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ABSTRACT

Purpose: to investigate the auditory skills of temporal resolution and ordering in people
who stutter.

Methods: an observational, cross-sectional, analytical, and comparative research
between study and control groups conducted at a speech-language-hearing teaching
clinic of an academic institution, comprising people who stutter (who attended a public
outreach program) and volunteers without communicative disorders, for 13 months.
The procedures used were auditory perception anamnesis, acoustic immittance, and
pure-tone and speech audiometry to discharge hearing changes. The participants who
met the eligibility criteria had their resolution and ordering skills assessed with the
Gaps-in-Noise, Random Gap Detection, Pitch Pattern Sequence, and Duration Pattern
Sequence tests and the data obtained were entered into a spreadsheet for descriptive
and inferential statistical analyses.

Results: the study group presented changes in temporal resolution and ordering. A
statistically significant difference was also verified comparing the assessment findings
of the study and control groups, in all the assessment tests.

Conclusion: temporal resolution and ordering changes were observed in the people
presented with stuttering, regardless of sex or chronological age.

Keywords: Stuttering; Auditory Perception; Hearing; Speech Perception; Audiology;
Speech
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INTRODUCTION

Oral communication is the interactive modality that
predominates as a means to exchange experiences,
share new knowledge, and put forth ideas, thoughts,
desires, and aspirations. Fluency is an important skill
in the development of the speaker’'s communication
health. It is the continuous and smooth flow of speech
that results from the harmonious neural processing
integration between language and motor acts’.

The manner how auditory information is processed,
especially when related to speech perception, is
essential to understand possible expressive language
difficulties, including stuttering?.

Childhood-onset fluency disorder is a change in
the typical fluency pattern caused by excessive breaks
(disfluencies) in speech production. Such breaks are
involuntary and interfere with the main fluency param-
eters, namely: continuity, effort, and time taken to
speak. Stuttering is associated with desynchronized
neurolinguistic processes; hence such a person cannot
avoid breaking the flow of speech. Stuttering is a multi-
dimensional, complex, genetic, and neurofunctional
disorder, whose etiologic factors are diversified and
have a complex interaction. These characteristics affect
the selection of assessment, diagnosis, and therapeutic
procedures necessary to their care, as well as the
clinical prognosis®.

The neurofunctional dynamics of stuttering involves
biological factors, highlighting auditory temporal
processing, which is the basis of auditory processing.
Many auditory information characteristics are influ-
enced by time — which is the converging point of the
neurophysiological dynamics of hearing and fluency
— because speech fluency involves the synchronic
interaction between the acoustic aspects of speech
production and perception linked in time*?.

Temporal imprecision in speech perception may
be closely related to the development of hearing and
of disfluent speech, as pointed out by research*®.
Thus, central auditory processing assessment aims to
investigate a set of specific auditory skills (on which the
person depends to interpret what they hear) and neuro-
audiological processes (temporality of sounds, rhythm,
and prosody) involved in speech fluency processing.
Such an assessment enables the identification of the
Central Auditory Processing Disorder (CPAD), which
occurs when there is a partial or total loss of the
auditory image analysis function®®,

The auditory temporal processing skills encompass
temporal resolution, ordering, masking, and
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integration®®. It processes the acoustic signal in relation
to the time taken to receive, discriminate, or detect
the stimuli presented in quick succession. It is one of
the physiological mechanisms of the central auditory
processing, being also related to speech perception —
considering that the characteristics of the auditory infor-
mation are influenced by time>1°.

The integration skill is the sum of the neuronal
activities that cause a sound energy increase, both
in duration and intensity of the stimulus. Temporal
masking, in its turn, is the changed perception of sound
due to the presence of another subsequent auditory
stimulus. However, there are yet no validated clinical
tools to assess such skills'. Therefore, they were not
included in this study’s investigation.

