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Abstract

Introduction: Central auditory processing and phonological processing are interconnected as they both involve successful intertwining of
auditory, cognitive, and language mechanisms. A deficit in the ability to process spoken language can result in CAPD. The aim of this study
was to develop a test (PPT-M) to evaluate the level of phonological processing among young Marathi-speaking adults. A second aim was to
investigate the difference in the phonological processing of words and non-words.

Material and methods: The PPT-M test included three subtests: phonological awareness, phonological working memory, and phonological
retrieval. For the awareness and memory tasks, the stimulus was words and non-words, whereas rapid automatised naming (RAN) of digits
and letters was used to assess the retrieval task. Data was collected from 40 young adults aged 18 to 25 years. We recorded accuracy and time
taken to complete the tasks.

Results: Results of item analysis suggest that the developed tool has good reliability. No significant gender effect was observed. A stimulus
effect was observed for the phonological processing test.

Conclusions: The Phonological Processing Test in Marathi (PPT-M) has good internal consistency and reliability. Words and non-words are
processed differently and the time required to respond to both varies. There were no gender differences. In the phonological awareness test,

blending and segmentation tasks required more time to complete and had reduced accuracy.
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OPRACOWANIE TESTU PRZETWARZANIA FONOLOGICZNEGO W JEZYKU
MARATHI (PPT-M) DLA MEODYCH DOROSLYCH

Streszczenie

Wprowadzenie: Centralne przetwarzanie stuchowe i przetwarzanie fonologiczne sg ze soba powigzane, poniewaz zalezy od nich efektywne
polaczenie mechanizméw stuchowych, poznawczych i jezykowych. Deficyty w zakresie zdolnosci do przetwarzania jezyka méwionego moga
skutkowa¢ centralnymi zaburzeniami przetwarzania stuchowego (CAPD). Celem niniejszego badania bylo opracowanie testu (PPT-M) do
oceny poziomu przetwarzania fonologicznego wsréd mlodych dorostych méwiacych w jezyku marathi. Drugim celem byto zbadanie réznic
w przetwarzaniu fonologicznym stéw i nie-stow.

Material i metody: Test PPT-M sklada si¢ z trzech podtestow: swiadomosci fonologicznej, fonologicznej pamigci roboczej i odtwarzania
fonologicznego. W zadaniach dotyczacych $wiadomosci i pamieci bodZcem byly stowa i nie-stowa, natomiast testy szybkiego zautomatyzowanego
nazywania (ang. rapid automatised naming, RAN) cyfr i liter wykorzystano do oceny odtwarzania. Dane zebrano od 40 mtodych dorostych
w wieku od 18 do 25 lat. Rejestrowano dokladnos¢ i czas wykonania zadan.

Wyniki: Wyniki analizy poszczegolnych elementéw testu sugeruja, ze opracowane narzedzie jest rzetelne. Nie zaobserwowano istotnego
wplywu plci na wyniki. Zaobserwowano efekt bodzca dla testu przetwarzania fonologicznego.

Whioski: Test Przetwarzania Fonologicznego w Jezyku Marathi (PPT-M) jest spojny wewnetrznie i rzetelny. Sfowa i nie-stowa sg przetwarzane
w rézny sposob, rézny jest takze czas potrzebny na udzielenie odpowiedzi w obu rodzajach bodzcéw. Nie stwierdzono réznic w tym zakresie
miedzy plciami. W tescie $wiadomosci fonologicznej zadania dotyczace faczenia i segmentacji wymagaly wigcej czasu, a doktadno$¢ ich
wykonania byla mniejsza.

Stowa kluczowe: miodzi dorosli « przetwarzanie fonologiczne o przetwarzanie stuchowe
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Introduction

Central auditory processing is defined by the American
Speech-Language-Hearing Association Working Group
on Auditory Processing Disorders [1,2] as the “efficien-
cy and effectiveness with which the central nervous sys-
tem (CNS) utilizes auditory information (as well as) the
perceptual processing of auditory information in the CNS
and the neurobiological activity that underpins process-
ing and gives rise to the electrophysiologic auditory po-
tential” CAPD is a neurobiological deficit in the CNS
that influences mechanisms that underpin fundamental
auditory perception, such as localisation and lateralisa-
tion; speech and non-speech sound discrimination; au-
ditory pattern recognition; temporal aspects of audition,
such as integration, ordering, and masking; and audito-
ry performance with competing and/or degraded acous-
tic signals [1,2]. A problem with phonological processing
is thought to be the result of an underlying auditory pro-
cessing abnormality [3]. According to the auditory tem-
poral processing deficit hypothesis, reading impairment is
the result of a perceptual deficit in processing fast-chang-
ing auditory information or spectro-temporal properties
of phonemes and sounds [4].

