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Reduced intelligibility explains delayed responses to questions in older

adults with hearing loss

Typical conversation is characterized by tightly coordinated turn-taking, meaning
that listeners must begin planning their response before their partner has finished
talking. But concurrently planning and comprehending incoming speech is
resource intensive. This study investigates the effects of intelligibility (by
manipulating stimulus presentation level) and hearing loss (through comparison
of older adults with normal vs impaired hearing) on the timing of response
planning using a verbal question answering task. When information critical for
response planning occurred early in the question, participants were faster to
answer than when it occurred late, indicating an early planning approach.
Although hearing impaired participants showed slower responses than normal
hearing participants when listening to conversation-level speech, they showed no
change in planning strategy. Furthermore, when intelligibility was equated,
groups performed similarly, suggesting that the turn-taking delays that have been
reported for hearing impaired interlocutors may be driven by reduced

intelligibility impacting planning.

Keywords: hearing loss; response planning; conversation timing; language

production



Introduction

Conversation is typically characterized by tightly coordinated turn-taking, whereby
speakers rapidly exchange utterances with minimal gaps or overlaps. In English, the
average gap between one speaker finishing their turn and the next speaker beginning is
around 200 milliseconds (Stivers et al., 2009), yet the time required to plan a single
word is considerably longer (approximately 600 milliseconds, Indefrey & Levelt, 2004,
and 1500ms for a simple sentence, Griffin & Bock, 2000). Thus, speakers cannot wait
until the end of a conversational turn before beginning to plan their response, instead,
they must begin planning their response before their partner has finished (Bogels et al.,
2015; Corps et al., 2018). Although theories of turn-taking agree that interlocutors
manage conversation demands by planning responses early, i.e., while still
comprehending the current speaker’s turn, evidence supporting such accounts come
from populations that find speech processing relatively undemanding (such as younger
adults). In this paper, we build on this prior work to investigate the timecourse of
response planning in people listening under demanding conditions. Specifically, we
investigate older adult listeners with normal hearing vs hearing loss, the latter of whom
experience increased cognitive demand due to effortful listening and may not have

cognitive resources available to support such early planning.

Response planning

A key question is how soon do listeners start planning their response once they have
enough information to do so. The ‘early planning hypothesis’ proposes that listeners
plan their responses as early as possible, and then hold their response in mind while
they wait for turn-end cues that signal the appropriate time to speak (Levinson &

Torreira, 2015). According to this account, listeners simultaneously plan and buffer a



linguistic response while still comprehending incoming speech input. Numerous studies
have found evidence consistent with such early planning. Bogels et al. (2015) used an
interactive question answering paradigm, measuring response times and EEG during a
question answering task, in which critical information necessary to prepare an answer
was available either early in the question (i.e., “What animal barks and has four legs?”),
or late (i.e., “What animal has four legs and barks?”’). Their findings showed that
participants were both faster to respond and had greater activation in brain areas related
to speech planning when critical content appeared early, suggesting that people initiate
response planning as soon as relevant information is available. Furthermore, Corps et al.
(2018) asked participants to verbally respond to yes/no questions in which the final
word was either highly predictable, enabling early response planning (i.e., “Are dogs
your favourite animal?”’), or unpredictable, necessitating later planning (i.e., “Have you
ever been to the city of Paris?”). Participants again responded more quickly to questions
where the final word was predictable, indicating that response planning began as soon
as possible regardless of distance from the turn-end. Other consistent results have been
found using a variety of alternative paradigms (e.g., Barthel et al., 2016 measured
pupillometry and response latencies during a list-completion task).

But despite the above evidence for early planning, numerous studies have
demonstrated that speech planning and speech comprehension are related cognitive
processes that rely on overlapping neural circuits (Kemper et al., 2003; Kubose et al.,
2006; Segaert et al., 2012) . Holding a response in mind may therefore interfere with
concurrent comprehension of the incoming turn (Bogels et al., 2018) and require
additional cognitive resources (Barthel & Sauppe, 2019; Fairs et al., 2018). Indeed,
studies have shown that planning responses while concurrently comprehending

incoming speech is associated with higher processing load than planning in silence, as



measured by the pupillary response (Barthel & Sauppe, 2019). Thus, postponing
response planning could reduce this interference.

