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Exposure to nonnative-accented
speech reduces listening effort
and improves social judgments
of the speaker

Joseph Rovetti?, David Sumantry? & Frank A. Russo?™*

Prior research has revealed a native-accent advantage, whereby nonnative-accented speech is more
difficult to process than native-accented speech. Nonnative-accented speakers also experience more
negative social judgments. In the current study, we asked three questions. First, does exposure

to nonnative-accented speech increase speech intelligibility or decrease listening effort, thereby
narrowing the native-accent advantage? Second, does lower intelligibility or higher listening effort
contribute to listeners’ negative social judgments of speakers? Third and finally, does increased
intelligibility or decreased listening effort with exposure to speech bring about more positive social
judgments of speakers? To address these questions, normal-hearing adults listened to a block of
English sentences with a native accent and a block with nonnative accent. We found that once
participants were accustomed to the task, intelligibility was greater for nonnative-accented speech
and increased similarly with exposure for both accents. However, listening effort decreased only for
nonnative-accented speech, soon reaching the level of native-accented speech. In addition, lower
intelligibility and higher listening effort was associated with lower ratings of speaker warmth, speaker
competence, and willingness to interact with the speaker. Finally, competence ratings increased over
time to a similar extent for both accents, with this relationship fully mediated by intelligibility and
listening effort. These results offer insight into how listeners process and judge unfamiliar speakers.

To understand speech, listeners must map the sounds that they hear onto phonological (sound-level) and lexi-
cal (word-level) representations of speech stored in long-term memory"? Under ideal conditions, this mapping
occurs automatically. However, in everyday life, listeners frequently face listening challenges such as background
noise*!, which cause discrepancies between what they are hearing and mental representations of speech>®. This
discordance negatively affects speech processing in two ways’. First, it may decrease listeners’ understanding
of speech (i.e., speech intelligibility)®. Second, even when speech is fully intelligible, listening challenges may
increase listening effort, defined by McGarrigle et al.” as “the mental exertion required to attend to, and under-
stand, an auditory message.”

Listening is also more challenging when the speaker has a nonnative accent'’, defined as one that systemati-
cally differs from native speech due to influence from the speaker’s native language''. This is a common challenge
for many listeners with limited exposure to nonnative accents, since, across much of the world, ethnic and lin-
guistic diversity within countries is increasing'?. The systematic differences of nonnative accents mean that native
speakers cannot as easily map them onto their mental representations'>!%. As a result, a native-accent advantage
exists whereby native-accented speech is understood better than nonnative-accented speech!®>-'. However, the
predictability of these differences allows listeners to adapt to nonnative accents over time'®~?!. For instance, in
Bradlow and Bent", participants listened to native-accented and Chinese-accented English sentences presented
against white noise. After only brief exposure to Chinese-accented sentences, that accent in particular became
significantly more intelligible.

Nonnative-accented speech is also associated with greater listening effort*>-2%. However, few studies have
considered whether listening to nonnative-accented speech becomes less effortful over time. One early study,
Clarke and Garrett®, indirectly supported this conclusion. Participants initially processed clear Chinese- and
Spanish-accented English sentences slower than clear native-accented sentences, perhaps indicating greater
processing load. However, after fewer than five sentences, both native- and nonnative-accented sentences were
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processed at the same speed. More recently, in Brown et al.?, participants listened to two counterbalanced blocks

of clear, fully-intelligible English sentences: one with a native accent and one with a Mandarin Chinese accent.
In a first experiment, listening effort was measured using participants’ reaction time on a secondary task; and in
a second experiment, it was measured using their pupil dilation. These experiments found that for both accents,
listening effort decreased after brief exposure. However, over the first 10-20 sentences of the second block (once
participants were accustomed to the task), listening effort decreased faster for Mandarin-accented speech.

Speakers with nonnative accents may also face negative social judgment from listeners. This has been charac-
terized using the stereotype content model?’, which states that groups are judged along two principal dimensions:
warmth (or solidarity; how friendly they are) and competence (or status; how intelligent they are). According to
this model, North Americans perceive some high-status groups as above-average in both warmth and competence
(e.g. Canadians), whereas others are perceived as above-average in warmth and below-average in competence
(e.g., Italians), below-average in warmth and above-average in competence (e.g., East Asians), or below-average
in both (e.g., Latin Americans)*?. Similar group judgments are also made when listening to speech stimuli of
nonnative-accented groups®. These judgments likely arise, at least in part, by the extent to which the listener
can accurately identify the accent, categorize it, and engage in stereotyping® ~**. In particular, listeners may use
a speaker’s accent to determine their group membership and use these categories to draw upon stereotypical
associations, which they then apply to the speaker in question®.

Other mechanisms may also contribute to these negative social judgments of nonnative-accented speakers.
One such mechanism is the processing fluency hypothesis®®, which argues that when speech is more difficult to
process, it leads to more negative judgments of the speaker®*. Early findings offered preliminary support for this
mechanism. For instance, lower perceived accent comprehensibility is associated with lower rates of employment
recommendation, even when accounting for ethnicity and objective intelligibility***. The most direct support
for this hypothesis came from Dragojevic and Giles**, which had participants listen to English stories read by a
native-accented speaker and a Punjabi-accented speaker at various levels of background noise. Their second, more
stringent experiment found that when the noise was louder, listeners’ ratings of processing fluency decreased,
their affective reactions became more negative, and their competence (but not warmth) ratings decreased. Media-
tion analyses demonstrated that noise reduced processing fluency, which in turn reduced perceived competence
directly as well as indirectly by increasing negative affect.

In the current study, normal-hearing adults listened to two counterbalanced blocks of English sentences
presented against white noise: one spoken by speaker with a native accent, and the other by a speaker with non-
native (Mandarin Chinese) accent. This study had three aims. First, we assessed how exposure to accents affects
intelligibility and listening effort (Aim 1). We anticipated that, with exposure, intelligibility would increase and
listening effort would decrease for nonnative-accent speech, even more so than native-accented speech. However,
listening effort for the nonnative accent may decrease the most for participants who have this accent presented
in the second block, at which point they have become accustomed to the task*. Second, we assessed whether
intelligibility or listening effort predicts listeners’ social judgments of speakers: their warmth, their competence,
and how willing listeners are to interact with them (Aim 2). We anticipated that, consistent with the process-
ing fluency hypothesis, lower intelligibility and higher listening effort would be associated with more negative
social judgments of native- and nonnative-accented speakers®*. Third and finally, we assessed a hypothesis that
no prior study (to our knowledge) has considered: that the increased intelligibility or decreased listening effort
resulting from exposure to native- and nonnative-accented speech would improve listeners’ social judgments
of the speakers (Aim 3).

