotion-laden words.
Presented as 3 unrepeated - Emotion effects did not
experimental blocks (120 appear within the first 200 ms
trials including 60 after stimulus onset.
Chinese words and 60 - Larger P2 amplitudes for
pseudowords). 3 positive emotion-label words
experimental blocks were than for positive emotion-
randomly presented again laden words.
later on. - Negative words (emotion-
In total: 720 trials in 6 label and emotion-laden)
formal experimental produce early emotion effects
blocks, plus 30 practice reflected in a P2 component.
trials before the - In sum: there are differences
experiment. in the emotion effect of the
processing of emotion laden
and emotion-label words
Escobar, Kalashnikova 34 children (17 English Verbal fluency tasks: - Peabody Picture - Bilingual children
and Escudero (2018) monolinguals, mean age - DCCS Vocabulary Test outperformed monolinguals in:
=7 years and 10 months - Day-Night Stroop (PPVT) letter and category condition of
old, 10 females; and 17 - Letter VFT VFT.
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Authors

Task

Sample Stimuli

Measurements

Results

bilinguals, same age and - Category VFT
sex, English natives
exposed to a L2 from

birth).

- No group differences in

inhibitory control.
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Appendix C. Selected Stimuli in the Multimodal Affective Priming Task.

Table C.1
Spanish ANEW Stimuli.
Stimulus Valence Word Frequency Mean Valence Valence SD Mean Arousal Arousal SD
1 Negative terrorista 16,25 1,51 1,21 7,33 2,14
2 Negative paralisis 6,43 1,33 0,81 5,16 2,73
3 Negative muerto 123,39 1,17 0,57 5,99 2,89
4 Negative disgustado 1,79 2,19 1,40 5,46 2,37
5 Negative cruel 21,61 1,77 0,97 6,63 2,02
6 Negative rechazado 0 1,94 1,60 5,71 2,35
7 Negative mareado 2,5 2,01 1,30 5,33 2,28
8 Negative hastio 5 2,46 1,61 4,00 2,22
9 Negative asfixiarse 0 1,48 1,07 7,80 1,68
10 Neutral pieza 43,39 4,84 1,39 4,12 1,80
11 Neutral promocion 16,96 5,89 1,76 5,58 1,90
12 Neutral reloj 50,71 4,96 2,02 4,72 2,01
13 Neutral pafiuelo 18,93 433 1,56 4,17 1,69
14 Neutral mes 103,04 5,03 1,14 4,61 1,80
15 Neutral motor 33,21 4,83 1,45 491 2,04
16 Neutral heno 1,61 5,00 1,61 3,97 1,82
17 Neutral parte 604,82 4,66 0,94 4,52 1,36
18 Neutral estremecerse 0 3,67 2,44 6,17 2,27
19 Positive amado 13,39 7,99 1,46 6,43 2,67
20 Positive humor 41,07 7,70 1,57 6,90 1,98
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Stimulus Valence Word Frequency Mean Valence Valence SD Mean Arousal Arousal SD
21 Positive libre 131,43 8,28 1,23 6,38 2,91
22 Positive chiste 10,89 7,20 1,52 5,97 2,16
23 Positive afecto 19,82 8,10 1,28 6,19 2,22
24 Positive satisfecho 21,43 7,88 1,51 5,31 2,66
25 Positive pasion 58,04 7,84 1,35 7,96 1,17
26 Positive graduado 0,71 7,09 1,76 6,16 2,04
27 Positive orgasmo 24,64 8,06 1,46 8,16 1,18

Note. These are the selected stimuli and their descriptive statistics for the affective task from the adapted to Spanish ANEW, as stated in Redondo et al. (2007).
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Table C.2
English ANEW Stimuli.

Stimulus Valence Word Frequency Mean Valence Valence SD Mean Arousal Arousal SD
1 Negative poison 10 1,98 1,44 6,05 2,82
2 Negative death 277 1,61 1,4 4,59 3,07
3 Negative infection 8 1,66 1,34 5,03 2,77
4 Negative cancer 25 1,5 0,85 6,42 2,83
5 Negative suicide 17 1,25 0,69 5,73 3,14
6 Negative toothache 1,98 1,15 5,55 2,51
7 Negative slaughter 10 1,64 1,18 6,77 2,42
8 Negative gloom 14 1,88 1,23 3,83 2,33
9 Negative grief 10 1,69 1,04 4,78 2,84
10 Neutral barrel 24 5,05 1,46 3,36 2,28
11 Neutral door 312 5,13 1,44 3,8 2,29
12 Neutral jug 6 5,24 1,65 3,88 2,15
13 Neutral rattle 5,03 1,23 4,36 2,18
14 Neutral swamp 5,14 2,24 4,86 2,36
15 Neutral aggresive 17 5,1 1,68 5,83 2,33
16 Neutral street 244 5,22 0,72 3,39 1,87
17 Neutral office 255 5,24 1,59 4,08 1,92
18 Neutral phase 72 5,17 0,79 3,98 1,82
19 Positive proud 50 8,03 1,56 5,56 3,01
20 Positive promotion 26 8,2 1,15 6,44 2,58
21 Positive baby 62 8,22 1,2 5,53 2,8
22 Positive millionaire 2 8,03 1,42 6,14 2,7
23 Positive joke 22 8,1 1,36 6,74 1,84
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Stimulus

