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ABSTRACT 

Roles of bilingualism and musicianship in resisting semantic or prosodic interference while 

recognizing emotion in sentences 

Cassandra Neumann, B.A. 

To infer emotions in speech, listeners can use the way people speak (prosody) or what 

people say (semantics). We hypothesized that bilinguals and musicians would rely more on 

prosody than on semantics. In two online experiments, we collected data on 1041 young adults, 

who listened to sentences with either matching or mismatching semantic and prosodic cues to 

emotions. Participants then identified the emotion enacted by the speaker’s prosody (ignoring 

semantics; Experiment 1) or in the semantics (ignoring prosody; Experiment 2). In both 

experiments, performance suffered when prosody and semantics conflicted. Musicians were 

better at resisting the interference among bilinguals, but not among monolinguals. Thus, the 

musician advantage may not be due to a difference in weighting prosody over semantics, rather 

an overall better ability to inhibit irrelevant information. As for the hypothesized bilingual 

advantage, the findings warn that musicianship is critical to control for.  
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Roles of bilingualism and musicianship in resisting semantic or prosodic interference while 

recognizing emotion in sentences 
Introduction 

The ability to attribute mental states, including emotions, to oneself and to others results 

in better social development, communication skills, and empathy (Baron-Cohen et al., 1985). 

Early in life, infants are highly attracted to social stimuli such as faces and voices, especially 

those of their mothers (Grossmann, 2010). Infants have also shown the ability to detect the 

prosodic properties of vocal emotions early on. Mastropieri and Turkewitz (2009) found that 

newborn infants are more likely to open their eyes when presented with happy vocal stimuli 

compared to other emotions, a response that intriguingly was only found for their native 

language, suggesting that affective skills may depend on language mastery. Thus, it is early in 

life that children begin to recognize prosody (Friend, 2001; Mastropieri & Turkewitz, 2009). 

However, it is not until age 5 that children begin to consistently label a speaker’s emotional state 

using their tone of voice  (Aguert et al., 2010, 2013; Sauter et al., 2013).  

Prosody refers to the elements of speech that lack any semantic content. It communicates 

a speaker’s intent, attitude, or affect with the use of acoustic variables such as pitch, intensity, 

and duration of speech segments (Botinis et al., 2001; Cutler et al., 1997; Lehiste, 1970). For 

example, anger is typically characterized by high pitch (often with a descending contour), high 

intensity levels, and a rapid and variable speech rate (Preti et al., 2016). To isolate the role of 

prosody, many studies have intentionally used semantically neutral sentences. In daily 

conversation, however, the emotional prosody of speech can sometimes conflict with the 

semantic context. In such cases, the understanding of emotional prosody is vital for 

understanding the true message of speech. For example, the utterance “What a great day” has 

positive or happy semantic content. However, if said in a sarcastic tone of voice, it would 
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indicate the speaker’s discontent. Thus far, the literature shows that when presented with 

incongruent semantic and prosodic cues to emotions, 4-year-old children will make judgements 

about a speaker’s emotions based on semantic cues, and it is not until 10 years of age that 

children shift towards using prosodic cues in such situations (Friend, 2000; Friend & Bryant, 

2017; Morton & Trehub, 2001). This is surprising given that prosody can be recognized very 

early in life, before children learn to speak and understand the semantic context of speech 

(Friend, 2001). This raises the question of how the progressive mastery in a language along with 

general maturation effects eventually offset the balance between semantics and prosody.     

While children are developing the ability to detect emotions in speech prosody, many are 

also being exposed to a second language (Grosjean, 2010). Being bilingual or multilingual comes 

with several advantages. In addition to being able to communicate with more people, research 

has shown that being bilingual may contribute to better cognitive control and metalinguistic 

awareness, as bilinguals must learn when to use each language depending on the context 

(Adesope et al., 2010; Bialystok & Craik, 2010; Christoffels et al., 2013; Kroll & Bialystok, 

2013; Yow & Markman, 2015, 2016). Thus, bilinguals are constantly making linguistic 

decisions, and may be better at handling conflicting demands. However, the literature on 

bilingualism has not always shown an advantage (Paap, 2019; Paap & Greenberg, 2013). While 

bilinguals are sometimes better at certain cognitive tasks, research has also shown deficits in 

bilinguals’ linguistic abilities, and this remains true across the lifespan (Bailey et al., 2020; 

Bialystok & Craik, 2010; see meta-analysis by Donnelly et al., 2019). Little is known about the 

developmental course of paralinguistic cues, such as prosody, in bilinguals. It is well established 

that both languages known by a bilingual are activated in all contexts, requiring selection 

mechanisms to attend to the appropriate language in a given listening situation (Bialystok, 2017). 



 3 

Thus, bilinguals are constantly juggling the semantics of their competing languages. To reduce 

mental load, bilingual children may progressively learn to use a cue that is more consistent 

across individuals and languages: prosody.  

Emotional prosody is a universal cue recognized across various cultures and languages 

(Paulmann & Uskul, 2014; Scherer et al., 2001). In a study where 4 year old children were 

presented with sentences with conflicting prosodic and semantic cues, bilinguals showed an 

earlier ability to use prosodic cues than monolinguals (Yow & Markman, 2011). These results 

may be rooted in bilinguals’ enhanced executive functioning, specifically in inhibitory control 

(Bialystok, 1999; Costa et al., 2008; Kovács & Mehler, 2009). Alternatively, bilingual children 

may simply demonstrate a prosodic bias, as seen in Champoux-Larsson and Dylman’s (2018) 

study. When asked to identify the emotion in the content (i.e., semantics) of the words while 

ignoring the prosody, bilingual children made more mistakes than monolingual children. When 

asked to identify the emotion in the prosody while ignoring the content, bilingual children made 

fewer mistakes than monolingual children and this difference increased both with age and 

increased bilingual experience. Thus, bilingual 6–9-year-olds demonstrated a prosodic bias 

whereby they used prosodic cues to detect vocal emotions, even when prosody was the 

distracting cue. This prosodic bias may continue into adulthood, but only under some conditions 

(Champoux-Larsson & Dylman, 2021). However, one factor not previously considered was the 

effect of musical training.  

Musical training has been hypothesized to be beneficial for the encoding of speech and 

more globally for processing language (Patel, 2011; Shook et al., 2013; Tierney et al., 2013; 

Tierney & Kraus, 2013). This is not surprising given that music and language share many 

common features (Besson et al., 2011; Hausen et al., 2013; Peretz et al., 2015), including of the 
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communication of emotions (Paquette et al., 2018). Emotions can be recognized in music as their 

acoustic properties are similar to emotions depicted in speech (Deroche, et al., 2019a; Juslin & 

Laukka, 2003). Research has also shown that musicians are better than non-musicians at 

detecting pitch fluctuations in both music and language (Sares et al., 2018; Schön et al., 2004), 

and there is some mixed evidence to suggest that they may also be better at recognizing the 

emotional prosody in speech (Lima & Castro, 2011; Trimmer & Cuddy, 2008). The fact that 

these findings hold for both speech and music is critical: it suggests that this musician advantage 

effect (for the “musicality” of speech) may be robust to linguistic or semantic influences in the 

speech materials. However, in real life, people convey emotions partly through prosody and 

partly through their choice of words (i.e., semantics), the latter being arguably more 

straightforward. To date, it is unknown whether adult musicians and non-musicians differ in their 

use of prosody versus semantics for emotion processing, but there could well be a musician 

advantage in parsing these cues when they conflict. 

Some studies have looked at the individual effects of bilingualism and musicianship on 

vocal emotion recognition abilities in a single study. Bialystok & DePape (2009) used an 

auditory Stroop task, where listeners were instructed to attend to prosody or to semantics of 

single words (and not sentences) with an emotional meaning. They found that musicians 

(monolingual) responded more quickly than bilinguals and monolinguals (both non-musicians) in 

the prosody task, but there was no group difference in the semantics task. Similarly, Graham & 

Lakshmanan (2018) largely replicated the same design but only included a prosody task. They 

found that musicians (monolingual) had reduced reaction times on incongruent trials and smaller 

cognitive costs compared to the bilinguals (non-musicians and non-tone second language) but 

did not differ from monolinguals (non-musicians) or tone language bilinguals.    
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The current study aims to examine whether bilinguals and musicians weight cues to 

emotions differently than monolinguals and non-musicians when making judgements about vocal 

emotions in sentences. More specifically, in situations where semantic and prosodic cues to 

emotions conflict, we hypothesized that bilingual young adults would either demonstrate a 

prosodic bias, as seen in children, whereby they would outperform monolinguals when asked to 

use prosody and ignore semantic cues, but conversely their performance would suffer when 

asked to use semantic cues and ignore prosodic cues. Alternatively, they may be more resistant 

to conflicting cues in general (i.e., due to better cognitive control and response inhibition) and 

would therefore, outperform monolinguals on both tasks. For musicians, a prosodic bias received 

mixed evidence so we hypothesized that musicians would outperform non-musicians both when 

asked to use prosodic cues and when asked to use semantic cues to emotions, thus demonstrating 

a musician advantage regardless of the cue/task in question. To test this, we designed two 

separate studies to mirror each other, with participants either attending to prosody (Experiment 

1) or semantics (Experiment 2) to report the emotion contained in sentences—a sort of emotional 

Stroop task. Note that these experiments were run between subjects to avoid 1) participants 

switching between the two tasks possibly changing listening strategies and 2) to optimize the 

number of trials per task (enhancing the granularity of the dependent variable), while avoiding 

repetition of the stimuli.  
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Methods 

Participants 

A total of 1086 participants across two experiments were recruited through Prolific, an 

online recruitment platform. To ensure that participants had sufficient knowledge of English to 

complete the experiment, recruitment was open only to specific English-dominant countries 

(Australia, Ireland, New Zealand, United Kingdom, and United States). Four separate batches 

were collected for each experiment: bilingual musicians, bilingual non-musicians, monolingual 

musicians, and monolingual non-musicians. The batches were based on filters for bilingualism 

and musicianship available in Prolific. Forty-five participants either had technical difficulties 

(e.g., downloading the materials or browser issues) or did not complete the experiment and were 

thus excluded from the analyses. None of the participants had concerns about their hearing but 

two participants (0.19%) reported having mental health issues (still included). The final sample 

included 526 participants (NFemales = 271, NMales = 253, and NPrefer not to say = 2) in Experiment 1 

and 515 participants (NFemales = 298 and NMales = 217) in Experiment 2, all between the ages of 

18-41 years old (M = 24.80, SD = 5.50).  

