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CHAPTER |
INTRODUCTION

Communication is an indispensable part of our lives. It includes both spoken and written
language as well as several non verbal cues which help us communicate effectively. Language
enables us to exchange information efficiently through speech by delivering and receiving
meaningful messages. All natural languages consist of a conventional system of spoken or
written symbols with a definite number of sounds or phonemes. These sounds are arranged in a
specific pattern and the study of categorical organization of these phonemes in a language is
called phonology. A phoneme is “an underlying representation of speech sound” (Giegerich &
Giegerich, 1992). It can have allophones which are realizations of the phoneme. Each language
has its own phoneme inventory and phonological system. However, there exists in every
language, a standardized form of the language and its variations, known as dialects. A
standardized language is a dialect of the language which has been officially accepted in the
community and is used for formal communication as in administrative matters, literature and
economic life. It has a definite set of orthography, grammar and standards and is different from
spoken form. The spoken form of the language may vary with respect to geographical regions or

society.

Hindi, an Indo-Aryan language is an official language of India and the state language of
various Northern states of India i.e. Madhya Pradesh, Delhi, Uttar Pradesh, Uttarakhand, Bihar,
Rajasthan, Chhattisgarh, Haryana, Himachal Pradesh and Jharkhand. It is spoken by around three
million people either as their first or second language (Kachru, 2006). About 50 dialects of Hindi
are spoken by people across the country (Sinha, Jain & Agarwal, 2015). Hindi is also the lingua
franca of countries such as Fiji (known as Fiji Hindi), Nepal, Bangladesh and Pakistan (Meena,

2015) and many non- Hindi speaking Indian states such as Arunachal Pradesh, Andaman and



Nicobar Islands, and major cities such as Mumbai, Hyderabad, Kolkata etc . It is also recognized
as minority language in Mauritius, Surinam, Guyana, South Africa, and Trinidad and Tobago
(Meena, 2015). Punjabi, Assamese, Bengali, Oriya Marathi and Gujarati are genetically related

to Hindi (Kachru, 2006).

The standardized form of Hindi is known as Modern Standard Hindi. It has varieties of
dialects such as Khari boli, Haryanvi, Bagheli etc which is spoken in various North Indian states.
Modern standard Hindi, majorly based on the Khari boli dialect, is spoken widely by the urban
population, taught in schools, used in newspapers, films, dramas and television news. There are
12 vowels and 38 consonants in the phonological system of Hindi. Two of these vowels, namely,
[] and [p], are borrowed from English and may not be observed distinctly in all the native
speakers. All the vowels have their nasalized counterparts as well. Consonants [f, z, J] despite
being loan phonemes, are well established in Modern Standard Hindi (Ohala, 2004). Geminates
always occur in the medial position. Although in orthography, these are present in final position
of words, they are produced as singletons in formal speech (Ohala, 2004). However, there are
regional varieties in spoken form of the language and the phoneme repertoire may vary
accordingly. Speech sounds in Hindi has allophonic variations as well (Pandey, 2007).
Moreover, Hindi has an alphasyllabic system also known as akshara systems, which use a
combination of alphabetic and syllabic systems (Pandey, 2014). The phonemes of Hindi are

provided in Appendix A.

Literature reports of various studies concerned with the frequency of occurrence of
phonemes in several languages. Research in the area was present as early as the 1930s. Few of
the initial studies in English language were carried out by Whitney (1874) and Dewey (1923).
Bhagwat (1961), Ghatage and Madhav (1964) and Jayaram (1985) were few of the preliminary

studies in Indian languages. Older studies considered written materials as source such as
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newspapers, scripts of dramas, books and dictionaries (Whitney, 1874; Ramakrishna et al., 1957;
Ghatage, 1994; Tamaoka & Makioka, 2004). Later, spoken materials such as interviews,
lectures, radio announcements, telephone conversations etc. were utilized to determine the
frequency count of phonemes (French, Carter and Koenig, 1930; Voelker, 1935; Guirao &
Jurado, 1990; Sreedevi & Irfana, 2013). Several authors (Ferguson & Chowdhury, 1960;
Thomas, 2005; Sandoval, Toledano, Torre, Garrote & Guirao, 2008) included both spoken and
written sources for analysis. There are numerous written and spoken corpus (a text data or
spoken data that is representative of the actual language under investigation) available in many
languages. EMILLE- CIIL corpus available for Indian languages (Hindi, Marathi, Gujarati,
Punjabi, Kashmiri, Urdu, Kannada, Tamil, Telugu, Malayalam, Oriya, Assamese, Konkani,
Bengali, Sanskrit, Manipuri and Indian English) is one such example. It includes both written

and spoken corpus.

