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Abstract

non-native language.
Linguistic focus highlights those words in speech that are
new or otherwise important [5, 6, 7]. In English, linguistic focus
is prosodically marked by the nuclear accent. That is, focused
words are realised with localised phonetic prominence relative
to the words around it, generally indicated by higher f0 , greater
f0 movement, increased intensity, and increased duration. By
default, the word at the end of an intonation phrase carries the
nuclear accent, unless a preceding word is in focus, in which
case the focused word carries the nuclear accent [8, 6, 9]. The
context of the discourse influences what part of an utterance
is in focus [10, 11]. Consider the following example (note:
[...]F indicates the focus and capitalisation indicates the nuclear
accent):

This study assesses how a cochlear implant (CI) simulation
influences the interpretation of prosodically marked linguistic
focus in a non-native language. In an online experiment, two
groups of normal-hearing native Dutch learners of English of
different ages (12–14 year-old adolescents vs. 18+ year-old
adults) and with different proficiency levels in English (A2
vs. B2/C1) were asked to listen to CI-simulated and non-CIsimulated English sentences differing in prosodically marked
focus and indicate which of four possible context questions
the speaker answered. Results show that, as expected, focus
interpretation is significantly less accurate in the CI-simulated
condition compared to the non-CI-simulated condition and that
more proficient non-native listeners outperform less proficient
non-native listeners. However, there was no interaction between
the influence of the spectro-temporal degradation of the CIsimulated speech signal and that of the English proficiency level
of the non-native listeners, suggesting that less proficient nonnative listeners are not more strongly affected by the spectrotemporal degradation of an electric speech signal than more
proficient non-native listeners.
Index Terms: perception, non-native listeners, linguistic focus,
prosody, cochlear implant simulation

1. John kicked the ball.
(a) Who kicked the ball?
[JOHN]F kicked the ball.
(b) What did John do with the ball?
John [KICKED]F the ball.

1. Introduction

(subject focus)
(verb focus)

(c) What did John kick?
John kicked [the BALL]F .

(object focus)

(d) What happened?
[John kicked the BALL]F .

(broad focus)

The focus patterns in 1a–1d are in response to the preceding
context questions. The subject focus (SF), verb focus (VF), and
object focus (OF) responses are examples of narrow focus as
only a single word is focused. No specific word is in focus for
the broad focus (BF) response. As a result, the nuclear accent
is by default on the phrase-final word, in this case the object.
Native listeners rapidly and efficiently recognise focused
words and the discourse implications of the prosodically
marked focus [12]. A recent study has, for instance, shown that
native listeners can correctly interpret the position of focused
words in spoken utterances with respect to context questions
[10]. In the experiment, adult native (New Zealand) English
listeners were asked to listen to canonical English sentences
with the nuclear accent either on the subject or on the object
and indicate which of two context questions was the most likely
question given the way the speaker responds. These context
questions were designed to either prompt the SF response or

Cochlear implants (CIs) are auditory prostheses that can
partially restore hearing in individuals with sensorineural
hearing loss. The electrode array inserted in the cochlea
sends electrical speech cue signals to the auditory nerve
directly. This electric input makes speech perception possible.
However, electric hearing differs from normal acoustic hearing.
An electric speech signal is highly lacking in fine spectrotemporal detail, resulting in a lower quality of transmission of
acoustic cues, particularly fundamental frequency (f0 ) [1, 2, 3].
Limited access to the prosody-related acoustic cue f0 in an
electric speech signal has been shown to compromise prosody
identification in the native language [4]. The present study
explores how a CI simulation (i.e., an acoustic approximation
of electric hearing implemented by a noise-band vocoder)
influences the interpretation of prosodic patterns—specifically
the interpretation of prosodically marked linguistic focus—in a
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2. Method