Within the experiment, participants were asked about their language and musical 

background, and based on these answers (not the original Prolific filters), they were divided into 

four groups: bilingual musicians (N Experiment 1 = 177, N Experiment 2 = 171) bilingual non-musicians 

(N Experiment 1 = 114, N Experiment 2 = 101), monolingual musicians (N Experiment 1 = 138, N Experiment 2 = 

144), and monolingual non-musicians (N Experiment 1 = 97, N Experiment 2 = 99). Participants were 

asked “How many languages do you know in total?” and then asked to give the name of 

language. Following this, for each language reported, participants were asked “At what age did 

you begin learning this language?”, “How proficient are you in this language?”, and “In the past 
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year, how much have you used this language in daily life? 0 = Never, 10 = Exclusively.” The 

same questions were then asked for instruments played. The group classification was 

intentionally simple: monolinguals were participants who reported knowing only one language, 

English, while bilinguals reported knowing two or more languages. Similarly, non-musicians 

were participants who did not play any musical instrument, while musicians reported playing one 

or more instruments. Note that this is not to deny the considerable variability within these 

groups. There is a notorious heterogeneity among bilinguals (e.g., de Bruin, 2019; Luk, 2015) 

and among musicians (Daly & Hall, 2018), so we recorded further information about their age of 

acquisition, proficiency, and use of each of their language or musical instrument. Some 

participants’ expertise in either their language or musical abilities bilingualism or musicianship 

could be questioned. For example, it is known that early-trained musicians (before age 7) have 

behavioral benefits in auditory tasks (Bailey et al., 2020) and changes in cortical and sub-cortical 

brain networks compared to late-trained musicians (those beginning after age 7; Penhune, 2019; 

Shenker et al., 2022; Vaquero et al., 2020). In our sample, of our 315 musicians, only 124 

reported learning their first instrument before age 7. On this basis, one might be tempted to 

narrow down our musician group definition (and the same holds for bilingualism), but this is a 

slippery slope: given the dangers of dichotomizing such continuous variables (MacCallum et al., 

2002), we did not reclassify participants using arbitrary cut-offs from these metrics. We did, 

however, explore bilingualism and musicianship as continuous variables in regression 

approaches (for example with proficiency scores; see Appendix D), and the findings were in line 

with our current categorical approach.  
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Protocol 

Once recruited through Prolific, participants were redirected to the experimental interface 

hosted on Pavlovia (an online platform for behavioural experiments), that was designed using the 

PsychoPy software (Peirce et al., 2019). All participants provided informed consent in 

accordance with the Institutional Review Board at Concordia University (ref: 30013650) and 

were compensated £3.90 for their online participation. 

After providing informed consent, participants were provided with written instructions on 

how to complete the task. Participants were asked to adjust the volume of their device to a 

comfortable level before beginning a practice block. The practice block consisted of 16 trials, 

half of which were congruent (matching semantics and prosody), and the other half were 

incongruent (differing semantics and prosody). Participants were asked to attend to the prosody 

of each sentence in Experiment 1 or the semantics in Experiment 2. After the presentation of 

each sentence, the participants were asked to click on the word of the emotion that was expressed 

out of four possible options: angry, calm, happy, or sad. To pass the practice block, the 

participants had to obtain a minimum of 75% correct (12 out 16 trials correct). If this was not 

obtained, participants continued repeating the practice block until 75% was attained. Feedback 

on performance was provided for practice trials but not for test trials. After completing the 

practice, participants moved on to the test phase.  

The test phase consisted of 144 trials split across three blocks (48 trials per block). In 

each block, half of the trials (24) were congruent, and the other half were incongruent. Trials 

were equally divided into the four emotions: angry, calm, happy, or sad. Participants in the first 

experiment were asked to attend to the prosody of each sentence and ignore semantics. 

Participants in the second experiment were asked to attend to semantics and ignore prosody. 
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Participants were presented with audio recordings of the sentences and asked to choose which 

emotion was expressed out of the four possible options.  

Each of the three blocks differed in the way in which the semantic and prosodic cues to 

emotions were swapped in the incongruent trials (see Figure 1). In the swap valence block, the 

valence, or positive-negative dimension, of the emotions was swapped (e.g., a semantically 

angry sentence enacted with a happy prosody). In the swap intensity block, the intensity, or high-

low energy dimension, of the emotions was swapped (e.g., a semantically happy sentence 

enacted with a calm prosody). Finally, in the swap both block, both the intensity and valence of 

the emotions were swapped (e.g., a semantically angry sentence enacted with a calm prosody). 

The order in which these three blocks were presented was counterbalanced across participants.  

Figure 1 

Three different block types in the test phase 

 

Note. The blue arrows show a swap in valence, the orange arrows show a swap in intensity, and 

the green arrows show a swap in both intensity and valence.  

Finally, the participants were asked about their language and musical background. 

Specifically, they were asked to name each of their languages and each of their musical 
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instruments, detailing the age of start, proficiency, and frequency of use or practice. Proficiency 

and use were rated on a 10-point Likert scale, where 0 was not proficient at all or never used, and 

10 was the most proficient or used all the time. As previously mentioned, monolinguals were 

participants who reported knowing only one language, English, while bilinguals reported 

knowing two or more languages, regardless of their proficiency, use, or age of acquisition. 

Similarly, non-musicians were participants who did not play any musical instrument, while 

musicians reported playing one or more instruments, regardless of their proficiency, use, or age 

of acquisition. The experiment took on average 25 minutes (SD = 11) to complete. The amount 

of time taken to complete the experiment did not differ by group (F (3,1033) = 0.86, p = .462, η2 

= 0.002), or by study (F (1,1033) = 0.49, p = .483, η2 < .001), nor was there an interaction 

between the two (F (3,1033) = 1.29, p = .277, η2 = 0.004). 

Stimuli 

All stimuli were created by the experimenters and produced by four speakers (2 males 

and 2 females) to generate variability and prevent listeners from learning speaker-specific 

manners of conveying emotions (either through voice characteristics or speaking style). The list 

of 144 sentences can be found in Appendix A and contained 36 semantically angry sentences 

(e.g., “My sister gets on my nerves”), 36 semantically calm sentences (e.g., “Baths are 

relaxing”), 36 semantically happy sentences (e.g., “Let's go to Disneyland”), and 36 semantically 

sad sentences (e.g., “His grandmother died”). The speakers read each sentence with the prosody 

of all four emotions to create congruent and incongruent stimuli, resulting in 576 recordings 

from each speaker. Thus, there was a total of 2304 stimuli in the full set. Of these, 144 were 

randomly selected for each participant, with no repetition of sentences. 
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We conducted an analysis on the semantics of each sentence using the word2vec 

algorithm (see Appendix B for more details on this analysis). It confirmed that, overall, each set 

of sentences contained semantic content that reflected the intended emotion. However, this was 

somewhat difficult to demonstrate and can perhaps be improved with more advanced packages 

(Raji & de Melo, 2020). Similarly, we conducted an analysis on the prosody of each sentence, 

demonstrating that emotions were enacted by the four speakers as expected: angry productions 

were particularly fast and dynamic in their intensity contours, while sad productions were slow 

and more stationary; happy productions were particularly high in pitch and well intonated, while 

sad and calm productions were low and more monotonous. In each metric, however, it is clear 

that speakers had their own style (see Appendix C for more detail) and were only partially 

consistent with one another in how they conveyed emotions. 

Equipment 

Given that the present experiments took place online, we did not have rigorous control 

over the participants equipment and quality of sound. To address this limitation, we asked 

participants to indicate the audio device they were using (headphones, earbuds, external 

speakers, or default output from their PC/laptop), and asked them to rate the quality of their 

audio from 0-10 (where 0 is poor and 10 is excellent). There were no differences between groups 

in audio quality (F (3, 1037) = 0.22, p = .881, η2 <.001; M = 6.3, SD = 0.86). There were also no 

differences between groups in the type of audio device used (χ2 (9, N = 1041) = 16.52, p = .057), 

with about 26% of participants listening through headphones, 19% through earbuds, 17% 

through speakers, and 38% through their default computer output.  
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Analyses 

The measures of performance focused on sensitivity (d’ values) and reaction times. 

