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Purpose: This study investigated whether listener processing of dysarthric
speech requires the recruitment of more cognitive resources (i.e., higher levels
of listening effort) than neurotypical speech. We also explored relationships
between behavioral listening effort, perceived listening effort, and objective
measures of word transcription accuracy.
Method: A word recall paradigm was used to index behavioral listening effort. The
primary task involved word transcription, whereas a memory task involved recal-
ling words from previous sentences. Nineteen listeners completed the paradigm
twice, once while transcribing dysarthric speech and once while transcribing neu-
rotypical speech. Perceived listening effort was rated using a visual analog scale.
Results: Results revealed significant effects of dysarthria on the likelihood of
correct word recall, indicating that the transcription of dysarthric speech
required higher levels of behavioral listening effort relative to neurotypical
speech. There was also a significant relationship between transcription accuracy
and measures of behavioral listening effort, such that listeners who were more
accurate in understanding dysarthric speech exhibited smaller changes in word
recall when listening to dysarthria. The subjective measure of perceived listening
effort did not have a statistically significant correlation with measures of behav-
ioral listening effort or transcription accuracy.
Conclusions: Results suggest that cognitive resources, particularly listeners’
working memory capacity, are more taxed when deciphering dysarthric versus
neurotypical speech. An increased demand on these resources may affect a lis-
tener’s ability to remember aspects of their conversations with people with dys-
arthria, even when the speaker is fully intelligible.
People with dysarthria frequently report communica-
tion challenges when interacting with others in everyday sit-
uations. However, assessments of speech intelligibility dem-
onstrate only weak to moderate relationships with reported
communicative participation difficulties (Barnish et al.,
2017; Borrie et al., 2022; Börjesson et al., 2021; Spencer
et al., 2020; Yorkston et al., 2017). Thus, it is likely that
additional aspects of the communication process, not
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captured by intelligibility, contribute to the communicative
participation restrictions experienced by this population.
One likely contributor is listener effort. Listeners often
report increased mental effort and allocation of cognitive
resources when listening to dysarthric speech (Beukelman
et al., 2011; Connaghan et al., 2021; Whitehill & Wong,
2006). Furthermore, this perceived mental exertion cannot
be fully explained by the level of the speaker’s intelligibility
impairment (Whitehill & Wong, 2006). Increased listener
effort is likely to affect broader communicative situations
(Peelle, 2018) and may be one reason why listeners report-
edly avoid more challenging topics when talking to people
with dysarthria (Brady et al., 2011).
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The Framework for Understanding Effortful Listening
highlights that listening effort is the deliberate allocation of
mental resources to overcome obstacles in goal pursuit when
carrying out a listening task (Pichora-Fuller et al., 2016).
However, the term listening effort can be challenging to
define due to the range of ways in which it has been
described across the literature (Francis & Love, 2020;
Herrmann & Johnsrude, 2020; Strand et al., 2020). For
example, the term has been used to refer to listeners’ subjec-
tive feelings of mental exertion, as well as the cognitive
resources that are employed when parsing an incoming
acoustic signal (Herrmann & Johnsrude, 2020). In addition,
different assessments of listening effort are not necessarily
well correlated; thus, it can be beneficial to consider multiple
categories of listening effort to best understand its underly-
ing dimensions (Alhanbali et al., 2019; Strand et al., 2020).
In this article, consistent with Strand et al. (2020), we will
use the term behavioral listening effort to represent objective
changes in listener behavior that occur during or after a
challenging listening task. Behavioral listening effort mea-
sures assume that an increased use of cognitive resources will
result in quantifiable changes in listener behavior, including
longer reaction times, reduced performance in secondary
tasks, and a reduced ability to encode speech material into
memory (Peelle, 2018). Consistent with other speech disor-
der literature, the term perceived listening effort will be used
to refer to an individual’s overall experience of mental exer-
tion following the recruitment of these cognitive resources, a
subjective construct that is commonly indexed through self-
report measures (Nagle & Eadie, 2018).

The degree of listening effort employed in speech per-
ception is dependent on task demands. As discussed in the
Ease of Language Understanding (ELU) model, in optimal
listening conditions, stored lexical representations are rapidly
unlocked upon hearing a stream of phonological information
(Rönnberg et al., 2008). In contrast, when listening conditions
are suboptimal, immediate matches to stored lexical represen-
tations cannot be made, and speech processing requires
explicit processing and storage capacity. Studies of listener
effort have used various paradigms to create these suboptimal
listening conditions. Commonly, studies have focused on
speech in noise (e.g., Houben et al., 2013; Sarampalis et al.,
2009; Wendt et al., 2018) or other situations in which hearing
acuity is reduced (see Ohlenforst et al., 2017, for a review),
but there has been little research of naturally degraded speech
signals that result from speech disorders.

