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RESUMEN EN CASTELLANO

Cuando aprendemos nueva informacion o contenido en una lengua extranjera, a la ya
existente dificultad de adquirir y comprender nuevo material, se le suma el esfuerzo de llevar a cabo
este proceso en un idioma que no dominamos completamente. El estudio del aprendizaje de nuevo
material en una lengua no dominante es interesante, ya que ofrece informacion sobre cdmo se
estructura, configura y modula una segunda lengua en la mente de los bilinglies. Sin embargo, la
literatura existente sobre el aprendizaje de contenidos en una lengua extranjera en adultos es
bastante limitada y la mayoria de estos estudios se centran en los posibles beneficios para el
aprendizaje de idiomas (por ejemplo, Yang, 2014) y no necesariamente los efectos que la lengua

extranjera tiene sobre la adquisicion de nuevo contenido.

En los limitados estudios existentes comparando el aprendizaje en una lengua nativa y una
extranjera, los resultados muestran que en las tareas de recuperacién, la utilizacién de una lengua
extranjera va en detrimento del rendimiento, es decir, cuando se lleva a cabo la tarea en una lengua
extranjera, el rendimiento es peor que cuando la tarea se hace en la lengua materna; mientras que
en las tareas de reconocimiento no se suelen encontrar diferencias entre lenguas (Dirix, Vander
Beken, De Bruyne, Brysbaert, & Duyck, 2020; Vander Beken & Brysbaert, 2018; Vander Beken,
Woumans, & Brysbaert, 2018). Por un lado, esta discrepancia entre los resultados de una tareay
otra podria estar relacionada con la mayor dificultad que implica la produccién en un idioma
extranjero como requieren las tareas de recuperacion. Por otro lado, el efecto podria relacionarse
con los niveles de procesamiento, es decir, que el procesamiento superficial (familiaridad en el
reconocimiento) se mantiene intacto entre lenguas, pero el procesamiento mas profundo

(recuperacion) se ve afectado por el idioma empleado en la tarea.

Estas dificultades adicionales, a su vez, se traducen en dificultades para aprender palabras

nuevas, cuando para poder hablar o comprender un idioma, es necesario dominar una gran cantidad



de palabras y aprenderlas en un tiempo limitado. Dada esta necesidad, parte del vocabulario se
aprende de forma incidental, es decir, el aprendizaje “pasivo” que tiene lugar sin hacer un esfuerzo
voluntario y explicito para adquirir la nueva informacién. Incluso en el idioma nativo, se ha
demostrado que una gran proporcidn del nuevo vocabulario que se aprende como adulto proviene
del aprendizaje incidental en la lectura (Nagy, Herman, & Anderson, 1985). El mero hecho de
visualizar una palabra un nimero reducido de veces ya genera un efecto sobre el vocabulario. Sin
embargo, es cuando maximizamos el nimero de exposiciones a dicha palabra que mejoramos el
aprendizaje (Hulme, Barsky, & Rodd, 2018). Esta relacién entre el nUmero de veces que vemos una
palabray el recuerdo no es lineal y se ve afectada por otros factores, como la distribucién de estas
exposiciones y el porcentaje del vocabulario del texto que se conoce previamente (Pérez-Serrano,

Nogueroles-Lépez, & Duiabeitia, 2021).

Los estudios sobre la adquisicion de vocabulario de un idioma extranjero en textos han
utilizado principalmente palabras en idiomas que los participantes desconocen, integradas en textos
escritos en su idioma nativo (ver Horst & Cobb, 1998; Pitts, White, & Krashen, 1989 para una
descripcién general de Clockwork Orange Studies). Aunque esto brinda control experimental, difiere
mucho de cdémo normalmente aprendemos un nuevo idioma. De esta manera, existen pocos
estudios sobre el aprendizaje incidental de vocabulario en una lengua extranjera que utilicen textos
completos en esa lengua, pero los pocos que lo hacen sugieren que la incorporacidn de nuevos items
|éxicos es mas lenta en estos casos que en la materna (Pellicer-Sanchez, 2016; Pellicer-Sanchez &

Schmitt, 2010).

Una forma de cuantificar la facilidad con la que se aprende o se recuerda una palabra es
mediante el concepto de riqueza semantica. La riqueza semantica engloba una serie de factores que
determinan la facilidad con la cual una palabra sera aprendida o recordada, dentro de los cuales
podemos situar factores intrinsecos (como el nimero de significados que tiene una palabra o su

nivel de ambigliedad léxica) y extrinsecos (como la densidad de su vecindario semantico o su



diversidad contextual) a la palabra (Dufiabeitia, Avilés, & Carreiras, 2008; Pexman, Hargreaves,
Siakaluk, Bodner, & Pope, 2008; Yap, Tan, Pexman, & Hargreaves, 2011). Este ultimo grupo depende
del contexto y de la relacion de esta palabra con otras, lo cual hace que estas variables sean mas
faciles de manipular que las cualidades intrinsecas de la palabra, convirtiéndolas en herramientas
mas accesibles para la ensefianza y para la comprensién de los procesos de aprendizaje. Por esta
razon, nos centraremos en este segundo grupo de caracteristicas y en dos factores en particular que
forman parte del mismo: la emocionalidad del contexto semdntico que rodea la informacion a

aprender y la diversidad contextual.

En primer lugar, la emocionalidad —es decir, la informacién relacionada con las emociones y
los sentimientos— proporciona dimensionalidad y caracteristicas experienciales a una palabra de
manera similar a las experiencias sensoriales en palabras concretas (Ferré, Ventura, Comesafia, &
Fraga, 2015; Vigliocco, Meteyard, Andrews, & Kousta, 2009). Dicho de otro modo, la emocionalidad
es una forma de enriquecer las representaciones de las palabras (Kousta, Vigliocco, Vinson,
Andrews, & Del Campo, 2011). El beneficio a la hora de aprender palabras emocionales en
comparacion con el aprendizaje de palabras neutrales esta ampliamente demostrada en el dominio
monolinglie (por ejemplo, Kuperman, Estes, Brysbaert, & Warriner, 2014). Sin embargo, la literatura
sobre este efecto en bilinglies no es tan consistente y no esta claro si este efecto estaria presente en
un idioma extranjero, debido a que los resultados de estudios previos sobre la emocionalidad en la
lengua extranjera muestran efectos dispares. Mientras que algunos estudios muestran una falta de
efecto de emocionalidad en la lengua extranjera (Anooshian & Hertel, 1994), otros si lo encuentran
(Aycicegi-Dinn & Caldwell-Harris, 2009; Aycicegi & Harris, 2004; Ferré, Garcia, Fraga, Sanchez-Casas,

& Molero, 2010).

En segundo lugar, la diversidad contextual se refiere al nUmero de contextos en los que se
encuentra una palabra. Se ha mostrado que al marcar una palabra como relevante en varios

contextos, el acceso a la misma se ve facilitado (Adelman, Brown, & Quesada, 2006). Hasta hace



poco, la influencia de la diversidad contextual en el procesamiento y el aprendizaje de palabras no
habia recibido mucha atencidn, en parte, debido a su alta correlacién con otro concepto que se ha
estudiado en mucho mas detalle: la frecuencia de palabras (nimero de veces en las que aparece la
palabra en un corpus de textos). Algunos estudios en lengua materna han encontrado que las
palabras que aparecen en mas contextos se aprenden antes (Hills, Maouene, Riordan, & Smith,
2010) y con mas facilidad (Pagan & Nation, 2019). El Unico estudio que ha abordado el tema de la
diversidad contextual en el aprendizaje de vocabulario en una lengua extranjera encontré que
presentar palabras nuevas en una mayor diversidad de oraciones mejoraba su posterior

reconocimiento (Jones, Johns, & Recchia, 2012).

Muchas de las dificultades en el aprendizaje y uso de lenguas extranjeras pueden
conceptualizarse en términos de riqueza semantica. Por ejemplo, la emocionalidad o informacidn
afectiva de una palabra contribuye a la riqueza semantica, pero los estudiantes de idiomas
extranjeros son menos capaces de aprovecharlos debido a su reducida experiencia con el
vocabulario en ese idioma, que también tiende a estar circunscripto a entornos académicos o
afectivamente reducidos. De manera similar, la diversidad contextual es una caracteristica que solo
se puede aprovechar si el individuo esta expuesto a la palabra repetidas veces y en un nimero de
contextos proporcionales a aquellos en los que se usa normalmente, lo cual no suele ser el caso de

los estudiantes de idiomas extranjeros.

Una forma de remediar estas limitaciones en el aprendizaje y el uso de lenguas extranjeras
es centrarse en aumentar explicitamente la riqueza semantica de las palabras a medida que se
aprenden. Por ello, esta tesis explora la cuestion de si manipular la emocionalidad del contexto
semantico mejora el aprendizaje de vocabulario y contenido nuevo; y si aumentar el nimero de
textos que contienen las palabras nuevas, mientras mantenemos constante el nimero de
repeticiones, puede mejorar la memoria para esos items en una lengua extranjera. En esencia, mi

objetivo es probar si es posible hacer extensivos a nuevas palabras los beneficios que tienen



naturalmente las palabras emocionales y contextualmente diversas, mediante la manipulacién de las
primeras exposiciones a estos nuevos elementos. El beneficio de esta investigacion es, por un lado,
ver si estos aspectos de la riqueza semdntica pueden manipularse experimentalmente y, por el otro,

si se pueden utilizar como estrategias para mejorar el aprendizaje.

En la primera publicacién (Frances, de Bruin, & Dufiabeitia, 2020b), se estudio si la valencia
positiva transmitida a través del contexto semantico afectaba el aprendizaje de contenido nuevo.
Nuestros resultados mostraron que los participantes recordaban la informacidn aprendida en la
lengua materna con mayor precisién que en la lengua extranjera, lo cual concuerda con los
resultados presentes en la literatura (Nagy et al., 1985; Pellicer-Sanchez, 2016; Vander Beken &
Brysbaert, 2018). Con respecto a nuestra principal variable de interés, los participantes
desempefiaron mejor la condicidn positiva que la neutral en ambos idiomas, apoyando los hallazgos
de la literatura previa que muestra que la emocionalidad tiene efectos positivos sobre la memoria
(Kousta et al., 2011; Kuperman et al., 2014). Por ultimo, el efecto de la emocionalidad fue de igual
tamaio en ambos idiomas, lo que sugiere que la reduccion de la emocionalidad en el idioma

extranjero reportada en la literatura no redujo los efectos de la misma sobre el aprendizaje.

En la segunda publicacidon (Frances, de Bruin, & Dufiabeitia, 2020a), se exploraron los efectos
de la emocionalidad transmitida por el contexto semdntico en el aprendizaje de vocabulario
asociado a objetos desconocidos (pseudoobjetos) en una lengua extranjera. Se encontré un efecto
de idioma en algunas tareas, mientras que en otras no (presente en la tarea de escritura del
Experimento 1, pero no en el Experimento 2 y en la tarea de reconocimiento de significado del
Experimento 1, pero no del Experimento 2). Es probable que esto se deba a las diferencias en la
dificultad de la tarea de aprendizaje en cada caso, ya que en el Experimento 1, los participantes
tenian que recordar el doble de elementos que en el Experimento 2. Con respecto a la
emocionalidad, los participantes se beneficiaron de la afectividad positiva en ambos experimentos y

en ambas tareas. Finalmente, los efectos de la emocionalidad resultaron ser iguales en ambos



idiomas, tanto para la tarea de recuperacién como para la tarea de emparejar una palabra con su

significado.

En la tercera publicacion (Frances, Martin, & Dufiabeitia, 2020), se exploraron los efectos de
la diversidad contextual, definida como el nimero de historias en las que se presenté la palabra
nueva, sobre el aprendizaje de vocabulario en un idioma extranjero y nativo. No se encontré
ninguna diferencia entre idiomas para las tareas de recuperacién y reconocimiento, pero si en la
precisién de la tarea de emparejamiento, de la misma manera que en la Publicacién 2, lo que sugiere
gue la lengua puede afectar de diferente manera al recuerdo de la forma y el significado de una
palabra. Con respecto a la diversidad contextual, los participantes recuperaron, reconocieron y
emparejaron mejor aquellas palabras con mayor diversidad contextual que aquellas con menor
diversidad. Tampoco aqui se encontrd una interaccién entre variables, de manera que la diversidad

contextual tuvo un efecto similar y positivo en ambos idiomas.

En general, esta tesis en su conjunto muestra que manipular el contexto semdantico en torno
a la informacién por aprender no solo ayuda al aprendizaje, sino que lo hace tanto en la lengua
extranjera como en la materna. Los resultados de la Publicacion 1 sugieren que aprender contenido
en un idioma extranjero es mas dificil que en la lengua nativa, pero que la emocionalidad ayuda en
este proceso y lo hace por igual en ambos idiomas. De manera similar, la Publicacidn 2 sugiere que
esto también se aplica al aprendizaje de vocabulario. Estos resultados apoyan la idea de que el
origen del efecto de lengua extranjera se relaciona con cdmo adquirimos cada idioma, ya que no
vemos la misma reduccion en emocionalidad a la hora de aprender informacién nueva. La
Publicacion 3 sugiere que la diversidad contextual ayuda a aprender nuevos elementos de manera
similar en ambos idiomas. Es importante destacar que este estudio establece un papel causal de la
diversidad contextual, que a menudo se ha extrapolado de estudios correlacionales, pero rara vez se

ha manipulado directamente.



Estos resultados sugieren que las dificultades para aprender vocabulario y contenido en un
idioma extranjero no son tan generalizadas como podria pensarse intuitivamente. Ademas, estos
estudios muestran que las diferencias en el rendimiento entre idiomas estan moduladas por la
informacién que se necesita aprender, tanto por el tipo de informaciéon como por la cantidad de la

misma.

En resumen, los resultados en su totalidad sugieren que los mecanismos de aprendizaje y
procesamiento de informacidn en un idioma nativo y extranjero son mds similares de lo que se
pensaba inicialmente. Esto también proporciona evidencia de que las diferencias entre el
aprendizaje de lenguas extranjeras y nativas son cuantitativas en lugar de cualitativas, posiblemente
debido a una cantidad reducida de experiencias y de una dificultad adicional en esta lengua, no de

una posicion especial de la lengua materna.

En términos practicos, estos resultados proporcionan herramientas sencillas, como la
distribucién del vocabulario nuevo en mas textos o la inclusién de mayor cantidad de palabras
emocionales, que se pueden extrapolar al aula para mejorar el aprendizaje de los estudiantes en una

lengua extranjera.






ABSTRACT

As knowing a foreign language becomes a necessity in the modern world, a large portion of
the population is faced with the challenge of learning a language in a classroom. This, in turn,
presents a unique set of difficulties. Acquiring a language with limited and artificial exposure makes
learning new information and vocabulary particularly difficult. The purpose of this thesis is to help us
understand how we can compensate—at least partially—for these difficulties by presenting
information in a way that aids learning. In particular, | focused on variables that affect semantic
richness—meaning the amount and variability of information associated with a word. Some factors
that affect semantic richness are intrinsic to the word and others pertain to that word’s relationship
with other items and information. This latter group depends on the context around the to-be-
learned items rather than the words themselves. These variables are easier to manipulate than
intrinsic qualities, making them more accessible tools for teaching and understanding learning. |

focused on two factors: emotionality of the surrounding semantic context and contextual diversity.

Publication 1 (Frances, de Bruin, et al., 2020b) focused on content learning in a foreign
language and whether the emotionality—positive or neutral—of the semantic context surrounding
key information aided its learning. This built on prior research that showed a reduction in
emotionality in a foreign language. Participants were taught information embedded in either
positive or neutral semantic contexts in either their native or foreign language. When they were
then tested on these embedded facts, participants’ performance decreased in the foreign language.
But, more importantly, they remembered better the information from the positive than the neutral

semantic contexts.

In Publication 2 (Frances, de Bruin, et al., 2020a), | focused on how emotionality affected
vocabulary learning. | taught participants the names of novel items described either in positive or

neutral terms in either their native or foreign language. Participants were then asked to recall and



recognize the object's name—when cued with its image. The effects of language varied with the
difficulty of the task—appearing in recall but not recognition tasks. Most importantly, learning the
words in a positive context improved learning, particularly of the association between the image of

the object and its name.

In Publication 3 (Frances, Martin, et al., 2020), | explored the effects of contextual
diversity—namely, the number of texts a word appears in—on native and foreign language word
learning. Participants read several texts that had novel pseudowords. The total number of
encounters with the novel words was held constant, but they appeared in 1, 2, 4, or 8 texts in either
their native or foreign language. Increasing contextual diversity—i.e., the number of texts a word
appeared in—improved recall and recognition, as well as the ability to match the word with its
meaning. Using a foreign language only affected performance when participants had to quickly

identify the meaning of the word.

Overall, | found that the tested contextual factors related to semantic richness—i.e.,
emotionality of the semantic context and contextual diversity—can be manipulated to improve
learning in a foreign language. Using positive emotionality not only improved learning in the foreign
language, but it did so to the same extent as in the native language. On a theoretical level, this
suggests that the reduction in emotionality in a foreign language is not ubiquitous and might relate

to the way in which that language as learned.

The third article shows an experimental manipulation of contextual diversity and how this
can affect learning of a lexical item, even if the amount of information known about the item is kept
constant. As in the case of emotionality, the effects of contextual diversity were also the same
between languages. Although deducing words from context is dependent on vocabulary size, this

does not seem to hinder the benefits of contextual diversity in the foreign language.

Finally, as a whole, the articles contained in this compendium provide evidence that some

aspects of semantic richness can be manipulated contextually to improve learning and memory. In



addition, the effects of these factors seem to be independent of language status—meaning, native
or foreign—when learning new content. This suggests that learning in a foreign and a native
language is not as different as | initially hypothesized, allowing us to take advantage of native

language learning tools in the foreign language, as well.
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General Introduction

CONCEPTUAL FRAMEWORK

As foreign language learning becomes a necessity, it is common for people to sit in a
classroom, struggling to incorporate copious amounts of vocabulary in one or two hours of weekly
exposure to that language. Also, it has become increasingly common to attend courses or study in a
foreign language, which presents its own set of difficulties. The purpose of this work is two-fold: ont
the one hand, to study possible ways of compensating for the added effort in foreign language
learning and, on the other, to improve our understanding of how this—meaning, foreign language

learning—compares to learning in the native language.

On a theoretical level, | aim to understand the mechanisms underlying native and foreign
language learning. More specifically, | investigate here how contextual factors can improve or hinder
learning through reading and whether these effects vary by language status—meaning, native or

foreign. | focus particularly on semantic context, as even in cases in which the content that needs to
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be learned is set, one can modify how information is provided or presented in order to optimize
learning. This will, in part, help us understand whether one’s native language has a special status or
whether differences found so far in the foreign language literature relate simply to the increased
difficulty of using a foreign language. On a practical level, beyond the scope of this thesis, the
ultimate hope is that this research can also be applied, providing practical ways of optimizing
learning in a foreign language, and establishing whether the same tools can be used for native and

foreign language learning.

Given the immensity of the scope of variables that affect language learning, in general, and
foreign language learning, in particular; | have decided to narrow down the focus to variables that
affect semantic processing. | will focus on texts—descriptions of objects, countries, and stories—
rather than on word lists. This mimics a common way in which people naturally learn vocabulary,
namely, incidentally from reading (Nagy et al., 1985). Given that new words are most commonly
learned in context, manipulating this semantic context seems like a useful strategy to improve
learning, which has not yet been explored in depth. More specifically, | have manipulated
emotionality of the semantic context—positive versus neutral—and contextual diversity—from

condensing exposure to one text to spreading it out maximally.

We know that semantic richness is reduced when using foreign languages. This is due to the
reduction in amount and variability of exposure as well as vocabulary in that language (I elaborate
on this in the section titled Semantic richness). | will mainly focus on how these two variables—
namely, positive emotionality and contextual diversity—can help compensate for the reduced
semantic richness in a foreign language. | will start by reviewing the difficulties that characterize
foreign language learning through reading, with respect to both content and vocabulary (in the
section titled Difficulties in learning
in a foreign language). | will then turn to describe and explain the concept of semantic richness as

well as why and how it is reduced in the foreign language (in the section titled Semantic richness).
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Then, | will explore in more depth the concepts of emotionality (The effects of semantic emotionality
on learning) and contextual diversity (The effects of contextual diversity

on word learning) and how they relate to foreign language learning and use. Finally, | turn to the

main goals (General and Specific Aims

of the Current Work) and studies (Summary of Publications) that comprise this thesis.
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DIFFICULTIES IN LEARNING

IN A FOREIGN LANGUAGE

Content learning in a foreign language

When it comes to learning new information or content in a foreign language, the difficulty
becomes two-fold: acquiring and understanding new material and using a language that one does
not have full dominion over. Nevertheless, mobility, study abroad programs, and education in
languages other than the local one have become more popular, making it imperative that we
understand how foreign language use affects learning. A key example of this is the growing
popularity of content and language integrated learning (CLIL). These programs teach foreign
languages through content classes (Dalton-Puffer & Nikula, 2014). Although the effectiveness of
these programs is not entirely clear, their goal is to have students learn a foreign language by using

it, simultaneously learning new content and language skills.

The literature on adult learning in a foreign language is quite limited, and most of the
reported benefits are associated with language learning (e.g., Yang, 2014) and not necessarily with
content acquisition. Within this literature, studies tend to focus on the efficiency of courses in
general. In other words, these studies evaluate overall performance at the end of the course and
often show no difference between the control (native language learning) and experimental (foreign
language learning) groups on performance (e.g., Hernandez-Nanclares & Jimenez-Munoz, 2015).
Although there is quite a bit of education literature of this kind, there are very few studies that
examine the immediate understanding and learning of new content in a foreign language as
opposed to the long term effects—and results—over the duration of—and at the end of—a course.
Those that do report a difference find that instruction in a foreign language is detrimental,

particularly without foreign language support, meaning, without added definitions and explanations
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of the vocabulary (Roussel, Joulia, Tricot, & Sweller, 2017). These results have been accounted for in
the context of cognitive load theory (Sweller, 1988), which suggests a working memory overload for
individuals trying to learn content in a language they are not proficient in (Roussel et al., 2017). This
literature as a whole paints a less than clear picture but suggests there might be negative effects in

the short term, although it is not clear whether they persist in the long run.

As most of the research on content learning in a foreign language focuses on classroom
performance, there are very few examples of controlled experiments comparing native and foreign
language conditions. Of interest, Vander Beken and Brysbaert (Vander Beken & Brysbaert, 2018) had
participants read texts either in their native or foreign language and found that participants’ recall
benefitted from reading in their native language, whereas recognition did not. They replicated the
recognition results in another study using eye-tracking (Dirix et al., 2020). In an extension of this
work, Vander Beken, Woumans, and Brysbaert (2018) retested using longer delays, showing a cost in
the immediate Recall Task but no effect of language in the Recognition Task. There are two possible
causes for this difference. On the one hand, the cost could have been related to the increased
difficulty of production in a foreign language required by the Recall Task. On the other hand, the
effect could relate to levels of processing, meaning that superficial processing (familiarity in

recognition) was intact, but deeper processing (recall) was affected by language.

In sum, it seems that foreign language use might have some adverse short-term effects on
learning content, but the current literature is insufficient to say for sure. Furthermore, the results we
do have are somewhat inconsistent and, in some cases, can be explained by task demands rather
than differences in learning. My first article addresses this gap in the literature, testing content

learning while equating task demands between languages by using recognition rather than recall.

Vocabulary learning in a foreign language

A major aspect of language learning is incorporating new vocabulary. In order to speak or

understand a language, a large number of words needs to be mastered. Even in the native language,
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where we have much more oral exposure and practice than in a non-native language, a large
proportion of new vocabulary learned in adulthood comes from incidental learning—meaning
learning without making a voluntary effort to acquire the new information—in reading (Nagy et al.,
1985). New vocabulary in the native language can be learned from reading with as little as two
exposures and, importantly, learning improves with multiple exposures (Hulme et al., 2018). This is
the case both for children (Jenkins, Stein, & Wysocki, 1984; Nagy et al., 1985) and adults (Hulme et
al., 2018). In other words, even though with few exposures there is already an effect on people’s
vocabularies, it is essential to maximize experience with a word to improve learning. Nevertheless,
this relationship is not linear and is affected by other factors such as how these exposures are

distributed and what percentage of the text is understood (Pérez-Serrano et al., 2021).

Studies on the acquisition of foreign language vocabulary from context have mostly used
foreign words from a language participants do not speak, embedded in a native language context
(see Horst & Cobb, 1998; Pitts, White, & Krashen, 1989 for an overview of Clockwork Orange
studies). Although this controls for the knowledge of the context and guarantees that the
participants are unfamiliar with the vocabulary, it is quite different from the way in which we
normally learn a new language. There are few studies using full texts in a foreign language that show
incidental vocabulary learning in a foreign language (Pellicer-Sanchez & Schmitt, 2010) and they
suggest that incorporating new lexical items is slower than in the native language (Pellicer-Sanchez,

2016).

Part of the reason for this added difficulty in foreign language vocabulary learning is that
there are variables that affect word learning which are especially problematic in a foreign language.
Incidental word learning correlates with vocabulary knowledge (Horst & Cobb, 1998). This means
that the higher the percentage of words a person knows from a text, the higher the likelihood of
acquiring the unknown words present in that text. Vocabulary size also correlates with reading

comprehension (Laufer & Ravenhorst-Kalovski, 2010; Sen & Kuleli, 2015; Shen, 2013), which is a
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necessary step in order to acquire new vocabulary in reading (Horst & Cobb, 1998). If the text is not
understood, the focus moves away from the new vocabulary, making it difficult to deduce the
meaning of the word from context. This is a great challenge for foreign language learners as they
already have a limited vocabulary that limits comprehension in that language, so that incidental

word learning is even more difficult for them.

Nevertheless, perhaps the greatest challenge for learning and remembering words in a
foreign language is that they are not quite as “vivid” as they are in the native language (Dewaele,
2004). What | mean by this is that words in a foreign language have an impoverished representation
due to reduced experience and exposure to them and the language. For one, this makes vocabulary
in that language sometimes behave like low-frequency vocabulary in the native language (Francis &
Gutiérrez, 2012). But, more importantly, there is evidence of poorer representations of foreign
language words in studies of emotionality (Caldwell-Harris & Aycicegi-Dinn, 2009; Harris, 2004;
Harris, Aycicegi, & Gleason, 2003). For example, emotional words in a foreign language show
reduced effects in the emotional Stroop task (Winskel, 2013 but see Sutton, Altarriba, Gianico, &
Basnight-Brown, 2007) as well as in physiological measures (Dewaele, 2004). In all of these cases,
researchers have found that participants have less detailed representations of what they experience
in a foreign language. One way of thinking about this is that representations of vocabulary in the
foreign language are less rich than in the native language. In the next section, | will explore this idea

in terms of semantic richness, which will be the main focus of this thesis.
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SEMANTIC RICHNESS

What is semantic richness?

One way to quantify how easily a word is learned or remembered is through the concept of
semantic richness. Semantic richness quantifies the amount and variability of information associated
with a word which, in turn, improves the memory for this word. It is composed of several factors
that can be divided into those intrinsic to the word or concept, such as the number of senses or
lexical ambiguity, and those that relate to the usage of the word, such as the number of features,
semantic neighborhood density, or contextual dispersion (Dufiabeitia et al., 2008; Pexman et al.,
2008; Yap et al., 2011). The first set of features—those intrinsic to the concept and the word—
cannot be manipulated without modifying the word’s meaning, whereas the latter group—those
related to usage—can be exploited to improve learning and access to the word. We also know from
studies using repetition priming that words that are more semantically rich improve learning of
these relationships (Rabovsky, Sommer, & Rahman, 2012), which suggests an implicit learning
advantage for semantically rich words.

Prior experimental studies on semantic richness have focused on enriching learning of items
by manipulating the features that are intrinsic to the word. Some studies have manipulated the
amount of information about the referent (Gladfelter & Goffman, 2018; E. Lund, Douglas, & Schuele,
2015) or the number of senses of a word (Taler, Lépez Zunini, & Kousaie, 2016). Nevertheless, there
are no studies manipulating semantic richness without restricting the meaning or information given
about the word. This makes the research so far difficult to apply to real-world situations, as students
always need to understand the meaning of new vocabulary as clearly as possible, and this meaning
cannot be manipulated. Therefore, semantic richness cannot be modulated to improve learning

based on aspects that are intrinsic to the word.
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On the other hand, factors related to usage and experience with the word can more easily
be manipulated in real-world learning situations. For this reason, | will focus on this second group of
features. Of interest to the present work, affective information and contextual dispersion both can
easily be manipulated to improve richness. Affective information—meaning, information related to
emotions—provides dimensionality and experiential information to a word, much like concreteness
does (Ferré et al., 2015; Vigliocco et al., 2009). Contextual dispersion—also referred to as contextual
diversity (Adelman et al., 2006)—refers to the number of contexts in which a word is encountered.
This can be defined as the number of content areas in which the word appears (Pexman et al., 2008)
or, simply, the number of texts in which it appears in a corpus (Adelman et al., 2006). Higher
contextual dispersion has been associated with faster naming and lexical decision times (Adelman et
al., 2006) as well as spoken word recognition times (Johns, Gruenenfelder, Pisoni, & Jones, 2012) in
the native language.

