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Abstract

Words carry emotional connotations: for instance, war is typically perceived as negative,
whereas love is perceived as positive. For bilinguals, such words are often experienced
differently depending on whether they are encountered in a native or a non-native language.
Research on emotional language processing has consistently demonstrated reduced emotional
engagement in later-acquired languages. However, most research has focused on written
stimuli, leaving open the question of how emotional meaning is processed in spoken
language.

Using event-related potentials, the present study investigated whether emotional
detachment in a non-native language, as observed in the written modality, also occurs in the
auditory modality. Thirty-six Dutch-English bilinguals listened to emotional words evoking
negative, neutral, and positive feelings in either their native (L1; Dutch) or second (L2;
English) language. Participants were asked to categorize whether the word they heard
conveyed a negative (e.g., war), neutral (e.g., door), or positive (e.g., love) emotion in the
corresponding language.

Results revealed clear language-dependent effects in emotional processing.
Behaviourally, negative words were recognized more accurately and faster than positive
words in L1, whereas in L2 this effect was attenuated, appearing only as a smaller accuracy
advantage with no response time differences. At the neural level, negative words elicited
higher late positive complex (LPC) amplitudes than neutral words in both languages;
however, this effect was stronger in L1 than in L2. Additionally, while LPC amplitudes were
higher for negative than positive words in L1, no valence effect was observed in L2,
suggesting reduced emotional sensitivity. Together, these findings extend prior evidence of
attenuated emotional responding in L2 to the auditory modality, suggesting that reduced
emotional engagement in L2 is a robust phenomenon across modalities.
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1. Introduction

Hearing the word war in one’s native language (L1) typically evokes strong negative
emotions such as disgust and misery. Conversely, the word love would likely elicit positive
feelings such as happiness and peace. In a second language (L2), however, the same words
often fail to provoke comparable emotional responses. This suggests that language not only
has the capacity to communicate emotional states, it regulates individuals’ emotional
perceptions and experiences by conveying emotional meaning (Lindquist, 2017, Pavlenko,
2012). Language and the experience of emotions are thus intertwined (Lindquist et al., 2015;
Lindquist, 2017).

Emotional language processing has been frequently studied in multilingual
populations. Research has demonstrated that language proficiency influences emotional
engagement in later-acquired languages (e.g., Caldwell-Harris, 2014; Dewaele, 2010;
Pavlenko, 2012). Emotional responses are frequently attenuated when emotional content is
presented in an L2 compared to the L1 (e.g., Jonczyk, 2016; Tang et al., 2024). Critically,
these studies have predominantly focused on written stimuli. Therefore, they fail to capture
how individuals process emotional words when presented auditorily. This is noteworthy as
individuals acquire their L1 primarily through speech and encounter emotions first in spoken
form rather than text in real-world communication (e.g., Harris et al., 2003). Consequently,
the question arises how individuals process emotional content when listening to words in an
L1 and L2.

To date, it is unknown whether the emotional detachment in L2, as observed in the
written modality, extends to the auditory modality. Spoken words are processed more
automatically (Holcomb & Neville, 1990) and often elicit stronger emotional responses than
written words (Harris et al., 2003; Yao et al., 2023), indicating the importance of investigating
emotional language processing in the auditory modality.

The present study addresses this gap by examining whether emotional detachment is
present during emotional word processing in an L2 compared to the L1 in the auditory
modality. Using an event-related potential (ERP) paradigm, Dutch-English bilinguals
performed a valence judgment task, categorizing each word as negative, neutral or positive in
either their L1 (Dutch) or L2 (English). This design allows for a direct comparison of
emotional engagement across languages during auditory word processing.



2. Theoretical background

2.1 Emotional word processing in L1

Emotional word processing has been extensively investigated over the past decades (for
reviews, see Citron, 2012; Kissler et al., 2008; Pavlenko, 2012). Research distinguishes
between words that explicitly denote emotional feelings, such as love or fear, and words that
carry acquired emotional connotations without directly referring to specific emotions, such as
success or war (Pavlenko, 2008). The emotional meaning of these words is typically
conceptualized along two widely studied dimensions: valence and arousal (Lang et al., 1997;
Russell, 1980). Valence refers to the emotional value of a word, indicating whether it is
perceived as negative (unpleasant) or positive (pleasant), whereas arousal reflects the degree
of emotional intensity a word elicits (Lang et al., 1997; Russell, 2003). Within this
framework, research in L1 has consistently shown that emotional words, regardless of
valence, elicit faster and more accurate behavioural responses than neutral words (Kanske &
Kotz, 2007; Kousta et al., 2009; Vinson et al., 2013).

This processing advantage for emotional words has frequently been interpreted within
the framework of motivated attention, which posits that emotional information possesses
greater motivational relevance (Bradley, 2000; Lang et al., 1997). Because motivational
relevance determines the allocation of attentional resources towards a given stimulus,
emotionally salient words may capture attention more readily than neutral stimuli. The
allocation of attention to emotionally evocative stimuli reflects the activation of the brain’s
defensive and appetitive motivational systems. These systems orchestrate responses in two
classes of stimulus input: negative emotions engage defensive motivational systems, while
positive emotions evoke appetitive tendencies (Chen & Bargh, 1999; Lang, 2000).
Consequently, evidence suggests that they evoke differential behavioural and neural responses
(Cacioppo & Berntson, 1994, 1999; Ito et al., 1998; Ito & Cacioppo, 2000).

Asymmetries in the processing of negative and positive words have been described as
‘negativity bias’ or ‘positivity offset’ (Ito et al., 1998; Kauschke et al., 2019; Peeters &
Czapinski, 1990). A ‘negativity bias’ refers to enhanced attention and stronger emotional
responses to negative stimuli (e.g., Baumeister et al., 2001; Carretié¢ et al., 2008b, Delaney-
Busch et al., 2016; Nasrallah et al., 2009). In contrast, a ‘positivity offset’ reflects the opposite
pattern; facilitated processing of positive information (e.g., Bayer & Schacht, 2014; Herbert et
al., 2006; Kanske & Kotz, 2007; Kissler et al., 2007; Palazova et al., 2011; Unkelbach et al.,
2008; Yang et al., 2013). Accordingly, the ‘negativity bias’ is of greater relevance since the
rapid detection and avoidance of negative stimuli is critical for survival (e.g., Baumeister et
al., 2001). Negative words tend to attract greater attention and are weighted more heavily,
provoking a survival instinct to either flee or freeze (Estes & Adelman, 2008; Estes & Verges,
2008; Kauschke et al., 2019; Pratto & John, 1991). This bias may therefore result in faster
behavioural responses to negative stimuli, or conversely, it may make it more difficult to
withdraw attention, leading to delayed behavioural responses (e.g., Estes & Verges, 2008;
Kauschke et al., 2019; Pratto & John, 1991; Rothermund et al., 2001; Taylor, 1991).
Attentional vigilance thus provides a comprehensive explanation of the underlying
mechanisms of valence in emotional processing.

Electrophysiological measures, particularly event-related potential (ERP) components,
provide neural evidence with a high temporal resolution of how valence modulates attention
and emotional processing (e.g., Citron, 2012; Kissler et al., 2008). In written word processing,
early ERP components, such as the P1-N1 complex and the early posterior negativity (EPN),
index relatively automatic and implicit stages of emotional processing (e.g., Frithholz et al.,
2011; Gonzalez-Villar et al., 2014; Herbert et al., 2006; Hinojosa et al., 2010; Hofmann et al.,
2009; Kanske & Kotz, 2007; Kissler et al., 2008; Kissler & Herbert, 2012; Palazova et al.,



2011; Schacht & Sommer, 2009; Zhang et al., 2014). The N400 component reflects lexical-
semantic access and integration difficulty (e.g., Citron, 2012; Kanske & Kotz, 2007), while
later ERP components, such as the late positive complex (LPC), also termed the late positive
potential, capture more explicit emotional processing (e.g., Hajcak et al., 2011; Herbert et al.,
2006; Kanske & Kotz, 2007; Kissler et al., 2008; Schacht & Sommer, 2009).

The LPC is particularly sensitive to emotional engagement, typically peaking as a
positive deflection between 500 and 800 milliseconds after word onset over centroparietal
brain regions (e.g., Carretié et al., 2008a; Citron, 2012; Frithholz et al., 2011; Hajcak et al.,
2011; Kissler et al., 2007). It is associated with semantic re-analysis and the allocation of
attention to emotional information, reflecting sustained emotional processing (Hajcak et al.,
2009; Hinojosa et al., 2010; Naumann et al., 1992). The LPC is affected by the depth of
emotional processing, predominantly manifesting in tasks that require explicit, attentive
processing of emotional content, such as categorising emotions (Delaney-Busch et al., 2016;
Fischler & Bradley, 2006; Gonzalez-Villar et al., 2014; Schacht & Sommer, 2009; Vélez-
Uribe & Rosselli, 2020), or lexical decisions (Carreti€ et al., 2008a; Kanske & Kotz, 2007).

In monolingual studies, emotional written words reliably elicit larger LPC amplitudes
compared to neutral words (Carretié et al., 2008a; Herbert et al., 2008; Hinojosa et al., 2010;
Kanske & Kotz, 2007; Kissler et al., 2008; Schacht & Sommer, 2009; for a review, see Citron,
2012). However, valence-specific effects are mixed: some studies report more pronounced
LPCs for positive words (Herbert et al., 2006, 2008; Kissler et al., 2008; Zhang et al., 2014),
others for negative words (Delaney-Busch et al., 2016; Espuny et al., 2018; Friihholz et al.,
2011; Holt et al., 2008; Kanske & Kotz, 2007; Liu et al., 2009; Zhang et al., 2017), while
some report comparable responses to positive and neutral words (Espuny et al., 2018; Kanske
& Kotz, 2007), or enhanced LPCs for both negative and positive relative to neutral words
(Conrad et al., 2011). These differences likely reflect interactions between valence and other
lexical factors, such as arousal (e.g., Delaney-Busch et al., 2016; Hinojosa et al., 2010; Ito et
al., 1998), word type (e.g., Zhang et al., 2017), concreteness (e.g., Kanske & Kotz, 2007; Yao
& Wang, 2014; Yao et al., 2016), as well as task demands (Bayer & Schacht, 2014; Hajcak et
al., 2009, 2011; Schacht & Sommer, 2009).

