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A B S T R A C T
Background and Aim:  Perception of speech in noise (SIN) is based on the accurate 
extraction of spectral and temporal cues. Disruption of this process can reduce the 
productivity of the spectral and temporal features of the target stimulus and speech 
recognition in noise. Auditory processing disorder is one of the main challenges of people 
with stroke, which leads to social, mental, and even physical failures. This study aimed to 
investigate the spectral and temporal processing abilities of people with stroke compared 
to healthy peers.

Methods: In this study, participants were 15 patients with stroke referred to the neurology 
clinic of Imam Khomeini Hospital and 30 healthy people aged 20–60 years. Spectral 
Modulation Detection Test (SMDT), Pitch Pattern Sequencing Test (PPST), Random Gap 
Detection Test (RGDT) and QuickSIN tests were performed for all participants. The mean 
scores of the two groups were compared.

Results: Patients with stroke had poorer performance in SMDT, PPST, RGDT and 
QuickSIN tests (p<0.001) compared to healthy subjects. The results showed that there was a 
significant correlation between SIN test with temporal and spectral processing in the normal 
group, but the correlation pattern was different in people with stroke. The scores of all the 
tests were not significantly different between the right and left ears.

Conclusion: The results showed that people with stroke have poorer performance in all tests 
compared to normal people and have more problems in speech perception in challenging 
areas.
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             Introduction

S troke is one of the disorders of the nervous 
system, and is known as the third cause of 
death (after heart attack and cancer) and 
the first cause of disability in the world [1]. 
A stroke is caused by an interruption in 

the blood flow to cerebral vessels following bleeding, 
thrombosis, or embolism. Based on the cause of 
occurrence, stroke has two types: ischemic stroke and 
hemorrhagic stroke. Ischemic stroke is caused by a 
thrombus or a blood clot that develops in an artery and 
travels along with the blood flow to one of the blood 
supply arteries in the brain, blocking the blood flow and 
causing a stroke. Ischemic stroke accounts for about 85–
90% of all stroke cases [2]. Hemorrhagic stroke, which 
is also called bleeding stroke, accounts for 10–15% of 
all stroke cases. Hemorrhagic stroke is often caused by 
the rupture of a blood vessel and leads to a decrease in 
blood flow and oxygen to the brain tissue [3]. According 
to a study, the prevalence of stroke in Iran is much higher 
than in other countries and occurs at a younger age [4]. 
The prevalence of this disease in the population under 
60 years is also increasing due to the increase in blood 
pressure, diabetes, obesity, drug use and smoking [1].

A stroke can cause various symptoms, which 
vary depending on the extent and degree of vascular 
involvement in different areas of the brain. One of the 
complications of a stroke is the involvement of the 
auditory system. Different types of hearing disorders, 
such as peripheral hearing loss, central auditory 
processing disorder, and sudden hearing loss (which is 
less common) occur in people who have had a stroke 
[5]. Due to the involvement of the cerebral hemispheres 
in auditory processing and language functions, as 
well as the anatomical location of the lesion, different 
negative effects can be seen in the auditory processing of 
people with stroke. These effects are more pronounced 
in the temporal lobe and anterior frontal lobe [4, 6]. 
Approximately 1 in 5 patients with stroke has a serious 
complaint of difficulty understanding speech, especially 
in the presence of background noise [7].

The central auditory system uses spectro-temporal 
cues as the most important factors along with other 
auditory information such as spatial information to 
separate auditory targets and streams, leading to speech 

clarity, selective attention, and facilitation of detecting 
target stimulus from among unwanted stimuli [8-11]. 
Normal auditory hearing and processing leads to better 
understanding of speech, especially in challenging 
situations, and creates efficient communication between 
patients, caregivers, and specialists. Any disorder in 
the hearing system and weakness in speech perception 
can also limit the stroke patient’s participation in 
rehabilitation programs and lead to the risk of physical 
deterioration [12]. People with stroke are more likely 
to develop dementia and cognitive problems than their 
peers. More than 50% of stroke patients develop some 
degree of cognitive impairment [13].