In the following sections, | will first address how foreign language use can affect the
semantic richness and then how we can use emotionality and contextual diversity to counteract

these negative effects.

How does “foreignness” affect semantic richness?

If we think about foreign language learning and use, we see that many of the difficulties can
be conceptualized in terms of semantic richness. For example, the emotionality or affective
information of a word contributes to semantic richness and is a stable quality of the item.
Nevertheless, foreign language learners are less able to take advantage of these due to their
reduced experience with vocabulary in that language, which also tends to be in academic or
affectively reduced settings. Similarly, contextual diversity is a characteristic of the word itself but
can only be taken advantage of if the individual is exposed to the word repeatedly and in a number
of contexts proportional to those the word is normally used in, which is often not the case for

foreign language learners. Usually, foreign language learners are exposed to this language in a very
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limited number of contexts—mostly educational and/or work environment—and they are exposed

to a limited number of texts and works.

How can we compensate for this reduction in semantic richness?

One way to remediate these limitations in foreign language learning and usage is to put the
focus on artificially increasing the richness of words as they are being learned. In other words, we
need to find specific strategies that increase a word’s affective information and contextual diversity
and apply these to foreign language learning. The benefit of this is two-fold: on the one hand, we
will see if these usage aspects of semantic richness—from the point of view of the learner—can be

manipulated and, on the other, we can use these strategies to improve learning.

As a first approach, | will take advantage of the variables | have discussed, which we already
know improve semantic richness. Vigliocco, Meteyard, Andrews, and Kousta (2009) posited that
affective information is fundamental to semantic representation. Therefore, emotional words can be
said to also have higher semantic richness and thus carry with them a memory advantage (Ferré et

al., 2015).

Similarly, the diversity of contexts in which one experiences a new word affects the learning
of that word (Adelman et al., 2006; Brysbaert & New, 2009). In the case of students, this can be

easily manipulated by changing the number of texts in which the item appears.

This thesis explores whether manipulating the semantic context's emotionality and
increasing the number of texts containing novel words, while keeping repetitions constant, can
improve memory for foreign language words. In essence, | aim to test whether one can imbue new
words with the same facilitative effects that emotional and contextually diverse words naturally

have by manipulating the first exposures the learner has to these new items.

Before presenting the thesis research, | will review current research on the effects of

emotionality and diversity in word learning.
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THE EFFECTS OF SEMANTIC EMOTIONALITY

ON LEARNING

When speaking about emotionality, we can refer to words being emotional—i.e., whether
the meaning and use of a word are emotional—or the visual or semantic context surrounding the
word being emotional. | will first describe literature on emotional words since it represents the
majority of the current work in this area, and then | will turn to emotional context, which is the focus

of my work.

There are two basic aspects of emotionality: valence and arousal (Russell, 1980). Valence
refers to whether something is positive (high valence) or negative (low valence), and arousal refers
to how strong of an emotion that element evokes. For example, a word can have high valence and
high arousal (e.g., winner) or high valence and low arousal (e.g., relaxation). Similarly, a word can be
of neutral valence and high arousal (e.g., lightning) or neutral valence and low arousal (e.g.,
typewriter). The emotional valence of a word—meaning whether a word is positive or negative as
opposed to neutral—facilitates encoding and retrieval, particularly in lexical decision tasks. In
monolinguals, the advantage for emotional words relative to neutral words has been widely tested
and quite consistently found (e.g., Dewhurst & Parry, 2000; Doerksen & Shimamura, 2001;
Kuperman et al., 2014). Notably, the advantage of emotional words primarily correlates with valence
and not arousal (Adelman & Estes, 2013; Brainerd, Stein, Silveira, Rohenkohl, & Reyna, 2008) and is
more consistent for positive words (Kousta et al., 2011), which suggests a valence-specific

mechanism.

Interestingly, the advantages of emotionality are not limited to emotional words but rather
extend to neutral items in emotional contexts. Studies on the effects of emotional contexts on
neutral words find that words presented in positive contexts are learned better (Erk et al., 2003; Erk,

Martin, & Walter, 2005). Furthermore, these studies suggest that emotional contexts have such a
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strong effect that the brain’s activation for a neutral stimulus can be modulated by the emotionality

of the stimuli surrounding it (Erk et al., 2005).

Emotionality as a form of semantic richness

Emotionality increases semantic richness by providing affective and experiential dimensions
associated with the word as well as the number of features associated with that item. Emotionality
interacts with other variables the same way words with dense semantic neighborhoods do
(Dufiabeitia et al., 2008; Syssau & Laxén, 2012) and perhaps can be perceived in words pre-

attentively (Nielsen, Shapiro, & Mason, 2010).

Firstly, emotionality can provide additional semantic features to a word. Semantic features
refer to characteristics or attributes that make up the meaning of a word (Pexman, Lupker, & Hino,
2002). The higher the number of features a word has, the faster the lexical decision times, naming
latencies (Pexman et al., 2002), and semantic processing (Pexman, Holyk, & Monfils, 2003). In
essence, emotionality provides additional semantic information that helps provide access to the

word.

Finally, and perhaps more importantly, emotionality has been presented and conceived of as
a way of enriching representations (Kousta et al., 2011). Kousta et al. (2011) suggest that the
advantage observed for emotional words stems from a particular type of experiential information,
specifically as being internally embodied through affective states—meaning, feeling the emotion.
This presents the benefits of emotionality in parallel to those of concreteness, which are due to the
experience through the senses—for instance, the experience of seeing or touching an object helps
one remember it (Macedonia, 2014). In other words, one can feel an emotion, much like one can
touch an object, and this “experience” helps create a richer representation for the word. This
increases the number of features of a word and thus increasing semantic richness. Importantly,
emotionality increases the semantic richness by adding experiential information to the word, even if

this experience is internal (Vigliocco et al., 2009).
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Although the effects and mechanisms of emotionality in lexical and semantic processing are
not fully understood, it is clear that it provides additional and essential information (Vigliocco et al.,

2009) and is one of the primary predictors of memory for words (Rubin & Friendly, 1986).

Effects of foreign language on emotionality

It is important to remember that not all of the effects in the monolingual literature apply to
bilinguals and that some variables are affected by foreign language use. The effects of foreign
language use on emotionality have been extensively researched and quite a complex image has
emerged. Bilinguals self-report a reduction in emotionality when they use their foreign or second
language, with a plethora of literature reporting this phenomenon in vastly varied areas from moral
decision-making (see Costa, Vives, & Corey, 2017 for a review) and lying (Caldwell-Harris & Aycicegi-
Dinn, 2009) to reacting to reprimands (Aygicegi & Harris, 2004) and jokes (Aycicegi-Dinn, Ayse,
Sisman-Bal, & Caldwell-Harris, 2018; Erdodi & Lajiness-O’neill, 2012). This, in turn, influences what
effects we can expect from emotionality on learning. As a first step, let us summarize what we know

of the effects of foreign language use on emotionality.

The origin of this effect is not clear, but there are several working hypotheses. There is
evidence that both proficiency and age of acquisition are relevant factors, but neither is sufficient to
explain the effect (Harris, Gleason, & Aygicegi, 2006). Furthermore, immersion (Dewaele, 2010a) and
frequency of use (Degner, Doycheva, & Wentura, 2012) also modulate this effect. Some authors
claim that it is increased cognitive load—or, in other words, a processing cost—is the cause
(Hayakawa, Tannenbaum, Costa, Corey, & Keysar, 2017), suggesting that it is this depletion of
resources that does not allow the cognitive system to incorporate emotional information. Support
from this theory comes from studies that show that high proficiency reduces this effect (Harris et al.,
2006). However, this hypothesis does not fully explain the aforementioned effects of immersion

(Dewaele, 2010a) and use (Degner et al., 2012).
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More importantly for the present work, others have claimed that the effect relates to
experience and how we learn the language (Harris et al., 2006). More specifically, they point to the
emotional neutrality of a classroom in comparison to learning a language at home or socially. In
other words, the theory predicts that if the language is most frequently used in low arousal
situations, the learner or user will experience that language as less emotional (Caldwell-Harris,
2014). This is in line with the idea that we incorporate vocabulary by accumulating experiences with
that word, which adds up to creating its mental representation (Gleitman et al., 2005). If this is the
case, the richness of the representation of a word can be affected by manipulating the experiences
and contexts in which that word is encountered. In other words, if words are taught in an

emotionally rich context, this reduction in emotionality in a foreign language might no longer apply.

Emotionality effects in foreign language learning

As | have discussed already, there is significant monolingual literature on the effects of
emotionality in word processing and learning. Nevertheless, the literature on this effect in bilinguals
is not as clear-cut, and it is not clear whether this effect would be present in a foreign language

because of reduced emotionality in that language (as | discussed above).

Studies on the effects of emotionality on memory and processing in a foreign language have
shown mixed results. Anooshian and Hertel (1994) found no effect of emotionality on memory in the
second or foreign language, Aycicegi and Harris (Aycicegi & Harris, 2004) and Aygicegi-Dinn &
Caldwell-Harris (2009) found a processing advantage for positive and taboo words as well as
childhood reprimands. Ferré, Garcia, Fraga, Sdnchez-Casas, and Molero (2010) found emotionality
effects in both languages and to the same extent. In a later study, Ferré, Anglada-Tort, and Guasch
(2018) showed an interaction between language dominance and emotionality effects when
participants were tested in a later classroom-learned language. They found that positive words had
an advantage over neutral and negative words, with a higher emotionality effect for concrete versus

abstract words—in contrast to Ferré et al. (2015) and Kousta et al. (2011).
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The studies presented so far focus on testing words that were already known to participants.
Within the foreign language literature, studies on the effects of emotionality that focus on new word
learning are very few and quite distinct. For the purpose of this thesis, there are two major groups:
those that manipulate the emotionality of the novel words and those that manipulate the emotional

context of words.

Concerning emotional content (or the emotionality of the novel words), Altarriba and
Basnight-Brown (2011) taught participants words in a novel language and showed an emotionality
disadvantage. Ferré, Ventura, Comesafia, and Fraga (2015) also studied the effects of emotionality
on word learning for the first words in a novel language. They found that the emotionality of their
native language word aided learning for abstract words, but not concrete ones. They interpreted this
as emotionality providing richness to abstract terms in much the same way that sensory
representations do to concrete terms—in accordance with Kousta et al., (2011). In these cases,
words were directly paired but it is less clear what the effects would be if participants did not have a

counterpart for the word in their first language, as is the case when learning new content.

To my knowledge, aside from the present work, there is only one study on the effects of
emotional context on foreign language learning. Brase and Mani (2017) taught participants new
words in a native or a foreign language through the use of videos with definitions. They defined
emotional context as the level of arousal or effusiveness that the actor showed in the video and
crossed this with the emotionality of the novel words. They showed emotionality effects for new
negative words in an emotional Stroop and a sentence completion task, but these differed between
languages. In the foreign language condition, the emotionality effect was only present in the
emotional context, whereas, in the native language, it occurred in both emotional and neutral
contexts. It is worth noting that their recall results are in contrast with their Stroop task results as
well as with prior studies: no emotionality effect in the native language and a restricted effect in the

foreign language—only for negative words in the emotional context. Nevertheless, this study is
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particularly relevant, as almost no other studies have examined how emotionality affects the

learning of new words for new concepts rather than new labels for known objects or concepts.

The scarce literature, on the one hand, and the complex and contradictory results, on the other,
point to a need to study the effects of emotionality on novel word learning in a foreign language
further. Furthermore, these conflicting and inconsistent results may be explained by alternative
accounts to reduced emotionality, such as the novelty effects suggested by Aycicegi and Harris
(Aycicegi & Harris, 2004). Finally, the paradigms used thus far predominantly focus on emotionally-
charged words in isolation rather than in context and are thus limited to single-word presentations,

a gap | will address with the current work.
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THE EFFECTS OF CONTEXTUAL DIVERSITY

ON WORD LEARNING

One of the key variables in semantic richness is the number of different contexts a word is
encountered in—in other words, contextual diversity. Contextual diversity generally refers to the
number of texts—or contexts—in which a word can occur. This is commonly operationalized as the
number of texts in which a word appears within a corpus (either the number of documents as
defined by Adelman et al., 2006; or the number of films or TV series as defined by Brysbaert & New,
2009). If we apply this theoretical definition to the human experience, it is the total number of texts
in which a person has seen or heard a word. In most cases, this is impossible to quantify and thus the
count in a corpus is used as a proxy for this, assuming a proportional amount of exposure.
Nevertheless, if we are talking about new word learning, this experience can easily be manipulated
by changing the way in which words are presented—namely, by varying the number of texts a word
appears in when the person is learning a new word. An important application of this is that it is less
costly to distribute repetitions more (or differently) than it is to increase these repetitions, which
makes contextual diversity an attractive tool for improving and economizing efforts in word learning,

particularly in a foreign language.

Until recently, the influence of contextual diversity on word processing and learning had not
received much attention, in part, due to its high correlation with another concept that has been
studied in much more detail: word frequency. Word frequency refers to the number of times a word
has been encountered or, in practical terms, how many times the word appears in a corpus. The
most common definition of frequency is the number of instances per million words in a database. In
these terms, it correlates positively with accuracy and negatively with response time in lexical
decision tasks (e.g., Grainger, 1990). One of the issues with this measure is that it is unstable when

the corpuses they are taken from are small and also are better predictors depending on the sources
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of the corpora—namely, written works versus subtitles (Brysbaert & New, 2009). When it comes to
word learning, the definition is in terms of the number of exposures. The number of times a person
sees a new wordpositively correlates with memory performance, even in incidental learning and in
both short- and long-term retention (Hulme et al., 2018). In other words, this verifies the intuition
that the more one sees a word, regardless of whether one is making an effort or not, the better one

will remember it.

Naturally, word frequency is highly correlated with contextual diversity—the more texts a
word appears in, the higher the number of times it appears in total. As contextual diversity started
receiving increased attention, there are studies that have found effects of it above and beyond those
of frequency, even suggesting that it explains the frequency effect (Adelman & Brown, 2008). The
effects of word frequency and contextual diversity have been found to have additive (Steyvers &
Malmberg, 2003) or even opposite (Parmentier et al., 2017, but see Guitard, Miller, Neath, &

Roodenrys, 2019 for a failure to replicate).

In general, contextual diversity has been found to influence word learning, word
recognition—in adults (Adelman et al., 2006) and in children (Perea, Soares, & Comesaiia, 2013)—,
and serial recall performance (Parmentier et al., 2017) in the native language. More specifically,
there are cases in which remembering the specific encounter with the word benefits performance—
such as serial recall or recognition for recently presented word lists. In these cases, high contextual
diversity seems to be detrimental, whereas the effects of frequency are inconsistent—sometimes
beneficial (Parmentier et al., 2017) and sometimes detrimental (Steyvers & Malmberg, 2003).
Importantly, when contextual diversity was controlled for, the effects of word frequency
disappeared, whereas the converse did not happen (Adelman et al., 2006; Chen et al., 2017; Hsiao &
Nation, 2018; Johns et al., 2012; Perea et al., 2013; Plummer, Perea, & Rayner, 2014). This highlights

its relevance and need for further study. Although these data have the substantial limitation of using
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naturally occurring frequency and diversity—as measured by word databases—these studies

highlight that these two terms are not interchangeable and refer to qualitatively different concepts.

Studies using corpus-based data found that contextual diversity was a significant predictor
of response times for word reading and lexical decisions (Adelman et al., 2006; Brysbaert & New,
2009; Hsiao & Nation, 2018) as well as for spoken word identification (Johns et al., 2012). These
effects can also be found online using eye-tracking measures (Chen et al., 2017; Plummer et al.,
2014), suggesting clear and early contextual diversity benefits. These effects have been found in a
variety of languages such as Catalan (Boada, Guasch, Haro, Demestre, & Ferré, 2020), Chinese (Cai &
Brysbaert, 2010; Sze, Rickard Liow, & Yap, 2014), Portuguese (Soares et al., 2015), Dutch (Keuleers,
Brysbaert, & New, 2010), Greek (Dimitropoulou, Duiabeitia, Avilés, Corral, & Carreiras, 2010), and
English (Brysbaert & New, 2009; van Heuven, Mandera, Keuleers, & Brysbaert, 2014). This suggests a
universal effect. Furthermore, the effects of contextual diversity seem to be more resilient to the
particulars of the database that is used than those of frequency, suggesting that it is a more robust

measure (Brysbaert & New, 2009).

Contextual diversity in native language word learning

So far, | have discussed correlational effects, but within the word learning literature, there
have also been causal effects of contextual diversity. First language studies looking at both
correlational and causal analyses of contextual diversity—in terms of word elicitation—found that
words that appear in more contexts are learned earlier (Hills et al., 2010). Johns, Dye, and Jones
(2016) manipulated contextual diversity in a word learning study and found that when novel items in
the native language are contained in texts on a variety of topics, they are then recognized faster and
more accurately. Similarly, Rosa, Tapia, and Perea (2017) found that 3™ grade children benefitted
from increased contextual diversity when learning new words. In this case, the words were
presented in the same number of texts, but these were of different types—namely Spanish

language, Natural Sciences, and Mathematics. In particular, they tested recall, recognition (in two
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tasks), and picture matching. They showed a consistent benefit for high versus low contextual

diversity.

A recent study by Pagan and Nation (2019) manipulated contextual diversity experimentally.
Participants learned novel words (low-frequency unknown words) incidentally (reading for
comprehension) that were presented either in repetitions of the same sentence or in different
sentences. Words presented in repeated sentences were in the low diversity condition, and those in
different sentences were in the high diversity condition. They found that diversity increased reading
times during the learning phase and decreased them during the testing phase, suggesting a

processing advantage during testing for words learned in diverse contexts.

Contextual diversity and foreign language

As in the native language, contextual diversity is thought to play a role in the foreign
language, although the number of studies evaluating these effects is much more reduced in the
foreign than the native language. In particular, it is a significant predictor of proficiency (Berger,
Crossley, & Kyle, 2017; Monteiro, Crossley, & Kyle, 2020) and early foreign language word
production, particularly for verbs (Crossley & Salsbury, 2010; Crossley, Subtirelu, & Salsbury, 2013) in

a foreign language.

Only one study has approached the subject of contextual diversity in vocabulary learning in a
foreign language. Using an artificial language learning paradigm, Jones et al., (2012) found that
presenting novel words in different sentences affected the speed of a later pseudolexical decision
task—meaning, a speeded task in which participants have to identify whether strings they are
presented with are “words” from the learning set. In other words, participants identified the new
words better when they had seen them used in different sentences rather than seeing the same
sentence repeatedly. One issue with this study is the limited number of stimuli used as well as the

limited vocabulary in the artificial language (12 words) and—in the case of low contextual diversity—
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a repetition effect as participants were likely not rereading the sentences given that they were

precisely the same and repeated 45 times.

To my knowledge, there are no other studies looking at this effect in the foreign language,
and, given the importance of this factor in the native language, it is crucial to know its effects in

foreign language learning.
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GENERAL AND SPECIFIC AIMS

OF THE CURRENT WORK

In the above introduction and literature review, | identified several research lines referring
to various factors that affect learning. Accordingly, my main goal for this thesis, in general terms, is
to investigate the relationship between semantic richness and foreign language learning. This aim
has both theoretical as well as practical implications as it aims to both understand the mechanisms

related to learning and identify possible ways of improving or optimizing it.

Within that broad intention of understanding how semantic richness affects foreign
language learning, | have several specific aims. In my review of previous literature, | found the
content's emotionality to be an influential factor both for memory and learning. | found a lack of
literature on how using context to increase semantic richness—particularly by manipulating the
emotionality of that context—affects learning, in general, and foreign language, in particular. This
relates to my first and second specific aims, which are to investigate the relationship between
emotional semantic context and content learning—meaning new information on a given topic or
area—and vocabulary learning in a foreign language. In my review of the literature, | also found that
contextual diversity is a highly influential factor in memory that has seldom been explored in
learning. Furthermore, no studies characterize these effects in foreign language learning. This leads
to my third specific aim, to investigate the relationship between contextual diversity and vocabulary

learning in a foreign language.
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Summary of Publications

PUBLICATION 1: THE INFLUENCE OF
EMOTIONAL AND FOREIGN LANGUAGE
CONTEXT IN CONTENT LEARNING

Overview of Methodology

For Publication 1, | carried out an experiment in which participants listened to the
description of imaginary countries. The descriptions were approximately 1300 words long and
participants listened to the descriptions in either their native language—Spanish—or their foreign
language—English. Embedded in those descriptions were 50 items of information (e.g., national
sport and population—see Supplementary Materials on page 86) that participants were later tested
on. My main manipulation was changing the emotionality of the semantic context around the key

information. To do so, | manipulated the surrounding filler sentences by including more positive
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emotional words—in the case of the emotional condition—or more neutral words—as in the case of
the neutral condition (see Table 4. of Publication 1 on page 90 for an example sentence from each

condition).

| tested 76 native Spanish speakers (38 in each language group, 9 male, Mage 5 = 33.86, SDage
=59.14; see Table 1 in Publication 1 on page 69 for a full list of demographics between groups). The
descriptions were presented auditorily to diminish the fatigue of reading—particularly in the foreign
language. Participants first listened to the two descriptions—one positive and one neutral as
language was manipulated between participants—and then answered 50 self-paced multiple-choice
guestions about the countries (see Figure 2 from Publication 1 on page 90 for an example question).
Then, participants completed a measure of English vocabulary—LexTALE (Lemhofer & Broersma,

2012).

Hypotheses

| explored the effect of emotional semantic context in content learning in a foreign
language—my first aim—in Publication 1. This experiment tested whether the inclusion of a positive
semantic context—as opposed to neutral—improved learning of new information on a particular
topic in a foreign language. | also compared the effects of a positive semantic context on content
learning in a foreign and native language. As reviewed in earlier sections of this work, prior studies
have been quite inconsistent in their results on the effects of foreign language use. Therefore, |
tentatively expected an overall decrease in performance in the foreign language, regardless of
context. | also expected a positive effect of emotionality, regardless of language. This relates to the
quite consistent effects of positive emotionality improving memory. Finally, | expected a reduced
effect of emotionality in the foreign language than in the native language. Although studies looking
at this directly have not produced consistent results, based on the emotionality literature, | expected
a reduction in the emotional response in the foreign language, leading to smaller emotionality

effects. In short, these are my hypotheses:
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e | expected a main effect of language, such that participants would have greater difficulty on
the recognition test in their foreign language than in their native one.

e | expected a main effect of emotionality, such that participants would have greater difficulty
on the recognition test in a neutral context than in a positive one.

e | expected an interaction between emotionality and language, such that there would be a
smaller effect of emotionality on the recognition test in the foreign language than in the

native language.

Results

In the first publication, | explored whether positive valence, as conveyed by semantic
context, would affect content learning. | expected, based on prior literature (Nagy et al., 1985;
Pellicer-Sanchez, 2016; Vander Beken & Brysbaert, 2018), that participants would have greater
difficulties in their foreign than their native language. Our results showed exactly that: participants
in the native language condition remembered the items from the learning phase more accurately
than those who performed the task in the foreign language condition (see Table 3 on page 72 for
accuracy data and Figure 1 of Publication 1 on page 73 for a graphical representation of the accuracy
results). There is little literature comparing content learning between languages, and the results are
quite heterogeneous. Nevertheless, tasks that require more language knowledge or that require
making associations between items tend to cause more difficulty in the foreign language (Nott &
Lambert, 1968). My task required that participants remember and associate to 50 items of
information acquired within a continuous speech stream to a particular country. This made the task
difficult and required that the participants not mix the information that corresponded to each

country.

With respect to our main variable of interest, | expected participants in general to perform
better in the positive than the neutral condition. This hypothesis was supported by prior literature

that found that emotionality and, in particular, positive valence has positive effects on performance
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(Kousta et al., 2011; Kuperman et al., 2014). That is exactly what | found, with participants
performing better in the positive than the neutral condition in both languages (see Figure 1 of

Publication 1 on page 73 for the summary data and the supplementary material figure on page 89).

Finally, | expected a smaller—or no—effects of emotionality on the recognition test in the
foreign language compared to the native language. This was based on prior research that showed
reduced emotionality in the foreign language (Aycicegi-Dinn, Ayse et al., 2018; Aycicegi & Harris,
2004; Caldwell-Harris & Aycicegi-Dinn, 2009; Costa et al., 2017; Erdodi & Lajiness-O’neill, 2012). But,
this expectation was not fulfilled. | found the same size effect in both conditions suggesting that the
reduced emotionality in the foreign language did not modulate the influence of emotionality. |

discuss this further in a later section (General Discussion on page 35).
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PUBLICATION 2: THE EFFECTS OF LANGUAGE
AND EMOTIONALITY OF STIMULI ON
VOCABULARY LEARNING

Overview of Methodology

Publication 2 consisted of two experiments: the first with a between-subjects manipulation
of language and the other fully within-subjects. Participants were shown the descriptions of 46
imaginary objects along with their descriptions (on average, 50 words long)—see Figure 1 of
Publication 2 on page 98 for an example stimulus. In Experiment 1, each participant read these
either in their first language—Spanish—or their foreign language—English. In Experiment 2,
participants did 2 sessions one week apart: one in each language with half of the objects (6 items
from Experiment 1 were removed so that 20 objects remained in each session). The key
manipulation was modifying the emotionality of the semantic context. To modulate this, the
description contained either more positive or more neutral words in the emotional and neutral

condition, respectively.

In Experiment 1, 56 participants were tested and, in Experiment 2, 60 participants took part
(see Tables 1 and 2 of Publication 2 on pages 96 and 97, respectively, for participant variables). Even
though participants were not told they would be tested on the objects, after each description,
participants were asked to type in the name of the object to make sure they had paid attention to it.
After reading all descriptions—positive and neutral randomly mixed—participants were given a non-
verbal Distractor Task—a Corsi blocks task (Berch, Krikorian, & Huha, 1998). In Experiment 1, this
Distractor Task lasted 15 minutes; in Experiment 2, it lasted 7 minutes each day. After the Distractor
Task, participants were asked to do a Recall Task—they were shown the image and had to recall the
name—, an Old/New Recognition Task—only in Experiment 1, and it consisted of reporting whether

the word they were presented with was one of the object names or not—, a Name Matching Task—
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participants were shown the object and had to choose the correct name—, and an Attentional Check
in which participants were asked to select the correct characteristic of the object they were
presented (see Figures 2 and 4 of Publication 2 on pages and , respectively, for example

screens of each task).

Hypotheses

| explored the effect of emotional semantic context in vocabulary learning in a foreign
language—my second aim—in Publication 2. These experiments tested whether the inclusion of a
positive semantic context improves vocabulary learning in a foreign language as well as whether the
effects of a positive semantic context on vocabulary learning in a foreign language are the same as in
a native language. As in Publication 1, | expected greater difficulty in the foreign language overall
than in the native one as well as a positive effects of emotionality, regardless of language, and an

interaction between the two. These are my specific hypotheses:

e | expected a main effect of language, such that participants would have greater difficulty on
the recall test in their foreign language than in their native one.

o | expected a main effect of emotionality, such that participants would have greater difficulty
on the recall test in a neutral context than in a positive one.

e | expected an interaction between emotionality and language, such that there would be a
smaller effect of emotionality on the recall test in the foreign language than in the native
language.

e | expected a main effect of language, such that participants would have greater difficulty on
the recognition test in their foreign language than in their native one.

e | expected a main effect of emotionality, such that participants would have greater difficulty

on the recognition test in a neutral context than in a positive one.
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e | expected an interaction between emotionality and language, such that there would be a
smaller effect of emotionality on the recognition test in the foreign language than in the

native language.

Results

In Publication 2, | explored the effects of emotionality—defined as positive valence and high
arousal as conveyed by semantic context—on foreign language vocabulary learning for novel
objects. | had similar hypotheses as in the first experiment. With respect to language, there was no
clear consensus in the literature on its effects on memory for individual words. Nevertheless, |
expected an effect in the Recall Task, with participants performing better in the native language
because of the increased difficulty in producing the item, but not necessarily for the Recognition
Task, which was less taxing (Vander Beken & Brysbaert, 2018). For the first part, | found an effect of
language in the Recall Task of Experiment 1, but not of Experiment 2 (see Tables 5 and 8 of
Publication 2 on pages and , respectively, for summaries of the results). Similarly, | found an
effect of language in the Matching Task of Experiment 1 (although only for accuracy), but not of
Experiment 2 (see Figures 3 and 5 of Publication 2 on pages and , respectively, for graphical
representations of the results). The possible reasons for this will be explored in more detail in the
next section, but, in short, the difficulty of the learning task might simply have modulated the effect

of language—in Experiment 1, participants had to remember twice as many items as in Experiment

With respect to emotionality, | again expected that participants’ performance would benefit
from positive valence. This is exactly what | found: participants benefitted from positive emotionality
in both experiments in both tasks (although, note the effect was marginal in the Recall Task of

Experiment 1).

