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Introduction: The contribution of technology to the field of health is vast, both in
diagnosis and management. More so, the use of computer-based intervention has
become increasingly widespread over the past decade. Human beings experience
a decline in auditory processing and cognitive skills as they age, consistent with
deterioration of other bodily functions. In addition, speech perception abilities
in both quiet and in the presence of noise are impacted by auditory processing
abilities and cognitive skills such as working memory. This pilot study explored
the use of music as an intervention for improving these skills and employed a
computerized delivery of the intervention module.

Method: A battery of tests was carried out to assess the baseline auditory
processing and working memory skills in eight older adults between the ages of
56 and 79 years, all of whom had normal hearing. Following the assessment, a
short-term computerized music-based intervention was administered. The style
of music chosen was Carnatic classical music, a genre widely practiced in Southern
India. The intervention module involved note and tempo discrimination and was
carried out for a maximum of 10 half-hour sessions. The multi-level intervention
module was constructed and administered using Apex software. Following the
intervention, the auditory processing and cognitive skills of the participants were
reassessed to study any changes in their auditory processing and working memory
skills.

Results and discussion: There were positive changes observed in all the auditory
processing and some of the working memory abilities. This paper discusses in
detail the systematic structuring of the computerized music-based intervention
module and its effects on the auditory processing and cognitive skills in older
adults.

KEYWORDS

older adults, music-based intervention, computerized, auditory processing (AP),
cognition, working memory, intervention

1. Introduction

Technology has widely influenced health care with respect to evaluation, diagnosis,
intervention as well as rehabilitation. Currently, technology augments clinical observations
of physicians and aids in precision of diagnosis (Van Os et al., 2013; Dunkel et al., 2021; Tilli,
2021). The impact of the pandemic has been extensively felt in the follow up to hospitals
for reviews, therapy, long duration interventions, etc. It has especially impacted the older
population and people with poor health conditions due to their co-morbidities.
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Hearing loss is becoming so widespread that the World
Health Organization (2019) predicts that one in every ten people
in the world will have disabling hearing loss by 2050. They
also estimate that currently, more than 25% of people over
the age of 60 years are impacted by disabling hearing loss.
Auditory processing deficits are commonly observed in older
adults even in the absence of any hearing loss (Fiillgrabe et al.,
2015; Sardone et al, 2019). Auditory processing deficits refer
to difficulties in processing sounds in order to make sense of
the auditory information. Normal auditory processing occurs
due to the collective functioning of different mechanisms such
as auditory discrimination, temporal processing (acoustic timing
related information), and binaural processing (combining acoustic
information from both ears) (American Speech-Language-Hearing
Association, 2005). In older adults, auditory processing deficits
are commonly exhibited as difficulty understanding speech in
difficult listening situations such as talking over the phone,
noisy environments (Rodriguez et al, 1990; Boboshko et al,
2018), difficulty maintaining attention to spoken information
(Wayne et al., 2016), and asking for frequent repetitions
(American Speech-Language-Hearing Association, n.d.), among
others. Rehabilitation for people with auditory processing deficits
involves working on the affected deficit or auditory process,
environmental modifications to help improve the ease of
listening, and providing assistive listening devices to enhance the
acoustic quality.

Music has been repeatedly shown to have positive effects on
different physical and mental aspects of the human body such as
pain relief (Kumar et al., 2014), quality of sleep (Deshmukh et al.,
2009), improved concentration, reduction in anxiety (Sung et al.,
2010), and reduction in psychiatric symptoms (Lyu et al., 2018;
Schroeder et al., 2018; Tsoi et al., 2018). Likewise, music training
also has a positive impact on cognitive processes such as attention
and memory, and other auditory functions such as listening
in challenging situations (Besson et al., 2011; Strait and Kraus,
2011b). Patel (2011) proposed the OPERA hypothesis which also
suggests that music benefits the ability of speech processing. The
hypothesis states that music contributes to adaptive plasticity in the
neural networks responsible for speech understanding when five
conditions are met: there is Overlap in the neural networks between
speech and music, music requires a higher precision of Processing
from the neural networks, music elicits positive Emotions, musical
activities are Repetitive, and musical activities require high levels
of Attention. Patel (2014) also proposed the extended OPERA
hypothesis, incorporating the effects of non-linguistic music
on cognitive processes such as auditory attention and working
memory. It was proposed that these cognitive processes could
also benefit from musical training if the following conditions were
met: there existed shared neural pathways, music placed higher
demands on the cognitive processes than speech, and if music and
the cognitive processes were combined with emotion, repetition,
and attention. Hence, employing a music-based intervention
to improve auditory processing and cognitive skills may be
considered suitable.

