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Language proficiency drives listening-related fatigue in those who communicate in English as 1 

their second language. 2 

 3 

Abstract 4 

Individuals who listen to speech in their second language (‘L2 listeners’) are 5 

disproportionately impacted by adverse acoustic conditions; a phenomenon coined the ‘non-native 6 

speech-in-noise disadvantage’. Evidence also suggests that L2 listening taxes cognitive resources to a 7 

greater extent than in L1 listeners. Very little, however, is known about the longer-term consequences 8 

of this sustained cognitive engagement. Listening-related fatigue refers to the daily life subjective 9 

experience of extreme tiredness from effortful listening. The current study recruited a large sample of 10 

L2-English listeners (N = 256) to explore factors that predict listening-related fatigue. Approximately 11 

half of this sample (n = 126) reported an Indo-European (IE) language (e.g., Italian) as their first 12 

language, whereas the other half (n = 130) reported a non-Indo-European (non-IE) language (e.g., 13 

Vietnamese) as their first language. Non-IE L2 listeners reported higher overall listening-related 14 

fatigue than both IE L2 listeners and a group of monolingual English-speakers (L1-English). Self-15 

rated proficiency and objective vocabulary scores were significant predictors of L2 listening-related 16 

fatigue and they moderated the effect of L2 use on listening-related fatigue; individuals who reported 17 

increased L2 use were more likely to experience increased fatigue, but only if their self-rated 18 

proficiency was low or moderate or their vocabulary score was low. Exploratory mediation analysis 19 

suggested that the effect of L2 listener group (IE vs non-IE) on listening-related fatigue was 20 

attributable to lower self-rated proficiency and objective vocabulary in the non-IE L2 group. To 21 

conclude, language proficiency appears to be a strong determinant of listening-related fatigue in L2-22 

English listeners. When L2-English proficiency is low, increased L2-English usage is associated with 23 

heightened listening-related fatigue. 24 

 25 
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 28 

Introduction 29 

 We live in a world where it is increasingly common to encounter a multitude of languages 30 

and a range of environmental noises and attentional distractions (e.g., smart phone use). In 31 

multilingual environments with competing noise and distractions, L2 listening is frequently effortful 32 

(Lecumberri et al., 2010). Slower access to lexical representations causes downstream effects on the 33 

ability to follow typically fast-paced conversations, which often involve multiple interlocutors 34 

(Scharenborg & van Os, 2019). The difficulty of L2 listening is exacerbated when processing speech 35 

in everyday noise (Bsharat-Maalouf et al., 2023; Lecumberri et al., 2010).  36 

The challenge of L2 listening may not always surface as a decline in behavioural 37 

performance. Borghini and Hazan (2018) used pupillometry (an eye-tracking technique measuring 38 

changes in pupil dilation) to assess listening effort in a group of L1 (English monolingual) and L2 39 

(Italian-English) listeners. Both groups performed a speech recognition task in quiet and levels of 40 

background noise that were individually-adapted to approximate a given performance level. Pupil 41 

dilation responses were larger (suggesting increased effort) in the L2 group across all listening 42 

conditions (Borghini & Hazan, 2018). Thus, even when there is no discernible effect on performance 43 

(i.e., speech is recognised), L2 listening incurs a processing cost. Recent pupillometry research 44 

investigating multilingual effort in Arabic-Hebrew-English speakers suggested that listening effort is 45 

modulated by language experience, with greater experience associated with reduced effort (Bsharat-46 

Maalouf et al., 2025). Thus, there is experimental evidence for increased speech processing costs in 47 

L2 listeners, particularly in the presence of noise. However, the longer-term consequences of routine 48 

exposure to everyday L2 listening scenarios remains unknown. 49 

 Listening-related fatigue refers to feelings of extreme tiredness from repeated and/or 50 

sustained effortful listening, a common unwanted feature of everyday life for individuals with hearing 51 
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loss (Hornsby et al., 2021). However, listening-related fatigue is also reported in non-clinical 52 

populations, including individuals with heightened sensory-processing sensitivity or mood 53 

disturbance (McGarrigle et al., 2021; McGarrigle & Mattys, 2023). Although speech processing 54 

difficulties in L2 and hearing-impaired listeners arise from different sources, there is likely to be some 55 

overlap in the net consequences of these perceptual challenges, including experiences of stress, 56 

frustration, effort, and fatigue. 57 

 The Data-Resource-Language framework (Mattys et al., 2025) characterises challenges to 58 

speech perception arising from either an impoverished auditory system (characteristic of a hearing 59 

loss) or suboptimal knowledge of the spoken language (characteristic of L2 listening). The Data-60 

Resource-Language framework posits that reduced support from linguistic processes (e.g., vocabulary 61 

knowledge), considered a hallmark of L2 listening, results in more widespread engagement of 62 

cognitive resources (e.g., working memory) across a range of everyday listening conditions. This 63 

limited linguistic support, and increased resource engagement, should be most pronounced in 64 

individuals with low proficiency. The subjective experience of effort during communication is likely 65 

to precede more chronic experiences of fatigue (Pichora-Fuller et al., 2016). Therefore, the extent to 66 

which L2 listeners routinely experience listening-related fatigue should be driven primarily by their 67 

L2 proficiency. 68 

 Factors beyond L2 proficiency may also explain variability in listening-related fatigue. 69 

Switching between multiple languages might require additional effort, compared to processing words 70 

in one language. Alternating between languages requires not only activation of words in the to-be-71 

attended language but also inhibition of words in the language that should no longer be used 72 