The ‘late planning hypothesis’ is an alternative account that posits that listeners
only begin the response planning process when they know that the speaker will soon
reach the end of their turn (i.e., by detecting turn-end cues), even if they may have had
the information and understanding to begin response planning earlier (Sjerps & Meyer,
2015). Consistent with this account, Sjerps and Meyer (2015) asked participants to
complete a finger tapping task whilst they alternated between listening to pre-recorded
utterances and describing rows of pictures. Participants’ finger tapping performance
decreased only shortly before the end of the incoming speech (and thus only shortly
before beginning their own speech turn). Eye-tracking data further revealed that looks to
the pictures requiring description began only shortly before the finger tapping decline.
Together these findings suggest that response planning was delayed until close to the
speaking time, differing from many of the studies discussed above. A potential
explanation for such contradictory findings lies in the demands of the task: the Sjerps
and Meyer paradigm required cognitive resources to be distributed across the dual
tapping and turn-taking tasks, unlike the pure tasks described previously. Hence this
work suggests that in highly demanding situations, listeners may indeed delay speech

planning and show a later planning pattern of behaviour.

Hearing loss and response planning

People with hearing loss experience increased listening demand, and show both slower
and more variable turn-timing in conversation (Petersen et al., 2022; Serensen et al.,
2020). It is therefore possible that hearing loss leads to delays in speech planning. One

explanation for turn-taking delays in people with hearing loss is that they find listening



particularly effortful, which increases the cognitive demands of speech processing (e.g.,
Peelle, 2018; Pichora-Fuller et al., 2016); consequently reducing resources for other
higher-level processing (see Fernandez et al., 2024 for discussion). As planning a
response while simultaneously listening is demanding (e.g., Barthel & Sauppe, 2019)
and requires additional cognitive resources, early planning may therefore not be feasible
for people with hearing loss, and planning may be delayed. Importantly, such delays
need not reflect a voluntary strategy; they may arise either through deliberate
postponement to manage cognitive load or through an implicit/learned adaptation to
listening difficulty. Additionally, if people with hearing loss take longer to process
incoming speech more broadly (Wendt et al., 2015), less time would be available for
planning responses in the first place. Hence early response planning may be too
cognitively demanding, or slow, for people with hearing loss, and thus a late response
planning approach could underlie the longer and more variable response latencies

reported for conversational turn taking.

Current Study

In the current study we examine how cognitive demand affects the timing of response
planning in two groups of older adult listeners: one with normal hearing, and one with
impaired hearing. Several previous studies have demonstrated that people use the
content of incoming speech to begin planning responses early. However, these studies
have primarily focused on young adult listeners in ideal listening conditions. Hearing
loss has been shown to affect response timing in conversation, which could be due to
increased listening demand leading to delays in response planning. This study therefore
uses the question answering paradigm of Bogels et al. (2018) to investigate how

response planning is affected by challenging listening conditions. Specifically, we



address the effect of hearing loss between normal hearing and hearing-impaired groups,
as well as the effect of speech intelligibility within participants. We hypothesised that
when cognitive resources are allocated to effortful listening, response planning would
be delayed. Importantly, this delay need not reflect a deliberate decision to “wait”; it
may arise because increased demand postpones the point at which the question is
sufficiently understood and an answer is available for formulation. Importantly, hearing
loss may affect response planning due to broadly altering the cognitive processes
involved in listening, or due to reducing speech intelligibility in a way that could be
replicated in normal hearing listeners. Thus, we compare two older adult groups
listening at a conversational speech level of 60 dB, as well as at individually determined
levels selected to ensure matched intelligibility scores (outlined below). This design
thus allows us to address both the direct effect of hearing loss at natural conversational

levels, and the more general effect of reduced intelligibility on response planning.



Methods

Participants

The study included 25 normal hearing (NH, 15 female, 10 male, agemean = 63.92, agesq =
6.68) and 28 hearing impaired (HI, 19 female, 9 male, agemean = 69.75, agesq = 7.02)
older adults. The NH participants had better-ear pure-tone average hearing thresholds at
or below 25 dB HL across 0.5, 1, 2, and 4kHz (mean = 16.98, SD= 5.14). The HI
participants had better-ear pure-tone average hearing thresholds at or above 35 dB HL
across 0.5, 1, 2 and 4kHz (mean = 52.85, SD = 7.82). Audiograms for both groups are
plotted in Figure 1. All participants were recruited from the Glasgow region and were
fluent in English. Participant demographics are shown in Table 1.

Ethical approval was obtained from the University of Nottingham Faculty of
Medicine and Health Science Research Ethics Committee (REC reference: FMHS 423-

1221). Participants provided written informed consent to participate in this study.