Naturally degraded speech signals vary in the chal-
lenges that they present. For example, phonemes are not
necessarily missing or inaudible but are often imprecise and
ambiguous. Phonetic ambiguity can cause the listener to
rely more on word frequency and context for speech recog-
nition (Norris & McQueen, 2008). Indeed, it has been pos-
ited that listeners might depend on preexisting lexical
knowledge to a greater degree when processing dysarthric
Fletc
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speech as compared to some types of speech in noise
(Fletcher & McAuliffe, 2021). A change in speech process-
ing strategies will likely result in different allocations of
cognitive resources, which could affect measures of behav-
ioral listening effort. Thus, further examination of listening
effort in the context of naturally degraded speech signals is
needed.

Broadly speaking, an individual’s listening effort will
depend on their availability of cognitive resources, as well
as their attitudes and motivation, which determine how cog-
nitive resources are allocated (Francis & Love, 2020;
Herrmann & Johnsrude, 2020; Pichora-Fuller et al., 2016).
However, unraveling these influences can be challenging, as
highlighted by the lack of clear correlation between per-
ceived and behavioral listening effort measures (e.g.,
Alhanbali et al., 2019; Lau et al., 2019; McGarrigle et al.,
2021). It is possible that the cognitive resources used to com-
plete a listening task may require different levels of subjec-
tive effort to recruit, depending on the individual listener.
However, recent work has also suggested that listeners may
struggle to accurately rate perceived effort because it is an
abstract and difficult-to-quantify concept. For example, it is
suggested that many listeners may automatically substitute
an easier question when they are asked to rate perceived
effort (e.g., “How well did I perform on the task?”; Moore
& Picou, 2018). Despite these concerns, understanding per-
ceived listening effort, in addition to behavioral listening
effort, could provide important insight into communication
barriers. For example, behavioral listening effort measures
will likely be predictive of a listener’s ability to manage mul-
tiple tasks and remember information in a conversation. In
contrast, perceived listening effort might be more predictive
of their choice to continue participating in a communicative
interaction. Thus, an understanding of the relationship
between these two measures could provide further insights
into why listeners sometimes choose to disengage.

To date, the small body of speech disorder literature
has mostly focused on understanding perceived listening
effort rather than quantifying behavioral changes. Studies
have consistently found that listeners report increased effort
when exposed to disordered speech, and perceived listening
effort tends to have a strong negative correlation with a
speaker’s overall speech intelligibility (e.g., Connaghan
et al., 2021; Eadie et al., 2021; Landa et al., 2014; Nagle &
Eadie, 2012, 2018; Panico & Healey, 2009; Whitehill &
Wong, 2006). However, listeners can also experience
increases in perceived effort while achieving perfect speech
transcription accuracy (Nagle & Eadie, 2018).

It is unclear whether these findings are true of
behavioral listening effort. Thus far, it has been reported
that dysarthric speech requires increased reaction times to
process (Cote-Reschny & Hodge, 2010; Fletcher et al.,
2019) and may also cause greater autonomic arousal and
attention (Farahani et al., 2020). Some studies have
her et al.: Quantifying Listening Effort in Dysarthric Speech 4061
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reported a positive relationship between the severity of
speech symptoms and levels of behavioral listening effort
(Farahani et al., 2020; Fletcher et al., 2019). However,
these prior studies have not directly compared disordered
and neurotypical speech patterns (Cote-Reschny & Hodge,
2010; Farahani et al., 2020) or have been unable to iden-
tify significant differences between neurotypical speech and
mild levels of speech impairment (Fletcher et al., 2019).

This study explores whether processing dysarthric
speech evokes greater levels of behavioral and perceived
listening effort as compared to neurotypical speech. To
measure behavioral listening effort, we utilize a word
recall paradigm. In this paradigm, listeners are asked to
both transcribe (primary task) and remember (secondary
task) a set of words read by a speaker. A reduced ability
to recall words from previous sentences suggests that the
transcription task requires more cognitive resources, indic-
ative of increased behavioral listening effort. To be most
sensitive to the effects of increased listening effort, a sec-
ondary task should demand similar types of cognitive
resources as the primary task (Guttentag, 1989). In this
study, the word recall task utilizes listeners’ working mem-
ory, as this cognitive resource has been consistently identi-
fied as important in the processing of dysarthric speech
(e.g., Ingvalson et al., 2017; Lee et al., 2014). To measure
perceived listening effort, we use a visual analog rating
scale (Nagle & Eadie, 2018; Whitehill & Wong, 2006).