Phonological processing involves spoken sounds and writ-
ten language [5], and plays a crucial role in word pro-
cessing in children. It interacts with other important as-
pects like IQ [6,7], lexicon and letter awareness [6,8], and
grammatical skill [9]. Phonological awareness, phonolog-
ical working memory, and phonological retrieval are all
parts of phonological processing [5]. Firstly, phonologi-
cal awareness is the understanding of a language’s sound
structure, which includes sound identification, isolation,
discrimination, and manipulation [10]. The second com-
ponent, phonological decoding, involves distinguishing be-
tween real and non-real words, as well as quickly labelling
things, numbers, and colours using words. Both these pro-
cesses are critical for both competent and inexperienced
readers. The third component involves converting written
symbols into sounds for easy retrieval. This is absolutely
necessary for storage in working memory. A deficit in any
of these components will lead to phonological processing
deficits and affect the person’s reading and writing skills.

Mattingly (1972) defined phonological awareness as “an
individual’'s awareness of and access to one’s language’s
phonology” It is a metalinguistic talent, according to
Gillon [11], that demands conscious awareness as well as
reflection on language structure. It was further reduced to
include speech components such as perception, identifica-
tion, and manipulation of spoken sounds [12]. Phoneme
elision, phoneme deletion, phoneme stripping [13], and
phoneme segmentation [14] are all examples of phoneme
manipulation or phoneme substitution [14,15], and are
methods which are widely used to assess phonological
awareness. Tools to assess phonological awareness include
the Yopp-Singer Test of Phoneme Segmentation [14], the
Comprehensive Test of Phonological Processing — Second
Edition (CTOPP-II) [16], and the Phonological Awareness
Screening Test [17]. Indian tools to assess phonological
awareness are Phonological Awareness in Marathi [18],
which is based on a Phonological Awareness Test in
English [19].

Phonological working memory is thought to help with a
range of linguistic tasks, such as acquiring unique words
and expanding one’s vocabulary, maintaining knowledge
during sentence and discourse processing, and learning to
read [20,21]. Free recall, paired association task, recogni-
tion task, and probing discourse task are some of the tech-
niques used to measure auditory short-term memory [22].
Working memory has been assessed using techniques such
as conditioned recall [23]. Other measures of phonologi-
cal working memory can be linked with the experimental
pseudo-word repetition task [24]. Indian literature to as-
sess phonological working memory are the Auditory mem-
ory and sequencing test in Kannada [25] and the Auditory
memory and sequencing test [26]. Western tools are the
Automated Working Memory Assessment (AWMA) [27].

The ability to acquire phonological information from long-
term memory is known as phonological retrieval. Rapid
Automatised Naming (RAN) is one way of assessing pho-
nological processing skill as it measures how quickly a sub-
ject can retrieve phonological representations (objects, pic-
tures, colours, or symbols) from long-term memory [28].
RAN [29] is a measure of general processing speed or gen-
eral automation [30]. Variables that evaluate rapid serial
naming of items and sizes [31,32] as well as letters and
numbers have been used to quantify naming speed. RAN
and RAS (Rapid Alternating Stimulus) tests [33] are west-
ern tools developed to assess the phonological retriev-
al component.

A review of literature shows that phonological process-
ing has been assessed using varied methods. Phonological
processing is important for speech, language, reading, and
writing skills. The prevalence of SLI and dyslexia is grow-
ing in number. Since India is a multicultural and multilin-
gual country, with a diverse population of various socioec-
onomic backgrounds, it is necessary to assess people across
languages and cultures. Marathi is one of the Indo-Aryan
languages which is spoken by 120 million people in the
world (Modern Marathi at Ethnologue, 2019). Although
a tool to test phonological awareness in Marathi is avail-
able [18], a standard tool to assess full phonological pro-
cessing — all three of its components - is not. A phonolog-
ical processing test in Marathi would help in assessing and
managing adults who have phonological deficits. Hence,
there was a need to develop a phonological processing test
and obtain normative data for Marathi-speaking young
adults. This was the aim of the present study.