[Figure 1 here]

[Table 1 here]

Stimuli

Stimuli comprised 120 general knowledge question pairs. Questions were constructed to
provide both ‘general’ information to narrow potential answers to a category (e.g.,
common household pet), and critical information to constrain potential answers to a
single response (e.g., barks). Each item pair included one version in which the critical
content was presented EARLY in the sentence (e.g., “Which animal barks and is also a
common household pet?”’), and one in which the critical content was presented LATE in

the sentence (e.g., “Which animal is a common household pet and also barks?”). In the



EARLY version, answers could be planned early or late depending on strategy, whereas
in the LATE version, answers could only be planned late.

Stimuli were selected based on an online pre-test of 20 participants (10 female,
agemean = 65.35 agesa = 4.93), recruited via Prolific (www.prolific.com). All participants
were normal hearing native English speakers and were of Scottish nationality. An initial
set of 155 question pairs were divided into two stimulus lists, each containing one
version of each question and an equal number of EARLY - and LATE- critical content
versions. Participants were randomly assigned to one of the two lists (10 participants
per list). They were required to read each question and “Answer each question to the
best of your ability. This can be a single word, or it can be longer and contain any
number of words”. Participants typed their responses.

To reduce stimulus differences based on difficulty of selecting the question’s
answer, the similarity of question answers was assessed using Latent Semantic Analysis
(LSA) matrix comparisons with the general reading corpus provided by Colorado
University Boulder (http://lsa.colorado.edu). LSA provides a measure of the degree of
similarity between responses by analysing how often these words appear in the same
contexts. LSA values range from 1, indicating that the different responses occur in
identical contexts, to 0, indicating that the different responses occur in different
contexts. Question LSA was calculated by averaging the LSA values for all pairwise
comparisons between answers. Of 155 stimuli pairs, 35 were removed (4 due to being
very similar to other questions in the list, as well as the 31 with the lowest LSA values),
to create a final experimental list of 120 questions. Average question LSA values for the
120 question pairs did not significantly differ between EARLY (questionLSAmean =

0.94) and LATE (questionLSAmean = 0.94) stimuli (p = 0.36). Thus, participants tended



to agree on the answers regardless of whether stimuli were presented in the EARLY or
LATE version.

Question stimuli were recorded with a male Scottish accented speaker using a
Blue YETI USB microphone at a sampling rate of 48kHz. Question durations were
between 273 1ms and 7580s. The duration of questions in the EARLY condition (mean
=46218ms) did not significantly differ from their pair in the LATE condition (mean =

4582ms; p =.098).

Other measures

Processing speed was measured using the digit symbol substitution test (DSST;
Wechsler, 1981). Participants were presented with a key, pairing unique symbols with
digits (1-9). Below the key was a test section containing rows of numbers with empty
boxes. Participants were required to write the corresponding symbols into the spaces

below the numbers as quickly and accurately as possible for 90 seconds.

Design and Procedure

The experiment had a 2 (critical content EARLY/LATE) by 2 (presentation level 60
dB/Adaptive) by 2 (participant group HEARING LOSS/NORMAL HEARING) design.
The experiment was divided into two blocks. In one block the questions were presented
at a fixed level of 60 dB. In the other block the questions were presented at an
individually-determined adaptive threshold. Order of blocks was counterbalanced
between participants. Critical content was balanced within each presentation level (i.e.,
there were 30 trials per combination of critical content and presentation level
conditions) and was counterbalanced such that participants heard only one version of

each question.
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Prior to beginning the study, participants with hearing aids were instructed to
remove them. Participants first underwent an audiogram and the adaptive track
procedure to determine the level for the adaptive presentation level condition (to equate
intelligibility across individuals and groups). Based on participants’ designation as NH
or HI from their audiogram, different starting levels for the adaptive track were selected.
Speech was always presented in quiet. For normal hearing listeners the start level was
set at 50 dB and for hearing impaired listeners it was set at 70 dB. Participants were
then presented with a series of spoken questions, similar to those in the main
experiment. Sentences ranged from 5-8 words (mean = 6.6), which was slightly shorter
than the stimuli used in the main experiment to reduce demands on working memory,
and included sentences such as: “Which temperature does water boil at?”, and “What
colour is a New York taxi?”. After each stimulus participants were asked to repeat back
all the words in the question. Responses were scored as correct only if all words in the
sentence were repeated accurately and in the correct order. Any omitted, substituted, or
incorrectly repeated word resulted in the sentence being scored as incorrect. Sentence
presentation level was then adjusted adaptively using a 2-down, 1-up staircase
procedure. If the participant responded correctly for two consecutive trials, the
presentation level was decreased, and if they responded incorrectly for one trial, the
presentation level was increased. A reversal was defined as a point at which the
direction of the level adjustment changed, indicating a shift from an increase to a
decrease in presentation level, or vice versa. The level was changed in steps of 6 dB for
the first 4 reversals, and steps of 3 dB for 5 reversals. A maximum of 40 trials were
presented. We used a 71% adaptive threshold (corresponding to the level at which
listeners could correctly identify approximately 71% of the stimuli) estimated by

averaging the presentation level across the last 5 reversals (Levitt, 1971). This section
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ended with a further five short sentences at the 60 dB level, and at the selected adaptive
presentation level, to get final intelligibility scores (see Table 1).