In summary, enhanced LPC amplitudes in response to emotional words indicate that
emotional content facilitates processing by engaging the brain’s defensive and appetitive
motivational systems. Emotional information in words is therefore prioritised during
processing compared to neutral words. While the specific contribution of negative versus
positive valence remains debated, negative words are frequently considered to capture
attention more effectively. Crucially, it remains unresolved whether emotional words capture
attention similarly in L2 as in L1, leaving open questions about emotional processing across
languages.

2.2 Emotional processing across languages

In today’s increasingly multilingual society (Grosjean, 2024), the language in which
communication occurs is an important contextual factor that influences the processing and
perception of emotional content. Crucially, whether a language user assigns a negative,
neutral or positive emotional value to words depends on the context in which emotional
content is acquired and processed (Caldwell-Harris, 2014). Words obtain their emotional
significance through their acquisition in emotionally salient contexts; the age at which words
are acquired and the environment in which they are learned and used, play a decisive role in
shaping their emotional impact (Harris et al., 2006; Caldwell-Harris, 2014).

Native languages (L1) are typically acquired in early childhood within emotionally
rich communicative environments. Words learned in this context develop a distinct emotional



resonance through repeated exposure across diverse contexts (Altarriba, 2003; Harris et al.,
2006). As words learned early in life coincide with the development of emotional regulation
systems, L1 acquisition establishes strong links with the amygdala, a brain structure central to
emotional processing (Barrett et al., 2007; Bloom & Beckwith, 1989; LaBar & Phelps, 1998).
Consequently, L1 emotion words become intrinsically linked to a person’s emotional
responses, reflecting the integration of linguistic and emotional systems established during
early childhood.

Conversely, a later-acquired language, as the L2, is usually learned in formal,
emotionally neutral educational settings and primarily utilised in professional contexts
(Caldwell-Harris, 2014; Dewaele, 2004, 2010). Without rich emotional contexts, L2 learners
may struggle to establish strong, meaningful connections between words and their emotional
resonance (Pavlenko, 2012). In addition, given that the brain’s emotional regulation system is
fully developed by the time an L2 is acquired, weaker connections are established between the
brain’s language and emotional systems. Consequently, the context of learning and the age of
acquisition (AoA) contribute to a greater psychological and cognitive distance in the L2,
resulting in diminished emotional intensity relative to the L1 (Imbault et al., 2020; Sugita-
McEown et al., 2024).

Consistent with this account, a substantial body of research has demonstrated that
emotional reactivity is reduced in L2 compared to L1. Converging evidence has been
documented using self-report measures (e.g., Dewaele, 2004; Puntoni et al., 2008), as well as
psychophysiological and electrophysiological indices, including pupillometry (e.g., lacozza et
al., 2017; Toivo & Scheepers, 2019), skin conductance responses (e.g., Baumeister et al.,
2017; Harris, 2004; Jankowiak & Korpal, 2017), and electroencephalography (EEG; e.g.,
Jonczyk et al., 2016, 2024; Wu & Thierry, 2012; Tang et al., 2024). However, the distinction
in emotional responses between L1 and L2 is nuanced. When the L2 is highly proficient or
dominant, bilinguals may experience comparable emotional effects in both languages
(e.g., Baumeister et al., 2017; Conrad et al., 2011; Degner et al., 2011; Eilola et al., 2007,
Ferré et al., 2010; Kazanas & Altarriba 2016; Opitz & Degner, 2012; Ponari et al.,

2015; Sutton et al., 2007).

Despite comprehending the semantic meaning of L2 words, bilinguals often report a
reduced emotional resonance (Dewaele, 2004, 2008; Ferré et al., 2022; Pavlenko, 2005). L2
processing is frequently described as less embodied, lacking the emotional grounding
typically observed in L1 (Pavlenko, 2012; Sheikh & Titone, 2015; Vukovic & Shtyrov, 2014).
Accessing the emotional content of L2 words is less automatic and requires greater cognitive
effort (Hinojosa et al., 2010; Opitz & Degner, 2012; Segalowitz et al., 2008). This reduced
automaticity leads bilinguals to feel less emotionally engaged with L2 words, despite having
full semantic understanding. This phenomenon may be particularly relevant in everyday
communication, where the rapid succession of words limits the cognitive resources required
for accessing a word's emotional value. Consequently, emotional processing in L2 is
attenuated.

Overall, language plays a decisive role in determining which emotional experiences
are evoked when encountering emotional words. Differences in the embodiment of emotional
vocabulary between L1 and L2 influence the emotional resonance of words. Words in the L2
often lack strong emotional connotations, which are usually acquired during childhood
(Altarriba, 2003; Harris et al., 2006). Consequently, bilinguals typically exhibit more
pronounced automatic reactions to emotional vocabulary in their L1 than in their L2.



2.3 Emotional word processing in bilingual speakers

For bilingual speakers, language constitutes an internal variable that shapes emotional
processing. At the behavioural level, emotion words are processed more accurately and
rapidly in L1 than in L2 (e.g., Conrad et al., 2011; Schacht & Sommer, 2009). However, there
is no consensus on whether negative or positive words exert facilitatory or inhibitory effects
in L1 (e.g., Chen et al., 2015; Eilola et al., 2007; Estes & Verges, 2008; Kanske & Kotz, 2007;
Kousta et al., 2009; Palazova et al., 2011; Pratto & John, 1991). Conversely, L2 processing is
typically characterized by reduced emotional differentiation, often attributed to diminished
emotional engagement. Consequently, neutral and emotional words tend to elicit comparable
behavioural responses (e.g., Chen et al., 2015; Eilola et al., 2007; Segalowitz et al., 2008),
although when differences emerge, they are often driven by positive words (e.g., Conrad et
al., 2011; Ponari et al., 2017). Beyond behavioural measures, electrophysiological evidence
supports these language-dependent differences, showing that while valence effects are present
in both languages, their magnitude is modulated by the language context (e.g., Chen et al.,
2015; Conrad et al., 2011; Jonczyk, 2016; Jonczyk et al., 2024; Vélez-Uribe & Rosselli,
2020).

Emotional language processing is often attenuated in L2, particularly in response to
negatively valenced content (e.g., Tang et al., 2024; Wu & Thierry, 2012; Zhang et al., 2023).
In a recent study, Tang and colleagues (2024) reported that negative words enhanced LPC
amplitudes relative to neutral words in the L1, and elicited larger LPC activity than positive
words, consistent with the well-established “negativity bias” (e.g., Baumeister et al., 2001; Ito
et al., 1998). In contrast, L2 processing showed a different pattern. Tang et al. (2024) found
that positive words evoked LPC amplitudes comparable to neutral words, but larger LPC
amplitudes than those elicited by negative words. This pattern reflects a “positivity offset”, in
which positive stimuli in less emotionally grounded contexts evoke stronger processing (e.g.,
Zhang et al., 2014). Together, these results indicate stronger emotional engagement for
negative words in L1, but relatively greater engagement for positive words in L2.

This shift from a “negativity bias” in L1 to a “positivity offset” in L2 may stem from
differences in semantic-emotional integration. In L1, emotional meaning is deeply grounded
in personal experiences and emotional memory, therefore the close relationship between the
lexical semantics of words and their emotional connotations facilitate the processing of
emotional meaning (Harris et al., 2003; Pavlenko, 2012). This is particularly evident for
negative information, which is evolutionarily relevant for threat detection and adaptive
responses, such as fleeing or freezing (e.g., Baumeister et al., 2001; Ohman, 2005).

By contrast, the L2 is often less embedded in emotional experiences, resulting in
weaker semantic-emotional integration. Accessing emotional meaning may therefore require
greater cognitive effort, particularly for negative words (Jonczyk, 2016; Wu & Thierry, 2012).
This reduced emotional grounding may contribute to the “positivity offset” in L2, as observed
by Tang et al. (2024). Enhanced LPC activity in response to positive stimuli may also stem
from a learning effect in L2 acquisition. For example, Ponari et al. (2017) reported that
positive words are acquired earlier than negative words, which may facilitate their emotional
processing.

However, findings across studies are not entirely consistent. Some studies reported
larger LPC amplitudes for negative words in L2 than in L1, suggesting delayed re-evaluation
of negative content at later processing stages (Jonczyk et al., 2016). Jonczyk et al. (2016)
proposed that this pattern reflects a protective mechanism, whereby early suppression of
negative stimuli leads to increased evaluation at later processing stages (see also Wu &
Thierry, 2012). By contrast, emotional meaning in L1 is accessed more automatically,
reducing the need for subsequent re-evaluation. Other studies also reported reduced or absent
valence differences in L2, possibly reflecting increased cognitive demands associated with



integrating emotional meaning (Chen et al., 2015; Conrad et al., 2011).

Importantly, these observations have predominantly been made in the written
modality, leaving open the question of whether similar effects occur during auditory word
processing. To date, no research has been devoted to the role of emotional content in spoken
language processing. As Opitz and Degner (2012) pointed out, research on emotional
processing in L1 and L2 should extend to more natural stimulus materials, such as speech, to
better capture real-world language use.

2.4 The influence of modality on emotional language processing

Speech unfolds over time, requiring continuous attention, as listeners cannot easily revisit
previously presented segments. Monolingual research on the role of modality in non-
emotional language processing has suggested that lexico-semantic mechanisms engage earlier
with auditory than visual linguistic stimuli (Holcomb & Neville, 1990). This yields more
robust effects of semantic expectancy on accuracy and response times, as well as earlier and
larger electrophysiological responses (Holcomb et al., 1992).