Methods
Participants. Participants were recruited from the Psychology Undergraduate Participant Pool at Toronto
Metropolitan University and received course credit for participation. The study protocol was approved by the
Research Ethics Board at Toronto Metropolitan University (protocol number REB 2020-232), with all methods
carried out in accordance with this approved protocol. The final sample included 112 participants (102 females,
10 males) ranging in age from 17 to 41 years (M =19.49, SD=3.52). Thirty-seven participants identified as
White, 17 as Southeast Asian, 17 as South Asian, 14 as East Asian, nine as West Asian, nine as Black, one as Latin
American, seven as Mixed, and one selected Other. All participants were fluent in English and used it as their
primary language. Ninety-one participants spoke English as a first language, and of the 21 who learned it later
in life, their age of learning English ranged from 1 to 5 years (M =3.00, SD =1.20). Thus, all were early bilinguals
and likely exhibited native-like (i.e., more efficient) speech processing, including under challenging listening
conditions®. Only two of these 21 participants reported speaking with a slight nonnative accent (one Filipino,
one Greek). Participants’ experience listening to Mandarin ranged from 1/10 to 10/10 (M=3.48, SD=2.19). To
achieve the final sample size of 112, a total of 166 participants completed the study, which was the maximum
number of participants that we were able to collect during the Fall 2020 semester. However, 54 of these partici-
pants were excluded: 13 for not meeting eligibility criteria, and 41 for not passing data quality checks.
Exclusion based on eligibility generally followed Brown et al.?%: having non-normal hearing (n=0), having
a Chinese accent (n=2), or having extensive experience speaking Mandarin (6/10-10/10; n=11). These latter
two criteria minimized the influence of the matched interlanguage speech intelligibility benefit, in which listen-
ers understand speech spoken with a nonnative accent consistent with their own linguistic background at least
as well as speech spoken with a native accent®. Participants were not rejected based on experience listening to
Mandarin so that the effect of this variable could be assessed on all dependent variables. Exclusion based on data
quality included the following: having mean speech intelligibility more than three standard deviations below
the mean for either accent block (as in Brown et al.?%; n=2), failing an attention check at any point in the study
(n=1), stating that their data should not be used (n=11), completing the study on a mobile phone (n=1), not
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following all task instructions to the best of their abilities (n = 2), taking an extended break within a block (n=7),
not keeping their computer volume at the same level throughout the study (n=7), or experiencing distractions
that may have interfered with performance (n=10). The final sample size of 112 exceeded the 80 participants of
Brown et al.? as well as the more conservative recommendations of Hox et al.** to achieve accurate parameter
estimates. Using the web-based application PANGEA version 0.2.0 (https://jakewestfall.shinyapps.io/pangea),
the power to detect small main effects of accent in each block (d=0.3) was estimated as 97% for listening effort
and intelligibility, 95% for warmth and competence, and 92% for willingness.

Design. The current study had two crossed within-subject independent variables: Accent (native, nonnative)
and Trial (1-31). Participants completed two blocks of 31 trials, with each block a different accent. Given the
crossed design, the effect of Trial was considered within each Accent. Half of participants had the native block
followed by the nonnative block, and the other half nonnative followed by native. Thus, the effect of Accent can
be considered separately within each block, in which case it serves as a between-subjects independent variable.
In addition, half of participants had sentences 1-31 in the native block and sentences 32-62 in the nonnative
block, while the other half had the inverse assignment. These two factors gave rise to four counterbalancing
conditions, each completed by 28 participants. There were five dependent variables: how accurately participants
understood the speech (intelligibility), how much effort participants reported while listening (listening effort),
how warm participants perceived the speaker to be (warmth), how competent participants perceived the speaker
to be (competence), and how willing participants were to interact with the speaker (willingness).

Stimuli. Speech stimuli were from the same set used by Brown et al.?, which were themselves taken from
Van Engen et al.*’. These stimuli were sentences containing four keywords (e.g., “The hot sun warmed the
ground”). Brown et al.* used 160 sentences, each with two recording versions: a female native speaker with a
North American English linguistic background, and a female nonnative speaker with a Mandarin Chinese lin-
guistic background. These accents were matched on speaking rate. The nonnative accent was moderately strong,
and it was apparent that she was not a native English speaker. Other research on nonnative-accented speech has
frequently used Mandarin or other Chinese accents'*?**2. Our study design only required 62 sentences. To select
these sentences from the total 160 available, we first excluded one sentence in which the nonnative recording
included a misread keyword. Then, we selected 62 sentences in such a way that maximized the number of key-
words that were not also keywords in other sentences. The 62 native stimuli corresponding to these sentences
ranged in duration from 3.60 to 4.50 s (M =3.97, SD=0.18), and the 62 nonnative stimuli ranged from 3.42 to
4.59 s (M=3.96, SD=0.23). In addition, we used six practice stimuli recorded by a third speaker with a different
accent (Korean). These stimuli were also used as practice stimuli by Brown et al.?, and the sentences that they
were based on were originally from the Speech Perception in Noise Test*.

The experimental and practice stimuli were mixed with white noise at a signal-to-noise ratio of — 1 dB, which
pilot testing found led to an intelligibility of approximately 75%. All stimuli were set to the same root-mean-
square amplitude using Praat version 6.1.37. Before each sentence was presented, there was a 0.5-s fade-in of
white noise followed by 0.5 s of white noise alone; and after the sentence, there was 0.5 s of white noise alone
followed by a 0.5-s fade-out of white noise. Brown et al.*® did not mix their stimuli with noise to ensure near-
ceiling performance, but we added noise to reduce intelligibility and increase the likelihood of improvements
over time as participants become familiar with the two accents. All stimuli used in the experiment can be found
here: https://osf.io/cbzx4/.

Procedure. The study was completed online through Qualtrics (Qualtrics, Provo, UT). Participants were
able to complete it from home at a convenient time and without researcher supervision. Of the participants
included, 108 of them completed the study on a laptop and four completed it on a desktop. Sixty-seven used
in-ear headphones, 23 used speakers, and 22 used on/over-ear headphones. Before the study, participants pro-
vided informed consent and completed a background questionnaire. Participants then began by listening to two
concatenated practice stimuli (one native and one nonnative [Korean]) as many times as needed and were asked
to adjust their computer volume to a comfortable level that they would maintain for the rest of the study. After
reading a detailed description of the tasks to follow, participants completed four practice trials (two native and
two nonnative [Korean]) in which they familiarized themselves with the protocol.

In Block 1 (e.g., native), each trial began by allowing participants to click a button to initiate the presenta-
tion of a sentence in white noise. Within each block, the order of stimuli was randomized for participant. After
each stimulus, they typed whatever they were able to hear in a text box. They were encouraged to guess when
unsure and be as accurate as possible with their spelling. Participants then rated their listening effort on a visual
analog scale, which they did by clicking and dragging a point along the scale to the appropriate value. This ques-
tion was taken from the NASA Task Load Index*: “How hard did you have to work to accomplish your level
of performance?” The possible slider values ranged from 0 to 100. However, participants were only presented
with a verbal label at the two extremes: “Low” on the far left and “High” on the far right. No other tick marks,
numbers, or labels were present. All other self-report questions (warmth, competence, and willingness) followed
the same scale format.

On the first trial and every fifth trial thereafter (i.e., 1, 6, 11, 16, 21, 26, and 31), participants rated the warmth
of the speaker (“How warm do you perceive the speaker to be?”; from “Very Cold” to “Very Warm”) and the com-
petence of the speaker (“How competent do you perceive the speaker to be?”; from “Very Incompetent” to “Very
Competent”), with both questions adapted from Fiske et al.”’. In addition, on trials 1, 16, and 31, participants
rated their willingness to interact with the speaker (“Would you be willing to spend half a day with the speaker?”;
from “Not at all” to “Very Much”), with this question adapted from Samochowiec and Florack®. As with listening
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effort, these scales ranged from 0 to 100. All were considered individually rather than as a composite. On trials
1, 16, and 31, participants also completed attention checks to ensure that they were not responding randomly
(“Please move this slider all the way to the right”; from “Left” to “Right”). Participants passed this check if their
slider response was greater than 95/100, with 100/100 being the far right.

Once Block 1 was completed, participants answered a short questionnaire about their performance in that
block (e.g., whether they experienced any distractions), after which they were allowed to take a break. Then,
participants completed Block 2 (e.g., nonnative), following the same procedure as described above. After this,
they completed another short questionnaire about their performance in Block 2. Once both blocks were com-
pleted, participants completed a closing questionnaire about their performance in the study as a whole (e.g., the
subjective quality of the sound presentation method that they used). This questionnaire found that the mean
reported sound quality was 6.96/10 (SD =2.44). Finally, participants were debriefed and informed that the study
was complete.