Auditory processing refers to a wide range of 
sensory and perceptual skills to extract meaningful 
information from sound. These skills include auditory 
discrimination, pattern recognition, and temporal 
processing (resolution, integration, and sequencing) 
[14, 15]. One of the most important problems caused 
by auditory processing disorder is temporal processing 
impairment. Temporal processing is directly related 
to speech perception, since understanding different 
speech sounds requires understanding their temporal 
difference [16, 17]. Temporal processing is defined 
as the perception of sound changes at a given time. 
Impaired temporal processing causes problems in 
understanding fast speech, distinguishing phonemes, 
understanding music and rhythm. Temporal processing 
such as temporal ordering and resolution play a decisive 
role in the recognition of acoustic features of speech 
such as prosodic, accent and rhythm features [18, 19]. 
The auditory system distinguishes the components 
of the target sound from the competing sounds based 
on differences in Spectral Modulation (SM) level and 
improves speech perception in environments with 
multiple sound sources. Therefore, sensitivity to SM 
is directly related to speech perception [20-23]. In this 
study, we aimed to investigate and compare spectral 
and temporal processing abilities of people with stroke 
and healthy individuals with normal hearing and to 
investigate the relationship of temporal and spectral 
processing with speech perception in noise. The 
Pitch Pattern Sequencing Test (PPST) and Random 
Gap Detection Test (RGDT) were used to evaluate 
the temporal processing of people, and the Spectral 
Modulation Detection Test (SMDT) was used to 
evaluate their spectral processing.
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Methods

Two groups participated in this study. The control 
group was composed of 30 healthy people (9 males and 
21 females; mean age: 33.43 years (SD: 4.57), ranged 20–
60 years). The experimental group included 15 subjects 
with an acute history of ischemic or hemorrhagic stroke 
based on their brain MRI who had a stroke 4 weeks 
before the study (9 males and 6 females; mean age: 46.13 
years (SD: 6.38), ranged 20–60 years) and referred to the 
neurology clinic of Imam Khomeini Hospital in Mahallat 
County, Markazi Province, Iran from February 2021 to 
August 2021. All participants were right-handed, Persian-
speaking, with no aphasia or history of head trauma and 
seizures, and were able to cooperate in the tests. Their 
pure-tone hearing thresholds were ≥20 dB at 500–2000 
Hz frequencies. The Mini-Mental State Examination 
(MMSE) test was carried out for all participants in both 
control and experimental groups, and those with cognitive 
problems were excluded from the study. A written consent 
was obtained from all participants.

Measures

Pitch pattern sequencing test
The PPST included 30 pitch patterns for each ear. 

It consisted of three 150-ms tones with a rise-fall time 
of 10 ms and two 200-ms time intervals. The tones in 
each pattern were presented at two frequencies of 880 
Hz (low) and 1122 Hz (high). Therefore, six possible 
answer combinations were obtained from three tone 
sequences. The time interval between the presentation 
of each pattern was approximately 6 seconds.

Random gap detection test
The RGDT measures the shortest time gap between 

sound stimuli that a person can detect, and the stimuli 
included experimental tones containing silent pauses 
at different times. The duration of each tone was 17 ms 
with a rise-fall time of 1 ms. The interval between test 
options was 4.5 seconds. The silence interval between 
the test tones was in the range of 0–40 ms. To perform 
the test, the subject was asked whether s/he heard one 
or two tones. The results were recorded as the minimum 
interval detected between stimuli in ms at each frequency. 
Also, the overall average of the results for 4 frequencies 
of 500, 1000, 2000, and 4000 Hz was recorded in ms. 
Thresholds above 20 ms were considered abnormal.

Spectral modulation detection test
For the SMD, two SM densities of 0.5 and 4 cycles 

per octave were used. The 3-interval-3-alternative 
forced-choice (3I-3AFC) method was used to perform 
the SMDT [10]. Each attempt consisted of three intervals 
containing the sound stimulus and two silence intervals 
between the sound stimuli. Two intervals contained a 
stable noise stimulus (reference signal) and a modulated 
noise (target signal) that were randomly placed at one of 
the three stimulus intervals. The duration of reference 
and target signals was 500 ms and the duration of 
silence interval between the target and reference stimuli 
was 500 ms. The participants were asked to choose an 
interval that sounded generally different from the other 
two intervals [11]. In this test, higher negative (lower) 
thresholds indicate better performance.

Quick speech-in-noise test
In the QuickSIN test, five sentences are presented 

at different Signal-to-Noise Ratios (SNRs) from 
comfortable to difficult, and the person is asked to 
repeat the presented sentence. The test has 3 equivalent 
and stable lists. In this study, lists 1 and 2 were used 
for the left and right ears randomly. By maintaining the 
SNRs, they were presented through the headphone at 
a comfortable level using Adobe audition software in 
a coherent manner (signal and noise to one ear). In all 
tests, the loudness of the stimuli was 50 dB higher than 
the individual’s hearing threshold [24].