Participants’ responses were collapsed into confusion matrices, which were translated into hits 

and false alarm rates for each emotion. From these rates, we calculated d prime (d’) values for 

each participant, which were then used as the dependent variable in linear mixed effects models 

to examine the recognition of emotional prosody in Experiment 1 and the recognition of 

emotional semantics in Experiment 2. There were two between-subject fixed factors 

musicianship and bilingualism, where participants were either classified as a musician or non-

musician and classified as a bilingual or monolingual, respectively. Finally, there was a within-

subject fixed factor of trial type (incongruent or congruent condition). These models always 

contained random intercepts by subject, and random intercepts by emotion. Chi-square tests were 

conducted, after each fixed term was progressively added to the model to evaluate main effects 

and interactions. Scores were also analyzed on a trial-by-trial basis (using logistic regressions; 

see Appendix E) and the findings were consistent with the main analysis. 

In the aforementioned analysis, the type of incongruency was ignored (i.e., block type 

was not considered). However, we designed this experiment such that the emotions portrayed by 

the semantic and prosodic cues were swapped in a particular fashion in each block: valence-

based, intensity-based, or both valence and intensity. To examine this factor, d’ values by block 

type were also used as the dependent variable in linear mixed effects models to examine the 

differences in performance by block type and group allocation averaged across the four 

emotions. For simplicity (i.e., to avoid complex 4-way interactions), we used the interference 

effect in d’ units (congruent-incongruent) as the dependent variable, with musicianship, 

bilingualism, and block type (swap valence, swap intensity, or swap both) as fixed factors. This 
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model contained random intercepts by subject. See Appendix F for the results and discussion of 

the block type results.  

Finally, the logarithm of the reaction time was used as the dependent variable in linear 

mixed effects models to examine how quickly participants responded as a function of trial type, 

musicianship, and bilingualism as fixed factors. This model again contained random intercepts 

by subject, and random intercepts by emotion. Each model was run using the lme4 package in r 

(Bates et al., 2014) and were run separately for Experiment 1 and Experiment 2. The emmeans 

package in r (Lenth, 2021) was used for all post-hoc comparisons.  
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Results 

Demographics 

First, we present analysis on the demographic data. They were not the main results of the 

present study; however, given our large sample size, they are valuable in that they may be 

generalizable to bilinguals and musicians overall (or least those that can be found online).  

Group differences in language and instrument variables. In 2-by-2 ANOVAs 

(musicianship by bilingualism) on the combined data from both studies, we analyzed whether the 

groups differed in three language metrics collected (age of acquisition, proficiency, and use). An 

interesting observation was that the groups differed in the age of acquisition of English, self-

reported as their first language (L1; main effect of bilingualism; F (1, 1037) = 16.65, p < .001, η2 

= 0.016; see Figure 2 top left), where bilinguals learned their first language 0.38 years later than 

monolinguals (SE = 0.092, p < .001).  This might seem surprising, but perhaps point to a 

different (more nuanced) understanding of what age of acquisition means for bilinguals than for 

monolinguals. On the other hand, there was no main effect of musicianship (F (1, 1037) = 2.72, p 

= .099, η2 = 0.003), and no interaction (F (1, 1037) = 1.71, p = .192, η2 = 0.002) on age of 

acquisition of their first language. For proficiency in the first language, there was no main effect 

of bilingualism (F (1, 1037) = 3.35, p = .067, η2 = 0.003), no main effect of musicianship (F (1, 

1037) = 0.49, p = .483, η2 < .001), but surprisingly there was an interaction F (1, 1037) = 5.29, p 

= .022, η2 = 0.005).  Bilingual musicians rated themselves as more proficient in their L1 than 

monolingual musicians (M Difference = 0.21, SE = 0.063, p = .006), while no other group 

comparison reached significance (p ranges from .124-.990). For first language use, there was 

expectedly a main effect of bilingualism (F (1, 1037) = 139.72, p < .001, η2 = 0.12), where 

monolinguals used their first language more than bilinguals (M Difference = 0.57, SE = 0.048, p < 
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.001), but no main effect of musicianship (F (1, 1037) = 0.087, p = .77, η2 = 0.000074), and no 

interaction (F (1, 1037) = 0.18, p = .676, η2 < .001). Some of these findings are intuitive (namely 

monolinguals reporting learning their first language earlier, and using it more, than bilinguals) 

while others are less so (i.e., bilinguals reporting being more proficient than monolinguals when 

both groups are also musicians).

Figure 2

Demographic Data

Note. Top left: First language metrics (age of acquisition, proficiency, and use) by group. Top 

Right: Correlations between proficiency and use, or proficiency and age of acquisition for their 

second language. Bottom left: Correlations between proficiency and use, or proficiency and age 

of acquisition of their first instrument. Bottom Right: Pie chart of types of second languages and 

pie chart of classes of first instruments. 
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For their second language, bilingual musicians and bilingual non-musicians did not differ 

in age of acquisition (F (1, 561) = 0.38, p = .54, η2 = 0.00067) or proficiency (F (1, 561) = 0.46, 

p = .50, η2 = 0.00082), but they did differ for use (F (3, 561) = 11.13, p < .001; η2 = 0.0019) as 

bilingual non-musicians used their second language more often than bilingual musicians (M 

Difference = 0.77, SE = 0.23, p < .001). Once again, this finding is far from intuitive, and it may 

well reflect a property going beyond our online samples. Previous research has shown that 

musical training positively impacts second language proficiency (see review by Zeromskaite, 

2014; Slevc et al., 2006), so it is rather puzzling why it would have opposite effect for use 

(knowing that proficiency and use are often highly correlated). To our knowledge no 

observations have been made about the effects of musical training on second language use. 

However, we could speculate that musicians may be more likely to engage in extracurricular 

activities, including learning a second language, without necessarily using it consistently.  

 Next, we analyzed whether the two musician groups (combining both studies) differed in 

the three metrics collected of their first instrument. Monolingual musicians acquired their first 

instrument 1.04 years (SE = 0.36) later than bilingual musicians (F (1, 628) = 8.44, p = .004, η2 = 

0.0143). Additionally, bilingual musicians were more proficient in their first instrument than 

monolingual musicians (M Difference = 0.36, SE = 0.15; F (1, 628) = 6.13, p = .014, η2 = 0.010). 

However, they did not differ in the use of their first instrument (F (1, 628) = 0.097, p = .76, η2 = 

0.00016). Thus, bilinguals learned their instrument earlier and were more proficient in it than 

monolinguals. Once again, we could not identify any similar finding in the literature, but they 

further support the need to cross-investigate both factors in demographic analyses. We surmise 

that they might reflect environmental factors (home support, culture, and diligence regarding 

musicianship) which were not captured here by any other variable. 
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Group differences on other demographic variables. Other demographic variables, such 

as age, sex, employment status, and student status, were compared between groups. There were 

no differences in sex between monolinguals and bilinguals (χ2 (1, N = 1039) = 2.736, p = .098) 

nor between musicians and non-musicians (χ2 (1, N = 1039) = 0.070, p = .791). There was no 

difference in employment status between musicians and non-musicians (χ2 (1, N = 1017) = 0.38, 

p = .54) but more monolinguals (65%) were employed than bilinguals (54%; χ2 (1, N = 1017) = 

12.92, p < .001). A related finding was no difference in student status between musicians and 

non-musicians (χ2 (1, N = 1027) = 1.38, p = .24) but more bilinguals (57%) were students than 

monolinguals (38%; χ2 (1, N = 1027) = 37.04, p < .001).  

Finally, the language groups differed in age (F (1, 1036) = 34.70, p <.001, η2 = 0.032), 

such that monolinguals were slightly older than bilinguals (M Difference = 2.02 years, SE = 0.34, p 

< .001). The music groups did not differ in age (F (1, 1036) = 1.62, p = .203, η2 = 0.002), but 

there was an interaction between musicianship and bilingualism because the difference between 

monolinguals (older) and bilinguals (younger) was slightly larger in musicians.  

Language and instrument variable correlations. All three metrics related to second 

language (L2; proficiency, use, and age of acquisition) were correlated with each other with an 

R2 above .092 (p < .001; See Figure 2 top right). These relationships held within bilingual 

musicians and within bilingual non-musicians (R2 above .075, p <.001). In contrast, only some of 

the first instrument (I1) metrics were correlated with each other. Proficiency was correlated with 

use and age of acquisition of first instrument (R2 above .061, p <.001; See Figure 2 bottom left). 

These relationships held within bilingual musicians and within monolingual musicians (R2 above 

.041, p <.001). However, use and age of acquisition of first instrument were not correlated (R2 = 
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.0044, p = .100), and even though this link existed within bilingual musicians, it was weak (R2 = 

.022, p = .005). 

Experiment 1 – Performance in emotional prosody 

 Figure 3 depicts the d’ results of Experiments 1 and 2. As a reminder, for experiment 1, 

participants were instructed to respond to the prosody that they heard, while ignoring semantics. 

