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ABSTRACT

Objectives: The current study sought to examine the auditory stream segregation abilities of three participant groups (moderately morning, intermediate,
and moderately evening).

Material and Methods: Sixty participants aged 18-25 with no otological complaints and normal hearing sensitivity participated in the study. Based on
the Morning-Eveningness Questionnaire, sixty participants were divided into three groups, with twenty participants in each group (moderately morning,
intermediate type, and evening type) included in the study. Using MATLAB software, a spectral profile analysis test was administered to each participant
in the morning and evening at the most comfortable level.

Results: The findings showed that there were diurnal preferences in the performance of morning and evening types, with morning types doing better
when tested in the morning and evening types performing better when evaluated in the evening. However, the intermediate type showed no discernible

diurnal impacts.

Conclusion: Low scores may be caused by poor cognitive function and a lack of inhibitory control during off-peak hours.
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INTRODUCTION

The time of day that affects a person’s capacity to execute
both mental and physical tasks is known as a diurnal
change. Every individual’s sleep-wake cycle is regulated by
a 24-hour internal clock called the Circadian rhythm. These
timing processes and the homeostatic physiology regulate
the alertness and sleepiness of human beings.! Based
on the circadian rhythm, individuals can be categorised
as morning-type (M-type), evening-type (E-type), or
intermediate (those who do not show major morning or
evening preferences) based on their circadian rhythm.
Individuals who are morning-type are more active in
the morning (early in the day), and individuals who are
evening-type are more active in the evening (late in the
day).” Research indicates that these choices have a major
impact on people’s memory, alertness, and attention.’
Numerous studies in the field of audiology have been
investigated to determine the distinctions between these

preferences by identifying the impacts through behavioural
and electrophysiological tests.*™!

For morning-type people, an electrophysiological test
employing P300 to assess diurnal shifts revealed greater
amplitude and shorter latencies, while evening-type people
exhibited the opposite results.’ Literature has shown the
effect of diurnal changes in younger adults on various
auditory processing abilities, such as dichotic listening tests
and temporal processing tests, such as gap detection tests,
duration discrimination tests, temporal modulation function
tests, and tests of differential sensitivity and temporal
resolution.”'* Also, auditory working memory and spatial
tasks in younger adults revealed similar results.* In contrast,
diurnal changes in younger adults on auditory working
memory showed no significant effects on the responses
of individuals in all three categories, ie., M-type, E-type,
and intermediate category.” Similar findings were reported
on screening tests of auditory processing, within-channel
auditory gap detection, and recall tasks.'>"
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Auditory stream segregation refers to the cognitive
process by which listeners group sounds that share similar
characteristics, distinguishing them from other, unrelated
sounds.” This process, also known as auditory streaming,
is crucial for individuals with normal hearing, especially in
environments where multiple sound sources are present,
helping to prevent the confusion of different auditory
signals.’* One important cue that facilitates auditory stream
segregation is spectral profiling. Spectral profiling allows the
listener to identify changes in the spectral characteristics
of a sound, such as when the amplitude of a component
within a complex tone is altered.”® This alteration results in a
change in timbre, which can be analysed to evaluate spectral
profiling abilities.”” Therefore, spectral profile analysis tasks
can be used to assess the sensitivity of the auditory system to
changes in the spectral composition of sounds.

Moreover, individuals with cochlear pathology or auditory
neuropathy spectrum disorder exhibited poorer spectral
profile thresholds compared to those with normal hearing.®
Previous studies have underscored the importance of factors
such as participant attention and the timing of testing in
influencing the results of audiological assessments.*”~°
In particular, research has recommended investigating
the diurnal effects—how different times of day might
affect audiological test outcomes—for more accurate and
generalisable findings.*”'® However, there is still a lack
of sufficient research evidence to understand the effect
of diurnal preferences on auditory streaming abilities in
younger adults. Given this gap, the present study aims to
investigate auditory stream segregation abilities through
spectral profile analysis in younger adults with normal
hearing. Specifically, the study’s objective was to compare
the spectral profile thresholds between morning and evening
testing sessions across three groups of participants: those
who are moderately morning, those with intermediate, and
those who are moderately evening.

MATERIAL AND METHODS

Participants

A total of sixty participants, aged 18-25 and with no
otological complaints, took part in the study. Each participant
was asked to complete the Self-assessed Morningness—
Eveningness Questionnaire'” responding based on their
personal preferences. The participants’ total scores, which
ranged from 70 to 86, were classified into the “definitely
morning” category. Scores in the following ranges were
categorised as 59-69 for “moderately morning,” 42-58 for
“intermediate,” 31-41 for “moderately evening,” and 16-30
for “definitely evening” Based on these classifications, the
sixty participants were grouped into three sub-categories:
moderately morning, intermediate, and moderately evening,
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with twenty participants in each group. Categories of
“definitely morning” and “definitely evening” were excluded
from the analysis due to the insufficient sample size in these
groups.

