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Abstract

Emotional experiences are often dulled in one’s second language. We tested whether emotion
concepts are more strongly associated with first language (L1) than second language (L2)
emotion words. Participants (140 L1-Swedish–L2-English bilinguals) saw a facial expression
of an emotion (cue) followed by a target, which could either be another facial expression,
an L1 emotion word, or an L2 emotion word. Participants indicated whether the cue and
target represented the same or different emotions as fast as possible. Participants were faster
and more accurate in both the L1 and L2 word conditions compared to the face condition.
However, no significant differences emerged between the L1 and L2 word conditions, suggest-
ing that emotion concepts are not more strongly associated with L1 than L2 emotion words.
These results replicate prior research showing that L1 emotion words speed facial emotion
perception and provide initial evidence that words (not only first language words) shape emo-
tion perception.

Introduction

People often report that their emotions feel dulled when constrained to their second language
rather than their first language (see Dewaele, 2010; Pavlenko, 2005, for seminal accounts on
the subject). Research on this phenomenon (referred to in the bilingualism literature as
reduced emotional resonance [e.g., Harris et al., 2003; Weimer et al., 2022]) has repeatedly
shown decreased emotional reactivity when reading, speaking, or listening to material in a
second language. For example, when asked to rate positive and negative words on a scale
from ‘not positive at all’ to ‘extremely positive’ and from ‘not negative at all’ to ‘extremely
negative’ respectively, bilinguals rate both emotion-label words (e.g., joy, anger) and emotion-
laden words (e.g., death, darling) as less emotionally intense in their second (L2) compared to
their first (L1) language (e.g., Ferré et al., 2022, for an overview, see Pavlenko, 2008). Similarly,
bilinguals judge swear words (Dewaele, 2004), taboo words (Dewaele, 2004; Harris et al.,
2003), childhood reprimands (Harris et al., 2003), and saying ‘I love you’ (Dewaele, 2008)
as less emotionally arousing when in L2 than L1. At the behavioral level, reading comprehen-
sion tasks show that bilinguals take significantly longer to read L1 negative emotion words
than L1 neutral words, but this difference is not observed when comparing L2 negative and
neutral words (Sheikh & Titone, 2016). Physiologically, people exhibit lower skin conductance
responses (e.g., Caldwell-Harris & Ayçiçeği-Dinn, 2009; Harris, 2004; Harris et al., 2003),
smaller pupillary responses (Toivo & Scheepers, 2019), and weaker grip force responses
(Thoma et al., 2023) when hearing or reading L2 emotional words compared to L1. Thus,
across self-report, behavioral, and physiological levels of analysis, data converge to suggest
that emotional experiences are dulled when using one’s second language (however, see e.g.,
Ayçiçegi & Harris, 2004; Ayçiçegi-Dinn & Caldwell-Harris, 2009; Ferré et al., 2010 for studies
that did not find such a difference on memory tasks and Eilola & Havelka, 2011; T. M. Sutton
et al., 2007 for studies that did not find such a difference on an emotional Stroop task).

Interestingly, converging evidence suggests that L2-proficiency moderates the extent to
which emotional resonance is dampened in a second language (e.g., Caldwell-Harris et al.,
2011; Harris, 2004). Additional evidence for this notion comes from studies using affective
priming tasks, where participants see two emotion words in a row and must determine
whether the second word (target) is positive or negative while ignoring the first word
(prime) that was presented. Reaction times are faster when the prime is congruent with the
target for L1 words but only for L2 words in bilinguals who use their L2 frequently and/or
who have high L2-proficiency (e.g., Degner et al., 2012; Winskel, 2013). For less proficient
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bilinguals, the priming effect weakens or disappears entirely when
the task is completed in their less proficient L2. Similarly, it nor-
mally takes longer to name the color of negative emotion words
than it takes to name the color of neutral words in an (L1) emo-
tional Stroop task. For early bilinguals (i.e., those who acquired
both languages during early childhood) that are equally proficient
in both their languages (e.g., Grabovac & Pléh, 2014; Sutton et al.,
2007) and/or for immersed bilinguals (e.g., Eilola & Havelka,
2011; Grabovac & Pléh, 2014), the emotional Stroop effect still
occurs when the task is completed in their L2. However, the effect
disappears in participants who have lower L2-proficiency (i.e.,
they can name the color of negative L2 emotion words just as
quickly as the color of L2 neutral words). Consequently, it appears
that a dampening of L2 emotional resonance is especially
pronounced for individuals with lower L2-proficiency.

Theoretically, constructionist accounts of emotion (Barrett,
2006, 2016) might explain reduced emotion resonance in second
language contexts as due to an underlying difference in how
closely EMOTION CONCEPTS are associated with L1 vs. L2 emotion
words. In brief, constructionist theories posit that emotion
words and their associated emotion concepts (i.e., the physio-
logical states, contextual information, and semantic knowledge
that together form a person’s internal representation of what
defines a given emotion) play a central role in shaping both
one’s OWN emotional experiences and perceptions of OTHERS’ emo-
tions (e.g., Barrett, 2006, 2016; Barrett et al., 2007; Gendron et al.,
2012; Lindquist & Gendron, 2013; Lindquist et al., 2015). For
example, learning to identify novel facial movements as discrete
emotions in ‘alien’ faces (Doyle & Lindquist, 2018) or in chim-
panzee faces (Fugate et al., 2010) is facilitated when the novel
emotion is paired with an emotion label. In addition, priming
the concept of ‘fear’ (rather than ‘anger’) before inducing negative
affect leads people to behave more fearfully (Lindquist & Barrett,
2008), and having people categorize their emotions using discrete
labels shifts neural activity to align with those labels (Satpute
et al., 2016). Conversely, when emotion words are unavailable
(either due to semantic aphasia or by ‘satiating’ the meaning of
emotion words), others’ emotion expressions are perceived
mainly in terms of valence (i.e., positive or negative), not discrete
emotions (e.g., Doyle et al., 2021; Lindquist et al., 2006, 2014).
Consequently, if emotion words (and their underlying emotion
concepts) are used when people construct their emotional experi-
ences and perceptions of others’ emotions, it is possible that dif-
ferences in emotional resonance in L2 contexts are due to a
reduced association between L2 emotion words and underlying
emotion concepts. In particular, bilinguals’ semantic network
may require them to ‘translate’ L2 emotion words into L1 emo-
tion words before accessing the emotion concept associated
with that L1 emotion word. This theory would also explain
improved emotional resonance in high L2-proficiency individuals
because this ‘translation’ may occur more rapidly or it may not be
needed at all. Indeed, higher L2-proficiency may overlap with lar-
ger experience of the L2, thus increasing the probability that L2
emotion words have been used in an emotionally relevant context.
This would lead these individuals to have stronger associations
between L2 emotion words and underlying emotion concepts.

