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As the United States is becoming more multicultural 
and diverse, Americans are becoming more exposed 
to foreign accents. According to Van Engen and Peelle 
(2014), degraded speech caused by foreign accents re-
quires additional cognitive processes for listener com-
prehension; the brain must recruit more neurons from 
the cingulo-opercular attention network when under 
stressful listening conditions. Furthermore, an increase 
in cognitive load can cause an increase in pupillary di-
lation (Porretta and Tucker 2019). Because of this, our 
study was able to use pupillometry to objectively mea-
sure whether more listening e� ort and cognitive load 
are required when listening to an accented speaker ver-
sus an unaccented speaker.

� ere were three main aims to our study: Aim 1 was an 
acoustic analysis of accented versus unaccented speech, 
Aim 2 tested the e� ects of accented speech on listening 
e� ort using pupillometry, and Aim 3 measured speech 
perception (speech intelligibility and speech compre-
hensibility).

� e � rst step of our study was to acoustically analyze 
audio recordings of accented and unaccented speech by 
creating spectrograms in Adobe Audition (Fig. 1). � e 
audio recordings contained 40 sentences total: 20 spo-
ken by a male and a female from the United States whose 
native language was English (unaccented speech); 20 
spoken by a male and a female from Québec, Canada 
whose native language was French (accented speech). 
� e spectrograms showed that accented speakers 
paused more frequently between words than unaccent-
ed speakers. � is resulted in clear di� erences in speech 
timing, which can impact speech understanding (Smith 
and Rathcke 2010). Accented speakers also produced 
mispronunciations, which caused slight distortions in 
the spectrograms. However, pitch and loudness were 
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not signi� cantly di� erent between accented and un1ac-
cented speakers (a female was compared to a female 
and a male was compared to a male).

Fig. 1 Spectrograms show a native speaker of English 
(unaccented) and a non-native speaker of English (ac-
cented) saying “� e beetle droned in the hot June sun.”

A� er the audio recordings were acoustically analyzed, 
we began to collect data. � e study was approved by 
Auburn University’s Human Subjects IRB. We recruit-
ed nine American, college-aged students whose native 
language was English to participate. Before participat-
ing, subjects were administered vision, audiometry, 
and tympanometry tests to ensure they had normal vi-
sion, hearing, and middle ear function. Luminescence 
tests were also completed to ensure normal pupillary 
response to light. Next, the participants completed the 
pupillometry listening task. During the task, the partic-
ipants listened to the audio recordings of accented and 
unaccented speech as they wore Micromedical Video-
nystagmography (VNG) eye goggles, which measured 
their initial and � nal pupil diameters (Fig. 2). Partici-
pants would hear a sentence and repeat back what they 
heard verbatim, which was scored for accuracy. � is 
gave us speech intelligibility scores (how well someone 
is understood when speaking). � e participants would 
also be asked to rate how di�  cult it was to understand 
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each speaker on a scale from 1 to 5 (1 being very easy; 
5 being very di�  cult). � is subjective data gave us in-
formation on speech comprehensibility (how easily 
the listener can understand what the speaker is trying 
to say). All the while, the eye goggles were measuring 
changes in pupil diameter.

Fig. 2 Micromedical Videonystagmography (VNG) 
eye goggles measured initial and � nal pupil diameter 
during the pupillometry listening task.

A� er collecting the data, we averaged speech com-
prehensibility ratings for each speaker. For males, the 
unaccented speaker received a 1.2 while the accented 
speaker received a 2.2. For females, the unaccented 
speaker received a 1.2 while the accented speaker re-
ceived a 2.3. � erefore, the participants found the un-
accented speakers to be very easy to understand and 
the accented speakers to be more di�  cult to under-
stand. While there were notable di� erences in speech 
comprehensibility, speech intelligibility scores were not 
signi� cant.

Fig. 3 Pupil diameter change by time interval for the 
unaccented and accented male speakers.

Fig. 4 Pupil diameter change by time interval for the 
unaccented and accented female speakers.

Lastly, statistical analyses were completed using IBM-
SPSS so� ware Version 23. � e between-subjects inde-
pendent variable was unaccented speech versus accent-
ed speech. � e within-subjects independent variable 
was time interval during the task (2-3, 3-4, and 4-5 sec-
onds). � e dependent variable was the change in pu-
pil diameter measured in percentage. � ese variables 
can be seen in Figures 3 and 4. � e repeated measures 
ANOVA procedure was completed to look for signi� -
cant di� erences across the six means for each speaker 
(Table 1). Paired T-test comparisons were completed 
to look for signi� cant di� erences between unaccented 
and accented speech conditions (Table 2).

� ere were statistically signi� cant di� erences when 
comparing the male accented speaker to the male un-
accented speaker (Table 1). � e male accented speak-
er caused greater pupil diameter changes in listeners, 
meaning he required greater listener e� ort and more 
cognitive load. Furthermore, the 4-5 second time inter-
val showed statistically signi� cant di� erences for both 
male and female speakers (Table 2), which means ac-
cented speech caused greater changes in pupil diameter 
than unaccented speech at this speci� c time interval. 
We believe peak dilation was consistently occurring at 
the 4-5 second time interval because at that moment, 
the speaker was � nished saying the sentence, and it was 
time for the listener to repeat back what they had just 
heard; this brief moment of stress was creating the larg-
est changes in pupil diameter that we were seeing, and 
listening to accented speech was proving to be more 
stressful than listening to unaccented speech. Greater 
changes in pupil diameter from listening to accent-
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ed speakers can also be attributed to the poor speech 
comprehensibility ratings they received from listeners. 
Lastly, we found that our participants required more 
processing time to listen and respond to accented 
speech than they required for unaccented speech.

Table 1 ANOVA Results.

Table 2 Paired T-test Results.

We can reasonably and objectively say that accented 
speech can cause greater changes in pupil diameter, 
require more listening e� ort, and place greater cog-
nitive demands on a listener than unaccented speech. 
Accented speech can also take a longer time to process. 
Finally, listeners � nd accented speakers more di�  cult 
to understand in general. With these � ndings, we can 
better understand ourselves and the ways we react to 
degraded speech and stressful listening situations.
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