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Abstract

Objective: Psychoacoustic abilities include the perception of frequency, intensity, and the temporal parameters of sound, which are neces-
sary for speech perception. These abilities can be measured using adaptive and non-adaptive procedures. The maximum likelihood procedure 
(MLP) is an adaptive psychophysical procedure that is usually utilized in psychoacoustic tasks. The present study aimed to assess the test-
retest reliability of various psychoacoustic measures assessed using the MLP toolbox implemented in Matlab.

Material and methods: A total of 20 participants with normal hearing sensitivity were selected for the study. The test–retest reliability of psycho-
acoustic measures was studied in terms of frequency difference limen, intensity difference limen, duration discrimination thresholds, gap 
detection thresholds, and modulation detection thresholds (4 Hz and 128 Hz). To check test–retest reliability all measures were assessed twice 
within a span of one day.

Results: The results showed no significant difference in the various psychoacoustic measures obtained across the two sessions. The relia-
bility of each measure was tested using the intraclass correlation coefficient (ICC).The results indicated that the test-retest reliability of various 
psychoacoustic measures assessed using the MLP toolbox was fair to good.

Conclusions: It can be concluded that MLP is a reliable tool to assess various psychoacoustic abilities.
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POWTARZALNOŚĆ TEST–RETEST RÓŻNYCH POMIARÓW PSYCHOAKUSTYCZNYCH 
PRZY UŻYCIU PROCEDURY NAJWIĘKSZEGO PRAWDOPODOBIEŃSTWA

Streszczenie

Wstęp: Zdolności psychoakustyczne obejmują: percepcję częstotliwości, natężenia i czasowych parametrów dźwięku, które są niezbędne do percepcji 
mowy. Zdolności te można mierzyć za pomocą procedur adaptacyjnych i nieadaptacyjnych. Procedura największego prawdopodobieństwa 
(MLP) to adaptacyjna procedura psychofizyczna, która jest zwykle stosowana w testach psychoakustycznych. Niniejsze badanie miało na celu 
ocenę powtarzalności test-retest różnych pomiarów psychoakustycznych określanych za pomocą zestawu narzędzi MLP wdrożonych w Matlabie.

Materiał i metody: W badaniu wzięło udział łącznie 20 uczestników z normalnym słuchem. Powtarzalność pomiarów psychoakustycznych 
została zbadana w odniesieniu do: progów różnicowania częstotliwości, progów różnicowania natężenia, progów dyskryminacji czasu trwania, 
progów wykrywania przerw i progów wykrywania modulacji (4 Hz i 128 Hz). W celu oceny powtarzalności test-retest wszystkie pomiary 
zostały ocenione dwukrotnie w ciągu jednego dnia.

Wyniki: Wyniki nie wykazały znaczącej różnicy w badanych pomiarach psychoakustycznych uzyskanych podczas dwóch sesji. Powtarzalność 
każdego pomiaru została przetestowana przy użyciu współczynnika korelacji wewnątrzklasowej (ICC). Wyniki wskazują, że rzetelność testu-
-retestu w odniesieniu do różnych pomiarów psychoakustycznych, ocenianych przy użyciu zestawu narzędzi MLP, była zadowalająca lub dobra.

Wnioski: Można stwierdzić, że MLP jest wiarygodnym narzędziem do oceny różnych zdolności psychoakustycznych.

Słowa kluczowe: intensywność • częstotliwość • tymczasowość • MLP

Introduction

Psychoacoustics is a branch of psychology that deals with 
understanding the perception of sound in the auditory sys-
tem. Psychoacoustic abilities involve the perception of fre-
quency, intensity, and the temporal parameters of sound 
that are important for speech perception [1,2]. The assess-
ment of these abilities has generated strong interest among 
researchers in the field of audiology, psychology, and acous-
tics. Several studies have been carried out to assess psy-
choacoustical abilities in persons with normal hearing, and 

the findings have been compared with aging individuals, 
individuals with hearing impairment, auditory neuropathy, 
and auditory processing disorder, to name a few [3,4]. In 
these studies psyshoacoustic abilities were assessed using 
the maximum likelihood procedure (MLP); however there 
is no mention of its test–retest reliability.

Psychoacoustic research has been mainly done using vari-
ous procedures, including adaptive and non-adaptive pro-
cedures. In adaptive procedures, the stimulus presented to 
the listener at each trial depends on their response to the 
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previous trial [5]. In non-adaptive procedures, the stimu-
lus is presented in a pre-set format, which is decided before 
the commencement of the actual experiment [6]. Studies 
have been done in the past where, to assess psychoacous-
tic abilities, researchers have used different adaptive pro-
cedures, namely simple up-down procedure/staircase pro-
cedure, transformed up-down procedure, MLP, parameter 
estimation by sequential testing (PEST), and so on [6].