Participants then began the main experiment. As in (Corps et al., 2018; 2024),
participants were instructed at the start of each block to “Answer the question with the
word or words that you think are most appropriate as quickly as possible. Do not wait
until the speaker has finished the question and has stopped speaking. Instead, you
should answer as soon as you expect the speaker to finish the question.” At the start of
each trial a fixation cross appeared for 500ms, then turned red from when the question
began until 2000ms after the question ended (considered the timeout point for
responses). Then a blank screen appeared for 500ms before the next trial began.
Participants’ verbal responses were recorded via a dynamic cardioid microphone.
Participants first completed five main experiment practice trials at 60 dB to familiarise
themselves with the task before beginning the first block. The experiment was presented
in MATLAB (2021a), blocked by presentation level, with order counterbalanced
between participants. Questions in each block were presented in an individually
randomised order. After the main experiment participants completed the DSST

(Wechsler, 1981).

Data analysis

Verbal responses were recorded from the onset of the question to 2000ms following the
question end. The onset of participant responses was calculated automatically in
MATLAB (2021a) using an automatic voice detection threshold. Each trial was
manually checked to ensure the onset of the response was correct (i.e., to ensure non-
speech sounds such as breaths or movement hadn’t been detected as the onset of the

response). Verbal response times were defined as the difference between the question
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end and the beginning of the participant response, ignoring any manually identified non-
speech sounds. Thus, negative response times indicate that participants responded
before the end of the question, and positive response times indicate that participants
responded after the question end. Prior to statistical analysis, we removed trials where
(1) participants did not produce a response within 2000ms (26.57%), (2) we could not
determine what the participant said (and thus could not ensure it was a relevant answer;
0.35%), or (3) participants responded that they either did not know or did not hear the
question (0.27%). Total proportion of removed trials was 27.19% (see Table 2 for
summary of percentage of removed data by hearing group and presentation level). We
also coded the accuracy of responses. Answers were considered valid if they matched
the answer produced in the pre-test, but we also accepted other question-relevant
answers (even if they were not correct - e.g., 1945 instead of 1939 in response to
“Which year was in the 1900s and was the start of World War Two?”). Incorrect
responses were a small subset of the retained data (137 trials; 2.15%). In sum, all
interpretable, question-relevant responses were retained for analyses regardless of
accuracy.

[Table 2 here]

Response times were analysed with linear mixed-effects models using the Imer
function of the Ime4 package in RStudio. Presentation level in the adaptive block was
always lower than 60 dB for NH participants, but varied for HI participants (since for
some HI participants, their intelligibility at 60 dB was still very poor). As such, three
separate models were fitted. To assess how intelligibility affected response planning,
one model was fit for NH participants comparing 60 dB vs the adaptive presentation
levels. To assess how HL affects response planning at conversational levels, one model

was fit across participant groups at the 60 dB presentation level. Finally, to assess how
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HL affects response planning when intelligibility was equated between groups, one
model was fit across participant groups at the adaptive presentation level. Main effects
of critical content (reference level: EARLY vs. LATE), presentation level (reference
level: 60 dB vs. Adaptive), and hearing group (reference level: NH vs. HI) were contrast
coded (-0.5, 0.5). As previous research suggests that longer questions tend to elicit
earlier responses (e.g., Corps & Pickering, 2024) we also included question duration as
a main effect. Additionally, we included a measure of processing speed as prior work
has shown that faster processing speed supports anticipatory language processing,
which may similarly facilitate earlier response planning (Huettig & Janse, 2016). By
participant random effects were included in all models, and by item random effects
were included in response time accuracy models.

To preview our results, we found the following null effects: (1) no difference
between 60 dB and adaptive presentation levels in NH, and no interaction with critical
content; (2) no interaction between hearing group and critical content when at the 60 dB
level; and (3) no difference between NH and HI participants at the adaptive level, and
no interaction with critical content. We calculated Bayes Factors for all predictors by
fitting Bayesian mixed effects models using the brms package (version 2.22.0). We
calculated Bayes Factors by comparing a model with the predictor of interest (e.g.,
critical content; M1) to a reduced model without this predictor (M0). A Bayes Factor of
approximately 1 indicates no evidence in favour of either model. As the Bayes Factor
increases over 3, evidence in favour of the M1 strengthens; as the Bayes Factor
decreases under 0.3, evidence strengthens in favour of the MO (e.g., Kass & Raftery,
1995; Lee & Wagenmakers, 2014).