This study addresses the following three key research
questions: (a) Does deciphering dysarthric speech demand
more behavioral listening effort than deciphering neuroty-
pical speech? (b) Does deciphering dysarthric speech
demand more perceived listening effort than deciphering
neurotypical speech? (c) Are there relationships between
behavioral listening effort, perceived listening effort, and
ability to decipher dysarthric speech? We hypothesize that
both perceived and behavioral listening effort will be sen-
sitive to the effects of dysarthria, with increased use of
cognitive resources to decipher dysarthric speech relative
to neurotypical speech. Furthermore, individual listener
differences are anticipated, including evidence of greater
perceived and behavioral listening effort from listeners
who are less accurate in deciphering dysarthric speech.
Method

Participants

This study received institutional review board approval
from the University of North Texas. Twenty-one speakers
of American English initially completed the listening tasks.
Data from two participants were later removed due to dis-
ruptions during the listening task and/or a failure to follow
task directions. The remaining participants consisted of
4062 Journal of Speech, Language, and Hearing Research • Vol. 65 •
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three men and 16 women between the ages of 19 and
53 years (M = 26.3, SD = 8.7). Due to COVID-19 proto-
cols, listeners’ hearing was not directly screened prior to
participation. However, all listeners reported that they had
normal hearing with no known history of speech, language,
or hearing difficulties.

Speech Stimuli

Speech stimuli consisted of audio-recorded produc-
tions of 100 Revised Speech Perception in Noise (SPIN-R)
sentences (Bilger, 1994), with 50 sentences elicited from a
female speaker with moderate spastic dysarthria (aged
63 years) and 50 sentences elicited from a female speaker
with no neurological history or speech impairment (aged
66 years). Sentence lists for each speaker were unique, but
sentences were of a similar length, and the final word was
always a monosyllabic noun with a mid-range word fre-
quency (see Elliott et al., 1995, for details). Sentences were
also balanced for predictability, with each set containing
an equal number of highly predictable final words and
unpredictable final words, as described in Kalikow et al.
(1977). Both talkers were speakers of Western American
English. The speech stimuli were digitally recorded in a
quiet room, at 48 kHz with 16 bits of quantization.

Procedure

Task Order
Listeners were asked to complete a word recall para-

digm, generating a measure of speech intelligibility (words
correct) and a metric reflecting behavioral listening effort
(difference in the number of words recalled). In addition,
listeners rated speech for a measure of perceived listening
effort (subjective ratings). For these tasks, participants
were seated alone in a quiet room and presented with sen-
tences via a custom-designed MATLAB program. Audio
was presented using Sennheiser HD 598 closed-back head-
phones. Participants were given the opportunity to adjust
the volume of the speech signal to whatever level they
desired prior to beginning the listening tasks, and this vol-
ume was then held constant throughout all tasks. In the
process of adjusting the audio, listeners were exposed to
an example sentence from each speaker (these sentences
were kept constant and were not repeated in the experi-
mental tasks). Listeners then completed both the word
recall paradigm and the effort rating task with stimuli
from one speaker before repeating each procedure with
stimuli from the second speaker (the order in which
speakers were presented was counterbalanced across lis-
teners). The word recall paradigm always preceded the
effort rating task. Listeners were offered a short break
between speakers and tasks, if desired. Together, the tasks
took an average of 30 min to complete.
4060–4070 • November 2022
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Word Recall Procedure
The procedures used in the word recall experiment

closely follow the methods described in Sarampalis et al.
(2009) and Pichora-Fuller et al. (1995), in which listeners are
required to transcribe audio sentence productions while
simultaneously holding words from previous sentences in
their working memory for subsequent retrieval. Forty-eight
SPIN-R sentences from each speaker were used in the main
experiment (with an equal number of predictable and unpre-
dictable final words). The presentation order of the 48 sen-
tences was randomized to create a unique order of sentences
for every listener in the study. This procedure ensured that
there were no systematic differences in the order of unpredict-
able versus predictable sentences across the two listening con-
ditions. Each sentence was played only once. After each sen-
tence was presented, the listeners were prompted to type the
last word they thought they heard into the experiment’s
graphical user interface. Listeners were encouraged to always
make a guess if they were uncertain of the final word, and
consequently, there were no missing or blank responses. The
participants were also informed that they would need to
remember and recall their responses later. After every eight
sentences, listeners were cued to type as many of the previ-
ously reported words as they could from that block of eight.
Listeners were told they could type the words in any order
and were able to move to the next sentence at their own pace.
Six sets of eight sentences were played from each speaker.