Data analyses. Once data were collected from all participants, they were processed using custom scripts
in R* version 4.0.3. These scripts started by scoring trial-level speech intelligibility, identifying the number of
correct keywords out of the four in total and converting it to a 0-100% scale. Given the nature of this scoring
procedure, only responses that exactly match the keywords, with the correct spelling, could be scored as correct.
Thus, variants with the same stem (e.g., “visitor” instead of “visitors”) and homophones with different spellings
(e.g., “son” instead of “sun”) were not accepted. To determine the magnitude of this limitation, we hand-scored a
random subset of participant responses (approximately 10%). This subset was found to contain only two homo-
phones (one from each accent), representing 0.05% of keywords. Among other factors such as misspelled or
differently-spelled words, these homophones yielded a correlation between scoring methods of 0.96. The auto-
mated script then converted each self-reported dependent variable (0-100) into z-scores for all participants,
preserving within-subject differences while eliminating arbitrary between-subject differences (e.g., due to block
order and other factors of no interest). The script also excluded participants based on the criteria outlined above,
statistically analyzed the data, and produced Figs. 1 and 2 (with the rest created outside of R). Statistical analyses
used the following R packages: “Ime4”* version 1.1.26, “lmerTest™® version 3.1.3, “MuMIn” version 1.43.17,
“rr2”% version 1.0.2, “rcompanion” version 2.4.18, “rmcorr”* version 0.4.1, “lavaan” version 0.6.9, “semTools”
version 0.5.5, and “snow” version 0.4.4.

To model our dependent variables, we began by using linear mixed effects modeling (estimation = REML, opti-
mizer = BOBYQA, iterations =2 x 10°). All models included Accent (coded as 0= native and 1 =nonnative) and
Trial (coded as 0-30 so that the intercept represented the first trial). The inclusion of other variables depended
on the model. All models allowed intercepts to vary randomly across participants. Following Barr et al.*!, we
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Figure 1. Effects of Accent and Trial on intelligibility. Intelligibility is shown for Block 1 (a; left) and Block 2
(b; right). Data points represent the mean of a condition across participants, lines are smoothed local regression
lines of best fit (loess curves; for visualization purposes only), and gray shading represents the 95% CI. Within
each block, the two accents represent two distinct groups of participants. Participants with the native accent in
Block 1 (red line) become those with the nonnative accent in Block 2 (blue line), and vice versa.
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Figure 2. Effects of Accent and Trial on listening effort. Listening effort, expressed in z-scores, is shown in
Block 1 (a; left) and Block 2 (b; right). Data points represent the mean of a condition across participants,

lines are smoothed local regression lines of best fit (loess curves), and gray shading represents the 95% CI.
Participants with the native accent in Block 1 (red line) become those with the nonnative accent in Block 2 (blue
line), and vice versa.

attempted to add random slopes for Accent and Trial for all models. If this produced a singular fit or failed to
converge, we first eliminated any random slopes from the model that correlated very strongly (|r|>0.95) with
the random intercept. If no correlations were this strong, we eliminated the random slope that explained less
variance from the model. This process was repeated until the model converged. In some cases when z-scored
dependent variables were modelled, not even random intercepts could be accommodated, in which case these
were removed and the same process of deciding on random slopes was repeated. If no random slopes could be
accommodated even with random intercepts removed, we fit a linear model using generalized least squares,
which is similar to the mixed models fit elsewhere but with no random effects®.

For each dependent variable, we began by constructing a model that included block number, Accent, Trial,
Accent x Trial, as well as all interactions involving experience listening to Mandarin (coded as 0-9). For intel-
ligibility, the main effect of experience listening to Mandarin was also included. However, it was not included for
the other, z-scored dependent variables, since their participant-level standardization ensured that no between-
subjects effects could be observed. If block number interacted with Accent or Trial, we modelled each block
separately (as in Brown et al.?®); otherwise, we modelled both blocks together. When blocks were modelled
separately, Accent acted as a between-subjects factor, since each block was assigned a different accent (with
this assignment depending on the counterbalancing condition). For each dependent variable (and block, when
necessary), we then constructed two models. First, we constructed a main effect model that included Accent and
Trial but not their interaction. For intelligibility, native English status, sex, and headphone use were also included
as between-subjects covariates. The significance of fixed effects was evaluated using the summary output of the
appropriate model, with Satterthwaite’s®> method used to estimate degrees of freedom>®. The unstandardized
regression coefficients for effects involving Trial were scaled to 10 trials. All main effects are reported from these
models. For intelligibility, if any covariates were not significant, they were dropped from the model. Second, we
constructed an interaction model that included Accent, Trial, Accent x Trial, as well as all interactions involving
experience listening to Mandarin. For intelligibility, any significant covariates from the main effect model were
also included. All interaction effects are reported from these models.

In addition, for each cross of block number and Accent (e.g., Block 1-native), we constructed a linear mixed
effects model of listening effort over the first 10 trials, in which most of the decrease in listening effort was
observed (similar to Brown et al.?®). These models included Trial, with a random slope for Trial. We extracted
participants’ Trial slopes for each model and analyzed them using paired-samples and one-sample ¢-tests.

To assess the relationships between our dependent variables, we used repeated-measures correlation®’, which
examines the within-participant (i.e., across-condition) effect of one variable on another. This technique is
similar to linear mixed effects modeling with random intercepts, but it only uses one predictor and its output
includes an r value.
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Finally, multilevel structural equation models with random intercepts across participants were used to test
whether changes in competence ratings, which increased with Trial, were driven by changes in intelligibility or
listening effort. Mediation was tested at a within-person level. The effect of Trial was scaled to 10 trials, while
the z-scored data were used for all dependent variables. Mediation was tested via the indirect effect (a x b) where
full mediation was indicated by a significant indirect effect but a non-significant direct effect (¢’), and partial
mediation was indicated by significant indirect and direct effects. To test for mediative differences between
accents (- 0.5 =native, 0.5 =nonnative), moderated mediation was tested along the a and b paths. All fixed
effects, including estimation of the indirect and total effects, were calculated by bootstrapping 95% confidence
intervals with 25,000 resamples.

Results

Data and code for all analyses can be found here: https://osf.io/cbzx4/. Table 1 shows the descriptive statistics for
each dependent variable, including the raw values for those that were z-scored. Table 2 summarizes the effects
of Accent, Trial, and Accent x Trial all dependent variables. Other effects are reported in text when appropriate.
One participant always responded with 100% in their ratings of warmth, competence, and willingness, while
three others always rated competence as 100%. These participants were excluded from the analyses in which

Native Nonnative
M SD M SD

Intelligibility
Block 1
All trials 77.51 | 2827 76.30 | 28.22
Trial 1 51.34 | 36.44 50.00 | 35.68

Trials 2-16 76.70 | 27.93 7491 | 2843
Trials 17-31 | 80.06 |27.07 79.43 | 26.41

Block 2
All trials 80.99 |26.26 75.85 |29.37
Trial 1 73.21 |32.283 |70.54 |33.41

Trials 2-16 80.68 | 26.26 74.64 | 29.70
Trials 17-31 | 81.82 | 25.76 77.41 | 28.69

Listening effort

Block 1
All trials 42.81 |31.22 37.83 |30.82
Trial 1 55.34 |30.07 51.93 |3141

Trials 2-16 43.28 |31.10 39.12 | 30.64
Trials 17-31 | 41.51 |31.26 35.60 |30.68

Block 2
All trials 35.19 |31.13 42.89 |32.24
Trial 1 35.86 |29.03 49.80 | 31.66

Trials 2-16 3589 |31.34 4339 |32.17
Trials 17-31 | 34.45 | 31.08 4192 | 31.66

Warmth
All trials 64.80 | 19.80 63.49 |20.17
Trial 1 62.69 |20.80 62.46 |20.93

Trials 2-16 65.45 | 19.98 63.41 |20.18
Trials 17-31 | 64.85 | 19.28 63.91 |19.94

Competence
All trials 71.70 |18.83 |70.75 |18.43
Trial 1 70.06 |19.32 | 68.56 |17.92