Finally, for the interaction, | expected—as in Publication 1—that participants would show a

differential effect of emotionality by language. This was in fact not the case: | found equal effects of



30| Page

emotionality across languages quite consistently—for both Recall and Matching in both Experiments
1 and 2. This is quite a robust result that suggests that, at the moment of learning, emotionality has

an equal effect between languages (more on this in the General Discussion on page 35).
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PUBLICATION 3: THE EFFECTS OF
CONTEXTUAL DIVERSITY ON INCIDENTAL
VOCABULARY LEARNING IN THE NATIVE AND
A FOREIGN LANGUAGE

Overview of Methodology

For Publication 3, | explored the effects of contextual diversity on vocabulary learning in a
foreign language, my third aim. Stimuli consisted of 100-word stories using 8 high frequency words
(hereafter, keywords) that were one of the most representative exemplars of their category group
(Uyeda & Mandler, 1980): fruit (apple—manzana), vehicle (car—coche), furniture (table—mesa),
animal (dog—perro), dwelling (house—casa), reading material (book—Ilibro), beverage (water—
agua), and toy (ball—baldn). These words were then replaced with pseudowords to assess learning
of the lexical item. Each story contained the keyword eight times (in 1 story), four times (in 2
stories), twice (in 4 stories), or just once (in 8 stories)—see Figure 1 of Publication 3 on page for
a schematic of how the stimuli were created. Half of the participants read the stories in their native

language—Spanish—and the other half read them in their foreign language—English.

| tested 88 participants (44 in each language group, 25 males, Mage = 23.78, SDage = 4.28; see
Table 1 of Publication 3 on page for a summary of the variables participants were matched on).
Participants read 30 stories (2 keywords in each condition) at their own pace. After each story, they
were asked a true/false comprehension question and then moved on to the next story (see Figure 2
of Publication 3 on page for a schematic representation of the procedure). After reading all of
the stories, participants completed a non-verbal Distractor Task—Corsi task (Berch et al., 1998)—for
10 minutes. They then completed a Recall Task in which participants were presented with the 8

sentences that originally contained the same key word, now replaced by a gap. They were asked to
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type in the missing word that completed all 8 sentences. They were then asked immediately to
choose the correct answer among 4 options (correct option, correct option with incorrect spelling,
distractor, and distractor with incorrect spelling). Finally, participants were shown an image of an
object paired with a pseudoword and had to say whether the name corresponded to the object or

not.

Hypotheses

In Publication 3, | explored the third aim: to investigate the relationship between contextual
diversity and vocabulary learning in a foreign language. This experiment tested whether increasing
contextual diversity aided vocabulary learning in a foreign language. It also compared the effects of
contextual diversity in a foreign language to those of the native language. Based on prior literature, |
expected that contextual diversity would be beneficial in general. In addition, prior literature
suggested that language learners have a reduced vocabulary in their second language which, in turn,
makes inferring meaning from context more difficult (Pérez-Serrano et al., 2021). Given the added
difficulty in inferring meaning, performance should be worse in the foreign language. Finally, given
the added difficulty in incorporating lexical items in the foreign language, | hypothesized that
clustering—meaning presenting more than one instance in one text—might be more beneficial than
maximal diversity—meaning presenting only one instance of the word in each text—in the foreign

language. | have the following hypotheses:

o | expected a main effect of language, such that participants would have greater difficulty on
the recall test in their foreign language than in their native one.

e | expected a main effect of contextual diversity, such that participants would have higher
rates of recall from greater levels of diversity.

e | expected an interaction between contextual diversity and language, such that the highest
recall rates would be at the highest diversity in the native language, but in the foreign

language recall would be highest for clusters of 2 or 4 encounters per text.
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e | expected a main effect of language, such that participants would have greater difficulty on
the recognition test in their foreign language than in their native one.

e | expected a main effect of contextual diversity, such that participants would have better
recognition with greater levels of diversity.

e | expected an interaction between contextual diversity and language, such that the best
recognition would be at the highest diversity in the native language, but in the foreign
language recognition would be best for clusters of 2 or 4 encounters per text.

e | expected a main effect of language, such that participants would have greater difficulty on
the matching test in their foreign language than in their native one.

e | expected a main effect of contextual diversity, such that participants would have better
matching with greater levels of diversity.

e | expected an interaction between contextual diversity and language, such that the best
matching would be at the highest diversity in the native language, but in the foreign

language matching would be best for clusters of 2 or 4 encounters per text.

Results

In Publication 3, | explored the effects of contextual diversity—defined as the number of
stories a word appeared in—on vocabulary learning in a foreign and native language. With respect to
language, as in the case above, the literature did not show a clear consensus. Still, | expected an
effect of language because learning was fully implicit in this experiment—unlike Publication 2 where,
although participants were not told to specifically memorize the words, they were asked about them
immediately afterwards—and the meaning of words had to be deduced from context. Nevertheless,
| did not find a difference for Recall and Recognition Tasks (see Figures 3 and 4 of Publication 3 on
pages and , respectively, for graphical representations of the results and Table 2 on page
for a summary of means, standard errors, and confidence intervals). As | discuss later on (see

General Discussion section), | believe this might be related to the difficulty of the learning phase and
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the amount of to-be-learned information. Interestingly, | did find an effect of language on accuracy
for the Matching Task—as | did in Publication 2 (see Figure 5 of Publication 3 on page fora
graphical representation of the results). Which suggests that remembering the form and the

meaning of a word might carry different language effects.

With respect to contextual diversity, prior literature had shown quite consistently that
contextual diversity—even in its various definitions—aided memory and learning. | expected that
participants would perform better in the higher diversity conditions—defined as conditions in which
pseudowords were presented in more texts—and this is exactly what | found. Participants recalled,

recognized, and matched words with higher contextual diversity better than those with lower.

As before, | expected an interaction between language and contextual diversity. Although
this effect was rather speculative. This expectation was based on eye-tracking literature showing
that the number of exposures to a word has a different relationship between languages. More
specifically, some eye tracking studies have shown that in the native language, participants start
reading lexical items like known items starting from the second exposure, whereas for the foreign
language this requires more exposures (Pellicer-Sanchez, 2016). This would suggest that clustering
might provide a better option than fully dispersing encounters for word learning in a foreign
language. Nevertheless, this was not the case. | found no interaction between variables suggesting

that contextual diversity had an equal, monotonic, and positive effect on both languages.
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General Discussion

RESULTS OF THE WORK AS A WHOLE

In four experiments divided into three publications, | explored different ways to improve
learning in a foreign language—both of content and vocabulary. | focused on emotionality and
contextual diversity and found that by manipulating the semantic context around this information
and increasing semantic richness, learning could be improved. These results suggest that, on the one
hand, the semantic richness of a word is not a stable feature of it but, rather, can be manipulated at
the individual level. In addition, they suggest that manipulating the semantic context of new
information can enhance its learning. Finally, on a practical level, this provides tools that could be

applied to teaching.

The effects of language were somewhat mixed. | found effects of language in the cases
where participants were tested using their vocabulary in that language—i.e., not the new words—as

was the case in Publication 1, or when the learning task was more taxing, as was the case in
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Experiment 1 of Publication 2 compared to Experiment 2. In the first case, it is quite reasonable that,
when prior knowledge is necessary to carry out the task, language experience has an effect on
performance. For the second task, it is possible that overloading the memory system during
encoding had a greater effect on the foreign language, which is already more cognitively taxing. The
difference in difficulty between the two experiments is quite clear in the Recall Task, where
participants not only remembered a much lower percentage of words in Experiment 1 of Publication
2 (3% versus almost 10% in Experiment 2), but also a lower absolute number of words (1.39 versus
1.90 in Experiment 2). | also observed a similar pattern in the Matching Task, with an effect of
language in Experiment 1 of Publication 2, but no effect in Experiment 2. This could be interpreted in
one of two ways: as further evidence that the effect stems from the learning stage—as it affected all
subsequent tasks—or as a spillover effect from the Recall Task. The second option is somewhat
unlikely, as the difference between languages was approximately twice as large in the Matching Task
(6.5%) as in the Recall Task (3.3%). Therefore, this suggests that the effect is likely to stem from the
learning phase. In addition, the results of Publication 1 could also be interpreted in this way, as the
learning phase required participants to incorporate 50 bits of information as well as sustaining
attention for the duration of the recording (approximately 7 minutes each). Finally, Publication 3
showed the same results as Experiment 2 for memory of the word form (Recall and Recognition)—
namely, no effect of language. Here, there were only 8 items to be learned. Although the amount of
reading was closer to that of Experiment 1 of Publication 2 (approximately 3000 words versus
approximately 2300), the amount of to-be-remembered information was much closer to each
session in Experiment 2 (8 items versus 20). Importantly, this contrasts with the results of the
Matching Task in Publication 3 where | did find an effect of language. It is possible that, since the
meaning of these pseudowords could be directly tied to a real word in either language, the Matching
Task relied on a direct association between the pseudoword and an object for which they had
another word, creating associations more similar to those required in Publication 1. Nevertheless,

this is somewhat speculative and the cause of this difference is not fully clear.



Page |37

With respect to the contextual factors that | manipulated—namely, emotionality and
contextual diversity—these showed quite consistent positive effects. In all three experiments | ran
on emotionality, | found that positive valence and arousal aided memory and learning. In addition
and given the lack of interaction with language, it seems that this is a language independent
mechanism that is particularly helpful in the foreign language when new information is acquired—
new vocabulary, in this case—independent of word knowledge in the native language. Similarly,
contextual diversity showed very consistent results throughout all three tasks. This aligns with the
literature word learning in the native language (Adelman et al., 2006; Hulme et al., 2018; Perea et
al., 2013). Although this was not a main aim of the experiment, | was able to see that contextual
diversity has a non-linear effect, such that there is a sharp effect when going from one to two

contexts that then diminishes. This suggests that the effect is not additive, but rather more nuanced.

Given the mixed results on the effects of emotionality on memory in a foreign language, the
lack of interaction between factors in Publication 2 was not all that surprising. On the other hand, |
was more surprised of the result in Publication 1. These results could have two theoretical
interpretations. First, as a whole they suggest that the effects of positive valence on memory may
rely on non-emotional mechanisms, such as making the texts more engaging and interesting or
making the to-be-remembered information more interrelated (Goh & Hu, 2011; Talmi & Morsovitch,
2004; Talmi, Schimmack, Paterson, & Moscovitch, 2007). On the other hand, the effects might
directly relate to emotional resonance but may happen specifically when learning new vocabulary—
although this would only apply to Publication 2. If it is true that emotionality can be endowed to
words at the moment of learning, it suggests a more interesting result in which we have more
control over the semantic richness of words than if it was a stable feature of the word. If at the
moment of learning, emotionality has the same effect between languages and is transferred to the
to-be-learned item, then this would suggest that words are less arousing in the foreign language, not
because of a characteristic inherent to the foreign language and its use, but rather because of the

way they are taught. This relates strongly to prior claims that the foreign language effect is due to
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learning in a classroom (Harris et al., 2006) and that it is modulated by experience in foreign

language environments (Degner et al., 2012; Dewaele, 2010b).

The lack of interaction between contextual diversity and language has some theoretical
ramifications. For one, it provides evidence that learning mechanisms do not differ as much between
languages. This aligns with the idea that contextual diversity leads to richer representations of words
(Adelman et al., 2006). To understand the origin of this effect, it is necessary to provide further

studies, particularly some focusing on online processing.
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CONTEXTUALIZING RESULTS

IN THE LITERATURE

With respect to the effects of language, | mirror and somewhat explain the inconsistency in
language effects in learning. On the one hand, | found that when participants are overloaded with
information during the learning phase, they show an effect of language. This means that when the
number of items that one must remember is too high, the added effort of reading and remembering
in a language other than the native affects later performance. This is somewhat in line with the
literature that finds that when participants are tested in more difficult tasks—e.g., recall—they show
a language effect that disappears when they are tested using an easier task—e.g., recognition
(Vander Beken & Brysbaert, 2018). Although | did not find the same asymmetry in our tasks, it is
possible that this difference has to do with the instructions given, with participants learning explicitly

in the prior cases and implicitly in the current studies.

In addition, when participants had to make associations between new concepts—as in
Publication 1—or had to associate a new pseudoword with an image for which they had a readily
available label—as in Publication 3—I did observe an effect of language. This is consistent with the
literature showing that participants are able to benefit from deeper levels of processing—meaning
semantic processing—in their native language but not their foreign one (Francis & Gutiérrez, 2012).
Other research has also shown that categorization in learning is less helpful in the foreign language
and that participants present reduced category clustering in their foreign language (Nott & Lambert,
1968). Taken together, these results suggest a shallower processing that is less supported by

semantic associations.

One of the important theoretical points that this thesis raises relates to the foreign language
effect (Costa et al., 2017) and reduced emotionality in a foreign language. The foreign language

effect suggests that when people use a foreign language they behave differently than in their native
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one because of a difference in emotionality between them. This difference in emotionality is
supported by other studies (Caldwell-Harris, 2014, 2014), particularly those that use skin
conductance (Caldwell-Harris & Aycicegi-Dinn, 2009; Harris et al., 2003). But, there are two
important characteristics to keep in mind about these studies: (1) they predominantly use single
words and (2) they measure reactions on words that are already known by participants. One of the
hypothesis about the origin of the foreign language effect is that this effect is caused by learning the
language in the emotionally impoverished environment provided by a language classroom (Harris et
al., 2006). In fact, studies that use participants that are or were immersed in the foreign language do
not find the same effects (Dewaele, 2010a). The current thesis suggests that, indeed, people are
equally affected by the emotional context of the stimuli when learning. Although | did not test this
directly, | suspect that emotional reactions to these words and concepts that were learned in

emotionally rich contexts will remain more similar to those of the native language.

One of the consequence of this work is that | expand on emotionality and learning literature,
in general, and in a foreign language, in particular, by showing ways of manipulating emotionality
that lead to improvements in memory. This has theoretical consequences for our understanding of
learning in a foreign language concerning which factors affect it and the fact that it is more similar to
learning in a native language than perhaps originally thought at the outset of this thesis. Similarly,
for contextual diversity, | again find that manipulating contextual diversity affects learning by
improving memory. Importantly, | find again that learning in the native and foreign languages is
affected in a similar way, showing that the difficulties of using a foreign language and the differences
in reading time and vocabulary knowledge do not modulate these effects. This suggests very similar

processes between languages.

On a more practical level, | find that simple manipulations of the context around the critical
information can help students retain more information and get more out of their classes. Although

further testing is necessary to say this with certainty, | do believe that modulating the positive
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valence and arousal of the semantic context as well as distributing new vocabulary in several texts

can help foreign language students.

This research adds to the question of what factors increase difficulty in foreign language
learning. It does not seem to be task difficulty per se (Vander Beken & Brysbaert, 2018), but rather
overloading verbal memory or perhaps difficulty during the learning phase. Still, this would require
more direct comparisons with the same participants and further manipulations of the stimuli. Part of
what mitigates the effects of language here is that the words are matched between languages—
meaning that the to-be-remembered pseudowords are the same between languages. Intuitively, it is
possible that by using language-dependent words, there might be more of an effect of the foreign
language, not so much because of foreign language use, but rather because the items individually
are more difficult to remember for participants—bigram frequency, orthotactics violations in the

native language, weaker phonological representations (e.g.,Pérez-Serrano et al., 2021).

This also not only adds to the literature on the specific phenomena | was observing, but it
also opens up the question of how context in general modulates learning. Furthermore, this opens
up a whole new avenue of research into how the different aspects of semantic context affect
learning and whether these can be profited from in order to improve learning. In order to fully
understand this, further research is needed looking into exactly which contextual variables affect

learning as well as how and why this happens.

Although | made an explicit effort to maintain learning implicit, it is worth exploring what
would happen during explicit learning. In incidental learning, the participant is simply reading or
listening for comprehension. It is easy to imagine that they might be making a greater effort to get a
complete picture of whatever it is they are studying, and would probably give more attention and
importance to context if they knew they would be tested on the material. On the other hand, in
explicit learning, they are likely to hone in on the information that is relevant for later testing and

ignore—or at least reduce the attention afforded to—the context. Under these circumstances,
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would we observe the same effects? As | mentioned before, there is an added difficulty in
understanding foreign language texts. Perhaps the added difficulty might modulate attention to

different aspects of the texts, maybe making it less likely for people to filter out the context.

On a related note, | observed that participants compensated for the added difficulty of
reading in a foreign language by spending more time reading each text. In the case of Publication 1,
participants were not able to do this, as they heard each text read to them only once. There, | found
an effect of language. Perhaps our results on the other experiments would have been different if |
had created the same limitations on time allotted to studying the texts. In an immediate analysis,
one might guess that more language effects would emerge. There are several studies that suggest
that reading in a foreign language is both slower (Cop, Keuleers, Drieghe, & Duyck, 2015; Dirix et al.,
2020; Whitford & Titone, 2012) and more taxing on working memory—much like performance under
dual-task conditions (Sandoval, Gollan, Ferreira, & Salmon, 2010)—supporting this idea. Therefore,
reducing the amount of time given to study the texts might also affect attention to context
differently when resources are already taxed by foreign language use. This might expose the type of

interactions | originally hypothesized would be present in my experiments.

Furthermore, all of the testing | did was on the immediate effects of these variables. It would
be interesting—as well as highly theoretically relevant —to observe the long-term effects of these
variables. Would these effects survive both time and consolidation processes? In particular,
understanding whether the effects of emotionality are maintained equally in both languages would
also help us understand the origins of the foreign language effect and the observed—as well as self-

perceived—reductions in emotionality in a foreign language.
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STRENGTHS AND LIMITATIONS

The current studies, in general, placed a high emphasis on variable control as well as on
matching the two language conditions. For example, the same pseudowords—matched for
acceptability between languages—were used in both conditions to make the testing tasks perfectly
equitable between languages. Part of the success of this effort is evidenced by the fact that | rarely
found an effect of language. By using the same pseudowords between conditions, | was also able to
successfully and easily compare conditions, making sure that the to-be-remembered items were

always equally difficult between conditions.

With respect to more practical applications, the fact that | focused on manipulating context
rather than the to-be-remembered items makes this research easily applicable to the classroom,
where there is often little control over what content needs to be taught but there is somewhat more

freedom as to how it is to be taught.

The sematic context manipulation of emotionality | applied is somewhat innovative and
provides a slightly different definition of emotionality that can also be easily manipulated—both
experimentally and in the classroom. Similarly, | use a simple manipulation of contextual diversity
which is quite rare, but can also be applied to classroom settings. What is more important on a
theoretical level is that | manipulate contextual diversity in a causal way rather than correlating
preexistent and estimated values of contextual diversity on measures of memory. This is not very

common in the literature and provides strong evidence for a causal effect of contextual diversity.

Although these studies have many strengths, there are also some limitations that should be
kept in mind when interpreting the results. One of the main limitations is that the tasks overall were
quite difficult. | needed to use implicit learning and long texts for our purposes, but this also meant
that recall performance was quite low overall. To complement these results, it might be useful for

future studies to focus on more repetitions in order to improve recall memory.
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Another limitation is that these results apply only to incidental learning. This was the focus
of the current work as | aimed to understand what happens naturally, without an explicit effort to
learn the new vocabulary. But, this means that results could be categorically different if explicit
effort was employed. This is also a focus that future studies could take in order to understand better

the modulating role of attention and effort.

With respect to the comparison between languages, | was faced with an important decision.
Participants, given their increased difficulty with the foreign language, were likely to require extra
time to read the texts and reach an equal level of understanding as in the native language. This
meant that in order to equate understanding, extra time had to be given to the foreign language
condition. This is what | opted for: giving participants free range to pace themselves as needed. The
issue with this is that participants had more exposure to the words in the foreign language. Although
this did not have an effect between subjects—meaning, there was no correlation between reading
time and performance—it is likely that if participants were given the same amount of time for both
conditions | would have observed a difference between languages, as | see in Publication 1. This
limits—to some extent—our conclusions to self-paced reading, cases in which a similar level of
understanding is achieved between languages, and cases matched for number of exposures, but the

effect of time of exposure is not clear from our studies.

With respect to Publication 3, the influence of contextual diversity has also been linked to
the benefit of spaced over mass practice (Verkoeijen, Rikers, & Schmidt, 2004). In our case, the
amount of time between one exposure to the word and the next correlates with its contextual
diversity, which relates to the concept of spacing. It is possible that spacing in our study contributed
to the effects of contextual diversity. Nevertheless, it is important to point out that the two are
conceptually different: whereas spacing aids memory, contextual diversity aids in creating a better
mental representation of the item. If word meanings are created through the summation of

experiences with a word and the words it co-occurs with (e.g., Bolger, Balass, Landen, & Perfetti,
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2008; K. Lund & Burgess, 1996), then contextual diversity would improve these representations
whereas spacing would not. This would suggest that one’s concept of a word and its meaning would
benefit more from encountering it in different contexts than seeing it repeatedly in one text,
surrounded by a limited set of words. In addition, our conditions do not fit strict definitions of
massed and spaced as words were never repeated consecutively—at most they were in consecutive
sentences—and they were never spaced in separate sessions—each participant had only one
session. Nevertheless, if spacing between instances would have been held constant, perhaps the

effect of contextual diversity would have been smaller or different.
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SUMMARY OF CONTRIBUTIONS

This work has made contributions on several levels. From a theoretical point of view, this
dissertation provides support for the idea that the foreign language effect has its origin in the way
we learn foreign languages, showing that when emotionality is manipulated at the moment of
learning, the effects are the same in the foreign as in the native language. Furthermore, | have
shown that emotionality affects content learning as well as vocabulary learning. With respect to
semantic richness—particularly, contextual diversity—, | have shown that it is not a stable feature of
a word, but rather depends on the individual’s unique experience with it. This work also helps
delineate the detrimental effects of foreign language use, showing that under equal conditions, the
foreign language only shows added difficulty in performance when tasks are more demanding and
when the amount of to-be-learned information is too great. Finally, and perhaps most importantly,
this work shows that learning in a foreign language under these conditions is not qualitatively

different from learning in one’s native language.

With respect to methodology, this work provides examples of well-controlled experiments
using texts, rather than single words or isolated phrases. In addition, these experiments show that it
is possible to manipulate semantic richness through the semantic context surrounding the to-be-
learned information. More specifically, | manipulate contextual diversity experimentally to show
causal effects on learning, as well as manipulating emotionality experimentally through the semantic

context as opposed to relying on the natural valence of the items the participants were taught.

In practical terms, | have shown that manipulating the valence and diversity of the context
surrounding new vocabulary can improve learning. This, in turn, suggests that something as simple
as spreading out exposures to new words into several contexts or embedding vocabulary into

descriptions using more emotional terms can be new and useful tools for foreign language teaching.
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General Conclusions

In the current work, | set out to explore how various contextual factors related to semantic
richness affect learning in a foreign language, as well as in the native language. More specifically, |
addressed how positive valence affects content learning—in Publication 1—and vocabulary
learning—in Publication 2. In Publication 3, | addressed how contextual diversity affects foreign
language learning. The implications of these studies are two-fold. On the one hand, they have
theoretical implications for how we understand the influence of these factors on the process of
learning and whether these differ according to the language status for the bilingual. On the other

hand, they could have practical applications for foreign language classrooms.

The current work as a whole shows that manipulating the semantic context around to-be-
learned information not only helps learning, but it does so just as much in the foreign language as in
the native language. The results from Publication 1 suggest that learning content in a foreign

language is more difficult and that emotionality aids this process and does so equally for both
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languages. Similarly, Publication 2 suggests that this also applies to vocabulary learning. These
results, as discussed before, also have consequences for our understanding of the origins of the
foreign language effect. In Publication 3—as well as in the comparison between experiments in
Publication 2—, | found that learning words in a foreign language is not more difficult when the
number of items is reduced and these lexical items are matched between languages. This last study
also suggests that contextual diversity helps learning new items, and that the effect is the same for
both languages. Importantly, this study establishes a causal role of contextual diversity, which has

often been extrapolated from correlational studies, but has seldom been manipulated directly.

These results suggest that the difficulties of learning vocabulary and content in a foreign
language are not as pervasive as one might intuitively think. Furthermore, these studies show that
differences in performance between languages are modulated by the information that needs to be
learned. On the one hand, decreasing the number of items that need to be remembered in one
session led to equal performance between languages in Experiment 2, when | had found a deficit in
foreign language learning in Experiment 1 of Publication 2. On the other hand, | observed that
content learning (as in Publication 1 and in the Matching Task of Publication 3) led to language
effects whereas simply remembering lexical items did not. These results suggest very specific
difficulties for the foreign language that relate more to an overwhelming cognitive load (Costa,
Foucart, Arnon, Aparici, & Apesteguia, 2014) and difficulties in associating information in a foreign

language (Nott & Lambert, 1968).

All'in all, these results suggest that the mechanisms for learning and processing information
in a native and foreign language are more similar than | hypothesized in the beginning of this thesis.
This also provides evidence that the differences between foreign and native language learning is
guantitative, not qualitative, suggesting that it comes from a reduced amount of experience and

added difficulty in the language, not a special status of the native language. | learned that simple



Page |49

manipulations of semantic context—manipulating emotionality and contextual diversity—affect

native and foreign language learning in the same way and to the same extent.

In practical terms, these results provide simple tools that can be applied in a classroom to

improve students’ learning in a foreign language.