The contribution of technology in the area of rehabilitation of
individuals with hearing difficulties has been enormous. Wireless
technology including Bluetooth and near frequency magnetic
induction are being incorporated in amplification devices and
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hearing solutions (Kim and Kim, 2014). Hearing devices such
as cochlear implants, hearing aids, and assistive listening devices
benefit from the prime technological advances made by the
industry and contribute to better quality of life of people with
hearing difficulties (Hansen et al, 2019; Corey and Singer,
2021; Fabry and Bhowmik, 2021). For children with auditory
processing deficits, there are computerized intervention programs
such as Earobics (Concepts, 1997). Computerized interventions
for auditory processing have also been studied and shown to
be effective in older adults (Vaidyanath, 2015). Other commonly
used computerized auditory training programs include the
Computerized Learning Exercises for Aural Rehabilitation, clEAR
(Tye-Murray et al, 2012), and Listening and Communication
Enhancement, LACE (Sweetow and Sabes, 2007). Softwares such
as FastForWord (Scientific Learning Corporation, 1998), Escuta
Ativa, and others® have also been used for the pediatric population.
The current study was an attempt to combine technology and
Carnatic Classical music, a genre very common in the Southern
part of India, into a music-based module to improve auditory
processing and cognitive abilities. Carnatic music was chosen, as
most older listeners in this region are exposed to and are interested
in this music genre. The study aimed to evaluate the effectiveness
of a short-term computerized intervention module which delivers
music-based stimuli and its influence on auditory processing and
working memory in this population. This program, if found
effective, can be adopted as a clinical protocol for rehabilitation of
older adults with auditory processing and working memory deficits.
In the context of the ongoing pandemic, this program can also be
delivered to vulnerable populations in the safety and comfort of
their homes, while utilizing the advantage that technology offers.

2. Materials and methods

This pilot study examines the effect of a computerized
music-based intervention module on the auditory processing and
cognitive skills of older adults. Approval from the Institutional
Ethics Committee was obtained prior to the initiation of the study.

2.1. Development and administration of the
computerized music-based intervention
module

The musical style employed in the current study was Carnatic
music, a style of Indian Classical music which emerged in Southern
India and is being performed globally. Scales consisting of 8 notes
are called Raagaas in Indian classical music. Carnatic music has
72 such fundamental scales or raagaas. These raagaas have three
notes in common—first (Sa), fifth (Pa), and eighth (Sa of the
higher octave). In this study, six such scales consisting of 8 notes
were chosen—Maayaamaalavagowla, Hemavathi, Vaachaspathi,
Gaurimanohari, Thodi, and Kaamavardhini. The latter five scales
differed from the first by five, four, three, two notes, and one note
respectively (Table 1). Each of the scales were played at a base scale

1 CTS Informatics. Escuta Ativa [Computer Software].
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of D, and in tempos ranging from 120 beats per minute (BPM) to
480 BPM, with intervals of 60 BPM. This yielded a total of 7 tempos.
A total of 42 scales were obtained (6 scales in 7 tempos). The music
for the stimuli was played by a professional violinist trained in
Carnatic music and recorded in a professional recording studio. All
the stimuli were content validated by a professional musician with
teaching and performing experience of more than 2 decades.

The interactive intervention module comprised of two
types—note discrimination and tempo discrimination. The note
discrimination task was constructed on three levels with increasing
complexity, ranging from simple to a more challenging task. The
first and second levels employed the twelve single notes, and the
task was to discriminate between them. For generating the stimuli,
scales played at a tempo of 120 BPM were chosen. The twelve octave
notes were isolated using the Adobe Audition CS5.5 software. Each
note was about 0.5 second long at this tempo.

The first level of note discrimination included pairs of single
notes that differed from each other by 10, 9, 8, or 7 semitones,
i.e., having large frequency differences, and easier to discriminate
between (e.g., Nil-Ril and Dha2-Ril). Catch trials (pairs with the
same note) were also included. This yielded 14 combinations and
10 catch trials. Participants were instructed to indicate if the two
stimuli were ‘Same’ or ‘Different’.

The second level included single notes that differed from each
other by 6, 5, and 4 semitones. The notes were arranged in sets
of three, with one of the notes differing from the other two
presented (e.g., Ril-Pa-Pa and Ni2-Ma2-Ni2). The second level had
21 combinations. Participants indicated which one of the three
stimuli were different. The first and second levels of note training
involved only single notes.

The third level of note discrimination included discrimination
of entire 8-note scales (Sa-Ri-Ga-Ma-Pa-Dha-Ni-Sa) in the 240
BPM tempo. This tempo was chosen out of the seven tempos
recorded, as it was neither too slow nor too fast to perceive. One
scale was kept constant (Maayaamaalavagowla) and repeated twice,
and the third stimuli was any one of the other five scales. For
example, the first and second stimuli may be Maayaamaalavagowla,
and the third Thodi, in which case the correct response would be
‘3. The easiest to discriminate between were Maayaamaalavagowla
and Hemavathi, as they differed by five notes, and the most
difficult to discriminate between were Maayaamaalavagowla and
Kaamavardhini, as they differed by only one note. The position
of Maayaamaalavagowla among the three stimuli was randomly
assigned by the software for each trial.