(“language control”, Green & Abutalebi, 2013). Evidence for the role of inhibition comes 73 

predominantly from the production literature (e.g., Coumel et al., 2024; Declerck et al., 2019). 74 

However, switching costs have also been observed in the literature looking at processing of spoken 75 

words (e.g., Coumel et al., 2024; Fernandez et al., 2019; Olson, 2017), suggesting that bilinguals use 76 

language control during comprehension too. During comprehension, competition between the two 77 

languages might be reduced and less language control (inhibition) needed. In line with the argument 78 
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that inhibition is applied relative to the strength of the language that needs to be suppressed, this 79 

control might be especially critical to apply over the L1 while listening to the L2 (e.g., Coumel et al., 80 

2024; Fernandez et al., 2019). The amount of control might be further exacerbated in contexts where 81 

two languages are present but must be used separately (c.f., ‘dual language’ environments; Hartanto & 82 

Yang, 2020). 83 

The impact of using an L2 could also depend on the linguistic similarity with the L1. For 84 

example, poorer L2-English language outcomes have been found in individuals whose L1 is more 85 

distant from English (e.g., Japanese) than those with a more typologically similar L1 (e.g., French; 86 

Booth et al., 2018)1. Typological distance between L1 and L2 has even been found to negatively 87 

influence learning of a third language (Schepens et al., 2016). L2 listening may therefore come at a 88 

cognitive cost which is exacerbated with typological distance from L1. Another factor that may 89 

influence listening-related fatigue is L2 usage frequency. More frequent L2 use is likely to be 90 

associated with higher proficiency (Schmidtke, 2016) and thus lower effort and fatigue (Bsharat-91 

Maalouf et al., 2025). However, because of sustained and/or repeated exposure, it could be argued 92 

that listening-related fatigue is most plausible in cases where an individual must use their L2 on a 93 

more frequent basis. A positive association between L2 usage and listening-related fatigue might 94 

therefore emerge only in individuals with low levels of L2-English proficiency. 95 

 The current study aimed to explore prevalence of listening-related fatigue in L2-English 96 

listeners and identify sources of variability in this population. First, we examined the impact of 97 

language distance by comparing overall listening-related fatigue in three distinct groups: (1) L2-98 

English listeners whose first language is Indo-European (L2_IE), (2) L2-English listeners whose first 99 

language is non-Indo-European (L2_nonIE), and (3) monolingual English-speakers (L1_English). We 100 

examined predictors of listening-related fatigue in L2-English listeners, including self-rated L2-101 

English proficiency and an objective vocabulary measure, frequency of L2 usage, and frequency of 102 

language switching in dual-language contexts (where bilinguals likely require most language control). 103 

 
1 See also the literature on the ‘linguistic similarity hypothesis’ which makes a case for potential negative 

effects of L1/L2 linguistic similarity on speech perception outcomes (e.g., Bradlow et al., 2010). 
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We included both vocabulary (LexTALE) and self-rated proficiency measures for a comprehensive 104 

picture of overall L2 English proficiency. We made the following predictions: 105 

H1. Monolingual English-speakers will report less listening-related fatigue than the L2_IE group 106 

who, in turn, will report less fatigue than the L2_nonIE group, supporting an effect of L1/L2 107 

language distance on listening-related fatigue (Booth et al., 2018). 108 

H2. Self-rated L2 proficiency and objective vocabulary scores will significantly negatively predict 109 

listening-related fatigue (Mattys et al., 2025). 110 

H3. Frequency of language switching in dual-language contexts will be positively associated with 111 

listening-related fatigue, reflecting their increased inhibitory control demands (Coumel et al., 112 

2024).  113 

H4. L2 proficiency (self-rated proficiency and objective vocabulary score) will moderate the 114 

effect of L2 usage frequency on listening-related fatigue, such that increased L2 use will be 115 

associated with higher fatigue scores in individuals with low L2 proficiency only (Schmidtke, 116 

2016; Bsharat-Maalouf et al., 2025). 117 

 118 

Method 119 

Methodological plans and hypotheses for this study were pre-registered 120 

(https://osf.io/wj59n/registrations). Raw and summary data can be accessed from our Open Science 121 

Framework (OSF) project homepage (https://osf.io/wj59n/overview). 122 

 123 

Participants 124 

We recruited 427 participants, aged 18-50 years (M = 32.24, SD = 7.78). Of these 125 

participants, 237 selected ‘Female’ as their gender, 186 selected ‘Male’, three selected ‘Other’, and 126 

one selected ‘Prefer not to say’. All participants were recruited via the online recruitment platform 127 

Prolific (prolific.co) and financially compensated for their time at a rate of £9 p/h. The following 128 

https://osf.io/wj59n/registrations
https://osf.io/wj59n/overview


L2 Listening-related fatigue. 