50| Page



Page |51

References

Adelman, J. S., & Brown, G. D. A. (2008). Modeling lexical decision: The form of frequency and
diversity effects. Psychological Review, 115(1), 214-227. https://doi.org/10.1037/0033-
295X.115.1.214

Adelman, J. S., Brown, G. D. A, & Quesada, J. F. (2006). Contextual diversity, not word frequency,
determines word-naming and lexical decision times. Psychological Science, 17(9), 814-823.
https://doi.org/10.1111/j.1467-9280.2006.01787.x

Adelman, J. S., & Estes, Z. (2013). Emotion and memory: A recognition advantage for positive and
negative words independent of arousal. Cognition, 129(3), 530-535.
https://doi.org/10.1016/j.cognition.2013.08.014

Altarriba, J., & Basnight-Brown, D. M. (2011). The acquisition of concrete, abstract, and emotion
words in a second language. International Journal of Bilingualism, 16(4), 446—452.
https://doi.org/10.1177/1367006911429511

Anooshian, L. J., & Hertel, P. T. (1994). Emotionality in free recall: Language specificity in bilingual
memory. Cognition & Emotion, 8(6), 503-514. https://doi.org/10.1080/02699939408408956

Aycicegi-Dinn, Ayse, Sisman-Bal, S., & Caldwell-Harris, C. L. (2018). Are jokes funnier in one’s native
language? Humor, 31(1), 5-37. https://doi.org/10.1515/humor-2017-0112

Aycicegi-Dinn, A., & Caldwell-Harris, C. L. (2009). Emotion-memory effects in bilingual speakers: A
levels-of-processing approach. Bilingualism: Language and Cognition, 12(3), 291-303.
https://doi.org/10.1017/51366728909990125

Aycicegi, A., & Harris, C. L. (2004). Bilinguals’ recall and recognition of emotion words. Cognition and
Emotion, 18(7), 977-987. https://doi.org/10.1080/02699930341000301

Berch, D. B., Krikorian, R., & Huha, E. M. (1998). The Corsi block-tapping task: Methodological and



52|Page

theoretical considerations. Brain and Cognition, 38(3), 317-338.
https://doi.org/10.1006/brcg.1998.1039

Berger, C. M., Crossley, S. A., & Kyle, K. (2017). Using novel word context measures to predict human
ratings of lexical proficiency. Educational Technology & Society, 20(2), 201-212. Retrieved from
http://www.jstor.org/stable/90002175

Boada, R., Guasch, M., Haro, J., Demestre, J., & Ferré, P. (2020). SUBTLEX-CAT: Subtitle word
frequencies and contextual diversity for Catalan. Behavior Research Methods, 52(1), 360-375.
https://doi.org/10.3758/s13428-019-01233-1

Bolger, D. J., Balass, M., Landen, E., & Perfetti, C. A. (2008). Context variation and definitions in
learning the meanings of words: An instance-based learning approach. Discourse Processes,
45(2), 122-159. https://doi.org/10.1080/01638530701792826

Brainerd, C. J., Stein, L. M., Silveira, R. A., Rohenkohl, G., & Reyna, V. F. (2008). How does negative
emotion cause false memories? Psychological Science, 19(9), 919-925.
https://doi.org/10.1111/j.1467-9280.2008.02177 .x

Brase, J., & Mani, N. (2017). Effects of learning context on the acquisition and processing of
emotional words in bilinguals. Emotion, 17(4), 628—639. https://doi.org/10.1037/emo0000263

Brysbaert, M., & New, B. (2009). Moving beyond Kucera and Francis: A critical evaluation of current
word frequency norms and the introduction of a new and improved word frequency measure
for American English. Behavior Research Methods, 41(4), 977-990.
https://doi.org/10.3758/BRM.41.4.977

Cai, Q., & Brysbaert, M. (2010). SUBTLEX-CH: Chinese word and character frequencies based on film
subtitles. PLoS ONE, 5(6). https://doi.org/10.1371/journal.pone.0010729

Caldwell-Harris, C. L. (2014). Emotionality differences between a native and foreign language:
Theoretical implications. Frontiers in Psychology, 5(1055), 1-4.
https://doi.org/10.3389/fpsyg.2014.01055

Caldwell-Harris, C. L., & Aycicegi-Dinn, A. (2009). Emotion and lying in a non-native language.
International Journal of Psychophysiology, 71, 193-204.
https://doi.org/10.1016/].ijpsycho.2008.09.006

Chen, Q., Huang, X., Bai, L., Xu, X., Yang, Y., & Tanenhaus, M. K. (2017). The effect of contextual
diversity on eye movements in Chinese sentence reading. Psychonomic Bulletin and Review,
24(2), 510-518. https://doi.org/10.3758/s13423-016-1119-1

Cop, U., Keuleers, E., Drieghe, D., & Duyck, W. (2015). Frequency effects in monolingual and bilingual
natural reading. Psychonomic Bulletin and Review, 22(5), 1216-1234.
https://doi.org/10.3758/s13423-015-0819-2

Costa, A, Foucart, A, Arnon, ., Aparici, M., & Apesteguia, J. (2014). “Piensa” twice: On the foreign
language effect in decision making. Cognition, 130(2), 236—254.
https://doi.org/10.1016/j.cognition.2013.11.010

Costa, A., Vives, M.-L., & Corey, J. D. (2017). On language processing shaping decision making.
Current Directions in Psychological Science, 26(2), 146—151.
https://doi.org/10.1177/0963721416680263

Crossley, S., & Salsbury, T. (2010). Using lexical indices to predict produced and not produced words
in second language learners. The Mental Lexicon, 5(1), 115-147.
https://doi.org/10.1075/ml.5.1.05cro



Page |53

Crossley, S., Subtirelu, N., & Salsbury, T. (2013). Frequency effects or context effects in second
language word learning. Studies in Second Language Acquisition, 35(4), 727-755.
https://doi.org/10.1017/50272263113000375

Dalton-Puffer, C., & Nikula, T. (2014). Content and language integrated learning. Language Learning
Journal, 42(2), 117-122. https://doi.org/10.1080/09571736.2014.891370

Degner, J., Doycheva, C., & Wentura, D. (2012). It matters how much you talk: On the automaticity of
affective connotations of first and second language words. Bilingualism: Language and
Cognition, 15(1), 181-189. https://doi.org/10.1017/51366728911000095

Dewaele, J.-M. (2004). The emotional force of swearwords and taboo words in the speech of
multilinguals. Journal of Multilingual and Multicultural Development, 25(2—3), 204—-222.
https://doi.org/10.1080/01434630408666529

Dewaele, J.-M. (2010a). Emotions in Multiple Languages. London: Palgrave Macmillan.
https://doi.org/10.1057/9780230289505

Dewaele, J.-M. (2010b). Multilingualism and affordances: Variation in self-perceived communicative
competence and communicative anxiety in French L1, L2, L3 and L4. International Review of
Applied Linguistics in Language Teaching, 48(2-3), 105-129.
https://doi.org/10.1515/iral.2010.006

Dewhurst, S. A., & Parry, L. A. (2000). Emotionality, distinctiveness, and recollective experience.
European Journal of Cognitive Psychology, 12(4), 541-551.
https://doi.org/10.1080/095414400750050222

Dimitropoulou, M., Dufiabeitia, J. A., Avilés, A., Corral, J., & Carreiras, M. (2010). Subtitle-based word
frequencies as the best estimate of reading behavior: The case of Greek. Frontiers in
Psychology, 1(218). https://doi.org/10.3389/fpsyg.2010.00218

Dirix, N., Vander Beken, H., De Bruyne, E., Brysbaert, M., & Duyck, W. (2020). Reading text when
studying in a second language: An eye-tracking study. Reading Research Quarterly, 55(3), 371—
397. https://doi.org/10.1002/rrq.277

Doerksen, S., & Shimamura, A. P. (2001). Source memory enhancement for emotional words.
Emotion, 1(1), 5-11. https://doi.org/10.1037//1528-3542.1.1.5

Dufabeitia, J. A., Avilés, A., & Carreiras, M. (2008). NoA'’s ark: Influence of the number of associates
in visual word recognition. Psychonomic Bulletin and Review, 15(6), 1072-1077.
https://doi.org/10.3758/PBR.15.6.1072

Erdodi, L., & Lajiness-O’neill, R. (2012). Humor perception in bilinguals: Is language more than a
code? Humor, 25(4), 459-468. https://doi.org/10.1515/humor-2012-0024

Erk, S., Kiefer, M., Grothe, J., Wunderlich, A. P., Spitzer, M., & Walter, H. (2003). Emotional context
modulates subsequent memory effect. Neurolmage, 18, 439-447.
https://doi.org/10.1016/51053-8119(02)00015-0

Erk, S., Martin, S., & Walter, H. (2005). Emotional context during encoding of neutral items
modulates brain activation not only during encoding but also during recognition. Neurolmage,
26, 829-838. https://doi.org/10.1016/j.neuroimage.2005.02.045

Ferré, P., Anglada-tort, M., & Guasch, M. (2018). Processing of emotional words in bilinguals: Testing
the effects of word concreteness, task type and language status. Second Language Research,
34(3), 371-394. https://doi.org/10.1177/0267658317744008

Ferré, P., Garcia, T., Fraga, l., Sanchez-Casas, R., & Molero, M. (2010). Memory for emotional words



54 |Page

in bilinguals: Do words have the same emotional intensity in the first and in the second
language? Cognition & Emotion, 24(5), 760-785. https://doi.org/10.1080/02699930902985779

Ferré, P., Ventura, D., Comesafia, M., & Fraga, |. (2015). The role of emotionality in the acquisition of
new concrete and abstract words. Frontiers in Psychology, 6(976), 1-10.
https://doi.org/10.3389/fpsyg.2015.00976

Frances, C., de Bruin, A., & Dufiabeitia, J. A. (2020a). The effects of language and emotionality of
stimuli on vocabulary learning. PLoS ONE, 15(10), e0240252.
https://doi.org/10.1371/journal.pone.0240252

Frances, C., de Bruin, A., & Dufiabeitia, J. A. (2020b). The influence of emotional and foreign
language context in content learning. Studies in Second Language Acquisition, 42(4), 891-903.
https://doi.org/10.1017/5027226311900072X

Frances, C., Martin, C. D., & Dufiabeitia, J. A. (2020). The effects of contextual diversity on incidental
vocabulary learning in the native and a foreign language. Scientific Reports, 10(13967).
https://doi.org/10.1038/s41598-020-70922-1

Francis, W. S., & Gutiérrez, M. (2012). Bilingual recognition memory: Stronger performance but
weaker levels-of-processing effects in the less fluent language. Memory & Cognition, 40, 496—
503. https://doi.org/10.3758/s13421-011-0163-3

Gladfelter, A., & Goffman, L. (2018). Semantic richness and word learning in children with Autism
Spectrum Disorder. Developmental Science, 21(2). https://doi.org/10.1111/desc.12543

Gleitman, L. R., Cassidy, K., Nappa, R., Papafragou, A., Trueswell, J. C., Gleitman, L. R,, ... Trueswell, J.
C. (2005). Hard words. Language Learning and Development, 1(1), 23—-64.
https://doi.org/10.1207/s1547334111d0101_4

Goh, W. D., & Hu, W. (2011). Short-term memory for emotional words: Separating the effects of
emotionality and semantic relatedness. In B. Kokinov, A. Karmiloff-Smith, & N. J. Nersessian
(Eds.), European Perspectives on Cognitive Science. New Bulgarian University Press.

Grainger, J. (1990). Word frequency and neighborhood frequency effects in lexical decision and
naming. Journal of Memory and Language, 29(2), 228-244. https://doi.org/10.1016/0749-
596X(90)90074-A

Guitard, D., Miller, L. M., Neath, I., & Roodenrys, S. (2019). Does contextual diversity affect serial
recall? Journal of Cognitive Psychology, 31(4), 379-396.
https://doi.org/10.1080/20445911.2019.1626401

Harris, C. L. (2004). Bilingual speakers in the lab: Psychophysiological measures of emotional
reactivity. Journal of Multilingual and Multicultural Development, 25(28&3), 223-247.

Harris, C. L., Aycicegi, A., & Gleason, J. B. (2003). Taboo words and reprimands elicit greater
autonomic reactivity in a first language than in a second language. Applied Psycholinguistics,
24(4), 561-579. https://doi.org/10.1017.50142716403000286

Harris, C. L., Gleason, J. B., & Aycicegi, A. (2006). When is a first language more emotional?
Psychophysiological evidence from bilingual speakers. In A. Pavlenko (Ed.), Bilingual minds:
Emotional experience, expression, and representation (Vol. 56, pp. 257-283). Clevedon, UK:
Multilingual Matters.

Hayakawa, S., Tannenbaum, D., Costa, A., Corey, J. D., & Keysar, B. (2017). Thinking more or feeling
less? Explaining the foreign-language effect on moral judgment. Psychological Science, 28(10),
1387-1397. https://doi.org/10.1177/0956797617720944



Page |55

Hernandez-Nanclares, N., & Jimenez-Munoz, A. (2015). English as a medium of instruction: Evidence
for language and content targets in bilingual education in economics. International Journal of
Bilingual Education and Bilingualism, 20(7), 883—896.
https://doi.org/10.1080/13670050.2015.1125847

Hills, T. T., Maouene, J., Riordan, B., & Smith, L. B. (2010). The associative structure of language:
Contextual diversity in early word learning. Journal of Memory and Language, 63(3), 259-273.
https://doi.org/10.1016/j.jmI.2010.06.002

Horst, M., & Cobb, T. (1998). Beyond a Clockwork Orange: Acquiring second language vocabulary
through reading. Reading in a Foreign Language, 11(2), 207-223. Retrieved from
https://eric.ed.gov/?id=EJ577617

Hsiao, Y., & Nation, K. (2018). Semantic diversity, frequency and the development of lexical quality in
children’s word reading. Journal of Memory and Language, 103(August), 114-126.
https://doi.org/10.1016/j.jm|.2018.08.005

Hulme, R. C., Barsky, D., & Rodd, J. M. (2018). Incidental learning and long-term retention of new
word meanings from stories: The effect of number of exposures. Language Learning, 69(1), 18—
43, https://doi.org/10.1111/lang.12313

Jenkins, J. R., Stein, M. L., & Wysocki, K. (1984). Learning vocabulary through reading. American
Educational Research Journal, 21(4), 767-787. https://doi.org/10.1002/9781405198431

Johns, B. T., Dye, M., & Jones, M. N. (2016). The influence of contextual diversity on word learning.
Psychonomic Bulletin and Review, 23(4), 1214-1220. https://doi.org/10.3758/s13423-015-
0980-7

Johns, B. T., Gruenenfelder, T. M., Pisoni, D. B., & Jones, M. N. (2012). Effects of word frequency,
contextual diversity, and semantic distinctiveness on spoken word recognition. The Journal of
the Acoustical Society of America, 132(2), 74-80. https://doi.org/10.1121/1.4731641

Jones, M. N., Johns, B. T., & Recchia, G. (2012). The role of semantic diversity in lexical organization.
Canadian Journal of Experimental Psychology, 66(2 SPL.ISSUE), 115-124.
https://doi.org/10.1037/a0026727

Keuleers, E., Brysbaert, M., & New, B. (2010). SUBTLEX-NL: A new measure for Dutch word frequency
based on film subtitles. Behavior Research Methods, 42(3), 643-650.
https://doi.org/10.3758/BRM.42.3.643

Kousta, S. T., Vigliocco, G., Vinson, D. P., Andrews, M., & Del Campo, E. (2011). The representation of
abstract words: Why emotion matters. Journal of Experimental Psychology: General, 140(1),
14-34. https://doi.org/10.1037/a0021446

Kuperman, V., Estes, Z., Brysbaert, M., & Warriner, A. B. (2014). Emotion and language: Valence and
arousal affect word recognition. Journal of Experimental Psychology General, 143(3), 1065—
1081. https://doi.org/doi:10.1037/a0035669

Laufer, B., & Ravenhorst-Kalovski, G. C. (2010). Lexical threshold revisited: Lexical text coverage,
learners’ vocabulary size and reading comprehension. Reading in a Foreign Language, 22(1),
15-30. https://doi.org/10125/66648

Lemhofer, K., & Broersma, M. (2012). Introducing LexTALE: A quick and valid lexical test for
advanced learners of English. Behavior Research Methods, 44(2), 325—-343.
https://doi.org/10.3758/s13428-011-0146-0

Lund, E., Douglas, W. M., & Schuele, C. M. (2015). Semantic richness and word learning in children



56| Page

with hearing loss who are developing spoken language: A single case design study. Deafness
and Education International, 17(3), 163-175.
https://doi.org/10.1179/1557069X15Y.0000000004

Lund, K., & Burgess, C. (1996). Producing High-Dimensional Semantic Space from Lexical Co-
Occurence. Behavior Research Methods, Instruments, & Computers, 28(2), 203—208.
https://doi.org/10.3758/BF03204766

Macedonia, M. (2014). Bringing back the body into the mind: Gestures enhance word learning in
foreign language. Frontiers in Psychology, 5(1467), 1-6.
https://doi.org/10.3389/fpsyg.2014.01467

Monteiro, K. R., Crossley, S. A., & Kyle, K. (2020). In search of new benchmarks: Using L2 lexical
frequency and contextual diversity indices to assess second language writing. Applied
Linguistics, 41(2), 280-300. https://doi.org/10.1093/applin/amy056

Nagy, W. E., Herman, P. A,, & Anderson, R. C. (1985). Learning words from context. Reading
Research Quarterly, 20(2), 233-253. https://doi.org/10.2307/747758

Nielsen, J. H., Shapiro, S. A., & Mason, C. H. (2010). Emotionality and semantic onsets: Exploring
orienting attention responses in advertising. Journal of Marketing Research, 47(6), 1138-1150.
https://doi.org/10.1509/jmkr.47.6.1138

Nott, C. R., & Lambert, W. E. (1968). Free recall of bilinguals. Journal of Verbal Learning and Verbal
Behavior, 7(6), 1065—1071. https://doi.org/10.1016/50022-5371(68)80069-6

Pagan, A., & Nation, K. (2019). Learning words via reading: Contextual diversity, spacing, and
retrieval effects in adults. Cognitive Science, 43(e12705). https://doi.org/10.1111/cogs.12705

Parmentier, F. B. R., Comesafia, M., & Soares, A. P. (2017). Disentangling the effects of word
frequency and contextual diversity on serial recall performance. Quarterly Journal of
Experimental Psychology, 70(1), 1-17. https://doi.org/10.1080/17470218.2015.1105268

Pellicer-Sanchez, A. (2016). Incidental L2 vocabulary acquisition from and while reading: An eye-
tracking study. Studies in Second Language Acquisition, 38(1), 97-130.
https://doi.org/10.1017/50272263115000224

Pellicer-Sanchez, A., & Schmitt, N. (2010). Incidental vocabulary acquisition from an authentic novel:
Do Things Fall Apart ? Reading in a Foreign Language, 22(1), 31-55.
https://doi.org/10125/66652

Perea, M., Soares, A. P., & Comesafia, M. (2013). Contextual diversity is a main determinant of word
identification times in young readers. Journal of Experimental Child Psychology, 116(1), 37-44.
https://doi.org/10.1016/j.jecp.2012.10.014

Pérez-Serrano, M., Nogueroles-Lopez, M., & Dufiabeitia, J. A. (2021). Incidental vocabulary learning
with subtitles in a new language: Orthographic markedness and number of exposures. PLoS
ONE, 16(2), e0246933. https://doi.org/10.1371/journal.pone.0246933

Pexman, P. M., Hargreaves, |. S., Siakaluk, P. D., Bodner, G. E., & Pope, J. (2008). There are many
ways to be rich: Effects of three measures of semantic richness on visual word recognition.
Psychonomic Bulletin and Review, 15(1), 161-167. https://doi.org/10.3758/PBR.15.1.161

Pexman, P. M., Holyk, G. G., & Monfils, M. H. (2003). Number-of-features effects and semantic
processing. Memory and Cognition, 31(6), 842—855. https://doi.org/10.3758/BF03196439

Pexman, P. M., Lupker, S. J., & Hino, Y. (2002). The impact of feedback semantics in visual word
recongnition. Psychonomic Bulletin & Review, 9(3), 542—549.



Page |57

Pitts, M., White, H., & Krashen, S. (1989). Acquiring second language vocabulary through reading: A
replication of the Clockwork Orange study using second language acquirers. Reading in a
Foreign Language.

Plummer, P., Perea, M., & Rayner, K. (2014). The influence of contextual diversity on eye movements
in reading. Journal of Experimental Psychology, Learning, Memory, and Cognition, 40(1), 275—
283. https://doi.org/10.1037/a0034058

Rabovsky, M., Sommer, W., & Rahman, R. A. (2012). The time course of semantic richness effects in
visual word recognition. Frontiers in Human Neuroscience, 6(11), 1-9.
https://doi.org/10.3389/fnhum.2012.00011

Rosa, E., Tapia, J. L., & Perea, M. (2017). Contextual diversity facilitates learning new words in the
classroom. PLoS ONE, 12(6), 1-12. https://doi.org/10.7910/DVN/JAVSUB.Funding

Roussel, S., Joulia, D., Tricot, A., & Sweller, J. (2017). Learning subject content through a foreign
language should not ignore human cognitive architecture: A cognitive load theory approach.
Learning and Instruction, 52, 69—-79. https://doi.org/10.1016/j.learninstruc.2017.04.007

Rubin, D. C., & Friendly, M. (1986). Predicting which words get recalled: Measures of free recall,
availability, goodness, emotionality, and pronunciability for 925 nouns. Memory & Cognition,
14(1), 79-94. https://doi.org/10.3758/BF03209231

Russell, J. A. (1980). A circumplex model of affect. Journal of Personality and Social Psychology1,
39(6), 1161-1178. https://doi.org/10.1037/h0077714

Sandoval, T. C,, Gollan, T. H., Ferreira, V. S., & Salmon, D. P. (2010). What causes the bilingual
disadvantage in verbal fluency? The dual-task analogy. Bilingualism, 13(2), 231-252.
https://doi.org/10.1017/51366728909990514

Sen, Y., & Kuleli, M. (2015). The effect of vocabulary size and vocabulary depth on reading in EFL
context. Procedia - Social and Behavioral Sciences, 199, 555-562.
https://doi.org/10.1016/j.sbspro.2015.07.546

Shen, Z. (2013). The effects of vocabulary knowledge and dictionary use on EFL reading
performance. English Language Teaching, 6(6), 77-85. https://doi.org/10.5539/elt.v6n6p77

Soares, A. P., Machado, J., Costa, A., Iriarte, A., Simdes, A., de Almeida, J. J., ... Perea, M. (2015). On
the advantages of word frequency and contextual diversity measures extracted from subtitles:
The case of Portuguese. Quarterly Journal of Experimental Psychology, 68(4), 680—696.
https://doi.org/10.1080/17470218.2014.964271

Steyvers, M., & Malmberg, K. J. (2003). The effect of normative context variability on recognition
memory. Journal of Experimental Psychology: Learning Memory and Cognition, 29(5), 760-766.
https://doi.org/10.1037/0278-7393.29.5.760

Sutton, T. M., Altarriba, J., Gianico, J. L., & Basnight-Brown, D. M. (2007). The automatic access of
emotion: Emotional Stroop effects in Spanish-English bilingual speakers. Cognition and
Emotion, 21(5), 1077-1090. https://doi.org/10.1080/02699930601054133

Sweller, J. (1988). Cognitive load during problem solving: Effects on learning. Cognitive Science,
12(2), 257-285. https://doi.org/10.1016/0364-0213(88)90023-7

Syssau, A., & Laxén, J. (2012). L'influence de la richesse sémantique dans la reconnaissance visuelle
des mots émotionnels. Canadian Journal of Experimental Psychology, 66(1), 70-78.
https://doi.org/10.1037/a0027083

Sze, W. P., Rickard Liow, S. J., & Yap, M. J. (2014). The Chinese Lexicon Project: A repository of lexical



58| Page

decision behavioral responses for 2,500 Chinese characters. Behavior Research Methods, 46(1),
263-273. https://doi.org/10.3758/s13428-013-0355-9

Taler, V., Ldpez Zunini, R., & Kousaie, S. (2016). Effects of semantic richness on lexical processing in
monolinguals and bilinguals. Frontiers in Human Neuroscience, 10(382), 1-11.
https://doi.org/10.3389/fnhum.2016.00382

Talmi, D., & Morsovitch, M. (2004). Can semantic relatedness explain the enhancement of memory
for emotional words? Memory & Cognition, 32(5), 742—751.
https://doi.org/10.3758/BF03195864

Talmi, D., Schimmack, U., Paterson, T., & Moscovitch, M. (2007). The role of attention and
relatedness in emotionally enhanced memory. Emotion, 7(1), 89-102.
https://doi.org/10.1037/1528-3542.7.1.89

Uyeda, K. M., & Mandler, G. (1980). Prototypicality norms for 28 semantic categories. Behavior
Research Methods & Instrumentation, 12(6), 587-595. https://doi.org/10.3758/BF03201848

van Heuven, W. J. B., Mandera, P., Keuleers, E., & Brysbaert, M. (2014). SUBTLEX-UK: A new and
improved word frequency database for British English. Quarterly Journal of Experimental
Psychology, 67(6), 1176—1190. https://doi.org/10.1080/17470218.2013.850521

Vander Beken, H., & Brysbaert, M. (2018). Studying texts in a second language: The importance of
test type. Bilingualism: Language and Cognition, 21(5), 1062-1074.
https://doi.org/10.1017/51366728917000189

Vander Beken, H., Woumans, E., & Brysbaert, M. (2018). Studying texts in a second language: No
disadvantage in long term recognition memory. Bilingualism: Language and Cognition, 21(4),
826-838. https://doi.org/10.1017/s1366728917000360

Verkoeijen, P. P. J. L., Rikers, R. M. J. P., & Schmidt, H. G. (2004). Detrimental influence of contextual
change on spacing effects in free recall. Journal of Experimental Psychology: Learning Memory
and Cognition, 30(4), 796—800. https://doi.org/10.1037/0278-7393.30.4.796

Vigliocco, G., Meteyard, L., Andrews, M., & Kousta, S. (2009). Toward a theory of semantic
representation. Language and Cognition, 1(2), 219-247.
https://doi.org/10.1515/langcog.2009.011

Whitford, V., & Titone, D. (2012). Second-language experience modulates first- and second-language
word frequency effects: Evidence from eye movement measures of natural paragraph reading.
Psychonomic Bulletin and Review, 19(1), 73-80. https://doi.org/10.3758/s13423-011-0179-5

Winskel, H. (2013). The emotional Stroop task and emotionality rating of negative and neutral words
in late Thai-English bilinguals. International Journal of Psychology, 48(6), 1090-1098.
https://doi.org/10.1080/00207594.2013.793800

Yang, S.-W. (2014). The study of variables influencing the effect of English medium instruction on
academic content learning and English proficiency development. Pennsylvania State University.

Yap, M. J,, Tan, S. E., Pexman, P. M., & Hargreaves, |. S. (2011). Is more always better? Effects of
semantic richness on lexical decision, speeded pronunciation, and semantic classification.
Psychonomic Bulletin and Review, 18(4), 742-750. https://doi.org/10.3758/s13423-011-0092-y



Page |59

Appendix: Published works




60| Page



Page |61

Publication 1:

THE INFLUENCE OF EMOTIONAL AND

FOREIGN LANGUAGE CONTEXT IN CONTENT

LEARNING

Frances, C., De Bruin, A., & Dufiabeitia, J. A. (2020) The Influence of Emotional and Foreign
Language Context in Content Learning. Studies in Second Language Acquisition. 42(4), 891-
903. https://doi.org/10.1017/S027226311900072X [Version: author manuscript]



https://doi.org/10.1017/S027226311900072X

62|Page

JOURNAL QUALITY INDICATORS:
STUDIES IN SECOND LANGUAGE

ACQUISITION

Scopus CiteScore 2019: 5.3

SCImago Journal Rank 2019: 3.238

SNIP 2019: 2.759
CiteScore rank 2019: D1 for Language and Linguistics (14/830), Linguistics and Language (17/884),
and Education (51/1254).

H-Index (source: SClmago): 58



Page |63

The influence of emotional and foreign language context in

content learning

Candice Frances®?"
Angela De Bruin®3

Jon Andoni Dufiabeitia®®

1BCBL, Basque Center on Brain, Language and Cognition; Donostia, Spain
2 University of the Basque Country (UPV/EHU)
3 Department of Psychology, University of York, York, United Kingdom
4 Centro de Ciencia Cognitiva — C3, Universidad Nebrija

°> Department of Language and Culture, The Arctic University of Norway

*Contact information:

Candice Frances

c.frances@bcbl.eu

Basque Center on Cognition, Brain and Language (BCBL)
Paseo Mikeletegi 69, 2nd floor,

20009 Donostia - Spain

+34 943309300



64|Page

Abstract

Prior research has found reduced emotionality with foreign language use, especially with
single words, but what happens if emotionality is conveyed throughout a longer text? Does
emotionality affect how well we remember and associate information, i.e., content learning? We
played participants descriptions of two invented countries and tested how well they remembered
facts about these countries. Each participant listened to one positive and one neutral description,
which was read either in their native language (Spanish) or in their foreign language (English).
Participants remembered facts they heard in positive semantic contexts better than those learned in
neutral semantic contexts, and did better in their native than their foreign language. Importantly,
there was no interaction between language and emotionality, suggesting that the previously
reported decrease in emotionality in a foreign language might not extend to all areas of foreign

language use. Words: 139

Keywords: emotionality; foreign language effects; non-native languages; learning; auditory modality
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The Influence of Emotional and Foreign Language Context in Content Learning

As study abroad programs become more common, it is imperative that we understand how
foreign languages (FL) affect our learning. For example, are we able to learn new content in a FL to
the same extent as in our native language (NL)? There is a substantial amount of literature assessing
this question in children, but there is little published research regarding adult learning. Furthermore,
the current adult literature focuses mostly on memory for single words (e.g., Anooshian & Hertel,
1994; Aycicegi & Harris, 2004; Caldwell-Harris, 2009; Ferre, Garcia, Fraga, Sanchez-Casas, & Molero,
2010). One possible mechanism for improving content learning in an FL—drawing from the NL
literature—is using emotionality to enhance memory. Emotional items are easier to remember in
our NL than in our FL (see Caldwell-Harris, 2014 for a review). But, can this strategy be used to
improve performance in an FL? Importantly, prior single word research has found reduced
emotionality effects in an FL, but what happens if emotionality is conveyed throughout a longer text
rather than in single words? The current study attempts to expand on these questions, testing
memory for information embedded in an emotional context, to see whether this can boost content

learning in an FL.

One of the most common types of programs that use FL to teach new information is content
and language integrated learning (CLIL). CLIL refers to a curriculum-based approach used to teach
content courses using a second language, in order to teach both content and language through
immersion. Although research on the language learning aspects of CLIL quite conclusively shows an
improvement in FL use and comprehension (Admiraal, Westhoff, & De Bot, 2006; Aguilar &
Rodriguez, 2012; Bergroth, 2006; Dalton-Puffer, 2007; Jiménez Catalan & Ruiz de Zarobe, 2009;
Ouazizi, 2016; Serra, 2007; Xanthou, 2011; although see Dallinger, Jonkmann, Hollm, & Fiege, 2016
for no improvement), the research on content learning is less clear-cut (Dalton-Puffer, 2011). There
are studies that find positive effects (Day & Shapson, 1996; Jappinen, 2005; Ouazizi, 2016; Pérez

Canado, 2018; Surmont, Struys, Van Den Noort, & Van De Craen, 2016; Van de Craen, Ceuleers, &



66| Page

Mondt, 2007; Xanthou, 2011), while others find negative (Anghel, Cabrales, & Carro, 2016; Dallinger
et al., 2016; Fernandez-Sanjurjo, Fernandez-Costales, & Arias Blanco, 2017) or null effects (Admiraal
et al., 2006; Bergroth, 2006; Serra, 2007; Stohler, 2006). Consequently, these results paint a less

than clear picture of how children learn new content in an FL.

