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Objectives: The purpose of this study is to assess the use of prosodic 
and contextual cues to focus by prelingually deaf adolescent users of 
cochlear implants (CIs) when identifying target phonemes. We predict 
that CI users will have slower reaction times to target phonemes com-
pared with a group of normally-hearing (NH) peers. We also predict that 
reaction times will be faster when both prosodic and contextual (seman-
tic) cues are provided.

Design: Eight prelingually deaf adolescent users of CIs and 8 adolescents 
with NH completed 2 phoneme-monitoring experiments. Participants 
were aged between 13 and 18 years. The mean age at implantation for 
the CI group was 1.8 years (SD: 1.0). In the prosodic condition, reac-
tion times to a target phoneme in a linguistically focused (i.e., stressed) 
word were compared between the two groups. The semantic condition 
compared reaction time with target phonemes when contextual cues to 
focus were provided in addition to prosodic cues.

Results: Reaction times of the CI group were slower than those of the 
NH group in both the prosodic and semantic conditions. A linear mixed 
model was used to compare reaction times using Group as a fixed factor 
and Phoneme and Subject as random factors. When only prosodic cues 
(prosodic condition) to focus location were provided, the mean reaction 
time of the CI group was 512 msec compared with 317 msec for the 
NH group, and this difference was significant (p < 0.001). The provision 
of contextual cues speeded reaction times for both groups (semantic 
condition), indicating that top–down processing aided both groups in 
their search for a focused item. However, even with both prosodic and 
contextual cues, the CI users’ processing times remained slower, com-
pared with the NH group, with mean reaction times of 385 msec for the 
CI users but 232 msec for the NH listeners (p < 0.001).

Conclusions: Prelingually deaf CI users’ processing of prosodic cues is 
less efficient than that of their NH peers, as evidenced by slower reac-
tion times to targets in phoneme monitoring. The provision of contextual 
cues speeded reaction times for both NH and CI groups, although the CI 
users were slower in responding than the NH group. These findings con-
tribute to our understanding of how CI users employ/integrate prosodic 
and semantic cues in speech processing.
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INTRODUCTION

Speakers use prosody to convey information to their listeners 
about the structure of the discourse. Prosodic cues, in the form 
of acoustic changes in fundamental frequency (F0), duration 
and intensity, provide much information for the listener about 
the structure of the utterance (Fox 2000; Botinis et al. 2001; 

Ladd 2008). For example, prosodic cues signal where words and 
phrases begin and end (Beckman & Pierrehumbert 1986; Turk & 
Shattuck-Hufnagel 2007; Dilley & McAuley 2008), whether the 
utterance was intended as a question or a statement (Cruttenden 
1997; Fletcher et al. 2002; Ladd 2008) and are used to high-
light certain words for the listener (Venditti & Hirschberg 2003; 
Hirschberg 2004).

Speakers use local F0 movements, or pitch accents, to draw 
listener attention to certain words (Beckman & Pierrehumbert 
1986; Welby 2003). Pitch accents form part of the intonational 
system of English and pitch accents can be distinguished from 
the utterance-final F0 movements that provide information 
about whether the utterance is a question or statement (Pier-
rehumbert 1980; Beckman & Pierrehumbert 1986; Shattuck-
Hufnagel & Turk 1996). Although these pitch accents can occur 
on any lexically stressed syllable of an utterance, speakers use 
pitch accents to draw listener attention to information that is 
new, important or in contrast to another item (Rooth 1992; 
Birch & Clifton 2002; Dahan et al. 2002; Venditti & Hirschberg 
2003; Welby 2003; Baumann & Grice 2006). A word is said to 
have linguistic focus when it is emphasized by the speaker using 
prosodic cues. Speakers change the placement of pitch accents 
within an utterance to reflect the location of linguistic focus 
(Venditti & Hirschberg 2003; Welby 2003). For example, in the 
following exchange, a pitch accent (represented here by the use 
of CAPS) highlights the new information placed in focus by 
speaker B:

Speaker A: So which car did you buy?
Speaker B: We bought the Ford STATIONWAGON.
Consider how the interpretation of speaker B’s utterance 

changes if the location of focus and placement of the pitch 
accent is changed:

Speaker A: So which car did you buy?
Speaker B: We bought the FORD stationwagon.
In the second exchange, the word ford was assigned a pitch 

accent and the otherwise accentable stationwagon was not. By 
deaccenting stationwagon and accenting ford, the speaker draws 
listener attention to the brand of car bought, rather than the type 
of vehicle. The location of focus and its associated prosodic cues 
which include pitch accent placement work together to draw lis-
tener attention to the word. The location of focus may be dic-
tated by the preceding context. In the above example, speaker 
A’s question centers on the noun car, so a response that focuses 
and accents the verb would be considered inappropriate:

Speaker A: So which car did you buy?
Speaker B: We BOUGHT the Ford stationwagon.
While speakers use prosodic cues such as pitch accent place-

ment to appropriately reflect discourse structure, studies have 
also shown that listeners use these cues to facilitate sentence 
comprehension (reviewed in Cutler et al. 1997). Although eye-
tracking methodology is now widely used to investigate sentence 
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processing and comprehension (Watson et al. 2006), phoneme 
monitoring tasks were traditionally used and provide a relatively 
simple but robust method for obtaining experimental data from 
a processing perspective. Phoneme monitoring requires partici-
pants to press a button as soon as they hear a target phoneme. 
The reaction time (RT) measurement returned is thought to 
reflect the ease or difficulty of processing the utterance (Foss 
1969; Foss & Lynch 1969). RT in phoneme monitoring tasks 
is affected by sentence and lexical characteristics of the stimu-
lus sentences as reviewed by Connine and Titone (1996). For 
example, RTs are faster when the carrier sentences are syntac-
tically simple (Foss & Lynch 1969), when the target-bearing 
word is a real word (rather than nonword; Frauenfelder et al. 
1990; Pitt & Samuel 1995) and when the target-bearing word 
is a high-frequency word (Eimas et al. 1990; Eimas & Nygaard 
1992). The position of the target-bearing word in the utterance 
also affects RTs, with target-bearing words located early in an 
utterance responded to more slowly than those located toward 
the end of utterances (Mehta & Cutler 1988).

Both prosodic and contextual (semantic) cues have been 
shown to facilitate sentence processing for normally-hearing 
(NH) listeners. Cutler and Foss (1977) and Shields et al. (1974) 
reported that phonemes were detected more rapidly when the 
target-bearing word was pitch accented. This processing advan-
tage remained, even when the prosodic cues were removed from 
the target-bearing word which was linguistically focused (Cut-
ler 1976). The prosody of the words preceding the target word 
allowed listeners to anticipate the location of the focused word, 
with RTs remaining faster to “predicted-accented” words, even 
in lieu of prosodic cues being available on the target word itself.

A further study by Cutler and Darwin (1981) found that the 
predicted-accent effect may not be based solely on the use of any 
particular prosodic cue. Rather, they found that the predicted-
accent effect was displayed even when F0 cues were removed 
and when changes were made to the duration of the stop closure 
of the target phoneme, so listeners must make use of other pro-
sodic cues, such as duration, in their search for accent location.

The contribution of contextual cues to focus location were 
also observed by Cutler and Fodor (1979). They manipulated 
questions which preceded the stimulus sentence to shift the 
expected location of focus within experimental sentences. They 
concluded that contextual semantic cues must play an important 
role in sentence processing, as target phonemes in words focused 
by the semantic/syntactic context were responded to faster than 
targets not occurring in anticipated focused positions.

Building on these studies, Akker and Cutler (2003) assessed 
whether the predicted-accent effect and the use of contextual 
cues to focus work together, as suggested by Cutler and Fodor 
(1979). Their results indicated that this is indeed the case: lis-
tener RTs to a target phoneme were fastest when the target word 
is predicted to be accented by both the prosody and semantic 
context. They therefore concluded that these cues work together 
in the processing of speech to help listeners efficiently locate 
the most important items of a discourse. Thus, the use of both 
these cues helps normal NH listeners to effectively and effi-
ciently comprehend sentences in real time.

Cochlear implant (CI) users have difficulty perceiving pro-
sodic cues, with changes in F0 being particularly challenging 
as the temporal fine structure information exploited by listen-
ers with normal (acoustic) hearing is largely not available to 
CI users (Moore 2003). However, despite the importance of 

prosody in speech comprehension, studies of the perception of 
prosody by CI users are considerably less frequent than those 
centered on segmental perception abilities. Given the impor-
tance of both prosodic and contextual cues for NH listeners 
during sentence processing, it is therefore important to examine 
how these cues are processed by listeners with CIs.