Statistical analysis
Data analysis was performed in SPSS v.17. The 

significant level was set at 0.05. Descriptive statistics 
(mean, standard deviation, and percentage) were used 
to describe the data. Levene’s test was used to examine 
the homogeneity of variance, and the Shapiro-Wilk test 
was used to evaluate the normality of data distribution. 
A multivariate test (ANOVA) was used to compare the 
two groups of control and experience. Independent t-test 
was used to compare the mean score of SMDT, PPST 
and RGDT between control and experimental groups. 
Paired t-test was used to compare the results between 
the left and right ears. Spearman correlation test was 
used to determine the correlation between QuickSIN test 
and PPTS, between QuickSIN and RGDT, and between 
QuickSIN and SMDT scores. Lower scores in this test 
indicate a better speech perception in the presence of 
noise.
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Results

This study compared temporal and spectral auditory 
processing abilities of 15 patients with stroke and 30 
healthy individuals. The mean SMDT, PPST and RGDT 
scores in both groups are presented in Table 1. There 
was a significant difference in the mean scores between 
the two groups (p<0.001). People with stroke had lower 
scores than healthy people. The results showed no 
significant difference in the mean scores between the 
two ears in any groups (p<0.05). The mean score of the 
QuickSIN test in experience group was significantly 
different from the control group (Table 1). Also, there 
was no significant difference in the QuickSIN test 
scores between the right and left ears in the two groups 
(p>0.05). The correlation between the scores of SMDT, 
PPST and RGDT with QuickSIN test score in two groups 
was examined separately. Spearman test was used to 
examine the correlation (Table 2). As can be seen, there 
was a strong correlation between the scores of SMDT, 
PPST, and RGDT and the QuickSIN test score in the 
right ear of control group. The results in experience 

group showed a moderate correlation between the right-
ear QuickSIN test score and the left-ear PPST score, and 
a moderate correlation between the left-ear QuickSIN 
test score and the right-ear PPST and RGDT scores 
(Table 2).

Discussion

Stroke can cause central auditory processing disorder 
in addition to various auditory system disorders such as 
tinnitus and vertigo. To investigate the effects of stroke 
on temporal and spectral processing abilities, we used 
RGDT, PPST, SMDT and QuickSIN tests in this study 
and the results were compared between control group 
and experimental group.

In the PPST, the mean score in the control group was 
90.75% for the right ear and 88.29% for the left ear. In 
the experimental group, the score was 74.45% for the 
right ear and 76.83% for the left ear, which indicates 
poor performance in pitch pattern sequencing in this 
group. The comparison showed a significant difference 

Table 1. Comparison of the mean score of the pitch pattern, gap detection, and spectral modulation detection test and quick speech in 
noise test for left and right ears between control and experience groups 
 

  Mean(SD)  

Variable  Experience Control p 

PPST 
Right 74.45(13.98) 90.75(9.77) <0.001 

Left 76.83(11) 88.29(10.75) <0.001 

RGDT 

500 Hz 19.67(8.75) 10.57(4.47) <0.001 

1000 Hz 17.33(8.63) 9.30(4.30) <0.001 

2000 Hz 15.33(6.67) 8.70(4.79) <0.001 

4000 Hz 17.67(5.30) 8.93(5.48) <0.001 

SMDT 

Right 
0.5 Hz –5.26(3.66) –12.20(4.96) <0.001 

4 Hz –3.46(3.34) –12.78(5.88) <0.001 

Left 
0.5 Hz –4.55(2.65) –12.19(5.38) <0.001 

4 Hz –3.79(3.28) –12.19(5.18) <0.001 

QuickSIN 
Right 4.23(4.16) –0.35(1.86) <0.001 

Left 4.43(4.21) –0.28(1.74) <0.001 

PPST; pitch pattern sequencing test, RGDT; random gap detection test, SMDT; spectral modulation detection test, 
SIN; speech in noise 

 
 
 
 
 
  