We fitted models using informative priors, based on our expectation from

previous studies. All priors were fitted using a normal distribution. Based on Corps and
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Pickering (2024), who used a similar EARLY/LATE manipulation with young adults
without hearing loss, we expected answer times to average around 400ms, with some
variability, and so for the intercept we set a prior with a mean of 400ms and a standard
deviation of 200ms. We expected a negative effect of critical content (i.e., faster
responses for EARLY than LATE question types) and we expected this effect to be
around 600ms based on Corps and Pickering (2024) Thus, we set a prior with a mean of
-300ms and a standard deviation of 200ms for the main effect of critical content.

For the NH analysis, we did not have any previous data to estimate the
difference between the 60 dB and adaptive presentation levels. However, we expected
participants to be faster at the 60 dB than the adaptive presentation level, given that the
adaptive level was the lowest presentation level at which they could achieve 71%
intelligibility and should thus have been more cognitively demanding. As a result, we
set a prior with a mean of -100ms and a standard deviation of 200ms for the main effect
of presentation level. We did not expect an interaction between critical content and
presentation level, and so we set a prior with a mean of Oms and a standard deviation of
200ms for the interaction coefficient.

For the second and third models, comparing NH and HI participants at the 60 dB
and adaptive presentation levels, we estimated a group difference of around 200ms
based on Corps et al. (2025) who investigated response planning in people with NH,
people with HL listening at high-demand (adaptive), and people with HL listening at
low-demand (fixed). As a result, we set a prior with a mean of -100ms and a standard
deviation of 200 ms for the main effect of hearing group. In both models, we did not
expect an interaction between hearing group and critical content, and so we set a prior

with a mean of Oms and a standard deviation of 200ms for the interaction coefficient.
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In all models, we fit the standard deviation parameter to have a mean of Oms and
a standard deviation of 50ms and sigma to have a mean of Oms and a standard deviation
of 100ms (Corps & Pickering, 2024) We did not calculate Bayes Factors for question
duration or DSST score because we included these predictors as control variables; we
were not interested in whether they affected response times on their own.

We first fitted a model that simulated the data from the actual priors, and then
visualized the distribution of effects to ensure they matched our expectations. Once we
confirmed that the priors seemed plausible, we fitted models with the actual data. Bayes
Factors are sensitive to the choice of prior, and so we also conducted a sensitivity
analysis (Schad et al., 2023). We kept the same means as defined in our informative
priors, but we changed the standard deviation of each parameter. In particular, we
defined a range of priors with standard deviations from 300 to 1000ms in increments of
100ms, representing increasingly looser priors and increasing uncertainty about the
effect.

For each predictor, we report coefficient estimates (b), standard errors (SE), and
t-values for each predictor. We assume that a t-value of 1.96 or greater indicates
significance at the 0.05 alpha level (Baayen et al., 2008). For Bayesian analysis, we
report Bayes Factors (BF) from the informative model only, but we report whether the

BF was consistent across the sensitivity analysis.

Results
[Figure 2 here]
Effects of Intelligibility in Normal Hearing Listeners only (60 dB vs adaptive
presentation level)
On average, NH participants responded 229.53ms after the question end. They were
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faster to respond when the critical content was EARLY (M = -221.38) than when it was
LATE (M =564.06, p =-794.27, SE = 66.16, t = —12.01, BF > 100), and were faster to
respond when the presentation level was at 60 dB (M = 132.77) than when it was at the
adaptive presentation level (M = 344.82, f =-248.42, SE =29.28, t = -8.49 BF > 100).
The BF consistently supported the alternative hypotheses over the null in the sensitivity
analysis (all BFs > 100). Average response times for each condition are shown in Figure
2. There was no interaction between critical content and presentation level (= 11.167,
SE =58.32,t=0.19, BF = 0.08), and the BF consistently supported the null hypothesis
over the alternative in the sensitivity analysis (all BFs < 0.04). As found in prior studies,
there was also a significant effect of question duration (f =-190.65, SE =32.90, t =
5.79; Corps et al., 2018), and participants with higher DSST scores were faster to

respond (B =-14.61, SE =5.67, t =-2.57).