Despite these insights, the role of modality in emotional language processing has
received little attention. Spoken language conveys richer emotional information through
additional non-verbal cues, such as prosody (e.g., Kotz & Paulmann, 2007). These cues
facilitate early emotional differentiation and processing of stimuli, beginning as early as 200
ms after stimulus onset (e.g., Jakimik & Glenberg, 1990; Paulmann & Kotz, 2008a).
Importantly, as this differentiation process occurs very early, it may operate independently of
attentional processes for lexical emotional stimuli (Paulmann & Kotz, 2008a). Non-verbal
emotional cues in speech are therefore processed differently than the emotional semantics of
written words, suggesting that auditory and visual input may activate modality-specific
emotional representations (Astésano et al., 2003; Paulmann & Kotz, 2008b; Pell, 2005).

Research in bilingual populations explored modality effects using psychophysiological
measures such as pupillometry and skin conductance responses (SCRs; Caldwell-Harris &
Aycicegi-Dinn, 2009; Harris et al., 2003; Harris, 2004; Jankowiak & Korpal, 2018; Yao et al.,
2023). These studies suggest that emotionally salient words are more emotionally intense in
participants’ L1 when heard than read (Caldwell-Harris & Ayg¢icegi-Dinn, 2009; Dewacele,
2004; Harris et al., 2003; Harris et al., 2006). In their study, Harris et al. (2003) examined the
emotional engagement of Turkish (L1)-English (L2) bilingual speakers when exposed to
taboo words and reprimands. SCRs revealed stronger emotional reactivity to reprimands when
presented visually in L1 than in L2. Importantly, a modality effect emerged for taboo words in
L1: auditory presentation elicited stronger SCRs than visual presentation, whereas no such
effect was observed in L2. The auditory modality therefore yielded a larger emotional impact
in L1 than in L2. The authors argued that speech is the primary means by which the L1 is
acquired, whereas reading is learned later as a cognitive skill. As L1 acquisition develops
alongside emotional regulation systems, auditory input is more closely linked to emotional
arousal than visual input, eliciting more emotionally evocative responses than visual input
(Bloom & Beckwith, 1989; Caldwell-Harris, 2014).

Harris (2004) extended this work to early and late Spanish (L1)-English (L2)
bilinguals, examining whether the age of acquisition influences emotional engagement with
taboo words, sexual terms, childhood reprimands and neutral words in visual and auditory
modalities. Among early bilinguals, a modality effect was observed in both languages, with
stronger SCRs for auditorily presented stimuli. The auditory effect only appeared to be a bit
more nuanced. Similarly, Caldwell-Harris and Ay¢icegi-Dinn (2009) found reduced emotional
reactivity to auditorily presented emotional stimuli in L2 relative to L1, indicating that the
emotional enhancement associated with auditory input in the L1 may be attenuated in an L2.



A recent study by Yao and colleagues (2023) examined the emotional impact of L1
and L2 words presented auditorily using pupillometry. The stimuli included taboo words as
well as negative and positive emotion words. The results revealed stronger emotional effects
for taboo words in L1, with emotional responses attenuating when these words were presented
in L2. In contrast, emotionality effects for emotion words were not significant. The authors
argued that the differential emotional processing observed for taboo words is consistent with
the well-established “negativity bias” (e.g., Baumeister et al., 2001). This pattern reflects a
general reduction in emotional responses to aversive stimuli, even when they are presented
auditorily.

Although these studies offer valuable insights, they do not reveal the temporal
dynamics of emotional language processing in the brain. ERPs allow us to examine how
emotional processing differs across languages over time given a specific emotional word. Yet,
ERP research has not investigated whether emotional detachment in L2 extends to this
modality. Further research is needed to understand how emotional words evoke neural
responses when presented auditorily across languages (Sharif & Mahmood, 2023). Hence, the
main aim of the current study was to examine whether emotional word processing differs
between L1 and L2 in the auditory modality and whether this difference is reflected in ERP
components associated with emotional processing in the written modality.

2.5 The current study

This study investigates whether language affects the processing of emotional information in
the auditory modality. Specifically, the study investigates whether emotionally valenced
spoken words (negative, neutral and positive) modulate emotional engagement during
auditory language processing, and whether these effects differ between an L1, assumed to be
emotionally closer, and an L2, which is typically considered emotionally more distant.

To address these questions, Dutch (L1) — English (L2) bilingual speakers participated
in a valence judgement task. During the task, participants were presented with emotionally
valenced target words (negative, neutral, or positive) in either their L1 or L2. After hearing
each word, participants were required to indicate whether the emotional meaning of the
stimulus corresponded to a negative, neutral, or positive valence.

It is hypothesised that emotional resonance will be modulated by both language and
word valence. Regarding word valence, two primary results are predicted. First, emotional
words (negative and positive) are expected to evoke distinct behavioural and neural responses
compared to neutral words. Second, negative words are expected to evoke distinct responses
compared to positive words. In L1, emotional words are hypothesised to enhance emotional
engagement compared to neutral words. At the behavioural level, emotional words are
expected to show higher accuracy and shorter response times (RTs) compared to neutral
words (e.g., Chen et al., 2015; Kanske & Kotz, 2007; Kousta et al., 2009; Palazova et al.,
2011; Schacht & Sommer, 2009). Additionally, higher accuracy and shorter RTs are
anticipated for negative words than for positive words (Estes & Verges, 2008; Kauschke et al.,
2019).

At the neural level, this should be reflected in larger LPC amplitudes for emotional
words than for neutral words (Herbert et al., 2006). Negative and positive words require
greater cognitive and attentional resources than neutral words, resulting in larger LPC
amplitudes (e.g., Kanske & Kotz, 2007; Tang et al., 2024; Zhang et al., 2017; Zhang et al.,
2023). In addition, negative words are hypothesised to evoke larger LPC amplitudes in
comparison to positive words, consistent with the “negativity bias” reflecting enhanced
attentional capture and stronger emotional impact (e.g., Chen et al., 2015; Kanske & Kotz,
2007; Tang et al., 2024).



In contrast, emotional resonance in L2 is expected to be reduced compared to the L1
(e.g., Caldwell-Harris & Aycicegi-Dinn, 2009; Harris et al., 2003). At the behavioural level,
accuracy is expected to decrease and RTs to increase relative to L1 due to an increased
cognitive effort (e.g., Chen et al., 2015; Segalowitz et al., 2008). Moreover, emotional words
are not expected to elicit different behavioural responses compared to neutral words as a
result of diminished emotional engagement (e.g., Chen et al., 2015; Eilola et al., 2007).
However, positive words may be better recognised than negative words, given their early
acquisition in L2, resulting in higher accuracy and shorter RTs (Conrad et al., 2011; Ponari et
al., 2017).

At the neural level, the attenuated emotional engagement will be evident in smaller or
non-significant modulations of the LPC in response to emotional compared to neutral words,
and to negative compared to positive words (e.g., Chen et al., 2015; Conrad et al., 2011; Tang
et al., 2024), attributable to the occurrence of emotional disengagement in L2 (Pavlenko,
2012).



3. Method
3.1. Participants

Forty-one Dutch-English speakers participated in the experiment; five participants were
excluded from the analyses due to low quality of the recorded EEG signal or technical
problems during response collection. The final sample consisted of 36 Dutch (L1) — English
(L2) bilinguals. Seventeen participants were randomly assigned to the L1 condition (Dutch,
12 females and 5 males, Mage = 23.0 years, SD = 3.18) and nineteen to the L2 condition
(English, 14 females and 5 males, Mage = 22.5 years, SD = 3.19). Participants in both
conditions were aged between 18 and 25 years old and did not statistically differ in age
(#(33.57) = 0.45, p = .66).

All participants were native speakers of Dutch and reported acquiring their L2 after the
age of 7 (SD =2.47) in an instructional learning environment. They were classified as highly
proficient, late unbalanced Dutch-English bilinguals, based on LexTALE scores (Lemhofer &
Broersma, 2011) and self-ratings from the Language History Questionnaire 3.0 (LHQ, Li et
al., 2019, see Table 1). Based on self-assessed Dutch and English proficiency, independent t-
tests showed no differences between the L1 (#33.51) = 0.61, p =.55) and L2 groups (#(33.73)
= 1.22, p =.23). Thus, despite the between-subjects design, participants assigned in both
conditions were comparable in language proficiency.

The participants reported no presence of any language, neurological, or psychiatric
disorders, and had normal or corrected-to-normal vision. Moreover, they indicated that they
were not taking any psychoactive drugs and were in a positive emotional state during the time
of data collection. In addition, all participants identified as being right-handed (see Table 2).

Participation was voluntary and ethical approval for the experimental protocol was
granted by the Ethics Assessment Committee Humanities of Radboud University
(7/2024/2025). Participants received points for taking part.

Table 1. Participants’ language background and proficiency (given in means (SDs)).

Feature Dutch (L1) English (L2)
Objective L2 Proficiency! N/A 88.23 (10.68)
Subjective L2 Proficiency? 95.54 (6.30) 81.15 (12.57)
Dominance? 59.50 (6.19) 48.60 (9.68)
Immersion? 93.60 (1.64) 61.99 (10.60)
Years of use? 22.75 (3.15) 15.08 (4.20)
Age of L2 Acquisition? N/A 7.67 (2.47)
Frequency of expression emotion?
Positive 5.83 (0.85) 3.39 (1.29)
Negative 5.19 (1.35) 3.39 (1.23)
! Based on the LexTALE test (given as percentages; Lemhofer & Broersma, 2011): the CEFR levels B1 (0-59%), B2 (60-80%), C1 and C2
(80-100%);

2 Based on the Language History Questionnaire 3.0 (LHQ; Li et al., 2020): proficiency, dominance and immersion scores are given as
percentages based on listening, reading, speaking and writing skills (1 — very low proficiency, 7 — very high proficiency); age of acquisition
and years of use (given in years), and frequency of expressing emotions (1- never, 7- always).



Table 2. Bio-demographic data of the participants.