Effort Rating Task
Following the word recall procedure, listeners were

asked to provide an effort rating scale judgment of six sen-
tence stimuli from each speaker. Listeners provided one rat-
ing following each sentence. These sentences were the same
for each listener, but the order of presentation was random-
ized. Listeners were asked to rate “How easy is this speech
to understand?” based on previous publications that have
examined listener effort in dysarthria with a focus on “ease
of understanding” (e.g., Landa et al., 2014; Stipancic et al.,
2021). This study used a visual analog with the words
“easy” and “difficult” printed at each end. The language
used was slightly adapted from the Landa et al. (2014)
study, to focus more on the degree of perceived difficulty
without references to overall accuracy or performance in
the transcription task. To assess interrater reliability, intra-
class correlations (ICCs) were calculated (as described in
Sheard et al., 1991). The obtained ICC(2,k) coefficients
were 0.984, 95% CI [0.967, 0.995], indicating that excellent
levels of listener reliability were obtained with this prompt.

Data Analysis

Speech Intelligibility Scoring
Following data collection, transcription accuracy

was automatically calculated using the open-source tool,
Fletc
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Autoscore, which compares the word spoken by the talker
to the word that was transcribed by the listener (http://
autoscore.usu.edu/; Borrie et al., 2019). Listener responses
were considered correct when they were identical to the
word spoken by the talker. Additional Autoscore scoring
rules including the acceptable spell, tense, and plural rules
were also applied, as per previous studies examining per-
ception of dysarthric speech (e.g., Borrie et al., 2021;
Lansford et al., 2019). Briefly, these rules allow for words
to be considered correct if they were common homo-
phones or a misspelling of the target word, if they differed
from the target word only by the addition or omission of
–d or –ed or if they differed from the target word only by
the addition or omission of –s or –es. Following the use
of Autoscore, a research assistant manually screened the
files for any common spelling errors that were not
detected by Autoscore (e.g., “theif” vs. “thief”). If an
incorrect word was clearly attributable to a spelling mis-
take, the response was manually recoded as correct. The
same scoring system was also used to compare the string
of eight words typed by listeners across trials (i.e., the tar-
get) to the string of words they listed when prompted to
recall their earlier responses (i.e., the response). In this
case, word order did not affect their score.
Results

Speech Intelligibility

A mixed-effects logistic regression model was used
to assess the effect of dysarthria on the likelihood of accu-
rate word identification. The dependent variable was a
binary measurement of whether a given word was cor-
rectly identified by a given listener, and a random inter-
cept for listener was included in the model to account for
repeated measures from the same listener. In addition,
since word predictability can have a strong influence on
both accurate word identification and listening effort
(Hunter, 2021), we included a binary factor for final-word
predictability (i.e., predictable vs. unpredictable) to quan-
tify and control for this variable. Block number of the
stimuli was also included as a main effect, to examine
any learning or familiarization effects that might occur
during the experiment. The model revealed the expected
significant effects of dysarthria on the likelihood of correct
word identification (β = 3.600, SE = 0.419, p < .001). This
effect size indicates that the odds of a listener correctly
identifying a word were 36.6 times higher when deciphering
neurotypical speech, as opposed to dysarthric speech. There
was also a statistically significant effect of final-word pre-
dictability, demonstrating that the predictable final words
were more likely than the unpredictable final words to be
accurately transcribed (β = 1.583, SE = 0.209, p < .001).
her et al.: Quantifying Listening Effort in Dysarthric Speech 4063
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Figure 1. Average number of words each listener recalled per block,
reflecting listener behavioral listening effort. Gray lines show differ-
ences in each listener’s recall across the two listening conditions.
This corresponds to predictable words having 4.87 times
higher odds of being transcribed correctly. There was no
statistically significant effect of stimuli block on word iden-
tification accuracy (β = 0.003, SE = 0.049, p = .950). On
average, across all listeners, speech intelligibility was 82%
and 99% for the speaker with dysarthria and neurotypical
speaker, respectively. Thus, as anticipated, the dysarthric
speech was less intelligible than the neurotypical speech.