The literature on adult FL-medium learning is more limited, with most of the reported
benefits being associated with language (e.g., Yang, 2014) and not content. These studies often
show no difference between the control and experimental group in overall performance at the end
of the course (e.g., Hernandez-Nanclares & Jimenez-Munoz, 2015), but very few examine the
immediate understanding and learning of new content in an FL. Those that do report a difference
find that instruction in an FL is detrimental, particularly without FL support (Roussel, Joulia, Tricot, &
Sweller, 2017). These results have been accounted for in the context of cognitive load theory, which
suggests a working memory overload for individuals trying to learn content in a language they are
not proficient in (Roussel et al., 2017). Importantly, contributing to this literature would influence

and possibly improve teaching methods for adults studying in an FL.

Given the difficulties in learning new content in an FL, we need to find ways of compensating
for or aiding in improving performance. One way of doing this is by applying what we know from the
NL studies. Considering this literature, one of the variables that aids learning is emotionality, as
learning emotional words (see Caldwell-Harris, 2014 for a review), or seeing neutral words in
emotional contexts (Erk et al., 2003; Erk, Martin, & Walter, 2005), improves memory performance.
However, several studies show that speakers are less emotional in an FL than in an NL context
(Dewaele, 2010; Harris, Gleason, & Aycicegi, 2006; Pavlenko, 2002). One might extrapolate from
these studies that using emotionality as a tool to boost learning would not be as efficient in an FL.
Indeed, Anooshian and Hertel (1994) found that participants remembered emotional words better
than neutral words in their NL, but not in their FL. This is in line with foreign language effect (FLE)

research supporting a reduction in emotionality in an FL (Costa, Foucart, Hayakawa, et al., 2014;
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Costa, Foucart, Arnon, Aparici, & Apesteguia, 2014; Costa, Vives, & Corey, 2017; Hadjichristidis,
Geipel, & Savadori, 2015; Keysar, Hayakawa, & An, 2012, but see Vives, Aparici, & Costa, 2018).
Conversely, other studies find the same effects of emotion on memory in both languages (Aycicegi &
Harris, 2004; Caldwell-Harris, 2009; Ferré, Ventura, Comesaia, & Fraga, 2015; Ponari et al., 2015).

Therefore, it is not clear how the effects of emotionality in an FL compare to those of the NL.

Nevertheless, these conflicting results may be explained by alternative accounts, such as a
reduction in intuitive responses and depletion of cognitive resources (Geipel, Hadjichristidis, &
Surian, 2015a, 2015b, 2016) or triggering of different cultural norms (Gawinkowska, Paradowski, &
Bilewicz, 2013) in the FL. Gawinkowska et al. (2013) suggest that the FLE is due to a difference in
social and cultural norms rather than a difference in emotional impact between languages.
Regardless of the origin of the effect, it is not clear whether people respond similarly to emotional
stimuli in their NL and FL, nor whether they benefit from the effects of emotionality on memory the
same way in an FL as in an NL. Furthermore, the paradigms used thus far predominantly focus on
emotionally-charged words in isolation rather than in context (e.g., Anooshian & Hertel, 1994;
Aycicegi & Harris, 2004; Caldwell-Harris, 2009; Ferre et al., 2010) and are limited to using single-
word auditory material. This is particularly relevant since, contrary to this approach, information

taught in classrooms is most commonly conveyed in context.

The objective of this study is to investigate content learning and how it is affected both by
an FL and an emotional context. There is little research directly comparing acquisition of new
concepts and knowledge in a bilingual’s NL and FL. Likewise, there is no research looking into the
effects of emotionality in this context, nor listening to texts manipulating emotional context
semantically. Understanding how these variables interact can contribute to classrooms that use an
FL as the medium of teaching, improving methods and efficacy. To address this, we had participants
listen to two descriptions of countries (one positive and one neutral) in either their NL (Spanish) or

an FL (English), followed by a multiple choice test. Using longer texts than those used in prior
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research, we aimed to create a more realistic replication of information processing and acquisition.
Thus, participants were required to learn interrelated facts that made a coherent whole, rather than
independent pieces of information disconnected from each other (see Frances, de Bruin, &
Dufabeitia, n.d., for a similar study using vocabulary learning and non-related information). This
would allow them to create more complex networks of meaning, which in turn would allow us to
understand how semantic context can affect memory for individual facts within these larger
conceptual networks. We hypothesized that despite the fact that their overall performance was
likely to be poorer in the FL than in the NL contexts, bilinguals would not show an FLE, but instead
would present similar emotionality effects in both languages. The rationale for this is that, if the FL
affects responding by reducing reliance on intuition or simply requires more cognitive resources—as

suggested before—, the effect of emotionality should remain the same.

Methods

Participants

Participants were 76 native Spanish speakers (38 in each language group, 9 male, Mage =
33.86, SDage = 9.14), recruited through language schools and randomly assigned to either the NL or FL
context. All participants completed a test of English vocabulary (LexTALE; Lemhofer & Broersma,
2012) and had a minimum score of 60%. This is equivalent to a minimum of a B2 level according to
the Common European Framework of reference for languages, with 50 participants at the B2 level
range and 26 at the C1/C2 level (Lemhofer & Broersma, 2012). Participants in the two language
contexts were matched on age and education level (i.e., highest level of schooling achieved, in all
cases at least high school) according to the sociodemographic information gathered, as well as
multiple language variables. They were asked to rate their English level overall on a 1-to-10 scale as
well as their listening, reading, speaking, and writing skills in that language. They also reported their
estimated age of acquisition of English and the amount of time spent living in an English speaking

country (M = 3.08 months SD = 4.65 months; all were living in Spain at the time of testing). Finally,
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they were matched on English and Spanish vocabulary knowledge as assessed by LexTALE (Lemhofer
& Broersma, 2012) and the LexTALE-Esp (lzura, Cuetos, & Brysbaert, 2014). For a summary of these
variables, see Table 1 and on-line supplementary materials for means, distributions, and Bayes

factors. The study and protocols were approved by the ethics committee at the BCBL.

Table 1: Matched Means and Standard Deviations

Self-Rated Level of English

AOA of Spanish English

Age Listening Reading Speaking Writing  Overall English LexTALE LexTALE

Foreign 33.07 7.07 8.21 6.81 7.31 7.15 9.81 0.94 0.76
(8.91)  (1.47) (0.93) (1.22) (1.18)  (1.12)  (3.77) (0.04) (0.08)
Native 3447 7.31 8.23 7.05 7.39 7.39 10.7 0.93 0.77
(9.63)  (1.69) (1.26) (1.52) (1.53)  (1.26)  (6.71) (0.05) (0.09)
BFos 3.49 3.50 4.19 3.30 4.09 3.05 3.32 3.20 4.09
(0.01)  (0.01) (0.01) (0.01) (0.01)  (0.01)  (0.01) (0.01) (0.01)

Note: Numbers in parentheses refer to standard deviation for the FL and NL groups,

except for in the final line (Bayes Factor) where they refer to error percentage. With BFo;

a positive number above 1 supports no difference between the two groups, with 3 and
above implying moderate evidence that the means are equal. Age and age of acquisition

of English are in years, the self-ratings of level of English are on a scale from 1 to 10, and

the LexTALEs are scored from 0 (chance) to 1 (perfect score). [Return to Summary of

Publication 1 on page 24]
Instruments

We created the description for two imaginary countries including 50 different items of
information (e.g., national sport and population—see on-line supplementary materials for the list of
test items). These two descriptions were then modified with filler sentences to include a more
positive or neutral description of the country (e.g., neutral: “The population of Tecamer is defined
politically as left wing, although they are considered generally quite moderate in their political,
economic, and social opinions” and positive: “The population of Tecamer is defined politically as left
wing and supports freedom, tolerance, and social inclusion as well as equal opportunity, leading
many campaigns against discrimination”). The Spanish and English versions were created
simultaneously and were matched on length. The texts were 50 to 56 sentences long and the
average number of words in the English and Spanish versions were matched (1278.5 and 1317,

respectively). The two emotional conditions were matched within languages on lemmatized word
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frequency of the content words (Spanish using LEXESP database, Sebastian-Gallés, Marti, Carreiras,
& Cuetos, 2000; English using the HAL database, Lund & Burgess, 1996—Table 2). Importantly, the
positive and neutral versions of the texts significantly differed on the mean valence and arousal of
the words used, according to the ANEW database (Bradley & Lang, 1999) (valence: BFo; = 2.42e+11,
5.22e-18; arousal: BFo; = 3.068e+10, 4.14e-17). The number of high arousal (arousal >5) and high
valence (valence >5) words also varied by condition (6% of the neutral condition and 12% of the

positive condition was high valence word—see Appendix).

Table 2: Average Word Frequency by Language and Emotional Condition

Spanish English
Neutral (M, SD) 616.48 (1306.08) 608.75 (847.98)
Positive (M, SD) 727.03 (1793.12) 641.29 (919.19)
Bayes Factor 7.29 (0.068) 14.12 (8.63 e-6)

(BFO1, %error)
Note: Numbers in parentheses refer to standard deviation for the FL and NL groups,
except for in the final row (Bayes Factor) where they refer to error percentage. With
BFo1 a positive number above 1 supports no difference between the two groups, with 3
and above implying moderate evidence that the means are equal.

These four texts (2 countries, each with a neutral and a positive version) were read aloud
and recorded by four female native Spanish speakers and four female native English speakers. Each

recording lasted between 6.85 and 8.07 minutes (Mauration = 7.51 minutes, SDguration = .333 minutes).

Procedure

Participants accessed the experiment through LimeSurvey (Schmitz, 2019). First, they filled
out a demographics and language questionnaire and then listened to two audio files, one of each
country in a given emotionality and different speakers (out of the 4 possible ones in that language).
Each participant heard recordings in only one language and carried out the rest of the study in that
same language. The order of the countries, emotional condition, and emotional condition/country
matching were all randomized across participants to avoid any strategic or order effects. Once

participants finished listening to the audio files, they proceeded to answer 50 multiple-choice
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qguestions about the stimuli content. These questions had 4 answer choices and participants were

asked to pick one for each of the countries.

Analysis

The size of the sample was determined using GPower (Faul, Erdfelder, Lang, & Buchner,

2007), assuming a small to medium size interaction (n,? = .05) and 95% power.

We carried out a two-way mixed ANOVA exploring the effects of emotionality and language
on performance in the test to address whether performance was better in the NL or FL, whether
emotional semantic context affects performance, and whether there was an interaction between
the two. A main effect of language would indicate whether participants perform better in one of
their languages, whilst a main effect of emotionality would reveal whether the emotional
manipulation affected performance. Finally, any interaction between language and emotionality
would show whether the effect of emotionality is modulated by language—meaning, emotionality

affects people differently in the FL than the NL. In all cases, assumptions of statistical tests were met.

We followed these tests up with Bayes factors (Jeffreys, 1961), which represent the
likelihood of one model—in this case, the null hypothesis—over another—in this case, the
alternative hypothesis. For example, a BFo; of 5 means that the null hypothesis is 5 times more likely
to be true than the alternative one and a BFq; of .2 means that the alternative hypothesis is 5 times
more likely to be true than the null. These Bayes Factors have become increasingly common as an
alternative to frequentist models (Poirier, 2006), in particular for ANOVAs (Rouder, Morey,

Speckman, & Province, 2012).

Results

First, we calculated the internal consistency between the questions of each country and

found that the tests had good internal consistency (Mufelo a = .84; Tecamer a = .86).
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We removed participants who were outliers, meaning 1.5 IQR away from the median in
either condition (positive or neutral) for each language group. Using this procedure, we removed
one participant from the English group and 3 from the Spanish group. The same tests were carried

out with and without the outliers and the results were consistent between the two.

We carried out a two-way mixed ANOVA with emotionality and language on performance on the test
(see Table 3 for means, standard deviations, and 95% confidence intervals). There was a significant
main effect of emotionality, such that participants performed better in the positive (M = 69.00%, SD
= 13.95%) than the neutral condition (M = 65.97%, SD = 14.71%), F(1,70) = 8.54, p = .005, n,? = .1009,
BFo1 = .146, error% = 1.26 x 10 (see Figure 1 and on-line supplementary materials). There was also a
main effect of language, such that participants performed better in their NL (Spanish: M = 74.6%, SD
=11.2%) than in their FL (English: M = 60.3%, SD = 11.6%), F(1,70) = 26.83, p<.001, n,’ = .277, BFo1 =
1.40 x 10*, error% = 1.29 x 10”. There was no interaction between the two factors, F(1,70) = .104, p
=.748, n,? = .001. A Bayesian repeated measures ANOVA comparing the model with the interaction
(emotionality * language) and without the interaction term confirmed that there was moderate
evidence that the addition of the interaction term led to an equally likely model, BFo1 = 4.12, error%
= 3.15—namely, no interaction was over 4 times more likely than an interaction. We also ran an
independent samples t-test on the emotionality effect—namely the score on the positive condition
minus the score on the neutral one for each of the language conditions—and again found moderate

evidence in support of the null hypothesis, BFo1 = 3.93, error% = .012.

Table 3: Average Accuracy in Percent Correct by Condition
95% Confidence Interval

Language Condition Emotionality Mean Standard Error Lower Upper
Positive 62.0% 2.10% 57.9% 66.1%
English Neutral 58.7% 2.10% 54.5% 62.8%
Overall 60.3% 1.90% 56.5% 64.2%
Positive 76.0% 2.10% 71.8% 80.1%
Spanish Neutral 73.3% 2.10% 69.1% 77.4%
Overall 74.6% 1.90% 70.7% 78.5%
Positive 69.0% 1.50% 66.1% 71.9%
Total Neutral 66.0% 1.50% 63.1% 68.9%

Overall 67.5% 1.61% 64.3% 70.6%
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Note: Participants showed no effect of order, t(75) = .019, p = .891, BFo; = 7.85, error% =
7.39 x 10°®, showing moderate evidence that participants performed similarly regardless
of order. Furthermore, there was moderate evidence that the two country descriptions
were equally easy to remember, t(75) = 1.23, p = .270, BFo; = 4.35, error% = 5.15 x 10°®,
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Figure 1: Distribution of average accuracy by language and condition. Participants in
the native language condition (Spanish) did better on the task than those who
carried out the task in their foreign language (English). In addition, participants did
better when the information was presented in a positive rather than a neutral
context. Nevertheless, the effect was the same in both languages.

[Return to Summary of
Publication 1 on page 25]
Discussion

In the current study, we addressed the questions of whether learning new information in an
FL could be improved using an emotional semantic context and whether this effect would be the
same in the NL and FL. The main task of the study required participants to listen to descriptions of
countries and answer questions about them. Although participants performed better in their NL,

results suggested that they benefited equally from the positive emotional context in both languages.
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Preceding studies on the effects of emotionality on memory have mainly used visual stimuli.
In contrast, the current study emulates information transfer in classroom settings by focusing on
aural stimuli. Results showed statistically reliable emotionality effects with auditory information in
both NL and FL. The partial eta squared of this effect is considered to be of medium effect size,
within the context of educational research (Richardson, 2011). This corresponds to 10.9% of the
variance explained and a practical difference of 3% on the current test. Although relatively discrete,
this effect could be the difference between passing and failing an exam for a student that is
struggling in a class. In more general terms, this study suggests that emotionally loaded semantic

contexts—not just emotional content—conveying new pieces of information can improve memory.

Given that there are no studies addressing the particular questions of the current study—
namely, looking at the effects of emotional context on content learning—the results need to be
understood within the wider literature. The effects found here (NL: 2.7%, FL: 3.3%) were smaller
than those of single-word studies with known words. In particular, these studies show effects
between 7 and 26% in the NL and between 9.5 and 18% in the FL (Anooshian & Hertel, 1994;
Aycicegi & Harris, 2004; Caldwell-Harris, 2009; Ferré et al., 2010)—with one exception showing a
non-significant effect in the FL (Anooshian & Hertel, 1994). Studies manipulating emotional context
rather than emotional content have found larger effects than the current one in recall (12%) but not
in recognition—no accuracy difference, only in response time (Erk et al., 2003, 2005). On the other
hand, studies on new word learning show smaller effects (2 — 3.5%), more similar to the ones in the
current study (Ferré et al., 2015). Overall, these results suggest that the effects of emotionality are
reduced when only the context is manipulated and when there is learning of new content, rather
than repeating information that is already known. Therefore, our results are in accordance with

those reported by prior literature and are within the predictable effect size.

The key result in this study is that the effect of emotionality is the same in the FL and the NL.

This result is consistent with many recent studies using emotionality in single-word processing
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(Aycicegi & Harris, 2004; Caldwell-Harris, 2009; Ferré et al., 2015; Ponari et al., 2015), and suggest
that this effect extends beyond individual word-learning to content learning. But, perhaps more
importantly, this result challenges the view that the FL, in general terms, leads to emotional

distancing (see Costa, Dufiabeitia, & Keysar, 2018).

These results relate to the FLE and the theoretical issue of its origin. Hayakawa, et al. (2016)
suggest that there are two main ways of explaining the FLE on moral decision-making: a reduction in
emotional processing and increasing psychological distance. Both of these accounts would predict a
reduced emotional effect in the FL compared to the native one. If emotionality is completely
blocked, this described FLE would predict that emotionality and its effect on performance would be
reduced or absent in the FL condition. With respect to psychological distance, the conclusion is the
same: this would make the information seem more abstract, reducing the effect of emotionality.
Therefore, neither of these ideas is consistent with our results—namely, an equal effect of
emotionality in the NL and FL. On the other hand, if the FLE is circumscribed to only the
manipulation of known information and its prior associations, it would explain why learning new
information does not show the same effects. For example, learning the word “home” using neutral
language would lead to more difficulty in learning it and a reduced emotional response for that
word, whereas if it is presented using emotional language, perhaps it would be remembered

better—showing an emotionality effect.

Looking at the results from this perspective, the current findings do not necessarily have to
contradict the existence of the FLE. Instead, they suggest a possible mechanism for how it arises.
Gawinkowska, et al.’s (2013) idea that the effect is due to social and cultural norm differences would
suggest that emotionality should affect both language conditions equally in this case. This is
consistent with our results, since if the FLE is circumscribed to differences in norms, it should not be
present. Importantly, Geipel, et al.’s (2015a, 2015b, 2016) suggestion that the origin of this effect is

a reduction of intuitive responses and a depletion of cognitive resources would imply a decrease in
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performance overall in the FL, but not necessarily any difference in emotionality. This reduction of
cognitive resource availability explains our data better, predicting our decrease in performance in

the FL, as well as the consistency of emotionality effects between languages.

In other words, the results of the current study could suggest that, rather than emotionality
being reduced overall in an FL context, learners’ cognitive resources are taxed, affecting
emotionality differently according to the task. Furthermore, if the reduction in emotionality is
observed in cases where only already-known information is concerned, perhaps it is because they
are lacking emotional associations within that language. These results suggest that providing FL

learners with more emotional materials—as in this case—could help them learn these associations.

It is worth noting that, although we did not intend to manipulate interest—and effectively
the content was the same between conditions—perhaps the positive condition could have also
presented the information in a more interesting way than the neutral one, contributing to the effect
we found (see Hidi, 1990 for a review on the effect of interest on learning). In future studies, the
effect of emotionality could be contrasted with that of “interest” or engagement. In addition, the
effect we observe here might be increased further by engaging the participants in an activity where
they have to use this new content or by making the information to be remembered self-relevant. For
example, with the current materials, engagement could be increased by asking participants to not
only listen passively but also to actively decide if they would want to move to the described country.
Nevertheless, the current results open way for a new way of looking at both emotionality effects and
learning in a foreign language which, with further replications, could provide a useful tool for

teaching in a non-native language.

Conclusion

The current study reports a well-controlled experiment in line with CLIL approaches, as
participants learned the same content in either their NL or an FL and were then tested using exactly

the same task and materials. Learning in an FL may sometimes hinder memory of new content as a
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consequence of the difference in language knowledge and use with the NL. However, the use of
emotional semantic contexts can be a short-term tool in the classroom, particularly during aural
exercises or verbal transmission of new information in order to boost memory. Considering the
emotional distancing or detachment that has been typically associated with FL contexts (see Costa et
al., 2018), the use of emotionally loaded materials or activities in classroom settings could be useful

for partially counteract existing FLEs.
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Appendix: Number of emotional words and the average rating overall by language and condition

English Spanish
High Valence High Arousal High Valence High Arousal
Words Words Words Words
N M(SD) N M(SD) N M(SD) N M(SD)

Neutral 151 6.56(1.03) 81 5.01(0.91) 54 5.85(1.71) 37 5.14 (1.07)
Positive 243 6.99(1.01) 176 5.43(0.95) 193 7.21(1.06) 172 6.07 (1.08)

Note: N stands for the number of words with values >5. The means and standard deviations are
overall on a scale from 1 to 9.

Supplementary Material: Average number of participants of each gender by group

Female Male Total
Foreign 29 9 38
Native 27 11 38

Note: The Bayes Factor for this contingency table was BFo; = 2.80.

Supplementary Material: Average number of participants per educational level group
High School Associates Degree Bachelors Masters Doctorate
Foreign 7 0 17 12 2
Native 3 3 18 11 3
Note: The Bayes Factor for this contingency table was BFo; = 3.16.

Supplementary Material: Average number of participants per time range living in an English speaking
country
Never <3 months 3to6months 6to12months > 12 months
Foreign 21 10 4 3 0
Native 21 6 3 6 2
Note: The Bayes Factor for this contingency table was BFy; =4.19.
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Supplementary Material: English Version of the Test

What color was the flag of each country?
Red/Blue/Yellow/Green

Who is the government in each country led by?
King/Emperor/Chancellor/President

The population of each country is composed of...

A proportion of four women to each man/Many more men than women/An equal number of

men and women/Twice as many women as there are men

What is the most powerful economic sector in each country?
Tourism/Metallurgy/Agriculture/Industry

What is the most commonly used mode of transportation between cities in each country?
Ships/Cars/Plains/Trains

What is the national sport of each country?
Baseball/Football/Basketball/Tennis

What is the currency of each country?
The Franc/The Dollar/The Pound/The Peso

What continent is each country in?
Asia/America/Africa/Oceania

What language do people speak in each country?
English/French/Italian/Portuguese

What is the favorite pet in each country?
Turtles/Dogs/Cats/Birds

How many children do people have in each country, on average?

2/1/3/4

What is the most common drink in each country?
Wine/Beer/Tea/Coffee

What is the most famous dish in each country made out of? Meat/Fish/Pasta/Vegetables

Which is the most common hair color among the population of each country?
Black/Brown/Blonde/Red

What is the national anthem of each country about?
War/History/Culture/Brotherhood

What does most of the population of each country define itself as, politically?
Mainly left-wing/Mainly right-wing/Mainly center/Mainly apolitical

What was the biggest tragedy in each country?
A fire/A hurricane/A bombing/An earthquake

What is the oldest monument in each country?
The opera in the capital/The roman bridge/The national museum/The temple in the capital
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
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What century was each country founded in?
X. Century/V. Century/VIl. Century/XIX. Century

What was the most famous historical character in each country?
A scientist/An athlete/A singer/A politician

What is the average level of education in each country?
University degree/High school/Elementary school/Technical certificates

In general, what is the climate of each country like?
Tropical, warm all year round./Continental, with a large variation between summer and
winter./Oceanic, with moderate temperatures all year round./Arid, with very little rain.

In each country, there is a famous company that produces...
Computers/Cars/Watches/Phones

What is the most common profession in each country?
Engineering/Medicine/Mechanic/Transporter

What is the predominant religious belief in each country?
Christianity/Islam/Atheism/Buddhism

What is the traditional instrument of each country?
The bagpipe/The flute/The drum/The guitar

What is the main attraction for tourists in each country?
The beach/The mountains/The low cost/The culture

What is the legal driving age in each country?
16 years old/21 years old/18 years old/20 years old

What is the unit of measurement for temperature in each country?
Degrees Celsius/Degrees Fahrenheit/Degrees Réaumur/Degrees Kelvin

What does the traditional clothing in each country include?
A sword/A cane/A sash/A hat/

What is the main ingredient in the traditional dessert of each country?
Chocolate/Cream/Strawberries/Honey

What is the most common wild animal in each country?
Boar/Wolf/Bear/Fox

What is the most salient geographical characteristic of each country?
It has a volcano/It has numerous lakes/It has a desert/It has the highest mountain in the
continent

These countries are...
An island/An archipelago/A peninsula/in the interior of the continent

What is the most common sport in each country?
Swimming/Hiking/Fishing/Mountain bike

What is the retirement age in each country?
65 years old/70 years old/75 years old/72 years old



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
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The healthcare in each country is...
Private/Public/Recently nationalized/State assisted

What is the main health problem for the population of each country?
Obesity/Stress/Alcoholism/Contamination

What is the population of each country?
20 million/40 million/3 million/60 million

What is the most important event in recent history for each country?
The Olympics/The discovery of ruins/A recent war with a neighboring country/The discovery
of oil

What alphabet did the first people of each country use to write?
Greek alphabet/ Japanese Kanjis/ Cyrillic alphabet/Egyptian hieroglyphics

In the schools of each country, all students are required to...
Learn music/Learn a second language/Have a laptop/Do community service

What is the most common source of energy in each country?
Nuclear energy/Wind power/Hydraulic energy/Solar energy

What is the immigration like in each country?

There are more people leaving the country/There are less people leaving the country than
arriving/There is practically no immigration/There are as many people leaving as there are
coming in

What is the main export of each country?
Textiles/Fruits and vegetables/Wine and oil/Gas and petroleum

Where are the most important universities in each country?
In the capital/In a college town/In the two main cities in the country/Throughout the country

When the people in each country buy a car, how is it usually powered?
Hybrid/Gas/Diesel/Electric

What is the preferred means of transportation within the cities of each country?
Bicycle/Metro/Motorcycle/Bus

How many official languages are there in each country?

1/3/4/2

Most of the public money in each country goes to...
Culture/Healthcare/Armed forces/Research

[Return to Summary of
Publication 1 on page 23]
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Supplementary Material: Emotionality Effect by Participant

By Participant scores
M Positive Neutral

. 100%
2 75% x
ol *
© 50%
c
e i I
[}
T r ]
English Spanish
Foreign Native
Language Language

Fig. The following is the emotionality effect data by participant. The left half of the graph
corresponds to the participants who carried out the task in their foreign language—namely,
English—and the right side corresponds to those who carried it out in their native language—
Spanish. Overall, 47 out of 76 participants (62%) showed an emotionality effect.

Note: Participants marked with a star are those that were excluded during outlier removal. The
dotted line along the 25% marker shows chance performance.

[Return to Summary of
Publication 1 on page 26]
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Additional materials for the purpose of the present thesis

Table 4.Example stimuli in all four conditions.

English Spanish

The population of Tecamer is defined La poblacién de Tecamer se define con
=  Dpolitically as left wing, although they are inclinaciones politicas de izquierdas, aunque
‘3 considered generally quite moderate in éstos se consideran por lo general bastante
3 their political, economic, and social moderados en sus opiniones politicas,

opinions. econdmicas y sociales.

The population of Tecamer is defined La poblacién de Tecamer se define con
."2’ politically as left wing and supports inclinaciones politicas de izquierdas y apoya la
= freedom, tolerance, and social inclusion libertad y tolerancia e inclusién social asi como
g as well as equal opportunity, leading la igualdad de oportunidades, por lo que lideran

many campaigns against discrimination. muchas campafias contra la discriminacion.

[Return to Summary of
Publication 1 on page_24]

Figure 2. Example questions from the testing phase.
What ty the otdest monusmest in esch couminy?

Mutcio Tecames'
The opern n the capital

The s Bridpe
Thee fialionial msesiin

Fhe troagile i the capltal

Wit wnn Dl ot Tarmons Historscal characior In osch coontry ?

Mutcio Tecamer
A nChentist

An athebetn
A slnger

A poditician
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Abstract

Leamning new content and vocabulary in a foreign language can be particularly difficult. Yet,
there are educational programs that require people 1o study n a language they are not
native speakers of. For this reason, It is important to understand how these learming pro-
cesses work and possibly differ from native language leaming, as well as to develop strate-
gies to ease this process. The current study takes advantage of emotionality—operationally
delined as positive valence and high arousal—1e impeove memaory, In two experiments, the
present paper addresses whether participants have more difficulty leaming the names of
objects they have never seen before in their foreign language and whether embedding them
in a positive semantic context can help make leaming easier. With this in mind, we had par-
ficipants (with a minimum of a B2 leve! of English) in two experiments (43 participants in
Experiment 1 and 54 In Experiment 2) read descriptions of made-up objects—either positive
or neutral and either in their native or a foreign language. The effects of language vaned
with the difficulty of the task and measure used. In both cases, leaming the words in a posi-
tive context improved learning. Impaontantly, the effect of emotionality was not modulated by
language, suggesting that the effects of emotionality are independent of language and could
potentially be a useful tool for improving foresgn language vocabulary leaming.