Trials 2-16 72.30 |18.79 70.42 | 18.49
Trials 17-31 | 71.64 | 18.74 71.80 |18.52

Willingness
All trials 61.57 |2592 60.73 | 23.61
Trial 1 60.62 | 26.92 58.47 |24.34

Trials 2-16 62.61 |27.23 62.93 |22.33
Trials 17-31 | 61.50 | 23.65 60.78 | 24.11

Table 1. Descriptive statistics for the raw values (i.e., not z-scored) of all dependent variables, separated by
trial range (and, when appropriate, by block). M mean, SD standard deviation.
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[b [ 95% C1 | [t Ir
Intelligibility
Block 1
Accent -2.30 | [-5.00,1.05] 104.51 -1.44 |.153
Trial 4.96 [ 3.96, 5.96] 3359.00 |9.74 <.001
Accentx Trial | 0.66 [-1.35,2.69] 3393.63 | 0.65 516
Block 2
Accent -4.40 |[-7.56,-1.24] | 108.00 2.70 .008
Trial 1.04 [ 0.05,2.02] 3359.00 | 2.06 .040
Accentx Trial | 0.92 [-1.07,2.92] 3398.31 | 091 364
Listening effort
Block 1
Accent 0.03 [-0.06, 0.12] 110 0.59 557
Trial -0.16 |[-0.19,-0.12] | 3358 -8.05 | <.001
Accentx Trial | —0.04 | [-0.12,0.03] 3397 -1.13 |.261
Block 2
Accent 0.03 [-0.06,0.12] 110.02 0.62 .536
Trial -0.10 |[-0.11,0.00] 111.03 -1.92 |.057
Accentx Trial | -0.07 |[-0.14, 0.00] 3398 -1.93 |.053
Warmth
Both blocks
Accent 0.01 [-0.09,0.12] 325.0 0.29 775
Trial 0.04 [0.00, 0.09] 1441 1.86 .063
Accentx Trial | 0.00 [-0.10, 0.09] 1439 -0.12 | .907
Competence
Both blocks
Accent -0.01 |[-0.12,0.10] 291.1 -0.17 |.865
Trial 0.07 [0.02,0.12] 1402 2.85 .004
Accentx Trial | 0.006 [-0.03,0.16] 1400 1.31 190
Willingness
Both blocks
Accent 0.00 [-0.14,0.14] - 0.01 993
Trial 0.03 [-0.02, 0.09] - 1.18 237
Accentx Trial | 0.03 [-0.14, 0.09] - -0.46 |.645

Table 2. Summary statistics for all relevant models. For intelligibility and listening effort, within each block,
Accent served as a between-subjects independent variable. Effects involving Trial are scaled to 10 trials.

these variables were included due to their lack of variability, and, consequently, the inability to convert their
responses to z-scores.

Aim 1: effects of exposure on intelligibility and listening effort. Our first aim was to assess the
hypothesis that exposure to nonnative-accented speech, even more than native-accented speech, increased intel-
ligibility and decreases listening effort. To do this, we used linear mixed effects modeling to determine how intel-
ligibility and listening effort differed across trials and between accents.

Intelligibility. Figure 1 shows the effect of Accent and Trial on intelligibility in Block 1 (a; left) and Block 2 (b;
right). There was a significant interaction between block number and Trial on intelligibility (b= —3.14, 95%
confidence interval [CI] =[-6.17,—-0.11], {[6712] = —2.03, p=0.042), and thus intelligibility was analyzed sepa-
rately in each block. Within each of these two blocks, Accent served as a between-subjects independent variable.

Block 1. In Block 1, there was a significant effect of Trial on intelligibility, with intelligibility increasing as Trial
increased. There was no effect of Accent or Accent x Trial. There were also no effect of experience listening to
Mandarin or any interactions involving experience (ps>0.293). There was a significant effect of headphone use
(b=9.94, 95% CI=[6.25, 13.62], t[108.00] =5.24, p<0.001), with speech approximately 10 percentage-points
more intelligible for headphone users than those who used computer loudspeakers. There was no effect of any
other covariate, which were thus not included in the final models (ps>0.430). The final interaction model had
a conditional R? of 0.10, meaning that fixed and random effects together accounted for 10% of the variance in
listening effort.
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Block 2. In Block 2, there was a significant effect of Accent on intelligibility, with intelligibility greater for
native-accented speech than for nonnative-accented speech. There was also a significant effect of Trial on intel-
ligibility, with intelligibility increasing as Trial increased. There was no effect of Accentx Trial. There were also
no effect of experience listening to Mandarin or any interactions involving experience (ps>0.142). There was
a significant effect of headphone use (b=12.29, 95% CI=[8.43, 16.15], t[108.00] =6.18, p <0.001), with speech
approximately 12 percentage-points more intelligible for headphone users than those who used computer loud-
speakers. There was no effect of any other covariate, which were thus not included in the final models (ps>0.171).
The final interaction model had a conditional R? of 0.10.

Listening effort. Figure 2 shows the effect of Accent and Trial on listening effort in Block 1 (a; left) and two
(b; right). There was a significant interaction between block number and Trial on listening effort (b=0.11, 95%
CI=[0.04,0.19], t[6830] = 3.04, p=0.002), and thus listening effort was analyzed separately in each block. Within
each of these two blocks, Accent served as a between-subjects independent variable.

Block 1. In Block 1, there was a significant effect of Trial on listening effort, with listening effort decreasing as
Trial increased. There was no effect of Accent or Accent x Trial. There was also no effect of or any interactions
involving experience listening to Mandarin (ps >0.159). The final interaction model had a conditional R? of 0.05.

Block 2. In Block 2, there was no effect of Accent, Trial, or Accent x Trial on listening effort, although the lat-
ter two effects approached significance. However, there was an effect of Trial x experience listening to Mandarin
(b=-0.20,95% CI=[-0.03,—-0.01], {[583.4] = - 3.22, p=0.001). In particular, the greater a participant’s experi-
ence listening to Mandarin, the more listening effort decreased as a function of Trial. There was no interaction
between Accent and experience listening to Mandarin (p =0.408). The final interaction model had a conditional
R? of 0.05.

Comparing slopes.  Visually inspecting Fig. 2 revealed that the effect of Trial on listening effort was largest over
the first 10 trials of each block. The slope of Trial over the first 10 trials of Block 1 was significant negative for
native-accented speech (M= —-0.06, SD=0.03; ¢[55] = —15.48, p<0.001) as well as nonnative-accented speech
(M= -0.07,SD=0.08; t[55] = — 6.12, p <0.001). The slopes did not differ between accents in Block 1 (¢[55] =1.08,
p=0.285). In contrast, in Block 2, the slope was significant negative for nonnative-accented speech (M= —0.05,
SD=0.08; t[55] = —12.58, p<0.001) but did not differ from zero for native-accented speech (M=0.00, SD=0.03;
t[55] =1.00, p=0.320). The slope was significantly more negative for nonnative-accented speech than native-
accented speech in Block 2 (¢[55] = —12.58, p<0.001).

Aim 2: effects of intelligibility and listening effort on social judgments. Our second aim to assess
the hypothesis that lower intelligibility and higher listening effort would be associated with more negative social
judgments of native- and nonnative-accented speakers. To do this, we used repeated-measure correlational anal-
yses, which consider how trial-level changes in one dependent variables predict changes in others.