CI users have been shown to encounter perceptual difficulty 
in tracking F0 changes, including tasks involving pitch ranking 
(Sucher & McDermott 2007; Looi & Radford 2011) and lexi-
cal tone discrimination or identification (Ciocca et al. 2002; Lee 
et al. 2002; Peng et al. 2004). Other studies assessing the per-
ception of prosody as a cue to discourse structure have centered 
largely on the realisation of questions versus statements (Peng et 
al. 2008; Peng et al. 2009; Straatman et al. 2010). In these studies, 
CI users required larger F0 rises than NH listeners to report that 
they had heard a question. Some studies have targeted the identi-
fication of sentence stress (i.e., the accented and focused item of 
an utterance), by CI users and NH individuals (Klieve & Jeanes 
2001; Most & Peled 2007; Meister et al. 2011). In the Meister 
et al. (2011) study, it was found that adult CI users identified an 
accented and focused word most accurately when all prosodic 
cues (F0, duration, intensity) were available in combination, as 
is the case in conversational speech. Despite all cues being avail-
able, identification performance was still significantly worse than 
that of NH listeners. All of these studies assessed the ability of CI 
users to identify an accented and focused word without the provi-
sion of prior context to facilitate that search.

To the authors’ knowledge, phoneme monitoring tasks have 
not been conducted with CI users. We are not aware of any stud-
ies that have directly assessed CI users’ ability to utilize contex-
tual cues to the location of linguistic focus in an utterance. If CI 
users are less able to identify the word in focus within an utter-
ance, this would affect their participation in complex discourse 
situations (such as conversation). While effective communica-
tion is the goal of CI use, there are few studies which exam-
ine spontaneous conversation involving CI users. In complex 
discourse situations, prosodic cues to the location of important 
information must be processed and interpreted rapidly, as the 
listener needs to continuously update their understanding of the 
conversation in real time. Toe and Paatsch (2013) studied spon-
taneous conversation in pediatric CI user/NH peer dyads and 
reported that the CI users dominated the conversation in terms 
of topic choice and turn length. Dominating the choice of topic 
relieves the need to continually integrate new information from 
their conversational partner, and may be related to difficulties 
with sentence processing (such as rapidly finding the location 
of the focused word in an utterance).

In this study, we investigated whether difficulty in perceiving 
prosodic cues affects how CI users integrate prosodic and con-
textual cues to discourse structure. We used a phoneme moni-
toring task to examine whether prelingually deaf CI users utilize 
the cues present in the preceding prosodic contour to predict 
the location of an accented word (prosodic condition). We pre-
dicted that CI users would display slower response times to the 
target phoneme if they were less efficient than the NH listeners at 
exploiting/processing the prosodic cues present in the utterances. 
In the semantic condition, we assessed whether RTs would be 
faster when a focus-inducing question is added to provide seman-
tic and syntactic cues to the location of the focused word in the 
stimulus utterance. We expected that both groups would be faster 
to respond when contextual cues are available as well.
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MATERIALS AND METHODS

Participants
A total of 16 adolescents (8 wearing CIs, 8 NH) aged 

between 13 and 18 years completed the testing. CI users were 
recruited from patients of the Royal Victorian Eye and Ear 
Hospital Cochlear Implant Clinic in Melbourne, Australia. 
These participants were required to be prelingually deaf, with 
no diagnosed specific language impairment and no less than 
borderline cognitive ability (i.e., a score of no less than 71 
on tests of cognitive ability such as the Wechsler Intelligence 
Scale for Children) as recorded in medical records. CI users 
were required to be aural/oral language users. The recruited 
CI group comprised 6 unilateral CI users (4 females, 2 males) 
and 2 bilateral CI users (1 female, 1 male). All except sub-
ject 8 was congenitally profoundly deaf in both ears (Table 1). 
The mean age at first CI implant was 1.8 years (SD: 1.0) and 
the age at second CI for the 2 bilateral users was 14.2 and 
6.5 years. All participants were users of Cochlear Ltd devices 
and CP810 speech processors. Subject 8 used the SPeak cod-
ing strategy, but all other subjects used the ACE strategy. The 
mean age at time of testing was 16.2 years (SD: 1.5). Mean 
device experience at time of testing was 14.3 years (SD: 1.1). 
Further demographic information on the CI users is available 
in Table 1. The NH adolescents (8 females) had no diagnosed 
language or hearing impairments. The mean age at time of 
testing for the NH group was 14.5 years (SD: 1.4).