Valence Word Frequency Mean Valence Valence SD Mean Arousal Arousal SD
24 Positive sweetheart 9 8,42 0,83 5,5 2,73
25 Positive engaged 47 8 1,38 6,77 2,07
26 Positive diploma 8 1,39 5,67 2,8
27 Positive miracle 16 8,6 0,71 7,65 1,67

Note. These are the selected stimuli and their descriptive statistics for the affective priming task from original ANEW, as stated in Bradley and Lang (1999).
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Table C.3
IAPS Stimuli.

Stimulus Valence Word Frequency Mean Valence Valence SD Mean Arousal Arousal SD
1 Negative poison 10 1,98 1,44 6,05 2,82
2 Negative death 277 1,61 1,4 4,59 3,07
3 Negative infection 8 1,66 1,34 5,03 2,77
4 Negative cancer 25 1,5 0,85 6,42 2,83
5 Negative suicide 17 1,25 0,69 5,73 3,14
6 Negative toothache 1,98 1,15 5,55 2,51
7 Negative slaughter 10 1,64 1,18 6,77 2,42
8 Negative gloom 14 1,88 1,23 3,83 2,33
9 Negative grief 10 1,69 1,04 4,78 2,84
10 Neutral barrel 24 5,05 1,46 3,36 2,28
11 Neutral door 312 5,13 1,44 3,8 2,29
12 Neutral jug 6 5,24 1,65 3,88 2,15
13 Neutral rattle 5,03 1,23 4,36 2,18
14 Neutral swamp 5,14 2,24 4,86 2,36
15 Neutral aggresive 17 5,1 1,68 5,83 2,33
16 Neutral street 244 5,22 0,72 3,39 1,87
17 Neutral office 255 5,24 1,59 4,08 1,92
18 Neutral phase 72 5,17 0,79 3,98 1,82
19 Positive proud 50 8,03 1,56 5,56 3,01
20 Positive promotion 26 8,2 1,15 6,44 2,58
21 Positive baby 62 8,22 1,2 5,53 2,8
22 Positive millionaire 2 8,03 1,42 6,14 2,7
23 Positive joke 22 8,1 1,36 6,74 1,84
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Stimulus Valence Word Frequency Mean Valence Valence SD Mean Arousal Arousal SD
24 Positive sweetheart 9 8,42 0,83 5,5 2,73

25 Positive engaged 47 8 1,38 6,77 2,07

26 Positive diploma 8 1,39 5,67 2,8

27 Positive miracle 16 8,6 0,71 7,65 1,67

Note. These are the selected stimuli and their descriptive statistics for the affective priming task from the adapted to Spanish IAPS database as defined in Molto et al.

(2013).



Table C.4.1

Blocks and Trials, Part 1 (Blocks One to Four).
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Trial Cond B1P BIT B2P B2T B3P B3T B4P B4T Correct response
1 CO01 |terrorista rechazado poison death poison muerto paralisis slaughter N
2 C02 |disgustado cruel death toothache slaughter mareado mareado poison N
3 C03 |asfixiarse asfixiarse slaughter poison toothache rechazado disgustado cancer N
4 C04 |pafiuelo motor office rattle door reloj heno door K
5 CO05 |mes reloj swamp swamp swamp promocion reloj rattle K
6 C06 |motor promocion aggresive barrel street pieza parte jug K
7 C07 |afecto orgasmo baby millionaire proud pasion afecto baby P
8 C08 |orgasmo afecto millionaire promotion diploma afecto libre miracle P
9 C09 |libre pasion joke sweetheart engaged graduado satisfecho joke P
10 101 |mareado estremecerse suicide door gloom motor hastio phase K
11 102 |muerto pieza cancer jug grief heno asfixiarse office K
12 103 |rechazado pafiuelo infection phase infection estremecerse rechazado barrel K
13 104 |cruel humor grief joke cancer chiste muerto sweetheart P
14 105 |hastio satisfecho gloom miracle suicide libre cruel diploma P
15 106 |paralisis libre toothache engaged death amado terrorista proud P
16 107 |promocion muerto rattle infection aggresive disgustado motor death N
17 108 |estremecerse disgustado door suicide office hastio pieza toothache N
18 109 |parte paralisis jug grief barrel terrorista promocion gloom N
19 110 |heno chiste phase diploma rattle 0rgasmo mes engaged P
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Trial Cond B1P BIT B2P B2T B3P B3T B4P B4T Correct response
20 I11 |pieza amado barrel baby phase satisfecho pafiuelo promotion P
21 112 |reloj graduado street proud jug humor estremecerse millionaire P
22 I13 |amado hastio miracle cancer sweetheart cruel 0rgasmo grief N
23 114 |satisfecho mareado engaged gloom promotion paralisis graduado suicide N
24 I15 |pasion terrorista diploma slaughter millionaire asfixiarse humor infection N
25 116 |chiste heno proud aggresive baby parte chiste swamp K
26 117 |humor mes promotion office miracle pafiuelo amado aggresive K
27 118 |graduado parte sweetheart street joke mes pasion street K