Instrumentation

To determine the pure-tone threshold, a bone conductor (B-71,
RadioEar, Denmark) and an acoustically matched headphone
(TDH-39, Telephonics, Farmingdale, New York (NY), United
States) were used in conjunction with a calibrated audiometer
(Piano, Inventis). With a calibrated immittance meter [Grason-
Stadler Inc. (GSI) Tympstar Pro], tympanometry and acoustic
reflex thresholds were determined. Otodynamics distortion
product (DP) Echoport otoacoustic emission instrument
(ILO292-USB-II, V6) was utilized to measure distortion
product otoacoustic emissions (DPOAEs). The spectral
profile threshold was calculated using a personal laptop
running MATLAB (R2014a) software, in which the maximum
likelihood procedure (MLP) was used.

Procedure

Pure tone audiometry was conducted to assess participants’
hearing sensitivity. For this, Telephonics Dynamic
Headphones 39 earphones, enclosed in MX 41/AR supra-
aural ear cushions, and Radio Ear B-71 bone vibrator
transducers were utilised alongside a calibrated clinical
audiometer (Inventis Padova, Italy) to determine air and bone
conduction thresholds. Participants were included in the
study if they had normal pure tone thresholds [<15 decibels
in hearing level (db HL)] for bone conduction between 250
and 4000 Hz and air conduction between 250 and 8000
Hz."® A calibrated middle ear analyser (GSI Tympstar Pro)
was used to evaluate the functioning of the middle ear. The
current study only included participants who had bilateral
“A” type tympanograms with acoustic reflexes present at
500-4000 Hz."** Also, DPOAE in both ears are present.”!
The spectral profile analysis test was administered at the
FO = 330 Hz frequency in the MATLAB software with the
psychoacoustics toolbox.”? During the test, participants
listened to three complex tones, two of which were identical
(standards). The standard stimuli consisted of five harmonics
at the same amplitude. The variable stimulus tone had a
similar harmonic structure but with the amplitude of the
third harmonic component increased, producing a different
timbre compared to the standards. Participants were asked to
identify the tone with the odd timbre in a three-alternative
forced-choice (3AFC) task, selecting the correct number
from three alternatives. Appropriate feedback was provided
after each response.

To prevent predictability, the overall level of the standard and
variable tones was randomised within a 5 dB range between
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trials. Two rising cosine ramps, spaced 10 ms apart, were used
to gate the onset and offset of the tones. Participants were
shown a total of thirty stimulus trials. The profile analysis
threshold was calculated in decibels (dB), with the MLP
applied to determine the threshold using a 79.4% criterion.
All stimuli were delivered at 60 decibel sound pressure level
(dB SPL) (sound pressure level) via supra-aural headphones
connected to a personal laptop.

Spectral profile analysis tests were conducted twice daily for
all participants: once in the morning (between 7:30 AM and
9:00 AM) and again in the evening (between 5:00 PM and
7:00 PM).

Statistical Analyses

Data were analysed using SPSS Statistics for Windows,
Version 26 (IBM Corp., Armonk, NY, USA). The Shapiro-
Wilk test of normality was first applied to assess whether
the data followed a normal distribution. Since the data were
found to be normally distributed, parametric inferential
statistics were used to analyse the results.

RESULTS

Descriptive statistics were used to calculate the mean and
standard deviation of the profile analysis thresholds for both
morning and evening test conditions across the three groups.
The results are illustrated in Figure 1.

The findings indicated that individuals in the moderately
morning group performed better in the morning compared
to the evening, while those in the moderately evening
group demonstrated superior performance in the evening.
In contrast, the intermediate group showed no significant
difference in performance between the morning and evening
testing sessions.

To determine whether these differences in performance
between the morning and evening sessions were statistically
significant, inferential statistics were conducted for all three
groups. Given that the data were normally distributed (p > 0.05),
parametric paired t-tests were performed to compare the
profile analysis thresholds for morning versus evening testing
within each group. The results of these inferential statistics
are presented in Table 1.

The paired samples t-test results revealed that for the
moderately morning group, the profile analysis thresholds
were significantly better in the morning (p < 0.05) compared
to the evening. Similarly, for the moderately evening group,
performance was significantly better in the evening (p < 0.05).
However, no significant difference was observed for the
intermediate group, as their performance in both morning
and evening sessions was similar (p > 0.05).

Spectral profile analysis
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Figure 1: Mean and standard deviation of profile analysis thresholds
for morning and evening tests across all three groups. dB: decibel.

Table 1: Results of paired samples t-test comparing the morning

and evening test results for each group.