Temporal ordering refers to processing auditory
stimuli in the order they occur, allowing the hearer to
discriminate the correct sequence of sounds. This skill
is often assessed with frequency and duration pattern
tests, which are mainly used to analyze prosodic
aspects of speech, such as rhythm, stress, and
intonation. Hence, temporal ordering difficulties may
contribute to disfluent speechs”'2,

Temporal resolution is responsible for detecting
quick changes in sound stimuli in as short a time as
necessary to discriminate two acoustic stimuli. It is
an important skill, necessary for accurate auditory
processing and speech perception and development. It
is assessed with gap detection tests®'213,

Studies have demonstrated a close relationship
between auditory processing and stuttering, as the
central auditory processing was changed in many
people who stutter in various age groups. Some results
indicated functional differences between the frontal
and temporal regions of the brain related to speech
perception, highlighting the unbalance present in
the neural network involved in the speech perception
taSkSz’6’9’10’14’15.

Concerning the structural and functional aspects
of the brain of people who stutter, studies with
functional magnetic resonance imaging (MRI) found
volumetric and microstructural differences in the brain
regions associated with stuttering in the whole speech
processing neural network. There were deficits in the
regions and pathways related especially to the motor
part of speech and the auditory function®1°,

Given the above, it is evident that changes in
auditory temporal processing, particularly in temporal
resolution and ordering, can also have consequences in
speech fluency. Hence, this study aimed to investigate



the auditory temporal resolution and ordering in people
who stutter.

METHODS

This was an observational, cross-sectional, analytical
study, with group comparisons. It was approved by
the Ethics Committee of the Universidade Federal da
Paraiba - UFPB (Federal University of Paraiba), Brazil,
under number 2.413.862. All the participants signed the
informed consent form. Data were collected between
November 2016 and December 2017 at the Speech-
Language-Hearing Teaching Clinic of the Universidade
Federal da Paraiba.

The initial sample comprised 46 volunteers, of whom
12 participants with speech and/or hearing disorders
were excluded. The participants that comprised the
sample were divided into two groups: Study group
(G1), diagnosed with stuttering before beginning the
speech-language-hearing therapeutic process; and
the control group (G2), without stuttering or any other
speech and/or hearing disorder. The G1 inclusion
criteria encompassed having normal bilateral auditory
thresholds and type A tympanometric curve; having
a speech-language-hearing diagnosis of stuttering;
being 8 to 55 years old. As for G2, the inclusion criteria
encompassed not having any speech or language
disorder; having normal bilateral auditory thresholds
and type A tympanometric curve; not being submitted
to any speech-language-hearing therapy; and being 8
to 55 years old. All G2 participants were matched for
age with G1.

The participants that did not agree voluntarily to
participate in the research or, in the case of children,
whose parents/guardians did not authorize their partici-
pation were excluded from the study in either G1 or
G2. Those who had evident difficulties understanding
the tests, not being able to perform them, were likewise
excluded, as shown in Figure 1.

The final sample comprised 34 participants, 17
patients with stuttering, receiving care in the institu-
tion’s public outreach program (G1), and 17 volunteers,
children and university students without stuttering or
any other speech and/or hearing disorder (G2). This
group’s sample was selected by convenience.

All the participants were submitted to the auditory
perception anamnesis proposed by Pereira &
Schochat?®, acoustic immittance, and pure-tone and
speech audiometry. The anamnesis had questions
related to the participants’ auditory performance
and how they behaved when exposed to noise. The
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CAP x STUTTERING
(46 volunteers)

EXCLUDED
(12VOLUNTEERS)

For having speech and/or
hearing disorders.

INCLUSION
CRITERIA

CASE GROUP (G1)
(17 VOLUNTEERS)

CONTROL GROUP (G2)
(17 VOLUNTEERS)

Caption: CAP = Central Auditory Processing

Figure 1. Organizational chart of the research population

acoustic immittance aimed to investigate the middle ear
status, verifying tympanic membrane complacency and
contra- and ipsilateral acoustic reflexes at 500, 1000,
2000, and 4000 Hz (contralateral) and 1000 and 2000
Hz (ipsilateral). The participants with a type A tympa-
nogram were apt to participate in the study.

The pure-tone and speech audiometry researched
the auditory thresholds and speech intelligibility. The
test was conducted in a sound booth, researching the
frequencies of 250, 500, 1000, 2000, 3000, 4000, 6000,
and 8000 Hz (air-conduction) and 500, 1000, 2000,
3000, and 4000 Hz (bone-conduction). This last one
was performed only if the person had air-conduction
auditory thresholds higher than 20 dBHL.