Note. Trial = trial number in the block, each trial sequence was randomized later in OpenSesame; Cond = congruent or incongruent valence trial followed by the number
of the same; B1P = block 1 prime stimulus (this sequence applies to the rest of the blocks as well); B1T = block 1 target stimulus (this sequence applies to the rest of

the blocks as well); Correct response = target valence and correct response by the subject (P = positive; K = neutral; N = negative).



Table C.4.2

Blocks and Trials, Part 2 (Blocks Five to Seven,).
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Trial Cond B5P BST Be6P B6T B7P B7T Correct response
1 Co1 3140.jpg 3030.jpg 9911.jpg asfixiarse asfixiarse 3030.jpg N
2 C02 3071.jpg 3140.jpg 3030.jpg hastio rechazado 3071.jpg N
3 C03 3230.jpg 9911.jpg 3140.jpg cruel paralisis 9611.jpg N
4 C04 7233.jpg 7224.jpg 8160.jpg reloj motor 8160.jpg K
5 CO05 7224.jpg 2230.jpg 7233.jpg pafiuelo promocion 8010.jpg K
6 C06 5520.jpg 7233.jpg 7700.jpg motor mes 1230.jpg K
7 Co07 5470.jpg 8120.jpg 5600.jpg chiste graduado 5600.jpg P
8 C08 1610.jpg 5626.jpg 4641.jpg orgasmo afecto 8120.jpg P
9 C09 2360.jpg 1610.jpg 1610.jpg pasion amado 5470.jpg P
10 101 3030.jpg 7700.jpg 9611.jpg parte muerto 5920.jpg K
11 102 3150.jpg 5520.jpg 3071.jpg promocion disgustado 7224.jpg K
12 103 9220.jpg 1230.jpg 3230.jpg estremecerse terrorista 7700.jpg K
13 104 9120.jpg 5600.jpg 9220.jpg libre hastio 1610.jpg P
14 105 9611.jpg 4641.jpg 9120.jpg humor cruel 4641.jpg P
15 106 9911.jpg 2360.jpg 3150.jpg satisfecho mareado 5626.jpg P
16 107 7700.jpg 3230.jpg 8010.jpg rechazado parte 9220.jpg N
17 108 8160.jpg 9120.jpg 5520.jpg paralisis estremecerse 9911.jpg N
18 109 5920.jpg 9611.jpg 7224 jpg muerto reloj 9120.jpg N
19 110 1230.jpg 5470.jpg 2230.jpg graduado pieza 2170.jpg P
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Trial Cond B5P BST Be6P B6T B7P B7T Correct response
20 11 8010.jpg 1463.jpg 5920.jpg amado heno 1463.jpg P
21 112 2230.jpg 2170.jpg 1230.jpg afecto pafiuelo 2360.jpg P
22 113 5626.jpg 3150.jpg 1463.jpg disgustado chiste 3230.jpg N
23 114 5600.jpg 3071.jpg 5626.jpg terrorista orgasmo 3150.jpg N
24 115 1463.jpg 9220.jpg 5470.jpg mareado libre 3140.jpg N
25 116 8120.jpg 8010.jpg 8120.jpg pieza satisfecho 5520.jpg K
26 117 2170.jpg 5920.jpg 2360.jpg heno pasion 7233.jpg K
27 118 4641.jpg 8160.jpg 2170.jpg mes humor 2230.jpg K

Note. Trial = trial number in the block, each trial sequence was randomized later in OpenSesame; Cond = congruent or incongruent valence trial followed by the number
of the same; B5P = block 5 prime stimulus (this sequence applies to the rest of the blocks as well); BST = block 5 target stimulus (this sequence applies to the rest of

the blocks as well); Correct response = target valence and correct response by the subject (P = positive; K = neutral; N = negative).