Table 1. Comparison of the mean score of the pitch pattern, gap detection, spectral modulation detection test and quick 
speech in noise test for left and right ears between control and experience groups
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between control group and experimental group for 
both ears. In the study by Foxton et al. on 10 adults 
with congenital amusia, it was seen that the ability to 
describe pitches decreased and there were deficits in 
the perception of pitch patterns, which can be caused 
by incomplete processing in the cerebral cortex [9]. 
This is consistent with our results, indicating a deficit 
in the temporal processing in people with stroke. The 
results of Bamio et al.’s study on 8 people with a history 
of stroke showed poor temporal processing using the 
duration pattern test and PPST [6]. The results of Jafari 
et al.’s study on patients with right- and left-brain stroke 
showed that in all stroke patients, the performance of 
temporal processing decreased which was greater in the 
ear opposite to the affected hemisphere [17]. The results 
of the present study are consistent with these studies.

In the SMDT using the SM densities of 0.5 and 4 
cycles per octave, the results showed that the ability to 
detect SM in both densities and in both right and left ears 
in experience group was lower than incontrol group, 
indicating poor performance of experimental group 
in spectral processing. No similar study was found on 

SM detection in people with stroke, but other studies 
have examined the ability to detect SM in a variety 
of groups, including healthy children, children with 
hearing loss, healthy adults, hearing-impaired adults, 
and cochlear implant users [9, 14, 21, 24]. Studies on the 
SM sensitivity in individuals with hearing impairment 
and cochlear implant users indicated impaired SM 
sensitivity in their auditory system. They had poor 
performance in speech recognition, especially in noise. 
Impaired phase locking, reduced frequency selectivity, 
and temporal fine-structure damage were reported as the 
causes of decreased SM sensitivity in these individuals 
[22, 23]. Botticelli et al. conducted a study on 19 
children and adolescents with stroke to investigate their 
central auditory processing ability using behavioral 
and electrophysiological tests. Based on their findings, 
children and adolescents with stroke had lower scores in 
these tests compared to the controls, which is consistent 
with the results of the present study [14].

The QuickSIN test was used in this study to evaluate 
the ability of participants to understand speech in noise. 
The findings showed a significant difference between 

Table 2. Correlation of quick speech in noise test with pitch pattern, gap detection, and spectral modulation detection test in control and 
experience groups 
 

 
Control group  Experience group 

QuickSIN (R) QuickSIN (L)  QuickSIN (R) QuickSIN (L) 

Variable r(p) r(p)  r(p) r(p) 

PPST 
Right -0.568(<0.001) -0.638(<0.001)  -0.215(0.441) -0.562(0.029) 

Left -0.616(<0.001) -0.639(<0.001)  -0.501(0.057) -0.267(0.336) 

SMDT 

Right 
0.5 Hz -0.631(<0.001) -0.301(0.106)  0.080(0.776) -0.149(0.596) 

4 Hz -0.411(0.024) -0.347(0.060)  -0.029(0.919) -0.231(0.407) 

Left 
0.5 Hz -0.511(0.004) -0.290(0.120)  0.115(0.683) -0.251(0.367) 

4 Hz 0.674(<0.001) -0.608(<0.001)  0.072(0.800) -0.123(0.662) 

RGDT 

500 Hz 0.817(<0.001) 0.656(<0.001)  0.003(0.991) 0.577(0.024) 

1000 Hz 0.492(0.006) 0.502(0.005)  0.116(0.681) 0.459(0.085) 

2000 Hz 0.515(0.004) 0.346(0.061)  0.162(0.565) 0.579(0.024) 

4000 Hz 0.705(<0.001) 0.623(<0.001)  0.290(0.294) 0.531(0.042) 

QuickSIN; quick speech in noise, R; right ear, L; left ear, PPST; pitch pattern sequence test, SMDT; spectral 
modulation detection test, RGDT; Random gap detection test  

 
 

 

Table 2. Correlation of quick speech in noise test with pitch pattern, gap detection, and spectral modulation detection test in 
control and experience groups
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experimental group and control group in their ability 
to understand speech in noise. In this test, experimental 
group achieved a 50% speech recognition score at higher 
SNRs, which increased as the test became more difficult 
(reduced SNRs). Raymer et al., in a study on the speech 
perception in noise of people with aphasia, concluded 
that this ability in these people is impaired and can 
be improved with Trivia Game [15]. Their results are 
consistent with our results.