 

 

 

initial eligibility criteria were applied on Prolific for all three groups, based on self-reports: (1) Based 129 

in UK, United States, or Canada, (2) aged between 18 and 50 years, (2) no hearing difficulties, (3) not 130 

currently wearing a cochlear implant, (4) no known language-related disorders, (5) fluent in English, 131 

and (6) no long-term health condition/disability.  132 

The following additional criteria stored on the Prolific database were used to assign 133 

participants into one of the three participant groups: (1) Monolingual L1_English, (2) L2_IE, and (3) 134 

L2_nonIE. Participants in the ‘L1_English’ group were pre-selected using the following Prolific 135 

screeners: (1) First language identified as ‘English’, (2) self-identified as ‘English speaking 136 

monolingual (I only know English)’, and (3) Responded ‘I was raised with my native language only’ 137 

to the question ‘Were you raised monolingual?’. In addition to the four customised eligibility 138 

questions, participants in this group were also asked to confirm in the study survey that they were ‘a 139 

monolingual English speaker (i.e., you are not fluent in any language other than English)’, which all 140 

86 participants verified. Participants in the ‘L2_IE’ group were identified as those who listed any of 141 

the following as their first language: Danish, Dutch, French, German, Italian, Norwegian, Portuguese, 142 

and Swedish. Participants in the ‘L2_non-IE’ group were identified as those who listed any of the 143 

following as their first language: Burmese, Chinese, Indonesian, Korean, Nepali, Thai, Tibetan, and 144 

Vietnamese.  145 

Based on a power analysis in G*Power (Faul et al., 2009), we calculated that 250 L2-English 146 

listeners would provide 80% power to detect a small-medium (Cohen’s f 2 = 0.06) effect in multiple 147 

regression with seven predictors, and a smaller-medium (Cohen’s f 2 = 0.04) effect in moderation 148 

analysis with two moderators (self-rated proficiency and objective vocabulary score) with an alpha 149 

error probability of 0.05. We recruited a total of 338 L2-English listeners, along with an additional 89 150 

monolingual controls. Of the 427 participants, 13 failed the attention check2 (details in ‘Vanderbilt 151 

Fatigue Scale’ stimuli and task procedure section below) and were removed from the analyses. Of the 152 

remaining 328 L2-English listeners, 68 were excluded for reporting an English understanding 153 

 
2 Due to an unforeseen error, the attention check was not programmed for the first 62 participants in the study, 

all of whom were non-IE L2-English listeners. We kept these participants in our analysis as there was no 

indication in the study data that these participants were not paying attention. 
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proficiency score of ≥ 2 points higher than their L1 understanding proficiency score (meaning that in 154 

terms of proficiency, English was likely not their L2). Finally, an additional four L2-English listeners 155 

were removed from the analyses: three for completing the experiment exceptionally fast (< 25% of 156 

median completion time) and providing uninterpretable responses (e.g., responding with a number to 157 

a question asking them to indicate their ‘Language A’), and one whose performance on the LexTALE 158 

task (a behavioural measure of L2 English vocabulary, described below) was 6.26 SDs below the 159 

mean (scoring just 6% accuracy), suggesting either inattention or very low English proficiency. Figure 160 

1 provides a schematic of the screening process and participant exclusions at each stage. A total of 161 

342 participants (256 L2-English listeners) were entered into the analyses. Table 1 shows the 162 

demographic and language characteristics of each group entered into the analyses. This study was 163 

granted ethical approval by the School of Psychology Research Ethics Committee at University of 164 

Leeds (Ref: PSCETHS-1085).  165 

 166 

 167 

 168 

Figure 1. Schematic showing participant numbers at each stage of the screening procedure. 169 
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 170 

Table 1. Demographic and language use characteristics of participants entered into the analyses. 171 

 Group 

 L1 English L2 IE L2 nonIE 

N 86 126 130 

Age in years (M, SD) 33.51 (7.75) 33.43 (7.36) 31.30 (7.65) 

Gender (Female/Male/Other/Undisclosed) 41/44/0/1 79/46/1/0 77/52/1/0 

Age (in years) of onset English acquisition 

(M, SD) 

/ 8.86 (3.99) 6.52 (3.75) 

L2 self-rated language proficiency (1 - 10) / 8.91 (0.86) 7.99 (1.48) 

LexTALE vocabulary score % (0 - 100) / 86.5 (9.8) 79.8 (11.7) 

Language use overall (1 = all L1, 5 = all L2) 

Language use in formal (work/education) 

contexts (1 = all L1, 5 = all L2) 

Language entropy (0 = language use in 

single-language contexts, 1 = language use in 

dual-language contexts) 

Single-language context usage % (0 – 100)  

Dual-language switching % (0 - 100) 

Dense code-switching % (0 - 100) 

/ 

/ 

 

 

 

/ 

 

 

 

 

 

/ 

 

/ 

 

/ 

3.25 (0.78) 

3.80 (1.45) 

 

 

 

0.47 (0.16) 

 

 

 

 

 

63.61 (29.51) 

 

22.09 (22.38) 

 

33.71 (28.51) 

3.05 (0.84) 

3.62 (1.64) 

 

 

 

0.46 (0.17) 

 

 

 

 

 

59.72 (26.14) 

 

22.02 (17.18) 

 

37.66 (24.47) 

*See ‘Analysis’ section for details on how each score was calculated. 172 

 173 

General Procedure 174 

We used Gorilla Experiment Builder (www.gorilla.sc; Anwyl-Irvine et al., 2020) to design 175 

and host the experiment. Participants were recruited on Prolific and directed to Gorilla using an 176 

experiment link. On Prolific, participants were instructed to only take part in the experiment if they: 177 

(1) could complete the study on a laptop or desktop computer, and (2) were aged 18-50 years, (3) did 178 

http://www.gorilla.sc/
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not suffer from a long-term health condition (e.g., CFS, cancer, diabetes) or language-related disorder 179 