Differences between Normal Hearing and Hearing Impaired Listeners

60 dB presentation level

Participants across groups were faster to respond to questions when the critical content
appeared EARLY (M = -110.40) than when it appeared LATE (M = 643.84, 3 = -
755.12, SE =65.27,t=-11.57, BF > 100), and the BF showed consistent evidence for
the alternative hypothesis over the null in the sensitivity analysis (all BFs > 100).
Furthermore, normal hearing participants were faster to respond overall than hearing
impaired participants (NH = 132.77, HI = 375.53, B = -220.93, SE = 90.88, t = -2.43,
BF = 56.82), and the BF consistently supported the alternative hypothesis over the null
in the sensitivity analysis (all BFs > 11.01). There was no interaction between hearing
group and critical content (f = -46.52, SE =56.42, t=-0.82, BF = 0.10). The BF

showed consistent evidence for the null hypothesis over the alternative in the sensitivity
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analysis (all BFs < 0.07) Again, there was a significant effect of question duration (f = -
170.92, SE =32.42, t = -5.27), and participants with higher DSST scores were faster to

respond (B =-11.68, SE =4.65, t=-2.51).

Adaptive presentation level

Participants across groups were faster to respond to questions when the critical content
was EARLY (M = 28.64) than when it was LATE (M = 791.06, = -740.59, SE =
60.53, t =-12.24, BF > 100). The BF showed consistent evidence for the alternative
hypothesis over the null in the sensitivity analysis (all BFs > 100). However, in this
condition of equated intelligibility there was no longer a difference between response
times for normal hearing (M = 344.82) and hearing-impaired participants (M = 434.05;
B=-32.48, SE =94.05,t=-0.35, BF = 0.39). The BF showed consistent evidence for
the null hypothesis over the alternative in the sensitivity analysis (all BFs < 0.27). There
was also no interaction between hearing group and critical content (B =-108.23, SE =
60.68,t=-1.78, BF = 0.10), and the BF showed consistent evidence for the null
hypothesis over the alternative in the sensitivity analysis (all BFs < 0.20). Again, there
was a significant effect of question duration (f =-194.65, SE = 30.26, t =-6.43), and
participants with higher DSST scores were faster to respond (f =-15.74, SE=4.83,t=

-3.26).

Exploratory analysis of excluded trials

We modelled the probability of trial exclusion (no response within 2000ms and/or
“didn’t know/didn’t hear”) using mixed-effects logistic regression with random
intercepts for participant and item. Results reflected those reported above for response
times: For NH listeners, exclusion probability was higher at the adaptive presentation
level than 60 dB presentation level (p <.001). At the 60 dB presentation level,

18



exclusion probability was higher for HI than NH participants (p <.001) and higher for
LATE than EARLY items (p < .05), with no interaction. At the adaptive presentation
level, exclusion probability was higher for LATE than EARLY items (p = .05), with no

main effect of group and no interaction.

Supplementary visualisation of response times relative to critical content

To address whether response times were aligned to the point at which the answer
became identifiable, we additionally recalculated response times relative to the offset of
the critical content word (e.g., bark) rather than the end of the question. We report
individual response-time distributions for EARLY and LATE trials in the
Supplementary Materials, which highlight individual differences in response timing

strategy.
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Discussion

Overview

The current study investigated whether hearing loss and speech intelligibility affect the
ability to start planning responses early in a conversational question-answering task.
Specifically, we examined how the timing of critical content (EARLY/LATE) and
different listening conditions (60 dB/Adaptive) differentially affected the timing of
responses for listeners with normal and impaired hearing. Consistent with previous
research (Bogels et al., 2015; Corps, Gambi, et al., 2018), we found that all participants
responded more quickly when critical content appeared EARLY in the question,
regardless of intelligibility, suggesting that they initiated response planning earlier, even
when listening was demanding. However, HI participants showed slower response times
at a conversational listening level, indicating that hearing loss affects the efficiency of
response planning, though the lack of interaction with critical content suggests that it
does not affect the approach to response planning. Finally, manipulation of
intelligibility within the NH participants was able to replicate the slowed response times
of the HI participants, suggesting that such delays with hearing loss may be explained
by reduced intelligibility rather than broader changes to strategy or higher-level

cognition.

Effect of hearing loss at conversational speech levels

We found that verbal response latencies were significantly longer for older adults with
hearing loss than those with normal hearing at conversational listening levels, aligning
with reports of longer floor transfer times in real conversation (Petersen et al.,

2022).While both NH and HI participants demonstrated anticipatory response planning

(i.e., responding significantly faster when critical content was available EARLY), there
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was an overall delay in response times observed in the hearing-impaired group. While
this may reflect a slowing of the response planning process itself, it could also be
explained by later initiation of response planning. For instance, there is evidence that
hearing loss is associated with slower speech processing (e.g. Wendt et al., 2015),
which could delay the point at which relevant information becomes available to initiate
response planning. In this account, response planning may proceed at a similar rate once

initiated, but begin later as a result of delayed speech processing.

