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Invoking the influence of emotion in central auditory
processing to improve the treatment of speech impairments
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Objectives: To explore the benefits of invoking
unconscious sentiment to improve the treatment of
stuttering and misarticulation.

Methods: This cross-sectional study of 80 participants
with speech issues (44 patients with misarticulation
and 36 with stuttering) who underwent comprehensive
speech and hearing evaluations to confirm and
diagnose speech difficulties. Speech and language
pathologists then calculated either the percentage of
correctly pronounce sounds in misarticulation cases or
stuttering severity index-4 scores in cases of stuttering
following the use of therapeutic stimuli recorded with
familiar and non-familiar voices of similar linguistic
and phonetic complexity. Descriptive and inferential
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statistics were used to compare the data collected

following the use of familiar and unfamiliar stimuli.

Results: The analysis showed that the number of
dysfluencies in cases of stuttering were significantly
fewer when employing familiar voices than unfamiliar
voices (3% errors vs 12% errors; Z= -5.16 p<0.001).
Additionally, the percentages of correct pronouncing
of target sounds in cases of articulation disorders
were prominently higher when using familiar voices
compared with unfamiliar voices (88% PCC vs 66%
PCC; Z= -5.65, p<0.001)

Conclusion: This study confirms the udility of
invoking emotion in improving speech therapy
and maximizing therapeutic outcomes. This study
also recommends engaging families and friends in
providing speech services to the speech-impaired
population to improve patient progress.
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N humans interact with and control their
urroundings to ensure their survival, the
environment - in turn - influences their behaviors,
emotions, motivations, and moods. The emotional
aspects of human personalities and behaviors are
organized by the limbic system of the central nervous
system.! Previous research has informed the detailed
anatomical mapping of emotions, implicating the
amygdala and its components — a part of the limbic
system — in emotional learning and memory.**

The auditory cortex is integral to the extraction of
emotional content from speech. Tasking participants
with identifying words based on the emotion
with which they were spoken or their phonetic
characteristics, Buchanan et al” found that the emotion
tasks elicited higher right anterior auditory cortical
activity than did the phonetic tasks. Occasionally,
speakers intend to not say things directly, but the
listeners can understand from the paralingual aspects
of communication what the hidden meanings are.
Other situations, it may be used to express the need
of support and empathy from recipients.® Buchanan
et al” showed that by running a magnetic resonance
imaging scanning on participants, high right anterior
auditory cortex activity was noticed while performing
emotional tasks, and researchers concluded that the
auditory systems analyze emotions heading content
(the actual word). Moreover, the areas including right
anterior and middle frontal gyrus were more stimulated
by depressing words, suggesting that human beings
are more reacted and attentive to unhappy pitches
more than happy tones. The preference is explained by
knowing the nature of humans and their tendencies to
assist and modify an unhappy person’s mood more than
adjust happy person’s feelings. However, these findings
may not extend to individuals with impaired hearing,
who have been demonstrated to feature aberrant
emotional processing. Ludlow et al’ found that children
with deafness performed significantly worse relative to
their counterparts with normal hearing when asked to
classify the emotions of cartoon and real human faces.
Deaf participants exhibited more mistakes in the task
and had considerably lower recognition than controls.

Dyck et al' identified the differences in the skills of
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emotional recognition between impaired and normal
hearing children. Dyck et al'® found that children with
hearing loss scored poorly on both the Fluid Emotions
Test and Emotion Vocabulary Test, which evaluate the
precision in distinguishing emotional alternations and
the ability to label and explain emotional expressions,
respectively. These findings suggest that the development
of emotional knowledge might depend on auditory
skills.

A study investigated the potential connection
between emotional processes and articulation speed in
preschool-aged children who stutter and do not stutter.
Lower articulation rates were found in stutterers after
a negative emotional event, in contrast with recovered
and non-stuttering children whose articulation rates
were not impacted by positive- or adverse-provoking
events.!" The sound characteristics of speech reflect
the emotional states of speakers. Moreover, the
psychological condition of a speaker impacts the
fundamental frequency, rate, intensity, and so on."? It
has been observed that the most noticeable elements
causing vocal alternations are emotional modifications
in the body, such as reactions of the autonomic nervous
system (ANS) to sudden environmental events related to
various emotions.'>'* It is assumed that various mental
states are evoked by many types of ANS responses.'>'¢
Furthermore, one of the physiological representations
of mental state reported in these studies is the change
in vocal levels. Emotional events stimulate sympathetic
and parasympathetic processes, eventually causing
alternations in the physiology of the speech system
and functions associated with breathing, vocal fold
phonation and articulatory movements. Displeasurable
emotions such as anxiety or aggravation have been
connected with increased sympathetic arousal, causing
a high blood supply to muscles, raised pulse rate and
muscular tension to support the body with additional
force, acceleration, and conductivity.'*'* This kind
of spontaneous body reaction can be associated with
boosting the articulation rate of the speech organs.
Likewise, pleasurable feelings such as enjoyment or
happiness have been connected with a fast articulation
rate. Nevertheless, some literature indicated that certain
feelings that convey unwanted and uncontrolled
emotional events, such as distress, cause slower rates of
speaking.''>!>7 However, the influence of emotional
state is based on the individual’s tolerance and coping
capabilities.!>!%!8