(e.g., dyslexia), (4) were not regularly taking any prescribed medication known to cause fatigue (e.g., 180 

anti-histamines), and (5) do not currently have a hearing loss and/or wear a hearing device (e.g., 181 

hearing aid or cochlear implant). After reading the information sheet and providing consent, 182 

participants were asked to confirm that they met all of the following customised eligibility criteria: (1) 183 

You do not currently suffer from a long-term health condition which may cause chronic fatigue (e.g., 184 

CFS, cancer, diabetes), (2) You do not regularly take any prescribed medication that is known to 185 

cause fatigue (e.g., antihistamines), (3) You do not have a hearing loss and/or currently wear a hearing 186 

device (e.g., hearing aid or cochlear implant), and (4) You do not have any kind of language-related 187 

disorder (e.g., dyslexia). Participants who responded ‘no’ to any of the above screening questions 188 

were automatically rejected from the study.  189 

All questionnaires and tasks were completed on Gorilla. First, participants completed the 190 

Vanderbilt Fatigue Scale (Hornsby et al., 2021), followed by the Language and Social Background 191 

Questionnaire (LSBQ; Anderson et al., 2018) and Interactional Contexts Questionnaire (ICQ; 192 

Hartanto & Yang, 2020). Finally, participants completed the LexTALE before being provided with an 193 

experiment debrief. In total, the study lasted approximately 15 minutes. Participants in the 194 

‘monolingual L1 English’ group completed the Vanderbilt Fatigue Scale only. For this group, the total 195 

study duration was approximately 5 minutes. 196 

 197 

Stimuli and individual task procedures 198 

Vanderbilt Fatigue Scale. The Vanderbilt Fatigue Scale was administered to measure daily 199 

life experiences of listening-related fatigue; that is, fatigue that is experienced specifically in the 200 

context of listening (Hornsby et al., 2021). This scale has been shown to have high marginal reliability 201 

(r = .98), adequate test-retest reliability (r = .60 - .69), and evidence of good construct validity across 202 

age, gender, and hearing-impaired adult populations (all differential item functioning effect sizes ≤ 203 

0.023). The questionnaire consists of 40 items, each with 5-point Likert-type responses (0 – 4) with 204 
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verbal anchors ranging from ‘Never/Almost never’ to ‘Always/Almost always’ or ‘Strongly Disagree’ 205 

to ‘Strongly Agree’, none of which were reverse-coded. Examples of test items include: ‘I feel worn 206 

out from everyday listening’ and ‘It takes a lot of energy to listen and understand’. Participants are 207 

given the following (verbatim) instructions; ‘For each item, select the SINGLE response which best 208 

describes your day-to-day experiences over a typical WEEK.’ Following Buchanan and Scofield’s 209 

(2018) recommendations for optimising quality of data collected online, we also included an attention 210 

check. In between item numbers 36 & 37, participants were asked to ‘Please select ‘strongly agree’ to 211 

show you are paying attention to this question’. For the attention check item, the response options 212 

provided were the same as for items 30-40 (ranging from ‘Strongly disagree’ to ‘Strongly agree’).  213 

 Language and Social Background Questionnaire (LSBQ). The LSBQ was used to assess 214 

self-rated proficiency and language use across a variety of contexts (Anderson et al., 2018). 215 

Specifically, we included questions assessing self-rated proficiency for speaking, understanding, 216 

reading, and writing as well as a section on community language use behaviour. Participants were 217 

asked to reflect on their language use in the past six months, with different interlocutors (e.g., with 218 

parents, siblings, or friends), in different environments (e.g., home, school, work), and for different 219 

activities (e.g., reading, using social media). Two additional answer options were included: one to 220 

indicate another language aside from English or their L1 was used in that context, and one to indicate 221 

that the context did not apply to the participant (e.g., because they did not have a partner). These 222 

answer options were not included when computing the mean score.  223 

Finally, we left out two LSBQ context questions (praying and for religious activities) as these 224 

questions are often responded to as “not applicable” and elicit unnecessary personal (religious) 225 

information. We added three questions referring to language use during speaking, writing, and 226 

understanding speech to complement the question on reading and to make sure all questions were in 227 

the same answer format (in the original LSBQ, questions about time spent speaking, writing, and 228 

understanding each language have a different answer format). The LSBQ has been shown to have 229 

moderate-substantial test-retest reliability in capturing bilingual experiences (Mann & de Bruin, 2022) 230 

and at least moderate validity relative to Ecological Momentary Assessment (de Bruin, in press). 231 
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Responses on this questionnaire were analysed to compute self-rated L2 English proficiency, 232 

frequency of L2 language use, and language entropy scores (see ‘analysis’ for more specific details). 233 

 Interactional Contexts Questionnaire (ICQ). The ICQ was used to assess bilingual 234 

language switching contexts (Hartanto & Yang, 2020). In the ICQ, participants were asked to report 235 

the prevalence of a variety of bilingual interactional contexts across four situations: home, school, 236 

work, and others. Participants report the percentage of time spent in each of these places overall and, 237 

using percentages, they indicate for each of the four contexts to what extent their daily conversational 238 

exchanges took place in a single-language context (e.g., ‘I speak only one language and rarely switch 239 

to the other language’), a dual-language context (e.g., ‘I often switch languages, but I rarely mix 240 

languages within an utterance’), or a dense code-switching context (e.g., ‘I routinely mix two or more 241 

languages within an utterance to most speakers’). The percentages reported in each place (e.g., home, 242 

work) must sum to 100%.  243 

LexTALE. LexTALE was used as a behavioural measure of English language vocabulary 244 