There was a main effect of trial type, confirming that d’ decreased for incongruent stimuli 

compared to congruent stimuli, thus demonstrating that the task worked (See Table 1 for all 

model results). There was no main effect of bilingualism, no main effect of musicianship, and no 

interaction between the two. There was a two-way interaction between trial type and 

musicianship, but no interaction between trial type and bilingualism. These two-way interactions 

are subsumed in the three-way interaction and will, therefore, be interpreted within the three-way 

interaction.  
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Figure 3

d' results 

Note. d’ data by group and trial type for Experiment 1 (top left panel) and Experiment 2 (top 

right panel). Interaction between musicianship and bilingualism on the interference effect 

(congruent minus incongruent trials) expressed in d’ units in Experiment 1 (bottom left panel) 

and Experiment 2 (bottom right panel), where lower d’ units indicate better performance. 
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Table 1 

Model Results of the logistic mixed effects models with d’ as the dependent variable 

Fixed Effects: χ2 DF p 

Experiment 1    

Intercept    

Trial Type 1387.5 1 <.001*** 

Bilingualism 0.49 1 .484 

Musicianship 3.14 1 .0766 

Trial Type x Bilingualism 0.039 1 .844 

Trial Type x Musicianship 26.7 1 <.001*** 

Bilingualism x Musicianship 1.40 1 .236 

Trial Type x Bilingualism x 

Musicianship 

5.68 1 .0172* 

Experiment 2    

Intercept    

Trial Type 2216.6 1 <.001*** 

Bilingualism 0.22 1 .639 

Musicianship 4.34 1 .0373* 

Trial Type x Bilingualism 0.67 1 .414 

Trial Type x Musicianship 0.42 1 .519 

Bilingualism x Musicianship 2.28 1 .131 

Trial Type x Bilingualism x 

Musicianship 

7.67 1 .00562** 
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Note: * p < .05, ** p < .01, *** p < .001 

There was a statistically significant 3-way interaction between trial type, bilingualism, 

and musicianship. Dissecting the three-way interaction, there were no differences in performance 

between any of the groups on the congruent trials (p always above .963); differences were only 

seen on the incongruent trials. This confirms the idea that the factors of interest (bilingualism and 

musicianship) acted upon the resistance to semantic interference (i.e., correctly attending to 

prosody), but not on basic emotion recognition. The three-way interaction was caused by a 

differential effect of musicianship among monolinguals compared to bilinguals: bilingual 

musicians were better able to resist the semantic interference than bilingual non-musicians (p < 

.001) whereas musicianship had no effect among monolinguals (p = .948). On the other hand, 

there was no effect of bilingualism among non-musicians (p = .338) or among musicians (p = 

.993), suggesting that, controlling for musicianship, bilingualism had no role. To summarize, 

musicians were (as we hypothesized) good at attending to prosody and could thus resist semantic 

interference compared to non-musicians, but this effect appeared to be driven by bilinguals. 

Experiment 2 – Performance in emotional semantics 

 For experiment 2, participants responded to the semantics that they heard, while ignoring 

prosody. There was a main effect of trial type, confirming that d’ decreased for incongruent 

stimuli compared to congruent stimuli, thus demonstrating that the task worked (See Table 1 for 

all model results). There was no main effect of bilingualism, but the main effect of musicianship 

was statistically significant. Additionally, there was no interaction between bilingualism and 

musicianship. There was no two-way interaction between trial type and musicianship, nor 

between trial type and bilingualism. 
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 There was a statistically significant 3-way interaction between trial type, bilingualism, 

and musicianship. Similar to Experiment 1, there were no differences between groups on the 

congruent trials (p is always above .915), but group differences on the incongruent trials, 

confirming the idea that the factors of interest (bilingualism and musicianship) acted upon the 

resistance to prosodic interference (i.e., correctly attending to semantics). More specifically, 

there was, a differential effect of musicianship among bilinguals and not among monolinguals. 

That is, bilingual musicians were better able to resist the prosodic interference than bilingual 

non-musicians (p = .0194), whereas musicianship had no role among monolinguals (p > 0.999). 

On the other hand, there was no effect of bilingualism among non-musicians (p = .179) or among 

musicians (p = .983).  To summarize, musicians were also good at attending to semantics and 

could thus resist prosodic interference compared to non-musicians, but this effect appeared rather 

exclusive to bilinguals.  

Reaction Time 

In both experiments, reaction time was delayed in incongruent related to congruent trials 

(see Table A4.2 in Appendix). Specifically, 3.00 versus 2.87 seconds in Experiment 1 and 3.24 

versus 3.00 seconds in Experiment 2 (see Figure 4), but this 130-240-ms delay was not sensitive 

to group allocation.  
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Figure 4

Reaction time results by trial type

Note. Reaction time by trial type shown both with log reaction time and reaction time in seconds 

in Experiment 1 (top left) and Experiment 2 (top right) and by group in Experiment 1 (bottom 

left) and Experiment 2 (bottom right). 
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Discussion 

The goal of the present study was to examine how bilinguals and musicians would 

recognize vocal emotions based on prosodic or semantic cues compared to monolinguals and 

non-musicians. As intended, all groups showed a performance reduction accompanied by a 

delayed reaction time in incongruent compared to congruent trials. However, consistent with the 

literature, we found a musician advantage in both experiments, whereby musicians were less 

prone to interference of the distracting cue (be it prosodic or semantic), although this advantage 

was only found when also bilingual. As for bilingualism on its own, we failed to observe a 

prosodic bias like it had been seen in children (i.e., advantage in using prosodic cues and 

disadvantage in ignoring them). Taken together, these results do not point to differences in cue 

weighting across these four groups, rather differences in executive functioning among musicians 

and non-musicians, that are exacerbated when also bilingual.  

Regarding the protocol as an emotional Stroop task, it worked as expected and 

successfully created interference in processing in the incongruent trials. This was demonstrated 

by a reduction in accuracy of 10-20% in incongruent compared to congruent trials and a delayed 

(by about 200 ms) reaction time in incongruent trials. These trials are of interest as they require 

listeners to pit two cues against each other, similar to situations of sarcastic speech encountered 

in everyday life. Previous studies on vocal emotion recognition have shown similar interference 

effects, where performance suffered and reaction times were delayed with incongruent versus 

congruent stimuli (Dupuis & Pichora-Fuller, 2010; Nygaard & Queen, 2008; Wurm et al., 2001). 

Interestingly, the participants’ ability to detect the target emotion differed depending on 

experience with language and music. 
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Previous research in children  

Based on findings in bilingual children, we had hypothesized that even in adults, 

experience with multiple languages may influence which domain (semantics or prosody) is 

recruited in conflicting situations. Previous research had shown that bilingual children begin 

using prosodic cues earlier than monolingual children (Yow & Markman, 2011) and show a 

prosodic bias in situations where prosodic and semantic cues to emotions conflict (Champoux-

Larsson & Dylman, 2019). The present findings did not replicate the same pattern, suggesting 

that in young adulthood, bilingualism alone does not lead to greater reliance on prosodic cues in 

vocal emotion recognition. In other words, we speculate that with greater cognitive maturation 

and language development, bilinguals can offset their early bias towards prosody and change 

their listening strategies to make an appropriate (or say a more traditional) use of semantic cues 

in speech. However, the current results clearly show the importance of controlling for both 

language and musical experience in these types of designs. 

Previous research on the effects of bilingualism and musicianship individually 

The present study accounts for both bilingualism and musicianship individually, as well 

as their combined effects. We added a group of bilingual musicians for a fully orthogonal 

sampling structure, which had not been done in previous studies on vocal emotion recognition. 

This was important as our findings generally support a musician advantage effect in vocal 

emotion recognition that is largely exaggerated among bilinguals. Previous studies looking at the 

individual effects of bilingualism and musical experience on vocal emotion recognition, had 

revealed a musician advantage effect in a prosody task (Bialystok & DePape, 2009; Graham & 

Lakshmanan, 2018) but not in a semantics task (Bialystok & DePape, 2009) relative to 

monolingual non-musicians. These differences in results may be due to the rudimentary nature of 
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the semantic material used in these previous studies (i.e., using the words “high” vs “low” and 

not the use of emotionally loaded sentences), explaining why group differences were not 

observed in the role of semantics. If this interpretation is correct, it would simply mean that the 

musician advantage may be found in either domain (prosody or semantics) but would be easier to 

observe when placing participants in more complex situations which would surely have more 

relevance to ecological communication settings. In addition, the musician advantage effect that 

we find among bilinguals is smaller in the semantics task than in the prosody task. This 

difference is, therefore, going in a direction consistent with the contrast highlighted by Bialystok 

and DePape (2009). So, it is possible that without accounting for the combined effects of 

bilingualism and musicianship, group differences may have been missed in their study. As such, 

the current study aimed to rectify the limitations of previous work in this field by controlling for 

both musicianship and language experience when evaluating performance in vocal emotion 

recognition.  

Previous research on the combined effects of bilingualism and musicianship  

In the few studies that did investigate bilingualism and musicianship simultaneously, 

findings are rather consistent with the present study. Namely, it is musical training and not 

bilingualism that is more likely associated with benefits, specifically in task switching and dual-

task performance (Moradzadeh et al., 2015). Furthermore, Schroeder and colleagues (2016) 

disambiguated a “true” interference (by looking at a neutral condition minus incongruent trials) 

from a facilitation effect (congruent minus neutral trials), and Simon effects (congruent minus 

incongruent trials, as in the present study) but on a non-linguistic visual-spatial Simon Task in 

bilingual musicians, bilingual non-musicians, monolingual musicians, and monolingual non-

musician young adults. They found that bilingual musicians had a smaller Simon effect 
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compared to all other groups, consistent with the present findings. However, bilingual musicians, 

bilingual non-musicians, and monolingual musicians had all smaller interference effects 

compared to monolingual non-musicians. There were no differences in facilitation effects once 

confounding variables such as IQ and age were accounted for. Their results suggest an enhanced 

ability to suppress interfering cues shared among bilinguals, musicians, and bilingual musicians, 

but they propose that the Simon effect (congruent minus incongruent) is a more convoluted 

metric encompassing both facilitation and interference effects making it harder to interpret. In 

the present study, we did not include semantically neutral sentences or sentences spoken with a 

neutral prosody, so we are unable to disentangle these different effects. It would be interesting to 

see whether the unique advantage of the combined musician and bilingual advantage taps more 

into the facilitation than the interference effect. It is important to note though that these studies 

did not focus on vocal emotion recognition, but rather executive functioning among these 

groups. However, based on the results of these studies, we could speculate that the present results 

may be due to better executive functioning among bilingual musicians.  