Tempo discrimination employed 8-note scales as stimuli,
similar to the stimuli used in level 3 of note discrimination. This
was constructed on two levels. The first level (Figure 1) involved
two 8-note scales in which the tempo difference between each scale
was large: 240 BPM and 300 BPM. For example, 8-note scales
with tempos of 120 BPM and 360 BPM were paired, or tempos
of 240 BPM and 480 BPM were paired, for discrimination. This
level included all six raagaas and yielded 30 combinations and 33
catch trials. Participants were instructed to indicate whether the two
were ‘Same’ or ‘Different’. The second level (Figure 2) comprised of
8-note scales differing from each other by tempos of 120 BPM and
180 BPM. Three such scales were presented in which two were of
the same tempo and one had a different tempo (e.g., 120 BPM-300
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BPM-300 BPM and 360 BPM-240 BPM-360 BPM). The tempo
differences between the scales were smaller than the first level and
had 54 combinations. Participants had to indicate which one of the
three scales presented was different.

The intervention module was structured using Apex (4.1.2),
a software commonly employed in psychoacoustical experiments,
developed by Francart et al. (2008). The inter-stimulus-interval was
maintained at 500 ms. The subsequent set of stimuli was presented
only after a response was obtained from the participants, allowing
them adequate time to reflect on the differences between the stimuli
presented. The participants were instructed to provide a response
even if they were unsure whether their response was correct. Visual
feedback was provided immediately after each response from the
participant. The software flashed a green colored ‘thumbs up’
picture for a correct response and a red colored ‘thumbs down’
picture for a wrong response. The experiments in this software were
defined using the XML format.

2.2. Participants

Eight right-handed participants (four females & four males)
between the ages of 56 and 79 years (mean 63.87 years) were
recruited for the study. Written informed consent was obtained
from each participant prior to the commencement of the study.
All the participants were native Tamil (South-Indian language)
speakers and had an education of 10 grade or higher. Their
hearing thresholds were screened using pure-tone audiometry to
ensure audibility of 25 dB HL or better in both ears between 250 Hz
and 2,000 Hz. Montreal Cognitive Assessment-Tamil (MoCA-
Tamil) was administered to confirm normal cognitive functioning
(score of >26). None of the participants had any neurological,
psychiatric, or otologic conditions at the time of study or prior to
the study. None of the participants were formally trained in any
style of music.

2.3. Procedure

All assessments and training were carried out in a quiet room
with ambient noise levels <40 dBA, as measured using the NIOSH
SLM app (version 1.2.4.60) on an Iphone SE 2020 device. The
assessment of auditory processing and cognitive skills were carried
out twice before initiation of the intervention and once after
completion. The two pre-intervention assessments were carried out
with a gap of 2 to 4 weeks between them to ensure consistency of
the baseline measurement.

The auditory processing tests assessed binaural integration
(Dichotic Digit Test in Tamil), speech perception in quiet and
noise (Tamil Matrix Sentence Test), temporal resolution (Gap-
In-Noise), temporal patterning (Duration and Pitch Pattern
tests), and temporal fine structure perception of the participants.
Prior to administration of these tests, practice trials were
provided to familiarize the participants with the task and the
response expected.

The Dichotic Digit Test in Tamil, DDT-T (Sudarsonam and
Vaidyanath, 2019) consisted of 30 trials in which two digits were
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TABLE 1 Twelve octave notes and their nomenclature in Indian and Western Classical music.
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Sa Unison X X X X X X
Ril Minor second X X X
Ri2 Major second X X X
Gal Minor third X X X
Ga2 Major third X X X
Mal Perfect fourth X X X
Ma2 Augmented X X X
fourth
Pa Perfect fifth X X X X X X
Dhal Minor sixth X X X
Dha2 Major sixth X X X
Nil Minor seventh X X X
Ni2 Major seventh X X X
Sa (Next octave) Octave X X X X X X

Each note differs from the subsequent note by a semitone. The scales chosen in this study and their differences from Maayaamaalavagowla have outlined. X denotes the notes comprised in each

of the 6 scales chosen.

[2] ApEx4

File Experiment Calibrate  Help

Different

FIGURE 1

Screenshot of Level 1 of tempo and note discrimination module of the Computerized music-based training program on the Apex 4.1.2 software.

’ Start
Stop

Pause

[ ]

presented to the right ear and two to the left ear simultaneously.
Participants were instructed to repeat all four digits, irrespective of
the order or ear of presentation. A total score out of 30 was obtained
each for single correct scores in the left and right ears, and double
correct scores (correct responses from both ears). Norms developed
by Sudarsonam and Vaidyanath (2019) in normal hearing young
adults were used in this study.