the OF response. The results showed that listeners were more
likely to select the SF question when the nuclear accent was
on the subject and more likely to select the OF question when
the nuclear accent was on the object, suggesting they correctly
interpreted the focus position and were able to identify the
correct context question.
Non-native listeners, however, recognise prosodic patterns
less accurately and less efficiently [13, 14]. One study
specifically showed that non-native listeners performed
significantly less accurately compared to native listeners during
a task where they had to indicate whether the prosodically
marked focus pattern of a response was appropriate given a
context question for matched and mismatched question-answer
pairs in English. That is, whereas the adult native (American)
English listeners were very likely to accept matched pairs and
reject mismatched pairs, the Korean and Mandarin listeners
had greater difficulty recognising the prosodically marked
focus, mainly evidences by the lower accuracy in rejecting
mismatched question-answer pairs [15]. Importantly, the study
also showed that the greater the English proficiency of the
Korean and Mandarin listeners, the higher the accuracy. This
is in line with research in the segmental domain showing a
beneficial effect of amount of experience with the non-native
language [16]. Non-native prosodic focus interpretation thus
appears to improve with increasing experience and proficiency
in the non-native language.
Little is known about how prosodic focus interpretation
for non-native language learners with different proficiency
levels may be affected by the spectro-temporal degradation of
an electric speech signal. For native listeners, studies have
demonstrated that typical CI users (i.e., postlingually deafened
and implanted adults) are less accurate in correctly identifying
prosodically focused words compared to their normal-hearing
(NH) peers [17, 18]. Comparable results were found for early
deafened and implanted children [19], for prelingually deafened
adolescent CI users [20], for adults who were deafened either
prelingually or postlingually, but who were all implanted late
[21], and for NH adult listeners listening to CI-simulated speech
[22]. For non-native listeners, the influence of electric hearing
on prosodic focus interpretation remains unclear. While there
are no studies directly investigating this effect, speech-in-noise
perception studies indicate that non-native listeners are more
strongly affected by adverse listening conditions than native
listeners [23], suggesting that non-native listeners would also
be more strongly affected by spectro-temporal degradations.
The present study assesses in an online experiment how
spectro-temporal degradations, similar to those that can occur
in electric hearing, influence the interpretation of prosodically
marked focus in a non-native language for non-native language
learners with different proficiency levels (based on the amount
of experience with non-native language learning in a school
setting). Using a task that tests whether listeners can link the
focus pattern to the correct context question [10], we investigate
how accurately less proficient adolescent and more proficient
adult native Dutch learners of English interpret prosodically
marked focus in CI-simulated English sentences compared
to how accurately these listeners interpret focus in non-CIsimulated English sentences. In line with previous research,
we predict that the non-native listeners interpret prosodic focus
less accurately in the CI-simulated sentences than in the nonCI-simulated sentences [22] and that the more proficient adult
native Dutch learners of English will interpret prosodic focus
in English sentences more accurately than the less proficient
adolescent native Dutch learners of English [15].