The potential role of executive functions  

While we see differences in performance between groups, the current results do not 

reflect group difference in cue weighting, rather differences in executive functioning. A 

difference in cue weighting would have resulted in bilingual musicians outperforming the other 

groups on one task and performing worse on the other task. For example, if they weighted 

prosody more heavily in such situations, then their performance would have been best when 

asked to use prosody to detect vocal emotions because they could easily ignore anything 

unrelated to prosody such as the semantic meaning of the sentence. Additionally, their 

performance would have been worse when prosody is used as a distracting cue because they 



 28 

would still rely on these salient prosodic cues that do not necessarily help in deciphering the 

semantic content of the sentences. Rather, the effects seen here are more in line with an 

advantage in executive functioning when making judgements about vocal emotions as bilingual 

musicians were able to use the correct cue regardless of the task and did not favour one cue over 

another. This may reflect better response inhibition, cognitive control, or cognitive flexibility 

that have been previously shown to be advantages associated with being bilingual (Bialystok & 

Craik, 2010; Costa et al., 2008; Krizman et al., 2012; Wiseheart et al., 2016) or a musician 

(Bialystok & DePape, 2009; Strong & Mast, 2019; Zuk et al., 2014). However, previous research 

has been somewhat inconclusive on whether bilingualism and musicianship have benefits that 

extend beyond the realm of language and music, respectively, into other executive functions. 

Neither bilingualism nor musical experience (D’Souza et al., 2018; Lehtonen et al., 2018) has 

been consistently shown to be beneficial for executive functioning in adults. Based on the current 

results, we speculate that this might be partly because the other factor (bilingualism or 

musicianship) was not controlled for. Given that musicians and bilinguals separately have been 

shown to have better executive functioning skills than monolinguals and non-musicians, it makes 

sense that the interaction between these two skills may provide additional benefits to their 

executive functioning in certain situations. Thus, the effects may be additive. However, 

executive functioning was not specifically measured in the present study, so this interpretation is 

only speculative. An alternative interpretation is that the musician advantage in executive 

functioning transfer to the language domain more easily in bilinguals (although our data suggests 

exclusively).  
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Transfer effects  

Overlap between music and language has been noted in acoustic properties (Besson et al., 

2011; Hausen et al., 2013; Peretz et al., 2015) and the communication of emotions (Paquette et 

al., 2018), and there is also overlap in brain regions that process language and music (Fedorenko 

et al., 2009; Levitin, 2003; Maess et al., 2001; Patel & Iversen, 2007). So, one could speculate 

that the benefits of experience in one would transfer to the other. Cross-domain transfer effects 

have been reported from music to language (Besson et al., 2011; Bidelman et al., 2011; Moreno, 

2009; Patel, 2011) and language to music (Deroche, et al., 2019b; Krishnan & Gandour, 2009), 

but the causality of music training – as opposed to inherent perceptual or cognitive aptitudes –  is 

highly debated (Mankel & Bidelman, 2018; Penhune, 2019, and also McKay, 2021 for a review 

of this question within the hearing-impaired world). Patel (2011) argues that musical training 

leads to neuroplasticity in brain networks responsible for speech processing resulting in the 

better encoding of speech. Patel (2011) hypothesises that this occurs only under several specific 

conditions. Specifically, there are overlapping brain networks essential for both music and 

speech perception, where music training must allow for precise processing and discrimination of 

auditory information, and music training must provide emotional rewards, be associated with 

focused attention, and repeated frequently, which are all also common to language learning. This 

could explain why musical training may be beneficial to the acquisition of a second language 

(Chobert & Besson, 2013) and why individuals who receive musical training and learn multiple 

languages perform better than those without these experiences in auditory tasks that include 

linguistic components, such as in the present study. In sum, our findings may demonstrate that a 

dual training experience of musicianship and bilingualism can enhance the processing of speech 

and result in the enhanced ability to detect vocal emotions. However, once again, this is only 



 30 

speculative and further research needs to be done to better understand why such a transfer from 

music training to the language domain would not occur (or not as easily) in monolinguals. 

Emotional intelligence 

There are other potential variables that may account for, or mediate, some of the current 

results: emotional intelligence. Not surprisingly, higher emotional intelligence has been linked to 

better recognition of emotions. Alqarni & Dewaele (2020) found that participants who have 

higher trait emotional intelligence (i.e., the construct that relies more on perception of one’s own 

emotions) were better at perceiving and interpreting emotions from audio-visual recordings. 

Crucially, they found that bilinguals had higher trait emotional intelligence than monolinguals. 

However, the effect sizes for each of these results was small (Cohens’ d of about 0.30). 

Furthermore, Trimmer & Cuddy (2008) found that emotional prosody discrimination was related 

to emotional intelligence scores but not musical training (contradicting other reports – see 

introduction). Also, musical training has not been linked to higher emotional intelligence (Glenn 

Schellenberg, 2011; Trimmer & Cuddy, 2008) Additionally, to our knowledge, there are no 

studies on emotional intelligence in individuals who are both a musician and bilingual. Thus, if 

differences in emotional intelligence were a concern for this study, one might have expected it to 

enhance performance among bilinguals but not musicians, which was not what we observed. 

Also, we would expect this variable to affect performance on congruent trials as well, whereas 

group differences were exclusive to incongruent trials here. For these reasons, we suspect that it 

is unlikely to be a confound here. 

Socioeconomic status 

We might equally wonder whether socioeconomic status (SES) could partially explain the 

results as SES is known to affect research on bilingualism particularly. Some studies have found 
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SES to be a potential confound when assessing a bilingual advantage in the Simon task (Morton 

& Harper, 2007), while others have controlled for SES and continued to find a bilingual 

advantage in inhibitory control (Emmorey et al., 2008; Filippi et al., 2022; Nair et al., 2017). For 

example, Naeem and colleagues (2018) found that being a bilingual compared to a monolingual 

had no effect on performance (in the Simon task) among individuals with high SES, but 

bilinguals outperformed monolinguals (on both congruent and incongruent trials) among 

individuals with low SES. Additionally, musicians are likely to have higher SES than non-

musicians (Swaminathan & Schellenberg, 2018). The present results suggest that bilingualism 

may be beneficial in tasks of vocal emotion recognition among musicians, who may be of higher 

SES, but not among non-musicians, who may be of lower SES. These results are not in line with 

those from Naeem and colleagues (2018) and if differences in emotional intelligence were a 

concern for this study, one might have expected it to enhance performance among those of low 

SES (i.e., potentially monolingual and bilingual non-musicians) presumably not just on 

incongruent trials but also on congruent trials, yet this was not observed. Thus, the present 

findings do not align easily with an interpretation based on SES differences, though more 

research should be done to account for this variable.   

Limitations 

Some limitations to the current study should be acknowledged. Given the nature of online 

studies: 1) there was generally a lack of control over the audio/stimulus delivery, 2) the quality 

of bilinguals and musicians and the reliability of their self-reports could be questioned, and 3) the 

generalizability of online findings should be verified. Here we respond to each of these concerns. 

In response to the first concern, we asked participants to rate the quality of their audio and did 

not find any group difference in this regard. Also, performance on congruent trials (including 
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reaction times) was overall decent. Thus, this concern seems relatively negligible. Second, we 

relied on participants self-reports to allocate them as either a bilingual or monolingual and 

musician or non-musician. Tomoschuk and colleagues (2019) found that objective measures of 

language proficiency (e.g., picture naming or proficiency interviews) are better than self-rating 

of language proficiency. However, self-report measures have also been shown to be as reliable as 

objective measures (Lim et al., 2008; Shameem, 1998). Finally, our analytical approach did not 

rely on precise estimates of age of acquisition, proficiency, and use, since we followed a 

categorical approach for the groups’ definition. In other words, inaccuracies in self-reports would 

have had little consequence (except for Appendix E where continuous variables were used).  

Lastly, the validity of online studies has been investigated in recent years. As outlined in 

the review by Chandler and Shapiro (2016), there are notable differences between the general 

population and online convenience samples. Several issues are relevant here such as the 

observation that online samples tend to be younger than the general population and some 

samples may be either over- or under-represented (i.e., more participants tend to be Caucasian 

and Asian and are more educated). In this study specifically, we found that bilinguals were 

younger and more of them were students and unemployed compared to monolinguals. Of note, 

Eyal and colleagues (2021) found that the online platform Prolific (the one used in the current 

study) provided higher quality data in terms of comprehension, attention, and dishonesty, than 

MTurk (the online platform used in Chandler & Shapiro's (2016) study). We also see certain 

advantages to conducting the present study online, namely, having a very large sample size, 

accurately reflecting the heterogeneity of musicians and bilinguals, and being able to easily 

recruit English-speaking monolinguals (a fairly difficult thing to do in person in Québec). Thus, 
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we believe that the benefits outweigh the potential disadvantages of using online platforms for 

the present study.  

Conclusions and future directions 

In conclusion, musical training appears to benefit the recognition of vocal emotions, 

either when semantic cues or when prosodic cues are providing conflicting information, but only 

among bilinguals. Thus, we do not see a difference in cue weighting when identifying vocal 

emotions among the groups as previously seen in bilingual and monolingual children. Nor do we 

see a prosodic bias among bilinguals. Instead, differences may be due to enhanced executive 

functioning in bilingual musicians that results in better performance both when asked to attend to 

prosodic or semantic cues. We speculate that this is because the enhanced executive functions of 

musicians are somehow strengthened, or transfer more easily to the language domain, in 

bilinguals than they do in monolinguals. This may be due to bilinguals being more flexible in 

their listening strategies or still figuring out the different ways to resolve conflictual situations of 

communicative intent.  