Material and methods

The current work was conducted in two phases. In the first,
a phonological processing test in Marathi (PPT-M) was de-
veloped. In the second phase, PPT-M was administered
to 40 Marathi speaking participants aged 18 to 25 years.
The current study was approved by the ethics committee,
and was carried out in accordance with the University’s
ethical guidelines.

Phase I: Development of PPT-M

PPT-M was created from a word and non-word pool. There
were 168 words in the wordpool which came from Marathi
textbooks of 11th and 12th grade standard. The number
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of syllables (two, three, or four), the imageability of the
words (high or low), and their syllabic structure were used
to categorise the words (clusters or non-cluster). This was
intended to balance the PPT-M’s difficulty level. Further
words were checked by a Marathi linguist for phonetic
probability and phonetic neighborhood density. Based on
the familiarity check carried out by five native speakers,
words were selected. In a similar way, the non-word pool
was constructed consisting of 60 non-words. We creat-
ed non-words by changing one or two phonemes in each
of the words while considering the phonetic principles of
Marathi language. A Marathi linguist who was familiar
with the rules of Marathi phonetic structure checked all
the non-words for Marathi phonetic structure. The non-
word pool was made up of 30 clusters and 30 non-clusters.

For the phonological awareness subtest, a total of 96 words
and 48 non-words were chosen. From these, blending and
segmentation tasks were each based on 12 words and 6
non-words. In the deletion and substitution tasks, 36 words
and 18 non-words were prepared. For the blending task,
a word was presented by creating a pause between the in-
dividual sounds (phonemes) and the word had to be con-
structed by putting those sounds together. Similarly, for
the segmentation task, a word was presented which was
segmented into individual phonemes. The deletion task
involved presenting a word with the instruction to delete
one of its sounds and then say the remaining word. The
substitution task involved presenting a word in which one
of the sounds had to be replaced by another sounds so as
to form a new word. Every correct response was scored
with a 1 and an incorrect response with a 0.

There were 59 bisyllabic words and 59 bisyllabic non-words
in the phonological working memory subtest. A total of 10
tokens were created, with one token representing a three-
word sequence, one token representing a four-word se-
quence, and two tokens each representing a five, six, sev-
en, and eight word sequences. The participants had to
listen to the sample and recall the words or non-words
in the same order as presented. Every correct response
for word/non-word from the sequence was scored with a
1 and incorrect responses as 0. The maximum score that
could be obtained for this part of the subtest was 59 for
words and 59 for non-words.

There were 50 letters and 50 digits in total in the phono-
logical retrieval subtests. In each task, five high-frequen-
cy stimuli were distributed randomly in 10 columns and
5 rows for a total of 50 stimulus items. The participants
were asked to read the letters/digits and the reaction time
and accuracy were recorded. Every correct digit/letter re-
sponse was scored 1 and incorrect response as 0.

Content validation was done using the developed PPT-M
stimuli. Three speech-language pathologists checked the
content. The pathologists were assistant professors in
speech language pathology with three years’ experience.
They analysed the words based on high/low imageability,
cluster/non cluster, and syllabic level. The words that ful-
filled the criteria were kept. Words that did not meet the
criteria were altered and applied in the PPT-M based on
the content validity. After all these adjustments PPT-M
had been made, audio recordings were created. Audio
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recordings was made with a native Marathi speaker se-
lected on the basis of clarity of pronunciation and quality
of voice. Recordings were made using an Apple Mac Intel
computer, Pro Tools 10 digital audio workstation software,
and an M Audio Nova condenser microphone at a sam-
pling rate of 192 kHz in a sound-treated room. In this way,
a total of 155 words and 107 non-words were prepared.
To ensure that the sample was noise-free, Audacity Win
2.1.2 software was used to modify the captured signal. A
check of goodness was carried out by 10 Marathi speak-
ing adults. Thus, the PPT-M consisted of 96 word stimuli
and 48 non-word stimuli for the phonological awareness
subtest; 59 words and 59 non-words for the phonological
memory subtest; and 50 digits and 50 letters for the pho-
nological retrieval subtest.

Phase II: Administration of PPT-M

Participants. The developed PPT-M was administered on
40 Marathi speakers aged 18 to 25 years. There were 20
males (mean age 22; SD 2.45) and 20 females (mean age
22.6; SD 2.14) with Marathi as their first language. All
participants had hearing sensitivity within normal lim-
its. The Screening Checklist for Auditory Processing in
Adults (SCAP-A) [34] was administered and those who
scored over 6 were excluded from the study. Participants
with any neurological, speech, language, psychological, or
visual impairments were also excluded.