Correlational analyses. Figure 3 shows the repeated-measures correlation coefficients between intelligibility,
listening effort, warmth, competence, and willingness. These correlations were similar for both accents and both
blocks, and thus the correlations shown include all trials. Across trials, on a within-participant basis, intelligibil-
ity was negatively correlated with listening effort (p <0.001). As intelligibility increased, warmth (p <0.001), com-
petence (p<0.001), and willingness (p=0.003) all increased. As listening effort decreased, warmth (p <0.001),
competence (p <0.001), and willingness (p<0.001) all increased. These correlations involving intelligibility and
listening effort were generally weak, accounting for 1.59-6.66% of the variance in social judgments. These judg-
ments of warmth, competence, and willingness were also positively correlated with one another (ps <0.001).

Aim 3: indirect effects of exposure on social judgments.  Our third aim was to assess the hypothesis
that the increased intelligibility and decreased listening effort resulting from exposure to native- and nonnative-
accented speech improves social judgments of the speakers. To do this, we first considered whether any social
judgments did indeed improve with exposure. Then, we used (moderated) mediation analyses to determine
whether this effect may have been indirect via intelligibility and listening effort.

Warmth.  Block number did not interact with any effects involving Accent or Trial (ps>0.339), and thus analy-
ses of warmth were not separated by block. There were no effects of Accent, Trial, nor Accent x Trial. There was
also no effect of any interactions involving experience listening to Mandarin (ps>0.053). The final interaction
model had a conditional R? of 0.03.

Competence. Block number did not interact with any effects involving Accent or Trial (ps>0.422), and thus
analyses of competence were not separated by block. There was a significant effect of Trial on competence, with
competence increasing as Trial increased. There was no effect of Accent or Accent x Trial. However, there was
an effect of Accent x experience listening to Mandarin (b=0.05, 95% CI=[0.01, 0.09], t{195.4] =2.22, p=0.028).
In particular, participants with more experience listening to Mandarin judged the nonnative speaker as slightly
more competent than the native speaker, while participants with less experience rated the native accent more
favorable than nonnative. There was no interaction between Trial and experience listening to Mandarin
(p=0.130). The final interaction model had a conditional R? of 0.04.
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Figure 3. Correlations between all dependent variables. Values represent repeated-measures correlation
coeflicients. Cooler colors accompany positive correlations and warmer colors accompany negative correlations.

Willingness.  Block number did not interact with any effects involving Accent or Trial (ps>0.095), and thus
analyses of willingness were not separated by block. There was no effect of Accent, Trial, or Accent x Trial. There
was also no effect of any interactions involving experience listening to Mandarin (ps>0.310). The final interac-
tion model had a conditional R* of 0.01.

Mediation analyses. Intelligibility as a mediator. Figure 4 shows Model 1a, which tested whether, rather than
Trial directly increasing competence, intelligibility may have mediated the relationship between Trial and com-
petence. As Trial increased, intelligibility also increased (a path; B=0.14, 95% CI=[0.08, 0.19]), and higher
intelligibility predicted higher competence (b path; B=0.22, 95% CI=[0.17, 0.27]). The indirect effect of Trial on
competence via intelligibility was significant (ax b; B=0.03, 95% CI=[0.02, 0.04]), but the direct effect of Trial
on competence was not (¢’ path; B=0.04, 95% CI=[-0.01, 0.09]). This indicates that the relationship between
Trial and competence was fully mediated. This mediation model accounted for 61% of the variance in com-
petence. Model 1b (not shown) also tested the mediative effect of intelligibility, but it further tested whether

Intelligibility

B=0.14, SE=0.03,
95% Cl =[0.08, 0.19]

B=0.22, SE=0.03,
95% Cl =[0.17, 0.27]

R?= .61

Trial F-=-====="==—"="=-—"—"—-—-—-—---= » Competence
B=0.04, SE=0.03,
95% CI = [-0.01, 0.09]

Indirect effect: a x b
B =0.03, SE=0.01,
95% CI =[0.02, 0.04]

Figure 4. Indirect effect of Trial on competence via intelligibility. Trial effects are scaled to 10 trials. Solid lines
represent significant paths while dashed lines represent non-significant paths.
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the a and b paths, as well as the resulting indirect effect, differed by accent. The effect of Trial on intelligibility
did not differ by accents (B=0.04, 95% CI=[-0.07, 0.15]), nor did the effect of intelligibility on competence
(B=-0.02, 95% CI=[-0.11, 0.08]). The indirect effects for both the native accent (B=0.03, 95% CI=[0.01,
0.05]) and the nonnative accent (B=0.03, [0.02, 0.05]) significantly differed from zero, but they did not differ
from each other (B=0.01, 95% CI=[-0.02, 0.04]). Thus, exposure to the speakers increased intelligibility, which

in turn increased competence. This was similar for both the native and nonnative accents.

Listening effort as a mediator. Figure 5 shows Model 2a, which tested whether listening effort mediated the
relationship between Trial and competence. As Trial increased, listening effort decreased (a path; B= -0.12,
95% CI=[-0.18,-0.07]), and lower listening effort predicted higher competence (b path; B= -0.20, 95%
CI=[-0.25,-0.15]). The indirect effect of Trial on competence via listening effort was significant (B=0.02, 95%
CI=[0.01, 0.04]), but the direct effect of Trial on competence (¢’ path) was not (B=0.04, 95% CI=[-0.01, 0.09]),
again indicating full mediation. This model once again accounted for 61% of the variance in competence. Model
2b (not shown) tested differences by accent. As with intelligibility, the effect of Trial on listening effort did
not significantly differ by accents (B=-0.10, 95% CI=[-0.21, 0.01]), nor did the effect of listening effort on
competence (B=-0.02, 95% CI=[-0.13, 0.08]). However, unlike intelligibility, the indirect effect was signifi-
cantly greater than zero only for the nonnative accent (B=0.04, 95% CI=[0.02, 0.06]) but not the native accent
(B=0.01,95% CI=[-0.01, 0.03]), although the accents once again did not differ (B=0.02, 95% CI=[0.00, 0.06]).
Thus, exposure to the speakers decreased listening effort, which in turn increased competence. Once again, there

was no support for this effect differing between the native and nonnative accents.

Discussion

The current study was one of the first to investigate whether exposure to nonnative-accented speech affects
intelligibility and listening effort (Aim 1), as well as one of the first to investigate whether these constructs pre-
dict listeners’ social judgments of speakers (Aim 2). We anticipated that, once participants adapted to the task,
speech intelligibility would increase and listening effort would decrease as participants gained more exposure
to nonnative-accented speech, even more so than native-accented speech. We also anticipated that when intel-
ligibility was lower or listening effort was higher, ratings of speaker warmth, speaker competence, and listeners’
willingness to interact with the speaker would all be lower. Finally, we were the first study to investigate whether
the increased intelligibility and decreased listening effort resulting from exposure to native- and nonnative-

accented speech brings about improved social judgments of speakers (Aim 3).

Addressing Aim 1, we considered intelligibility and listening effort separately in each block. Block 1, partici-
pants were hearing the first of the two accents (either native or nonnative, depending on the counterbalancing
condition). In this block, intelligibility increased and listening effort decreased over time. This adaptation was
similar for both accents, and it was especially rapid over the first 10 trials. After that point, intelligibility and
listening effort levelled off. These results could reflect two possible mechanisms. First, participants may have
adapted to the accent or other vocal characteristics of the speaker in Block 1, which they were hearing for the
first time. Second, participants may have adapted to other aspects of the task that were constant across both
blocks, such as the task instructions or the white noise®. To rule out this second mechanism, we considered
Block 2, where participants had already become accustomed to the task. This allowed us to isolate adaptation

to the accents.