This research has implications for educational and linguistic fields, but also for clinical 

areas such as in individuals growing up with degraded hearing. For example, school-aged 

children with cochlear implants or with hearing aids perform worse than their normal hearing 

counterparts on tasks of emotional prosody (Barrett et al., 2020; Chatterjee et al., 2015; Lin et al., 

2022; Most & Peled, 2007). Deficits in these tasks are often linked to poor pitch perception, but 

it may well be that these children also develop alternative strategies to recognize emotions in 

sentences. Some of these strategies could involve a stronger reliance on semantics and weaker 

reliance on prosody, or a different weighting among prosodic cues (e.g., using temporal and 

intensity cues more than pitch cues). Thus, understanding the particular circumstances or 
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participant profiles that result in enhanced vocal emotion recognition may be beneficial to 

understanding how to improve these abilities in hearing-impaired and cochlear implanted 

children and adults. Experiments are under way to run this exact paradigm in cochlear implant 

users.  
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Appendix A: Transcripts of all sentences 

Angry 

He stole my parking spot She pulled my hair out My brother left a mess 

My brother will not share He is constantly late My boyfriend bothers me 

My parents grounded me My parents always argue Stop being so shallow 

I hate people who steal School is frustrating You burnt my food 

My mom is shouting at me They are upset with me I cannot stand my job 

My brother hit me Those kids are rude I spilled water on my desk 

My neighbour smashed my car She was bothered by that My dog chewed up my doll 

She tears everyone down The kids fight all the time He cracked my tooth in half 

I can never get it right The thief destroyed our house My neighbour cursed me 

You ruined my night I'm often stuck in traffic My sister gets on my nerves 

Stop being nosy She punches her brother My candy is missing 

My coach yells at our team She never follows the rules He's a horrible boss 

Calm 

The flowers are blooming She found peace in her life He offered moral support 

The beach is breezy He is deep in thought Let go of your fears 

Baths are relaxing The child spoke softly He watched the night sky 

The sky is baby blue They took a walk in nature His tension melted away 

She sat without making noise Her environment is pleasant The stars are nice and bright 

You will get through this Open your heart She felt a gentle breeze 

Focus on your breathing She maintained her focus The snow lightly fell 

Let go of the bad The sun rises slowly All her concerns disappeared 

The baby is sound asleep Forgetting all your worries The path became clear 

The waves are soothing They massaged my shoulders There was a gentle sound of a stream 

I am centered Quiet your mind He rocked softly on the hammock 

Meditation reduces stress Seek new experiences The birds sang all around her 

Happy 
Today is my birthday You achieved your dream job Playing sports is fun 

Let's go to Disneyland She won her soccer game You have the sweetest heart 
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That music is awesome My dad bought me a new bike The kids are having fun 

The sun is shining bright She plays with her best friend She dances all night long 

He adored that movie I am glad to see you Let's go on vacation 

That was a great experience School is so much fun Her exams are all done 

I enjoy reading books You have the cutest dog He jumps joyfully 

I love my family I love walking my pet This is a special day 

My sister got married Tomorrow is pay day I love to make pizza 

I scored a brilliant goal She went to a party You did a great job 

I'm having a baby I am so proud of you The doctors cured her mom 

I just won a contest I accomplish many things My husband bought me a rose 

Sad 

I failed my math test She was rushed to the hospital She cried herself to sleep 

He misses his parents Everyone ignores me The car killed my cat 

My sister is crying They cried at the funeral My wife wants a divorce 

His grandmother died She lost all her money I regret my behaviour 

He lost his job last night They received bad news Tears roll down her cheeks 

I wrecked my dad’s car Our trip was cancelled It hurts to be left behind 

My vacation is over It never stops raining Everything is going wrong 

What a gloomy day He is getting bullied My life is a mess 

She feels very lonely She lost her first baby He left her at the alter 

He hasn't slept well all week She is disappointed The country is starving 

We are all stuck inside We have no more food They never came back from war 

You are always alone My girlfriend broke my heart Let's remember this loss 
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Appendix B: Confirming adequate semantics 

To confirm that each sentence was semantically close to the intended emotion, we ran a 

semantic similarity analysis using the word2vec package in R (Mikolov et al., 2013). The 

word2vec algorithm is a predictive model that derives semantic relationships between words 

based on the co-occurrence of words in a set of texts. Rather than training our own word2vec 

model, we used a pre-trained model by Mikolov and colleagues (retrieved on March 20th, 2022), 

which applied the skip-gram procedure with negative sampling. This pre-trained model was built 

from English texts. In our case, we used this model to calculate the similarity of the content of 

our sentences to their respective emotion (e.g., how co-occurring was the content of the sentence 

“Let’s go to Disneyland” to the single word “happy” in this database).  

As illustrated in Figure A1, there was considerable variability within a set of 36 sentences 

meant to convey the same emotion. The 36 semantically angry sentences were closer to the word 

“angry” or “happy” than they were to the word “sad” or “calm”. The 36 semantically calm 

sentences were closer to ‘calm’ and ‘happy’ than ‘angry’ or ‘sad’. The 36 semantically happy 

sentences were closer to ‘happy’ than other words. The 36 semantically sad sentences were 

closer to ‘happy’ and roughly equally close ‘angry’ as they were to ‘sad’. To explore this in a 

more intuitive way, we considered an artificial subject who would respond automatically to the 

emotion with the highest similarity with a given transcript, and we obtained the confusion matrix 

shown on the bottom-left panel. Surprisingly, there was a strong bias towards the ‘happy’ 

emotion across the four semantic sets. Presumably, this reflects that the word ‘happy’ occurs 

disproportionally in the database that fed the pre-trained model that word2vec relied on. To 

circumvent this problem, we z-scored all the similarity values (top panels) across the 144 

sentences and reiterated this classification procedure (top-right). This time, the diagonal 
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illustrates that semantically angry, calm, and happy sentences would tend to be correctly 

assigned to their respective emotion, but the semantically sad sentences remained highly 

confusable with the others. To summarize, we attempted to provide objective support for the 

semantic choices made in constructing the transcripts, but this proved difficult (even though from 

a human perspective, there does not seem to be as much ambiguity in the transcripts – see 

Appendix A). Perhaps more recent packages could be better at demonstrating the adequacy of 

the emotional content in full sentences 

Figure A1

Semantic Similarity of the stimuli to their intended emotion
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Note. Top left: Confusion matrix created from the similarity scores. Top right: Confusion matrix 

created from the z-scored similarity scores.  Middle left: Similarity of each sentence to the word 

‘Angry’. Middle right: Similarity of each sentence to the word ‘Calm’. Bottom left: Similarity of 

each sentence to the word ‘Happy’.  Bottom right: Similarity of each sentence to the word ‘Sad’. 
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Appendix C: Confirming adequate prosody 

Prosody is often reduced to three acoustic cues: duration, intensity, and pitch. Thus, we 

analyzed these characteristics in the present stimuli to ensure that they contained the expected 

prosodic features of each emotion (see below), using Praat (Boersma & Weenink, 2001).  

Appendix C.1: Duration cues 

Results revealed a main effect of emotion on the duration cue (F (3,429) = 633.40, p < 

.001). On average across the four speakers, sentences were 1859, 1883, 2050, and 2209 ms for 

angry, happy, calm, and sad sentences respectively (all pairwise comparisons p < .045 with 

Bonferroni correction; see Figure A2). Note, however, that these differences in duration (e.g., 

350 ms shorter in angry than in sad stimuli) varied by speaker, suggesting that listeners would 

need to perform these comparisons within a given speaker for this cue to be reliable. The random 

shuffling of each trial across the four speakers would, therefore, make it harder for listeners to 

follow such a strategy.  

Figure A2 

Prosodic features of each stimulus by emotion and speaker 
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Note. Illustration of the prosodic features expected in sentences (left) with means (circles) and 

standard errors (error bars) across 144 productions of each speaker. These features have different 

potential for discriminability among the four emotions (right), with pitch often being the 

dominant one.  

Appendix C.2: Intensity cues  

There was roughly a 10-12 dB difference in mean intensity between happy/angry and 

sad/calm in the initial recordings, confirming that emotions were adequately enacted. However, 

we presumed that this loudness cue would be too salient and could inflate performance in certain 

incongruent trials. For this reason, we dampened this cue by equalizing all stimuli at 65 dB SPL. 

This did not affect the change in dynamic range that occurred throughout the sentences, so 

listeners could still use intensity cues but in a more subtle manner. To analyze this cue, we 

extracted intensity contours and subtracted each minimum from its maximum. Results revealed a 

main effect of emotion on the intensity cue of the sentences (F (3,429) = 393.1, p < .001). On 

average across the four speakers, sentences had a dynamic range of 37.4, 37.6, 38.8, and 39.8 dB 

for sad, calm, happy and angry sentences respectively (all pairwise comparisons p < .001 with 

Bonferroni correction except sad vs. calm p = .079; see Figure A2). These differences in 

intensity range were relatively small (< 2.4 dB) but also varied by speaker to a small degree. 