Frontiersin Computer Science
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Speech perception in quiet was assessed using Tamil Matrix
Sentence Test, TMST (Krishnamoorthy and Vaidyanath, 2018)
consisting of 24 lists with 10 sentences and with 5 words in each
sentence. These sentences were derived from a base matrix of
50 words with 10 alternates for each word. The sentences were
constructed to follow the grammatical structure of Tamil language.
For example, the English translation of a Tamil Matrix sentence
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[2] Apex4
File Experiment Calibrate Help

FIGURE 2

Screenshot of Levels 2 and 3 of note discrimination and level 2 of tempo discrimination modules of the Computerized music-based training program

on the Apex 4.1.2 software.
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is Vasu bought ten wrong bags. This prevented the participants
from deducing entire sentences from context. For assessing speech
perception in noise, these sentences were combined with multi-
talker speech babble, developed by Gnanasekar and Vaidyanath
(2019), at three Signal-noise ratios (SNRs): —5 dB SNR (speech 5
dB lower than noise), 0 dB SNR (speech and noise at equal levels),
and +5 dB SNR (speech 5 dB higher than noise). Participants
were instructed to repeat as many words of the sentence as they
could. One list was presented per ear, for each condition of sentence
recognition, and a total score out of 50 was obtained.

The Gap-In-Noise test, GIN (Musiek et al., 2005) consisted of
6s noise tokens in which small intervals of silences were embedded.
GIN was administered separately in each ear. The participants were
instructed to listen carefully and indicate when they heard a gap
in the noise. This test yielded an approximate threshold of gap
detected in ms (A.th) and a percentage correct score. Norms for
the GIN test in Indian population, reported by Aravindkumar et al.
(2012), were considered in the current study to judge whether a
person passed or failed on the test.

The Duration Pattern Test, DPT (Musiek et al., 1990) and
the Pitch Pattern Test, PPT (Musiek and Pinheiro, 1987) assessed
temporal patterning skills separately in each ear. DPT consisted
of two pure-tones of different lengths. These were arranged in
sets of three (e.g., long-long-short, or short-long-short) and the
participants were instructed to report the pattern heard during each
trial. PPT involved two pure tones of high and low pitches. They
were arranged in a similar manner as DPT and the participants
were to report the pattern heard (e.g., high-low-low, or low-high-
low). Scores out of 30 were recorded for both DPT and PPT. Cut off
scores obtained by Gauri (2003) were used for DPT and the norms
given by Tiwari (2003) were considered for PPT.

TFS1 (Moore and Sek, 2009) was a software developed to assess
monaural temporal fine structure perception. Two fundamental
frequencies (FOs) were chosen — 222Hz and 94 Hz, similar to
Moore et al. (2012), and were used to test Temporal Fine Structure
perception abilities in the two ears separately. The software
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presented two stimuli and the participants were instructed to
indicate which of the stimuli they found to be fluctuating. The
software employed an adaptive procedure, which, if the participant
was able to complete, yielded a result in Hz. This was the minimum
frequency fluctuation that was perceived by the participant. If
they were unable to complete the adaptive procedure, the software
provided a score out of 40. For the purpose of statistical analysis,
this was converted to Hz as delineated by Moore et al. (2012) and
using the detectability index d’ standard tables provided by Hacker
and Ratcliff (1979). The norms obtained by Moore et al. (2012) were
used in the current study.

The cognitive tests were carried out using the Smriti Shravan
software (version 3.0) developed at the All India Institute of Speech
and Hearing, Mysuru, India. This software is a customized platform
to assess auditory and visual memory. The cognitive tests included
forward digit span, backward digit span, running span, N-back, and
operation span tests which assessed auditory attention, sequencing,
and working memory. These tests were administered binaurally.
The stimuli for the cognitive tests were the Tamil digits used in
the TMST, which were fed into the software. In the forward digit
span test, a series of digits were presented, and the participants were
instructed to repeat the digits in the same order as was presented.
In the backward span, the participants were instructed to repeat
the digits presented in the reverse order of presentation. Initially,
two numbers were presented and if repeated correctly, the software
presented three numbers and so on. A one-up one-down adaptive
procedure was followed and eight reversals were employed. The
final span obtained was an average of the final three reversals.

In the N-back test, a 2-back task was carried out. This entailed
the participants to repeat the penultimate number heard of the set
of numbers presented. In the running span, 2-span was employed,
and the participants were asked to repeat the final two numbers
presented. Scores out of 20 were obtained for both N-back and
running span tests. Operation span alternated presentations of a
simple arithmetic equation (timed to complete within 3 seconds)
and a number displayed on the screen. The participant had to
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indicate ‘true’ or ‘fals¢’ to the solution for the equation and
then memorize and repeat the numbers displayed, in the correct
order. The software yielded a percentage score for the arithmetic
task (secondary task), an All-or-None Score Weighted (ANSW)
indicating the order and correctness of the response, and a Partial
Credit Score Weighted (PCSW) indicating whether the correct
numbers were repeated at all.

In addition to the tests of auditory processing and working
memory, the Screening checklist for Auditory Processing in Adults,
SCAP-A (Vaidyanath and Yathiraj, 2014) and Noise Exposure
Questionnaire (Johnson et al.,, 2017) were also administered. A
score of >4 out of 12 indicated a risk of auditory processing deficit
on the SCAP-A. None of the participants were found to have any
history of noise exposure in the past 12 months as noted on the
Noise Exposure Questionnaire.