Recording of Stimulus Materials
Stimulus materials were recorded by a 26-year-old adult male 

speaker of Australian English. The materials were recorded at 
44,100 Hz using a Marantz PMD671 solid-state digital recorder 
coupled with an AKG C520 cardiod condenser head-mounted 
microphone. Stimuli were RMS normalized to a level of 70 dB.

Phoneme Discrimination Task
Stimuli and Procedure  •  A two-alternative forced choice dis-
crimination task was conducted to ensure that participants could 
discriminate between the target phonemes /b p g k/. The speaker 
recorded the carrier phrase I said the word X again along with 
eight target words (bat, cat, pat, boat, goat, coat, pet, get). Each 
test word was then embedded within the carrier phrase using 
Praat software (Boersma & Weenink 2007) to create eight test 
sentences.

Testing was conducted individually in a sound-treated booth. 
Participants were seated in front of a display monitor and audi-
tory stimuli were presented at 65 dB SPL via a loudspeaker 
placed 1.5 m directly in front. Participants were instructed to 
listen using the device or devices that they wore everyday dur-
ing school classes. The 6 unilateral CI users wore their CI with-
out any device in the ear contralateral to their CI. The 2 bilateral 
users wore CIs bilaterally. Praat software (Boersma & Weenink 
2007) was used to present the stimuli and collect responses. In 
each trial, participants heard one of the eight test sentences and 
then used the mouse to select which target word they had heard 
from the two options available on the screen. The two response 
options were always minimal pairs featuring two of the target 
phonemes, for example goat/coat, pet/bet. The order of presen-
tation of trials was randomized by the software with a two sec-
ond interval between trials and a total of 24 trials to complete 
the testing.

Phoneme Monitoring Task
Stimuli and Procedure  •  A phoneme-monitoring task was 
used in two experimental conditions. Phoneme-monitoring 
requires participants to push a button when they hear a target 
phoneme. The stimuli manipulated the prosodic (PROS) and 
semantic (SEM) contexts of focus. In the PROS condition, the 
test sentence was presented auditorily, for example, The girl 
sewed some buttons onto her school dress (target phoneme b). 
In the SEM condition, additional semantic context was included 
by visual and auditory presentation of a question preceding test 
sentences, for example What did the girl sew onto her school 
dress? The girl sewed some buttons onto her school dress (target 
phoneme b). As pediatric CI users are often reported to have 
language delays (Spencer et al. 2003; Nicholas & Geers 2007; 
Geers & Hayes 2011), we facilitated sentence processing using 
syntactically simpler sentences than those of Akker and Cutler 
(2003). Sentences used are provided in Appendix 1 (see Supple-
mental Digital Content 1; http://links.lww.com/EANDH/A237).

Each experimental condition included 16 test sentences and 
16 filler sentences. The target phonemes of these sentences were 
a balanced mix of word initial / p, b, k, g /. All test sentences 
contained either 10 or 11 syllables and were balanced in terms 
of the number of syllables preceding and following the target 
word. Half the target words were monosyllabic and half were 
trochaic. The position of the target word was varied in the filler 
sentences, and the filler sentences were randomly interspersed 

TABLE 1.  Demographic information for the CI group

Subject Gender Aetiology
Onset of Profound 
Deafness (Years) PTA (dB) Device Use

Age at Test  
(Years)

Age at First  
Implant (Years)

1 Female Unknown 0 125 Unilateral CI 15.8 1.3
2 Female Connexin 26 0 98 Unilateral CI 18.0 4.1
3 Female Genetic 0 103 Bilateral CIs 16.3 2.1
4 Female Keratitis-ichthyosis-deafness 

(KID) syndrome
0 125 Unilateral CI 14.7 1.3

5 Female Cytomegalovirus 0 100 Unilateral CI 16.9 1.3
6 Male Connexin 26 0 117 Unilateral CI 17.0 1.8
7 Male Unknown 0 107 Bilateral CIs 13.6 1.1
8 Male Meningitis 0.8 118 Unilateral CI 17.8 1.8

PTA refers to the pure tone average measured preimplantation for the better ear, averaged across responses measured at 500, 1000, and 2000 Hz.
CI, cochlear implant; PTA, pure-tone average.

http://links.lww.com/EANDH/A237
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with the test sentences in presentation. By varying the position 
of the target word in filler sentences, we sought to avoid par-
ticipants pressing the button in anticipation of when the target 
would occur, rather than on hearing the target phoneme.