Previous literature showed that emotional status is
correlated to stuttering in young children.'”?' Despite
the fact that it is not easy to decide if emotions contribute
to or are provoked by stuttering, a group of researchers
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have indicated a relationship between them.***” These
studies have used a variety of methods, such as caregiver
reports and behavioral observations.

The findings of previous studies reported that
children who stutter demonstrate less flexibility to
unexpected environmental modifications than non-
stuttering  peers.”®” Intense emotional reactions
to emotional conditions have been reported more
frequently in children who stutter, in addition to lower
emotional control and a higher chance of developing
problems with the depth and duration of feelings.”3%3
Furthermore, caregivers complained that their children
with stuttering expressed more negative tempers as well
as being hypersensitive and more nervous, frightened,
introverted, or isolated.??3%3637

Experimental studies have highlighted a connection
between stuttering and emotions in preschool age.
Students who suffer from stuttering display more
symptoms after emotionally agitating situations,
particularly in view of the complicated emotional effect
combined with limited emotional control.??526:383
A study carried out by Ambrose et al*” indicated that,
based on parental reports, the temperamental traits of
preschool students who stutter were more predominant
than those who recovered and non-stutterers.

In the present, a new way has been pioneered to
assess the efficiency and effectiveness of speech and
language therapy by applying the practical implications
of findings concerning the connection between hearing
and emotions. Specifically, we speculate that familiar
voices will stimulate emotional central auditory
processing in addition to phonetic processing and bolster
the patients’ confidence and comfort while undergoing
therapy. Hence, we explore the hypothesis that using
therapeutic auditory material recorded by familiar
voices will improve the outcomes of patients with
speech impairment in terms of reducing the stuttering
errors and increasing the percentage of consonants
correct (PCC). The data provided by this study will
provide new insight into the functions and adaptability
of the auditory system according to emotional content
of auditory stimuli, as well as inform new methods of
conducting speech and language interventions to ensure
an optimal prognosis — particularly in cases of abnormal
signal processing.

Methods. This cross-sectional study sample of 80
Arabic speakers (age range, 4-22 years; male, 67.5%)
was carried out at the Speech and Hearing Clinic, King
Abdallah University Hospital (KAUH), Irbid, Jordan.
Each participant had normal hearing and cognition
while all other participants complained of either

stuttering or misarticulation. To confirm their hearing
functions, each participant underwent a comprehensive
diagnostic battery comprising of an assessment of
clinical history, otoscopic examination, immittance
measurements, and behavioral tests. The battery used to
evaluate central auditory processing included: gaps in
noise; masking difference level; pitch pattern sequence;
duration pattern sequence; and random gap detection
tests. For subjects younger than 7 years, the parents
completed the Fissure Auditory Problem Checklist. We
obtain the subjects (their parents or guardians) written
informed consent and the study protocol was approved
by the Institutional Research Board of the Jordan
University of Science and Technology (20190016).

The exclusion criteria were as follows: incidences of
hearing loss, children with normal dysfluencies, children
with immature speech systems, and patients with
abnormal signal processing or other physical/mental
impairments that could impact speech comprehension
or production. Of 115 participants, 35 were excluded
for having deficits in central auditory processing and 2
for having other perpetual abnormalities besides speech
disorder.