Characteristics Mean [95% CI]

Positive affect! 33.83[31.96, 35.71]
Negative affect! 22.81[20.54, 25.07]
Handedness? 88.06 [82.12, 93.99]

! Based on the Positive and Negative Affective Schedule (PANAS; Watson et al., 1988; adapted into Dutch by Peeters et al., 19961);
2 Based on the Edinburgh Handedness Inventory (Oldfield, 1971): left-handedness (-100—28), ambidexterity (-29-48), and right-handedness
(48-100).

3.2. Materials

3.2.1. Stimuli

The linguistic material comprised 288 translation equivalents between Dutch (L1) and English
(L2), with 144 emotional words for each language. These words were categorized by word
valence into three distinct categories: negative, neutral, and positive. Each language contained
an equal number of nouns (i.e., 48) per valence category (see Table 3 for the lexicosemantic
characteristics of the words and Appendix A for the complete list of stimuli).

Words were classified into negative, neutral, and positive categories based on the
valence rating from the Dutch (Speed & Brysbaert, 2023) and English (Warriner et al., 2013)
valence databases. Words with valence ratings below 2.5 were categorized as negative, those
between 2.5 and 3.5 as neutral, and those above 3.5 as positive. A comparison between Dutch
and English revealed a significant difference for negative words (#(94) = -9.55, p <.001,
Cohen’s d = 1.95), indicating that negative words in Dutch were rated as more negative than
their English counterparts (Mauifference = -0.38, 95% CI [-0.46, -0.30]). Additionally, a
significant difference was found for neutral words (#(94) = -3.57, p <.001, Cohen’s d = 0.73),
suggesting that neutral words in Dutch were rated as more neutral compared to their English
counterparts (Maiference = -0.11, 95% CI [-0.16, -0.05]). Conversely, no significant difference
was found between Dutch and English for positive words (#94) = 0.21, p = .84).

A subsequent comparison of the word valence levels (negative, neutral and positive)
demonstrated a significant effect for Dutch (F(2, 141) = 3023, p <.001, n* =.98). Post-Tukey
HSD tests revealed that positive words were more positive than neutral (Maiference = 1.10, 95%
CI[1.01, 1.19], p <.001) and negative words (Midifterence = 2.89, 95% CI [2.80, 2.98], p <
.001). Additionally, negative words were found to be more negative than neutral words
(Mifrerence = -1.79, 95% CI [-1.88, -1.70], p <.001). A similar pattern emerged in English,
demonstrating a statistically significant difference between the three word valences (F(2, 141)
= 1644, p <.001, n* =.96). Post-hoc Tukey HSD analysis demonstrated that positive words
were rated as more positive than neutral (Maiference = 0.98, 95% CI [0.88, 1.09], p <.001) and
negative words (Maifference = 2.50, 95% CI [2.40, 2.61], p <.001). Moreover, negative words
were rated as more negative than neutral words (Muifrerence = -1.52, 95% CI [-1.62, -1.42], p <
.001).

Furthermore, arousal ratings were examined for Dutch and English across the three
word valence categories to assess whether arousal was comparable across languages. Results
revealed a significant difference in arousal ratings for the negative words (#(94) =3.61, p <
.001, Cohen’s d = 0.74), indicating that negative words in Dutch were rated as more arousing
compared to their English counterparts (Maifference = 0.34, 95% CI [0.15, 0.53]). A similar
pattern emerged for neutral words (#94) = 6.31, p <.001, Cohen’s d = 1.29), with Dutch
neutral words rated as more arousing compared to their English counterparts (Maifterence = 0.40,

! The Dutch version was validated in 1996; consequently, the Dutch translations were reviewed and updated with
more contemporary translations for certain emotional states. Two native speakers of Dutch verified the validity
of these new translations, as well as the previously validated translations of Peeters et al. (1996).
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95% CI1[0.28, 0.53]). Conversely, no significant difference in arousal ratings was found
between Dutch and English positive words (#2(94) = -0.73, p = .47).

Moreover, a comparison of the arousal ratings between negative, neutral and positive
words revealed a significant difference in Dutch (F(2, 141) = 65, p <.001, n? = .48). Post hoc
Tukey HSD tests revealed that negative words were more arousing than both neutral
(Mifterence = 0.98, 95% CI [0.75, 1.21], p <.001) and positive words (Maifference = 0.89, 95% CI
[0.67, 1.12], p <.001). Additionally, no differences in arousal ratings were found between
neutral and positive words (Maitterence = 0.09, 95% CI [-0.14, 0.31], p = .62).

A similar pattern emerged in English, with a significant effect of valence (F(2, 141) =
75, p <.001,n?=.52). Post hoc Tukey HSD tests demonstrated that negative words were
more arousing than both neutral (Mdifrerence = 1.04, 95% CI [0.84, 1.24], p <.001) and positive
words (Maifference = 0.47, 95% CI [0.27, 0.67], p < .001). Moreover, positive words were rated
as more arousing than neutral words (Maiference = 0.57, 95% C1[0.37, 0.77], p <.001).

All translation equivalent pairs were further matched for concreteness to ensure a
balanced representation of abstract and concrete words across the three word valence
categories. The classification of concreteness was based on the Dutch (Brysbaert et al., 2014)
and English (Brysbaert et al., 2013) concreteness databases. Words with ratings below 3 were
classified as abstract, while those above 3 were categorised as concrete. Differences in
concreteness between abstract and concrete words were significant in both Dutch (Mabstract =
2.08, 95% CI[1.98. 2.17], Mconcrete = 4.08, 95% CI [3.92, 4.24]; 1(142) =-21.51, p <.001,
Cohen’s d = 3.58) and English (Mabstract = 2.34, 95% CI [2.23, 2.45], Mconcrete = 4.31, 95% CI
[4.18, 4.45]; t(142) = -22.64, p <.001, Cohen’s d = 3.77). Additionally, a difference between
Dutch and English was found regarding abstract (#(142) =-3.56, p <.001, Cohen’s d = 0.59),
as well as concrete words (#(142) =-2.28, p < .05, Cohen’s d = 0.38). Words were rated as
more abstract in Dutch (M = 2.08, 95% CI [1.98, 2.17]) compared to English (M = 2.34, 95%
CI[2.23, 2.45]), whereas words were rated as less concrete in Dutch (M =4.08, 95% CI [3.92,
4.241]) compared to English (M = 4.31, 95% CI [4.18, 4.45]).

Words forming translation-equivalent pairs were systematically matched for
frequency, using the Dutch (SUBLTEX-NL; Keuleers et al., 2010) and English (SUBTLEX-
EN; Van Heuven et al., 2013) frequency databases. Analyses revealed no significant
differences in the relative frequency between Dutch and English words across valence
categories: negative (#(94) = -0.24, p = .81), neutral (#(94) = -1.51, p =.13), and positive
words (#(94) =-1.30, p = .20). Once matched on word valence, concreteness, and frequency,
words were included in the final stimuli set. Taboo and swear words, as well as interlingual
homographs, homonyms, and identical cognates across the two languages, were excluded.

3.2.2 Recording and preprocessing audio files

The auditory stimuli were recorded in a sound-attenuated booth at the Centre for Language
Studies, Radboud University, Nijmegen. Recordings were made using Audacity© with mono
tracks, a sampling rate of 44,100 Hz, and 16-bit resolution. A female native speaker of Dutch
articulated the words in a monotonous tone at a normal speech rate. The speaker acquired
English as an L2 after the age of ten, predominantly in an instructional environment. Her
English proficiency across the domains of listening, reading, speaking and writing, was
evaluated as native-like on a 5-point Likert scale (1 = no knowledge, 2 = beginner, 3 =
average, 4 = advanced, 5 = native-like).

Additionally, the sound files were standardized using the speech analysis package
Praat (Boersma, 2001). A manual analysis of each file was conducted, with attention to silence
preceding the acoustic onset and to vowel-initial words. Firstly, excess silence was removed
to ensure each word began at its acoustic onset, determined by the zero-crossing point of the
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amplitude. Given that silence was always cut off at a zero-crossing point, some plosive-initial
words may retain up to 0.1 seconds of silence at onset. Secondly, for vowel-initial words any
glottal stop or aspiration preceding the vowel was retained. This approach preserved
naturalness, as glottal stops commonly occur at the start of the vowel-initial words when
spoken in isolation, particularly in Dutch (Jongenburger & Van Heuven, 1991). When these
glottal stops were removed, the words sounded slightly abrupt and not natural. All audio files
were standardized at 0.5 Pascal and normalized to 65dB.
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Table 3. Psycholinguistic characteristics of the target words for Dutch and English are presented in means accompanied by 95% confidence

intervals.
Dutch English
Negative Neutral Positive Negative Neutral Positive

Arousal' 3.78 2.80 2.89 3.44 2.40 2.97

[3.63, 3.93] [2.72, 2.89] [2.73, 3.05] [3.32, 3.56] [2.30, 2.50] [2.83,3.11]
Valence' 1.26 3.06 4.16 1.64 3.16 4.15

[1.23, 1.29] [3.02, 3.09] [4.08, 4.24] [1.57, 1.72] [3.12, 3.21] [4.08, 4.21]
Concreteness’ 2.87 3.25 3.11 3.11 3.53 3.35

[2.65, 3.09] [2.85, 3.66] [2.76, 3.45] [2.86, 3.36] [3.15, 3.90] [3.02, 3.67]
Frequency’ 3.74 4.15 4.84 3.77 4.32 4.95

[3.55, 3.94] [4.01, 4.29] [4.72, 4.96] [3.61, 3.93] [4.14, 4.50] [4.84, 5.06]
Letters* 8.48 7.06 6.21 7.60 6.77 5.98

[7.85,9.11] [6.35,7.78] [5.50, 6.92] [7.01, 8.20] [6.18, 7.36] [5.36, 6.60]
Syllables® 2.58 2.17 1.85 2.58 2.21 1.77

[2.37, 2.80] [1.91, 2.42] [1.60, 2.11] [2.30, 2.86] [1.96, 2.45] [1.54,2.00]

!Arousal and Valence: 1 (negative/unarousing) — 5 (positive/arousing) scale: Speed & Brysbaert (2023) for Dutch and Warriner et al. (2013; the original 1-9 scale transformed to the 1-5 scale) for English;

2 Concreteness: 1 (abstract) — 5(concrete) scale: Brysbaert et al. (2014) for Dutch and Brysbaert et al. (2013) for English;
3 Frequency is based on the Zipf-scale: 1 (low) — 7 (high): SUBTLEX-NL (Keuleers et al., 2010) and SUBTLEX-EN (Van Heuven et al., 2014);

4 Range = 3-13 letters;
S Range = 1-5 syllables.
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3.3 Procedure

Participants were recruited and pre-screened through the Radboud Research Participation
System (SONA). Recruitment involved a demographic questionnaire assessing age, L1, L2,
and medical history. Only participants meeting the specified criteria were invited to the
laboratory.