Appendix C.3: Pitch cues 

There is no single metric within the fundamental frequency (F0) contours that can 

perfectly summarize a given emotion, so we chose the mean F0 and F0 standard deviation (F0-

sd) to tap into voice pitch height and contour. Results revealed a main effect of emotion on the 

mean F0 as a pitch cue (F (3,429) = 1386.4, p < .001). On average across the four speakers, 

sentences were 177.0, 182.1, 213.5, and 246.3 Hz for sad, calm, angry, and happy sentences 
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respectively (all pairwise comparisons p < .001 with Bonferroni correction; see Figure A2). 

Here, there was expectedly a great amount of variability between speakers, especially between 

males (speakers 2 and 4) and females (speakers 1 and 3). Additionally, results revealed a main 

effect of emotion on the F0-sd (F (3,429) = 301.80, p < .001). On average across the four 

speakers, sentences had F0-sd of 3.4, 3.7, 4.4, and 5.4 semitones for calm, sad, angry, and happy 

sentences respectively (all pairwise comparisons p < .001 with Bonferroni correction; see Figure 

A2). There is also inter-speaker variability on this metric of F0-sd, where speaker 4 exhibited a 

range of 1-2 semitones larger than the other speakers. Overall, these pitch cues allowed listeners 

to discriminate at least certain pairs of emotions (e.g., happy vs. sad/calm), but the speaker 

variability made it harder for listeners to rely on this cue exclusively. 

Appendix C.4: Prosodic analyses after randomly shuffling between speakers 

While each emotion was enacted as expected, there was some variability between 

speakers in each metric. This led not only to a main effect of speaker (p < .001) but also an 

interaction between speaker and emotion (p < .001) in every single metric. Rather than delving 

into the specific patterns exhibited by each speaker, we calculated a discriminability measure for 

each pair of emotions (as the absolute value of the difference between mean values divided by 

their averaged standard deviation). We could then sum all the values in a discriminability matrix 

(i.e., considering all possible pairs) to provide a single metric reflecting the potential for 

discriminability offered by a given prosodic feature (right panel of Figure A3). For example, 

speaker 4’s mean voice pitch was by far the most beneficial for discriminability. To a smaller 

degree, this was also the case for speaker 1 and 2, while speaker 3 exhibited a relatively balanced 

potential for discriminability across the prosodic features.  
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If listeners were exposed to each speaker one after another and were given time to learn 

their peculiar speaking styles, the contrasts between emotions would become quite salient for 

certain cues (e.g., high pitch for happy/angry versus low pitch for calm/sad, within a given 

speaker). This was not the case in the present study since all trials were randomly shuffled across 

speakers. In other words, these cues were not easy to spot as they were swamped by inter-subject 

variability, as well as intra-subject variability to some degree. To reflect the discriminability 

potential in a manner that was identical to how it occurred during the study, we did the following 

procedure 500 times. In each iteration, 36 items were chosen for each emotion, equally drawn 

from each speaker. The means and standard deviations (across the 36 items) of duration, 

intensity range, mean F0, and F0-sd, were computed for the same random items in each emotion 

and a discriminability matrix was calculated from all pairs of emotions, eventually summed to 

provide an estimate of discriminability potential (Figure A3, left/middle panels). On average 

across all iterations, the mean F0 was no longer as discriminable as it was without this speaker 

shuffling. This is precisely because the inter-subject variability was considerable in comparison 

with the emotion-induced differences, hindering the reliance on a given cue when swapping from 

one speaker to another randomly throughout the study. As a result, all prosodic features were 

now more comparable in their discriminability potential (Figure A3, right panel), meaning that 

depending on the random allocation of speakers into each emotion, different participants might 

have preferentially used one cue over the others. Out of 500 iterations (simulating participants), 

intensity range was the dominant cue in 38.4% of cases, followed by mean F0 in 34.0% of cases, 

F0-sd in about 17.2% of cases, and duration in only 10.4% of cases.  
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Figure A3 

Prosodic features and discriminability pattern for 500 iterations 

Note. Prosodic features shown for each emotion enacted by four speakers (colors), and their 

respective discriminability matrix from which a discriminability potential was derived (left/middle 

panels). Replicating this procedure for 500 iterations (each iteration representing a different 

participant receiving a random set of stimuli drawn equally from each speaker) results in a 

relatively homogeneous discriminability potential across duration, intensity, and pitch cues (right 

panel).  
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Appendix D: Trial by Trial analyses 

Appendix D.1: Performance 

In these analyses, we used performance on each trial (1 = correct and 0 = incorrect) as the 

dependent variable in logistic mixed effects models to examine the recognition of emotional 

prosody in Experiment 1 and the recognition of emotional semantics in Experiment 2 (See Table 

A1 for all model results). These results mirror those presented in the main article using d’ as the 

outcome variable. In Experiment 1, there was a main effect of trial type, such that performance 

suffered in the incongruent trials compared to the congruent trials (p <.001; see Figure A4). There 

was a main effect of musicianship, whereby musicians outperformed non-musicians, but this effect 

was very modest (p = .0453), not so different from the main analysis (p = .0766). The two-way 

interaction between musicianship and trial type revealed no difference between musicians and 

non-musicians on congruent trials (p = .793), whereas musicians outperform non-musicians on 

incongruent trials (p = .002). Finally, there was a three-way interaction between bilingualism, 

musicianship, and trial type, such that musicians only outperform non-musicians on the 

incongruent trials when also a bilingual (p < .001) and not a monolingual (p = .990). There were 

no other significant main effects or interactions. In Experiment 2, there was also a main effect of 

trial type, such that performance suffered in the incongruent trials compared to the congruent trials 

(p <.001). The main effect of musicianship (p = .0549) was technically lost but not so different 

from the main analysis (p = 0.0373). Additionally, there was a three-way interaction between 

bilingualism, musicianship, and trial type. Once again, musicians only outperformed non-

musicians on the incongruent trials provided that they were also a bilingual (p = .0509) and not a 

monolingual (p = .999). There were no other significant main effects or interactions. To 
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summarize, this logistic analysis was conducted on a trial basis and the findings were largely in 

line with those presented in the article. 

Figure A4

Trial by trial performance data
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Note. Interaction between musicianship and bilingualism on performance (% score) by trial type 

(congruent on the left panels, and incongruent on the right panels) in Experiment 1 (Top) and 

Experiment 2 (Bottom).  

Table A1 

Model Results of the individual trial performance logistic mixed effects models 

Fixed Effects: χ2 DF p 
Experiment 1    

Intercept    
Trial Type 1391.2 1 <.001*** 
Bilingualism 0.15 1 .703 
Musicianship 4.01 1 .0453* 
Trial Type x Bilingualism 0.035 1 .853 
Trial Type x Musicianship 18.68 1 <.001*** 
Bilingualism x Musicianship 1.96 1 .162 
Trial Type x Bilingualism x Musicianship 5.22 1 .0223* 

Experiment 2    
Intercept    
Trial Type 2313.0 1 <.001*** 
Bilingualism 0.27 1 .606 
Musicianship 3.68 1 .0549 
Trial Type x Bilingualism 0.16 1 .689 
Trial Type x Musicianship 0.059 1 .809 
Bilingualism x Musicianship 3.27 1 .0706 
Trial Type x Bilingualism x Musicianship 3.86 1 .0495* 

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

Appendix D.2: LogRT 

In these analyses, we used log reaction time on each trial as the dependent variable in linear 

mixed effects models to examine the processing speed of emotional prosody in Experiment 1 and 

the processing speed of emotional semantics in Experiment 2 (See Table A2 for all model results). 

In both experiments, there was a main effect of trial type (χ2(1) = 382.91, p <.001; and χ2(1) = 

925.09, p <.001, respectively), such that log reaction times were longer for incongruent trials 

compared to congruent trials. But there were no other significant main effects or interactions.  In 

other words, all participants took more time to process the incongruent stimuli (generally a good 
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sign that they paid attention to the task). However, this interference-delay did not differ among the 

groups.  

Table A2 

Model Results of the individual trial log reaction time linear mixed effects models 

Fixed Effects: χ2 DF p 
Experiment 1    

Intercept    
Trial Type 382.9 1 <.001*** 
Bilingualism 0.44 1 .507 
Musicianship 0.051 1 .821 
Trial Type x Bilingualism 3.11 1 .078 
Trial Type x Musicianship 0.0054 1 .941 
Bilingualism x Musicianship 0.33 1 .567 
Trial Type x Bilingualism x Musicianship 0.77 1 .380 

Experiment 2    
Intercept    
Trial Type 925.1 1 <.001*** 
Bilingualism 1.09 1 .296 
Musicianship 0.52 1 .473 
Trial Type x Bilingualism 0.19 1 .667 
Trial Type x Musicianship 0.77 1 .380 
Bilingualism x Musicianship 1.54 1 .214 
Trial Type x Bilingualism x Musicianship 2.53 1 .112 

Note: * p < .05, ** p < .01, *** p < .001 
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Appendix E: Bilingualism and Musicianship as continuous variables 

In these analyses, we used the interference effect (congruent minus incongruent trials) in 

d’ units as the dependent variable in linear mixed effects models with bilingualism and 

musicianship as continuous variables. These models were run separately for Experiments 1 and 

2, and always contained random intercepts by subject, and random intercepts by emotion, as in 

the main article. Second language (always non-English) proficiency was used as the continuous 

metric of bilingualism (on a scale from 0-10, where 0 is not proficient at all and 10 is the most 

proficient). First instrument proficiency was used as the continuous metric of musicianship (on a 

scale from 0-10, where 0 is not proficient at all and 10 is the most proficient). Note that age of 

acquisition of the second language/first instrument is difficult to use because monolinguals and 

non-musicians do not have a value for this metric, and it is questionable what should be used 

instead (e.g., age at testing or a high arbitrary value). Similarly, use of the second language/first 

instrument was avoided because it did not sum to 100% and again different standardization 

procedures could be envisioned (depending on the number of languages/instruments involved). 