Behavioral Listening Effort

Our first research question asked whether deciphering
dysarthric speech demanded more behavioral listening effort
than deciphering neurotypical speech. Behavioral listening
effort was assessed based on the proportion of words that
were accurately recalled by the listener. As described in the
Method section, words were considered accurately recalled
based on whether they matched what was previously tran-
scribed by the listener (i.e., a word could be considered cor-
rectly recalled even if the listener originally misidentified the
word). A mixed-effects logistic regression model was used to
assess the effect of dysarthric speech, relative to neurotypical
speech, on the likelihood of accurate word recall. Stimuli
block and final-word predictability were also added to the
model as fixed effects. A random intercept was included for
each listener. Results of the model revealed significant
effects of dysarthria on the likelihood of correct word recall
(β = 0.336, SE = 0.103, p = .001). This effect size indicates
that the statistical odds of a listener correctly recalling a
word were 1.40 times higher when listening to the neurotypi-
cal speaker, as opposed to the speaker with dysarthria.
There was also a statistically significant effect of final-word
predictability, demonstrating that the predictable final
words were more likely than the unpredictable final words
to be accurately recalled (β = 0.278, SE = 0.103, p = .007).
There was no statistically significant effect of stimuli block
on word recall (β = −0.029, SE = 0.030, p = .333). On aver-
age, listeners were able to recall 4.96 of eight (62%) words
produced by the speaker with dysarthria and 5.51 of
eight (69%) words spoken by the neurotypical speaker (see
Figure 1). Thus, deciphering dysarthric speech affected per-
formance in the secondary working memory task, suggest-
ing that the task demands more behavioral listening effort
than deciphering neurotypical speech.

To assess whether differences in word recall of dysarth-
ric versus neurotypical speech persisted when stimuli were
fully intelligible, we created one further model. This model
focused on the subset of words that were accurately identified
(i.e., 100% correct across trials) in both speech types. Again,
a mixed-effects logistic regression model was used to assess
the effect of dysarthria on word recall, and a random inter-
cept for listener was included. Fixed effects of final-word pre-
dictability and stimuli block were also included. Results of
the model revealed that there was still a significant effect of
4064 Journal of Speech, Language, and Hearing Research • Vol. 65 •
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dysarthria on the likelihood of correct word recall (β = 0.336,
SE = 0.108, p = .002). This effect size indicates that the odds
of a listener correctly recalling a fully intelligible word were
still 1.40 times higher when listening to the neurotypical
speaker, as opposed to the speaker with dysarthria. The effect
of final-word predictability was also still present (β = 0.325,
SE = 0.108, p = .003), while stimuli block continued to have
no statistically significant effect on the likelihood of word
recall (β = −0.023, SE = 0.032, p = .465). Thus, this model
highlighted that the presence of dysarthria affected word
recall even for intelligible words.

Perceived Listening Effort

Our second research question asked whether decipher-
ing dysarthric speech demanded more perceived listening
effort than deciphering neurotypical speech. A mixed-
effects linear regression was used to model ratings provided
along the visual analog scale. We examined the fixed effect
of dysarthric speech (vs. neurotypical speech), as well as
final-word predictability on rating scores. Since only six
sentences per speaker were included in the assessment of
perceived listening effort, we did not include stimuli block
as a variable. However, a random intercept for listener was
added, to account for repeated ratings provided by the
4060–4070 • November 2022
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same listener. The speaker with dysarthria was perceived as
being significantly more difficult to understand (β = 4.520,
SE = 0.250, p < .001). This result indicated that listeners’
subjective experiences of effort were, on average, 4.5 points
(out of 10) further along the perceived effort scale when
deciphering dysarthric speech. Figure 2 displays the rela-
tively large differences in ratings of the speakers along the
visual analog scale. Note that the ends of the scale ranged
from 0 (minimum effort) to 10 (maximum effort). The effect
of final-word predictability was also statistically significant,
indicating that sentences with predictable final words were
also perceived as easier to understand than sentences with
unpredictable final words (β = 0.742, SE = 0.263, p = .005).

Behavioral Listening Effort, Perceived
Listening Effort, and Transcription Accuracy

Our final research question sought to better under-
stand the relationships between measures of a listener’s
behavioral listening effort, perceived listening effort, and
ability to decipher dysarthric speech. To assess this, behav-
ioral listening effort was calculated as the average difference
in word recall across speech conditions, for each listener.
Changes in perceived listening effort and the ability to
Figure 2. Average rating of listener effort provided by each lis-
tener. Gray lines show differences in a listener’s ratings across the
two listening conditions. The rating scale was continuous with end
points equal to 0 and 10.