The experiment was conducted at the Centre for Language Studies, Radboud
University, Nijmegen. After providing written informed consent, participants were seated in a
dimly lit and soundproof booth. They first completed the English version of the LexTALE
questionnaire (Lemhdfer & Broersma, 2011) and the Dutch version of the Positive and
Negative Affect Schedule (PANAS; Watson et al., 1988, adapted by Peeters et al., 1996). The
PANAS assessed the emotional state of the participants at the time of data collection, which
was important given the crucial role of mood in the automaticity of bilingual language
processing (e.g., Naranowicz et al., 2022; Naranowicz & Jankowiak, 2024). Following the
completion of the aforementioned questionnaires, the EEG cap was prepared while
participants completed the Dutch versions of the Language History Questionnaire 3.0 (LHQ
3.0; Liet al., 2019), and the Edinburgh Handedness Inventory (Oldfield, 1971).

The stimuli were presented using the OpenSesame software (version 4.1.1., Mathot et
al., 2012). Participants were randomly assigned to either the Dutch (L1) or English (L2)
version of the experiment. Irrespective of the language, the instructions were administered in
Dutch. The experiment comprised 144 trials presented in a random order. After 72 trials,
participants were required to take a break to reduce potential fatigue effects. Prior to the
experiment, participants completed a practice block of six practice trials to familiarize
themselves with the task. These practice trials were excluded from the experimental analyses.

Upon hearing an emotional word via the Etymotic ER-1 insert Earphones (Etymotic
Research, Inc., IL, USA) connected to the BrainVision SimTrak (Brain Products GmbH,
Germany), participants were tasked with performing a valence judgement. They had to
indicate whether the word they heard was negative, neutral or positive by pressing the ‘A’,
‘B’ or ‘C’ buttons on the button box, referred to as the ‘LEFT’, ‘MIDDLE’ and ‘RIGHT”
button, respectively. The assignment of the ‘LEFT’ and ‘RIGHT’ buttons, which could be
either negative or positive, was counterbalanced among participants, whereas the ‘MIDDLE’
button was consistently assigned to neutral valence.

Each trial began with a fixation cross (500 ms), followed by a blank screen (500 ms).
A fixation dot then appeared to indicate the audio onset, which played immediately upon the
dot’s appearance. From the onset of the auditory stimulus, participants could indicate their
valence judgment. Following the offset of the auditory stimulus, a 2000 ms response window
remained during which participants could still respond. The fixation dot remained visible both
during the audio presentation and throughout the post-audio response window, indicating that
the participants were still able to make a decision in the post-audio period. Upon pressing a
button or when the 2000 ms time window elapsed, the trial was ended and the experiment
advanced to a blank screen of the 1500 ms inter-trial interval.

Following the EEG recording session, participants completed a brief questionnaire
examining their emotional and linguistic tendencies to determine their preferred language and
its use in expressing various emotions (see LHQ 3.0; Li et al., 2019). The questionnaire was
administered after the main experiment, to avoid biasing participants with regard to the
interplay of language and emotions, which were the variables of interest. The total duration of
the experiment was about 1.5 hours.
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3.4 Electrophysiological recording and preprocessing

Continuous EEG signals were recorded at S00Hz from 60 Ag/AgCl scalp electrodes (i.e.,
AF7, AF3, AFz, AF4, AFS, F7, F5, F3, F1, Fz, F2, F4, F6, F8, FT7, FC5, FC3, FC1, FCz,
FC2, FC4, FCe, FT8, T7, C5, C3, Cl1, Cz, C2, C4, C6, T8, TP9, TP7, CP5, CP3, CP1, CPz,
CP2, CP4, CP6, TP8, TP10, P7, P5, P3, P1, Pz, P2, P4, P6, P8, PO7, PO3, Poz, PO4, POS,
Ol1, Oz, and O2) arranged according to the International 10-20 system (Jasper, 1958). Four
electrodes were obtained from the cap to identify eye movement artefacts. The horizontal and
vertical electro-oculogram (EOG) was measured from electrodes placed at the outer canthi of
both eyes (FT9 and FT10), and above and below the left eye (FP1 and FP2). The ground
electrode was positioned on the Fpz electrode on the forehead. Electrodes were referenced
online to the Cz electrode. All signals were amplified using an actiCHamp amplifier (Brain
Products GmbH, Germany) and recorded using BrainVision Recorder software (Brain
Products, Gilching, Germany). The impedance (offset) level for each electrode was kept at +
15 pV.

BrainVision Analyzer 2.3 software (Brain Products, Germany) was used to analyse the
EEG data offline. Continuous EEG data were down-sampled to 256 Hz and referenced to the
global average reference of all scalp electrodes (Luck, 2014; Nunez & Srinivasan, 2006) with
Cz being reused as EEG channel. The data was corrected for ocular artefacts via Independent
Component Analysis (ICA). On average, 5.64 independent components (SD = 0.48, range = 4-
7) were rejected per participant during ICA. The signal was then filtered offline applying a
Butterworth zero phase filter with a high-pass filter set at 0.1 Hz and a low-pass filter set at 20
Hz (slope 24 dB/octave). Additionally, the signal was segmented into epochs ranging from
200 ms before target onset to 1500 ms afterwards, followed by baseline-correction between
-200 and 0 ms in reference to pre-stimulus activity. For artifact rejection, the following
thresholds were set: voltage differences higher than 100 uV, maximal allowed voltage step at
50 uV, and lowest allowed activity at 5 pV (i.e., rejecting trials with flatlining events).

Overall, 99.73% of the trials were included in the analysis (SD = 0.58, range =
97.92%-100%), with the average number of retained epochs per condition above 47 for all the
conditions (out of 48 trials per condition; L1 positive, M = 47.88, SD = 0.33, range = 4748,
L1 negative, M = 47.82, SD = 0.53, range = 46—48; L1 neutral, M = 47.76, SD = 0.56, range =
46-48; L2 positive, M = 47.89, SD = 0.32, range = 47-48; L2 negative, M =47.95, SD =
0.23, range = 47-48; L2 neutral, M =47.89, SD = 0.32, range = 47-48). All participants had
more than 95% of trials per individual condition, therefore none were excluded.

3.5 Design and data-analysis

The present study employed a 2 (Language: Dutch (L1) versus English (L2)) by 3 (Word
Valence: negative versus neutral versus positive) mixed-design, with Language as between-
subjects and Word Valence as within-subjects independent variable. The behavioural analyses
included response accuracy and response times (RTs). Response accuracy was defined as the
extent to which participants’ valence classifications corresponded to the normative ratings
provided by the databases. Further, RTs for incorrect responses and those shorter than 150 ms
were discarded from the analysis (13.8%) to ensure the integrity of the data.
Electrophysiological analyses included one event-related potential (ERP) component
previously reported to be modulated by emotional language in L1 and L2: the LPC (e.g.,
Citron, 2012; Jonczyk et al., 2024; Tang et al., 2024). ERP analyses were performed within
the pre-defined time window between 500-800 ms over a centroparietal region (C1, Cz, C2,
CP1, CPz, CP2, P1, Pz, and P2 electrodes). Notably, as there is little to no evidence of this
component in the auditory modality, the present study focuses exclusively on the LPC to
examine its appearance in an auditory context, despite evidence that the EPN is also sensitive
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to emotion in both the auditory and written modalities (e.g., Frithholz et al., 2011; Jaspers-
Fayer et al., 2012; Kissler & Herbert, 2012; Mittermeier et al., 2010; Palazova et al., 2011).
This focus is further justified because the LPC is modulated by an explicit assessment of word
valence, the task given in the present study (e.g., Carretié et al., 2008a; Citron, 2012; Friihholz
et al., 2011; Hajcak et al., 2009; Hinojosa et al., 2010; Kissler et al., 2007).

All statistical analyses were performed in R (R Core Team, 2024). Statistical analyses
of response accuracy were conducted with a generalized linear-mixed model including a
binominal distribution (GLMM; Bolker, 2008; Jaeger, 2008), while the RT and ERP data (i.e.,
mean amplitudes for single trials in the LPC time window) were conducted by means of linear
mixed-effects models (LMMs; Baayen et al., 2008; Barr, 2013), using the /me4 package
(Bates et al., 2015). For each model, a maximal (G)LMM model was first constructed with a
full random-effect structure, including item- and subject-related variances for intercepts and
by-participant and by-item random slopes for fixed-effects (Barr, 2013). If a maximal model
failed to converge, the recommendations from Bates et al. (2018, see also Matuschek et al.,
2017) were followed to create the most parsimonious model. None of the models showed
collinearity (Variance Inflection Factor < 1.5).

Word Valence was encoded using Helmert to represent two orthogonal comparisons.
The first contrast compared neutral words (coded as -2/3) with the two emotion words
(negative and positive, each coded as 1/3). The second contrast directly compared the two
emotional conditions (negative coded as 1/2 and positive coded as -1/2). Language was sum-
coded (Dutch as -1/2 and English as 1/2). Fixed-effect estimates and associated significance
levels (p-values) were obtained using Satterthwaite’s approximation as implemented in the
ImerTest package (Kuznetsova et al., 2017). Pairwise comparisons were conducted using the
emmeans package (version 2.0.2; Lenth & Piaskowski, 2026) and adjusted for multiple testing
using the Bonferroni correction. The final parsimonious model structure for each analysis is
reported below.