Listening
Effort

B=-0.20, SE = 0.03,
95% Cl = [-0.25, -0.15]

B=-0.20, SE = 0.03,
95% Cl = [-0.25, -0.15]

R?= 61

B=10.05, SE=0.03,

Trial [F-====="="="=—"="="=-"—"=—"——-—-—-=--- = Competence

95% Cl = [-0.01, 0.09]

Indirect effect: a x b
B=0.02, SE=0.01,
95% CI =[0.01, 0.04]

Figure 5. Indirect effect of Trial on competence via listening effort. Trial effects are scaled to 10 trials. Solid

lines represent significant paths while dashed lines represent non-significant paths.
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In Block 2, participants had experience with the first accent (differing on counterbalancing condition) as well
as the task in general. In this block, a native-accent advantage was revealed, whereby native-accented sentences
were more intelligible than nonnative-accented sentences. This native-accent advantage likely arises because
nonnative accents systematically differ from native accents, making it difficult for listeners to map them onto
their mental representations of speech!>'**2 Intelligibility also improved over time, and to a similar extent for
both accents. This is partially consistent with prior research, which, unlike our study, has found greater intelligi-
bility improvements for nonnative-accented speech than native-accented speech'®-2°. One possible explanation
is that there was in fact greater adaptation to the nonnative accent, but that this was only reflected in decreased
listening effort rather than increased intelligibility. Indeed, listeners often recruit additional cognitive resources
as a means to maintain high intelligibility in the face of a reduced signal-to-noise ratio®®.

Listening effort did not differ overall between native and nonnative accents in Block 2. This appears to con-
tradict prior research finding greater listening effort for nonnative- than native-accented speech?*-**. However,
as in Brown et al.?®, accent differences can be observed over the early trials of Block 2. At the start of Block 2,
listening effort was higher for nonnative-accented speech than native-accented speech. After 10 trials, similar
to Clarke and Garrett®, listening effort decreased for nonnative-accented speech to the same level as native-
accented speech, eliminating the native-accent advantage. A floor effect for the native accent was unlikely to be
the cause, since listening effort ratings still had substantial space to decrease further. This native-specific decrease
in listening effort reflects a form of perceptual adaptation, and, if long-lasting, could be described as perceptual
learning—the process by which experience leads to long-lasting gains in perceptual processing®. This type of
perceptual adaptation may occur rapidly to irregular speech®®, including accents, as listeners adjust® or relax®
their mental representations of sounds®’. Interestingly, those with more experience listening to Mandarin had
more of a decrease in listening effort in Block 2. However, there was no support for this effect being specific to
the Mandarin accent. One possible explanation is that listening to Mandarin is indicative of more heterogene-
ous exposure to nonnative accents, which may expand one’s capacity for the perceptual adaptation to speech
regardless of accent.

Addressing Aim 2, social judgments were predicted by intelligibility and listening effort, and to a similar
extent for both accents. When intelligibility was lower or listening effort was higher on a given trial, participants
rated speakers as lower in warmth and competence, and they were less willing to interact with them (although
this association was weak). These results support the processing fluency hypothesis, which argues that negative
social judgments may arise in part from perceptual difficulty®. They are also consistent with prior findings®*¥/,
including Dragojevic and Giles**, which reported that lower processing fluency led to lower competence ratings
for native and nonnative speakers. One possible explanation is that intelligibility and listening effort influence
social judgments directly®. For instance, because listeners place the burden of communication on the speaker®,
they may interpret difficult-to-process speech as the speaker being unwilling or unable to communicate®. Alter-
natively, such challenging speech hinders cognitive operations and decreases the feeling of reward for the listener,
leading to negative affect®*®>. These affective responses can bias a wide range of participants’ judgments, including
competence®®®, perhaps because participants misattribute these feelings to the speaker®.

Addressing Aim 3, social judgments did not differ between accents, although competence ratings increased
over time. This increase over time was similar for both accents, indicating that the mechanism at play was likely
also perceptual rather than purely social. In particular, there are two possible mechanisms. First, via the mere-
exposure effect, listeners may have developed more positive attitudes toward the speakers over time®. Second,
exposure may have increased intelligibility or decreased listening effort, which in turn improved competence
ratings. Comparing these two mechanisms, we found that the relationship between exposure and competence
was not direct; rather, for both native and nonnative speakers, exposure to speech increased competence only via
increased intelligibility and decreased listening effort. We also found that the more prior experience a participant
had listening to Mandarin, the more they judged the nonnative speaker’s competence favorably compared to the
native speaker. This suggests that the improved social judgments brought about by exposure to a novel accent
may have long-lasting effects. This may strengthen the case that the results may reflect perceptual learning, rather
than short-term adaptation. However, this association is merely correlational and therefore other explanations
are possible. These findings are all consistent with Dragojevic and Giles*, which reported that increased noise
decreased processing fluency—a construct closely related to intelligibility and listening effort—which in turn
decreased competence ratings (but not warmth ratings). This research supports a stronger connection between
these constructs and competence. One possible explanation is that, when speech is difficult to process, listeners
may be more likely to interpret the listener as being unable to communicate rather than unwilling**®. Critically,
these results indicate that the negative social judgments arising from processing disfluency can be improved
through only brief exposure to the speaker.

This study had some limitations. Most notably, only one speaker was used for each accent. As a result, findings
involving accent may be due to not only the linguistic background of the speaker, but also their other idiosyn-
cratic features as a speaker. Although we were able to control for some of these features (e.g., speaking rate), we
could not control for others (e.g. voice quality). In addition, despite our best efforts to account for participants’
linguistic backgrounds, their diversity of experience may have added noise to our data®”°. Finally, the listening
effort results may not generalize to other measures of listening effort (e.g., secondary-task reaction time, pupil
dilation, or the neural recruitment of domain-general cognitive resources). Indeed, self-reported listening effort
may be a separate construct from these other measures, instead reflecting an affective dimension’"’2. Nonethe-
less, we are confident that self-reported listening effort was the appropriate measure to use in a study of social
judgments”, since subjectively experiencing effort is most likely to drive real-world thoughts and behaviors’.

As well as addressing the above limitations, future research should consider whether adaptation-driven
changes carry over to other speakers with the same accent. While prior studies have indicated that adaptation
to one nonnative speaker increases the intelligibility of others with the same accent, this effect may be stronger
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when training involves multiple speakers'. This could be because it allows accent-specific features to be separated
from speaker idiosyncrasies. In contrast, no prior study (to our knowledge) has considered whether changes in
listening effort or social judgments carry over to novel speakers. Such research could also vary the time between
adaptation to one nonnative speaker and testing with the same or other speakers, thus assessing whether these
changes are long-lasting (i.e., perceptual learning). Future research should also consider social judgments in the
context of other communication challenges, including speaker effects (e.g., vocal dysphonias, atypical gram-
mar) and environmental effects (e.g., low signal-to-noise ratios, high reverberation levels). Beyond considering
challenges to understanding speech, it may also be fruitful to consider challenges to understanding emotional
communication stemming from cultural differences in the expression of vocal-facial emotion”.

In sum, the current study came to three conclusions. First, we supported prior findings of perceptual learning
of nonnative-accented speech, lessening the native-accent advantage (Aim 1). Once participants were accus-
tomed to the task, intelligibility was higher for native-accented speech, and it increased similarly over time for
both native- and nonnative-accented speech. In contrast, listening effort decreased for only nonnative-accented
speech, reaching the level of native-accented speech after 10 trials. Second, we supported the processing fluency
hypothesis (Aim 2). On any given trial, participants’ social judgments of a speaker tended to be more negative
when intelligibility was relatively low and listening effort was relatively high. Third and finally, ours was the first
study to demonstrate that exposure to native- and nonnative-accented speech increases competence ratings by
increasing intelligibility and decreasing listening effort (Aim 3). More research is needed to replicate these find-
ings using a broader range of speakers for each accent. Nonetheless, these preliminary results have important
real-world implications. Although nonnative speakers can be more difficult to understand and more negatively
judged at the outset, this may be mitigated through brief exposure. This insight could inform new interventions
that are aimed at diversity and inclusion. With listeners increasingly interacting with unfamiliar accents, this
study provides encouragement for the future.