In the present study RGDT, SMDT, PPST, and 
QuickSIN tests in both ears were performed separately 
and their results were compared. Findings showed no 
significant difference between the two ears in the two 
groups. Furthermore,the results of the present study 
about the correlation of temporal and spectral processing 
abilities with speech perception in noise in control group 
showed a strong correlation between them. In other 
words, encoding spectral and temporal clues is important 
in auditory processing related to speech perception. 
It seems that distorted representations of spectral 
and temporal clues in the auditory system can lead to 
speech perception in noise problems. Evaluation of the 
correlation between temporal and spectral processing 
levels and the QuickSIN test score in experimental 
group showed a moderate correlation between the right-
ear QuickSIN test and left-ear PPST scores and between 
the left-ear QuickSIN and right-ear PPT scores. There 
was also a moderate correlation between the RGDT 
(at all frequencies) and left-ear QSIN test scores. 
Changes in the correlation level between different tests 
in experimental group can be due to differences in the 
variety and extent of the lesion in different patients. 
However, further studies using a larger sample size 
of people with stroke and examining other hearing 
processes along with temporal and spectral processing 
abilities are needed.

Based on the findings, the auditory problems caused 
by stroke are different depending on the extent of the 
auditory system involvement and the location of the 
brain damage. According to the findings of the present 
study, it seems that a deficit in the processing of spectral 
and temporal clues in the hearing system of people with 
a history of stroke can be a possible cause of their speech 
perception in noise. Difficulty in extracting spectral 
and temporal cues can lead to increased challenges 
in understanding speech in noisy environments [19]. 

In addition, weaker performance in central auditory 
processing tests indicates impairment in hearing 
performance, which has a significant impact on people’s 
daily lives. As the limitations of this study, the exact 
location of lesions in stroke patients was not known in 
their medical records, and it was not possible to examine 
other spectral and temporal processing abilities due 
to the limited time of the tests and the tiredness of the 
participants.

Conclusion

Experimental group have poorer performance in 
random gap detection test, pitch pattern sequencing test, 
spectral modulation detection test, and quick speech in 
noise tests compared to control group. This can be due 
to the inability of the auditory system to encode and 
integrate spectral and temporal cues. Since the used 
temporal and spectral processing tests have non-verbal 
content, they are less dependent on cognitive processes 
and are easily applicable to individuals regardless of 
their academic and cognitive performance. Therefore, 
the use of these tests is recommended in the battery 
of tests for measuring auditory processing disorder of 
people with a history of stroke.

Ethical Considerations

Compliance with ethical guidelines

This study has received approval from the ethics 
committee of the University of Social Welfare 
and Rehabilitation Sciences (Code: IR.USWR.
REC.1399.252).

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or non-profit sectors.

Authors’ contributions

FMAA: Study design, acquisition of data, 
interpretation of the results, drafting the manuscript; 
SM: Study concept and design, interpretation of 
the results, administrative, technical support, study 
supervision; PJA: Analysis and interpretation of data, 
study supervision; EB: Statistical analysis.



241

Comparison of Spectral and Temporal…

241Aud Vestib Res. Summer 2024;33(3):235-242

Conflict of interest

There are no competing financial interests.

Acknowledgments

The authors would like to thank the Clinical Research 
Development Center of Rofeideh Rehabilitation Hospital 
in Tehran and neurology clinic of Imam Khomeini 
Hospital in Mahallat for their support. We would also 
like to thank the patients participated in this study.

References

1. Feigin VL, Lawes CM, Bennett DA, Anderson CS. Stroke 
epidemiology: a review of population-based studies of 
incidence, prevalence, and case-fatality in the late 20th 
century. Lancet Neurol. 2003;2(1):43-53. [DOI:10.1016/
s1474-4422(03)00266-7]

2. Häusler R, Levine RA. Auditory dysfunction in stroke. Acta 
Otolaryngol. 2000;120(6):689-703. [DOI:10.1080/00016480
0750000207]

3. Jauch EC, Saver JL, Adams HP Jr, Bruno A, Connors JJ, 
Demaerschalk BM, et al. Guidelines for the early management 
of patients with acute ischemic stroke: a guideline for 
healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2013;44(3):870-947. 
[DOI:10.1161/STR.0b013e318284056a]

4. Chamorro Á, Meisel A, Planas AM, Urra X, van de Beek 
D, Veltkamp R. The immunology of acute stroke. Nat Rev 
Neurol. 2012;8(7):401-10. [DOI:10.1038/nrneurol.2012.98]