Although the research summarized above overall shows reduced
emotional resonance in L2 (especially when L2-proficiency is
low), we are lacking direct illustrations that this emerges due to
weakened activation of emotion concepts by L2 words.
Fortunately, a prior study by Nook et al. (2015) developed a para-
digm for testing the strength of the association between emotion

concepts and L1 emotion words within the context of emotion
perception. In two studies, L1 English-speaking participants
completed trials in which they first saw a facial expression of an
emotion, followed by a target that was either another facial expres-
sion (face-face trials) or an English emotion word (face-word
trials). Cues and targets were either congruent (i.e., the same
emotion, like sad and sad) or incongruent (i.e., different emo-
tions, like sad and angry). Participants indicated whether these
pairs expressed the same or different emotions as quickly and
accurately as possible within a very short time frame (i.e., 1
second). Both experiments in this study showed that participants’
responses were faster and more accurate when targets were emo-
tion words than when targets were other faces. Furthermore, con-
gruent face-word pairs more strongly sped emotion categorization
than congruent face-face pairs. These results support the notion
that emotion concepts are more strongly ASSOCIATED with emotion
words than faces.

Here, we adapted this paradigm to investigate the role of L1
and L2 emotion words on emotion perception. In particular, we
added a third condition such that participants completed both
congruent and incongruent trials with THREE target types: (i) face-
face, (ii) face-L1 word, and (iii) face-L2 word. Comparing partici-
pants’ accuracy and reaction time across conditions can reveal
how strongly people associate conceptual categories of emotion
with each of the target types (i.e., faces, L1 words, and L2
words). This is because participants must bring to mind the con-
cept for the cue (e.g., sad) and then indicate whether or not that
matches the target category (e.g., sad or angry). Based on the logic
of conceptual priming (Collins & Loftus, 1975; Neely, 1991), we
can compare reaction times for congruent and incongruent trials
across each condition to test how strongly each target type is asso-
ciated with corresponding emotion concepts. For example, if
viewing a sad facial expression speeds the processing of the L1
Swedish emotion word (‘sorg’) more than the L2 English emotion
word (‘sad’), that would provide evidence that the concept for
sadness is more strongly associated with the L1 than the L2 emo-
tion word. This strengthened association would also produce
more accurate categorizations under time pressure.

We used this design to test three questions. First, we tested
whether the effects found in Nook et al. replicated in a native
Swedish-speaking population. As was found in Nook et al.
(2015), we hypothesized that we would again find that the associ-
ation between congruent cue-target pairs would be stronger (i.e.,
responses to the target would be faster and more accurate) for
face-L1 word pairs than face-face pairs. Second, we tested whether
this association would be diminished for emotion words pre-
sented in English, our participants’ second language. To test
whether a weaker association with L2 emotion words may be a
mechanism underlying accounts of the reduced L2 emotional res-
onance described above, we hypothesized that emotions would be
perceived more slowly and less accurately in the second language
context compared to the first language context and that congruent
face-L1 word pairs would result in faster responses than congru-
ent face-L2 word pairs. Finally, we tested whether the partici-
pants’ L2-proficiency level would moderate these effects. Based
on the empirical findings described above suggesting that higher
L2-proficiency correlates with higher L2 emotional resonance, we
hypothesized that the more proficient participants were in their
second language (English), the more facilitating the L2 word con-
text would be for emotion perception. Finding that associations
with emotion concepts differ between L1 vs. L2 emotion words
could provide a theoretical explanation for the effects reviewed
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above. Furthermore, addressing this question has important impli-
cations for a variety of social situations where interactions occur in
a second language, including immigrants living in a country where
they are beginning to learn and use a second language, or in con-
texts where the use of a second language is common such as in
business, education, traveling, and online interactions.

Method

Participants

Data for this study were collected in-person in Sweden.
Participants were recruited via ads on university bulletin boards
and social media. The ad specified which characteristics the
participant should have (i.e., Swedish as a L1, English as a L2,
age between 18 and 45 years), but no screening was conducted
prior to data collection. A total of 154 participants completed
the study in-person between late 2019 and early 2022. Based on
the same preregistered exclusion criteria presented above, three
participants were excluded for having English as one of their
first languages (or reported starting to learn English before age
4, see, e.g., Heredia & Cieślicka, 2014; Kovelman et al., 2008),
three were excluded for being older than 45 years (see Der &
Deary, 2009 for the effect of age on reaction times and
Ruffman et al., 2008 for the effect of age on accuracy), and
eight were excluded for having mean reaction times or sensitivity
scores that were more than 3 standard deviations from the sample
mean for one or more conditions (in accordance with our pre-
registration). Finally, we excluded one participant who failed to
respond to 50% of trials in the trial’s time limits (average propor-
tion of missing trials for the remaining sample was 0.94%).
Although this was not a preregistered exclusion, doing so did
not change any results but nonetheless seems prudent for includ-
ing only high-quality data.