(1) GLMMaccuracy: glmer(ACC ~ word valence * language + (1 | participant) + (1 | item),
data = data accuracy, family = binomial (link = “logit”))

(2) LMMRgr: Imer(RT ~ word valence * language + (1 | participant) + (1| item), data =
data RT)

(3) LMM¢pc: Imer(mean amp ~ word valence * language + (1 | participant) + (1 | item),
data=data LPC)
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4. Results

4.1 Behavioural results

Response accuracy. Figure 1 presents the mean response accuracy, reported as percentages of
correct responses, by Language and Word Valence. Accuracy for negative words was higher in
Dutch (L1, M =98.1%, SD = 13.6) than in English (L2, M = 93.0%, SD = 25.5). In Dutch,
negative words were identified with higher accuracy than both neutral and positive words,
with neutral words (M = 86.2%, SD = 34.5) recognized more accurately than positive words
(M =176.1%, SD = 42.7). In English, negative words were also identified with higher accuracy
than neutral and positive words, except that positive words (M = 84.1%, SD = 36.6) were
recognized with higher accuracy than neutral words (M = 79.8%, SD = 40.1). The difference
in accuracy between negative and positive words was larger in Dutch than in English.

The model results for the dependent variable response accuracy are given in the
Appendix (Table B1). The analysis showed a main effect of Word Valence for Contrast 1
(bNeuTRALVsEMOTION = -1.00, SE =0.19, z =-5.31, p < .001, odds ratio = 0.37), indicating that
accuracy was higher for emotional words than for neutral words. In addition, the analysis
demonstrated an effect for Contrast 2 (bneGaTIVELvsposITIVE = 2.23, SE = 0.25,2z=8.78, p <
.001, odds ratio = 9.26), which shows that negative words were recognized more accurately
than positive words. Moreover, no significant main effect of Language was shown (b = -0.44,
SE=0.25,z=-1.71, p>.05).

Furthermore, the results showed a significant interaction between Language and Word
Valence for Contrast 2, suggesting that the difference in accuracy between positive and
negative words is language-dependent (b =-2.25, SE = 0.50, z =-4.51, p <.001, odds ratio =
0.11). Pairwise comparisons indicated higher accuracy scores in Dutch for negative words
than for positive words (b = 3.35, SE = 0.40, z = 8.37, p <.001, odds ratio = 28.46). A similar
pattern was observed for English, with higher accuracy rates for negative compared to
positive words (b =1.10, SE = 0.30, z = 3.63, p <.001, odds ratio = 3.01), although the
magnitude of this difference was smaller than in Dutch. With regard to negative words,
accuracy was higher in Dutch than in English (b = 1.51, SE =0.45, z=3. 37, p <.001, odds
ratio = 4.55). Finally, the interaction between Language and Word Valence for Contrast 1 was
not significant (b =-0.13, SE =0.37, z=-0.37, p > .05).
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Figure 1. Mean accuracy rates (%) for neutral, negative and positive words in Dutch (L1) and
English (L2) with their 95% confidence intervals.
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Response times. Figure 2 shows the mean RTs in milliseconds as a function of Language and
Word Valence. It demonstrates that, in Dutch (L1), responses were fastest for negative words
(M = 1154 ms, SD = 363), followed by positive words (M = 1245 ms, SD = 374). In English
(L2), participants responded slightly faster to positive words (M = 1150 ms, SD = 329) than to
negative words (M = 1161 ms, SD = 317). Neutral words elicited the longest RTs in both
Dutch (M = 1361 ms, SD = 366) and English (M = 1401 ms, SD = 356).

Appendix Table B2 presents the model results for RTs as dependent variable. The
analysis indicated a main effect for Word Valence for Contrast 1 (AneuTrALvsEMOTION = 203.82,
SE =16.62,t=12.26, p <.001), demonstrating shorter RTs for emotional compared to neutral
words. An effect was also observed for Contrast 2 of Word Valence (ONEGATIVEvsPOSITIVE =
-49.14, SE =19.08, t =-2.58, p <.05), revealing faster responses for negative compared to
positive words. However, no effect of Language was found (b =-27.98, SE = 62.88, t =-0.45,
p>.05)

Furthermore, a significant interaction between Language and Word Valence for
Contrast 2 was found (b = 124.10, SE = 38.16, t =3.25, p <.01). Pairwise comparisons
demonstrated, for Dutch, shorter RTs for negative than for positive words (b =-111.20, SE =
27.30,z=-4.07, p <.001). In English, the difference between negative and positive words
showed no significant effect (b = 12.90, SE = 26.60, z = 0.49, p > .05). Finally, the interaction
between Language and Word Valence for Contrast 1 demonstrated no significant effect (b =
58.99, SE =33.24,t=1.77, p > .05).
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Figure 2. Mean RTs (ms) for neutral, negative and positive words in Dutch (L1) and English
(L2) with their 95% confidence intervals.
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4.2 Electrophysiological results

Late Positive Complex (LPC; 500-800ms). Figure 3 presents the grand-average LPC
amplitudes for Word Valence (neutral, negative and positive words) as a function of Language
(Dutch (L1) and English (L2)), alongside topographic maps depicting the differences in LPC
amplitude for Contrasts 1 and 2 of Word Valence for each Language. In Dutch, emotional
words elicited larger LPC amplitudes compared to neutral words (M =-0.87 uV, SD = 7.90),
with negative words (M = 0.25 ¢V, SD = 8.86) yielding a greater LPC increase than positive
words (M =-0.49 uV, SD = 8.41). In English, a similar pattern was observed; however, the
differences between neutral (M = -1.52 4V, SD = 7.34), negative (M = -0.91 uV, SD = 6.75)
and positive words (M =-1.21 ¢V, SD =7.15) were reduced.

Appendix Table B3 presents the results of the linear mixed-effects model for the LPC
time window. The analysis revealed a main effect of Word Valence for both Contrast 1 and
Contrast 2. The effect of Contrast 1 demonstrated a larger LPC amplitude for emotional
(negative and positive) compared to neutral words (bneutraLvsemoTioNAL = -0.61, SE = 0.19, ¢
=-3.17, p <.01). In addition, the effect for Contrast 2 revealed a larger LPC amplitude for
negative words than positive words (bnecarivevspositive = 0.52, SE = 0.22, t = 2.35, p <.05).
There was no significant main effect of Language (b =-0.84, SE = 0.61, t =-1.37, p > .05).

The analysis revealed an interaction between Language and Word Valence for Contrast
1, indicating that the processing of neutral versus emotional stimuli is language-dependent (b
=0.29,SE=0.15,1=1.97, p <.05). In Dutch, LPC amplitudes were significantly larger for
emotional compared to neutral words (b =-0.50, SE = 0.14, z = -3.64, p < .001). Similarly, in
English, LPC amplitudes were significantly larger for emotional than neutral words (b =
-0.31, SE=0.14,z=-2.27, p <.05), although the effect was reduced compared to Dutch.

Additionally, the extent to which negative or positive words differed from neutral ones
was explored across languages. In Dutch, LPC amplitudes were significantly larger for
negative than neutral words (b =-1.12, SE = 0.24, z =-4.69, p <.001), whereas no significant
difference was observed between positive and neutral words (b =-0.38, SE = 0.24, z=-1.61,
p > .05). A similar pattern was observed in English: LPC amplitudes were larger for negative
than for neutral words (b =-0.61, SE =0.24, z=-2.61, p <.05), while positive and neutral
words did not differ significantly (b =-0.31, SE=0.24, z=-1.32, p > .05).

The interaction effect between Language and Word Valence for Contrast 2 was also
found to be significant (b =-0.43, SE = .017, t = -2.54, p <.05). In Dutch, LPC amplitudes
were increased for negative words compared to positive words (b = 0.74, SE = 0.24, z = 3.09,
p <.01). In English, however, no effects between negative and positive words were found (b =
0.30, SE=0.24,z=1.29, p > .05).
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Figure 3. (A) Grand average LPC waveforms for neutral, negative and positive words for
Dutch (L1) and English (L2) in the 500-800ms time window. (B) Topographic maps depicting
differences in LPC amplitude between emotional (both positive and negative) and neutral

words (contrast 1), and between negative and positive words (contrast 2), for each language in
the 500-800ms time window.
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5. General Discussion

The present ERP study aimed to investigate whether emotional engagement is attenuated in an
L2 compared to the L1 during speech processing, at both behavioural and neural levels. More
specifically, the influence of language (L1: Dutch versus L2: English) and valence (negative,
neutral, or positive) on emotional word processing in the auditory modality was examined.
While previous ERP research has focused exclusively on the written modality (e.g., Chen et
al., 2015; Tang et al., 2024), little is known about how emotional words are processed when
heard. Using a valence judgement task, it was investigated whether enhanced emotional
responses to emotional words could be elicited in listeners when they heard negative (e.g.,
war), neutral (e.g., door), or positive (e.g., love) words in their L1 or L2. This paradigm
directly compared how emotional meaning is processed across languages in the auditory
modality, particularly by assessing response accuracy and response times and through the
modulation of the LPC, an ERP component.

5.1 Emotional responses in L1

It was hypothesised that emotional words in L1 would elicit stronger behavioural and neural
responses than neutral words (hypothesis 1), and that negative words would elicit stronger
responses relative to positive words (hypothesis 2). The findings, however, revealed this
pattern for neural responses, but not for behavioural responses, indicating a dissociation
between the two in emotional processing in L1.

At the behavioural level, emotional words did not elicit a general behavioural
advantage in terms of more accurate or faster responses than neutral words. Consequently, this
result does not support the first hypothesis, which predicted behavioural differences between
emotional and neutral words in L1. Nonetheless, participants responded more accurately and
rapidly to Dutch negative words than to positive words. This provides support for the second
hypothesis regarding differential behavioural responses to negative and positive stimuli. This
pattern suggests that negative information exerted a stronger influence on response selection,
even in the absence of a general emotional advantage over neutral words.