Following the second baseline assessment, the participants
began the intervention module. The intervention was provided
for 10 sessions (half an hour duration) over a period of 3
weeks. Each session consisted of 15min each of note and
tempo discrimination. The software provided the participants
with feedback about the correctness of each response. Each
level was repeated until the participants obtained at least 80%
score, after which they progressed to the next level. If there
was no improvement in performance in any of the levels
during three consecutive sessions, training was discontinued.

10.3389/fcomp.2023.1158046

The number of sessions of training administered ranged from
five to ten for the eight participants reported in this study
(Table 2). Immediately after the intervention concluded, a post-
intervention assessment of auditory processing and cognitive skills
was carried out.

All the assessment and training stimuli were administered
using calibrated Sennheiser HD280 Pro supra-aural headphones
from a laptop with Intel(R) Core (TM) i5-6200U CPU processor
@ 230 GHz and 8 GB RAM at an intensity level of 70
dB SPL. The pre-intervention and post-intervention assessment
values were tabulated on a Microsoft Excel 365 worksheet.
Statistical analysis was carried out using IBM SPSS Statistics 21
software. A Shapiro-wilk test was carried out to assess normality
among the obtained data. As the data were found to be not
normally distributed, and the sample size was also small, non-
parametric tests (Wilcoxon Signed Ranks Test) were carried out
to compare the performances of the participants before and after
the intervention.

3. Results

The study examined the effects of a computerized music-
based intervention module on the auditory processing and working
memory abilities of older adults. This was a pilot study to an

TABLE 2 Session wise performance of the participants on note and tempo discrimination modules of the music-based intervention.

Session Module Participants (Performance in %)
3 4 5 6
1 Note 99.53 (1) 96.75 (1) 68.98 (1) 92.12(1) 95.37 (1) 98.61 (1) 98.14 (1) 95.83 (1)
Tempo 98.48 (1) 100.00 (1) 98.48 (1) 88.63 (1) 94.69 (1) 100.00 (1) 96.21 (1) 100.00 (1)
2 Note 93.51 (2) 89.88 (2) 65.74 (1) 91.07 (2) 83.33(2) 94.64 (2) 97.02 (2) 94.64 (2)
Tempo 98.80 (2) 100.00 (2) 83.33(2) 86.11 (2) 82.40 (2) 98.14 (2) 91.66 (2) 97.22 (2)
3 Note 79.00 (3) 51.00 (3) 89.81 (1) 50.00 (3) 63.00 (3) 89.00 (3) 65.00 (3) 54.00 (3)
Tempo 97.22 (2) 96.29 (2) 83.33(2) 78.70 (2) 80.55 (2) 97.22 (2) 98.14 (2) 90.74 (2)
4 Note 78.00 (3) 59.00 (3) 50.00 (2) 53.00 (3) 65.00 (3) 90.00 (3) 80.00 (3) 80.00 (3)
Tempo 92.59 (2) 98.14 (2) 93.51 (2) 71.29 (2) 79.62 (2) 98.14 (2) 94.44 (2) 95.37 (2)
5 Note 93.00 (3) 67.00 (3) 40.00 (2) 54.00 (3) 71.00 (3) 98.00 (3) 80.00 (3) 82.00 (3)
Tempo 100.00 (2) 100.00 (2) 92.59 (2) 84.25(2) 85.18 (2) 99.07 (2) 99.07 (2) 100.00 (2)
6 Note 88.00 (3) 82.00 (3) 32.00 (2) 73.00 (3) 91.00 (3) 80.00 (3)
Tempo 96.29 (2) 100.00 (2) 89.81 (2) 74.07 (2) 100.00 (2) 100.00 (2)
7 Note 82.00 (3) 87.00 (3) 65.00 (3)
Tempo 98.14 (2) 98.14 (2) 90.74 (2)
8 Note 93.00 (3) 75.00 (3)
Tempo 98.14 (2) 90.74 (2)
9 Note 85.00 (3)
Tempo 84.25(2)
10 Note 73.00 (3)
Tempo 100.00 (2)
Training level during each session is mentioned in brackets.
Frontiers in Computer Science 06 frontiersin.org
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TABLE 3 Median and quartiles (Q1 & Q3) for scores obtained on the tests of auditory processing and working memory for the two pre-intervention
assessments and Wilcoxon Signed Ranks test results comparing the two pre-intervention assessments.