The volunteers that had symmetrical normal
hearing, with a speech recognition percentage index
(SRPI) greater than 70% and agreed to participate
proceeded to the clinical outcome of the research —i.e.,
the assessment of the auditory temporal processing
skills. The Auditec recordings (Saint Louis) were used
to perform the Gaps-in-Noise test (GIN), Random Gap
Detection Test (RGDT), Pitch Pattern Sequence test
(PPS), and Duration Pattern Sequence test (DPS).
All of them were conducted in a sound booth with
two-channel equipment (which ensured the effec-
tiveness of the central auditory processing tests)
connected to an iPod manufactured by Apple.

The GIN aimed to analyze temporal resolution, as
it is related to the minimum time required to segment
or solve acoustic events?'. It presents stimuli distributed
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into four test tracks and one training track, ensuring
that the person understands the dynamics of the test.
The task consists of presenting 6-second white noise
segments, intercalated with random silence intervals
(gaps). The volunteers were asked to raise their hands
when they heard the gaps, aware that such intervals
would have different durations. The shortest gap
perceived in at least 67% of the presentations was
considered the threshold?2.

In the RGDT, also aiming to assess temporal
resolution, the participant was instructed to identify the
pairs of tones separated at intervals randomly ranging
from 0 to 40 ms. The tones were presented at 500,
1000, 2000, and 4000 Hz, each one with nine paired
pure-tone presentations at 50 dBSL. The person was
expected to indicate whether they were hearing one or
two tones. The normal standard considered for children
were responses equal or inferior to 15 ms, whereas for
adults the normal responses were equal or inferior to
10 ms=.

In the PPS, which investigated temporal ordering,
three successive tones were presented so that only
one of them had a different frequency from the other
two. In this task, the participant was asked to name
and/or imitate the sounds as low- or high-pitched in
the sequence they were presented. The results were
considered normal when the percentage of correct
answers was equal to or higher than 76%2. The three
successive tones were presented binaurally, one of
them at a different frequency — high-pitched: 1122 Hz;
low-pitched: 880 Hz. Hence, six combinations were
possible: HHL, LHL, LHH, HLH, HLL, and LLH.

In the DPS, also meant to assess temporal ordering,
the volunteer should discriminate a sequence of three
1000 Hz sounds which had two different durations —two
short sounds and a long one, or two long sounds and
a short one. The short and long stimuli lasted respec-
tively 250 ms and 500 ms, whose sound intensity either
increased or decreased for 10 ms. This task had six
different sequence patterns repeated 10 times, totaling
60 patterns. The minimum value considered a normal
standard for the test was 70%. The participant was
asked to respond verbally what was the sound duration
sequence (whether short or long) or imitate the sound
types presented. As it does not use speech stimuli, it
can be applied to language changes®.
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Having carried out the abovementioned tests and
investigated the auditory skills selected for assessment
in this study, the resulting data were analyzed. They
were entered into a spreadsheet for descriptive statis-
tical analysis with absolute and relative frequency
measures, mean and standard deviation. The infer-
ential analysis used the Kolmogorov-Smirnov test
to verify the normal distribution of the data (only the
DPS did not have a normal distribution [p = 0.02]);
the chi-square test, to verify associations between the
groups and the presence of changes; Student’s t-test,
to analyze independent and parametric data; and the
Mann-Whitney test, to analyze non-parametric data,
comparing the mean results of G1 and G2 assessment
tests. The R statistical software, version 2.11.0, was
used, and the significance level was set at 5%.

Of the volunteers who participated in the study,
52.9% (n = 18) were males and 47.1% (n = 16) were
females. The mean age of the participants allocated
in G1 was 22.35 (= 10.48) years, while that of G2 was
22.53 (x 10.54) years. There was no statistically signif-
icant difference between these means (p = 0.961),
thus, confirming the homogeneity of the groups.

RESULTS

Table 1 presents the assessment data of the
temporal resolution and ordering of the auditory
processing of the people in G1 and G2. The GIN
revealed that 88.2% (n = 15) of the people who stutter
obtained changed results in temporal resolution. It was
likewise in the other tests, as the temporal resolution
and ordering were changed in 70.6% (n = 12) of G1
in RGDT and PPS, respectively. In DPS, which investi-
gated temporal ordering, the change occurred in 52.9%
(n = 9) of the participants. It was also observed that, in
all the tests, the G2 volunteers had normal results.