(Lemhöfer & Broersma, 2012). LexTALE is a 5-minute vocabulary test in which participants are 245 

asked to indicate whether a string of letters presented on the screen is a word (by pressing the letter 246 

‘L’) or not a word (by pressing the letter ‘A’). The test includes 60 items altogether (40 words and 20 247 

non-words), preceded by three practice items. LexTALE has been shown to be a good predictor of 248 

English vocabulary knowledge and correlated with a measure of general English proficiency 249 

(Lemhöfer & Broersma, 2012).  250 

 251 

Analysis 252 

All statistical analyses were conducted using JASP v0.19.3 (JASP Team, 2024). Prior to 253 

analyses in JASP, data were processed using R v.2024.12.0.467 (R Core Team, 2025). 254 

Listening-related fatigue score. Total listening-related fatigue score was a summed score of 255 

the 40 items on the Vanderbilt Fatigue Scale (excluding the attention check item). Possible scores 256 

ranged from 0 – 160, with higher scores indicating increased listening-related fatigue. 257 
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Objective vocabulary score. LexTALE vocabulary scores were calculated following 258 

guidelines in Lemhöfer and Broersma (2012). Percentage correct scores on the LexTALE were 259 

calculated separately for words (i.e., % letter strings correctly identified as words) and non-words 260 

(i.e., % letter strings correctly identified as non-words). Total percentage scores were calculated as the 261 

mean of the words and non-words percentage scores, with higher total scores reflecting superior 262 

vocabulary. 263 

Self-rated L2-English proficiency. Total self-rated proficiency was calculated as the mean 264 

score across speaking, understanding, reading, and writing items (all Likert-type responses ranging 265 

from 1 – 10) on the LSBQ (Anderson et al., 2011). A score of 1 indicates no proficiency and a score 266 

10 suggests native proficiency. 267 

L2 language use (overall). A mean score was taken across all reported contexts on the 268 

LSBQ, with a range from 1 – 5, with higher scores indicating more frequent L2-English use. 269 

L2 language use (formal). A mean score was taken across formal (university and/or work) 270 

contexts only on the LSBQ with a range from 1 – 5. Higher scores indicated more frequent L2-271 

English use in formal contexts. 272 

Language switching indices. Analysis procedures were based on Hartanto and Yang (2020). 273 

For each participant, frequency of single-language contexts, dual-language switching, and dense code-274 

switching across the four situations were determined by calculating averages weighted by frequency 275 

of usage in each context, using the following formulae: 276 

 

Single-language context usage index   = ∑  4
𝑖=1

𝑃𝑖   x  𝑠𝑙𝑖100  

 

Dual-language switching index   = ∑  4
𝑖=1

𝑃𝑖  x  𝑑𝑙𝑖100  

 

Dense code-switching index   = ∑  4
𝑖=1

𝑃𝑖   x  𝑑𝑐𝑖100  
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where 𝑃𝑖  denotes the amount of time spent in each situation (home, school, work, or others),  277  𝑠𝑙𝑖 denotes the percentage of a single-language context in a given situation, 𝑑𝑙𝑖 denotes the 278 

percentage of a dual-language context in a given situation and  𝑑𝑐𝑖 denotes the percentage of a dense 279 

code-switching context in a given situation. To avoid cases where context/category of language use 280 

scores did not sum to 100, we applied a correction formula which calculated each score as a relative 281 

proportion of all scores in the given context/category. For example, if A2 = time spent at home, B2 = 282 

time spent at work, C2 = time spent at school, and D2 = time spent in ‘other’ context, the time spent at 283 

home category was re-calculated as: A2/(A2+B2+C2+D2)*100. Higher overall % scores represent 284 

increased prevalence of either single-language use, dual-language switching and/or dense code-285 

switching across contexts.  286 

Language entropy. Language entropy reflects the social diversity of language use in 287 

bilinguals and is often calculated as an additional measure of language switching tendencies (Gullifer 288 

& Titone, 2020). Responses to items on the language use behaviour section of the LSBQ (ranging 289 

from 1-5) were computed into entropy scores. Responses indicating either ‘all L1’ or ‘all L2’ (1 or 5) 290 

were assigned a value of ‘0’ (i.e., no entropy). Following the scoring procedure recommended in 291 

Gullifer and Titone (2020), responses indicating either ‘mostly L1’ (2) or ‘mostly L2’ (4) were 292 

assigned a value of 0.811278. This was based on summing together 0.75*log2 (0.75) and 0.25*log2 293 

(0.75)3, then multiplying by -1 to yield a positive value. Finally, responses indicating ‘half L1/half L2’ 294 

(3) were assigned a value of ‘1’ (i.e., full entropy). An average entropy score (across all contexts) was 295 

then calculated for each participant, ranging from 0 – 1. Scores closer to 0 reflect the 296 

compartmentalised use of one language only in specific contexts, whereas scores closer to 1 reflect 297 

more time spent in dual-language contexts where both languages are used. 298 

Moderation and (exploratory) mediation analysis. Moderation analyses tested the 299 

hypotheses that self-rated L2 proficiency and objective vocabulary score will moderate the effect of 300 

L2 (versus L1) use on listening-related fatigue (H4). Exploratory mediation analyses tested the 301 