Surprisingly, we saw no interaction between hearing loss and the availability of
the critical information necessary for response planning (i.e., EARLY or LATE). Given
the greater difficulty of the listening task for HI listeners, we had expected a potential
change of strategy, from early to late planning. However, we found that regardless of
hearing ability, listeners began planning their responses earlier for EARLY questions

than the LATE questions.

Effect of intelligibility on response planning

Interestingly, at the adaptive listening level, we found no significant difference in
response times between normal hearing and hearing-impaired participants. This
suggests that when speech intelligibility is equated and thus presumably speech
comprehension is similarly challenging, normal hearing listeners behave similarly to
people with hearing loss. Indeed, normal hearing listeners were significantly slower to
respond to general knowledge questions when listening at this reduced intelligibility
level relative to when listening at conversational levels (being on average 209.76ms
delayed), in spite of all analyses focusing only on those trials in which participants
provided a valid response. These changes are consistent with delays seen in turn-taking

timing for normal hearing listeners when adding background noise to conversations
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(Petersen et al., 2022; median FTO difference = 69ms).

Planning, hearing loss, and intelligibility

Although overall response times were slower under more challenging listening
conditions, due to either hearing loss or lower presentation levels, participants
consistently responded more quickly when the critical content occurred EARLY in the
question. Thus, it appears that even when comprehension is challenging listeners begin
to prepare their response early, while the question is still unfolding.

Together our findings suggest that the slowing of verbal responses in people
with hearing loss may be a simple result of reduced intelligibility. When listening is
difficult, listeners need to allocate more cognitive resources to speech comprehension
(e.g., Pichora-Fuller et al., 2016), leaving fewer resources available for concurrent
response planning. In order to produce responses at the appropriate time, listeners must
be able to comprehend and predict the end of the incoming turn, whilst at the same time
planning a verbal response. However, when the speech signal is degraded or listening
more demanding (for instance due to hearing loss, increased noise, or reduced
presentation level), listeners may find it harder to match what was heard to the mental
lexicon, and thus processing may be delayed. According to the ease of language
understanding (ELU) model (Ronnberg et al., 2013), this could require additional
cognitive resources to enable repair or allow inference of missing information from the
speech signal. Therefore, cognitive demands may be increased, resulting in slower
response times.

We might have expected a change of strategy, from early to late planning when
listening demands were higher, either due to hearing impairment or reduced

intelligibility. As we know, simultaneously planning a response whilst listening to the
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incoming turn is cognitively demanding. When listening is challenging this further
increases cognitive demands and reduces the resources available for timely response
planning. We hypothesised that this would result in a change of strategy to late-
planning, in order to reduce the strain on cognitive resources. Such a change in
approach would have been demonstrated by a reduced difference between response
times in the EARLY and LATE critical content conditions. However, our results
suggest that listeners continue to plan early even when listening is challenging. One
possibility is that whilst early planning is more cognitively demanding when listening is
challenging, people with hearing loss can alleviate this demand by relying more on
predictive contextual cues. Prior research suggests that in certain situations listeners
with hearing loss show greater reliance on contextual cues compared to people with
normal hearing (Benichov et al., 2012; Pichora-Fuller et al., 1995). It could be the case
that, listeners use these compensatory cues to free up cognitive resources to support
early planning. Alternatively, it could be that early planning is so ingrained that even

when resources are depleted it is prioritised.

Exploratory analysis of excluded trials

A substantial proportion of trials were excluded because participants either did not
respond within 2000ms after question offset (26.57%), because the answer was
uninterpretable to the experimenter (0.35%), or because participants indicated they did
not know the answer/ hear the question (0.27%). Our analysis showed exclusions were
higher at the adaptive than the 60 dB presentation level for NH listeners and were
higher for LATE than EARLY items at both presentation levels; at 60 dB, exclusions
were also higher for HI than for NH listeners. In sum, there was an increase in removed
trials when listening conditions were more challenging (for NH in the adaptive block,

and for HI relative to NH at 60 dB), consistent with exclusion rates primarily reflecting
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task difficulty. Importantly, we did not observe significant interactions (i.e., the
difference in LATE/ EARLY trials being excluded was similar across groups and
presentation levels), suggesting that exclusions did not disproportionately affect one
condition.