Hence, it was verified that the presence or absence
of stuttering may be associated with changes in the
auditory processing regarding temporal resolution and
ordering. This is noticed in the significant difference
in the compared findings of the groups’ assessments,
in all tests to which they had been submitted: GIN
(p = 0.048), RGDT (p = 0.0001), PPS (p = 0.0001),
and DPS (p = 0.001) (Table 1).
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Table 1. Assessment of the temporal processing skills in people with and without a diagnosis of stuttering

Variables CASE GROUP CONTROL GROUP value
N % N % i

GIN

Normal 2 11.8 17 100 N

Changed 15 88.2 0 0 0.048

RGDT

Normal 5 29.4 17 100 N

Changed 12 70.6 0 0 0.0001

PPS

Normal 5 29.4 17 100 N

Changed 12 70.6 0 0 0.0001

DPS

Normal 8 411 17 100 .

Changed 9 529 0 0.0 0.001

Captions: GIN — Gaps-in-Noise; RGDT — Random Gap Detection Test; PPS — Pitch Pattern Sequence; DPS — Duration Pattern Sequence.

Chi-square test; significance *p < 0.05. Source: Jodo Pessoa, Brazil, 2017.

The comparison between the mean percentages
of correct answers of both groups revealed a statisti-
cally significant difference in GIN (p = 0.005), PPS (p =
0.0001), and DPS (p = 0.001). In all of them, the people
who stutter had a lower index of correct answers than
G2 (Table 2).

Concerning the response time in GIN and RGDT,
the people who stutter took longer to identify the
intervals in between sounds, with a mean of 6.12 (+

2.93) in GIN and 17.64 (= 8.99) in RGDT - this last
one out of normal standards. In this case, statistically
significant differences were also observed between the
mean times of both groups in the temporal resolution
(p = 0.006) and ordering test (p = 0.0001), restating
that people who stutter are more susceptible to
presenting changes in auditory temporal processing
(Table 2).

Table 2. Mean percentage of correct responses and response time in temporal processing skill assessment tests in people with and

without a diagnosis of stuttering

Variables CASE GROUP CONTROL GROUP p-valus
Mean SD Mean SD

GIN (ms) 6.12 2.93 3.76 1.48 0.006*

GIN (%) 67.99 18.38 83.82 10.87 0.005*

RGDT (ms) 17.64 8.99 5.86 2.63 0.0001*

PPS (%) 65.62 20.66 86.67 7.03 0.0001*

DPS (%)** 69.18 24.49 92.30 5.47 0.001*

Captions: SD — standard deviation; GIN — Gaps-in-Noise; RGDT — Random Gap Detection Test; PPS — Pitch Pattern Sequence; DPS — Duration Pattern Sequence.
Chi-square test; **Mann-Whitney test; significance *p < 0.05. Source: Joao Pessoa, Brazil, 2017.

DISCUSSION

This study investigated how people who stutter
process the acoustic signal in relation to time. Time
can be perceived as a parameter that goes beyond
speech production, visualizing its broader spectrum so
as to encompass sound perception and discrimination.
Hence, fluency is approached as a skill that, in order

to maintain its synchronicity, needs to transit between
communicative input and output in a bidirectional flow
of information?..

The temporal processing is known to be the basis
and physiological mechanism of central auditory
processing. Hence, it is essential to apply tests
involving temporal skills in people with complaints
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related to speech fluency. The literature points out
that the auditory information characteristics are influ-
enced by time, which is related to speech perception.
It also states that central auditory processing diffi-
culties lead to sound pattern interpretation difficulties.
Consequently, information comprehension is impaired,
causing behavioral changes®?728,

When an atypical neurophysiological pattern hinders
the harmony necessary to link the sound sequences
in speech production — as seen in people who stutter
—, it must be considered that there is a neural impli-
cation responsible for causing the disfluent and broken
speech. It may be likewise responsible for deficient
auditory processing because both functions share the
same brain structures™.