These data have been used extensively to determine the frequently occurring phonemes,
consonant cluster groups, syllables, syllable type frequency, word frequency (in different
contexts, grammatical categories) and morphophonemic categories. The information gathered is
useful in areas of speech language pathology, audiology, linguistics, and speech engineering. In
the field of speech language pathology, this information can be employed to develop various
speech materials for assessment and in selecting target sounds for treatment of articulation errors
in individuals with communication disorders. The phonetically balanced word lists that
audiologists use for assessing auditory processing disorders like staggered spondaic words
(SSW), for checking speech identification scores (SIS), speech in noise test (SPIN) and speech
recognition scores (SRT) in routine audiological evaluations are based on such phoneme
frequency information and they are highly language specific. As reported by Sinha (2015),
“syllables may be considered as the basic phonetic unit for processing of Indian languages”.

3



Therefore, analysis of the language should not be restricted only to phoneme level. Along with
data on frequently occurring phonemes, information on syllable frequency is used considerably
in developing text to speech systems, translation systems and synthesis systems. The data is used

to teach a foreign language as well.

Need for the study

Different languages have different phoneme systems and dialects. A database of different
dialects of the language with its phoneme frequency will help us expand the knowledge of a
particular language. The phoneme statistics has widespread applications in various fields. In
psychololinguistics, the frequency count of phonemes may play a significant role in specific
areas of language processing. A child’s phoneme acquisition pattern may be associated with
frequency of different phonemes in the language. It may also give us an insight into the error
patterns of brain-damaged individuals with phonological paraphasias (Robson, Pring, Marshall,
& Chiat, 2003). Similarly, the information may further be used to determine if the speech errors
in various speech and language disorders may be biased towards phonemes with higher
frequency. The information on phoneme frequency is important in creating a phonetically/
phonemically balanced (PB) word list used for speech audiometry. A PB word list truly reflects
the phoneme distribution in a language. The phonetic frequency may also be utilized effectively
in speech therapy. Knowledge of the phoneme frequency has been beneficial in speech
technology. This data is essential for the development of speech recognition systems, text to
speech synthesis systems, translation systems, etc. Machine translation system can translate by
putting words together that are statistically more likely to be in a certain structure. Words
prepared based on the phonemes in that particular language and its frequency of occurrence.

These technologies are widely used in the area of Augmentative and Alternative Communication
4



for the rehabilitation of individuals with communication disorders (Cerebral palsy, aphasia etc.).
Research in the area of linguistics relies on frequency count of phonemes, morphemes and

syllables. Such information can also be used to teach a foreign language.

India is a country with diverse languages. Hindi, the official language of India, is widely
spoken by millions of people in various states of the country. Since, it is vastly spoken in
different regions; there are several variations within the language. Earlier studies on phoneme
frequency in Hindi for instance, Ghatage (1964) was from various written materials in the
language. Moreover, these early reports may not be apt at present as there are numerous new
words, modified and borrowed words used in day to day conversation. Also, there may be a
difference in the frequency of occurrence of phonemes among written and spoken data. In
addition, there is limited research available in spoken data in this language. Hindi, like any other
language has its own distinct set of phonemes and syllables. Unlike foreign languages, it is an
alphasyllabic language. Therefore, there is a need to create a database (spoken form) for Hindi.
In light of these issues, present study was planned to obtain the frequency of occurrence of

phonemes in conversational speech samples in Hindi.

Aim

To establish the frequency of occurrence of phonemes, consonant clusters, syllable types and

word shapes in conversational Hindi

Objectives

1. To obtain a conversational database in Hindi and calculating the frequency of occurrence

of each phoneme from it.



To find the order of frequency of occurrence of each place of articulation, manner of
articulation and vowel type.
From the database obtained calculating the frequency of occurrence of phoneme position

in words, syllabic types and word shapes.

Implications of the study

Armed with a list of the most frequently occurring sounds and syllables, it will be
possible to plan and develop effective therapy material for children as well as adults with
speech and language disorders. An issue remaining in these children following the
acquisition of age adequate language skills is the articulation errors. The target sounds for
articulation therapy can be selected based on the frequently occurring sounds in the
language.

Information on frequency of occurrence of sounds and syllables of a language would also
be helpful in developing stimulus material for determining speech discrimination scores
and in preparation of central auditory processing disorders (CAPD) tests. It can be
ensured that the PB word lists developed would have the same distribution of sounds and
syllables as in the natural language.

Sequence of acquisition of speech sounds in typically developing children and other
aspects of phonological acquisition may be related to the frequency of occurrence of
phonemes in a language (Leung & Law, 2004).

Knowledge about the frequently occurring phonemes in a language can help understand
the speech errors in various speech and language disorders. For instance, articulatory
errors are more in individuals who misarticulates a frequently occurring phoneme in the

language compared to an individual who misarticulates a sound that is less frequently
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present in the language. Many a times, it is observed that individuals misarticulate sounds
only in certain word positions. Therefore, information regarding phoneme position is also
important. It may also help in analysis of neurolinguistic data in brain damaged
individuals (Robson, Pring, Marshall & Chiat, 2003; Zangwill, 1975).