To prepare the sentence stimuli for both PROS and SEM 
conditions, each sentence was recorded twice: once with 
the test word focused (FOC), and once with the correspond-
ing word nonfocused (NFOC). The focused word carries 
the pitch accent. All the test words were extracted from the 
NFOC carrier sentences and used to replace their counter-
parts in the FOC sentences. Following Akker and Cutler 
(2003), this manipulation was made to assess whether lis-
teners could use the cues available in the prosodic contour 
preceding the target word, but not on the word itself. Manip-
ulations were performed using Praat (Boersma & Weenink 
2007), with target words spliced at the zero crossing of the 
initial consonant burst.

Testing was conducted in a sound-treated booth as per the 
phoneme discrimination task, but with E-Prime software and 
a serial button box used to present the experiment and collect 
responses. The sentences of the PROS condition were presented 
in four blocks (which also contained stimuli for another experi-
ment) and those of the SEM condition in two blocks. Partici-
pants completed three training trials before beginning the PROS 
condition and another three before beginning the SEM condi-
tion. Before presentation of the first training trial, the researcher 
demonstrated the task procedure for the participant. In the train-
ing trials, the participant was told to press the button as soon as 
they heard the target phoneme. Both accuracy and speed were 
stressed. During the training trials, the researcher asked partici-
pants to repeat the target word at the end of the trial as a means 
of checking that the participant had heard and responded to the 
target word. The sequence of sentences within blocks was the 
same for each participant, but the order of presentation of the 
blocks was counterbalanced. In the PROS condition, partici-
pants saw an orthographic representation of the target phoneme 
on the monitor before hearing the utterance that contained the 
test phoneme. The task was to press a button when the target 
phoneme was heard. In the SEM condition, participants first 
saw a question appears on their monitor, and after a 3-second 
delay the question was presented auditorily. They then saw the 
target phoneme followed by an auditory presentation of the 
utterance stimulus (as in the PROS condition). They responded 
by pressing a button when they heard the target phoneme. Par-
ticipants were allowed a break of around 3 min between blocks. 
RT was calculated as the interval between the onset of the burst 
release of the target phoneme and the time of the participant’s 
button press.

Predictions
If listeners use sentence prosody preceding the target pho-

neme to guide the expected location of focus, response time will 
be fast in the phoneme-monitoring task. In the PROS condition, 
we expect slower RTs from the CI group if they are less efficient 
than the NH listeners at processing prosodic cues to the location 
of focus.

As semantic context can guide the expected location of 
focus, we expect RTs of both groups to be faster in the SEM 
condition, where semantic context is available both visually and 
auditorily to both participant groups.

RESULTS

Phoneme Discrimination Task
Percent correct scores on the two-alternative forced choice 

phoneme discrimination task were 99.5 for the CI group and 
99 for the NH group, indicating that both groups could dis-
criminate between all four target phonemes /p, b, k, g/. Both 
groups are robust in processing the acoustic cues of the target 
phonemes.

Phoneme Monitoring Task
Prosodic Condition  •  As in previous phoneme monitoring 
experiments (Cutler & Foss 1977; Brunner & Pisoni 1982; 
Eimas et al. 1990; Akker & Cutler 2003), we treated responses 
of under 100 msec as likely anticipatory responses, where par-
ticipants pressed the response button before hearing the target. 
For the PROS condition, we discarded 6 responses in total, all 
of which were under 100 msec. Three responses were discarded 
from the CI group and three from the NH group. Each dis-
carded response was from a different participant. Two of these 
responses were negative, indicating that these 2 participants (1 
CI user and 1 NH individual) had, in anticipating the target, 
pressed the response button before presentation of the target 
phoneme. After discarding these responses, 97.7% of trials 
from each group were submitted to statistical analyses.

A linear mixed model was created in R (R Core Team 2009) 
to compare RT to the target phoneme with group (CI or NH) 
as a fixed factor and subject and phoneme (/b, p, k, g/) as ran-
dom factors. p values were obtained using Markov chain Monte 
Carlo sampling. As predicted, the CI user group responded 
more slowly to the target phonemes and this difference was sig-
nificant p < 0.001. Mean RTs were 512 msec for the CI group 
and 317 msec for the NH group.