Data availability
All stimuli, data, and analysis code relating to the current study are available on the Open Science Framework
at the following link: https://osf.io/cbzx4/.

Received: 25 August 2022; Accepted: 30 January 2023
Published online: 16 February 2023

References
1. Holt, L. L. & Lotto, A. J. Speech perception as categorization. Atten. Percept. Psychophys. 72, 1218-1227 (2010).
2. Hickok, G. & Poeppel, D. The cortical organization of speech processing. Nat. Rev. Neurosci. 8, 393-402 (2007).
3. Mattys, S. L., Davis, M. H., Bradlow, A. R. & Scott, S. K. Speech recognition in adverse conditions: A review. Lang. Cogn. Process.
27,953-978 (2012).
4. Peelle, J. E. Listening effort: How the cognitive consequences of acoustic challenge are reflected in brain and behavior. Ear Hear.
39, 204-214 (2018).
5. Sohoglu, E., Peelle, ]. E., Carlyon, R. P. & Davis, M. H. Predictive top-down integration of prior knowledge during speech percep-
tion. J. Neurosci. 32, 8443-8453 (2012).
6. Sohoglu, E., Peelle, J. E., Carlyon, R. P. & Davis, M. H. Top-down influences of written text on perceived clarity of degraded speech.
J. Exp. Psychol. Hum. Percept. Perform. 40, 186-199 (2014).
7. Rabbitt, P. M. A. Channel-capacity, intelligibility and immediate memory. Q. J. Exp. Psychol. 20, 241-248 (1968).
8. Miller, G. A., Heise, G. A. & Lichten, W. The intelligibility of speech as a function of the context of the test materials. J. Exp. Psychol.
41, 329-335 (1951).
9. McGarrigle, R. et al. Listening effort and fatigue: What exactly are we measuring? A British Society of Audiology Cognition in
Hearing Special Interest Group ‘white paper’. Int. J. Audiol. 53, 433-445 (2014).
10. Van Engen, K. J. & Peelle, J. E. Listening effort and accented speech. Front. Hum. Neurosci. 8, 1-4 (2014).
11. Atagi, E. & Bent, T. Nonnative accent discrimination with words and sentences. Phonetica 74, 173-191 (2017).
12. Drazanova, L. Introducing the Historical Index of Ethnic Fractionalization (HIEF) Dataset: Accounting for longitudinal changes
in ethnic diversity. J. Open Humanit. Data 6, 6 (2020).
13. Anderson-Hsieh, J., Johnson, R. & Koehler, K. The relationship between native speaker judgments of nonnative pronunciation
and deviance in segmentais, prosody, and syllable structure. Lang. Learn. 42, 529-555 (1992).
14. Adank, P, Evans, B. G., Stuart-Smith, J. & Scott, S. K. Comprehension of familiar and unfamiliar native accents under adverse
listening conditions. J. Exp. Psychol. Hum. Percept. Perform. 35, 520-529 (2009).
15. Gass, S. & Varonis, E. M. The effect of familiarity on the comprehensibility of nonnative speech. Lang. Learn. 34, 65-87 (1984).
16. Munro, M. J. & Derwing, T. M. The effects of speaking rate on listener evaluations of native and foreign-accented speech. Lang.
Learn. 48, 159-182 (1998).
17. Ferguson, S. H., Jongman, A., Sereno, J. A. & Keum, K. A. Intelligibility of foreign-accented speech for older adults with and without
hearing loss. J. Am. Acad. Audiol. 21, 153-162 (2010).
18. Weil, S. Foreign accented speech: Encoding and generalization. J. Acoust. Soc. Am. 109, 2473-2473 (2001).
19. Bradlow, A. R. & Bent, T. Perceptual adaptation to non-native speech. Cognition 106, 707-729 (2008).
20. Maye, J., Aslin, R. N. & Tanenhaus, M. K. The weckud wetch of the wast: Lexical adaptation to a novel accent. Cogn. Sci. 32, 543-562
(2008).
21. Van Engen, K. J. Speech-in-speech recognition: A training study. Lang. Cogn. Process. 27, 1089-1107 (2012).
22. Adank, P, Davis, M. H. & Hagoort, P. Neural dissociation in processing noise and accent in spoken language comprehension.
Neuropsychologia 50, 77-84 (2012).
23. McLaughlin, D. J. & Van Engen, K. J. Task-evoked pupil response for accurately recognized accented speech. J. Acoust. Soc. Am.
147, EL151-EL156 (2020).
24. Peng, Z. E. & Wang, L. M. Listening effort by native and nonnative listeners due to noise, reverberation, and talker foreign accent
during English speech perception. J. Speech Lang. Hear. Res. 62, 1068-1081 (2019).
25. Clarke, C. M. & Garrett, M. F. Rapid adaptation to foreign-accented English. J. Acoust. Soc. Am. 116, 3647-3658 (2004).
26. Brown, V. A,, McLaughlin, D. ], Strand, J. F. & Van Engen, K. J. Rapid adaptation to fully intelligible nonnative-accented speech
reduces listening effort. Q. J. Exp. Psychol. 73, 1431-1443 (2020).

Scientific Reports |

(2023) 13:2808 | https://doi.org/10.1038/s41598-023-29082-1 nature portfolio


https://osf.io/cbzx4/

www.nature.com/scientificreports/

27.
28.

29.
. Sumantry, D. & Choma, B. L. Accent-based stereotyping, prejudice, and their predictors. Personal. Individ. Differ. 179, 110894

31.
32.

33.
34.

35.

36.
37.

38.
39.
. Hox, J., Moerbeek, M. & van de Schoot, R. Multilevel analysis. (Routledge, 2010). https://doi.org/10.4324/9780203852279
41.
42.
43.

44,

52.
53.
54.
55.
56.

57.
58.

59.
60.

61.
. Lippi-Green, R. English with an accent: Language, ideology and discrimination in the United States. (Routledge, 2012).
63.

64.

65.

66.
67.

68.

69.
70.

71.

72.
73.

74.

Fiske, S. T., Cuddy, A. J. C., Glick, P. & Xu, J. A model of (often mixed) stereotype content: Competence and warmth respectively
follow from perceived status and competition. J. Pers. Soc. Psychol. 82, 878-902 (2002).

Lee, T. L. & Fiske, S. T. Not an outgroup, not yet an ingroup: Immigrants in the Stereotype Content Model. Int. J. Intercult. Relat.
30, 751-768 (2006).

Fiske, S. T. Stereotype content: Warmth and competence endure. Curr. Dir. Psychol. Sci. 27, 67-73 (2018).

(2021).

Lambert, W. E. A social psychology of bilingualism. J. Soc. Issues 23, 91-109 (1967).

Ryan, E. B. Social psychological mechanisms underlying native speaker evaluations of non-native speech. Stud. Second Lang.
Acquis. 5, 148-159 (1983).

The social meanings of language, dialect and accent: International perspectives on speech styles. (Peter Lang, 2013).

Dragojevic, M. & Giles, H. I don't like you because youre hard to understand: The role of processing fluency in the language
attitudes process. Hum. Commun. Res. 42, 396-420 (2016).

Alter, A. L. & Oppenheimer, D. M. Uniting the tribes of fluency to form a metacognitive nation. Personal. Soc. Psychol. Rev. 13,
219-235 (2009).

Carlson, H. K. & McHenry, M. A. Effect of accent and dialect on employability. J. Employ. Couns. 43, 70-83 (2006).

Hansen, K. & Dovidio, J. F. Social dominance orientation, nonnative accents, and hiring recommendations. Cultur. Divers. Ethnic
Minor. Psychol. 22, 544-551 (2016).

Mayo, L. H., Florentine, M. & Buus, S. Age of second-language acquisition and perception of speech in noise. J. Speech Lang. Hear.
Res. 40, 686-693 (1997).