The information may also be used to study certain aspects of language processing (Leung
& Law, 2004).

The result provides a database for the training of automatic speech recognition systems
such as text-to-speech systems, synthesis systems etc. These systems are also used in the
area of Augmentative and Alternative Communication.

The findings have wide application in the field of linguistics as it can provide guidelines

for learning a foreign language.



CHAPTER I
REVIEW OF LITERATURE

There are many variations among the phonological system of world languages. The
distribution of phonemes, consonant clusters and the syllable inventory in a language can vary.
Higher occurrence of these units indicates that they are most frequently produced by the speaker
of that language and are thus more familiar with the articulation of these units. Research in this
field was present as early as 1930s. Several studies have recorded data on the frequency count of
phonemes, consonant clusters and syllables in various languages and dialects. Source of these
studies were printed material such as newspapers, dictionaries, scripts of plays etc. or spoken
materials, for instance, radio announcements, lectures, interviews, general conversations etc. Few
researchers had shown interest in comparing and documenting both written and spoken data. The
information documented has been used extensively in fields of linguistics, speech-language

pathology and audiology, speech engineering and second language learning.

The literatures reviewed are discussed under the following headings:

Frequency of phonemes in non- Indian languages
Frequency of phonemes in Indian languages
Comparison across various Indian languages

Comparison of frequency of phonemes across various languages of the world

Frequency of occurrence of phonemes in non- Indian languages
1. 1. Indo- European languages
1.1.1. English

One of the earliest and oldest studies on frequently occurring phonemes was cited by

Gerber and Vertin, 1969. Whitney (1874) studied frequently occurring phonemes in American
8



English from ten literary classics. While phonemes /t/ /n/, /I/, /t/, /a/, /d/, Is] and /a/ were
frequently used, /3/, /0/, /j/ and /g/ were least present in the language. There was a good
correlation between the reports of Dewey (1923) and Whitney (1874) since both the studies

computed the frequently occurring phonemes from written material of English.

Dewey (1923) investigated the relative frequency of occurrence of English phonemes and
syllables from various written and printed sources. Among the total phonemes /i/ (8.12%), /n/,
(7.38%), It/ (7.27%), Irl (7.02%), Is/ (4.64%), /d/ (4.39%), /a/ (4.04%) and /I/ (3.82%) were the
frequently present phonemes in the language. Vowels /o/, /I/, /i/, /e/ and consonants /n/, /t/, /t/,
[d/, ], Ith/ was the most used phonemes in English language. The highly frequent phonemes and
their number of occurrences in various syllable and word levels are provided in table 2.1 and 2.2.
The most commonly observed syllables (occurring more than 100 times) were /thi/, /ev/, /in/,

/and/, /i/, /ta/, /iy/ and /ar/.

Table 2.1

Most frequently occurring phonemes in various phoneme positions at syllable level in English
(Dewey, 1923)

Initial position Medial position Final position
Phonemes Occurrences Phonemes Occurrences Phonemes Occurrences
il 9,943 il 10,010 It/ 14,520
It/ 9,620 Ir/ 9,370 In/ 14,200
Is/ 7,850 lel 8,740 Ir/ 12,530
/h/ 6,755 In/ 8,460 /d/ 11,240
lal 6,109 lal 7,945 z] 10,220
/bl 6,090 lu/ 7,040 Is/ 7,000




Table 2.2

Most frequently occurring phonemes in various phoneme positions at word level in English
(Dewey, 1923)

Initial position Medial position Final position
Phonemes Occurrences Phonemes Occurrences Phonemes  Occurrences
Nl 6,730 Nl 18,750 It/ 11,770
la/ 6,690 In/ 15,650 /d/ 9,810
Is/ 5,575 /a/ 14,995 Iz/ 9,525
Iw/ 5,480 Ir/ 10,040 In/ 8,740
It 5,150 It/ 9,630 Ir/ 8,370
10/ 5,120 lal 8,071 vl 5,315

French, Carter and Koenig (1930) transcribed colloquial telephone conversations of
native American English adults and determined the relative occurrence of vowels, consonants
and consonant clusters in the initial and final positions and type of phoneme structure in the
language. A total of 80,000 words were obtained from conversations and the data was compared
with the results of previous studies based on written matter. The vowel in the word ‘pin’
occurred most frequently for about 11.22%, followed by 7.9% and 6.40% for vowels in ‘pen’
and ‘pan’. The least frequently occurring vowel was in ‘poise’ (0.24%). Among the initial
consonants, the per cent of occurrence ranged from 8.26% for -/w/- , followed by -/t/- (7.09%) to
Z (0.47%). Consonant ‘r’ occurred as frequent as 13.87% as a final consonant followed by -/t/-
(11.98%) and ‘the’ (0.06%) was the least frequent sound. In the initial consonant cluster, -/pr/-
(1.27%) was the most frequently present cluster and -/kl/- (0.26%) the least frequent. Compound
phoneme ‘no’ is present for 4.68% (most frequent) while -/rd/- occurred only for about 0.51%. A
similar range of percentages was present while comparing written data and the information from
the present study. However, few marked differences have been observed, for instance,

unaccented vowel as in ‘about’, initial consonant -/y/- and the final consonant -/t/- are