The final sample size was consequently 140 participants (45
[32.14%] male, 93 [66.43%] female, and 2 [1.43%] other; age ran-
ged 18-44 years, Mage = 28.75 years, SDage = 5.94 years, racial
demographics were not assessed due to IRB restrictions on col-
lecting these data in Sweden). Education level was distributed
with peaks at both high school and bachelor’s levels (1 [0.71%]
elementary school or lower, 65 [46.43%] high school, 7 [5%] pro-
fessional training, 46 [32.86%] bachelor’s degree, 17 [12.14%]
master’s degree, 4 [2.86%] Ph.D.). Participants reported their
proficiency in Swedish (L1) and English (L2) by rating their
skill level on five scales (general proficiency, written understand-
ing, oral understanding, written production, oral production)
from 1 to 10 where larger scores indicate higher skill levels. The
mean of the five scales was calculated for each participant and
language. A paired sample t-test (one-tailed) confirmed that par-
ticipants’ self-reported skills in their L1 (M = 9.60, SD = 0.59)
were significantly higher than their self-reported skills in their
L2 (M = 7.84, SD = 1.31), t(139) = 17.44, p < .001, d = 1.59. As
would be expected, self-reported proficiency in L1 and L2 corre-
lated positively, r(138) = .41, p < .001, 90% CI = [.26, .54].
Participants received compensation worth approximately 10
USD (either a movie ticket, two lottery scratch cards, a gift card
valid in several stores, or a gift card valid in a local coffee
shop). The study was reviewed by Mid Sweden University’s
Research Ethics Committee (January 2019), which raised no
objections from an ethical point of view. All study methods and
data handling were in accordance with relevant national and
international regulations and recommendations.

Note that, in an initial preregistration (https://doi.org/10.
17605/OSF.IO/YPHJ9), the target sample size was set by a
power analysis based on the smallest key effect in Nook et al.
(2015) of d = 0.255. In order to replicate this effect at 80%, a sam-
ple of 123 participants was necessary. However, due to the
COVID-19 pandemic, data collection was suspended early after
collecting data from 115 participants. Given that this provided
us with 77% power to detect the smallest key effect size (which
is close to the traditional threshold for power), we terminated
data collection and preregistered our analyses and inclusion/
exclusion rules before analyzing any data. We then excluded par-
ticipants based on predetermined criteria (i.e., age > 45 years, first
language not Swedish, first language English, and/or data out-
liers), yielding an interim sample of 105 usable participants.
Preregistered analyses on this sample yielded inconclusive results:
although some results allowed us to reject the null hypothesis,
others yielded effect size estimates that made us concerned
about Type II error due to low power. As reported in a second
preregistration (https://doi.org/10.17605/OSF.IO/Z8BJK), we con-
ducted equivalence tests (Lakens, 2017; Lakens et al., 2020) on our
borderline results to investigate this concern statistically. The
results of the equivalence tests indeed showed that this interim
sample did not provide sufficient evidence to either affirm or
reject the null hypothesis for some tests (see Supplemental
Materials). Simulations based on interim data revealed that a
sample of at least 140 usable participants would be necessary to
have at least a 50% chance of finding conclusive results. We con-
sequently preregistered a final sample size of 140 usable partici-
pants. We then collected this sample and conducted our
preregistered analyses.

Procedure

After reading about the study and providing written informed
consent, participants were asked to translate the three emotion
words that would later be used in the task from English to
Swedish to ensure that they understood the stimuli words in
their L2 (all participants provided correct translations). The task
used in this study was a modification of the task described in
Study 1 of Nook et al. (2015). As in the original study, a trial
started with a fixation cross for 500 ms, followed by a ‘cue’
image (i.e., a picture of a person showing a facial expression of
anger, disgust, or sadness) for 1,000 ms. A blank screen then
appeared for 200 ms, which was replaced by the ‘target’ image
(either another picture of a facial expression of emotion or an
emotion word) for 1,000 ms. In this study, however, the emotion
word could be in English (L2; anger, disgust, or sadness) or in
Swedish (L1; ilska, avsky, or sorg). The participant then had
1,000 ms to respond whether both stimuli represented the same
emotion (i.e., match) or two different emotions (i.e., no-match).
A blank screen was then presented for 1,500 ms before the next
trial began (see Figure 1).

A total of 144 trials were presented in two blocks of 77 trials
each, with type of trial (face, L1 word, L2 word) and congruency
(congruent, incongruent) evenly distributed across the blocks.
The only difference between the two blocks was the answer asso-
ciated with each key so that a participant instructed to press A for
‘match’ and L for ‘no-match’ in the first block was instructed to
do the reverse in the second block (initial mapping was counter-
balanced across participants). Each block started with written
instructions and 12 practice trials. All instructions were provided
on the screen in English. The experiment was programmed and
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presented in MATLAB (MathWorks, 2018). Stimuli for this study
were a subset of those used in the Nook et al. (2015) paper that
established this paradigm. Posed anger, disgust, and sadness
expressions from 63 unique individuals were selected from the
NimStim (Tottenham et al., 2009) and the IASLab (Gendron
et al., unpublished) validated facial stimuli sets. Three images
were repeated to produce a total of 192 available stimuli. Using
custom code that was run for each participant, these stimuli
were pseudorandomly arranged so that there was a random
arrangement of images to the ‘cue’ and ‘target’ image sets while
balancing stimuli emotion and gender across all cells of the design
and so that no trial included a cue and target image from the same
individual. After the task, participants filled out a questionnaire
with questions about their linguistic and demographic back-
grounds. They were then debriefed, given their compensation,
and thanked for their participation.