2.1. Participants
Two groups of participants took part in the online study:
beginner native Dutch learners of English and more experienced
and more proficient native Dutch learners of English. Eighteen
12–14 year-old (M: 13.5, SD: 0.93) adolescent secondary
school students formed the group of beginner non-native
language learners. They have a limited amount of experience
with English learning in a school setting and have an estimated
average Common European Framework of Reference for
Languages (CEFR) [24] level of English listening skills of A2
[25]. Thirty-two 18+ year-old (M: 20.6, SD: 2.24; range: 18–
30) adult first-year psychology students from the University
of Groningen formed the group of the more proficient nonnative language learners. They have more years of experience
with English learning in a school setting and have an estimated
CEFR level of at least B2/C1 as they have to meet these
English language requirements of pre-university education in
order to enter Dutch universities. To confirm normal hearing,
participants were asked to successfully complete the Dutch
version of the online digits-in-noise (DIN) test [26] before
participation in the online study. All participants declared to
meet this requirement. Written informed consent was obtained
from all participants and from the parents/guardians of the
adolescents before participation in the study. The adolescents
were paid for their time and the adults received course credit.
2.2. Stimuli
Twenty-six English sentences were constructed (24 trial items,
2 practice items) with a subject-verb-article-object structure
such as “John kicked the ball”. Four context questions were
created for each sentence. These questions were designed to
elicit a SF, VF, OF, or BF response and followed the pattern
of the questions outlined in 1a–1d. The stimuli were recorded
by two female and two male adult native speakers of (British)
English. Each speaker recorded the 24 trial items and 2 practice
items in all focus forms. To elicit natural focus responses,
speakers responded to the context questions. The stimuli were
recorded using a TASCAM DR-100 portable digital recorder
with a Sennheiser 3865 condenser microphone at a sampling
frequency of 48 kHz and sampling depth of 16 bit. The 96
trial stimuli (24 sentences x 4 focus types) were evenly divided
between the speakers, such that each speaker contributed one
focus type per sentence and a total of six SF, six VF, six OF,
and six BF stimuli to the final set. Acoustic analyses of the
stimuli will be presented in a forthcoming paper.
Acoustic CI simulations of the selected stimuli were created
by means of a vocoder (version 1.0) [27] implemented in
MATLAB (R2018a). Vocoded stimuli were created using
an 8-channel noise-band vocoder with a bandwidth of 250–
8700 Hz and Greenwood map, using zero-phase 12th order
Butterworth filters with matching analysis and synthesis filters.
The temporal envelope was extracted by half-wave rectification
and low-pass filtering at a cut-off of 160 Hz using a zerophase 4th order Butterworth filter. These parameters resembled
those of a previous study [28], but were modified to more
closely approximate the perceptual abilities of the average
CI listener by selecting an 8-channel vocoder and a cut-off
frequency of 160 Hz [2, 29]. A pilot study confirmed that
participants were able to perform the tasks described below in
the vocoded condition and that the selected parameters would
lead to accuracy scores above chance-level.
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2.3. Procedure

A

1.00

Participants completed an online experiment assessing the
influence of the CI simulation on the interpretation of
prosodically marked focus in English sentences using a singletask and dual-task paradigm (note: the set-up and results of the
dual-task paradigm assessing listening effort by the addition of
a free recall task will be discussed in a forthcoming paper as
they are out of the scope of this paper). The experiment was
coded in jsPsych (version 6.1.0) [30] and data collection was
managed through a JATOS server (version 3.5.5) [31].
The primary task of the experiment was a single-interval
four-alternative forced-choice (1I-4AFC) focus interpretation
task with unprocessed (non-vocoded) and vocoded stimuli.
During each trial, participants were presented with an auditory
stimulus after which they were asked to indicate which of four
possible context questions the speaker answered. The four
context questions were presented as stacked response buttons
and were accompanied by the prompt “Which question did
the speaker answer?” (Dutch: “Welke vraag heeft de spreker
beantwoord?”). The stimuli were presented in randomised order
with the constraint that immediate succession of same-sentence
stimuli, regardless of the focus pattern, would not be possible.
The experiment was divided into four blocks, one for each
processing condition per task paradigm. The block order was
pseudo-randomised and participants were randomly assigned to
one of the four possible block orders. Each block started with a
practice session during which participants received feedback on
the 1I-4AFC focus interpretation task. In the experiment proper,
no feedback was given.
Participants were instructed to complete the online
experiment in a quiet environment and were asked to use good
quality headphones. Sound levels could be calibrated at the
start of the experiment; participants were instructed to adjust the
volume of their headphones or computer until they could hear
a sample sentence at a clear and comfortable level and to not
adjust the volume thereafter. Participants were also presented
with a vocoded speech sample at the start of the experiment so
they could familiarise themselves with vocoded speech.
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Figure 1: Estimated probability of a correct response per
focus type (SF, VF, OF, BF) for unprocessed (red triangles)
and vocoded (blue circles) stimuli averaged across participant
groups and task paradigms (panel A) and for more proficient
adult (purple diamonds) and less proficient adolescent (green
squares) non-native listeners averaged across processing
conditions and task paradigms (panel B). Shaded areas show
the 95% confidence intervals. BF: broad focus; OF: object
focus; SF: subject focus; VF: verb focus.