So, we chose proficiency and assigned it to 0 respectively for the monolinguals’ L2 or the non-

musicians’ I1. Figure A5 illustrates a 3D plot of the interference effect varying as a function of 

the bilingualism and musicianship metrics chosen. The bilingual musicians (green symbols) 

spread through this space tends to have lower interference effect (lower on the vertical axis).   

These results (see Table A3) mirror those presented in the main article using bilingualism 

and musicianship as categorical variables. That is, both experiments successfully generated an 

interference effect from the incongruency between prosody and semantics, but the size of this 

interference depended on the group allocation. Musicians had a smaller interference effect 

compared to non-musicians, but only when also a bilingual and not when a monolingual. This 
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difference can be seen from a different angle in Figure A6 (top right panel) for Experiment 1, 

where no difference in interference is seen on the left side of the abscissa between monolingual 

musicians and monolingual non-musicians while this difference progressively arises between 

musicians and non-musicians as L2 proficiency increases. A similar departure between the 

regression lines can be seen for Experiment 2 (Figure A6 bottom right panel).  

Table A3 

Model Results of the linear mixed effects models using continuous bilingualism (second language 

proficiency) and musicianship (first instrument proficiency) variables  

Fixed Effects: χ2 DF p 
Experiment 1    

Intercept    
Trial Type 1387.5 1 <.001*** 
Bilingualism 3.01 1 .0828 
Musicianship 1.39 1 .239 
Trial Type x Bilingualism 0.00 1 .995 
Trial Type x Musicianship 24.09 1 .<.001*** 
Bilingualism x Musicianship 1.70 1 .192 
Trial Type x Bilingualism x Musicianship 8.11 1 .00439** 

Experiment 2    
Intercept    
Trial Type 2216.6 1 <.001*** 
Bilingualism 0.035 1 .852 
Musicianship 3.73 1 .0535 
Trial Type x Bilingualism 0.0008 1 .978 
Trial Type x Musicianship 0.60 1 .440 
Bilingualism x Musicianship 1.99 1 .159 
Trial Type x Bilingualism x Musicianship 12.04 1 .00052*** 

Note: * p < .05, ** p < .01, *** p < .001 
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Figure A5

3D plot of the interference effect, second language proficiency and first instrument proficiency

by group

Note. 3D plot of the d’ interference effect (congruent minus incongruent trials; Y-axis), second 

language proficiency (0-10; X-axis) and first instrument proficiency (0-10; Z-axis) by group in 

Experiment 1 (top panel) and Experiment 2 (bottom panel).
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Figure A6

Correlations between d’ interference effect and first instrument proficiency/ second language 

proficiency by group

Note. Scatterplots of the d’ interference effect (congruent minus incongruent trials) by first 

instrument proficiency (0-10; left panels) and by second language proficiency (0-10; right 

panels) in Experiment 1 (top) and Experiment 2 (bottom).
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Appendix F: Block Type 

In the current experiments the type of incongruency was not presented randomly, instead 

it was done systemically in each block type. More specifically, each participant was presented 

with three blocks of 48 trials, where 24 trials were incongruent. Each of the three blocks differed 

in the way in which the semantics and prosody were swapped in the incongruent trials. In the 

swap valence block, the valence, or positive-negative dimension, of the emotions was swapped 

(e.g., a semantically angry sentence enacted with a happy prosody). In the swap intensity block, 

the intensity, or high-low energy dimension, of the emotions was swapped (e.g., a semantically 

happy sentence enacted with a calm prosody). Finally, in the swap both block, both the intensity 

and valence of the emotions were swapped (e.g., a semantically angry sentence enacted with a 

calm prosody). In the following section, we discuss that the interference in processing that we 

found in the main results changed quite dramatically based on the type of incongruency and type 

of task.  

In both experiments, block type had a big role. Figure A7 displays confusion matrices 

showing correct and incorrect response patterns for each emotion. The congruent trials led to 

almost identical patterns in each block (Figure A7, middle row). The dark diagonal simply 

reflects that there were few errors (i.e., participants responded mostly sad for sad stimuli, and 

similarly for the other emotions). Thus, as expected, performance was good in the congruent 

trials in all blocks. In incongruent trials, on the other hand, the error patterns were similar across 

the three blocks, but differed between the two experiments. In Experiment 1, happy and angry 

were most often confused, and so were sad and calm. These types of errors are considered 

valence-based, as for example happy and angry are both high intensity emotions, but they are of 
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opposite valence (i.e., positive vs. negative).  In contrast, in Experiment 2, angry and sad were 

most often confused, and so were happy and calm. 

These types of errors are considered intensity-based, as for example angry and sad are both 

negative emotions, but they are of opposite intensities (i.e., high vs. low).  This finding is quite 

remarkable: we had intended to generate different error patterns in each block type, and instead 

found the same error patterns (based on valence in Experiment 1 or based on intensity in 

Experiment 2). 

Figure A7

Results by block type

Note. Top panels: Confusion matrices by trial type (congruent and incongruent) and block type 

(Experiment 1 top left and Experiment 2 top right). Emotions presented in the sentences are 

displayed rows and emotions responded by participants displayed as columns. Darker colours 
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represent larger values. Bottom panels: The interference effect (congruent minus incongruent) by 

block type (Experiment 1 bottom left and Experiment 2 bottom right), where lower d’ units 

indicate better resistance to the distracting cue (i.e., better performance). 

To illustrate these phenomena in a more compact way, we calculated the interference 

effect in d’ units from these confusion matrices by subtracting d’ for the incongruent conditions 

from d’ for the congruent conditions (Figure A7, top panels). In Experiment 1, the largest 

interference occurred for the swap-valence block (about 0.7 reduction in d’, equivalent to about 

18% drop in performance), followed by the swap-both block (about 0.4 reduction in d’, 

equivalent to about 11% drop in performance) and the swap-intensity block generated the 

weakest interference (only about 0.2 reduction in d’, equivalent to about 7% drop in 

performance), with each pairwise comparison significant (p <0.001). In Experiment 2, the largest 

interference occurred for the swap-intensity block (about 0.65 reduction in d’, equivalent to 

about 18% drop in performance), followed by the swap-both block (> 0.4 reduction in d’, 

equivalent to about 13% drop in performance) and the swap-valence block generated the weakest 

interference (< 0.2 reduction in d’, equivalent to about 5% drop in performance), with each 

pairwise comparison significant (p <0.001). 

Let us discuss this observation here briefly because presumably, this tells us about the 

nature of semantic versus prosodic features in speech. Semantics are powerful at indicating 

positive versus negative emotions but poor at conveying low versus high emotional intensity. For 

example, reading the sentence “I am glad to see you.” Based on the semantics, it is clearly 

positive, but it is not clear whether this is low or high in emotional intensity. Therefore, having 

conflicting semantic and prosodic cues to an emotion that are of the same valence but differ in 

their intensity is most likely to generate confusion (when asked to respond to the semantic cues). 
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In contrast, prosodic features strongly discriminate high versus low emotional intensity, but they 

are weaker in indicating valence. Think of the tone of voice of a sad person; their low and 

monotonous pitch and volume combined with slow-paced articulation are strongly indicative of a 

low-energy emotional state but could arguably be a depressed or calm speaker. Therefore, having 

conflicting semantic and prosodic cues to an emotion that are of the same intensity but differ in 

their valence is most likely to generate confusion asked to attend to the prosodic cue.  

In fact, it is interesting to note that these error types existed to a small degree even within 

congruent trials, being slightly more valence-based in Experiment 1 and more intensity-based in 

Experiment 2. This suggests again that it is not about particular emotions conflicting with 

another, but rather about the general power of prosody versus semantics, and what happens when 

we rely on only one or the other. Even in the absence of conflicting semantic cues, prosody is 

more likely to be misrecognized for an emotion with opposite valence (as it does not convey it 

well), whereas a given semantic content is more likely to be misrecognized for an emotion with 

opposite intensity (as it does not convey it well).  

We further examined whether this effect of block type would depend on group allocation. 

In both experiments, there was a main effect of block type (Experiment 1: χ2(2) = 202.43, p 

<.001; Experiment 2: χ2(2) = 393.49, p < .001). However, block type did not interact with either 

musicianship (Experiment 1: χ2(2) = 2.46, p = .292; Experiment 2: χ2(2) = 1.43, p = .490), or 

with bilingualism (Experiment 1: χ2(2) = 0.410, p = .815; Experiment 2: χ2(2) = 0.167, p = .920). 

Additionally, there was no three-way interaction between block type, musicianship, and 

bilingualism in Experiment 1 (χ2(2) = 2.22, p = .330), and a modest one in Experiment 2 (χ2(2) = 

7.05, p = .030). The source of this interaction was not particularly interesting as it seemed to 

come from a floor effect (i.e., the group factors were less likely to matter when there was no 



 70 

interference to act upon). Since there was little interference in some block types (e.g., swap 

intensity in Experiment 1) bilingualism and musicianship did not play much of a role in these 

instances. To simplify, as a first approximation, this analysis revealed that choosing a particular 

form of incongruency will have a considerable influence on the size of the interference 

generated, but not on whether the listener’s profile (i.e., whether they have language or musical 

experience) make them subject to it or not.  
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