The participants were evaluated by a well-qualified
speech language pathologist to define the type and
severity of speech impediment and obtain baseline
clinical data for each participant. The evaluation tools
included orofacial examination, the Stuttering Severity
Index-4 (§S14), as well as a non-standardized language
andarticulation test. Before beginning therapy sessions, 4
speech language pathologists generated an experimental
plan for each participant, including tailored speech
samples. In order to induce specific emotional states for
measuring their effects on speech therapy, each subject
listened to emotional (negative and positive) and dried
emotional words produced by both the caregiver and
therapist. The speech samples ultimately consisted of
4 lists: the first contained speech stimuli aroused in
an emotional context and recorded by a professional
speech language pathologist; the second was recorded
by a familiar person, such as a parent, sibling or friend
of the participant in emotionally provoking situations;
the third list was recorded by the speech language
pathologist but in an unemotional arrangement; and
the last list was also prepared to be heard by a familiar
voice in objective, non-emotional contexts. All the
lists shared the same number of words or sentences
and the phonetic and language levels were customized
to be similar across all 4 lists. The recorded materials
were uploaded to a software designed to facilitate the
therapy sessions. Each session featured lists containing
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200-syllable sentences used with stuttering patients
and 10 words for subjects with misarticulations, and of
several tasks, including questions conveyed in writing,
audio, or graphic. To make the software user-friendly
regardless of the age of the participant, responses were
presented in various moods involving written, audio or
visual formats.

The speech and language pathologist then presented
the prompts recorded by familiar and unfamiliar
voices and calculated either the percentage of correct
responses for participants with difficulty articulating
or SSI4 scores for those who stuttered. The number
of sessions was fixed at 3 for every patient, with an
average session time of approximately 45 minutes. The
therapeutic approaches followed by the therapist were
the traditional approach in dealing with articulations
disorders, and the stuttering modification strategies
applied in the treatment of dysfluencies. Appropriate
reinforcement was introduced in the software whenever
the patient achieved correct pronunciation or provided
a fluent answer.

To ensure the absences of ambiguity or accuracy in
the content of the therapeutic speech material, it was
subjectively assessed by the participants before testing;
they were asked to compare intelligibility of the 2 lists
by reading them and rating each item using a 5-point
scale, where values of 5 indicated “easy to understand
all the time” and 1 indicated “unable to understand”.
Setting the list reading to be a previewing mood for the
participants would not affect the study results.

Statistical analysis. The Statistical Package for the
Social Sciences, version 16 (IBMCorp, Armonk, NY,
USA) was used for all statistical analyses. Kolmogorov-
Smirnov test was first applied to check the normality
of data. The demographic information for the subjects
was then analyzed using descriptive tests to express the
median of different variables, including age, duration of
impairment, gender, and educational level. Each patient
was exposed to 4 phonetically and linguistically equal
lists. Outputs were assessed for each participant across
the lists. These lists were designed to be emotionally
diverse in content and act as verbal sample carriers. A
Shapiro-Walk test showed that data was significantly
departure from normality (W80=0.865, p<0.05).
As the data are non-parametric, the Friedman test
was run to perform comparison-based analysis of
overall differences in the degrees of misarticulation or
stuttering between responses prompted by identifiable
and unfamiliar voices in emotional and emotionless
contexts. To pinpoint which conditions differed from
each other, post hoc tests were employed; p-values of
<0.05 indicated statistical significance in every test.
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Results. A total of 80 participants (age range:
4-22 years) with speech issues characterized either as
misarticulation or stuttering were recruited. The first
one to 2 speech sessions were carried out before running
the 3 therapeutic sessions to determine an appropriate
diagnosis for the participant: half (45%) of the
recruited individuals were diagnosed with stuttering,
and the other half (55%) with articulation disorders.
Most of the participants (67.5%) were male. As speech
and language impairments are more prevalent among
men than women, this reflects the prevalence of speech
impairments in clinical populations.*” The majority of
participants were elementary school students (76.3%).
More than 3 quarters of children’s families had annual
salaries of lower than 10,000 United States dollar.
The details of the demographic information related to
participants as shown in Table 1.

The severity and duration of the participant’s speech
impediments. The severity of the cases was evaluated
before commencing therapy. Those with sound-
production disorders were assessed with the single-word
test. The severity of misarticulation was determined
through applying PCC. A PCC of 96.4% indicated a
mild condition severity since all participants performed
poorly in only one-sound production. The participants
reported an average speech-impediment history of 5.3
years. Regarding the severity of stuttering, the percentage
of dysfluencies was calculated after conducting the SSI4.
Based on the collected results, the mean percentage
of dysfluencies across the subjects was 62%, which
indicated moderate severity. The participants reported
an average stuttering history of 7 years.