Procedure. All participants were given a participant infor-
mation sheet and written consent was obtained. As well
as SCAP-A [34], all participants were given the Indian
Hearing Screening (IHS) test (Preetam et al., 2017), per-
formed in a quiet environment using earphones. Individual
ears were assessed at 0.25, 0.5, 1, 2, 4, and 8 kHz using a
smart phone application. Preetam et al. (2017) have shown
that this is a reliable method. PPT-M was administered
through a laptop to each participant individually in a quiet
and distraction-free room. All participants were advised to
listen to the instructions prior to the test. PPT-M includes
three subtests: phonological awareness, phonological mem-
ory, and phonological retrieval. Phonological awareness
and phonological memory were tested using words and
non-words. Each task from the subtests had two practice
items. Audio recorded stimuli of PPT-M (phonological
awareness and phonological memory tasks) and hard cop-
ies of the phonological retrieval task were given to each of
the participants. The responses were recorded for further
analysis. Accuracy score and total time taken to complete
each task were recorded. Accuracy scores and total time
required were calculated for the word blending task, non-
word blending task, word segmentation task, non-word
segmentation task, deletion task for words, deletion task
for non-words, substitution task for words, and substitu-
tion task for non-words. The accuracy of the repetition of
the words/non-words stimuli delivered through the audio
recording were used to score the phonological memory
test. The accuracy in naming the letters and digits shown
visually, as well as the total time taken to complete the ac-
tivity, were used to grade the phonological retrieval task.

Analysis. The information gathered from all the partici-
pants was compiled and statistical analysis conducted using
SPSS version 23. To ensure the test’s internal consistency
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and reliability, item analysis was performed using statis-
tical tools. Each subtest’s Cronbach alpha was calculated.
Non-parametric tests were performed to look for gender
and stimuli effects.

Results

Item analysis was carried out to study internal consisten-
cy and reliability of test. The values of Cronbach’s alpha
for phonological awareness, phonological memory for
words, phonological memory for non-words, phonological

retrieval for digits, and phonological retrieval for letters
were 0.714, 0.834, 0.829, 0.628, and 0.684 respectively.
Thus, the developed tests had good internal consistency.
Shapiro-WilK’s test revealed that the data was not normal-
ly distributed and hence non-parametric tests were used.
Mean accuracy scores and total time taken to complete the
tasks are tabulated in Table 1a and Table 1b. Both show
similar results regardless of gender.

Mann-Whitney U-tests were used to compare performance
of PPT-M across males and females. Results indicated that

Table 1a. Total accuracy scores for PPT-M across gender using words (W), non-words (NW), digits (D), and letters (L) as stimuli

W 5.6 1.9 5 3 8 4-7 5.1 1.4 5 3 10 4.2-6
Blending
NW 2.5 1.3 2.5 0 4 1.2-3.7 2.7 1.1 3 0 5 2-3.7
W 9.3 1.4 9.5 5 10 8-10 8.8 1.5 9 5 11 8-10
Segmentation
NW 3.4 1.5 3 0 6 2.2-4 3.5 1.1 4 0 6 3-4
PA
W 17.8 2.2 18 21 34 16-19 19.1 2.1 19 21 35 18-21
Deletion
NW 8.25 14 8 10 16 7-9 8.2 1.1 8 10 17 7.2-9
W 17.8 2.7 18 23 34 15-19.7 19 1.7 19 25 36 18-20
Substitution
NW 8.4 1.5 8 9 15 7-9.7 8.5 1.1 8 9 15 8-9.7
W 432 44 45 33 47 40.2-46 43.6 3.3 45 33 47 41-46
PM Repetition
NW 273 56 27 18 36 25.2-30 264 54 25.5 21 37 22.2-30
D 49.7 0.6 50 47 50 50 494 09 50 48 50 49-50
PR Retrieval
493 0.8 50 46 50 49-50 48.7 2 49 48 50 48.2-50

Note: PA, phonological awareness subtest; PM, phonological memory; PR, phonological retrieval