Introduction

QOur current study addresses the question of whether emotionality—specifically, positive
valence and high arousal—aftects word learning in a native and a foreign language. In particu-
lar, the focus is on cases in which one’s only experience with the to-be-learned object is a defi-
nition without having seen or touched that object in person. Although this question may seem
odd, in reality, when we learn new information in academic settings, our experience with the
content we learn is quite limited, If we take the example of biology or history class, the infor-
mation we learn there, regardless of how conerete, will hardly ever be a part of our sensory
expenience. According to Kousta et al. [1], this should lead to poorer representations and more
difficulty in acquisition. In cases like Content and Language Integrated Learning (CLIL), new
information is also conveyed in a foreign language, adding to the complexity of Jearning and
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remembering information that is abstracted from sensory experlence. Given this increased dif-
ficulty in Jearning, it s important to find tools that can improve or facilitate this process. One
possible tool is emotionality, as it has been suggested to improve learning in other cases [ 1,2],
but it is not clear whether it also be useful in this kind of experience. In particular, would hav-
Ing only verbal and not sensory experience with the content make emotionality wseful even for
acquiring new concrete nouns? Kousta et al's | 1] theory would suggest that emotionality,
given its independence from concreteness, would indeed play a facilitatory role in that case,

In this study, we therefore examined whether vocabulary learning in a native and foreign
Tanguage can be facilitated by emotionality. We use the terms “native” and ‘foreign’ rather than
“first language’ and “second language’ because we focused on bilinguals living in a bilingual
society who speak multiple languages in the community but also acquire another language
{English} at school. In many (monolingual and bilingual) societies it is now commeon for chil-
dren to acquire foreign languages at school, In some cases, the foreign language is taught
through content courses in that language. Currently, most of the research addressing this type
of learning in a foreign language comes from classroom studies on CLIL using children. This
literature focuses on language outcomes more so than on content learming and has found
mostly positive results in this area [3-11}]. The literature on adult foreign language medium
learning is more limited but also focuses on benefits associated with kanguage | 12) and not
content. The research on content learning is both more restricted and less clear-cut, with stud-
ies showing positive, negative, and null results [13], Overall, studies tend to focus on the effi-
ciency of courses in general, evaluating overall pesformance at the end of the term, Very few
studies compare the immediate understanding and learning of new content in a foreign and a
native language. Those who do have found either detrimental or null effects of foreign lan-
guage use, depending on the task {14,15], particularly without foreign language support [16].
These results have been accounted for in the context of cognitive load theory, which suggests a
working memory overload for individuals trying to learn content in & language they are not
proficient in [16]. Importantly, contributing to this literature would improve our understand-
ing of whether foreign and native language learning differ as well as providing insights into
possible improvements on foreign language teaching methods.

As mentioned before, we will focus on emotionality as a potential way of improving word
learning, In particular, emotionality provides greater richness to kexical items, aiding their pro-
cessing [ 1] and increasing familiarity at the time of retrieval. This process is facilitated by an

h t of attention during encoding, leading to more durabl v [17], This idea
as been supported by studies on language processing in participants’ native language [17].
These studies have shown that emotionality facilitates learning in the native language—with
emotional words having lower ages of acquisition—as well as aiding processing and memeory
| 1]. But this phenomenon is still poorly understood, especially in the case of bilinguals, In
addition, research so far has focused mostly on how we process o respand to known emo-
tional words, but we do not have a clear idea of how earning in general and vocabulary leam-
ing in particular are affected by the valence of the new word or concept, Therefore, it is
unclear whether we learn words that refer to new emotional concepts better or easier than
those referring to new neutral concepts.

In the foreign language, the story is not as simple. This is in part because of a decrease in
emaotionality in the foreign language | 18], Focusing on memory for known words, the effects
of this decreased emotionality are very i istent, Some studies have found enhanced mem-
ory for emotional as compared to neutral words in a foreign language {19-25] while others
have pot |24]. In addition, others have even found inconsistent |25] or inverse effects |26].

The literature on emotionality and word acquisition in a foreign language is quite scarce,
Most studies have focused on acquiring new lexical forms for known concepts. For example,
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Ferré, Ventura, Comesana, and Fraga [ 25] studied new lexical form learning in a foreign lan-
guage through word paring—associating a new item with the native language word. Results
showed an improvement in later word recognition and translation for abstract words that
were emotional {positive or negative), This shows that new labels for known concepts carry
the same emotionality effects as the original terms, but in that context, emotionality played a
role only in the acquisition of new forms for abstract words.

The question of whether emotionality affects word learning in a non-native language relates
to the foreign language effect: the idea that people are less biased and more emotionally distant
in their foreign language [27]. 1tis hypothesized that this effect may be 2 consequence of kaen-
ing the foreign language in an emotionally attenuated academic environment |28]. Therefore,
understanding how emotionality affects new word learing in a foreign language—ie., new
concepts with their associated form, not just learing new labeds for known words or remem-
bering known words— has implications for understanding the foreign language effect. To test
this explanation, we have to manipulate the circumstances or context of the first exposure to a
word or concept. In the current study, we do exactly that: we teach participants new concepts
for which they do not have an equivalent native language word, This allows us to see what the
effects of emotionality are as it ks conveyed only by the definition of 2 word, without any prior
exposure to the word or concept, or knowledge of the object.

Most studies so far have examined how emotionality affects the acquisition of new labels
for known objects rather than leaming of new words for new concepts, One notable exception
is the study by Brase and Mani [29], which showed emotionality effects for new negative
words in an emotional Stroop task and a sentence completion task. In the foreign language
condition, this occurred only in the emotional context, whereas in the native language, they
showed an effect in both emotional and neutral contexts. But, it is worth noting that their recall
results are in contrast with prior studies, with no emotionality effect in the native language and
a restricted effect in the foreign language—only for negative words in the emotional context.

Frances ct al. [20] took a similar approach to the one in the present study, where partici-
pants learn new information—in their case new content, instead of new vocabulary—that
was embedded in a positive or a neutral semantic context. This contrasts with prior studies
that focused either on memory for known words or on the acquisition of new lexical items
for known concepts, They found that positively valenced content was remembered better
than neutral content and, importantly, that this effect occurred in the native and foreign
Janguages equally, As we are using a similar strategy of teaching new information—in this
case, new objects and thelr names—In the foreign or native language, we expect similar
results, Namely, we expect enhanced memory for positive items and a similar improvement
in both languages.

Current study
The forelgn language literature has shown inconsistent effects of emotionality and Is unclear
about whether emotionality helps increase vocabuliry in that language. Thercfore, the purpose
of the current study is to understand new concept acquisition, removing the influence of prior
experience with that concept or item, [mportantly, in the current study, new information s
taught implicitly through descriptive texts, which are more naturalistic than single, isolated
words. This provides a more accurate understanding of what happens in more realistic learn-
ing situations.

Other studies have manipulated the emotionality of the context through association with
emotional images [ 1] or paralinguistic information [ 29]. For the purposes of the present
work, we have operationally defined emotionality as positive valence and high arousal
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manipulated through the semantic context of the new word, Therefore, we manipulated emo-
tionality semantically by conveying desceiptions of objects in either a positive or neutral
manner.

Given that one of the possible applications for this s h is classroom contexts with stu-
dents of different ages, only positive and neutral descriptions were used, as negative materials
would not be advisable for educational settings. Furthermore, some studies have found that
negative stimuli do not produce the same effects as positive stimuli and can hinder perfor-
mance [19.71], particularly for the surrounding neutral words as they capture attention, unlike
positive words which aid performance in these cases [32-34].

In short, this study aims to understand the effects of positive valence—manipualated seman-
tically—on vocabulary kearning. One of the priorities in the current study is to use naturalistic
classroom-type stimuli than most prier research, The experiments here use novel words and
concepts conveyed through paragraph-long definitions, We would like to emphasize that
although the results of this study may have practical applications, our goal is to understand
how learning can be influenced from a theoretical point of view. The ultimate goal is to under-
stand how we process and incorparate this type of information in a foreign language, in partic-
ular as it compares to our native language.

Experiment 1
Methods

Participants. Participants were recruited from the Participa platform at the Basque Center
on Cognition, Brain and Language. This database includes extensive demographic informa-
tion, information on language history and use, and any physical or cognitive impairments, All
eligible participants received an email inviting them to participate. Participants were typical
young adults from the Basque Country,

Fifty-six participants were tested, three participants were removed for low accaracy
{ < 50%) in the old/new recognition task (two from the English condition and one from the
Spanish condition) and 10 were removed for low accuracy (<2 33%) in the name matching task
(five from the English condition and five from the Spanish coadition). The remaining partici-
pants were 43 native Spanish speakers (24,14 years old, SD = 3.99) with an intermediate to
high level of English {BEST—Basque, English, and Spanish Test—Interview scores of four or
five out of five [35]).

Language was a between-subjects factor. Participants did only one language condition: the
native language condition (Le., Spanish: 23) or the foreign language condition (i.e., English: 20
participants). Groups were matched for age (see Table 1), gender (13 females in the Spanish

Table 1, Variables matched b groups in Experiment | and valoes for Experiment 2.
L mlibAvesmet | laTAL 1 L ComiTek
! Age BEST | AOA | Spenih | English = Verbal | Nowverbal | Backwsrd | Forwsed
Exp.d | English groop 208 A2(04) | A0(L9) | 9SWISE) | TMIOM)  JOS(9) | 1AM &30(136) | R3D(14Y
| Spanish group 2506 Q20) | 8425) | NNEN) | 0NN | N0 | M20) | S4(163) | A0 (L35
ol | M@ 4204 | &2{22) | 9In(6W) | TIM(ON) | 109(8) | 112{9) | &An{ls9) | 661(1.46
| T-value & SSTIEN) OS4(4)) | ETIAL) | LMY 32BN -TMN) | 0T | -363041) | 827D
| paluy 233 97 | A | am | g0l 4 | je | 9 | an
Exp. 2 Total 26(6) L2iaq) 6423 SN (e%) T2% (1% 100 (M) 105 (31) 654(1.59) 6.72 (1.57)
Note: Values seporsed are means with scasdard de s p h AvA stands foe mge of acguisition. BEST refers 10 the scares an the English inteniew poction
of the HEST | 15].

s Aol 0 10 157 Vipumal pong CEA0202 K01

[Return to Summary of
Publication 2 on page 27]
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Table 2. Education level by group and experiment.

o i | Language in Fxperiment | | Experiment 2
Educatiosal Level | Englich | Spamish I Total | Tt
High School & & Al | 2
Pustgradaate 2 4 6 Y
Professional Traiming | 2 2 A 3
Universiry | 10 g 19 .
Toesd | o n 4 54

Note: Figures rep the ber of particp in gach category,

el g 10157 2 pumal pone (20250 002 . .
[Return to Summary of Publication 2 on page 27]

group and 12 females in the English group), education level (see Tuble 2), student status {17

students in the Spanish group and 16 in the English group), verbal and nonverbal 1Q (Kbit)

| 45], age of acquisition of English, and Spanish and English LexTALE [37,34] (see Table 2). In

addition, all participants were trilingual, with the exception of two participants in the Spanish

condition who were only bilingual.

The experiment was approved by the Ethical and Scientific committees at the Basque Cen-
ter on Cognition, Brain and Langeage (BCBL) and all participants provided written consent to
participate in the study {Approval numbes: 7209). They were compensated 8€ for their time,

Stimuli. The stimuli consisted of 46 images of invented objects that had been used in
another study [29] and 92 disyllabic pseud ds (46 for of abjects, 46 for fllers used
in testing phase—see 51 Table for the full list of pseudowords and their corresponding bigram
frequencies by language). Object names were equally likety to be an English or Spanish word
{e.g. chefio) as measured by avernge token bigram frequency for each word (Msp = 491, SDsp
AL Mey =594, 8Dy = 374: H45) = 1.2, p = 230, BF,, = 3.14, ervor % =824 x 10 ) using
B-Pal for Spanish [10] and N-Watch for English [41].

The object names were presented in 46 descriptions of made-up objects, their origin, and
their use {see Fig | for an example). A positive and a neutral version of each description was
created. The details changed between versions, but there was always at least one characteristic
In common between the two descriptions (e.g., “it is a type of maze”™). Each description was
transiated to create an English and a Spanish version. Descriptions were matched on length by
language (Mg, = 45.2, SDpo = 3.20) My = 45, SDy,, = 3.07; 1(45) = 349, p = 728, BF,, =
5.90, error % = 1.15 x 10°”) and emotionality (M, = 46, SDp,, = 3.82; My, = 44.8, 5Dy, =
3.52, 10045) = 162, p = 111, BF = L85, error % =793 x 10 ). Paragraphs had a length of 39 to
54 words per description, M « 45.7, $D = 3,79, Length was also matched using a 2-way
ANOVA with language and emotionality on length of paragraph (p's > 05, see Table 3).

Each description was lked for word frequency to match emotion conditions, Word
frequency was computed by taking the average frequency of every adjective, noun, adverb, and
verb (excluding auxiliary and modal verbs) in the paragraph. For Spanish, we used EsPal [42]
and matched the two emotionality conditions (¢(45) = 507, p = 614, BF,, = 554, error % =
1121077, see Table 3 for means and standard deviations). For English, we used the frequency
from the Hyperspace Analogue to Language |43 using the English Lexicon Project [44] und
matched the two emotionality conditions (#(45) = 525, p = 602, BF,, = 549, ¢rror % = 1.11 x
107%, see Table 3),

Positive and neutral descriptions had significantly different valence (ANEW [45]) for both
Spanish {f(45) = 426, p < .001, BF,, = 218, error % = 2.41 x 10 %} and English (1{43) = 7.86, p
< 001, BF,, = 196 x 107, ¢rror % = 8,24 x 107"}, see Tahle 3. Positive and neutral descriptions
also had significantly different arousal (ANEW —Bradley & Lang [45]) for both Spanish (#{435)
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This |g & chefio. The chefio is &

type of moze thal is used in

research laboratories, The chedio
g has bath closed and open parts so

Esto es un chefio. El chefio es un
Bipo de fsberinto para Laborat

de Investigacidn. El chefio tliena
partes carradas y abiertas para

that people can search msideand  que la gante busque por dentro y
orient outside, The chefio < a se ariente al salir, El chefio es un
|lataratary object, objeto de laboratorio,
This is a chafio, The chefio is a Eslo &5 un chefio. El chefic es un
type of maze used at birthday tipo de laberinto pars fiestas de
parties for chadren, The chefio has  cumpleancs infantiles, El chefio

£ both ciosed and open parts Lene partes carradas y shietas
providing the anjoyment and tholl  para dar el goce y la emocikin de 1a
of indepandence as well as sgfely  Independencia, asi como le
of secing their mothor. The chefio  seguridad do ver 2 su madre. £
is 3 game for children. chefio &8 un juego infanti.

Fig 1. Examp) dus, All four ufan pl ihos (newtral English, meutral Spanish, positive Englsh,

and positive Spanish) a8 well 45 the correspoading smage. Dee 1o copyright resteactions, the insige is mot ane of the
oves frivm our stimulus el Yut it is sisuilar 1o these we vend:
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« 501, p < 001, BF = 202 x 10", error % = 2.46 x 10”") and English (#{45) = 7.38, p < .001,
BFy, = 4.19 x 10°, ervar % = 1,85 x 1077%), see Table 3, In addition. and in order to validate the
emotionality {both valence and arousal) of the descriptions, we carried out a norming study
with 18 participants from the same population as the study evaluating the descriptions in
Spanish {see 51 Fig for instructions}, on a scale from 0 to 4. The by item analysis found that
items were considered significantly higher valenced in the positive version (M, = 3.27, SDy,,
= 335) than the peutral version (M, = 2.21, 80y, = 352), #(45) = 1548, p < 001, BF,, =
3.96x 10", error % = 5.76 x 10 *"). Similarly, items were considered to cause significantly
higher arousal in the positive version {(Myy,, = 1.32, Dy, = 454) than the neutral version
{Myer = 439, SDy, = 394), H45) = 8.56, p < 001, BF,, = 1.86 x 10", error % =617 x 107"%),

Tabde 8, Means and standard deviations for cantrol an e descripti
) | Frequency (wonds per million) | Words per description | Valence | Arousal
Spanish Neutral | 153 (142) ! 4451 (109) FA6(L05) | 51004
)  Positive | 139 (108) | 4580 (4.07) D T Y VR N i U
Eeglish Neatral ! _640 (258) } WBEIN H €02 {3%) | Ae0(SH)
Pasitive 610 (334) 45.72 (290) A9K {71} 5.01037)

Nute Values oy parenthoses are standard deviations,

teees (ol org 10 137 Voumal pone C2IZS2 003
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Procedure. Participants were recrulted from a database with some basic questionnaires:
K-Bit—Kaufman Brief Intelligence Test, [16]—, LexTALE in English {37] and Spanish |38},
linguistic background, sociveconomic background, and experience with bilingual education.
These were used to select participants and match the groups. Then, they had a learning and a
testing phase, which were either in English or Spanish {language was a between-subjects
factor).

The learning phase consisted of seeing the picture of each object along with its description
{containing the object name 4 times), one by one, Participants were instructed to read for
comprehension, After seeing the object and reading the description for a minimum of 15 sec-
onds (no Next button visible until the timeout) participants were allowed ta move on to the
next screen at their own pace. Participants took an average of 27,10 seconds {SD « 6.99 sec-
onds) to read each description, The next screen asked them 1o type in the object’s name. If
they typed it incorrectly, they were taken back to the previous screen and then asked to type it
again. This happened very Infrequently (on average for two words for every three participants)
and equally in every condition (M, yag = 186 words, SDuey pug = 546, Mps, g0 = 163 words,
5D e = 374 My sy = 163 WOrds, SDics s = 374 My sy = 163 WOrds, SDi,, s =
A7)

After seeing all 46 descriptions (23 positive and 23 neutral descriptions randomly mixed),
they moved on to a filler task in order to reduce recency effects and assess working memory,
The filler task consisted of a Corsi task (forwards and backwards) [46] which was timed to last
15 minutes, The purpose of the fller task was to decrease serial position effects [17,45] and
reflect only information that had been more permanently registered in memory [19].

After the filler task, the testing phase started, The first task consisted of a cued recall in
which participants were shown the image of an object and asked to recall its name (Fig 24).
This task was not timed, The second task was an old/new recognition task in which partici-
pants were presented the 46 object names along with 46 fillers one at a time and had 2000ms w
say whether they had scen the word before or not (Fig 28). The main task we were interested
in, third task, consisted of a cued name-matching recognition task in which participants had
5000ms to select the correct name of the objects out of three chosces (Fiy 2C). For this task, the
two distractors were pseudowords that had also been presented during the learning phase cho-
sen randomiy and matched for emotionality. This was our main task of interest because it was
fully language independent—only the image and the name were presented, which were the
same in both language conditions—and thus theoretically equally difficult, Finally, the last task
was an attentional check that consisted of matching the correct characteristic that goes with
the object (Fig 213), with 3000ms to respond. The characteristic that had been held constant in
both versions of the object description—paositive and neutral—was used for this task, The two
fillers were chosen at random from the other emotion-matched objects.

The order of tasks was chosen so that the earlier tasks would not affect the later tasks and
held constant across participants. The name recall task was placed first because it was likely to
be influenced by secing the words again in the recognition tasks, but was unlikely to affoct the
other tasks. Then, in order to prevent increased familiarity with the learned items, we kept the
Old/New task—which is purely based on familiarity—before the name matching task. Given
that the attentional check was not of theoretical interest, we kept that task last.

Results and discussion

The following are the linear mixed effect model analyses for both experiments. In all cases,
analyses were run using linear mixed-effects models in R, Ime4 [50] and ImerTest packages
|51]. Both two-level categorical predictors (emetionality and fanguage) were coded as -0.5 and
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(a) Task 1: Name Recall (b) Task 2: Old/New Recognition

Fig 2. Example screen for each of the foor tasks In Experiment 1

() el new recn

call task where participanss were asked to type in the name of the object

sk where participuns had to respood whe d seen the word

¢} name matching task whete

st All
estrictions, the image

fistic tor b
§/New and A, F. and | keys for the matching tasks). Doe to cupyright

tpect. and (d) attentx here participants
ard (F and ] keys for ¢

bk set, but it s similar o tse we used

[Return to Summary of Publication 2 on page 28]

0.5 (neutral/ positive and English/Spanish). Subjects and items were included as random
effects, but due to convergence lssues, random slopes varled by analysis. Models on response
times have the log transtormation of response time as the dependent variable

The models included all fixed effects of interest, as well as random intercepts for partici
pants and items, unless otherwise stated, When models did not converge, all correfations
between the random slopes and the random intercepts were removed [52]. If the model still
did not converge after removing the random correlations, we built down the random effects
structure by removing the item slopes that explained the least variance until convergence was
reached and singular fits were fixed.

Only the LME results are reported here. For the ANOVA results and the comparison
between the two, please see (51 Appendix)

Name matching task. The first model had accuracy (0 incorrect; | correct) as the depen

dent variable and language (English or Spanish) and emotionality (Neutral or Positive), as well

as thetr interaction as fixed effects (see Tuble 4 for means, standard deviations, and 95% confi-
dence intervals and Fig 1A for percentage of ervors by condition). In addition, we included the
random intercepts for subject and item. In the model, there was a significant main effect of
emotionality (§= 217, 8E = 092, x = 2.35, p = 019), such that positive emotionality led to

higher accuracy, and of language (=245, SE = 092,

=265, p = .008), such that Spanish led
te higher accuracy. There was no interaction between emotionality and language (5= 020, SE
= 183, z= 108, p = 914),

- |

PLOS ONE | il $0i.org/ 101 24 October 7, 2020 a/



Page |101

PLOS ONE The affects of Ianguage and emotionalty of stimull on vocatulary aming
Table 4, Mens, standard deviations, and confid tervals by participant tor the name hing task by language and ality for Lxpert L
Acvmracy Response Tinwe
| Newiral | Pasitive | Newtral | Povitive
l:q]llh | ez l(ll.\_) ("th-uil?l | 047001 [0(! 0.51) i 256882 (664.92) I;Z?.'v.ll ~2862.42] | 154,26 (W.TH} I;(Z?.‘ 26.\9.}”
Spmﬁh 04£(0.11)043-0.52| 0.54 (0L1) |0.49-0.558] 2514.84 (325.44) |2300.10-2729.58) 2358.7K (539.34) [2138.36-2579.20]

Nofe: Values in parenthoves are standard deviations The walues in brackets are the 5% confilence indervals, Accuracy is in percent cormect: tespooss finwes are in
milliseconds.

e el om 10337 Visumal pone (0252 004

The model wath log transformed response time as the dependent variable had language
{English or Spanish) and emotionality (Neutral or Positive), as well as their interaction as fixed
effects {see Table 4 for means, standard deviations, and 95% confidence intervals and Fig 18
for average response times by condition), In addition, we included the random intercepts for
subject and item and random slopes for emotionality by subject. In the model, there was no
main effect of emotionality (= - 042, SE = 027, t = -1.53, p = .137) or of language (f = -005,
SE = 025, 1 » -.215, p » .830) and no interaction between emotionality and language (f «

«023, SE = 047, t = - 496, p = .620). (See S1.2 Table in §1 Appendix for the 9% confidence
intervals of the effect stzes )

Given the null interactions, we followed up the analyses using Bayesian statistics on the by-
subject averages. Analyses were run using JASP statistical software {version 0.12.2) |53). We
used the default settings for all model comparisons (the priors were r scale fixed effects of 5, ¢
scale random effects of 1, and r scale covariates of 354). For the t-1est the prior was a Cauchy
distribution of scale .707.

First, we analyzed the effects on accuracy, We ran a comparison between a model predict-
ing accuracy from Language, Emotionality, and Subject to one which also included the interac-
tion (Language x Emotionality), 'The model with the additional factor—the interaction—
showed evidence that the data was approximately three times more likely to be observed under
the null model without the interaction compared to the one with it, BF,, = 3.33, error % = 485
{by item, BF, = 4.65, error % = 2,26), suggesting that accuracy was not affected by an interac-
tion between kanguage and sonality. In a stilar vein, we ran a 1-test comparing the emo-
tionality effect (accuracy on the positive condition minus accuracy on the neutral condition)
and found moderate evidence that the emotionality effect was in fact the same between lan-
guages, BFy; = 331, ervar % = 016 (by item, BF,, = 6.08, error % = 1,67 x 107%),

A b
Percent Erors Response Time
o . 3580 -
LR
as
Sor Langunge 2000 Language
E Engeen Engen
S o Toonsts 50 otk
a7 X
5%
an v
Paerat Pautse [ Mowren
Emosonality £matioraity

Fig 3. Results from the name msatching tusk. The grapts show (1) percentage af errors and () revponse tinse. Error bars show 95% confidence intervas

e /0L G 137V eumal pone IGIDPS2 2003 [Return to Summary of Publication 2 on page ﬁ]
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We then ran the same analyses on response time. We ran 4 comparison between i model
predicting response time from Language, Emotionality, and Subject to one which also
included the interaction {Language x Emotionality). The model with the additional factor—
the interaction —did not show an improvement, BF;, = 3.29, error % = 365 (by item, BF,, =
2,80, error % = 4.39), suggesting that the interaction did not have an effect on response time
and that the data was moderately more likely to be observed under the model without the
interaction rather than the one with it, In a similar vein, we ran a t-test comparing the emo-
tionality effect (response time on the positive condition minus response time on the neutral
condition) and found moderate evidence that the emotionality effect was in fact the same
between languages, BE;, = 3.30, error % = 016 (by item, BF,; = 4.43, error % = 1.09 x 10}

Name recall task,  The name recall task was evaluated in two ways: exact correct recalls
and Levenshtein distance (LD) [34] between the produced string and the original item, For the
first analysis, the number of exact recollections (correct word with the correct object ) were
counted for exch participant within each emotionality condition. As expected, given the diffi-
culty of the task, recall was very low |14), on average fewer than two words (M = 1.91 words,
S0 =275 words),

The fiest model had accuracy (0 incorrect; 1 correct) as the dependent variable and language
{English or Spanish) and emotionality (Neutral or Positive), as well as their interaction as fixed
effects {see Table 5 for means, standard deviations, and 93% confidence intervals by condi-
tion). In addition, we included the random intercepts for subject and item. In the model, there
was no main effect of emotionality (8 = 429, SE = 296, == 1.45, p = .147) but there was one of
language (= 121, SE = 306, z = 3.94, p < .001), such that participants recalled more words in
Spanish than in English, and no interaction between emotionality and language (f = 577, SE =
586, = = 985, p=.325),

Then, we caleulated the normalized LD for each response, All responses that were shorter
than 3 characters or contained a real word related 10 the object were removed as they were not
considered real attempts, When calculating the LD, the number of insertions, deletions, and
alterations needed to get from the produced word —the recalled string—to the original word —
the studied string—is taken into account to calculate a standardized value. Then, these values
are divided by the word length in order to normalize the value [55-57]. We also ran a model on
the LI between the produced word and the correct response, The dependent variable was the
normalized LI and language (English or Spanish) and emotionality (Neutral or Positive), as
well s their interaction were the fixed effects, In addition, we included the random intercepts
for subject and item. [n the model, there was no main effect of emotionality (8= -.179, SE =
U310, ¢ = 130, p = 195) bat there was one of language {/§ = - 374, SE = 142, £ = -2.63, p = 0108),
such that participants produced strings closer to the correct one in Spanish than in English, and
no interaction between emotionality and language (§ = 082, SE = 249, 1= 330, p= 742},

Old/new recognition task, The first model had accuracy (0 incorrect; 1 correct) as the
dependent variable and fanguage (English or Spanish) and emotionality (Neutral or Positive),

Tabde 5. Moy, standard devi s, and confid intervals by participant for the name rocall task by language and sonality for Fxperi E
Number of weeds : Normalized L)
Neuteal | Pusitive [ Neatral [ Positive
English L DASIDOS)[ODA-RL | aAS(eS) [OS-A75 OJ6C0AR) [UAS-0RY 7R L0e9-08)
Spanish | 100 (1.48) [0.90-16) | 1.7H{2.24) [0.87-2.70] L 06a023) (051073 | 0.600027) [049-071)
Nutfe: Values are in nusaber of woeds. Nambers s hescs ire stanscied devt The valies In brackets are the 95% contid i Iy N lized LD vaboes

are o distance units with 3 range fram O to §, with 0 being the comrect answer, identical 10 the targes word, and 1 being a complesely different word or o response.

g/ doLog 10 157 Vipumal pom CE40252 005 —
[Return to Summary of Publication 2 on page 29]
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‘Table 6. Means, standard deviations, and canflilence intervals by participant for the odd/mew task by language and lomaluty for Esperi 1
' | Respense Time
| Neutral ! Positive | Neutral ! Positive
English | arS@A) (076083 08(006) [0T80KS]  100NAN (18965) 92520109052 S6LBI(19E.79) (87775 104587
Spanish | 081007 [078-084) | 0R(068) [077-084)  1152.34(38237) [9917-13020.57)  1088.78 (40161) [93464-126291]
Note: Values in p b are dard devi The values in beackets are the $5% confid intervals, Resp times are in milliseconds,

fepe AdoLom 10157 Ujeumal pone (240252 X066

as well as their interaction as fixed effects (see Table 6 for means, standard deviations, and con-
fidence intesvals by condition), In additzon, we included the random intercepts for subject and
item. In the modd, there was no main effect of emotionality (f = -.085, SE = 103,z = 829, p
= 407) or of language (= -.024, SE « 108, z = -,227, p = .820) and no interaction between
emotionality and language (8 = 115, SE = .24, z = 5361, p = .575).