Bent, T. & Bradlow, A. R. The interlanguage speech intelligibility benefit. J. Acoust. Soc. Am. 114, 1600-1610 (2003).

Van Engen, K. J., Chandrasekaran, B. & Smiljanic, R. Effects of speech clarity on recognition memory for spoken sentences. PLoS
ONE 7,1-8 (2012).

Hau, J. A., Holt, C. M., Finch, S. & Dowell, R. C. The adaptation to Mandarin-accented English by older, hearing-impaired listeners
following brief exposure to the accent. J. Speech Lang. Hear. Res. 63, 858-871 (2020).

Kalikow, D. N,, Stevens, K. N. & Elliott, L. L. Development of a test of speech intelligibility in noise using sentence materials with
controlled word predictability. J. Acoust. Soc. Am. 61, 1337-1351 (1977).

Hart, S. G. & Staveland, L. E. Development of NASA-TLX (Task Load Index): Results of empirical and theoretical research. in
Advances in Psychology vol. 52 139-183 (Elsevier, 1988).

. Samochowiec, J. & Florack, A. Intercultural contact under uncertainty: The impact of predictability and anxiety on the willingness

to interact with a member from an unknown cultural group. Int. J. Intercult. Relat. 34, 507-515 (2010).

. R Core Team. R: A language and environment for statistical computing. (2020).
. Bates, D., Michler, M., Bolker, B. & Walker, S. Fitting linear mixed-effects models using Ime4. J. Stat. Softw. 67, (2015).
. Kuznetsova, A., Brockhoff, P. B. & Christensen, R. H. B. ImerTest package: Tests in linear mixed effects models. J. Stat. Softw. 82,

(2017).

. Ives, A. & Li, D. rr2: An R package to calculate R2s for regression models. J. Open Source Softw. 3, 1028 (2018).
. Bakdash, J. Z. & Marusich, L. R. Repeated measures correlation. Front. Psychol. 8, 456 (2017).
. Barr, D. ], Levy, R, Scheepers, C. & Tily, H. J. Random effects structure for confirmatory hypothesis testing: Keep it maximal. J.

Mem. Lang. 68, 255-278 (2013).

Pinheiro, J. C. . & Bates, D. M. . Mixed-Effects Models in S and S-PLUS. (Springer International Publishing).

Satterthwaite, F. E. Synthesis of variance. Psychometrika 6, 309-316 (1941).

Luke, S. G. Evaluating significance in linear mixed-effects models in R. Behav. Res. Methods 49, 1494-1502 (2017).

Huyck, J. J., Smith, R. H., Hawkins, S. & Johnsrude, I. S. Generalization of perceptual learning of degraded speech across talkers.
J. Speech Lang. Hear. Res. 60, 3334-3341 (2017).

Houben, R., van Doorn-Bierman, M. & Dreschler, W. A. Using response time to speech as a measure for listening effort. Int. J.
Audiol. 52, 753-761 (2013).

Goldstone, R. L. Perceptual learning. Annu. Rev. Psychol. 49, 585-612 (1998).

Rotman, T., Lavie, L. & Banai, K. Rapid perceptual learning: A potential source of individual differences in speech perception
under adverse conditions?. Trends Hear. 24, 1-16 (2020).

Norris, D. Perceptual learning in speech. Cognit. Psychol. 47, 204-238 (2003).

Zheng, Y. & Samuel, A. G. The relationship between phonemic category boundary changes and perceptual adjustments to natural
accents. J. Exp. Psychol. Learn. Mem. Cogn. 46, 1270-1292 (2020).

Samuel, A. G. & Kraljic, T. Perceptual learning for speech. Atten. Percept. Psychophys. 71, 1207-1218 (2009).

Oppenheimer, D. M. Consequences of erudite vernacular utilized irrespective of necessity: Problems with using long words need-
lessly. Appl. Cogn. Psychol. 20, 139-156 (2006).

Winkielman, P, Schwarz, N., Fazendeiro, T. A. & Reber, R. The hedonic marking of processing fluency: Implications for evaluative
judgment. in The psychology of evaluation: Affective processes in cognition and emotion (eds. Musch, J. & Klauer, K. C.) 195-225
(Lawrence Erlbaum Associates Publishers).

Schwarz, N. & Clore, G. Feelings and phenomenal experiences. in Social Psychology: Handbook of Basic Principles: Volume 2 (eds.
Higgins, T. & Kruglanski, A. W.) 433-465 (The Guilford Press, 1996).

Forgas, J. P. Affective influences on individual and group judgments. Eur. J. Soc. Psychol. 20, 441-453 (1990).

Greifeneder, R., Bless, H. & Pham, M. T. When do people rely on affective and cognitive feelings in judgment? A review. Personal.
Soc. Psychol. Rev. 15, 107-141 (2011).

Schwarz, N. Feelings-as-information theory. in Handbook of Theories of Social Psychology: Volume I (eds. Van Lange, P,, Kruglanski,
A. & Higgins, E.) 289-308 (SAGE Publications Ltd, 2012). https://doi.org/10.4135/9781446249215.n15

Bornstein, R. F. Exposure and affect: Overview and meta-analysis of research, 1968-1987. Psychol. Bull. 106, 265-289 (1989).
Song, J. & Iverson, P. Listening effort during speech perception enhances auditory and lexical processing for non-native listeners
and accents. Cognition 179, 163-170 (2018).

Alhanbali, S., Dawes, P.,, Millman, R. E. & Munro, K. J. Measures of listening effort are multidimensional. Ear Hear. 40, 1084-1097
(2019).

Herrmann, B. & Johnsrude, I. S. A model of listening engagement (MoLE). Hear. Res. 397, 108016 (2020).

Strand, J. F, Ray, L., Dillman-Hasso, N. H., Villanueva, J. & Brown, V. A. Understanding speech amid the jingle and jangle: Recom-
mendations for improving measurement practices in listening effort research. Audit. Percept. Cogn. 3, 169-188 (2020).
Elfenbein, H. A. & Ambady, N. Universals and cultural differences in recognizing emotions. Curr. Dir. Psychol. Sci. 12, 159-164
(2003).

Scientific Reports |

(2023) 13:2808 | https://doi.org/10.1038/s41598-023-29082-1 nature portfolio


https://doi.org/10.4324/9780203852279
https://doi.org/10.4135/9781446249215.n15

www.nature.com/scientificreports/

Acknowledgements

We would like to thank Fran Copelli and Kay Wright-Whyte for coordinating data collection, Rhiannon Ueber-
holz for checking the scoring of the intelligibility data, Ingrid Johnsrude for her valuable insights into the results,
as well as Violet Brown and Drew McLaughlin for answering our questions about the stimuli.

Author contributions

J.R. conceived of the study, designed the study, programmed the experiment, collected the data, analyzed the
data, created data visualizations, wrote the original manuscript, and revised the manuscript. D.S. designed the
study, analyzed the data, created data visualizations, and revised the manuscript. EA.R. designed the study and
revised the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to EA.R.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:2808 | https://doi.org/10.1038/s41598-023-29082-1 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Exposure to nonnative-accented speech reduces listening effort and improves social judgments of the speaker
	Methods
	Participants. 
	Design. 
	Stimuli. 
	Procedure. 
	Data analyses. 

	Results
	Aim 1: effects of exposure on intelligibility and listening effort. 
	Intelligibility. 
	Block 1. 
	Block 2. 

	Listening effort. 
	Block 1. 
	Block 2. 
	Comparing slopes. 


	Aim 2: effects of intelligibility and listening effort on social judgments. 
	Correlational analyses. 

	Aim 3: indirect effects of exposure on social judgments. 
	Warmth. 
	Competence. 
	Willingness. 
	Mediation analyses. 
	Intelligibility as a mediator. 
	Listening effort as a mediator. 



	Discussion
	References
	Acknowledgements