Instruments

LexTALE
Because studies suggest that L2-proficiency moderates the
extent to which emotional resonance is dampened in a L2
(Caldwell-Harris et al., 2011; Harris, 2004), where high proficient
bilinguals experience similar emotional resonance in their L1 and
L2 (Degner et al., 2012; Grabovac & Pléh, 2014; Sutton et al.,
2007), we included an objective measurement of proficiency in
addition to self-reported proficiency. This allowed us to include
both measurements as covariates in our analyses to control for
the eventual effect of L2-proficiency. We used LexTALE, a stan-
dardized test to assess vocabulary knowledge in speakers of
English as a second language (Lemhöfer & Broersma, 2012), as
our objective L2-proficiency measurement. LexTALE correlates
with other objective proficiency measurements (e.g., translation
accuracy, word recognition) better than self-reported proficiency
levels (Lemhöfer & Broersma, 2012). The test consists of 60
strings of letters, of which 40 are English words, and 20 are

nonwords (i.e., similar to English words but not actual English
words). The participant’s task is to determine whether the string
of letters is a word or a nonword. We followed convention
(Lemhöfer & Broersma, 2012) and measured English proficiency
by computing the average of the percentage of correctly identified
words and the percentage of correctly rejected nonwords. Scores
can range from 0 to 100, with higher scores indicating better
English proficiency. In our sample, the scores ranged from
48.75 to 100 (M = 77.48, SD = 11.90) and correlated positively
with self-reported L2-proficiency, r(138) = .51, p < .001, 95% CI
= [.37, .62].

Data processing and analyses

Reaction times were averaged for each condition (i.e., face congru-
ent, face incongruent, L1 word congruent, L1 word incongruent,
L2 word congruent, L2 word incongruent) for every participant.
Only correct responses greater than 200 milliseconds were
included in the calculation of mean reaction times. To measure
accuracy, signal detection methods were used (Green & Swets,
1966). Signal detection methods are recommended for psycho-
logical tasks where two types of stimuli must be discerned
as they have the advantage of controlling both for detection sen-
sitivity and response bias compared to simple percent correct
accuracy measurements (Stanislaw & Todorov, 1999). Again, non-
responses and responses faster than 200 milliseconds were
excluded from computations. Sensitivity (d’) was defined as z
(hit rate) – z(false alarm rate) and was calculated for each condi-
tion. The inclusion and exclusion criteria for reaction time and
sensitivity presented above were the same as in Nook et al. (2015).

Analyses follow our preregistered plan except where noted. We
first report analyses of reaction time and sensitivity across all
conditions to give an overall assessment of how these conditions
differed. We analyzed reaction time using a 2 [Congruence: con-
gruent vs. incongruent] x 3 [Context: face vs. L1 word vs. L2
word] repeated-measures ANOVA, and we analyzed sensitivity

Figure 1 Study design.
Note. This figure illustrates examples of congruent and incongruent trials in the different conditions (i.e., Face, L1 Word, L2 Word). On each trial, participants first
saw a fixation cross, a facial expression of emotion (called the cue), a blank screen inter-stimulus-interval (ISI), a facial expression of emotion or an emotion word in
Swedish or English (called the target), and a blank screen inter-trial-interval (ITI). Participants indicated using button presses as fast as possible whether or not the
emotions of the target and cue matched or did not match. Half of the trials in each condition were congruent (i.e., expressed the same emotion), and half were
incongruent (i.e., expressed different emotions). This resulted in a 2 [Congruence: congruent vs. incongruent] x 3 [Context: Face, L1 word, L2 word] design assessing
how each condition affects the speed and accuracy of emotion perception.
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using a one-way repeated-measures ANOVA. To answer our first
research question, where we hypothesized that the effect of
emotion words found in Nook et al. (2015) would replicate in a
Swedish population, we conducted a more focused 2
[Congruence: congruent vs. incongruent] x 2 [Context: face vs.
L1 word] repeated-measures ANOVA of reaction times. We
hypothesized a significant interaction: although responses to con-
gruent trials should overall be faster than incongruent trials, we
expected this to be especially pronounced in the L1 context. We
then tested whether sensitivity results would also replicate prior
research using a paired-sample t-test comparing face and L1
contexts. We hypothesized that sensitivity would be higher in
the L1 context than in the face context.

To answer our second question and examine whether L1
words are more strongly associated with emotion concepts
than L2 words, we analyzed reaction times with a focused 2
[Congruence: congruent vs. incongruent] x 2 [Context: L1 word
vs. L2 word] repeated-measures ANOVA. We again hypothesized
an interaction such that L1 contexts would speed congruent trial
responding more than L2 contexts. We also compared sensitivity
in L1 and L2 contexts using a paired-sample t-test and hypothe-
sized higher sensitivity in the L1 than L2 context. Finally,
to answer our last research question regarding moderation by
proficiency, we conducted an ANCOVA by adding self-reported
proficiency and LexTALE scores as additional predictors in the
analysis described above. We centered continuous predictors
prior to analyses. We hypothesized that we would observe signifi-
cant interactions indicating that the effects described above would
be intensified for Swedish speakers who are more proficient in
English.

We provide effect sizes and confidence intervals (CIs) for all
analyses. For t-tests, we report Cohen’s d and 95% CIs. For
ANOVAs, we provide partial eta-squared (ηp

2) and 90% CIs due
to the fact that tests of the F distribution are single-tailed, mean-
ing that the 90% CI gives the range over which we are 95% con-
fident we can reject the null hypothesis (Lakens, 2013).