MLP is an adaptive psychoacoustic procedure that is com-
monly used to measure various psychoacoustic abilities 
[7,8]. In this procedure, several psychometric functions, 
named hypotheses, are estimated. The highest likelihood 
of the obtained response, which is like the actual listener’s 
psychometric function, is estimated trial by trial using the 
maximum likelihood algorithm. The most likely hypoth-
esis in MLP is the threshold of the participant. The MLP 
tracks any point of the psychometric function and esti-
mates threshold using either yes/no experiments or alter-
nate force choice (nAFC). In a yes/no experiment, the par-
ticipant is presented with a series of different stimulus levels 
and is asked whether he or she has detected the stimulus 
(yes) or not (no). In an nAFC task, the participant is pre-
sented with a series of n stimuli differing in level where 
one stimulus (the variable) changes its level across the tri-
als, whereas the level of the others (the standards) is fixed. 
After each trial, the subject is asked to report which was 

the variable stimulus. It is reported that within 12 trials, 
the MLP usually reaches a reasonably stable estimation of 
the most probable psychometric function, which can be 
used to approximate thresholds [9,10].

This procedure has been widely used to assess psycho-
acoustical abilities and is claimed to have good reliabil-
ity and validity [11]; however, no explicit measure to study 
the reliability of MLP has been reported. There is there-
fore a need to assess the test–retest reliability of MLP for 
various psychoacoustic measures. The psychoacoustic abil-
ities tested here involve the perception of frequency, inten-
sity, and the temporal parameters of sound. The present 
study aimed to assess the test–retest reliability of frequency 
difference limen (FDL), intensity difference limen (IDL), 
duration discrimination threshold (DDT), gap detection 
threshold (GDT), and modulation detection threshold 
(MDT) at 4 Hz and 128 Hz using the MLP toolbox imple-
mented in Matlab.

Material and Methods

Participants

A total of 20 participants (6 males, 14 females) aged 
17–28 years were selected for the study [12]. A routine 
audiological evaluation was done in an acoustically treated 
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Figure 1. Mean and standard deviation of various psychoacoustic measures across two sessions
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air-conditioned room, including pure-tone audiometry, 
speech audiometry, and immittance evaluation. All the par-
ticipants had bilateral normal hearing sensitivity, defined 
as: pure-tone thresholds of less than 15 dB HL for octave 
frequencies ranging from 250 Hz to 8000 Hz for air con-
duction and 250 Hz to 4000 Hz for bone conduction; 
type A tympanogram in immittance evaluation; and acous-
tic reflexes present for 500, 1000, and 2000 Hz. Partici-
pants were selected using a purposively convenient sam-
pling technique. None of the participants reported any 
illness during testing.

Procedure

The stimuli for all the psychoacoustic tests were generated 
through the MLP toolbox implemented in MATLAB ver-
sion 2010a (Mathworks Inc., Natick, MA) [9,10]. All the 
tests were performed using a three-interval alternate forced-
choice adaptive technique to estimate a 79.4% response cri-
terion. Each test trial consisted of three blocks, in which 
two blocks had the standard stimulus, and the third block 
had the variable stimulus, which was chosen randomly 
in MLP. The participant was asked to identify the block 
which contained the variable stimulus. All the test stimuli 
were presented at 60 dB SPL binaurally, which was routed 
through the audiometer. The detailed procedure for each 
test is described below.

FDL. The minimum frequency difference requires the sub-
ject to discriminate two closely spaced frequencies. FDL 
was measured for a 1000 Hz pure tone at an anchor dura-
tion of 250 ms with onset and offset of 10 ms raised cosine 
ramps [3]. The minimum and maximum frequency deviation 
of the variable stimulus was 0.1 Hz and 100 Hz, respectively 
[4]. The participant was asked to identify the variable block.

IDL. The minimum intensity difference requires the sub-
ject to discriminate two otherwise identical sounds. IDL 
was measured for a 1000 Hz pure tone at an anchor dura-
tion of 250 ms with onset and offset of 10 ms raised cosine 
ramps . The minimum and maximum intensity deviation 
used was 0.99 dB and 10 dB. The participant was asked to 
identify the variable block.

DDT. The minimum difference in duration which a partic-
ipant requires in order to discriminate was assessed. DDT 
was measured for a 1000 Hz  tone at an anchor duration of 
250 ms with onset and offset of 10 ms raised cosine ramps. 
The minimum and maximum value of the duration devi-
ation used was 0.1 ms and 200.1 ms . The participant was 
asked to identify the variable block.

GDT. The minimum gap which a participant can identify 
in the middle of a 500 ms broadband noise was assessed  
The minimum and maximum duration of the gap used 
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Figure 2. Scatter plot representing the individual scores for various psychoacoustic measures across two sessions; the 
participants are arranged in ascending order based on the scores of session 1
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was 0.1 ms and 64 ms . The participant was asked to iden-
tify the variable block.