Table 1b. Total time to complete the task for PPT-M, divided by gender

end w 49 1.7 4.7 35.89107.31 34-57 49 16 4.5 32.35 98.67 3.7-5.9
Blending
NW 58 23 6.4 13.22 66.26 3.7-7.3 55 2.2 4.9 13.88 52.44 4.5-7
w 71 22 6.5 47 15121 5-8.6 76 24 8.3 42.25129.30 6.3-9.2
Segmentation
NW 6.1 2 6 28.25 70.84 4.4-8 71 21 7.6 2498 6229 5.1-9
PA
W 25 06 23 67.05 1086 2.1-3 3 0.7 3 4479 139.61 2.7-3.7
Deletion
NW 25 06 23 3226 6632 2-3.1 26 07 2.5 24 7481 2.1-34
W 21 05 2 55.59100.11 1.7-2.5 2 0.5 1.9 46.84109.99 1.6-2.4
Substitution
NW 21 04 2.1 26 4743 19-23 21 05 2 29.56 67.43 1.8-2.5
W - - - - - - - - - - - -
PM Repetition
NW - - - - - - - - - - - -
D 23.7 41 231 17.28 329 20-26.3 229 3.7 222 17.28 33.90 20-25.5
PR Retrieval
L 247 3 248 17.94 27.36 22-27.4 238 25 243 1874 29.43 22-259

Note: D, digits; L, letters; NW, non-word stimuli; PA, phonological awareness subtest; PM, phonological memory subtest; PR, phonologi-
cal retrieval subtest; W, word stimuli. Total time taken to complete PM was not measured
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Table 2. Results of Mann-Whitney U-test across gender for PPT-M based on total accuracy score and total time taken to complete the
task

Blending 096 180 092 071 174 050 004 1985 097 059 178 0.56
Phonological Segmentation  0.59 178 057 1.02 163 033 08 1705 043 142 1475 0.16
awareness Deletion 205 1255 043 0.14 1945 089 214 121 003 072 1735 048

Substitution 122 1555 023 059 1785 057 035 187 074 034 1875 074
Phonological - o tition 004 198 098 0.16 1935 087 - - - - - -
memory
Phonological Digits 161 1545 023 - = - 065 176 053 - = =
retrieval Letters 111 1725 047 - - - 13 152 02 - - -

Note: Total time taken to complete the task was not calculated for the phonological memory task for words and non-words. Phonological
retrieval for digits and letters did not involve non-words

Table 3a. Total accuracy score for PPT-M across types of stimuli (words vs non-words)

Blending 535 172 5 3 10 46 26 124 3 0 5 2375
Segmentation 907 146 9 5 11 810 345 132 3 0 6 34
Deletion 1847 225 18 21 35 252875 822 129 8 0 17 7-9
Substitution 184 236 185 23 36  26-2875 845 136 8 9 15 725975
;hEOm”g'r‘)’/gical 4342 389 45 33 47 4146 269 551 265 18 37 2330

Table 3b. Total time taken to complete the task for PPT-M across types of stimuli (words vs non-words)

Blending 4.96 1.67 463 3235 107.31 3.67-5.74 5.66 2.28 5.75 13.22  66.26 4.21-7.28
Segmentation ~ 7.37 2.34 737 4225 151.21 5.53-9.03 6.65 2.18 6.45 2498 70.84 4.97-8.22
Deletion 2.82 0.74 278 4479 139.61 2.17-339 26 0.69 243  24.00 7481 2.07-3.15
Substitution 2.12 0.55 2.01 46.84 109.99 1.70-2.43 2.14 0.49 205 26.00 6743 1.85-2.39
Phonological B _ _ _ _ _ B _ _ _ _
memory

Note: Total time taken to complete the task was not calculated for phonological memory tasks for words and non-words

there was no significant difference between performance
of males and females on PPT-M (Table 2).

Descriptive statistics were calculated to investigate wheth-
er there was a difference due to type of stimuli - i.e. words
and non-words (Table 3a and Table 3b). It was observed
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that total accuracy scores for all tasks were higher for words
than for non-words, and that total time taken to complete
all tasks was lower for words than for non-words.

Results from Wilcoxon signed rank tests are tabulated in
Table 4. It shows that for total accuracy score, a significant
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Table 4. Results of Wilcoxon signed-rank test for words vs non-words

Total accuracy score

Total time taken to complete the task

Task
z p V4 p
Blending 5.302 <0.001 1.6 0.11
Segmentation 5.470 <0.001 2.12 0.034
Deletion 5.523 <0.001 2.17 0.03
Substitution 5.530 <0.001 0.419 0.675
Phonological memory 5.519 <0.001 - -

Note: Total time taken to complete the task was not calculated for phonological memory tasks for words and non-words

difference was observed across all tasks. However, for to-
tal time taken to complete the task, a significant difference
was observed only for the segmentation and deletion tasks.