Intelligibility of the research tool. Prior to collecting
the data from each subject, a research tool was designed
for each patient with misarticulation to assess the target
sound that required improvement. The therapeutic
materials delivered to participants with stuttering, on
the other hand, were not tailored. After 4 language and
speech therapists carefully evaluated the lists to ensure
their linguistic and phonetic equality, each patient was
asked to rate each item on a 5-point Likert scale: the
familiar voice (non-emotional words), average rate was
4.93; unfamiliar voice (non-emotional words), average
rate was 4.88; familiar voice (emotional words), average
rate was 4.84; and 4.91 average rate for unfamiliar voice
(emotional words), indicating that the intelligibility
degrees among them were statistically similar (Z=-1.50,
>0.05; Table 2). Further review was not implemented
because no participant reported any difficulty or
noticeable variations between the 4 lists.

Impact of emotions on the progression of speech
therapy and performance of central nervous system.
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The results of exposing the patients to speech material
recorded by the voices of familiar individuals and
speech language pathologists in emotional and non-
emotional contexts were analyzed with the Friedman
test. We found that the percentage of correct sound
production of participants with articulation difficulties
and the percentage of dysfluencies among participants
with stuttering were significantly different across the 4
conditions: i) familiar voice using emotional vocabulary;
ii) unfamiliar voice using emotional vocabulary; iii)
familiar voice using emotionless vocabulary; and

Table 1 - Sociodemographic characteristics of the participants.

Variables n (%)
Age

4-15 years 67 (83.8)

15-22 years 13 (16.2)
Gender

Male 54 (67.5)

Female 26 (32.5)
Educational level

Elementary 59 (73.8)

Middle 8 (10.0)

High school 13 (16.2)
Speech disorder type

Stuttering 36 (45.0)

Articulation 44 (55.0)
Speech disorder duration

1 years- 5 year 53 (66.3)

6 year- 10 year 18 (22.5)

11 year- 15 year 9 (11.2)
Annual salaries of the families

Lower than 10000$ 67 (83.7)

10001-12000$ 8 (10.0)

12001-14000% 2 (2.5)

14001-16000$ 2 2.5)

Higher than 16000$ 1 (1.3)

Table 2 - The intelligibility scores for the 4 therapeutic lists, as rated by
the patients.

List Mean SD Statistics P-value
Familiar voice (non- 4.93 013 Z=-150  >0.05
emotional words)

Famili'ar voice 4.84 0.19

(emotional words)

Unfamiliar voice (non- 488 0.17

emotional words)

Unfamiliar 49 0.15

voice*emotional words

Intelligibility scores are scored out of 5 points. SD: standard deviation

iv) unfamiliar voice using emotionless vocabulary
(stuttering group: X*(3)=80.63, p<0.05; misarticulation
group: X*(3)=77.35, p<0.05). To examine where the
actual differences occur, separate Wilcoxon signed-rank
tests were run on multiple combinations of the 4
treatment conditions. After applying a Bonferroni
adjustment, the Wilcoxon signed-rank tests showed
that the lowest dysfluency percentage calculated in
participants with stuttering was for stimuli delivered
by familiar voice and in an emotional context (3%,
standard deviation (SD): 6.05) compared to using
only emotional words (7.25%, SD:11.94; Z= -4.81,
$<0.001) or only a familiar voice (6%, SD:7.03;
Z=-4.17, p<0.001) or none (12%, SD:12.17; Z=-5.16,
<0.001; Table 3). Likewise, the highest percentage of
corrected sound production among misarticulation
patients was notable when provoking the target sound
in emotional words using a familiar voice (88%,
SD:12.43), in contrast to applying only a familiar
voice (74% SD:11.81; Z= -4.41, p<0.001) or none
(66%, SD:13.58; Z= -5.65, p<0.001). No statistical
difference in improvement was reported in patients
with misarticulation when only emotional words were

utilized (83% SD:11.58; Z=-0.554, p>0.05; Table 4).

Discussion. Thisstudy aimed to apply the practical
implications of the theory that emotions affect central
auditory processing. We found that the prognoses of
dysfluency and sound production disorders improved
with the use of familiar auditory stimuli coupled with
emotional contexts, emphasizing the importance
of engaging the caregivers, families, and friends in
therapeutic activities to ensure that treatment goals are
reached efliciently.

Table 3 - Performance of the 36 participants in the sessions employing
familiar and unfamiliar and emotional and non-emotional
contexts to treat stuttering

Mean .

Context (dysfluency %) SD Statistics P-value
Familiar voice 3 6.05 _* x
(emotional words) .