Fletc
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decipher dysarthric speech were based on the average differ-
ences in transcription accuracy and effort ratings provided
by each listener across speech conditions. Since there were
19 listeners in this data set, these procedures resulted in 19
measurements representing each listener’s change in behav-
ioral listening effort, 19 measurements representing changes
in perceived listening effort, and 19 changes in transcription
accuracy (i.e., ability to decipher dysarthric speech).

A Pearson correlation coefficient demonstrated that
there was no statistically significant relationship between
changes in perceived listening effort and changes in behav-
ioral listening effort, r(17) = .174, p = .475. There was also
no statistically significant relationship between changes in a
listener’s transcription accuracy and changes in perceived
effort ratings, r(17) = .019, p = .938. However, changes in
transcription accuracy were significantly related to changes
in listeners’ behavioral listening effort, such that listeners
who were more accurate in understanding dysarthric speech
had better recall for that speech, r(17) = −.489, p = .033,
indicating fewer cognitive resources were required. These
correlations are displayed in Figures 3, 4, and 5.
Discussion

The results of this study provide evidence that deci-
phering dysarthric speech increases both listener behavioral
listening effort and perceived listening effort relative to deci-
phering neurotypical speech and that these two constructs
Figure 3. Correlation between changes in a listener’s perceived
effort ratings and changes in their word recall across the two
speech conditions.

her et al.: Quantifying Listening Effort in Dysarthric Speech 4065

 Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



Figure 4. Correlation between changes in a listener’s transcription
accuracy and changes in their perceived listening effort across the
two speech conditions.
are distinct. Increased behavioral listening effort indicates
that greater levels of cognitive resources are required during
speech perception, whereas changes in perceived effort
reflect listeners’ personal experiences of mental exertion.
Few studies have simultaneously examined these constructs
Figure 5. Correlation between changes in a listener’s transcription
accuracy and changes in their word recall across the two speech
conditions.
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in the perception of speakers with dysarthria (Cote-Reschny
& Hodge, 2010; Farahani et al., 2020).

This study employed a word recall paradigm to
index behavioral listening effort. When transcribing dys-
arthric speech, the odds of listeners recalling a word 1.40
times lower than when transcribing neurotypical speech.
Furthermore, these word recall differences between dys-
arthric and neurotypical speech were not solely attribut-
able to difficulties remembering unintelligible words.
When considering trials that contained only correctly tran-
scribed words, the odds of a listener recalling a word were
still 1.40 times lower after transcribing the speaker with
dysarthria. This suggests that more cognitive resources are
being allocated to the task of listening to and transcribing
dysarthric speech, even when the speech is intelligible.

Although few studies have examined listeners’
behavioral listening effort while deciphering dysarthric
speech, prior research has suggested that behavioral listen-
ing effort is increased when listening to people with dysar-
thria. For example, Fletcher et al. (2019) found that lis-
teners had longer reaction times when responding to state-
ments from people with dysarthria, as compared to identi-
cal statements from neurotypical speakers. Farahani et al.
(2020) examined listener responses to speech produced by
individuals with spasmodic dysphonia and found evidence
of greater peak pupil dilation when listening to more
strained voice qualities, indicating increased attention and
arousal (Francis & Love, 2020; Strand et al., 2020),
though Farahani et al. did not directly compare these
results to neurotypical speech patterns. Hence, this study
goes one step further in establishing a statistically signifi-
cant increase in behavioral listening effort when decipher-
ing dysarthric speech, as compared to neurotypical speech
patterns. Furthermore, this study provides evidence that
differences in behavioral listening effort occur when speech
stimuli are fully intelligible, a finding that was not previ-
ously established in Fletcher et al.

The measure of behavioral listening effort used in
this study taps into the listener’s working memory
resources when deciphering dysarthric speech. Although
many cognitive resources are thought to be recruited dur-
ing speech perception, working memory resources are par-
ticularly important when speech is degraded. As described
in the ELU model, when the acoustic signal is unclear,
the string of acoustic information cannot be rapidly and
automatically matched with a specific item in the listener’s
lexicon, so the listener must store acoustic details while
integrating broader contextual information (Rönnberg
et al., 2008). Working memory capacity is thought to
directly modulate a listener’s ability to apply this “top-
down” linguistic knowledge to the process of lexical selec-
tion (Janse & Jesse, 2014; Wingfield et al., 1994). Prior
studies have demonstrated that listeners with larger work-
ing memories tend to be more successful in transcribing
4060–4070 • November 2022
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dysarthric speech (e.g., Ingvalson et al., 2017; Lee et al.,
2014). There is also evidence that working memory capac-
ity is more closely linked to listener comprehension when
speech is naturally altered (i.e., in the case of accented
speech) rather than masked by noise, which suggests that
listeners’ cognitive resources are allocated in different
ways depending on how the speech signal is altered (Francis
et al., 2021). The results of this study provide further evi-
dence of the specific role of working memory in under-
standing dysarthric speech by measuring the degree to
which working memory resources are taxed during speech
transcription.