Transparency and openness

We report how we determined our sample size, all data exclu-
sions, all manipulations, and all measures in the study. Data
and analytic code for this study are available here (https://osf.io/
ud5f3/). This study was preregistered before any analyses were
conducted (https://doi.org/10.17605/OSF.IO/YPHJ9), and the
preregistration was amended following the conclusion that further
data were required (https://doi.org/10.17605/OSF.IO/Z8BJK). For
full transparency, we provide results of analyses from the initial
preregistration in the Supplemental Materials. How we deter-
mined our sample size, all data exclusions, all manipulations,
and all measures in the study are reported in the Method above.

Results

Overall analyses

As preregistered, we first report analyses of reaction time and sen-
sitivity from all conditions before following up main effects and
potential interactions with focused tests of key research questions.
A 2 [Congruence: congruent vs. incongruent] x 3 [Context: face
vs. L1 word vs. L2 word] repeated-measures ANOVA showed
a significant main effect of Congruence, F(1, 139) = 259.17,
p < .001, ηp

2 = .65, 90% CI = [.57, .71], a main effect of Context,

F(2, 278) = 438.74, p < .001, ηp
2 = .76, 90% CI = [.72, .79], and

a trending interaction between Congruence and Context, F(2,
278) = 2.97, p = .053, ηp

2 = .02, 90% CI = [0, .05] (Figure 2a). A
one-way repeated-measures ANOVA of sensitivity also revealed
a significant main effect of Context, F(2, 278) = 46.02, p < .001,
ηp
2 = .25, 90% CI = [.18, .31] (Figure 2b). As such, we found differ-

ences in RT and sensitivity when examining all conditions, motiv-
ating focused follow-up analyses.

Replicating prior work: does language facilitate emotion
perception?

We next conducted an analysis that was parallel to that of Nook
et al. (2015) in which we ignored L2 word trials and conducted a 2
[Congruence: congruent vs. incongruent] x 2 [Context: face vs. L1
word] ANOVA on RT. This analysis asks whether first language
emotion words facilitate emotion perception more than facial
expressions, even in native Swedish speakers, providing a test
to ensure that the paradigm was valid in another population
with a different language. As hypothesized, we found a main
effect of Congruence, F(1, 139) = 195.21, p < .001, ηp

2 = .58, 90%
CI = [.50, .65], such that responses were faster for congruent trials
(M = 0.68s, SD = 0.06) than incongruent trials (M = 0.73s, SD =
0.05). This supports the notion that cues were more strongly
associated with targets when cue and target shared an emotion
concept (see Introduction). We also observed a main effect of
Context, F(1, 139) = 461.35, p < .001, ηp

2 = .77, 90% CI = [.71,
.81], such that RTs were faster for L1 word targets (M = 0.65s,
SD = 0.06) than for face targets (M = 0.76s, SD = 0.05). Finally, a
significant interaction between Congruence and Context emerged,
F(1, 139) = 5.71, p = .018, ηp

2 = .04, 90% CI = [.004, .10]. Follow-up
paired-sample t-tests revealed that the impact of congruence on
L1 word trials, t(139) = 12.87, p < .001, d = 0.79, 95% CI = [0.65,
0.93], was larger than the impact of congruence on face trials
t(139) = 8.53, p < .001, d = 0.72, 95% CI = [0.53, 0.90]. This result
replicates prior work, showing that facial expressions are asso-
ciated with first language emotion words more strongly than
other facial expressions.

Regarding sensitivity (d’), a significant paired-sample t-test,
t(139) = 8.52, p < .001, d = 0.77, 95% CI = [0.57, 0.98], showed
that participants were significantly more sensitive (i.e., had stron-
ger abilities to accurately match cues and targets) on L1 word
trials (M = 1.27, SD = 0.59) than face trials (M = 0.85, SD =
0.47). This again replicates prior research that d’ is higher when
matching facial expressions to first language emotion words
than when matching with other facial expressions.

Comparing emotion words in first vs. second language

To specifically compare L1 and L2 contexts for emotion percep-
tion (in order to test whether this could be an underlying mech-
anism that would explain lower L2 emotional resonance), we then
ignored face trials and analyzed RT using a 2 [Congruence: con-
gruent vs. incongruent] x 2 [Context: L1 word vs. L2 word]
ANOVA. We again found a main effect of Congruence, F(1,
139) = 226.84, p < .001, ηp

2 = .62, 90% CI = [.54, .68], such that
responses were faster for congruent trials (M = 0.62s, SD = 0.07)
than incongruent trials (M = 0.67s, SD = .06). However, we did
not observe a main effect of Context for L1 and L2 words (M =
0.65s, SD = 0.06), F(1, 139) = 0.44, p = .507, ηp

2 = .003, 90% CI =
[0, .04], nor an interaction between Congruence and Context, F
(1, 139) = 2.44, p = .121, ηp

2 = .02, 90% CI = [0, .07]. A follow-up
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paired-samples t-test revealed that the impact of congruence on
L2 word trials, t(139) = 10.61, p < .001, d = 0.70, 95% CI = [0.55,
0.84], was not significantly different than for L1 word trials (d
= 0.79, see above). Thus, contrary to hypotheses, the extent to
which facial expressions of emotion are associated with L1 and
L2 emotion words did not significantly differ in this study.

Similarly, contrary to hypotheses, a paired-sample t-test showed
a non-significant difference, t(139) = 0.15, p = .879, d = 0.01, 95%
CI = [-0.14, 0.17], between d’ for L1 trials (M = 1.27, SD = 0.59)
and L2 trials (M = 1.27, SD = 0.62). Sensitivity was also significantly
higher in L2 trials than Face trials, t(139) = 7.80, p < .001, d = 0.76,
95% CI = [0.54, 0.97]. Thus, native Swedish speakers were not sig-
nificantly different in their ability to match facial expressions of
emotion with L1 vs. L2 emotion words.

Influence of proficiency

To test the potential effect of L2-proficiency on task behavior, we
used both self-reported English proficiency scores and LexTALE
scores as additional moderating factors in the analyses described
above. We then unpacked significant effects and interactions
with follow-up analyses.