Behavioural responses to negative words can manifest in various forms, ranging from
an absence of physical movement (i.e. freezing) to heightened motor activity (i.e. the fight-or-
flight response; e.g., Carreti¢ et al., 2008b; Damasio, 2001). Faster and more accurate
responses to negative words reflect early attentional prioritisation of negative information
(Baumeister et al., 2001). From an evolutionary perspective, this pattern aligns with adaptive
accounts of emotional processing, which propose that individuals are tuned to detect
potentially threatening stimuli rapidly. However, this finding contradicts research showing
that negative words cause slower responses due to greater cognitive disruption (e.g., Estes &
Adelman, 2008; Pratto & John, 1991; Wentura et al., 2000). In the present study, negative
words enhance engagement and facilitate response selection. Rather than eliciting a literal
fight-or-flight response, negative words prepared the motor system to respond more quickly to
negative words, resulting in faster responses consistent with an avoidance-oriented
behavioural tendency (e.g., Estes & Adelman, 2008; Kauschke et al., 2019; Pratto & John,
1991). While this avoidance-oriented facilitation has been previously demonstrated in written
word processing, this study provides novel evidence that this effect also extends to the
auditory modality.

At the neural level, clear evidence for enhanced emotional processing in L1 was
observed. Emotional words elicited larger LPC amplitudes than neutral words over
centroparietal brain regions, corroborating the first hypothesis at the neural level. Moreover,
Dutch negative words evoked significantly larger LPC amplitudes than positive words,
consistent with the second hypothesis and indicating stronger emotional engagement with
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negative words. This suggests that the emotional-neutral LPC differences are primarily driven
by negative words. This interpretation is further supported by the observation of comparable
LPC responses to positive and neutral words, as evidenced by the exploratory findings related
to the first hypothesis.

Enhanced LPC amplitudes are typically interpreted as reflecting sustained attention
and deeper evaluative processing of emotional stimuli (e.g., Hajcak et al., 2009; Ito et al.,
1998; Lang et al., 1997; Naumann et al., 1992). The enhanced LPC response to negative
words in L1, therefore suggests prolonged allocation of attentional and motivational resources
to negative information. These findings align with previous ERP studies reporting enhanced
LPC responses for emotional, in particular negative words, in L1 (e.g., Kanske & Kotz, 2007;
Tang et al., 2024; Zhang et al., 2017), and supports the notion that negative and positive
evaluations rely on distinct motivational systems (e.g., Bradley, 2000; Chen & Bargh, 1999;
Ito et al., 1998; Lang et al., 2000). Although positive words are emotionally relevant, they do
not convey the same urgency or motivational significance as negative words.

The prioritisation of negative words in L1 aligns with an evolutionary perspective,
according to which negative stimuli are time-sensitive and receive preferential behavioural
and neural processing (e.g., Carretié et al., 2008b; Ito et al., 1998; Pratto & John, 1991). This
pattern can be explained within the framework of the “negativity bias”, whereby negative
information is processed more deeply than positive information (e.g., Delaney-Busch et al.,
2016; Estes & Adelman, 2008; Kanske & Kotz, 2010; Tang et al., 2024). Because L1
emotional concepts are strongly grounded through early acquisition in emotionally rich
experiences, negative words may have more robust links to emotional responses and
motivational systems (e.g., Barrett et al., 2007; Bloom & Beckwith, 1989; LaBar & Phelps,
1998). This notion is therefore not limited to written word processing, as shown in previous
work, but also extends to the auditory modality, as demonstrated by the present findings.

In summary, emotional word processing in L1 revealed robust neural sensitivity to
emotional content, particularly negative valence, alongside selective behavioural prioritisation
of negative words. Negative words appear to hold a privileged emotional status in L1,
reflecting strong emotional engagement than positive words. Although the notion of a
“negativity bias” is not novel, the present study extends this idea to auditory emotional
processing, demonstrating that this effect also emerges when bilinguals /isten to emotional
words in their L1.

5.2 Emotional responses in L2

The present study further hypothesised that emotional engagement would be reduced in the
L2 relative to the L1 (hypothesis 3). This would be reflected in attenuated behavioural and
neural responses to emotional valence. The results largely support this hypothesis, indicating
that emotional word processing in L2 is characterised by reduced sensitivity to emotional
valence at later stages of processing.

At the behavioural level, no significant differences in accuracy or response times were
observed between emotional and neutral words, supporting the third hypothesis of a general
behavioural response in L2. When comparing negative and positive words, no differences in
response times were found, although negative words were recognised more accurately. This
finding does not support the prediction of an advantage for positive words in L2, and contrasts
from the clear behavioural differentiation observed in L1. It therefore indicates that emotional
words do not consistently modulate behavioural responses in L2, with effects appearing
weaker than those observed in L1, corroborating the expectation of reduced behavioural
sensitivity in an L2.

These behavioural findings align with previous work showing that emotional L2
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words often fail to elicit processing advantages typically associated with emotional content,
both in auditory (e.g., Caldwell-Harris & Ay¢icegi-Dinn, 2009; Harris et al., 2003), and
written modalities (e.g., Chen et al., 2015; Eilola et al., 2007; Pavlenko, 2012; Segalowitz et
al., 2008). The present study thus corroborates previous evidence from auditory emotional
word processing, reflecting reduced emotional engagement and increased cognitive demands
in L2. However, this pattern contrasts with the notion that positive words should be
recognized more accurately, due to their earlier acquisition in L2 (e.g., Ponari et al., 2017).

At the neural level, emotional words evoked larger LPC amplitudes than neutral words
in L2, although this effect was attenuated relative to L1. This finding corroborates the third
hypothesis of reduced emotional engagement at a neural level. Further exploration of this
effect revealed that positive words elicited responses comparable to neutral words, whereas
negative words showed increased LPC responses relative to neutral words. However, no
significant difference arose from the comparison between negative and positive words.
Together, these results suggest that emotional words are still processed in L2, but that neural
responses show reduced sensitivity to differences in valence.

This pattern is consistent with emotional detachment, suggesting that emotional
concepts are less strongly grounded due to differences in age of acquisition and context of
learning (e.g., Caldwell-Harris, 2014; Harris et al., 2006; Sheikh & Titone, 2016). Because L2
emotional words are typically acquired in emotionally neutral contexts and after the
maturation of emotional regulation systems, their semantic representations are less tightly
linked to emotional experience. Fewer associative connections are therefore established
between words and their emotional resonance (Pavlenko, 2012). As a result, emotional words
may not elicit distinct emotional responses (Altarriba, 2003; Harris et al., 2006), yielding
comparable levels of emotional activation across valence categories in L2, albeit attenuated
compared to L1 (e.g., Chen et al., 2015; Conrad et al., 2011).

In line with this reduced emotional grounding, the absence of a clear differentiation
between negative and positive words further supports the notion of weakened semantic-
emotional integration (Chen et al., 2015; Conrad et al., 2011). Rather than selectively
prioritising negative words, as observed in L1, emotional processing in L2 appears to occur in
a more uniform and disembodied manner (e.g., Pavlenko, 2012). Because emotional concepts
are less strongly established, their emotional meaning and perception may be more ambiguous
in L2, particularly when conceptual representations are less readily accessible (see Brooks et
al., 2017 for a meta-analysis on emotional word ambiguity independent of L2 context).

Moreover, positive words tend to provide less distinct valence cues and are often
perceived as neutral (e.g., Delaney-Busch et al., 2016). Negative words, by contrast, are
typically more unambiguous and evolutionarily salient (e.g., Delaney-Busch et al., 2016;
Lang et al., 1997), making them easier to identify. The present findings demonstrated this;
negative words were recognised more accurately. However, they did not evoke stronger
emotional responses compared with positive words. Thus, while bilinguals may access the
semantic content of negative L2 words, these words fail to elicit distinct emotional reactions
(Dewaele, 2004, 2008), reinforcing the idea that the L2 is less deeply embedded in emotional
experiences.

This reduced differentiation could also reflect more effortful processing of emotional
meaning in L2 (Chen et al., 2015; Conrad et al., 2011; Hinojosa et al., 2010; Opitz & Degner,
2010). Emotional meaning may be less automatically and less distinctly activated, potentially
requiring more effortful evaluation (e.g., Segalowitz et al., 2008). The increased LPC
response for negative words might therefore reflect enhanced emotional engagement or
sustained re-evaluation of negative content in L2 at later processing stages (Jonczyk et al.,
2016), associated with greater cognitive demands. Consequently, emotion effects for positive
words may be attenuated by the presence of highly negative stimuli. If negative words were
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removed from the stimulus set, a clearer emotion effect for positive words might emerge, even
in an L2 (e.g., Tang et al., 2024).

Overall, language plays a decisive role in evoking emotional experiences. Emotional
engagement is attenuated in L2, reflecting distinct behavioural and neural activity, and no
differentiation between negative and positive words. Word valence affects emotional
processing in both languages, but less pronounced in later-acquired languages. The reduced
semantic-emotional integration in L2 appears to result in diminished emotional engagement
relative to L1. Importantly, this study extends prior research on emotional word processing to
the auditory modality. While emotional words, in particular negative ones, hold a special
status in L1, this effect is attenuated in L2. Emotional word processing therefore appears to be
strongly language-dependent.

5.3 Limitations and future research

The present study makes an important contribution to understanding L.1 compared to L2
emotional word processing in the auditory modality, while also highlighting avenues for
future research. These considerations can be broadly divided into theoretical and
methodological aspects.