Group tvalue Degreesof Significance
freedom value (p)

Moderately morning 2.351 19 p <0.05

Intermediate 1.899 19 p>0.05

Moderately evening 2.462 19 p<0.05

DISCUSSION

The present study revealed a significant diurnal effect on
spectral profile analysis tests. Specifically, profile analysis
thresholds were found to be better in the morning for
morning-type individuals, while evening-type individuals
performed better in the evening. In contrast, the intermediate
group exhibited no significant variation in thresholds when
tested at different times of the day. These findings are consistent
with previous literature, which has documented significant
diurnal preferences in various auditory behavioural tests.*”~'°
Studies have shown that morning-type individuals tend to
demonstrate superior auditory temporal processing skills,
dichotic listening abilities, and auditory spatial and working
memory performance in the morning, while evening-type
individuals perform better on similar tasks when evaluated in
the evening.*’-'° Diurnal effects on speech perception in noise
have also been observed in previous studies."! Furthermore,
electrophysiological measures such as P300 latency and
amplitude for tonal stimuli have shown similar diurnal effects.’

However, some studies have reported no significant diurnal
effects in certain auditory processing tasks, such as within-
channel auditory gap detection, auditory processing
screening tests, and recall tasks.>'>"* These differences may
be attributed to variations in the nature of the tasks or
differences in methodology.
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One possible explanation for the diurnal effects observed
in spectral profile analysis could be related to individual
variations in circadian arousal levels during different
cognitive tasks.**% Morning-type individuals tend to
feel more alert and perform better in the morning, often
preferring to engage in work or exercise during this time.
Conversely, evening-type individuals generally experience
their peak alertness in the late afternoon or evening, leading
to better performance in tasks during this period.

Another potential explanation for these diurnal effects is
inhibitory control, which plays a crucial role in cognitive
functions such as working memory, speech comprehension,
and selective attention.”® It is reported that inhibitory
control is less effective during off-peak hours, which could
contribute to poorer performance on spectral profile analysis
tests during these times.”

In contrast, the intermediate group, lacking a distinct
peak in arousal, showed no significant diurnal variation in
their performance. This suggests that psychoacoustic test
outcomes might be influenced by variations in inhibitory
control depending on the time of day when testing
occurs.”’1%% Additionally, factors such as sleep patterns,
levels of exhaustion, and general alertness at different times
of day may further impact the results of psychoacoustic tests.

CONCLUSION

This study aimed to investigate the impact of diurnal
variations on spectral profile analysis tests in morning-,
evening-, and intermediate-type individuals with normal
hearing. The results demonstrated a significant diurnal
effect, with morning-type individuals outperforming in
the morning and evening-type individuals showing better
performance in the evening. No diurnal effect was observed
for the intermediate group. The findings suggest that poor
cognitive performance and reduced inhibitory control during
oft-peak hours could account for poorer test scores at those
times. Therefore, diurnal variations should be considered
as a potential extraneous variable in future research on
psychoacoustic tests in younger adults.

Ethical approval: The research/study approved by the Institutional
Ethics Committee at All India Institute of speech and hearing,
number SH/AIISH/ERB/2024-25/32, dated 05th June 2024.
Declaration of patient consent: The authors certify that they have
obtained all appropriate patient consent.

Financial support and sponsorship: Nil.

Conflicts of interest: There are no conflicts of interest.

Use of artificial intelligence (AI)-assisted technology for manuscript
preparation: The authors confirm that there was no use of artificial
intelligence (AI)-assisted technology for assisting in the writing or
editing of the manuscript and no images were manipulated using AL

Annals of Otology and Neurotology « 2025 « 6(¢015) | 4

REFERENCES

10.

11.

12.

13.

14.

15.

16.

Goel N, Basner M, Rao H, Dinges DE. Circadian Rhythms,
Sleep Deprivation, and Human Performance. Prog Mol Biol
Transl Sci 2013. [Last accessed 4 May 2025]. Available from:
https://www.sciencedirect.com/science/article/pii/B978012
3969712000075

Giannotti F, Cortesi F, Sebastiani T, Ottaviano S. Circadian
Preference, Sleep and Daytime Behaviour in Adolescence. |
Sleep Res 2002;11:191-9

MacKenzie CA. Time of Day Effects on the Performance
on the Screening Test of Auditory Processing. 2000. [Last
accessed 4 May 2025]. Available from: https://commons.und.
edu/theses/973

Bhattacharyya R, Upadhya SS, Jargar R, Kv N. Exploring the
Consequences of the Diurnal Preference on Auditory Spatial
and Working Memory Tasks. Biol Rhythm Res 2023;54:548-62.
Huang J, Katsuura T, Shimomura Y, Iwanaga K. Diurnal
Changes of Human Cognitive Function in Response to Sound
Stimuli of Different Frequencies for Evening-Type Subjects. ]
Hum Environ Syst 2005;8:7-12.