 
3 In this formula, we estimate that responding ‘mostly L1’ (2) means that participants use L1 approximately 

75% of the time, and therefore L2 approximately 25% of time, and vice versa for ‘mostly L2’ (4) responses. 
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hypothesis that L2 proficiency mediates the effect of L2 group (IE vs nonIE) on fatigue. Both 302 

moderation and mediation analyses were conducted using the classical process model (Hayes, 2017) 303 

macro on JASP v0.19.3. For the moderation analyses, we ran two models with L2 use entered as a 304 

continuous predictor variable and total listening-related fatigue score as the outcome variable. In the 305 

first model, self-rated L2 proficiency was entered as the moderator variable, and in the second model 306 

LexTALE vocabulary score was entered as the moderator variable. 95% Confidence intervals were 307 

derived from 1000 bootstrap samples. Following the recommendations of Hayes (2017), direct and 308 

indirect effects were deemed statistically significant if bootstrap confidence intervals were either 309 

entirely above or below zero.  310 

 311 

Results 312 

Effect of group of listening-related fatigue (H1) 313 

Figure 2 displays mean total fatigue ratings as a function of Group. A one-way independent 314 

groups ANOVA (type 3 sum of squares) revealed a main effect of Group (F(2, 340) = 5.91, p = .003, 315 

partial η2 = .03). Post-hoc comparisons using Tukey-corrected p values revealed that mean fatigue 316 

scores were significantly higher in the L2_nonIE group (M = 56.54, SD = 31.02) than the L2_IE 317 

group (M = 44.87, SD = 25.35), t = 3.30, p = .003. No significant differences were found in mean 318 

fatigue scores between the L1_English group (M = 44.61, SD = 25.42) and either the L2_nonIE group 319 

(t = 2.32, p = .06) or the L2_IE group (t = 0.65, p = .79).   320 

 321 
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 322 

Figure 2. Mean total Vanderbilt Fatigue Scale (listening-related fatigue) ratings as a function of Group 323 

(L1_English, L2_IE, L2_nonIE).  324 

 325 

Multiple regression examining predictors of listening-related fatigue in L2 listeners (H2 & H3) 326 

Table 2 displays the correlations between all variables in the regression analysis. Due to 327 

potential multicollinearity between predictors (rs ≥ .8), we removed L2 use (formal) and dense code-328 

switching from the final model. We conducted a multiple linear regression analysis to examine the 329 

remaining five predictors of listening-related fatigue. Overall, the model explained 12.8% of the 330 

variance and provided a significantly better fit than an intercept-only model, F(5, 255) = 8.51, p < 331 

.001. Holding all other model predictors constant, both LexTALE vocabulary score and self-rated L2 332 

proficiency were significant predictors of listening-related fatigue, t(255) = 3.54, β = -.22, p < .001 333 

and t(255) = 4.07, β = -.27, p < .001, respectively. L2 use was also a significant positive predictor of 334 

listening-related fatigue, t(255) = 3.34, β = .22, p < .001. However, neither dual-language switching 335 
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nor entropy significantly predicted listening-related fatigue, t(255) = -0.11, β = -.007, p = .91 and 336 

t(255) = 0.31, β = .02, p = .75, respectively.  337 

 338 

Table 2. Pearson’s correlation coefficients for all variables. 339 

Variable Fatigue LexTALE Self-rated 

Proficiency 

L2 Use 

(overall) 

L2 Use 

(formal) 

Entropy Dual 

Switching 

Dense 

Switching 

Fatigue -        

LexTALE -.27*** -       

Self-rated 

Proficiency 

-.21*** .12 -      

L2 Use 

(overall) 

.14* -.12 .40*** -     

L2 Use 

(formal) 

.15* -.18** .34*** .86*** -    

Entropy .02 -.19** .10 -.08 .02 -   

Dual 

Switching 

.03 -.12 .04 .07 .03 .26*** -  

Dense 

Switching 

.04 -.16** .06 .06 .02 .27*** .80*** - 

*p < .05, **p < .01, ***p < .001. 340 

 341 

Moderation analyses (H4) 342 

We ran two moderation models: one with self-rated L2 proficiency as the moderator (model 343 

1), and one with LexTALE vocabulary score as the moderator variable (model 2). In each case, L2 344 

Use (overall) was the IV and listening-related fatigue was the DV. In model 1, we found evidence that 345 

self-rated L2 proficiency moderated the effect of L2 use on listening-related fatigue (estimate = -4.20, 346 

p = .003, bootstrap CIs: -7.03 to -1.41). In other words, the effect of L2 use on listening-related 347 
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fatigue differed as a function of self-rated proficiency score. To probe this conditional effect, we 348 

generated estimates of the conditional effect of L2 use on listening-related fatigue for values of self-349 

rated L2 proficiency on the 16th percentile (i.e., ‘low’), 50th percentile (i.e., ‘moderate’), and the 84th 350 

percentile (i.e., ‘high’). Overall, we found a significant positive effect of L2 use on listening-related 351 

fatigue for individuals with low and moderate (ps < .001) self-rated L2 proficiency, but not for 352 

individuals with high self-rated L2 proficiency (p > .05). Table 3 displays the estimates and bootstrap 353 