First, a 2 [Congruence: congruent vs. incongruent] x 3
[Context: faces vs. L1 word vs. L2 word] repeated-measures x self-
reported English proficiency ANCOVA was used to analyze
RT (Figure 3a). We observed main effects of Congruence,
F(1, 138) = 243.35, p < .001, ηp

2 = .65, 90% CI = [.57, .71] and
Context, F(2, 276) = 470.62, p < .001, ηp

2 = .77, 90% CI = [.74,
.80]. However, we also observed a significant main effect of self-
reported L2-proficiency, F(1, 138) = 4.12, p = .044, ηp

2 = .03, 90%
CI = [.0004, .09], which was qualified by a significant interaction
between L2-proficiency and Context, F(1, 138) = 11.10, p < .001,
ηp
2 = .07, 90% CI = [.03, .12]. No other interactions were signifi-

cant, ps > .3. We then unpacked the L2-proficiency main effect
and interaction by computing correlations between
L2-proficiency and average RT for each Context. We observed a
significant negative relationship between L2-proficiency and

average RT in both the L1, r(138) = -.23, p = .006, and L2 contexts,
r(138) = -.23, p = .007. However, L2-proficiency did not correlate
with RT in the face context, r(138) = .05, p = .585. As such, greater
self-reported L2-proficiency was associated with faster RTs to
both L1 and L2 trials but not face trials.

Results for the ANCOVA including LexTALE scores were
similar but differed slightly (Figure 3b). We observed main effects
of both Congruence, F(1, 138) = 275.69, p < .001, ηp

2 = .67, 90% CI
= [.59, .72], and Context, F(2, 276) = 440.57, p < .001, ηp

2 = .76,
90% CI = [.72, .79]. Although no main effect of LexTALE scores
emerged, F(1, 138) = 0.19, p = .668, ηp

2 = .001, 90% CI = [0, .03],
LexTALE scores significantly interacted with Congruence, F(1,
138) = 9.86, p = .002, ηp

2 = .07, 90% CI = [.02, .14]. No other inter-
actions were significant, ps > .05. To unpack this interaction, we
computed participants’ ‘association’ scores for each context by
subtracting their average RT on Congruent trials from their aver-
age RT on Incongruent trials within each context. We then tested
how LexTALE scores correlated with these association scores.
LexTALE scores correlated negatively with association scores on
Face trials, r(138) = -.30, p < .001, but not L1 word trials, r(138)
= -.11, p = .193, or L2 word trials, r(138) = -.08, p = .325. As
such, greater objectively measured L2-proficiency was associated
with less congruent cue association on face trials.

Turning to d’, we first conducted a 3 [Context: congruent vs.
incongruent] x self-reported L2-proficiency ANCOVA
(Figure 3c). Interestingly, we again observed a main effect of
Context, F(1, 276) = 46.10, p < .001, ηp

2 = .25, 90% CI = [.18, .31].
However, we also observed a significant main effect of
L2-proficiency, F(1, 138) = 10.13, p = .002, ηp

2 = .07, 90% CI =
[.02, .14]. No L2-proficiency x Context interaction emerged, p
= .283. Results for the LexTALE analysis were the same
(Figure 3d), revealing only main effects of Context, F(1, 276) =
46.00, p < .001, ηp

2 = .25, 90% CI = [.18, .31], and LexTALE, F(1,
138) = 5.56, p = .020, ηp

2 = .04, 90% CI = [.003, .10], and no inter-
action, p = .379. Thus, participants with higher L2-proficiency
(both self-reported and objectively assessed) showed higher per-
formance on this task. Although figures suggest that this

Figure 2 Overall Reaction Times and Accuracy
Note. Panel A displays reaction times (RT) for each condition. Main effects indicated that participants were faster for congruent than incongruent trials and for both
L1 and L2 word trials than face trials. Preregistered ANOVAs showed that the difference between congruent and incongruent reaction times was smaller for face
trials and L1 word trials, indicating that emotion faces prime congruent L1 emotion words more than congruent emotion facial expressions, replicating prior work.
Contrary to hypotheses, however, the impact of congruence on L1 and L2 words was similar, indicating similar effects for both L1 and L2 emotion words. Panel B
displays sensitivity (d’), a signal detection measure of accuracy, for each condition. Participants were less able to correctly identify cue-target matches in the face
condition than both the L1 and L2 word conditions. Error bars represent 95% confidence intervals adjusted for within-subject comparisons.
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relationship was specific to word conditions, interactions were not
significant.

Discussion

In this study, we investigated whether the emotion concepts are
more strongly associated with emotion words in a first language
rather than a second language in a population of Swedish–
English bilinguals with Swedish as their first language (L1) and
English as a second language (L2). As in Nook et al. (2015), we
asked our participants to indicate whether an emotion word or
a face represented the same emotion as a facial expression of an
emotion that was presented immediately before. In this study
however, the target emotion word could be in Swedish (L1) or
in English (L2). We hypothesized that participants would be faster
and more accurate in the L1 word condition compared to both the
L2 word condition and to the face condition, and that they would
also be faster and more accurate in the L2 word condition com-
pared to the face condition. We also tested whether RT analyses
would indicate that congruent cue-target pairs would more
strongly speed responses to L1 words than L2 words and faces,
providing evidence for a stronger association between concepts
and L1 words than these other targets. Finally, we tested whether
self-reported proficiency in English and an objective

measurement of English proficiency (LexTALE) would moderate
these relationships. We found evidence in line with some but
not all of these hypotheses, ultimately suggesting that (i) both
L1 and L2 emotion words speed and facilitate emotion perception
compared to facial expressions of emotion; (ii) behavior in
response to L1 and L2 emotion words did not significantly differ
in this study; and (iii) higher L2-proficiency correlated with
increased speed in word conditions, lower ‘association’ scores in
the face condition, and increased accuracy across all conditions.