It is also possible that some excluded trials could reflect very late response
initiation (e.g., delayed planning). Because recordings ended at +2000ms, we cannot
determine whether excluded trials would have contained valid responses after this
window. However, response times were typically well within the recording window
(median onsets ~ —89 to 358ms for EARLY and ~ 535 to 832ms for LATE across
hearing groups/ presentation levels), making a widespread strategy shift toward very

late responding unlikely.

Strengths and limitations

One limitation of the current design concerns the instruction for participants to respond,

“as quickly as possible”, that is, as soon as they expected the question to end. While this

instruction was intended to encourage early/ anticipatory response planning (and to
discourage a strategy of waiting until the end of the question), it may have prompted
participants to prioritise speed over natural conversational timing or strategy. In
everyday conversation, people do not have the explicit goal of responding as fast as
possible; rather, they balance promptness with social appropriateness (e.g., avoiding
overlap with the speaker). It is therefore possible that our reported negative response
times, and lack of adjustment of planning strategy, thus are somewhat specific to the
task and instructions selected, and that planning may function differently when

immersed in the constraints and goals inherent of natural conversation.

While speech was presented at 60 dB, our paradigm was able to replicate the
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hearing-related delays that have been found in real conversation (Petersen et al., 2022;
Serensen et al., 2024), the paradigm likely prohibited many of the reasons for temporal
adjustments to turn-taking that occur in natural conversation. In conversation,
interlocutors produce their responses at specific times based on not only the information
gained from the incoming turn but also based on the message they intend to convey and
social etiquette. By asking participants to respond with the ‘correct’ answer to a simple
and constrained question (rather than respond in a way to continue the conversation,
build a relationship, or signal enthusiasm or misunderstanding), we likely removed
many pragmatic reasons for temporal adjustments. Furthermore, participants may have
become accustomed to the EARLY vs. LATE question types throughout the task, which
do not reflect the nuance or flexibility of speech in real-life conversation, and may have
created a bias towards early planning when it was possible. Nonetheless, the fact that
both participant groups were able to engage in early planning to an equal degree, and
that they both chose to do so when the information was available (even when listening
was challenging), remains an important finding.

Finally, it is important to note that in conversation, participants have access to
other cues signifying an upcoming turn end (head turns, eye-movements etc), and that
these cues may be particularly salient for hearing impaired interlocutors. The removal of
these cues in the question answering task may thus have impacted the HI group
disproportionately, if they rely more on such cues to compensate for auditory
degradation. While this could have increased their difficulty in predicting the end of the
current turn and timing their responses in the 60 dB condition, we note that the two
groups performed equally at in the adaptive threshold condition, reducing the risk that

such strategy differences affected our findings more broadly.
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Conclusion

In summary, we investigated how the timecourse of response planning is affected by
challenging listening conditions. We showed that despite HI listeners being slower
overall to respond to questions at 60 dB than NH listeners, both groups responded faster
when the critical content appeared EARLY. Furthermore, we found no difference in
response times between groups when listening at comparable levels of intelligibility
(i.e., in the intelligibility-matched adaptive threshold condition), and no differences in
the benefit of critical content occurring EARLY vs LATE, suggesting that delays
relating to hearing loss may be explained by a simple reduction of intelligibility. As
such, it appears that listeners plan early even when listening demands increase, and this

strategy is unaffected by hearing status.
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Table 1. Averages for participant demographics, intelligibility scores, adaptive

presentation level, and processing speed.

Hearing Group

Normal Hearing

Hearing Impaired

Age

Better Ear Average

60 dB Intelligibility (% Words Correct)

Adaptive Threshold Intelligibility (% Words Correct)
Adaptive Threshold

Presentation Level (dB)

Processing Speed (DSST)

63.92 (6.68)
15.10 (4.79)
95.36 (8.57)
80.83 (5.00)

29.20 (3.75)
45.68 (1.03)

69.75(7.02)
48.21 (7.35)
86.67 (4.71)
84.76 (7.16)

55.82 (7.59)
41.86 (0.82)

p =033
p <0.001
P < 0.001
p=0.36

p <001
p=0.16

Table 2. Percentage of excluded trials by listening condition and hearing group.

Presentation Level

Normal Hearing

Hearing Impaired

60 dB
Adaptive Threshold

16.20 %
29.67 %

28.51%
33.45 %
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Figure 1. Pure-tone thresholds for NH and HI participants. Bold line represents the

mean.
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Figure 2. Average response times (ms) for normal hearing and hearing-impaired
participants at 60 dB and adaptive presentation levels. Error bars represent

standard error of the mean.
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