MDT. The minimum amplitude modulation necessary to 
identify amplitude-modulated noise from unmodulated 
white noise was assessed. A 1000 ms Gaussian noise was 
sinusoidally amplitude modulated at 4 Hz and 128 Hz. 
These modulation frequencies were selected as they cover 
both high and low modulation frequencies. The task of the 
participant was to identify the block which had the mod-
ulated noise. The minimum and maximum value of the 
amplitude modulation used was –30 dB and 0 dB .

All these measures were assessed for two sessions within 
one day to assess test–retest reliability.

Statistical analyses

The data of the present study was subject to statistical 
analyses using the Statistical Package for the Social Sci-
ences (version 20). Descriptive statistics were done to 
assess the mean and standard deviation of all the parame-
ters across the two sessions. The data was distributed nor-
mally across the trials (Shapiro–Wilks p > 0.05), and thus 
parametric statistics was performed on the data. A paired-
sample t-test was done to estimate the significance of the 
difference between sessions on the psychoacoustical pro-
cedures. The test–retest results for each of these measures 
were analyzed using the intraclass correlation coefficient 
(ICC), which is a widely used reliability index in test–retest 
reliability analyses.

Results

The present study aimed to assess the test–retest reliability 
of the various psychoacoustic measures using MLP. Fig-
ure 1 shows the mean and standard deviation of the vari-
ous psychoacoustic measures across two sessions, and Fig-
ure 2 shows the performance of individual participants on 
different psychoacoustic measures across two sessions. 
The participants in the figures are arranged in ascending 
order of the scores attained in session 1, and the perfor-
mance for participants cannot be compared across each 
graph. From Figures 1 and 2 it can be inferred that there is 
minimal difference in scores across two sessions for most 
of the participants. However it can be noted that in FDL 
there are a few outliers with large differences between the 
scores of session 1 and 2 (participant 10 and 19).

Further, a paired t-test was done and the results showed 
no significant difference in scores for frequency differ-
ence limen (t(19) = –0.192, p > 0.05), intensity differ-
ence limen (t(19) = –0.990, p > 0.05), duration discrimi-
nation thresholds (t(19) = 0.403, p > 0.05), gap detection 
thresholds (t(19) = 0.740, p > 0.05), amplitude modulation 
detection at 4 Hz (t(19) = –0.983, p > 0.05) and for 128 Hz 
(t(19) = 0.900, p > 0.05) across two sessions. The test–retest 
reliability for each of these measures was analyzed using 
an interclass correlation test. The ICC values for each of 
these measures are depicted in Table 1. From the table, it 
can be inferred that the test–retest reliability of various 
psychoacoustic measures using MLP is between fair and 
good  (ICC ranging from 0.618 to 0.83).

Discussion

The present study aimed to assess the test–retest reliability 
of various psychoacoustic measures using the maximum 
likelihood procedure. Studies in the past have assessed 
psychoacoustic measures using MLP for various pur-
poses; however, the test–retest reliability was not reported 
in these studies  The results of the present study showed 
that there was no significant difference in scores of vari-
ous psychoacoustical measures across sessions using MLP. 
The result of the present study is supported by the study 
done by Green  However, in that study, the test–retest reli-
ability was for pure tone thresholds at six audiometric fre-
quencies using a yes/no procedure after 12 trials. Green  
reported that the mean threshold estimated through MLP 
showed a standard deviation of 3 dB during the five trials. 
In the present study, the test–retest reliability for various 
psychoacoustic measures was measured using the three-
AFC method after 30 trials.

Further, studies in the past have shown that MLP is less 
time-consuming in threshold estimation compared to con-
ventional procedures . In MLP, the threshold is estimated 
by varying the stimulus level over a broad range in the ini-
tial trials. Therefore, in MLP a short practice session can 
precede the actual testing, or the initial block of trials can 
be excluded from the statistical analysis. In the study by 
Green , it took around 5 min for the participants to com-
plete the two sets of threshold estimates. In the present 
study, it took around 3 min to complete the assessment of 
one psychoacoustic test.

However, in the present study outliers were seen for the 
FDL procedure, wherein two participants (participant 
10 and 19) performed differently across the two sessions. 
This could be because FDL is a difficult task compared to 
the other psychoacoustic procedure, as reported by the par-
ticipants. It can also be noted from Table 1 that the ICC is 
best for MDT at 128 Hz and least for DDT.

Conclusion

It can be concluded from the present study that the test–
retest reliability of various psychoacoustic measures using 
MLP is between fair and good. However, further study with 
more number of participants across various sessions would 
strengthen the present results.

Table 1. ICC values across sessions for the various psycho-
acoustic measures  

Psychoacoustic 
measure ICC value Reliability 

outcome

FDL 0.793 Good

IDL 0.790 Good

DDT 0.618 Fair

GDT 0.717 Fair

MDT at 4 Hz 0.709 Fair

MDT at 128 Hz 0.830 Good
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