5. Koohi N, Vickers D, Chandrashekar H, Tsang B, Werring D, 
Bamiou DE. Auditory rehabilitation after stroke: treatment of 
auditory processing disorders in stroke patients with personal 
frequency-modulated (FM) systems. Disabil Rehabil. 
2017;39(6):586-93. [DOI:10.3109/09638288.2016.1152608]

6. Bamiou DE, Musiek FE, Stow I, Stevens J, Cipolotti L, 
Brown MM, et al. Auditory temporal processing deficits in 
patients with insular stroke. Neurology. 2006;67(4):614-9. 
[DOI:10.1212/01.wnl.0000230197.40410.db]

7. Bamiou DE, Werring D, Cox K, Stevens J, Musiek FE, Brown 
MM, et al. Patient-reported auditory functions after stroke 
of the central auditory pathway. Stroke. 2012;43(5):1285-9. 
[DOI:10.1161/STROKEAHA.111.644039]

8. Moore DR. Auditory processing disorders: acquisition 
and treatment. J Commun Disord. 2007;40(4):295-304. 
[DOI:10.1016/j.jcomdis.2007.03.005]

9. Foxton JM, Dean JL, Gee R, Peretz I, Griffiths TD. 
Characterization of deficits in pitch perception underlying 

‘tone deafness’. Brain. 2004;127(Pt 4):801-10. [DOI:10.1093/
brain/awh105]

10. Kirby BJ, Browning JM, Brennan MA, Spratford M, 
McCreery RW. Spectro-temporal modulation detection 
in children. J Acoust Soc Am. 2015;138(5):EL465-8. 
[DOI:10.1121/1.4935081]

11. Lotfi Y, Moossavi A, Afshari PJ, Bakhshi E, Sadjedi H. 
Spectro-temporal modulation detection and its relation to 
speech perception in children with auditory processing 
disorder. Int J Pediatr Otorhinolaryngol. 2020;131:109860. 
[DOI:10.1016/j.ijporl.2020.109860]

12. Koohi N, Bamiou DE. Hearing Screening Protocol for 
Stroke Patients. Hear J. 2020;73(1):42-3. [DOI:10.1097/01.
HJ.0000651568.67613.b0]

13. Mellon L, Brewer L, Hall P, Horgan F, Williams D, Hickey 
A, et al. Cognitive impairment six months after ischaemic 
stroke: a profile from the ASPIRE-S study. BMC Neurol. 
2015;15:31. [DOI:10.1186/s12883-015-0288-2]

14. Berticelli AZ, Bueno CD, Rocha VO, Ranzan J, Riesgo 
RDS, Sleifer P. Central auditory processing: behavioral 
and electrophysiological assessment of children and 
adolescents diagnosed with stroke. Braz J Otorhinolaryngol. 
2021;87(5):512-20. [DOI:10.1016/j.bjorl.2019.10.010]

15. Raymer AM, Sandberg HM, Schwartz KS, Watson GS, 
Ringleb SI. Treatment of Auditory Processing in Noise 
in Individuals with Mild Aphasia: Pilot Study. Clin 
Arch Commun Disord. 2019;4;53-9. [DOI:10.21849/
cacd.2019.00087]

16. Chi T, Gao Y, Guyton MC, Ru P, Shamma S. Spectro-
temporal modulation transfer functions and speech 
intelligibility. J Acoust Soc Am. 1999;106(5):2719-32. 
[DOI:10.1121/1.428100]

17. Jafari Z, Esmaili M, Delbari A, Mehrpour M, Mohajerani MH. 
Auditory Temporal Processing Deficits in Chronic Stroke: A 
Comparison of Brain Damage Lateralization Effect. J Stroke 
Cerebrovasc Dis. 2016;25(6):1403-10. [DOI:10.1016/j.
jstrokecerebrovasdis.2016.02.030]

18. Musiek FE, Pinheiro ML. Frequency patterns in cochlear, 
brainstem, and cerebral lesions. Audiology. 1987;26(2):79-
88.