3. Results
The 1I-4AFC task response data were analysed by fitting
generalised linear mixed-effect models (GLMMs) in the R
environment (version 4.1.2) using the glmer function of the
lme4 package (version 1.1-27.1) [32]. The prosodic focus
interpretation patterns were fitted as the estimated probability
of a correct response. The need for predictor variables and
by-participant and by-stimulus random slopes was assessed
through step-wise model comparisons using the anova function,
starting from a basic model with only by-participant and
by-stimulus random intercepts. The final model included
an interaction between processing and focus, an interaction
between group and focus, and an interaction between paradigm
and focus (not discussed here), as well as by-participant and
by-word random slopes for processing and focus. Post-hoc
analyses were performed and visualised using the emmeans
package (version 1.7.0) [33].
The model predictions in Figure 1 show that the probability
of a correct response is lower in the vocoded condition than in
the unprocessed condition (panel A) and that the more proficient
adults outperform the less proficient adolescents (panel B).
Post-hoc pairwise comparisons confirmed that the response
probability is significantly lower for vocoded (vs. unprocessed)

stimuli for all focus types (SF: z = −9.06, p < .001; VF:
z = −10.57, p < .001; OF: z = −5.35, p < .001; BF:
z = −7.16, p < .001). Moreover, the response probability
is significantly higher for the more proficient adult (vs. less
proficient adolescent) listeners for SF (z = 4.88, p < .001)
and OF (z = 4.03, p < .001), but not for VF or BF (p > .05).
Figure 1 also shows that the probability of a correct
response is relatively high for SF and VF, but much lower for
OF and BF. This pattern is evident in both processing conditions
and for both participant groups. Post-hoc analyses confirmed
that the response probability is significantly lower for OF than
for SF (unprocessed: z = −9.07, p < .001; vocoded:
z = −6.35, p < .001; adults: z = −8.57, p < .001;
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adolescents: z = −6.34, p < .001) or VF (unprocessed:
z = −9.13, p < .001; vocoded: z = −5.80, p < .001; adults:
z = −7.07, p < .001; adolescents: z = −7.13, p < .001)
and also significantly lower for BF than for SF (unprocessed:
z = −7.33, p < .001; vocoded: z = −5.67, p < .001;
adults: z = −7.67, p < .001; adolescents: z = −4.22,
p < .001) or VF (unprocessed: z = −8.55, p < .001;
vocoded: z = −5.92, p < .001; adults: z = −7.36, p < .001;
adolescents: z = −6.45, p < .001).
Regardless of the processing condition, the response
probability for SF does not significantly differ from the
probability for VF, nor does the probability for OF differ from
the probability for BF (p > .05). Similarly, for the more
proficient adults, the response probability for SF does not differ
from the probability for VF and the probability for OF does
not differ from the probability for BF (p > .05). For the
less proficient adolescents, however, the response probability is
significantly lower for SF than for VF (z = −2.99, p = .015),
whereas the difference in response probability between OF and
BF did not reach significance (p > .05).
Post-hoc interaction contrast analyses showed that the
difference in the probability of a correct response between
unprocessed and vocoded stimuli is significantly smaller for
OF than for SF (z = −5.20, p < .001) or VF (z = −7.18,
p < .001) and significantly smaller for BF than for SF (z =
−3.50, p < .001) or VF (z = −5.64, p < .001). The
processing contrast is also significantly smaller for SF than for
VF (z = −2.27, p = .023) and significantly smaller for OF
than for BF (z = −2.17, p = .03). The difference in the
probability of a correct response between the more proficient
adults and the less proficient adolescents is significantly greater
for SF compared to VF (z = 2.84, p = .005), OF (z = 2.16,
p = .031), and BF (z = 2.61, p = .009), but not significantly
different for OF compared to BF, or for VF compared to either
OF or BF (p > .05).