The model with log transformed response time as the dependent variable had language
{English or Spanish) and emotionality (Neutral or Positive), as well as their interaction as fixed
effects. In addition, we included the random intercept for subject but had to remove the ran-
dom effects by item in order for the model to converge. In the model, there was a significant
main effect of emotionality (8 = -.0M6, SE = 018, 1= -2.55, p=_011), such that positive emo-
tionality led to faster response times, and of language (F = .079, SE = 020, ¢ = .96, p < .001),
such that Spanish led to higher accuracy, There was no interaction between emotionality and
language {§ = 017, SE = 036, ! = - 488, p = .626).

The effects of language and emotionality did not appear consistently in all measures—they
were present for name matching accuracy, but not response time; old/new response time, but
not accuracy; and name recall only showed an effect of language. Importantly, we consistently
found no interaction between language and emotionality, but need further evidence to verify
that this interaction in fact does not exist. In addition, the language comparison was between
subjects and the task was quite difficult in general. This suggests that the results need to be con-
ceptually replicated. The next experiment addresses this and provides a close conceptual repli-
cation of this experiment,

Experiment 2

The main goal of Experiment 2 was to replicate the results of Experiment 1 with a slightly dif-
ferent design. Besides that main goal, there were several minor goals. First, we wanted to have
a fully within-subjects design in order to increase power, In case there was an Interaction we
were unable to detect before. Second, we wanted to improve the design and performance—in
particular in the name recall task—by reducing the number of items to be leamned per session.
Although the total number of items was similar, participants learned only half in each of 2 ses-
stons and the duration of the distractor task was reduced. Third, we wanted to remove the pos-
sible influence of the old/new task, which was not essential for answering our question, The
attentional check also was not essential, but was maintained (at the end of the experiment) in
order to (1) continue to assess whether participants had read the texts in their entirety and (2)
10 make sure that between session 1 and session 2 they were equally motivated 1o pay attention
to the full texts, not just the object names.

Methods

Participants.  Sixty participants from the same pool as Experiment | were tested. One par-
ticipant was excluded for not following directions, four more were removed for low accuracy
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in the name matching task (< 50% accuracy in either language), and one more was removed
for a technical error. The remaining participants were 54 {17 male) native Spanish speakers
{25.98 years old, SD = 6.19) with an intermediate to high level of English (as in experiment 1).
Participants were not significantly different (p's > .05) from those in Experiment 1 on any of
the following variables: age, gender, education level, student status, verbal and nonverbal 1Q
(Kbit) [ 6], age of acquisition of English, und Spanish and English LexTALE [37,34]. As in
Experiment 1, all participants were at least trilingual, with the exception of three participants
that were only bilingual.

The experiment was approved by the Ethical and Scientific committees at the BCBL and all
participants provided written consent to participate in the study { Approval number: 11709).
They were alse compensated for their time with 12€ after finishing the second session.

Stimuli. Stimuli were the same as in Experiment 1, except for six items (bangel, dela, for-
tor, mova, testor, and trequi). These items were removed in order to reduce the stimuli to 10
{tems per condition (neutral Spanish, positive Spanish, neutral English, and positive English).

Procedure. Participants were recruited from the same database as in Experiment 1. Each
participant completed two sessions: one in English (foreign language) and one in Spanish
{native language). The two sessions were at least 5 days apart and the order of sessions was
counterbatanced between participants, The learning phase was the same as in Experiment 1,
Participants took an average of 32.07 seconds (SD = 8,57 seconds). Again, participants had to
retype the words very infrequently and equally in every condition (M gy = 63, SDyy s =
112 A'Mém =52, SD)\,,_E.‘ =86 A\"Nm_,w =.30, SD_W =Li3 4“;:“,,_‘», =.24, SDJ\.,,,, =
61). After seeing the 20 descriptions { 10 positive and 10 neutral descriptions randomly mixed)
for that session, they moved on to a filler task—forwards Corst in session | and backwards
Corsi in yession 2 [46]—which was programmed to Jast 7 minutes.

After the filler task, the testing phase started and concerned only the 20 items from that ses-
ston. The first task consisted of a cued recall identical wo that of Experiment 1 (Fig 1A). The
second task consisted of a cued name-matching recognition task similar to that of Experiment
1, except that participants had 2300ms to select the correct name of the objects out of two
choices (Fig 42). The response oplions were reduced 1o 2 in order 1o increase the reliability of
response times. For this task, the distractors were pseudowords that had also been presented
during the learning phase, chosen randomly. For each item there were 2 trials: one with a dis-
tractor of equal emotionality and one with the distractor of opposite emotionality,

The last task, the attentional check, was modified to display the object name rather than the
image when asking for the correct characteristic (Flg 4C). The rezson behind this change is
that some of the characteristics were quite visual, making the discrimination deducible by the
image and not dependent on the description. In any case, this task was kept only as a check,
Participants had only two response options and 3500ms to respond. As with the name match-
ing task, there were 2 trials for each item, one with a distractor of equal emotionality and one
with the distractor of oppasite emotionality.

Results and discussion

All analyses were run as In Experiment 1. Only the LME results are reported bere. For the
ANOVA results and the comparison between the two, please see (51 Appendix).

Name matching task. The first model had accuracy (0 incorrect; 1 correct) as the depen-
dent variable and language (English or Spanish) and emotionality (Neutral or Positive), as well
as their interaction as fixed effects {see Fiy 5A and Table 7 for means, standard deviations, and
95% confidence intervals). In addition, we included the random intercepts for subject and
item and the language sfopes by participant {uncorrelated). In the model, there was a
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{a) Task 1: Name Recall Task (b) Task 2: Name Matching Task

(c) Task 3: Attentional Check
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Fig 4. Example screen of each of the theee tusks in Experiment 2,
mme matchang task in whic
icipants sehected the correct characteristic foe the olyect. In Ta

wipanty sebected the correct namw for the object,
1and 3

10 typw-in the name of the obpect, (] n
and (¢} attentomal check im which

participanss respoaded using the keyboard keys F fur beft asd 1 fur nghe. Due 1o copyright restrictions, the image bs not

ar stimuli, bt # 15 simvibar 10 those we psed

ome of the oews from «

Vi ; 4 [Return to Summary of Publication 2 on page 28]

significant main effect of emotionality ( = 446, SE = 150, z = 2,98, p = .003), such that posi
tive emotionality led to higher sccuracy, but no effect of language (8 = 170, SE = 1135,z = 126,
p = 209) and no interaction between emotionality and language (5= -112, SE = 153,z =
-732, p= 464).

The model with fog transformed response time as the dependent variable had language
{ l'x‘.ulnh or Spanish) and emotionality (Neutral or Positive), as well as their interaction as fixed
effects (see Fig S and Table 7 for means, standard deviations, and 95% confidence intervals).
In addition, we included the random intercepts for subject and item and random slopes for
emotionality by subject. In the moded, there was a main effect of emotionality (# = - 065, SE
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Fig 5, Results froms the name msatching task, The grapdo show (4) percentage of ertors and (1) reapanse tise in millisecosds. Exroe has show 95% contadence

intervals
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‘Table 7. Means, standard deviations, and conflidence intervals for the name matching task by limguage and lomality for Experl 2
Acomracy | Rospanse Tinwe
! Newtral Panitive ! Newtral | Positive
faglsh | 072(014)(068-078 | 0L |077-084) | 160537 (12509) (154533 166541) | 150073 (219:57) [1443.16-1560.39]
Spanish | 073 (7) [0y 0.81 (0.16) [0.76-0.85]  1587.76 (250.04) [IS2L07-165645] | 1499.36(255.88) [1431.12-1567.61]
Note: Values in p b are dard devi The values in beackets are the 95% confidence intervals, Accuracy is i percent cornect: respose tinses are in

milliscconds,
e 0000 10 437 Viumal 2002 0240252 107

020, 1 =-3.21, p = 003}, such that positive items were responded 1o faster, and of language (8
= -.026, SE = 009, t = -3.00, p = .003), such that participants respanded faster in Spanish than
in Engfish, but no interaction between emotionality and language (§ = 007, SE « 017, t « 403,
= 687),

As in Experiment 1, we followed up the null interactions using Bayesian statistics on the by-
subject averages using the same software and priors,

First, we analyzed the effects of the interaction on accuracy. We ran 4 comparison between
a mode predicting accuracy from Language, Emotionality, and Subject to one which also
included the interaction (Language x Emotionality). The model with the additional factor—
the interaction—showed evidence that the data was almost four times more likety to be
observed under the model without the interaction compared to the one with it, BF,, = 3.84,
error % =50 (by item, BF,,; = 2.13, error % = 1.22), suggesting that accuracy was not affected
by an interaction between language and emotionality. We ran a t-test comparing the emotion-
ality effect (accuracy on the positive condition minus accurscy on the neutral condition) and
foand moderate evidence that the emotionality effect was in fact the same between languages,
HFyy = 5,40, error % = (N9,

We then ran the same analyses on response tine. We ran a comparison between a model
predicting response time from Language, Emotionality, and Subject to one which also
included the interaction {Language x Emotionality), The model without the additional factor
—the mteraction—was almaost four times more likely compared to the one with it, BF,; = 3.81,
error % = 3.75 (by item, BF,, = 281, error % = 563), suggesting that the interaction did not
have an effect on response time and that the data was moderately more likely to be observed
under the model without the interaction rather than the one with it. We ran a t-test comparing
the emotionality effect (response time on the positive condition minus response time on the
neutral condition) and found moderate evid that the ionality effect was in fact the
same between languages, BF,, = 4.69, error % = 019,

Name recall task,  The name recall task was evaluated as in Experiment 1. For the first
analysis, the number of exact recollections (correct word with the correct object) were counted
for each participant within each emotional condition. As expected, given the difficulty of the
task, recall was very low [ 14]; on average fewer than four words out of the 40 (M = 3.80 words,
SD = 3.80 words) were correctly recalled. The first model had accuracy (0 incorrect; | correct)
#s the dependent variable and language (English or Spanish) and emotionality (Neutral or Pos-
itive), as well as their interaction as fixed effects (see |uble 8 for means, standard deviations,
and confidence intervals). In addition, we included the random intercepts for subject and
item. In the model, there was no main effect of emotionality (F « 385, SE « 281,27+ 1.37,p
170) nor of language (= 195, SE « 153,z « 1.27, p = 203}, and no interaction between emo-
tionality and kinguage (= 107, SE = 305, == - 349, p = 727).

We also ran a model on the Levenshtein distance between the produced word and the cor-
rect response. The dependent variable was the normalized Levenshtein distance and language
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‘Table 8. Meuns, standard devi and confid s for the name vecall task by language and emotionality for Experiment 2.
Number | LD .
! Neutral ! Positive ! Neutral ! Pasitive
Eaglish L 0MO0B0ATI0N0 | L6 66134 | 0S(U4)[076-083) | 07715} [073-081]
Spunishs 193 11.3) {0.38-1.38) 1.13(1.39) [0.76-1.5) 076 (016} [(1.72-0.8) 072 (0,17} [0.68-4077|
Note: Values are m number of wocds. Numbers in are standard deviations The values in brackets are the $5% confid Ineeevals: N lized LD vadses

3

arv im distance umits with 2 range from 0 ta |, with 0 bempg the correst answer, iilenbcal 10 the tanges word, and 1 bring 2 complevely different ward ar mo respanse.

ook o1 Q.17 W ou i e SR 100 [Return to Summary of Publication 2 on page 29]
{English or Spanish) and emotionality (Neutral or Positive), as well as their interaction were
the fixed effects. In addition, we included the random intercepts for subject and item. In the
model, there was no main effect of emotlonality {8 = -030, SE = 023, 1=-1.29, p = . 204) but
there was one of language (3 = -4M3, SE = 013, = -3.23, p = 001), such that participants pro-
duced strings closer to the correct one in Spanish than in English, and no interaction between
emotionality and language (§ = -.009, SE = 026, t = - 338, p = .735).

Attentional check. Finally, the average score on the attentional check for English was
73.2% (SD = 11.5%) and for Spanish it was 73,5% (SD = 11.0%). We used both a frequentist
and a Bayesian paired samples t-test of language on accuracy by subject 1o verify that partici-
pants read equally well in both language conditions. The test showed maoderate evidence that
the null moxiel was more likely than the alternative model, 1,(53) = .22, p = 829, Cohen’s D =
029, BE,, = 6.59, errar % « 001, 1,(38) « .64, p » 525, Cohen’s D « 203, BF,, = 5.72, ervor % =
991 x 107",

Discussion.  Overall, the results of Experiment 2 show a more consistent effect of emoti
ality in recognition, but not in recall. The effect of emotionality appears in the name matching
task, both for accuracy and response time, but not in the name recall task. The effects of lan-
guage are not very consistent, they appear in the name recall task—but, only for the Levensh-
tein distance measure—and for response time in the name matching task. Importantly, there
was consistently no interaction between kanguage and emotionality.

General discussion

The motivation for this study was to shed light on a highly common phenomenon: leaming
new content in a foreign language. This occurs for example in CLIL-based school environ-
ments or in university programs taught in language other than the official one in the region. In
particular, the focus was on using naturalistic materials and tests and to understand whether
learning in a foreign language differs from learning in & native language. We focused on the
cffects of emotional context—here defined as positive valence and high arousal—during the
process of learning new words (in this case, psendowords) attached to new content, here repre-
sented by novel objects.

Importantly, all of the strings that were learned had no pelor associations for the partici-
pants, as they corresponded to concepts invented for the purpose of this study, and they were
equally likely in both languages. This means that any emotionality effects were caused directly
by the semantic context created in the experiment, removing the possible impact of a priorl
developed language-emotion connections. We focused specifically on the acquisition of lexical
forms and their association with an object image. Furthermore, these new words or strings
were embedded in descriptions or definitions of the objects they represented, much like how
we normally scquire new information.

We hypothesized that new lexical items would be more difficult to learn in s foreign lan-
guage—even though the target stimuli were exactly the same between language conditions—
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and that positive emotionality would help compensate for this difficulty, This was addressed
through two experiments in which participants carried out a name matching task between the
images of the objects they studied with their names (among other tasks). This task tested the
associations that were created during the learning phase. We focused on this task because it
was language independent, and thus exactly the same for both language conditions and not as
taxing for participants. In addition, participants did a lexical decision task (old/new recogni-
tion task} in Experiment 1 and a name recall task in both experiments,

In Experiment 1, we found foreign language effects in the three main tasks: name matching
accuracy, oldinew response time, and name recall (both accuracy and Levenshtein distance),
The critical task—the name matching task—showed a language effect on accuracy in Experi-
ment 1, when there was more information to be remembered, This effect was present in
response times—but not accuracy—in Experiment 2, when the task was made easier and the
to-be-remembered information was reduced. These results align with prior studies that found
Improved pesformarnce in the native language when different pieces of Information need to be
associated [58), but the diverging findings depending on the tasks and measures used also pro-
vide a possible explanation as to why other studies do not find the same language effects
[2.5,9,59]. Although there were several differences between the two versions of the task, most
differences refated to making the task less demanding, for example by reducing the number of
items to be remembered, the retention period, the number of tasks, and the number of answer
options. Given that the language eftects remained in the Levenshtein measure in recall —with
recall being the most demanding of the tasks—, one could interpret that the difficulty of the
task overall affected accuracy disproportionately in the foreign language. It is worth noting
that, although the two groups in Experiment | were very well matched, Experiment 2 was
within subjects, which could have also influenced the results. Nevertheless, given that the only
task in Experiment 2 that showed a language effect was the most difficult one—namely, recall
—, this would support our idea that difficulty drove the effect. In order to conclude this with
certainty, this hypothesis needs to be explored further in future studics,

With respect to emotionality, we found that positive semantic contexts aided recognition
memory and, in particular, in the name matching task. These data fit well with preceding stud-
les showing that learning performance is better when the information they are tested on is pos-
itive | 18]. These effects of positive semantic context were present in both experiments, but
absent in the recall tasks—possibly due to a lack of power in this task. In this case, unlike with
the effect of foreign language, it was not modulated by the tof information that had to
be learned. This means that it is a more stable effect that is robust to some manipulations of
other variables—such as language (as we discuss below) or amount of information. This sug-
gests that this manipulation—positive valence and arousal of the semantic context-—can be
used in several different circumstances to increase familianity with learned items. It should be
noted though, that these results do not inform our understanding of the effects of negative
valence on word learning and are not definitive with respect to recall.

When analyzing the size of the observed effects, the partial eta squared of the effects found
in this study are considered to be medium 1o large effects [64]. Depending on the task and
experiment, 7 to 46% of the variance was explained by emotionality (see St Appendix), For
accuracy in the name matching task, this was 13% in Experiment 1 and 34% in Experiment 2
—with the latter more than doubling the 14% benchmark of a large effect. For response times
in that task, effect sizes were 15% for Experiment | and 46% in Experiment 2, both considered
large effects. In practical terms, emotionality lexd to a 5 (Experiment 1) and 7% (Experiment
2) difference in accuracy, which equated to roughly remembering 2 to 3 items more, Although
a relatively discrete boost in performance, this could be the difference between passing and
failing an exam for a student that is struggling in a class and could become more meaningful as
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itaccumulates. With respect to response times, there was a 165 ms (Experiment 1) and 98 ms
{Experiment 2) difference for this task. [n more general terms, this study suggests that emo-
tionally Joaded semantic contexts—not just emotional content—conveying new picces of
information can improve short term recognition,

With respect 1o the relationship between emotionality and foreign language, we found no
interaction in ¢ither accuracy or response times in the name matching task—or in any of the
other tasks or measures—in either experiment, This means that, although leaming new words
and concepts may be more demanding in a foreign language—depending on the task—, the
effects of emotionality in constant across fanguages. Similar results have been found by
other studies in the context of memory for known words |149-23], bat the current study is the
first to demonstrate this in the acquisition of new words and concepts as well as using more
naturalistic stimuli,

These results may seem surprising, as the foreign language effect suggests that people are
less emotional—and thus less affected by emotional biases—in a foreign language [0 ]. Never-
theless, our results do not contradict this idea, but rather expand on possible causes for the
effect as they suggest that these biases are not present during acquisition. In other words, in
the first encounter with a word or ¢ pt. the emotional context d it can have the same
effect in the foreign as in the native language. Therefore, the later observed effects might relate
to the way in which this information or vocabulary was acquired, rather than with the use of a
foreign language itself. In addition, our results have ramifications for our understanding of
how we learn a foreign language, In particular, they support the idea that the reduced emotion-
ality found in foreign language contexts has its origins in the way we learn a foreign language
—namely, in a dassroom and not in our more informal social environment—, rather than
being a characteristic of how we process languages that are not our native one [62]. Similar
claims have in fact been made by other authors [28]. Although practical applications of this
research can be easily extracted, this is not our maln goal. Therefore, we only provide the sug-
gestion of looking into manipulating emotionality and semantic context as a way to improve
learning, but do not provide practical advice for teachers,

It is worth noting that our study focuses on acquisition for the lexical item in the short
term. Although we did not test indicators of word acquisition beyond the item itself and its
assoctation with a visual object, we provide evidence on the essential first steps towards word
learning, Future research should expand our results to other arcas of word acquisition such as
semantics and word use, Despite the limitations of the experiments, this study provides eco-
logical validity insofar as participants were taaght new words in the same way they might learn
them naturally in multilingual classroom contexts: by reading a texthook or asking for the defi-
nition of the word, Nevertheless, further research using even more naturalistic situations—
.. a classroom setting, but maintaining the same level of experimental control—, is necessary
in order 10 understand leaming in these situations in more depth,

Conclusions

The current results get us one step coser to understanding the intricacies of language leaming
by non-balanced bilinguals and the complex relationship between emotionality and each of the
languages they know. Our results point to an increased importance of chunking information—
or splitting it up into multiple sessions—in the foreign language with respect to the native lan-
guage, We highlight the importance of emotional semantic context when learning new words,
equally in both the native and foreign language, And, finally, although not our main goal, this
provides 4 practical teaching toal, where simply by adding a positive valence to texts, teachers
might be able to help students improve their memory and learning of new vocabulary.
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Supporting information

$1 Fig. Example trial from norming task. Each description was given followed by the ques-
tions “How positive or negative is the description of this object? [,.Como de positiva o nega-
tiva es la descripcion de este objeto?] and “How intense is the description of this object?”

| Como de intensa es la descripcion de este objeto?] with a clasification underneath saying
“Please sefect how intense the emotional activation you feel is, regardless of whether the
description s positive or negative” [Por favor selecciona como de intensa es la activacidn emo-
cional que sientes, mas alla de que [a descripcion sea positiva o negativa). After cach question
there was a dropdown menu, In the valence question the answer options were very negative,
somewhat negative, neutral, somewhat positive, and very positive [muy negativa, algo negativa,
neutral, algo positiva, muy positiva]. For the arousal question, the options were: not at all
intense, a litthe intense, somewhat intense, very intense, extremely intense [para nada intensa,
un poco intensa, bastante intensa, muy intensa, extremadamente intensal.

(PDF)

§1 Table, Pseudowords and their average bigram frequencies, The following is a list of all
the pseudowords used for the main tasks—learning and testing—by type, i.e. whether they
were used as learn/test stimuli or as foils, Reported are the average token-type bigram frequen-
cles for the word as reported by B-Pal [40] and N-Watch software [41].

{PDF)

51 Appendix, ANOVAs and comparison with LME results.
{PDF)
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OPEN The effects of contextual diversity
on incidental vocabulary learning
in the native and a foreign
language

Candice Frances%?3, Clara D. Martin! & Jon Andoni Dufabeitia®*

Vocabulary leaming occurs throughout the lifespan, often implicitly. For foreign language learners,
this is particularly challenging as they must acquire a large number of new words with little exposure.
In the present study, we explore the effects of contextual diversity—namely, the number of texts a
word appears in—on native and foreign language word learning. Participants read several texts that
had novel pseudowords replacing high-frequency words. The total number of encounters with the
novel words was held constant, but they appearedin 1, 2, 4, or 8 texts. In addition, some participants
read the texts in Spanish (their native language) and others in English (their foreign language). We
found that increasing contextual diversity improved recall and recognition of the word, as well as the
ability to match the word with its meaning while keeping comprehension unimpaired. Using a foreign
language only affected performance in the matching task, where participants had to quickly identify
the meaning of the word. Results are discussed in the greater context of the word learning and foreign
language literature as well as their importance as a teaching tool.

Vocabularylearning is an essential aspect of language that continues throughout the lifespan. To alarge extent,
the vocabulary we incorporate comes from incidental learning during reading'? rather than explicit effort.
This becomes particularly relevant when learning a new language, where a large amount of vocabulary mustbe
acquired very quickly and partially without supervision. Following this reasoning, several studies have shown
that it 1s posstble to learn vocabulary implicitly through reading in our forelgn language®-. In addition, we know
that people Incorporate new lexical forms with aslittle as one exposure In their native language and aslittle as two
exposures in their foreign language®, but that learning improves with exposure to multtple instances of the word®.

Implicit word learning in context differs somewhat between one’ nattve and foreign languages. In particular,
reading times for new words in our native language decrease significantly after the first exposure—suggesting
some level of Incorporation of the lexical item—whereas for the foreign language this happens only after two to
four exposures*. This might relate to the fact that it s more difficult to extract the meaning of words from context
in a foreign language. This is in part because these skills seem to be affected by knowledge of the language and
expertence in that particular task®'". Although the number of times people encounter a word affects how well they
learn and remember 1%, there 1s not much literature on how spreading these encounters across passages affects
learning. One of the ways tn which this spread {s quantified 1s through contextual diversity—namely, the number
of texts in which a word appears in a database"'% This varlable can be used to describe the Influence of context
beyond the mere number of occurrences or the frequency with which we encounter a given word. Context affects
learning of new information’, in general, and words®, in particular. Contextual diversity specifically has a strong
effect on learning™**4, as well as on the processing of words, decreasing reaction time in word recognition'-**. The
effects of contextual diversity have recetved Increasing amounts of attention as they have been found in several
domalns Including spoken word recognition'® and serfal recall performance with written words"".

Word frequency refers to the number of times a word appears In a database, which naturally 1s highly
correlated with the number of texts it appears in'!, and has been better studled than contextual diversty.
Although word frequency has historically been constdered a significant predictor of performance In varfous

!Basque Center on Cognition, Brain and Language, BCBL, Donostia, Spain. Department of Social Sciences and
Law, UPV/EHU, Donostia, Spain. *Centro de Ciencia Cognitiva —C3, Nebrija University, Madrid, Spain. *Department
of Language and Culture, The Arctic University of Norway, Tromse, Norway. Zemail: candice.frances@ncf.edu
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language-related tasks, such as word learning®, lexical access, and sertal recall performance'’, recent studies
have questioned this effect. These studfes suggest that contextual diversity might be the factor responsible for
some of the effects Initially attributed to word frequency'*'®'“, as in some cases it explains more varlance than
word frequency, rendering the later a non-significant predictor.

Although word frequency and contextual diversity are highly correlated, they show different ERP signatures',
suggesting different underlying brain processes, and In some cases, they show opposite behavioral effects. For
example, there are cases In which recall 1s lower for words with high contextual diversity (showing a sallence
effect) but better for those with high word frequency (showing a benefit of multiple exposures to the word).
Furthermore, word frequency—but not contextual diversity—predicts order error, with a higher number of
errars for low frequency words, but not for low contextual diversity words”. This suggests that the effects of word
frequency and contextual diversity may be differentiable in some contexts. In sum, the importance of contextual
diversity above and beyond word frequency should not be diminished and its relevance in the context of language
learning s still not fully understood.

A recent study by Pagin and Nation™ manipulated diversity experimentally by presenting novel words (low
frequency unknown words) in repetitions of the same sentence or in different sentences. They found that diversity
increased reading times during the learning phase and decreased them during the testing phase. They interpreted
this as a processing advantage during testing for words learned In diverse contexts. Although this provided a
good first approach to the problem, there were several limitations. Perhaps the more sallent one is that repeti-
tion, information about the word, and diversity were confounded. By providing the same sentence repeatedly,
the reading times for the sentence overall probably decreased, not because of increased comprehenston or
incorporation of the term but simply due to a repetition effect. In addition, by providing different sentences in
the high diversity condition, more information was provided about the meaning of the word. Similarly, they
define contextual diversity as repeating (low diversity) or changing (high diversity) sentences when the main and
most common definition of this concept is document count'**. In reality, even if a word is repeated in a text,
it is not the sentence Itself that is repeated, but rather just the word In a new sentence. Another recent study by
Rosa, Tapta, and Perea®? manipulated contextual diversity by presenting 3rd grade students with different types
of texts and found similar improvements in performance on a later test, with higher diversity. In particular, they
tested recall, recognition (in two tasks), and picture matching. These tests focused on behavloral differences
and showed a consistent benefit in performance for high versus low contextual diversity. All-in-all, these stud-
fes set a clear precedent for the iImportance of assessing the impact of contextual diversity In processing and
performance, and the current study 1s set on these grounds. Here, we specifically tested the relative impact of
contextual diversity while keeping frequency constant in foreign language vocabulary learning. To do so, we
created several texts Incorporating a group of novel words (real words replaced by pseudowords, In this case) to
be learned In a nonnative language.

Asa first approach to how repetitions should be spread out in our native and forelgn languages—namely, the
effects of contextual diversity—to Improve learning, we had participants read short fictional texts, either in their
natlve or a forelgn language. In doing so, we manipulated the contextual diversity of each word, which we defined
as the number of texts (or short stories) in which the novel item was encountered. These ranged from very low
(etght times1n 1 text) to very high (once In each of 8 texts). This allowed us to see not only the effects of contex-
tual diversity on learning, but also whether this affected learning In the native and a foreign language differently.

We expected that distributing exposures In more texts would increase retention overall, as has been seen
in other works*.Particlpants were also likely to do better n their native language simply because the ability
to derlve meaning from context relates to the depth of vocabulary knowledge in that language'®. This should
make it easler for participants to extract the meaning of the pseudowords and incorporate the lexical form. But,
if the stimuli are well matched for language difficulty and predictability from context, we may not see overall
language effects. Finally, given the Increased difficulty in incorporating and making associations between lexical
items® {n our foretgn language, closer repetitions or repetition clusters could help participants extract meaning
and Incorporate the lexical form in that language*. Therefore, spreading might be more benefictal in the native
language whereas clustering could be better in the foreign language. On the other hand, if participants are using
the same mechanisms in both languages and these are not affected by language ability, we should observe the
same contextual diversity effects in both languages.