19. Shinn JB. Temporal processing: the basics. Hear J. 
2003;56(7):52. [DOI:10.1097/01.HJ.0000292557.52409.67]

20. Owens D, Campbell P, Liddell A, DePlacido C, Wolters M. 
Random gap detection test: a useful measure of auditory 
ageing. Queen Margaret University Edinburgh, University of 
Edinburgh [Acesso em: 14/06/2009] Disponível em: http://
www cs stir ac uk/~ kjt/research/match/resources/documents/
efas07-owens pdf. 2007.

https://doi.org/10.1016/s1474-4422(03)00266-7
https://doi.org/10.1016/s1474-4422(03)00266-7
https://doi.org/10.1080/000164800750000207
https://doi.org/10.1080/000164800750000207
https://doi.org/10.1161/str.0b013e318284056a
https://doi.org/10.1038/nrneurol.2012.98
https://doi.org/10.3109/09638288.2016.1152608
https://doi.org/10.1212/01.wnl.0000230197.40410.db
https://doi.org/10.1161/strokeaha.111.644039
https://doi.org/10.1016/j.jcomdis.2007.03.005
https://doi.org/10.1093/brain/awh105
https://doi.org/10.1093/brain/awh105
https://doi.org/10.1121/1.4935081
https://doi.org/10.1016/j.ijporl.2020.109860
https://journals.lww.com/thehearingjournal/Fulltext/2020/01000/Hearing_Screening_Protocol_for_Stroke_Patients.10.aspx
https://journals.lww.com/thehearingjournal/Fulltext/2020/01000/Hearing_Screening_Protocol_for_Stroke_Patients.10.aspx
https://doi.org/10.1186/s12883-015-0288-2
https://doi.org/10.1016/j.bjorl.2019.10.010
https://digitalcommons.odu.edu/cgi/viewcontent.cgi?article=1059&context=cdse_pubs
https://digitalcommons.odu.edu/cgi/viewcontent.cgi?article=1059&context=cdse_pubs
https://doi.org/10.21849/cacd.2019.00087
https://doi.org/10.21849/cacd.2019.00087
https://doi.org/10.1121/1.428100
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.02.030
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.02.030
https://journals.lww.com/thehearingjournal/fulltext/2003/07000/Temporal_processing__The_basics.10.aspx


242

Molla Ali Akbari et al. 

242 Aud Vestib Res. Summer 2024;33(3):235-242

21. Chowsilpa S, Bamiou DE, Koohi N. Effectiveness of 
the Auditory Temporal Ordering and Resolution Tests to 
Detect Central Auditory Processing Disorder in Adults with 
Evidence of Brain Pathology: A Systematic Review and Meta-
Analysis. Front Neurol. 2021;12:656117. [DOI:10.3389/
fneur.2021.656117]

22. Bernstein JG, Mehraei G, Shamma S, Gallun FJ, Theodoroff 
SM, Leek MR. Spectrotemporal modulation sensitivity as 
a predictor of speech intelligibility for hearing-impaired 
listeners. J Am Acad Audiol. 2013;24(4):293-306. 
[DOI:10.3766/jaaa.24.4.5]

23. Mehraei G, Gallun FJ, Leek MR, Bernstein JG. 
Spectrotemporal modulation sensitivity for hearing-impaired 
listeners: dependence on carrier center frequency and the 
relationship to speech intelligibility. J Acoust Soc Am. 
2014;136(1):301-16. [DOI:10.1121/1.4881918]

24. Moossavi A, Javanbakht M, Arbab Sarjoo H, Bakhshi 
E, Mahmoodi Bakhtiari B, Lotfi Y. Developmentand 
Psychometric Evaluation of Persian version of the Quick 
Speech in Noise Test in Persian Speaking 18-25 Years Old 
Normal Adults. Journal of Rehabilitation Sciences and 
Research. 2016;3(3):51-6. [DOI:10.30476/jrsr.2016.41099]

https://doi.org/10.3389/fneur.2021.656117
https://doi.org/10.3389/fneur.2021.656117
https://doi.org/10.3766/jaaa.24.4.5
https://doi.org/10.1121/1.4881918
https://doi.org/10.30476/jrsr.2016.41099

	Comparison of Spectral and Temporal Processing Abilities between Adults with Stroke and Healthy Peer
	A B S T R A C T 
	Keywords
	Introduction
	Methods
	Measures 
	Pitch pattern sequencing test 
	Random gap detection test 
	Quick speech-in-noise test 
	Statistical analysis 


	Results
	Discussion
	Conclusion
	Ethical Considerations 
	Compliance with ethical guidelines 
	Funding
	Authors’ contributions 
	Conflict of interest 
	Acknowledgments

	References