A reduced working memory capacity may result in
additional challenges for listeners during communicative
interactions. To interpret complex messages and build a
connection to a speaker, the ability to recall details from
conversations is important. Findings from this study show
that word recall is negatively affected by dysarthric
speech, even when words are fully intelligible. This may
lead to challenges remembering instructions, names, or
broader contextual information provided by speakers with
dysarthria. Prior research has found weak relationships
between the accurate transcription of dysarthric speech
and the ability of listeners to later interpret the meaning
of these messages (Hustad, 2008). Thus, it is suggested
that broader comprehension of dysarthric speech is multi-
faceted and not solely related to a listener’s ability to
accurately identify spoken words. We postulate that diffi-
culties with word recall may be an important factor that
contributes to some of these broader listener comprehen-
sion difficulties.

This study also found evidence of increased effort
ratings when listening to dysarthric speech relative to neu-
rotypical speech. When asked to rate listening effort, par-
ticipants rated dysarthric speech an average of 4.5 points
higher than neurotypical speech along a 10-point scale,
indicating a large difference between the speech condi-
tions. This result aligns with prior research, which has
consistently found that listeners report increased effort
when exposed to disordered speech (e.g., Eadie et al.,
2021; Landa et al., 2014; Nagle & Eadie, 2012, 2018;
Panico & Healey, 2009; Whitehill & Wong, 2006).

A strong effect of dysarthria on perceived listening
effort is not surprising when considering the cognitive–
perceptual processes involved in deciphering dysarthria.
As discussed earlier, when processing unclear speech pat-
terns, listeners may be forced to rely more on “top-down”
linguistic knowledge to decode the acoustic signal.
Although working memory plays an important role in this
process, other factors like information-processing speed
and multiple cognitive resources related to attention,
inhibitory control, and long-term memory retrieval are
likely to be involved in the storage and retrieval of lexical
knowledge (Eckert et al., 2008; Peelle, 2018). Thus,
Fletc
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perceived effort may offer broader insight into the lis-
tener’s experience of deciphering dysarthric speech, as
opposed to the allocation of a single cognitive resource,
like working memory.

We hypothesized that an individual’s increases in
perceived listening effort would be correlated with changes
in their behavioral listening effort when transcribing dys-
arthria. However, when examining changes in perceived
effort ratings across listeners, there was not a statistically
significant relationship between increases in perceived
effort (in response to hearing dysarthric speech) and
increases in the listener’s behavioral listening effort when
transcribing dysarthric speech. There are several reasons
why differences in perceived listening effort and behav-
ioral listening effort might not be strongly correlated. As
discussed in the previous paragraph, the full range of
cognitive resources required to understand degraded
speech is unlikely to be perfectly indexed through any
single behavioral listening effort measurement. Addition-
ally, the resources used by listeners may require different
levels of subjective effort to recruit, depending on the
individual (Herrmann & Johnsrude, 2020). Indeed, the
subjectivity of the effort rating task may also result in
values that more closely resemble a listener’s broader
motivation and attitude toward people with speech disor-
ders (Connaghan et al., 2021). For example, in cases
where people exhibit equal levels of behavioral listening
effort, a higher perceived effort level from one listener
may indicate that the interaction is viewed less favorably,
and the listener is less willing to continue participating.
Thus far, little is known about the consequences of per-
ceived listening effort on communicative participation.
However, this is an important line of inquiry, and future
studies should investigate such relationships by incorpo-
rating broader measurements of listeners’ attitudes, moti-
vation, and willingness to participate in interactions with
speakers with dysarthria.