Assessment Pre-Intervention 1 Pre-Intervention 2 Wilcoxon
Signed
Ranks test
Median Q3 Median Q1 Z
DDT (max 30) Single correct right 29.00 28.63 29.88 29.00 27.50 29.50 1.27 20
Single correct left 25.25 24.13 28.25 23.50 22.63 26.75 1.80 07
Doubt correct 20.00 16.00 25.75 15.50 14.00 23.50 1.26 21
Speech in noise Right -5 dB SNR 21.50 17.50 23.00 24.50 17.75 29.00 1.56 12
(max 50)
0 dB SNR 4350 38.25 45.00 40.50 37.00 46.00 1.19 23
5dB SNR 46.00 43.50 47.50 45.50 4275 4875 0.10 92
Left -5 dB SNR 20.00 17.00 23.00 19.00 15.75 29.00 0.34 73
0dB SNR 42.00 37.50 46.25 41.50 38.50 43.00 0.63 53
5 dB SNR 46.00 44.50 46.75 44.50 44.00 46.00 1.55 12
GIN Right A.th (ms) 10.00 8.50 12.00 10.00 8.50 10.00 1.34 18
% correct 38.30 30.83 51.20 40.80 38.30 49.95 1.35 18
Left A.th (ms) 10.00 8.00 10.00 10.00 8.00 10.00 0.44 65
% correct 41.65 38.30 55.35 44.95 3538 54.15 0.07 94
DPT (max 30) Right 26.00 2225 27.00 27.50 26.00 28.00 1.91 .06
Left 26.00 25.25 27.00 27.50 24.00 29.00 0.51 61
PPT (max 30) Right 25.50 16.00 29.25 27.00 17.75 28.75 1.51 13
Left 27.00 19.25 29.75 26.50 18.25 28.00 113 26
TESI Right 222 Hz FO 166.50 166.50 166.50 166.50 166.50 166.50 1.00 32
94 Hz FO 70.50 70.50 70.50 70.50 70.50 70.50 0.00 1.00
Left 222 Hz FO 166.50 166.50 166.50 166.50 166.50 166.50 1.00 32
94 Hz FO 70.50 70.50 70.50 70.50 70.50 70.50 1.00 32
Forward span (max 9) 6.00 5.00 6.00 6.00 5.25 6.00 0.81 41
Backward span (max 9) 4.50 4.00 6.00 5.00 425 5.00 0.37 71
N-back (max 20) 19.00 16.25 20.00 19.00 18.00 19.75 0.95 34
Running span (max 20) 19.00 17.25 20.00 19.00 18.25 19.00 0.00 1.00
Operation span ANSW (max 1) 0.22 0.00 0.71 031 0.00 0.68 0.00 1.00
PCSW (max 1) 0.81 0.63 0.96 0.84 0.65 0.94 0.74 46
Secondary task (max 100) 75.00 36.11 91.66 83.34 40.28 94.43 121 22

ongoing research work and hence the results of a limited sample
have been reported. The Wilcoxon Signed Ranks Test was carried
out between the pre-intervention baseline 1 and baseline 2, in order
to verify that there was no change in the performances of the
participants before the intervention was provided. No significant
differences were found between the two baseline assessments in any
of the tests of auditory processing and working memory (Table 3).
Hence, for further analyses, the pre-intervention baseline 1 was
considered for comparison with the post-intervention assessment.

The Wilcoxon Signed Ranks test comparing the difference
in performance between the two ears showed a significantly
better performance in the right ear compared to the left
in DDT-T (Z = —2.38, p = .017). This is called the Right

Frontiersin Computer Science

Ear Advantage and is commonly observed in right-handed
individuals. Following the computer-based intervention,
statistically significant differences were found between the
pre and post intervention performances of DDT-T (right
single correct and double correct scores). The right ear
scores of all the participants had reached the norms while
the left ear and double correct scores of two participants
achieved norms.

With respect to auditory closure which was assessed using
TMST in the presence of noise, performance in the right ear
(—5 dB SNR and +5 dB SNR conditions) significantly improved
post-intervention. There was no significant difference between the
performance of the right and left ears.
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(A) Mean performance on GIN A.th pre and post intervention in the right ear; (B) Mean performance on GIN A.th pre and post intervention in the left
ear. Error bars indicate standard deviations. Norms obtained by Aravindkumar et al. (2012) and +1 SD in young normal hearing adults are shown.
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Temporal processing, as assessed using GIN, also showed a
significant difference between the right and left ear percentage
correct scores (Z = —2.21, p = .027), but this was not
observed in the A.th. There was a significant improvement
observed post-intervention in both ears A.Th (Figure 3), with
five participants performing normally. Percentage scores did not
exhibit a significant difference pre and post intervention.

Temporal patterning which was evaluated using DPT and
PPT showed a significant improvement in both ears post-
intervention (Figures 4, 5). All but one participant had normal
DPT scores in the right ear and left ear scores, post intervention.
Six participants showed normal PPT scores in both ears following
the intervention.

Temporal Fine Structure Perception which was evaluated
using the TFS1 software employed two conditions—F0 of
222Hz and 94Hz. A significant improvement was found in
the 222Hz condition in both ears, with three participants

Frontiersin Computer Science

achieving normal levels. Despite the 94 Hz condition not showing
a statistically significant difference, two participants showed
betterment, reaching the normal values following the intervention.

Among the cognitive tasks, the forward digit span task showed
a significant difference post-intervention. Although all the tasks
showed an improvement following the intervention, the difference
was not statistically significant. The self-rating questionnaire of
SCAP-A showed a significant improvement with reduction in
scores, with all but one falling within the range denoting no risk
of auditory processing deficit (Table 4).