Kerkhof GA, Korving HJ, Geest HW, Rietveld WJ]. Diurnal
Differences Between Morning-Type and Evening-Type Subjects
in Self-Rated Alertness, Body Temperature, and the Visual and
Auditory Evoked Potential. Neurosci Lett 1980;16:11-15.

Nikhil J, Megha KN, Prabhu P. Diurnal Changes in Differential
Sensitivity and Temporal Resolution in Morning-Type and
Evening-Type Individuals with Normal Hearing. World J
Otorhinolaryngol Head Neck Surg 2018;4:229-33.

Prakash P, Jayan A, Prabhu P. Effects of Diurnal Changes on
Temporal Processing in Morning-Type and Evening-Type
Individuals with Normal Hearing. Eur Arch Otorhinolaryngol
2021;278:3073-9.

Prakash P, Shivaiah C, Umashankar A, Prabhu P. Effect of Diurnal
Changes on the Auditory Working Memory in Individuals with
Normal Hearing. Neurosci Res Notes 2021;4:1-9.

Prakash P, Vismaya KP, Mahesh DS, Prabhu P. Effect of Diurnal
Changes on Dichotic Listening in Younger Adults with Normal
Hearing. ] Otol 2022;17:191-6.

Veneman CE, Gordon-Salant S, Matthews L], Dubno JR. Age
and Measurement Time-of-Day Effects on Speech Recognition
in Noise. Ear Hear 2013;34:288-99.

Ezzatian P, Pichora-Fuller MK, Schneider BA. Do Circadian
Rhythms Affect Adult Age-Related Differences in Auditory
Performance? Can ] Aging 2010;29:215-21.

Petros TV, Beckwith BE, Anderson M. Individual Differences
in the Effects of Time of Day and Passage Difficulty on Prose
Memory in Adults. Br ] Psychol 1990;81:63-72.

Bregman AS. Auditory Scene Analysis. In Proceedings of
the 7th International Conference on Pattern Recognition
1984;168-175.

Brunstrom JM, Roberts B. Profiling the Perceptual Suppression
of Partials in Periodic Complex Tones: Further Evidence for a
Harmonic Template. ] Acoust Soc Am 1998;104:3511-9.
Banerjee N, Prabhu P. Evaluation of Auditory Stream Segregation
in Individuals with Cochlear Pathology and Auditory Neuropathy
Spectrum Disorder. Aud Vestib Res 2021;30:176-182.


https://www.sciencedirect.com/science/article/pii/B9780123969712000075
https://www.sciencedirect.com/science/article/pii/B9780123969712000075

Siddaiah et al.: Diurnal Variations should be Considered as a Potential Extraneous Variable

17.

18.

19.

20.

21.

22.

Horne JA, Ostberg O. A Self-Assessment Questionnaire to
Determine Morningness-Eveningness in Human Circadian
Rhythms. Int ] Chronobiol 1976;4:97-110.

Carhart R, Jerger JE The Preferred Method for Clinical
Determination of Pure-Tone Thresholds. ASHA 1959;24:330-45.

Jerger J. Clinical Experience with Impedance Audiometry.
Arch Otolaryngol 1970;92:311-24.

Jerger S, Jerger J. Diagnostic Value of Crossed vs Uncrossed
Acoustic Reflexes: Eighth Nerve and Brain Stem Disorders.
Arch Otolaryngol 1977;103:445-53.

Kemp DT, Ryan S, Bray P. A Guide to the Effective Use of
Otoacoustic Emissions. Ear Hear 1990;11:93-105.

Soranzo A, Grassi M. PSYCHOACOUSTICS: A Comprehensive
MATLAB Toolbox for Auditory Testing. Front Psychol
2014;5:712.

23.

24.

25.

26.

Kerkhof GA. Inter-individual Differences in the Human
Circadian System: A Review. Biol Psychol 1985;20:83-112.
Natale V, Cicogna P. Circadian Regulation of Subjective
Alertness in Morning and Evening “Types’ Pers Individ Dif
1996;20:491-7.

Schmidt C, Collette E Cajochen C, Peigneux P. A Time to
Think: Circadian Rhythms in Human Cognition. Cogn
Neuropsychol 2007;24:755-89.

May CP, Hasher L. Synchrony Effects in Inhibitory Control
Over Thought and Action. ] Exp Psychol Hum Percept Perform
1998;24:363.

How to cite this article: Siddaiah MM, Bhagyalakshmi NM, Karupaiah K,
Prabhu P. Effect of Diurnal Changes on Auditory Stream Segregation
Using Spectral Profile Analysis in Young Adults with Normal Hearing.
Ann Otol Neurotol. 2025;6:€015. doi: 10.25259/A0ONO_1_2025

Annals of Otology and Neurotology « 2025 « 6(e015) | 5