Our results have practical applications for foreign language vocabulary learning. On the one hand, this study
helps determine the importance of spreading practice {nto several sections (Le., high contextual diversity) or
clustering it (L.e., low or medtum contextual diversity). On the other hand, the current research assesses the dif-
ferences (or lack thereof) between learning in our native or a foreign language.

Methods
Participants. Using GPower™, we ran an a priori power analysls based on prior studies™ and a medium
size effect (#);*= 0.06) to establish sample size. We determined a minimum requirement of 80 participants to have
80% power.

Participants were 88 native Spanish speakers (44 in each language group, 25 males, Mg =23.78, SDyg =4.28).
These were recruited through the internal database at the Basque Center on Cognition, Brain and Language
(BCBL) and randomly assigned to elther the native language (NL) or forelgn language (FL) condition. All
participants completed a test of receptive English and Spanish vocabularies (LexTALE® and LexTALE-Esp®).
We only included participants with minimum score of 60% in English (80% for Spanish), which s equivalent
to a minimum of a B2 level (C1 for Spanish) according to the Common European Framework of reference for
languages®. Participants also completed a test of productive vocabulary (BEST picture naming task®) and had
a minimum score of 40 out of 65 for English (61 out of 65 for Spanish). Participants were asked to rate their
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Table 1. Means, standard deviations, and statistics for participants. Values in the Overall, English, and Spanish
columns represent means and standard deviations (in parentheses). For gender, values represent count and
number of females (in parentheses). For handedness, values represent count and number of left-handed people
(in parentheses). For student status, values represent count and number of participants currently enrolled

ata university (in parentheses). For educational level, only total count is presented because this was nota
dichotomous variable (levels: high school, professional training, university, and graduate school).

[Return to Summary of Publication 3 on page 31]

English and Spanish levels overall on a 1-to-10 scale as well as thelr reading skills in that language. They also
reported thelr estimated age of acquisition of each language and had a minimum age of 3 years for English and a
maximum of 3 years for Spanish. Participants reported thelr daily exposure to each language, thelr educational
level (highest level of schooling achleved, in all cases at least high school), and student status. And, finally, we
collected measures of verbal, nonverbal, and compound IQ®. Participants were matched between groups on all
of the above-mentioned vartables. For a summary of these varlables, see Table 1. All particlpants gave written
informed consent and were compensated 8€ for their time. The study and protocols were approved by the ethics
committee at the BCBL (approval number 11049) and were conducted in accordance with the Declaration of
Helsink1.

Stimuli.  Stimulf consisted of 100-word storles using 8 high frequency words (hereafter, keywords) that were
one of the most representative exemplars of their category group™: fruit (apple—manzana), vehicle (car—codhe),
furniture (table—mesa), animal (dog—perro), dwelling (house—casa), reading matertal (book—Hbro), beverage
(water—agua), and toy (ball—baldn). These high frequency words would later be replaced by pseudowords.
Our chofce of stimult was motivated by several reasons. We needed stimuli that could (1) be eastly understood
and deduced from the sentences they were contained in, (2) apply to a varlety of scenarios—as each one would
appear In a set of 15 different storles, and (3) be easly {dentifiable from a picture. Given the current design, we
needed that each sentence provided by itself enough Information for participants to fully comprehend the critical
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8 times in one story 2 times in four stories 1 time in eight stories

4 times in two stories

Figure 1. Schematic representation of how the stimulus storles were created. The color lines represent different
sentences with the keyword and the black lines represent filler sentences (Le., sentences that did not contatn

the keyword). Each text ended with a filler sentence and had a total of nine sentences each. First, the text with
the term eight times was created. Then, this text was subdivided Into two to create the two texts with the term
four times. Each of these texts contained the term in four consecutive sentences that were exactly the same, in
the same order and placement in the text as in the original story. The storles were then completed with filler
sentences to reach nine sentences (respecting the original placement of the sentences containing the keywords).
The orlginal story was then subdivided in a similar fashion to create the four storles with the keyword twice and

the efght stortes with the keywordonce. oty rn to Summary of Publication 3 on page 31]

word without the need of a greater context. Besides, it should be kept in mind that the selected items should fit the
native and forelgn language conditions, and choosing medium or low frequency words would hardly represent
a good option, since they would presumably be unknown to most or some participants in the foreign language,
making the two language conditions unbalanced. Hence, by choosing very high frequency words, we could make
sure that they were known in both languages, easily deduced from the sentence context, applicable to a variety
of scenarlos, and eastly depicted by standardized images for the recognition tests.

Each story contained the keyword elght times (1 story), four times (2 stories), twice (4 storles), or Just once
(8 storles)—see Supplementary Table S1. The stories were created so that the story with the keyword eight times
contained 1t in elght consecutive sentences and ended with a filler sentence (meaning a sentence without the
keyword—see Supplementary Table S2 for a list of key sentences). Then, the sentences with the keyword were
subdivided and filler sentences were added before and/or after in order to create the remaining texts (see Fig. 1
for a schematic representation of how the stimuli were created and Supplementary Table S3 for a worked out
example). Although the other sentences were fillers, they did compose a cohesive paragraph. This way, the sen-
tences containing the keyword were the same between conditions. These stories were then translated to create
an English and a Spanish version, matched for word count. For each of the sentences containing the keyword,
we carrled outa norming study to assure that the predictability for the keywords was high (for Spanish [N=9]:
M=81%, SD=19%; for English L1 [N=15]: M = 78%, SD =22%; for English L2 [N=9]: M = 64%, SD=23%).
Then, we replaced the keyword with a pseudoword of the form CVCVC, VCVCV, or VCVC, matched for bigram
frequency (calculated using B-Pal®* for Spanish and N-Watch™ for English: bigram frequency mean token,
(7)=1.56, p =0.16; bigram frequency mean type, #(7) =0.96, p=0.37) and plausibility (rated from 1 to 5 by 14
native Spanish speakers, the average rating by item was not significantly different, #(7)=1.23, p=0.26) between
languages. The pseudoword replacing the keyword in each story was the new target word to be learned during
the task.

Procedure. Each participant was assigned elther to the native language (Spanish; NL) or foreign language
(English; FL) condition. Participantsin each language condition were given all instructions in thatlanguage, both
orally and on the screen, so as to avold language switching effects. To assure comprehenslon, participants were
given the instructions both orally and in written form. For the learning task, participants were given a practice
trial and for the testing phase they were shown examples. All of the tasks were carried out using OpenSesame?®,

During the learning phase, participants were presented with texts and asked to read for comprehension. These
texts contained eight novel pseudowords—two per diversity condition embedded in 30 stortes (two witha pseu-
doword repeated eight times, four with a pseudoword repeated four times each, elght with a pseudoword repeated
twice each, and 16 with a pseudoword only once per story). Participants were warned that there would be strange
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Figure2. Schematic representation of the procedure. (a) Learning stage in which participants read each of
the 30 texts. (b) Recall (fill in the blank) task which led to the recognition task, which required an untimed
keyboard response. () Matching task in which participants were shown image-word pairs and were asked to
determine whether they matched in meaning or not.

[Return to Summary of Publication 3 on page 31]

words In the texts and were advised to focus on reading for comprehension rather than focusing on those words.
They then read one example text (before the 30 experimental texts) which contained a pseudoword they were
not tested on, and were asked to answer two practice comprehension questions (see Fig. 2a and Supplementary
Figure S$4). The full list of texts (regardless of condition) was randomized. In order to avold primacy effects on
the conditions with the fewest number of texts (Le., the condition with only one text with the pseudoword eight
times and the one where there were two texts with the pseudoword four times) one of the elght texts from the
highest diversity condition was put in first position. Stmilarly, to avoid recency effects we took one text from the
other pseudoword 1n the highest diversity condition and placed it last as well as adding a distractor task before
the testing portion. The other 28 texts were presented to each participant in a fully randomized order. While
reading each story they were not allowed to continue until at least 15 shad passed. Once those 15 s had passed,
an arrow appeared that the participant could press at any time (self-paced) to continue. After reading each text,
participants answered one true—false comprehension question (not containing the novel pseudowords) to test
both for attention and comprehension (comprehenslon check).

Once they had read all of the texts, participants completed a distractor task, which was the forwards and
backwards Corsl Task™, witha 10-min timer to assure that they all had equal-length breaks. After the distractor
task, participants entered the testing phase, which consisted of a recall task, a recognition task, and a matching
task (stmilar to those used by Rosa et al.*?). For the recall task, they were presented with the elght sentences they
had seen before in which the pseudoword appeared, except that blanks (1ines) were placed where the pseudow-
ords had been. Each sentence was presented on a separate line and in order, with the entirety of the text aligned
left, but occupying most of the screen. Underneath, there was a rectangle in which participants were asked to
type in the correct pseudoword that completed all of the sentences (see Fig. 2b and Supplementary Figure S5).
Immedtately after each fill-in-the-blank, they did the recognition task, which consisted of a multiplechoice ques-
tion corresponding to the same pseudoword. They were presented with four options (the correct pseudoword,
a competitor pseudoword, and two verstons of these with middle consonants transposed) (see Fig. 2b and Sup-
plementary Figure S5). Both of these tasks were self-paced and the order of words was fully randomized, while
keeping the order of tasks constant (first recall and then recognition). After completing the recall and recognition
for the first word, they proceeded stmilarly for the remaining seven pseudowords.

After participants had completed the recall and recognition tasks, they were asked to complete the matching
task. They were presented with a drawing of a real object (centered horizontally but with its center on the one-
third mark vertically), and a pseudoword (centered horizontally but with its center on the bottom one third,
vertically) and were asked to say whether they matched (1.e., if the letter string meant the object) or not (see
Flg. 2c and Supplementary Figure S6). The drawings were extracted from the MultiPic database® and depicted
the high frequency words (with the exception of “water” for which we used the image for “faucet”). These images
represented elther the real object that was replaced by the pseudoword, a category competitor, a related word,
or an unrelated image (1.e., the category competitor for a different pseudoword)—see Supplementary Table S1
for the full list and Supplementary Figure S6 for how it looked. They had 2500 ms to respond with the F and |
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0.88 (0.02) 093 (0.02) - 0.88 (0.02) 0.89 (0.04)
Spanish | 1405 0.02] [0.88;0.98] | [0.84;092] [051;0.96]

0.86 (0.01) 0.85 (0.02) [ 0.88 (0.02) 091 (0.03)
Eeglih | o83; 9] [052;0.89] | [083;093] [084:058]
Recall (accuracy)
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0562 (0.05] 0.47 (0.05) 1 0.49 (0.4 0.38 (0.04)
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0561 (0.05) 0.54 (0.05) 051 (0.05) 0.42 (0.04)
Englib |10 ch; 072] [043;0.65) [0.40; 061] [034;0.50]

0.82(0.04) 0.75 (0.04) T0.82(0.04) 0,63 (0.05)
Spanish | 14 74 0.90] (056, 0.84] | [0.73; 090] [053:072]

b | 0890008 0.74(003) 70,60 (0.05) 0.5 (006)
Eoglish | 14 81;0,96] [063; 0.84] | [0.70; 089] [0.48;0.70]
Matching (accuracy)

. 0.77 (0.03) 0.71 (0.03] 10.75 (0.03 0.71 (0.02]
Spenith |o‘71(; om)] [065('. o.77) 1 [o.@foul) ] [aes(; o.7s)]

h | 07(003) 0.6 (003) (064 (0.03) 0.62(0.03)
Eaglish | 15 64:0.76) [0.60 0.72] ' [0.58;071] [0.56:068]
Matching (response time)

1244.83 (40.87) 127574(3513) | 12R9.63 (34.40) 132957 (35.39)
Sponith | 1) 163.08;132657) | [1205.47: 1346.00] | [1220821358.44] | [1258.78; 1400.35]
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Eoglih | 1102677 1344.24] | [1290.12: 1444.06] | [1289.81; 144232] | [1296.53; 1461.29]

Table 2. Means, standard errors of the mean (numbers in parentheses), and 95% confidence intervals (values
between brackets) by language for each of the tasks. Ranges of possible values for Comprehension, Recall,
Recognition, and Matching accuracy are all 0 to 1. For Matching response time, ranges were 200 to 2500 ms.

[Return to Summary of Publication 3 on page 33]

keys on the keyboard for not-matching and matching dectstons, respectively. Stimulf were presented in random
order (see Fig. 2 for a schematic representation of the procedure).

Results

In all cases, alpha was set at 0.05. All t-tests reported are two-tailed. The number of participants (n) in all cases
was 88. In all cases, the data was verlfied not to violate assumptions of normality. All analyses were run using
JASP?.

For the recall task, we also utilized the ALINE distance measure. ALINE distance Is a measure of string
alignment, which aligns phoneme strings, quantifying and standardizing the number of operations (Insertions/
deletions, substitutions, and expansions/compressions) necessary for going from one string to the other taking
into account the features of the phonemes it compares™. This measures similarity between strings on a scale
from Oto 1, with lower scores showing increasing difference and one belng exactly the same string. We calculated
the ALINE similarity score between each item produced by the participant and the correct answer™ using the
alineR package® for R***, For these calculations, we removed any item that was shorter than 3 characters long
and any items in which the participant produced the real word as opposed to the pseudoword, as these were not
consldered real attempts.

Comprehension check and reading times. The average accuracy score was 88% (SD=8.4%). We car-
ried out a two-way mixed ANOVA with Diversity (1, 2, 4, and 8 texts) and Language (forelgn and nattve) on
the performance on the comprehenston test. There were no main effects of Language [F,(1,86)=0.77, p=0.38,
11;°=0.01, BF;, =4.65 , error%=0.69; F(1,7)=1.82, p=0.22, 1,=0.21, BFy =3.88, error%= 1.21] or Diversity
[F\(3,258)=0.46, p=0.71, 1,>=0.01, BFy, =43.88, error%=0.36; F;(3.21)=0.07, p=0.98, #,=0.01, BF;,=10.10,
error% =0.72] and no interaction [F,(3,258)= 1.75, p =0.16, 1}, =0.02, BF,,, =3.88, error%=1.43; F,(3,21) =0.24,
p=0.87, 1,2=0.03, BF,, =5.38, error%= 3.73] (see Table 2).

The average time people took to read each paragraph was 38.05 s (SD=9.84 s). We carried out a two-way
mixed ANOVA with Diversity (1, 2, 4,and 8 texts) and Language (forelgn and native) on reading times dur-
ing learning. There was a maln effect of Language [F,(1,86) =28.74, p<0.001, #,°=0.25, BF;;=6.32x 10,
error%= 1.69x 107; F5(1,7)=275.13, p <0.001, n,> =0.98, BF, = 1.33 x 107", error% =2.95], with participants
taking longer to read In the foreign language (M =42.91 s; SD=10.10 s) than In the native one (M=33.19 5
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Figure 3. Recall task results. (a) Accuracy in the recall task by language and contextual diversity condition.

(b) Average Inverse Aline distance in the recall task by language and contextual diversity condition. Error bars
represent 95% confidence Intervals. Horlzontal lines show significant patrwise comparisons for the main effect
of diversity. *p<.05; **p <.01;***p<.001.  [Return to Summary of Publication 3 on page 33]

SD =6.75 ). There was no maln effect of Diversity [F,(3,258) =0.98, p=0.40, ,?=0.01, BF,, = 23.23, error%=3.03;

F;(S 21)=0.13, p=0.94, 1,°=0.02, BF,, =11.148, error%=0.57] and no interaction [F,(3,258)=0.32, p=081,

;2 =0.004, BFo, = 24.51, error% =2.29; F3(3,21)=0.24, p=0.87, 1,2 =0.03, BF,, =6.08, error%=2.60]. For the
forelgn language, reading times correlated negatively with accuracy in the recall task (r(43) =-0.43, p=0.004)
and the recognition task (A" 1{43) =—0.33, p=0.03), as well as positively with response time {n the matching task
(r(43)=0.64,p <0.001) and the recognition task (r{(43)=0.50, p<0.001), but not with ALINE distance in the recall
task (r(41) =—0.28, p=0.07) nor with A in the matching task (r(43) =-0.23, p=0.13). For the native language,
reading times only correlated with response time in the recognition task (r(43) =0.32, p =0.04) and marg!nally
with response time in the matching task (r(43)=0.27, p =0.07), but not with any of the other measures (p’s> 0.4).

Recall task. The recall data (both accuracy and ALINE distance) was not normally distributed. To correct
for the non-normality of the data, we carried out non-parametric tests—see Supplementary Table S4, but the
results were the same as the frequentists and Bayeslan tests. For homogenelty of analysts and for stmplicity, here,
we report the frequentist analyses.

For this part of the analysis, we only considered pseudowords that were correctly recalled—pseudowords
for which the produced string matched perfectly with the target. On average, recall was fairly low (M= 17.8%,
SD=16.0%). We carried out a two-way mixed ANOVA with Diversity and Language on accuracy—namely, per-
cent correct—In the recall task. There was no main effect of Language (Mg, =15.1%, SDpgye = 14.7%; M*= 17.9%,
SDg,=17.3%) [F,(1,86)=0.69, p=0.41, 1,=0.01, BF,, = 5.07, error%= 1.43; F,(1,7)=2.00, p=0.20, 5,2=0.22,
BF.,,—2 92, error%=1.33], but there was a main effect of Dlverslty [Fi(3,258) =13.71, p <0.001, m, 2=0.14,
BFq,=6.72x 107, error% = 13.16; F,(3,21) = 10.67, p <0.001, #,2=0.60, BFy, =1.52x 105, error% = 0.46],
such that items presented with greater diversity were recalled better (see Table 2). There was no Interaction
[F,(3.258) =0.22, p=0.88, 1},2<0.01, BFy, =25.53, error%= 1.95; F,(3,21)=0.32, p=0.81, ,2=0.04, BFy, =5.43,
error% =5.81]. See Fig. 3.

Given the difficulty of the task, we also analyzed partial recall —pseudowords that were partially, but not com-
pletely correct. In order to quantify this partial recall, we used the ALINE similarity score (one minus the ALINE
distance). Using those data, we carried out a two-way mixed ANOVA with Diversity and Language on Aline sim1-
larity in the recall task. The average Aline stmilarity score was 0.51 (SD=0.23). There was no main effect of Lan-
guage [F,(1,86) =0.29, p=0.59, 1,2 <0.01, BFy, =3.82, error%=0.61; F,(1,7)=129, p=0.29, 1,2=0.16, BF,, =2.79,
error% = 1.40], but there was amain eﬁrctofD!versity [F\(3,258) =13.65, p <0.001, ,*=0. 5, BF,, =2.17x10°%,
error%= 1.13; F,(3,21)=9.33, p<0.001, ,? =0.57, BF;, =3.04x 10-*, error% =0.58], *such that items presented
with greater diversity elicited strings doser to the correct pseudoword (see Table 2 and Fig. 3). There was no
interaction [F;(3,258) =0.45, p=0.72, ;2= 0.01, BEy, = 18.43, error%=1.55; F3(3,21) =0.34, p=0.80, 1},>=0.05,
BFg, = 5.20, error% = 1.86].

Recognition task. The recognition accuracy data was not normally distributed. To correct for the non-
normality of the data, we carried out non-parametric tests—see Supplementary Table S4—, but the results were
the same as the frequentists and Bayeslan tests. For homogeneity of analyss and for stmplicity, here, we report
the frequentist analyses.

On the recognition task, the average correct recognition score was 75.28% (SD=16.08%), with chance
being 25%. We carrled out a two-way mixed ANOVA with Diversity and language on accuracy on the rec-
ognition task. There was a main effect of Diversity [F,(3,258) =10.30, p <0.001, #,=0.11, BE =5.77x 105,
error% =0.57; F,(3,21) =9.54, p<0.001 11> =0.58, BFg = 1.44x 10, error%=0.73], but no maln effect of Lan-
guage [F(1,86)=9.14x 10", p=1, 1,°<0.01, BF,=6.80, error% =1.61; F;(l,7) 0.003, p=0.96, #,<0.001,
BFo, = 401, error%= 1.15] and no nteraction [F,(3,258)=0.49, p=0.69, 5j,=0.01, BFy, = 18.86, error%=1.97;
F,(3,21)=0.76, p =0.53, 5,?= 0.10, BE, = 4.16, error% =5.04]. “The matn effects showed that items presented with
greater diversity were recognlzed better (see Table 2 and Fig. 4).
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Figure4. Recognition task results. Accuracy in the recognition task by language and contextual diversity
condition. Error bars represent 95% confidence intervals. Brackets show significant palrwise comparisons for
the main effect of diversity. *p <.05; **p<.01; **p< .001.
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Figure 5. Matching task results. (a) A’ in the matching task by language and contextual diversity condition. (b)
Response times (RT) in the matching task by language and contextual diversity condition. Error bars represent
95% confidence intervals. Horizontal lines show significant pairwise comparisons for the main effect of diversity.
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Matchingtask. Overall, accuracy in the matching task was 69.97% (SD = 14.96), with chance being 50%. We
calculated A'—a sensitivity index that takes into consideration hits and false alarms—using the Psycho package
in R*, We carrled out a two-way mixed ANOVA with Diversity and Language on A’ on the matching task. There
were main effects of Language [F,(1,86)=6.75, p=0.01, 1,?=0.07, BF;, =0.26, error%=0.42; F,(1,7)=26.46,
p<0.001, 1,=079, BF,, =0.005, error%= 1.01] and Diversity [, (3.258) = 3.51, p=0.02, 1,3=0.04, BE,, =088,
error% =0.25 F,(3,21) =3.04, p=0.05, n,‘=0.30, BFg,=0.91, error%=0.51], but no interaction [F,(3,258) =0.63,
p=0.60, 11,2=0.01, BFy, = 16.16, error%= 0.96; F5(3,21) =0.41, p=0.75, 5,*=0.06, BF;, =4.79, error%=2.01]. The
maln effects showed that participants in the native language condition fiad better signal detection—1.e.,a com-
bination of more hits and fewer false alarms—than those In the forelgn language condition and that ftems pre-
sented with greater diversity were matched with greater discrimination ability (see Table 2 and Fig. 5).

We also carrled out a two-way mixed ANOVA with Diversity and Language on response time on the match-
ing task. There was a main effect of Diversity [F,(3,258) =5.11, p=0.002, n,*=0.06, BFy, =0.10, error% =2.86;
Fy(3,21)=4.11, p=0.02, 1, =0.37, BF, =0.38, error% =0.69], but no main effect of Language in the by partici-
pant analysls (although it does show up in the by item analysls, with response times in the foreign language
being longer) [F, (1,86) =2.21, p=0.14, 1},=0.03, BE,, = 1.47, error% =0.35; F;(1,7) = 3449, p <0.001, ,2=0.83,
BF,, =004, error%= 1.07] and no interaction [F,(3,258)=0.50, p=0.68, 1,?=0.01, BF,,=19.15, errorde=1.73;
F,(3,21)=0.14, p=093, n,*=0.02, BF;, =5.58, error%=2.51]. The maln effect of Diversity showed that ftems
presented with greater diversity were responded to faster (see Table 2 and Fig. 5).
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Discussion

The purpose of this study was to expand our knowledge of Incidental learning. In particular, we tested whether
the distribution of encounters with a new word in one or several texts affected learning, paying particular atten-
tion to the comparison between native and foreign language vocabulary learning. With this purpose In mind,
we had participants read short storles with pseudowords replacing high frequency words. Those pseudowords
could appear in fewer or more texts, being assoclated with lower or higher diversity, respectively. In addition,
participants were performing the task either in their native (Spanish) or a foretgn (English) language. Participants
had to answer a question after every text and showed no effect of language or diversity in this comprehension
check. We then had participants recall and recognize those pseudowords as well as match them with the objects
they represented.

Overall, we found a main effect of contextual diversity in all tasks, with participants performing better—faster
and/or more accurately—with pseudowords that they had seen In more contexts. This means that, in the full
absence of comprehension problems, diversity only had a positive impact, making the pseudowords easler to
recall, recognize, and match with their meaning. Our results are in line with prior studfes that show effects of
diversity above and beyond those of frequency*®2 This suggests that simply manipulating contextual diversity
might be enough to iImprove performance without Increasing frequency of exposure. It should be noted that
in addition to increasing contextual diversity, our manipulation increased spacing between encounters, which
might have also boosted the effects and had a positive effect on retention. Nevertheless, spacing literature refers
to separate sessions, often carrled out on different days. As an example, Sobel, Cepeda, and Kapler ** used a
10 min task with just one minute between sesstons in the massed condition, and with one week between sesstons
in the spaced condition. Whereas all of our conditions could be considered massed according to this view, it
should be noted that our manipulations do not fit strict definitions of massed and spaced exposure, since words
were never repeated consecutively—at most they were In consecutive sentences—and they were never spaced In
separate sesslons—each participant had only one sesston. Word meanings are created through the summation
of experiences with a word and the words it co-occurs with **°. Hence, while spacing and diversifying contexts
can ultimately yfeld similar effects, they represent two conceptually different constructs: whereas spacing atds
memory, contextual diversity alds in creating a richer mental representation of the item.

These results are particularly important for cases in which exposure to the language itself 1s limited—as for
example, In foreign language classrooms—and Increasing the number of Instances of a word fs very costly. In
addition, we show that the effect of diversity s not stmply binary, but rather a gradient where more diversity
leads to better outcomes. Prior studles had mostly focused on an all-or-none definition of diversity which did
not give a clear picture of whether the effect increased passed an Initial benefit. The current study shows that if
contextual diversity is increased further, the benefits increase as well (at least from 8 repetitions in 8 texts to 8
repetitions In 1 text, as tested here).

We found no effects of language on comprehension, suggesting that the texts were equally understandable in
both languages. Language only affected performance on the matching task but d1d not affect recall or recognt-
tion. Even if particlpants performed equally on lexical access tasks In both languages, they had a greater sense
of famltarity with the correct meaning of the pseudowords In their native language. This allowed them to rec-
ognize better whether the pseudoword matched the image presented in thelr native language than their foreign
one. Interestingly, our study provides a more nuanced picture of some of the differences between learning in a
native or a forelgn language. We see here that when the lexical items are matched between languages, they are
equally difficult or easy tolearn. This Is in contrast with some previous literature that found that memory tends
to be worse In a forelgn language™4547, although these results are not very consistent*®. This difference in results
between memory for known vocabulary and new word learning suggests that either the effect s not very robust,
or it does not extend to new vocabulary. Although not direct evidence, this is also somewhat In conflict with
Pellicer-Sanchez’s* findings that more exposures are necessary to reduce reading times In the foreign than the
native language. Our results do suggest that perhaps their outcomes were partially caused by difficultles {ntrinsic
to experience with the phonology or orthography of a language rather than to the language use itself. On the
other hand, these effects could be Influenced by the additional reading time in the foreign language context.
Nevertheless, it should be kept in mind that this additional time within that condition correlated with worse
performance. Also, even with the added reading time, we see that incorporating the ftem’s meaning {s somewhat
more difficult in the foretgn language. These results also relate to and support those of Nassaji'® who found that
the capacity to extract meaning from context relates to the knowledge of that language.

Importantly, there were no Interactions between the main factors at study, showing that diversity had the same
positive effect in both languages. Although against our initfal hypothests, this suggests that access to contextual
information is enough to maintain the posittve Influence of diversity on word learning, despite the obvious dif-
ficulty of processing information in a non-native language. A prior study from the same authors found stmilar
results with emotlonality, where the effects of this varfable were independent of language®. This supports the idea
that the strategles for improving learning in the native language can apply to the forelgn language, suggesting also
that learning new vocabulary In one’s native and foreign languages engage stmilar mechanisms. Nevertheless, it
should be noted that these participants had upper Intermedtate (B2) and above levels of English, thus allowling
for the possibility that results might differ with low profictency bilinguals.

These results have several implications. First, they qualify the value of contextual diversity across languages
as well as generalize its iImportance, even overcoming difficulties in processing fluency. Second, they show that
incidental vocabulary acquisition occurs similarly in a foreign and a native language. This also gives us a tool for
improving this process by making strategic use of context-based spreading of information. Here, we show that it
1s not necessary to Increase the number of exposures in order to improve learning, highlighting the importance
of context and pointing to a perhaps overstated importance of frequency. It is worth noting that these results
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extend only to information recently learned and cannot speak to more long-term effects without further study.
Nevertheless, this has important tmplications for education, where time and exposure are very limited and must
be optimized. Future research should focus on posstble mechantsms for these effects in order to understand their
origin and extent. This paves the way for future studies focusing on how to affect context—or perhaps how novel
words are presented in general—in order to improve incidental vocabulary learning.

Data Availability
All data, scripts, and stimultare available at https://osf.0/7ks4f/ ?view_only=5364dfadf99a41c283fa8b0c3a0944
53.
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