Semantic Condition
In this condition, a contextual question was presented visu-

ally and auditorily before the stimulus utterance was presented. 
One response was discarded from the CI group and 10 were 
discarded from the NH group. Of the 10 discarded from the NH 
group, 6 were from subject 10. All discarded responses were 
less than 100 msec and considered anticipatory responses. On 
discarding these responses, 99% of trials from the CI group and 
92% from the NH group were submitted to statistical analyses.

RTs to the stimuli in the PROS condition were compared with 
RTs in the SEM condition. A linear mixed model was used to 
compare RTs with the target phoneme with group (CI or NH) 
and condition (PROS/SEM) as fixed factors. Subject and pho-
neme (/b, p, k, g/) were included as random factors. The main 
effects of group and condition were significant (p < 0.001 for 
both effects), but the interaction of group and condition was not 
(Fig. 1). The mean RT to the target phoneme when context was 
provided was 385 msec for the CI users and 232 msec for the 
NH users. Although the provision of contextual cues speeded 
response times for both groups (by 25% for the CI users and 27% 
for NH group), the CI users remained slower than their NH peers.

DISCUSSION

Previous studies with NH listeners have indicated that listen-
ers use prosodic and semantic/contextual cues in their search 
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for a linguistically focused word (Cutler 1976; Akker & Cut-
ler 2003). Poor use of prosodic cues among prelingually deaf 
CI users has been previously reported in both perception and 
production (Straatman et al. 2010; Meister et al. 2011). In this 
article, we asked whether prelingually deaf CI users exploit 
these prosodic and contextual cues to the location of focus to 
the same extent as NH listeners. Overall results revealed differ-
ences in the processing times of CI users compared with their 
NH peers. This processing difference cannot be attributed to the 
difficulty CI users might have encountered in identifying differ-
ent test consonant phonemes, as both CI users and NH listeners 
scored over 90% correct in the phoneme discrimination task. 
This indicates that the CI users could discriminate between stop 
consonants that differed in place of articulation and/or voicing. 
This rules out the possibility that RTs in the PROS and SEM 
conditions reflect perceptual confusion between test consonants.

The prosodic (PROS) condition investigated CI users’ RT 
to the target phoneme of a focused word when only prosodic 
cues preceding the target word were available. Results indicate 
that the CI group was significantly slower in performing this 
task than the NH group. We conclude from this that the CI 
users were not as efficient as the NH participants at exploiting 
the prosodic cues early in the sentence, and that this slowed 
their search for the target phoneme. This would be in keeping 
with Meister et al. (2011), who studied the discrimination of 
F0, intensity, and duration changes, along with the identifica-
tion of accented and focused words. For the CI users, they 
found a moderate correlation between discrimination of indi-
vidual prosodic cues and identification of a focused word, with 
better discrimination associated with better identification. 
Although performance was poorer than that of the NH listen-
ers, the CI users most accurately identified the focused word 
when all of F0, intensity, and duration cues were available in 

combination. In our experiment, listeners were presented with 
all of these cues combined, thus giving the CI users the opti-
mum (and most realistic) environment in which to respond to 
the target phoneme. As our CI users still reacted more slowly 
than the NH listeners to the target phoneme, we surmise that 
this reflects their poorer discrimination of and/or ability to use 
prosodic cues.

In the semantic (SEM) condition, listeners were provided 
with additional semantic and syntactic context by means of a 
focus-inducing question, before presentation of the stimulus 
utterance. The contextual question was presented both visu-
ally and auditorily. We expected that both groups of listeners 
would benefit from having contextual cues to aid their search 
for the focused word, and that this would be evidenced by faster 
RTs. This prediction was supported; both groups were faster to 
respond when contextual cues were available, illustrating that 
top–down linguistic expectations were used by both groups 
to predict which word would be focused in the next utterance. 
However, despite being able to use this context information to 
help their search, the CI users remained slower in processing 
speed compared with their NH counterparts. Moreover, as can 
be seen by comparing performance by CI users with that of NH 
listeners (Figs. 1 and 2), the fastest speed of the majority of CI 
users in the SEM condition was slower than the speeds of the 
NH listeners in the PROS condition. In a conversational setting, 
this difference in processing speed would set our CI users at a 
distinct disadvantage, as conversation requires participants to 
rapidly perceive, process, integrate, and respond to incoming 
information. If CI users are less able to use prosodic cues to 
help find and incorporate important information in conversa-
tion, then their ability to respond in a discourse-appropriate 
fashion will be hindered.