Discussion

The present study aimed to develop a tool to assess pho-
nological processing in Marathi. Phonological processing
plays important role in word processing and reading, and
poor phonological processing skills may lead to spoken
language processing disorder or CAPD. Words and non-
words are required to measure phonological processing
skills [35]. In the brain, words are semantically organised,
and people tend to recall words based on the semantic field
in which they are conceptually mapped [36]. When long-
term information is accessed, it is remembered better as
words than non-words [37]. In this study words and non-
words were balanced depending on the number of sylla-
bles (two, three, or four syllables).

According to the literature, the frequency of syllables [38],
the imageability of stimuli [39], and the sequence of syl-
lables [38] are all major factors that affect the phonologi-
cal awareness subtest. Here, the tool’s frequency of sylla-
bles, imageability of stimuli, and syllable structure were all
controlled during development. The complexity of stimuli
was increased by increasing the frequency of syllables in
the stimuli (two, three, and four syllables). Highly imag-
inable words are recalled and accessed more quickly, and
are learned earlier. Many behavioural effects have been
indicated in the study which includes effects on retrieval
[40], lexical access [38,41], and age of acquisition [38,41].
Words with a low imageability are more context-depend-
ent than words with high imageability [42]. Hence, words
included in the phonological awareness subtest were bal-
anced based on high-low imageability.

Non-word phonological memory was chosen because it
demands less language load, and can assess phonological
working memory without taking into account linguistic
ability [43]. Repetition of words and non-words has been
demonstrated to be a predictor of reading comprehension
and fluency [44,45]. As a result, the PPT-M contained a
phonological memory assessment task that incorporated
repetition of both words and non-words.

According to the Comprehensive Test of Phonological
Processing—-Second Edition (CTOPP-II), internal con-
sistency should range from 0.77 to 0.90, reflecting high
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reliability and sensitivity [16]. A reliability level of 0.6-0.7
is considered adequate, and 0.8 or more is considered ex-
ceptional; numbers above 0.95, on the other hand, are not
always a good sign, as they imply possible redundancy [46].
PPT-M consists of three subtests — phonological awareness,
phonological working memory and phonological retriev-
al — which together are recognised to be effective predic-
tors of phonological processing ability and reading abili-
ty [47]. The coefficients discovered for the tests created in
this study were greater than 0.62. As a result, the PPT-M
test was created with a high degree of internal consisten-
cy and dependability.

The results of this study indicate that the performance of
males and females on PPT-M is similar to some studies
reported in the literature [18,19,48]. Some other studies
have found that girls perform better than boys [49,50], per-
haps because of earlier maturation of the dominant hemi-
sphere or early acquisition of language. We found that ac-
curacy scores were better for words than non-words, and
the time taken to complete the task was less for words
than non-words. A possible reason is that the processing
of unfamiliar words (pseudo-words) requires more time
than with words, since past exposure to words affects the
quality and quantity of phonological content [51]. Since
non-words do not have a phonological representation, the
accuracy and time required to comprehend non-words is
significantly higher than for words [52]. Familiarity with
stimuli [53,54] and semantic association of the words [55]
also has an effect on processing. This could explain why
processing of words differs from non-words in terms of
accuracy as well as the time taken.

Conclusions

Phonological processing test in Marathi (PPT-M) was
developed to assess phonological processing test in
Marathi speaking young adults aged 18 to 25 years. The
study provides normative data among Marathi speaking
young adults. PPT-M includes three subtests for phono-
logical awareness, phonological working memory, and
phonological retrieval. Phonological awareness measured
blending, segmentation, deletion, and substitution tasks.
Phonological working memory involved a word repeti-
tion and non-word repetition task. Rapid automated nam-
ing for digits and letters was the basis for the phonologi-
cal retrieval subtest. We found there was no gender effect
in our young adults. Although there was a difference be-
tween words and non-words, both can be used to assess
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phonological processing. The test developed had good
internal consistency and reliability and can be used on a
clinical population for assessing phonological processing.

Surana and Sone — Development of PPT-M

The findings invite questions and further investigations
about phonological processing in young adults with cen-
tral auditory processing disorders (CAPDs).
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