in English learning in a school setting, but they were also older
than the less proficient adolescents. Some studies indicate
that the adolescents are of an age where the development
in understanding prosodic patterns is expected to be adultlike [34], but others indicate potentially longer developmental
periods for prosody-related tasks [35]. However, the fact that
the results of the present study are in line with previous research
where age did not play a role suggests that the higher accuracy
for the more proficient adults can be attributed to the fact that
these native Dutch learners of English are the more experienced
and more proficient non-native language learners [15, 16]. A
more in-depth discussion regarding the covarying age effect will
be presented in a forthcoming paper.
The significantly lower probability of a correct response for
OF and BF compared to SF and VF observed in both processing
conditions and for both participant groups suggests that there
might be an underlying cause for this reduced accuracy. Recall
that by default the nuclear accent is on the phrase-final word, but
that for utterances with prosodically marked linguistic focus,
the nuclear accent is on the focused word [8, 6, 9]. The nuclear
accent is thus on the object for both the OF and the BF stimuli of
this study. That is, the object is the focused word for OF stimuli,
but it is also in phrase-final position, which is why the nuclear
accent is also on the object for BF. It is therefore possible that
the listeners confused OF and BF with one another, resulting in
the reduced accuracy for these two focus types. Future research
will be dedicated to investigating the interpretation confusions.
Finally, the influence of the CI simulation on the focus
interpretation patterns did not significantly differ between the
non-native listener groups. Both the less proficient adolescents
and the more proficient adults were less accurate in linking
focus position to the correct context question in the vocoded
condition compared to the unprocessed condition and the
more proficient adults tended to outperform the less proficient
adolescents regardless of the processing condition. The lack
of an interaction here suggests that the difference in the
impact of adverse listening conditions between native and
non-native listeners [23] cannot be extended to non-native
listeners with different proficiency levels. The less proficient
adolescents were not more strongly affected by the spectrotemporal degradations than the more proficient adults. Note
that the age difference between the non-native listeners cannot
be ruled out as an effect, even though some studies indicate that
the perception of degraded speech is expected to be adult-like
by the age 10–12 years [36]. The covarying age effect will be
discussed more thoroughly in a forthcoming paper. Moreover,
future research could investigate how the impact of the CI
simulation on prosodic focus interpretation for the non-native
listeners compares to this impact for native listeners.

4. Discussion
The present study used a focus interpretation task with
unprocessed and vocoded stimuli to investigate whether the
spectro-temporal degradation of the simulated electric speech
signal influences how accurately NH native Dutch learners of
English of different ages and with different proficiency levels in
English interpret prosodically marked focus in the non-native
language. Results showed that, as expected, the CI simulation
had a significant impact on the focus interpretation accuracy.
Listeners were less accurate in identifying the correct context
question in the vocoded condition compared to the unprocessed
condition. This is in line with previous research on the influence
of a CI or CI simulation on the recognition of prosodically
focused words in a native language [17, 18, 19, 20, 21, 22].
It reiterates the importance of quality access to prosodic cues
for prosody identification [1, 2, 3, 4], regardless of whether
listeners are native or non-native listeners.
Overall, the more proficient adults outperformed the less
proficient adolescents. Post-hoc analyses showed, however,
that the difference between the participant groups was only
significant for SF and OF. Even so, this finding is consistent
with previous research on the recognition of prosodic focus
with non-native listeners with different proficiency levels [15].
It shows that the accuracy of focus recognition increases with
increasing proficiency in the non-native language. Note that
age could also have played a factor as the more proficient adults
were not just more proficient in English and more experienced

5. Conclusion
This study assessed how a CI simulation influences the
interpretation of prosodically marked focus in a non-native
language. The results confirmed that a CI simulation lowers
the accuracy of prosodic focus interpretation and that the
accuracy of how well non-native listeners can link prosodic
focus position to the correct context question increases with
increasing proficiency in the non-native language. It was also
revealed that the influence of the spectro-temporally degraded
electric speech signal does not interact with the influence of the
proficiency level in the non-native language, indicating that less
proficient non-native listeners are not more strongly affected by
a CI simulation than more proficient non-native listeners.
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