As hypothesized, we found that participants were faster and
more accurate in both the L1 and L2 word condition compared
to the face condition, and they were faster when responding to
congruent trials compared to incongruent trials in all conditions.
There was also a significant interaction effect between condition
and congruence when we compared the reaction times in the
L1 word and face conditions, such that the effect of congruence
was larger for the L1 word condition than for the face condition.
As such, our results replicate the findings from Nook et al. (2015)
but using another language and set in another culture (i.e.,
Sweden). An additional replication of these results in such a dis-
similar setting provides increased confidence in these results and
lends credence to the stability of the paradigm.

Contrary to our hypotheses, though, participants’ performance
did not differ between the L1 and L2 word conditions.

Figure 3 Relations with Self-Reported L2-proficiency and LexTALE Scores
Note. Panel A presents relations between reaction time (RT) and self-reported L2-proficiency (non-centered scores) for each condition. Preregistered analyses show
that higher L2-proficiency is related to faster responding for congruent and incongruent trials in L1 and L2 word trials (dark orange, light orange, dark red, and pink
lines). Panel B represents relations between RT and objectively assessed L2-proficiency (non-centered scores) using the LexTALE test. Results show that increasing
LexTALE scores correlated with reductions in the difference between Face-Incongruent (light green) and Face-Congruent (dark green) trials. As such, individuals
with lower L2-proficiency showed greater tendency for facial expressions to speed responding of congruent facial expressions. Panels C and D present relations
between sensitivity (d’), a signal-detection measure of accuracy, and both self-reported and LexTALE L2-proficiency for face (green), L1 (orange), and L2 word
(red) trials. Results for both analyses show that increased L2-proficiency is related to higher overall sensitivity. No interaction with context conditions emerged.
Grey-shaded regions represent 95% confidence intervals.
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Specifically, their responses did not significantly differ in their
speed and accuracy in both conditions, and we did not find
that congruence in cue-target emotions sped responding more
for L1 vs. L2 emotion words. This suggests that in this sample
both L1 and L2 emotion words facilitated emotion perception
but that they did so to similar degrees. This contrasts with our
hypotheses, potentially suggesting that decreased emotional res-
onance in L2 settings may not be attributable to decreased asso-
ciations between L2 emotion words and emotion concepts. In
line with this notion, neuroimaging studies suggest that there is
strong overlap in neural activation by L1 and L2 words in bilin-
guals (e.g., Marian et al., 2003; Martin et al., 2009;
Rodriguez-Fornells et al., 2002). As such, it could be the case
that understanding an L2 emotion word and knowing its L1
translation is sufficient to produce indistinguishable behavior on
tasks like these. Alternatively, it is important to note that we pro-
vide here just a single test of this general question, and additional
studies are needed to reach the conclusion that emotion concepts
are similarly associated with L1 and L2 emotion words. Because
we did not measure actual emotional resonance in this sample,
it is not obvious that this group of participants would actually
experience reduced emotional reactions in L2 settings. As such,
it is unclear whether we would find this null result in different set-
tings or in samples that specifically include participants who
experience diminished emotional resonance. Indeed, it may be
that our sample’s L2-proficiency in English was sufficiently high
to create an efficient context for emotion perception that was
similar to the L1 context. Although English was a second language
for all our participants and that they reported being significantly
less proficient in English compared to Swedish, their self-reported
proficiency and LexTALE scores were both high. This aligns with
the literature summarized in the introduction showing that highly
proficient bilinguals experienced similar levels of emotional res-
onance in both their L1 and in their L2, and with Sutton et al.
(2007) who failed to find a difference between highly proficient
bilinguals’ L1 and L2 on an emotional Stroop task. To disentangle
these competing hypotheses, studies where participants have a
wider range of L2-proficiency will be necessary, a point we return
to below.

Our own L2-proficiency results provide some support for this
notion. We found that the more proficient participants reported
being in English, the faster they responded in the L1 word and
L2 word conditions. LexTALE scores were not associated with
overall speed; instead, higher performance on this test correlated
with reduced congruent-cue speeding in the face condition
only. Finally, both higher self-reported proficiency and higher
LexTALE scores were associated with higher accuracy across all
conditions. Although self-reported L2-proficiency and LexTALE
interacted with different aspects of the task (i.e., condition and
congruence respectively), they both point in the same direction.
Specifically, English proficiency correlated with better and faster
emotion perception. While it is not clear why an effect with self-
reported L2-proficiency was found in both L1 and L2 word con-
ditions, a possibility is that self-reported L2-proficiency is a proxy
for, or correlates highly with, linguistic skills in general. Although
a significant interaction with LexTALE scores was only found in
the face condition, it is still in line with the interaction found
for self-reported proficiency and might simply show the other
side of the coin. Namely, lower LexTALE scores correlated with
more priming in the face condition; in other words, the facilitat-
ing effect of non-linguistic cues (i.e., faces) was GREATER in people
with LOWER L2-proficiency. High priming in face-face trials

indicates that responses are faster when the physical facial move-
ments of the cue and target match (e.g., two frowns, rather than a
frown followed by a grimace), which suggests that attention is
focused on non-linguistic features of the task. This approach
seems heightened in people with low L2-proficiency, who also
showed reduced accuracy (as measured by d’) across all conditions
of the task.