4. Discussion

The current pilot study explored the use and effectiveness of
a computerized music-based intervention module, in improving
the auditory processing and working memory abilities in older
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adults. Two baseline assessments were carried out, before the
short-term intervention was provided, to ensure that the auditory
processing and working memory performances were comparable
before the intervention. A post intervention assessment was carried
out to observe if there was any improvement after the short-term
intervention. The results revealed that all the auditory processing
and cognitive tests, especially those assessing temporal processing
abilities such as GIN, DPT, PPT, and Temporal Fine Structure
perception showed improvements after the short-term music-
based intervention.

It was found that in DDT-T, a difference between performances
in right and left ears were present. This observation is known
as the right ear advantage. The DDT-T is a test in which both
ears receive different stimuli at the same time (dichotic). This
ear difference can be explained by the majority of auditory
neural fibers crossing over to the to the contralateral cerebral
hemisphere. Therefore, the right ear is more efficient in perceiving
verbal stimuli in right handed individuals who have dominant left
cerebral hemispheres (Kimura, 1961). In the current study, all eight
participants were right-handed, which explains the presence of
right ear advantage. In addition, binaural integration performance
was observed to have improved following the intervention. The
sustained and focused attention for about half an hour during
each session may have contributed to increased attention to the
auditory stimuli presented to each ear, resulting in better DDT-
T scores.

A significant improvement in speech perception in noise was
observed in addition to all the tests assessing temporal processing
such as GIN, DPT, and PPT. Given the contribution of temporal
processing to speech perception in quiet and noise (Phillips
et al., 2000; Schneider and Pichora-Fuller, 2001; Snell et al.,
2002; Vaidyanath, 2015; Roque et al, 2019), it is expected that
with a larger sample size, the effects on the speech perception
scores will be larger. Participants also had better temporal fine
structure perception following the intervention. However, greater
improvement was observed in the 222 Hz FO condition than the
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94 Hz FO condition. This was in agreement with the observations
of Moore et al. (2012), as perception of temporal fine structure
worsens with reduction in FO (Moore and Sek, 2009). Pre-
intervention, only two participants were able to complete the
adaptive procedure in at least one ear, in either of the FO conditions.
Post-intervention, five participants were able to complete adaptive
procedure in at least one FO condition, in at least one ear. Of
these, four had thresholds within normal range. These changes
could be due to the manner in which the intervention module
was constructed. The module incorporated temporal and frequency
perception tasks extensively, beginning from simple discrimination
and increasing in complexity. Level 2 and 3 of the intervention
module required finer temporal and frequency discrimination
between musical notes. The repeated presentations of the musical
clips, which had minute differences in frequency and temporal
aspects, may have resulted in the improvements in these auditory
skills. A study conducted by Jain et al. (2015) that employed
a computerized short term music training for normal hearing
young adults showed improved speech perception in noise. A
similar short term computerized music based training showed
improvements in psychoacoustic skills such as frequency, intensity,
and temporal perception as well, but these were not significant
(Jain et al., 2014). Both training programs were short-term and
involved Carnatic music. Music has long been recommended
for maintaining and improving auditory skills (Strait and Kraus,
2011a,b; White-Schwoch et al., 2013), and has shown positive
results even if it is a short-duration training (Lappe et al., 2011).

A significant change in forward digit span was observed,
while minor individual improvements were observed in the other
working memory tasks, although they did not reach significance.
This could be because the N-back (2-back) and running span
(2-span) tasks did not place adequate cognitive demands for the
older adults. Possibly, if 3-back and 3-span were assessed, it
may have necessitated a greater cognitive effort and could have
judged the effect of the intervention on these processes better.
Nevertheless, on the 2-back and 2-span tasks, the participants
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TABLE 4 Median and quartiles (Q1 & Q3) for scores obtained on the tests of auditory processing and working memory across pre-intervention 1 and
post-intervention assessments and Wilcoxon Signed Ranks test comparing the pre and post intervention performances.

Pre-Intervention 1 Post-Intervention Wilcoxon
signed
ranks test
Median Q3 Median Q1 Z

DDT (max 30) Single correct right 29.00 28.63 29.88 30.00 29.50 30.00 2.04 04

Single correct left 25.25 24.13 28.25 27.25 26.00 29.00 1.94 05

Doubt correct 20.00 16.00 25.75 25.00 20.25 28.25 2.11 .03*

Speech in noise Right -5dB SNR 21.50 17.50 23.00 25.00 2225 30.75 2.37 02*
(max 50)