CIs for each conditional effect. 354 

 355 

Table 3. Conditional effect coefficients for model 1 (moderation analysis with ‘self-rated L2 356 

proficiency’ as the moderator variable). 357 

        95% CIs 

   Self-rated 

L2 

proficiency 

Estimate SE z-value p Lower Upper 

L2 

Use 

 Fatigue Low 13.52 2.68 5.05 < .001 8.87 18.90 

L2 

Use 

 Fatigue Moderate 7.76 2.29 3.39 < .001 3.37 12.51 

L2 

Use 

 Fatigue High 3.01 3.03 1.00 .32 -2.97 9.50 

Note.  Confidence intervals are percentile bootstrapped. Standard errors, z -values and p -values are 358 

based on the delta method. ‘Low’, ‘Moderate’, and ‘High’ self-rated rated L2 proficiency scores 359 

represent scores on the 16th, 50th, and 84th percentile, respectively. 360 

 361 

In model 2, we found evidence that LexTALE vocabulary score moderated the effect of L2 362 

use on listening-related fatigue (estimate = -73.05, p = .02, bootstrap CIs: -138.70 to -11.71). The 363 

effect of L2 use on listening-related fatigue differed as a function of vocabulary score. To probe this 364 

conditional effect, we generated estimates of the conditional effect of L2 use on listening-related 365 
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fatigue for values of vocabulary score on the 16th percentile (i.e., ‘low’), 50th percentile (i.e., 366 

‘moderate’), and the 84th percentile (i.e., ‘high’). Overall, we found a significant positive effect of L2 367 

use on listening-related fatigue for individuals with low vocabulary scores (p = .002), but not for 368 

individuals with moderate or high vocabulary scores (ps > .05). Table 4 displays the estimates and 369 

bootstrap CIs for each conditional effect. 370 

 371 

Table 4. Conditional effect coefficients for model 2 (moderation analysis with ‘LexTALE vocabulary 372 

score’ as the moderator variable). 373 

        95% CIs 

   LexTALE 

vocabulary 

Estimate SE z-value p Lower Upper 

L2 

Use 

 Fatigue Low 16.68 5.46 3.06 .002 6.17 27.88 

L2 

Use 

 Fatigue Moderate 6.45 3.60 1.79 .07 -0.99 13.68 

L2 

Use 

 Fatigue High -0.85 5.10 -0.17 .87 -11.75 9.39 

Note.  Confidence intervals are percentile bootstrapped. Standard errors, z -values and p -values are 374 

based on the delta method. ‘Low’, ‘Moderate’, and ‘High’ LexTALE vocabulary scores represent 375 

scores on the 16th, 50th, and 84th percentile, respectively. 376 

 377 

Mediation analysis 378 

Exploratory mediation analysis tested the hypothesis that self-rated L2 proficiency and/or 379 

LexTALE vocabulary score mediate the effect of L2 Group (IE vs nonIE) on listening-related fatigue 380 

(see Figure 3). We found an indirect effect of group on listening-related fatigue via both vocabulary 381 

score and self-rated L2 proficiency. Specifically, participants in the L2_IE group performed 382 

significantly better on the vocabulary task (p < .001) and also reported significantly higher L2 383 

proficiency (p < .001) than their nonIE counterparts. Participants who performed better on the 384 
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vocabulary task and reported higher L2 proficiency scores were also significantly more likely to 385 

report lower listening-related fatigue (p < .001 and p = .02, respectively). Bootstrap confidence 386 

intervals for the indirect effect of group on listening-related fatigue via vocabulary score (a1b1 = 4.15) 387 

and self-rated L2 proficiency (a2b2 = 3.12) were both entirely above zero (1.72 to 6.98 and 0.60 to 388 

5.52, respectively). There was no significant direct effect of group on listening-related fatigue as the 389 

bootstrap confidence intervals straddled zero (c′ = 4.28, bootstrap CIs: -3.32 to 12.15). 390 

 391 

 392 

Figure 3. Diagram showing regression coefficients between all variables tested in the exploratory 393 

mediation model. A solid arrow connecting variables represents a significant regression coefficient (p 394 

< .05). A dashed arrow represents a non-significant coefficient. 395 

 396 

Discussion 397 

 We examined individual differences in the experiences of listening-related fatigue amongst 398 

L2 listeners by testing the effects of L1/L2 language distance, L2 proficiency and usage frequency, 399 

and language switching tendencies on listening-related fatigue. Our first hypothesis (H1) was partially 400 
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supported. We found evidence of increased listening-related fatigue in L2-English listeners whose L1 401 

was more typologically distinct from English (non-Indo-European) than L2-English listeners with an 402 

Indo-European L1. However, no significant differences in listening-related fatigue were found 403 

between the L1_English group and either of the L2 listener groups. We found support for our H2; 404 

both self-rated L2 proficiency and L2 vocabulary scores were significant negative predictors of 405 

listening-related fatigue. However, neither language entropy nor switching frequency were found to 406 

be significant predictors. Thus, our third hypothesis (H3) predicting an effect of language switching 407 

tendences was not supported. Our fourth and final hypothesis (H4) was supported; both self-rated L2 408 

proficiency and objective vocabulary score moderated the effect of L2 usage frequency on listening-409 

related fatigue. Specifically, L2 use positively predicted listening-related fatigue, but only in those 410 

with low L2 vocabulary scores, or low-moderate self-rated L2 proficiency scores. 411 

 The non-Indo-European L2 group reported significantly higher listening-related fatigue than 412 

their Indo-European counterparts. Although there was also a numerical difference between the non-413 

Indo-European L2 group and the monolingual English group, it was not statistically significant. 414 