Increases in perceived listening effort when hearing
dysarthric speech did not have a statistically significant
correlation with reductions in the listeners’ ability to deci-
pher dysarthric speech. Several prior studies have found
relationships between the intelligibility of people with
speech disorders and the perceived listening effort experi-
enced by listeners (e.g., Connaghan et al., 2021; Landa
et al., 2014; Nagle & Eadie, 2018; Whitehill & Wong,
2006). It should be noted, however, that these studies
focused on correlations between the intelligibility of a par-
ticular speaker, or speech sample, and the corresponding
effort ratings given to that speaker or stimuli. In these
cases, as the speech sample becomes less intelligible, the
amount of perceived effort required to understand the
sample tends to increase. In contrast, our study focuses on
comparing how different listeners respond to the same set
of speech samples. When exploring these interlistener
her et al.: Quantifying Listening Effort in Dysarthric Speech 4067

 Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



variations in perceived effort, the results demonstrate that
increases in self-reported effort do not have a statistically
significant correlation with reductions in a person’s ability
to decipher speech relative to other listeners. In other
words, when listeners were asked to rate their effort, or
their difficulty understanding a speech sample, increased
effort in response to dysarthria was not correlated with
how “well” they performed the task relative to other lis-
teners (i.e., their reduction in transcription accuracy in
response to dysarthric speech). Thus, even when a listener
becomes skilled in understanding dysarthric speech, they
may still perceive the speech as being just as effortful to
understand (at least in cases where they do not know how
well they are performing relative to others). This idea is
also supported by the results in Connaghan et al. (2021),
which found no difference in the effort ratings of speech-
language pathologists and less experienced listeners when
listening to dysarthric speech.

In contrast to perceived effort, a person’s level of
behavioral listening effort was significantly correlated with
their ability to decipher dysarthric speech. Listeners who
experienced larger declines in their word recall perfor-
mance tended to also exhibit greater reductions in their
transcription of dysarthric speech. This pattern suggests
that certain listeners are more cognitively challenged by
the process of deciphering dysarthric speech, resulting in a
greater recruitment of cognitive resources and reduced
performance in the primary speech transcription task. This
finding does not necessarily mean that increased behav-
ioral listening effort is an undesirable behavior. If the
recruitment of cognitive resources was reduced among
these listeners, performance in the speech transcription
task would likely be more negatively affected. Neverthe-
less, the results do raise questions concerning whether this
level of behavioral listening effort is sustainable. In prior
research, we have found evidence of increased behavioral
listening effort even for speakers with very low levels of
intelligibility (Fletcher et al., 2019). However, over time,
applying increased cognitive resources to a speech signal
and achieving limited success in deciphering that signal
may cause fatigue or frustration. For this reason, it has
been speculated that behavioral listening effort may
reduce if a task is perceived to be “too difficult” to com-
plete (Herrmann & Johnsrude, 2020). Evidence of listener
disengagement at low levels of intelligibility has been
found in some speech-in-noise literature (Wendt et al.,
2018). Thus, identifying whether behavioral listening effort
in response to disordered speech becomes negatively
affected by low levels of motivation is an important ave-
nue for future research.

We acknowledge that this study is limited in the
conclusions it can draw from a single speaker with dysar-
thria. To better interpret how behavioral listening effort is
affected by dysarthric speech, speech samples from more
4068 Journal of Speech, Language, and Hearing Research • Vol. 65 •
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speakers should be considered, including a wider spec-
trum of dysarthria severities. It is also possible that dif-
ferent disordered-speech features may tax listeners’ cogni-
tive resources in different ways (i.e., a slower rate of
speech may affect how a listener stores acoustic features
in working memory), so broader representations of dysar-
thria are also warranted. In future studies, it will be
important to establish what levels of listener behavioral
listening effort are sustainable for communicative part-
ners, to enable them to understand disordered speech
without excessive cognitive fatigue. To accomplish this,
future research should consider a broader variety of lis-
tening tasks and behavioral listening effort measures, to
better reflect the task demands of everyday communica-
tive interactions.
Summary and Conclusions

Deciphering dysarthric speech can result in increased
perceived effort and behavioral listening effort, even in
cases where the speech signal is relatively intelligible.
However, the simultaneous examination of behavioral lis-
tening effort and perceived effort highlights that there are
differences between the two constructs. Measurements of
behavioral listening effort appear to be more closely
related to a listener’s ability to decipher dysarthric speech
than to perceived listening effort. It is hypothesized that
measurements of behavioral listening effort provide unique
insight into communication difficulties encountered by lis-
teners, including difficulties retaining and recalling aspects
of their communicative interaction. Whereas ratings of
perceived listening effort may be more sensitive to differ-
ences in a listener’s attitude toward the speaker and the
listening task. Ultimately, communicative participation
relies on contributions from both the speaker and the lis-
tener. Thus, further exploration of behavioral listening
effort and perceived effort is needed to understand the
participation barriers faced by speakers with dysarthria.
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