0 dB SNR 4350 38.25 45.00 42.50 40.50 45.25 0.25 .80

5dB SNR 46.00 43.50 47.50 47.00 46.00 48.00 2.41 02*

Left -5 dB SNR 20.00 17.00 23.00 26.50 20.50 29.75 1.86 .06

0dB SNR 42.00 37.50 46.25 43.00 42.25 46.25 1.49 14

5 dB SNR 46.00 44.50 46.75 48.00 46.00 4875 1.58 a1

GIN Right A.th (ms) 10.00 8.50 12.00 7.00 6.00 9.50 238 02*

% correct 3830 30.83 51.20 53.30 40.40 58.75 1.75 08

Left A.th (ms) 10.00 8.00 10.00 6.00 6.00 9.50 2.03 04

% correct 41.65 38.30 5535 58.30 41.63 61.60 1.52 13

DPT (max 30) Right 26.00 22.25 27.00 29.00 28.00 29.75 2.37 02*

Left 26.00 25.25 27.00 28.00 28.00 29.00 2.53 01*

PPT (max 30) Right 25.50 16.00 29.25 28.50 26.50 29.75 2.10 04

Left 27.00 19.25 29.75 29.50 27.25 30.00 2.12 .03*

TESI Right 222 Hz 166.50 166.50 166.50 97.33 41.90 164.96 2.20 03*

94 Hz 70.50 70.50 70.50 70.50 68.54 70.50 1.34 18

Left 222 Hz 166.50 166.50 166.50 126.14 44.98 135.28 2.53 01*

94 Hz 70.50 70.50 70.50 70.50 60.59 70.50 0.53 59

Forward span (max 9) 6.00 5.00 6.00 7.00 5.25 7.00 2.07 .04*

Backward span (max 9) 4.50 4.00 6.00 5.00 5.00 5.00 0.44 .65

N-back (max 20) 19.00 16.25 20.00 20.00 19.00 20.00 1.72 08

Running span (max 20) 19.00 17.25 20.00 19.00 18.00 20.00 0.37 71

Operation span ANSW (max 1) 0.22 0.00 0.71 0.50 0.37 0.63 1.62 .10

PCSW (max 1) 0.81 0.63 0.96 0.81 0.65 0.83 0.18 85

Secondary task (max 100) 75.00 36.11 91.66 80.56 61.11 83.33 137 17

SCAP-A (max 12) 5.00 4.00 6.75 4.00 3.25 4.00 2.41 02*

*p < 0.05.

reported lesser fatigue and required lesser number of pauses
between tasks, post-intervention.

Pre-intervention, five participants had SCAP-A scores >4,
which indicated self-perceived auditory processing difficulties.
Post-intervention, only one participant had a score >4. This
was also found to be statistically significant and demonstrated
that the participants experienced improved auditory processing
in their daily lives after undergoing the computerized music-
based
intervention module entailed over a period of a little more

intervention. The uninterrupted attention that the

than half an hour per session may have contributed to
improvement in the working memory tasks, and to the cognitive

Frontiersin Computer Science

abilities required to perform the auditory processing tasks
as well.

The improvements observed following the music based
intervention is also supported by the OPERA hypothesis (Patel,
2011), according to which music may help improve speech
perception if five conditions are fulfilled. The current protocol
satisfies four of the conditions: Overlap of neural pathways between
music and speech, Precision required to discriminate between the
stimuli presented, Repetition of each level of the intervention until
the participant reaches a score of 80%, and Attention to the minute
differences between the stimuli to achieve the 80% score. As this
study made use of small clips of non-linguistic instrumental music,
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which was unfamiliar for the participants, the Emotion criterion of
the OPERA hypothesis may not be fulfilled. However, the extended
OPERA hypothesis (Patel, 2014) suggests that instrumental music,
due to having no linguistic component, does place a higher level of
demand on auditory memory.

The advantages that this intervention module had over
conventional auditory training was the usage of music and
delivering it in a standardized and controlled manner using
technology. For assessing the auditory processing and working
memory skills of the participants, all the tests were administered
in a structured manner by making use of calibrated output
through headphones and computer softwares. This standard was
maintained during the intervention notwithstanding the use of
music, which is a diverse art form and includes multiple genres
being widely practiced globally, such as classical, fusion, folk,
and so on. Even in Indian Classical music, there is the Carnatic
style and the Hindustani styles, both varying in theory and
presentation. This control and standard could be achieved by
incorporating the chosen style of music (Carnatic classical) into a
software, Apex, which lent accuracy to factors such as intensity of
presentation, duration of the intervention, and documentation of
the participants’ progress. The software recorded the responses of
the participants and presented a percentage correct score at the end
of each session.

A minor limitation of this study is that, although the
handedness of the participants was verbally recorded, it was not
assessed using a published tool. Future studies can incorporate
a formal handedness assessment tool, which may aid in the
interpretation of the binaural listening abilities (DDT-T). In
addition, the results reported here for a limited sample size may
be confirmed by the results in a larger sample of older listeners with
auditory processing deficits, to be able to draw better conclusions.
this that
computerized short-term intervention protocol that makes

In conclusion, preliminary study found a
use of Carnatic musical stimuli resulted in improvements in
auditory temporal processing skills, which led to better speech
perception in noise. If found effective on a larger population, the
intervention protocol can be delivered to older and vulnerable
individuals at their convenience, given that it is designed to be
delivered using a computer software at a calibrated output. This
may lead to better rehabilitation schedules and clinical resources
being allocated and utilized. Prospective studies can explore
the effectiveness of this computerized music-based intervention

protocol on children with auditory processing disorders.
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