Individual differences in performance were evidenced for 
both the NH and CI groups. As this study is preliminary to a 
larger study of prosody and language processing in CI users, 
further work will aim to account for these differences seen in 

Fig. 1. Mean RT to the target phoneme in msec by the CI user group (black 
line) and NH group (light grey line). The CI group RTs were significantly 
slower than those of the NH group both when contextual cues were avail-
able (SEM condition, right) and when they were not (PROS condition, left). 
Error bars represent one standard error of the mean. CI indicates cochlear 
implant; NH, normally-hearing; PROS, prosodic; RT, response time; SEM, 
semantic.

Fig. 2. Mean RT to the target phoneme in msec by the CI users group in 
the PROS (blue bars, prosodic cues only) and SEM (green bars, prosodic 
and contextual cues available) conditions. Error bars represent one stan-
dard error of the mean. CI indicates cochlear implant; PROS, prosodic; RT, 
response time; SEM, semantic.
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RTs. The 2 bilateral CI users (subjects 3 and 7) returned the 
fastest times of the CI group in the SEM condition, when both 
prosodic and contextual cues were available to aid in the search 
for the target phoneme. It is possible that availability of binaural 
redundancy and binaural summation cues led to faster RTs for 
the 2 bilateral CI users, however only subject 7 returned faster 
RTs in both conditions. The difference in RT between the PROS 
and SEM conditions for subjects 8, 14, and 16 suggest that these 
individuals derived less benefit from the addition of contextual 
cues than the other participants (Fig.  3). This may suggest a 
preference for using prosodic cues to focus location over con-
textual cues. Further investigations are warranted to examine 
whether individuals show preference in attending to particular 
cues over others.

Wechsler-Kashi et al. (2014) recently compared RTs on a 
lexical access (picture naming) task conducted with pediatric 
CI users and NH counterparts. They found higher nonverbal IQ 
scores, earlier age at implantation and longer periods of device 
use to be significantly correlated with faster lexical access 
speeds. Interestingly, language ability was not correlated with 
RT. Although neither language ability nor cognitive ability were 
tested in this study, our CI group was relatively homogenous 
in terms of age at implant and device experience. We cannot 
exclude the possibility that differences in nonverbal IQ may 
account for some of the variation evidenced.

The results also cannot be generalized to performance across 
multiple speakers and different genders, as the stimuli of this 
study were recorded by a male speaker only. The fine temporal 
structure cues used by NH listeners to derive a pitch percept are 
not available to CI users, and so changes in F0 are difficult for 
CI users to perceive accurately (Zeng 2002; Moore 2003). CI 
users can utilize amplitude modulation cues in lieu of fine tem-
poral structure cues up to around 300 Hz (Zeng 2002; McKay 
2005; McDermott 2011). As the mean F0 of an average adult 
female speaker’s voice is 225 Hz (de Pinto & Hollien 1982), 

changes in F0 typical of those used to signal intonation may 
result in F0 values which exceed 300 Hz for female speakers. 
Consequently, the amplitude modulation cue might not be avail-
able for the listeners to utilize when F0 values go above 300 
Hz. Straatman et al. (2010) examined the just noticeable differ-
ence in F0 perceived by children using CIs. They manipulated 
F0 contours typical of the rise of a pitch accent occurring over 
one syllable, from both a male and a female speaker. The just 
noticeable difference threshold was larger for the stimuli in the 
female voice (11.3 st) than the male voice (9.4 st). The onset F0 
value of the pitch accent recorded by the female speaker was 
200 Hz. Given that larger thresholds were seen for changes in 
F0 produced by female speaker in the study of Straatman et al 
(2010), it is possible that CI users may perform more poorly 
in the experimental task of the current study if presented with 
stimuli in a female voice. As we used stimuli recorded by a male 
voice only, the results of this study reflect how CI users process 
the prosodic and semantic cues under optimal conditions when 
F0 values are below 300 Hz. Future studies are warranted to 
investigate whether CI users will process these cues differently 
under nonoptimal conditions, such as using stimuli from female 
speakers.

The finding of slower processing speeds for prelingually deaf 
CI users contributes to our understanding of the communicative 
challenges faced by this group. As noted by Pisoni (2014), to 
fully understand and explain the variability in outcomes of CI 
users, we need to study the processes that underlie linguistic 
performance. The results of this study help us to understand 
how deficits in the perception of prosodic cues may impact on 
an individual’s language processing speed and efficiency, a pro-
cess hitherto unexplored with CI users.
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