In this regard, research points to the anterior
temporal region, which has part of the anterior
commissure, as responsible for taking acoustic infor-
mation or inhibit the impulses from one temporal lobe
to the other. It also states that a lesion or disorder in
the central auditory pathways and/or temporal lobe
has consequences to the learning processes involved
in organizing the person’s phonological system and
language®31.

All this evidence of atypical neurophysiological
patterns involving hearing and fluency has also been
observed regarding the auditory skill performance in
people who stutter. This was perceived in their inferior
temporal processing performance as compared with
people without fluency changes. Difficulties acquiring
or storing time-sequence information may contribute to
disfluent speech production — which explains the low
performance of people who stutter in tests assessing
temporal ordering and resolution’.

In this study, temporal resolution was the most
changed auditory temporal processing skill. The liter-
ature describes this skill as allowing us to detect both
quick changes in the sound stimulus and the shortest
time interval necessary to discriminate two acoustic
stimuli. This capacity to detect very quick temporal
changes from one sound to another makes it possible
to distinguish the different phonemes that make up
speech - for instance, the slight changes between
voiceless and voiced phonemes — since it is based on
the length of the silence interval between the consonant
and the vowel'2132532,

Temporal ordering, in its turn, is the most assessed
temporal processing skill in the studies found in
academia. This skill refers to the auditory stimuli
process in the order they take place. It enables the
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person to discriminate the correct occurrence of
sounds regarding their duration and frequency, as
well as changes in the flow of information between
programing the speech motor plan and performing its
movements:33-35,

In clinical practice, RGDT is the most used test to
assess temporal resolution, perhaps because it was
developed first and is conducted faster than GIN -
although studies demonstrate some advantages of
GIN regarding its application and the verification of
results, which was clear in the present study''33,
Another piece of research compared the performance
of children and adults in both tests (RGDT and GIN).
After the comparative statistical analysis, they observed
that the gap detection thresholds in the RGDT were
significantly higher than those in GIN, corroborating the
results obtained in this study®’.

Comparing the sexes and the performance of
normally hearing adults in RGDT and GIN, this study
did not find any significant differences. However, other
authors™ found significant differences between the
sexes in the tests — in both of which the males had a
better performance.

Regarding the same sample’s higher thresholds
obtained in the RGDT than in GIN, a supposition is that
the RGDT parameters require the person to perform
a more complex task, involving auditory fusion and
temporal resolution — whereas GIN only tests temporal
resolution. The RGDT needs a cognitively more
complex response, in which the person is instructed
to speak or gesture whether they perceived one or
two stimuli. Differently, the GIN requires no more than
a simple, nonverbal response, in which the person is
expected to signal only when they notice the stimulus
has been interrupted?s.

The tests applied in the temporal ordering
assessment (which refers to discriminating auditory
stimuli in the order they happen) require the person’s
ability to correctly discriminate the sequence of
sounds regarding their duration and frequency. The
correct response in these tests demands short-term
memorization of the three tones the person hears to
then evocate them briefly. Since memory is present in
auditory processing, then it is hypothesized that some
people may have worse responses, not because they
cannot discriminate the tone, but because they have
memory difficulties. Concordantly, it has been stated
that attention and short-term memory must be involved
in the temporal ordering process'%".



Stuttering, with its impaired rhythm and the changes
in suprasegmental processes of speech fluency, may
be directly intertwined with the auditory temporal
processing disorder found in G1. Temporal resolution
and ordering tests applied in combination to assess
auditory processing in research furnish the comple-
mentary investigation that stuttering needs — as it is a
complex disorder with multiple interfaces and various
cognitive skills and domains?®.

Hence, investigating the ability to detect quick
sound changes (temporal resolution) and discriminate
sound sequences (temporal ordering) is relevant to the
speech-language-hearing care of people who stutter
and have other fluency disorders as well. Thus, identi-
fying these clinical needs aids the diagnosis, inter-
vention, and prognostic analysis of the case.

CONCLUSION

This study’s results revealed changes in the
temporal resolution and ordering of people who stutter,
regardless of sex or chronological age. This study
contributed to reinforce the importance of assessing
the auditory temporal processing skills in the speech-
language-hearing care of people with changes in
fluency. It also points to the need for including thera-
peutic objectives and strategies to train these skills,
aiming at results in the patient’'s communicative
performance.
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