Finally, no difference in listening-related fatigue was found between the Indo-European L2 group and 415 

the monolingual English group. Overall, these findings lend support to the idea that L1/L2 language 416 

distance may impact the extent to which an L2 listener experiences speech perception challenges and 417 

listening-related fatigue (Schepens et al., 2016; Booth et al., 2018). Although we did anticipate higher 418 

fatigue ratings in both L2 listener groups compared to English monolinguals, we believe that this null 419 

finding, along with the large discrepancy in listening-related fatigue between L2 listener groups, may 420 

be driven primarily by language proficiency. Notably, the Indo-European L2 group had significantly 421 

higher vocabulary and self-rated L2-English proficiency scores than their non-Indo-European 422 

counterparts (ps < .001, see Table 1 for Ms/SDs). To test this assumption, we conducted an 423 

exploratory mediation analysis and found evidence that the effect was fully mediated by L2-English 424 

vocabulary score and self-rated L2-English proficiency (see Figure 3). This suggests that the group 425 

difference was likely attributable to the relatively high levels of L2-English proficiency in the Indo-426 

European L2 group which protected against the onset of listening-related fatigue. Overall, differences 427 
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in listening-related fatigue between all three groups appeared to be driven most strongly by language 428 

proficiency. 429 

 Self-rated and objective markers of L2-English proficiency were the strongest predictors of 430 

L2 listening-related fatigue4 with lower levels of proficiency associated with higher levels of 431 

listening-related fatigue. This finding underscores the importance of L2 proficiency in determining the 432 

likelihood (and extent) of listening-related fatigue. The Data-Resource-Language framework (Mattys 433 

et al., 2025) proposed that L2 listeners cope with the demands of everyday listening by allocating 434 

cognitive resources across a wider variety of contexts (e.g., even in relatively quiet conditions) and in 435 

a more sustained manner. Unlike monolinguals listening in their L1, the extent to which this occurs 436 

(and has repercussions including fatigue) is determined primarily by the listener’s speed of lexical 437 

access and the integrity of their lexical representations, and thus, their L2 proficiency. The current 438 

findings therefore broadly resonate with key tenets of the Data-Resource-Language framework. 439 

Findings also support earlier empirical work on the importance of vocabulary and language 440 

proficiency in determining speech recognition performance (Schmidtke, 2016) and listening effort 441 

(Basharaat-Maalouf, 2025) and extends this suite of speech perception outcomes to listening-related 442 

fatigue. 443 

 Previous work highlights the cognitive demands of switching between multiple languages 444 

within a conversation (Green & Abutalebi, 2013). Research on language production highlights the 445 

importance of the linguistic environment, with less flexible dual-language use shown to increase 446 

behavioural and subjective markers of effort (de Bruin & McGarrigle, 2024). In the current study, 447 

neither dual-language switching nor dense code-switching environment exposure predicted listening-448 

related fatigue. We calculated an ‘entropy’ score for each listener which captures the extent to which 449 

individuals use two languages in a compartmentalised (low entropy) or flexible (high entropy) manner 450 

(Gullifer & Titone, 2020) but they also did not predict listening-related fatigue. This suggests that, 451 

 
4 In a revised regression model that included only self-rated L2 proficiency and LexTALE vocabulary as 

predictors, both still contributed unique individual variance in listening-related fatigue (ps ≤.004).  
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while switching between languages may be cognitively costly, exposure to different types of language 452 

switching environments has relatively little impact on listening-related fatigue. While this was 453 

contrary to our expectations, it is in line with recent studies suggesting comprehension of language 454 

switches might be less cognitively demanding than production, potentially in part due to language 455 

comprehension eliciting less language competition (e.g., Coumel et al., 2025; Declerck et al., 2019). 456 

Thus, bilinguals might experience relatively little listening-related fatigue in dual-language contexts. 457 

 Finally, increased L2 usage frequency was associated with heightened reports of listening-458 

related fatigue, but crucially this was unique to individuals with low-moderate self-rated L2-English 459 

proficiency or low L2-English vocabulary scores. For individuals with high L2 proficiency, no 460 

association was found. This suggests that increasing one’s L2 usage may come at a cost until one 461 

attains high levels of proficiency. An intriguing possibility exists that there is a ‘tipping point’ of 462 

language proficiency (e.g., between moderate-high) at which increased L2 usage no longer causes 463 

fatigue. This finding has implications for second-language learning more generally. While increasing 464 

one’s L2 usage will no doubt help to improve proficiency in the longer-term, there may also be short-465 

term negative consequences to navigate, including listening-related fatigue. Individuals experiencing 466 

such repercussions may benefit from targeted interventions, such as listening breaks and/or 467 

counselling (Davis et al., 2021). 468 

 Study limitations include concerns about online research data quality, particularly when using 469 

largely questionnaire-based methods which may be more prone to bias. To help address some of these 470 

limitations, we followed recommendations of Buchanan and Scofield (2018) for identifying low 471 

quality online data which resulted in the removal of data from 85 participants in total (see 472 

‘Participants’ section for details). While the current study focused on linguistic factors, it is likely that 473 

cognitive (e.g., attention and memory) and perceptual (e.g., temporal processing) skills play a key role 474 

in modulating speech perception outcomes in this population (Mattys et al., 2025). Future research 475 

could help to tease apart the relative importance of these factors in determining downstream effects on 476 

speech perception outcomes. 477 

 478 
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Conclusions 479 

The current study was the first systematic examination of listening-related fatigue in L2 480 

listeners. We provide evidence that some L2 listeners experience heightened listening-related fatigue 481 

in their daily life, and that these experiences are driven primarily by language proficiency. Results 482 

also support the notion that, until an individual reaches high levels of L2 proficiency, increased usage 483 

of a second language may come at the cost of increased listening-related fatigue. 484 

 485 
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