Viewed this way, our proficiency results are conceptually con-
sistent: higher language proficiency correlates with greater speed
in word conditions and less facilitation from non-linguistic phys-
ical features of the faces. In fact, ‘bilingualism’ (as measured by
improved proficiency in a second language) correlates with better
emotion perception, as the more proficient a speaker is in a L2,
the more accurately they perceived expressions of emotion.
However, before calling this effect for (yet) another bilingual
advantage (for a discussion of the problematic use of the terms
‘bilingual advantage’ and ‘bilingualism’ in research during the
last few decades, see Luk, 2022), it is critical to consider that
higher L2-proficiency may also be a proxy for other factors that
can have affected performance on the task, such as better cogni-
tive functions or higher IQ. Therefore, until the underpinnings of
the effects that we found in this study can be explained – and until
the mechanisms that underlie the differences in executive func-
tions between monolinguals and bilinguals (if they exist) are
understood – it is still too early to make this interpretation defini-
tively. Still, this finding suggests that LANGUAGE (not only a first
language) should be taken seriously as a factor in accurate emo-
tion perception.

Critically, the generalizability of our results to other cultural
contexts and/or language pairs should be made with caution as
our results may only reflect the particular linguistic context and
high-proficiency sample studied here. Indeed, there is a growing
awareness in the field of bilingualism research for the importance
of considering the influence that socio-cultural factors may have
on all aspects of bilingualism (Titone & Tiv, 2023). According
to this view, effects found in a specific bilingual population in a
particular societal and historical context cannot be automatically
assumed to be identical or even similar in another bilingual popu-
lation, especially if they are in a different context. For instance, the
differences in emotion concepts in Swedish and English, which
both are Indo-European Germanic languages predominantly
found in western cultures, are arguably smaller than between
Swedish and say a Sino-Tibetan language such as Chinese.
Additionally, in the specific case of English in Sweden, it is a lan-
guage that is taught early in school systems and widely used in the
society. Indeed, for many Swedes, English is a language that they
come in contact with on a daily or almost daily basis through ads,
games, and a variety of media, art, and entertainment such as
television series, movies, and music (Institutet för språk och folk-
minne, 2021). Relatedly, a recent study investigating social cat-
egorization based on language found that Swedish participants
remember English and Swedish speakers equally well in a surprise
memory task (suggesting an in-group categorization for both
types of speakers), but remember speakers of other languages
(i.e., Spanish) more poorly than Swedish speakers (Champoux-
Larsson et al., 2022). This strengthens the idea that English
holds a special place in status in the Swedish society.

Therefore, our results may be limited to a second language that
is widespread in the population and where proficiency is generally
high, and also where the nature of the encounters with the L2 is
often emotionally loaded. For these reasons, future research
should investigate other language pairs where emotion words
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and concepts do not overlap as much as they arguably do in
Swedish and English, where more variability in L2-proficiency
can be found, and where the L2 is not a highly emotional lan-
guage that is an integral part of the L1 society. It would also be
informative to explore languages and emotion words where trans-
lations between languages are non-existent (e.g., the word ‘sau-
dade’ in Portuguese) or when the translations overlap poorly
(e.g., the meaning of the word ‘revnost’ in Russian which differs
from the meaning of its typical English translation, ‘jealousy’).
Furthermore, although we expected to find a difference between
the L1 word and L2 word conditions based on the body of
research suggesting lower L2 emotional resonance in combination
with constructionist accounts of emotion (according to which the
processes that lead us to construct and understand both what we
are feeling and what OTHER people are feeling are similar), it is
possible that the paradigm that we used did not tap into the
mechanisms of emotional resonance. For instance, studies using
memory tasks to investigate emotional resonance in a L1 and a
L2 (e.g., Ayçiçegi & Harris, 2004; Ayçiçegi-Dinn &
Caldwell-Harris, 2009; Ferré et al., 2010) also failed to find a dif-
ference between the two language contexts. To address this limi-
tation, using a similar task as we used here but that involves actual
experiences may be more appropriate to test perceived emotional
resonance specifically. Additionally, it may be that behavioral dif-
ferences could not be detected with our task, but that psycho-
physiological measurements might show another pattern. For
instance, Eilola and Havelka (2011) did not find behavioral differ-
ences between L1 and L2 emotional words in a Stroop task but
found psychophysiological differences (skin conductance) sug-
gesting lower L2 emotional resonance. This suggests that, depend-
ing on the task, physiological responses may differ in L1 and L2
contexts without being detectable behaviorally.

Constraints on generality and limitations

Our sample included adults aged 18-45 in Sweden who spoke
Swedish as a first language and English as a second language.
The sample was a majority female, but educational levels were
largely representative of the general population. Collecting infor-
mation on ethnicity and race was not allowed due to Swedish eth-
ics policies. That said, we advertised for the study in a wide variety
of settings and aimed to ensure a diverse sample within our selec-
tion criteria. Nonetheless, there are several important limits to
confidence based on these constraints that should be kept in
mind. As we discuss above, our results may not necessarily
apply to other cultural contexts and/or language pairs, especially
in populations where L2-proficiency is lower. Because this study
was the first to investigate visual perception of emotion in relation
to first and second languages specifically, more research will be
needed to establish the extent to which findings hold in other
contexts. We also cannot draw inferences about youths or older
adults from this study, given the constrained age range.
Additionally, the higher proportion of women to men and the
lack of information on race or ethnicity indicates that future
research should attend to these factors when replicating and
extending these findings. In addition to age, gender and educa-
tion, other important factors that future research should consider
are measures of general intelligence, cognitive functioning, and
general linguistic skills. Given that these factors all are relevant
for the type of task that was used in this study, it will be important
to determine how they potentially interact with performance and
conceptual priming.

Conclusion

Overall, this study was the first to investigate the effect of a second
language on emotion perception. In line with constructionist
accounts of emotion perception, our results show that language
creates a facilitating context for emotion perception, even when
another language than English is used, and that emotion percep-
tion is not impaired when the linguistic context is in a second,
and perhaps less emotionally intense, context. However, more
research is needed to investigate the effects that we found in
other cultures and with other language pairs.
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