From a theoretical perspective, the present study focused on late lexical stages of
emotional word processing, specifically the LPC, which is consistently modulated by
emotional content. Earlier pre-lexical components, such as the N1-P1, N2-P2 and the EPN,
are also sensitive to emotional words in the written modality (e.g., Gonzalez-Villar et al.,
2014; Kissler et al., 2008). Future research could therefore examine whether listening to
emotional speech modulates early attentional prioritization of emotional words and whether
these early-stage effects interact with later stages (Jonczyk et al., 2016; Tang et al., 2024).
This is particularly relevant as early components provide a neural correlate for the rapid
detection advantages observed for negative words in the behavioral data. Auditory studies
have already shown auditory EPN effects for prosodic and semantic tasks e.g., Czigler et al.,
2007; Jaspers-Fayer et al., 2012; Mittermeier et al., 2010), suggesting that examining these
early stages could yield additional insights into L2 processing.

While the current study provides valuable insights into auditory emotional word
processing, it remains challenging to disentangle the contributions of emotional engagement
from general cognitive load. This is particularly evident in L2, where increased cognitive
demands may co-occur with diminished emotional engagement (Imbault, 2020; Sugita-
McEown et al., 2024). The behavioral data may provide indirect evidence of increased
processing demands, but the present data do not allow the distinction between emotional
attenuation and cognitive effort at the neural level, as the LPC is primarily involved in
emotional processing. Future research could therefore incorporate more direct indices of
cognitive load (e.g., pupil dilation, dual-task paradigms) to better distinguish the underlying
mechanisms within the auditory modality. Addressing this would clarify whether observed
effects reflect emotional resonance, increased attentional demand, or a combination of both.

From a methodological perspective, the study extended emotional word processing
research to the auditory modality, offering a foundation for future direct comparisons across
modalities. While the results are consistent with previous findings in L2 reading, future work
could investigate whether listening elicits stronger neural responses than reading, as suggested
by physiological responses in skin conductance and pupillometry research (Harris et al., 2003;
Harris, 2004; Yao et al., 2023).

The valence judgment task used here may have amplified the differentiation of
emotional effects across languages. The explicit categorisation of emotional valence likely
increased automatic vigilance and sustained emotional processing (e.g., Delaney-Busch et al.,
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2016; Estes & Verges, 2007; Fischler & Bradley 2006; Gonzalez-Villar et al., 2014). In L1,
this may have facilitated automatic access to emotional meaning, whereas in L2 it may have
increased cognitive effort, attenuating valence-specific differentiation. Moreover, because the
task included all three valence categories, the highly aversive nature of negative words may
have disproportionally captured more attention, potentially driving the dominance of the
“negative brain” (Carretié et al., 2008b). To determine whether these effects reflect generalise
beyond this paradigm, future studies could employ alternative task designs.

Furthermore, emotion-laden and emotion-label words were not distinctly categorized
during stimulus selection. Hence, this design reflects naturalistic language processing, where
both word types co-occur inconsistently. The observed effect may, however, be biased
towards a particular word condition, considering that emotion-label and emotion-laden words
have been shown to be processed differently, eliciting distinct neural responses in written text
(e.g., Tang et al., 2024; Wu et al., 2019; Zhang et al., 2017). To verify this, future research
could systematically distinguish between them to examine their impact on the processing of
emotional words in the auditory modality.

Although words were presented in a monotonous tone to isolate semantic effects,
prosody plays an important role in conveying emotion (Kotz & Paulmann, 2007; Paulmann &
Kotz, 2008a). Future research could explore interactions between prosody and semantics,
including comparisons between human and artificial voices. Accordingly, it could determine
whether the observed emotion effects generalize beyond a single speaker. Likewise, context
can shape emotional responses (Bak, 2013; Bayer et al., 2010; Ding et al., 2014; Erickson &
Schulkin, 2003; Jonczyk et al., 2016; Zhang et al., 2006, 2010). While decontextualized
words allowed for a controlled examination of emotional processing, future work could
investigate how discourse context, facial expressions and environmental factors influence
emotional processing. Such effects have been examined in auditory emotional processing in
monolingual populations (e.g., Gerdes et al., 2014; Hernandez-Gutiérrez et al., 2022; Maquate
et al., 2023), their role in bilingual contexts remains to be explored.

Naturalistic contexts also introduce external sources of uncertainty, such as
environmental noise, affecting both speech processing (Bidelman & Dexter, 2015; Brouwer et
al., 2012) and emotional responses (Amorese et al., 2025). To which extent such external cues
influence emotional word processing remains unclear. It is particularly relevant to study,
given that environmental noise introduces perceptual uncertainty, whereas bilingualism
introduces an internal uncertainty with differences in emotional resonance across languages.

Finally, while the current study provides a first step in examining auditory emotional
word processing, future research could expand on these findings by incorporating alternative
EEG measures such as neural oscillations, which may better capture the dynamic integration
of multimodal information over time (Drijvers & Mazzini, 2023; Rossi et al., 2022; Symons
et al., 2016).
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6. Conclusion

The present study extends previous evidence of emotional detachment in L2 to the auditory
modality, by providing behavioural and neural evidence. It examined emotional responses in
processing negative, neutral and positive spoken words in both L1 and L2 in late Dutch-
English bilinguals. The results demonstrated the presence of a language-dependent emotion
effect in late lexical processing and highlighted dissimilar neural processing patterns towards
emotional words between L1 and L2.

Emotional words elicited larger LPC amplitudes than neutral words in both languages,
reflecting stronger emotional responses. However, this effect was attenuated in L2. In L1,
negative words triggered stronger responses than positive words, consistent with the
“negativity bias” (Ito et al., 1998), whereas in L2, no difference between negative and positive
words was observed, indicating reduced emotional engagement and emotional detachment.

Overall, negative emotions are prioritized in L1 due to their evolutionary relevance,
while emotional resonance is diminished in later-acquired languages. These findings extend
prior research by showing that emotional detachment also occurs in the auditory modality,
highlighting the importance of studying spoken stimuli to understand emotional word
processing.
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Appendices
Appendix A. Target stimuli

Table Al. Dutch (L1)-English (L2) word list categorized by Word Valence (negative, neutral,

and positive).

Negative Neutral Positive
Dutch English Dutch English Dutch English
aartsvijand nemesis bedrag amount bescherming  protection
afpersing blackmail bedrijf company bruiloft wedding
agressie agression beer bear chocola chocolate
begrafenis funeral behandeling treatment dame lady
beul executioner beroep profession dans dance
bloedbad bloodbath beschrijving  description droom dream
bomaanslag bombing bezit posession ervaring experience
catastrofe catastrophe brug bridge feest party
crimineel criminal deur door geld money
depressie depression duiker diver gerechtigheid Justice
doder killer duim thumb gezondheid health
doodsangst terrified eeuw century goud gold
doodskist coffin frequentie frequency grapje joke
dreiging threat gebouw building hart heart
eenzaamheid  loneliness geit goat hemel heaven
fraude fraud geschiedenis history huwelijk marriage
geweld violence gewoonte habit idee idea
gijzelaar hostage gezag authority kerst christmas
gijzeling kidnapping havermout oatmeal kind child
gruweldaad atrocity helm helmet kus kiss
haat hate horloge watch lach smile
hongersnood  starvation invloed influence leven life
inbraak burglary jas jacket liefde love
kwelling torment knoflook garlic magie magic
lijk corpse mentaliteit mentality mama mom
marteling torture methode method muziek music
misbruik abuse motief motive overwinning victory
miserie misery nier kidney plezier pleasure
miskraam miscarriage ober waiter prinses princess
moord homicide oorsprong origin reis trip
moordenaar murderer oorzaak cause relatie relationship
moordpartij massacre plicht duty roos rose
ontploffing explosion potlood pencil schat treasure
oorlog war spiegel mirror schoonheid beauty
overspel adultery standbeeld statue slaap sleep
overval robbery steen stone steun support
racisme racism stemming mood strand beach
slachtpartij slaughter tandpasta toothpaste vakantie holiday
terreur terror theorie theory veiligheid protection
terrorisme terrorism toestand condition verjaardag birthday
tirannie tyranny toren tower verstand mind
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uitbuiting exploitation ~ vaatwasser dishwasher voordeel advantage

verkrachter rapist vergelijking  comparison vrede peace
verkrachting rape verleden past vriendin girlfriend
vijandschap hostility verschil difference vrijheid freedom
woede rage versie version wens wish
wraakactie revenge vrijgezel bachelor zee sea
zelfmoord suicide wachtwoord password zon sun

Note: yellow marked words are non-identical cognates between Dutch and English
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Appendix B. (Generalized) linear mixed-effects models

Table B1. Results of the generalized linear mixed-effects model for accuracy.

Effect Estimate SE z-value p-value
Intercept 2.59 0.14 19.10 <.001%***
Valenceneutral vs. Emotional -1.00 0.19 -5.31 <001 ***
Valencenegative vs. Positive 2.23 0.25 8.78 <.001%***
Languagegngiish -0.44 -1.71 -1.71 .087
Valenceneutral vs. Emotional X Languageenglish -0.13 0.37 -0.37 716
Valencenegative vs. Positive X Languagegnglish -2.25 0.50 -4.51 <.0071%**
Table B2. Results of the linear mixed-effects model for response times.
Effect Estimate SE z-value p-value
Intercept ~ 1262.58 31.44 40.16 <001 ***
Valenceneutral vs. Emotional 203.82 16.62 12.62 <001 ***
Valencenegative vs. Positive -49.14 19.08 -2.58 .010*
Languagegnglish -27.98 62.88 -0.45 .659
Valenceneutral vs. Emotional x Languagegnglish 58.99 33.24 1.77 .077
Valencenegative vs. Positive X Languagegnglish 124.10 38.16 3.25 <.01%**
Table B3. Results of the linear mixed-effects model for the Late Positive Complex.
Effect Estimate SE t-value p-value
Intercept -0.79 0.31 -2.48 017*
Valenceneutral vs. Emotional -0.61 0.19 -3.17 <001 ***
Valencenegative vs. Positive 0.52 0.22 2.35 .020*
Languagegnglish -0.84 0.61 -1.37 0.180
Valenceneutral vs. Emotional X Languageenglish 0.29 0.15 1.97 .049%*
Valencenegative vs. Positive X LaNZUAZEEnglish -0.43 0.17 -2.54 O11*
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