Familiar voice

(non-emotional 6 7.03 -4.17 <0.001
words)

Unfamiliar voice

(non-emotional 7.25 11.94 -4.81 <0.001
words)

Unfamiliar voice 12 12.17 516 50.05

(emotional words)

*This condition was optimal and was compared to other cases.
SD: standard deviation
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Table 4 - Performance of the 44 participants in the sessions employing
familiar and unfamiliar, and emotional and non-emotional
contexts to treat misarticulation.

Mean .
Context (PCC %) SD Statistics P-value
Famili.ar voice 38 12.43 ¥ %
(emotional words)
Familiar voice
(non-emotional 74 11.81 -4.41 <0.001
words)
Unfamiliar voice
(non-emotional 66 13.58 -5.65 <0.001
words)
Unfamiliar voice 83 11.58 -0.554 >0.05

(emotional words)

*This condition was optimal and was compared to other cases.
PCC: percentage of consonants correct, SD: standard deviation

Listening to speech was presently found to be
impacted by the degree of stimulus familiarity — such as,
theemotional relevance of theauditory stimuli. While the
amygdala has been broadly implicated in the conscious
perception of emotion.>>¢ It has been observed in the
current research that the progress of speech therapy
is accelerated by using familiar sounds that the child
listens to frequently. The effect is stronger when words
with emotional aspects are used to target the speech
production. These findings are consistent with several
studies, indicating that there is a connection between
the emotional states of children and the articulation
rates of their speech organs.'>!'*17® Although a previous
literature''*!”18  agreed with the conclusion that
acoustic alternations are emotional modifications, there
is debate over whether positive- or adverse-provoking
events are responsible for enhancing the articulation
rate of moveable articulators. Consequently, the focus
of the present research is to study the combined effect
of using a well-known voice and emotionally spoken
messages rather than depending only on emotional
words. The lowest manifestation of fluency problems
was reported among participants in the current
research when utilizing parents’ voices as carriers for
emotional speech, compared to the results of applying
the other experimental conditions: speech samples of
dried emotional speech; speech-language pathologist’s
voice; or just sentimental expression not spoken by a
well-known voice. These findings were compatible
with previous literature showing that emotional status
is linked to stuttering in a young population.””?!
Despite the fact that it is not easy to determine whether
emotions contribute to or are provoked by stuttering,
several studies have indicated a relationship between
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them.?* There is no previous literature discussing the
role of combining emotional contexts with familiar
voices to enhance the speech therapeutic outcomes. The
basis of using well-known voices in this study derives
from several prominent studies demonstrating that
stimuli are learned by repetition and, consequently,
are memorized faster and maintained for a longer
period of time.”"** The only difference between the 2
experimental groups was that no obvious therapeutic
advantage to using a combination of familiar voice
with emotion contexts over only using emotional words
was noticed with misarticulation patients, in contrast
to patients with stuttering. Therefore, strong reactions
to emotional circumstances have been noticed more
regularly in children with stuttering.”%%!

When the participants in the present study were
undergoing therapy, the speech language pathologists
noticed that the physical concomitant, such as rapid eye
blinks, tremors of the lips or jaw, facial tics, head jerks,
and clenching fists, among participants who stuttered
were less severe when they were exposed to familiar voice
samples than when they were exposed to unfamiliar
voices. This implies the potential of using recognizable
voices when addressing stuttering in the beginning
stages of therapy to raise the self-confidence of the
patients, diminish negative feelings, and thus mitigate
unwanted body or facial movements. The diminished
frequency also suggests that invoking emotion has a
salutary effect on the neural mechanisms that cause
unwanted movements and exacerbate stuttering. Future
research should consider the differential neural activity
prompted in individuals who stutter by emotionally
relevant and irrelevant stimuli to investigate this
possibility further.

Study limitations. The study has a small sample size
and it is not having considered language impairments
such as central auditory processing disorder and autism.
Furthermore, these results should be validated in a
larger prospective study to examine patients over period
of time: specifically, those with language disorders or
delay. These data would improve the understanding
of the influence of emotions on auditory central
mechanisms

In conclusion, this study demonstrates the capacity
of emotionally salient stimuli to maximize the
benefits of speech therapy and speed its progression.
Future studies will be necessary to assess the effect of
sentiment on the function of central auditory systems
of children with learning disabilities as well as using
the families, caregivers, and friends of the patients to
record therapeutic resources and improve the efficacy of
language managing therapeutic sessions.
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