10



predominant in conversations. CVC (33.5%) type of syllable is commonly found closely

followed by CV (21.8%) and VC (20.3%) types.

Voelker (1935) utilized data of radio announcements and carried out a frequency count of
phonemes in American English. The highest frequency count were for the phonemes /1/> In/, It/
/al, I/, /d/ and /s/. Phonemes /3/, /A/, /6/ and /[l were ranked the least (as cited in Gerber &

Vertin, 1969).

Crystal (1981) reported the data for relative frequency of phonemes in English by Fry

(1947). The frequently occurring phonemes are provided in table 2.3.

Table 2.3

Most frequently occurring phonemes in English (Crystal, 1981)

Vowels Percentage of Consonants Percentage of
occurrence occurrence
/a/ 10.74 In/ 7.58
N 8.33 It/ 6.42
lel 2.97 /d/ 5.14
lal/ 1.83 Is/ 4.81
/N 1.75 n 3.66

Few of these commonly used phonemes are acquired early by children, for example, /t/,
/d/, /n/, /I/ while few of the least frequent phonemes such as /3/, /0/, /41, /dz/, I51/ turn up later in

speech.

Mader (1954) collected interview samples from children of grade one, two, and three.
The samples were typewritten and analyzed for frequency and position of occurrence of the
consonant sounds in the recorded words. The information from the present study was compared
with studies of VVoelker (1934), Travis (1931) and French, Carter and Koenig (1930). [n], [t], [d],
[r] and [s] were the most frequently occurring phonemes irrespective of position in which they

occur and these made up 49% of the recorded utterances. These results were in close
11



resemblance to the study by Voelker and Travis. The disparity between Mader’s study and the
study by French, Carter and Koenig (1930) may be due to the difference in the material analyzed
and age of participants. The least occurring phonemes were /1, 3, d3, hw/. It was also observed

that the sounds in English did not occur equally in the initial, medial or final position of words.

Tobias (1959) attempted to record the relative frequency of occurrence of sounds of
American English using the data put forth by French, Carter and Koenig (1930). The word lists
were retranscribed according to the General American pronunciations as given by Kenyon and
Knott (1951). The first four most frequent phonemes and two of the least frequent phonemes are

given in table 2.4.

Table 2.4

Highly frequent and least frequent phonemes in English (Tobias, 1959)

Most frequent phonemes

Phoneme Percentage of
occurrence
[n 9.22%
[t] 9.11%
[9] 7.22%
[n] 6.43%
Least frequent phonemes
[o1] 0.06%
[3] 0.00%

Relative frequency of phonemes in General American English was determined by
Hayden (1950). The data considered were recorded lectures. The frequently occurring phonemes
in decreasing order from 9.96% to 3.09% are as follows: /a/, /1/, I/, /t/, /v/, /s/, /1/, /dl, [dl and /e/.
These phonemes made up almost 60% of the data. The least frequent phonemes with occurrence

percentage less than 1% were /8, 1, €, j, 0, w, Z/.
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Wang and Crawford (1960) performed a statistical analysis to clarify the disagreement
between studies regarding frequency count of English consonants. The study compared data
from ten different authors (Tranka, 1935; Fowler, 1957; Carroll, 1952; Hayden, 1950; Whitney,
1874; Dewey, 1923; Voelker, 1937; French, Carter and Koenig, 1930; Fry, 1947 and Tobias,
1959). The consonants were ranked from the data collected. Most of the studies have consonants
It, n, r, s, d, I/ as the most frequently present phonemes in English, irrespective of the style and
dialectical variations and literary content. The study concluded that even with a sample size of as
small as 6000 items (Whitney, 1874) the frequency data remained stable. Nevertheless, the type
of corpus (dictionary/ running texts) and transcriptions does cause discrepancy among the

studies.

Denes (1963) derived a variety of statistical information on spoken English
(conversations and narratives from ‘Phonetic Readers’). The top 5 frequently occurring vowels
and consonants are provided in table 2.5. Vowels /o, 1, ai/ constitute 50% of the vowels in the
data while among consonants /t, n, s, d, I, m/ make up half of the consonant occurrences. Most
frequent initial and final vowels were /o/, /i/, /ai/, /e/, /i:/. Front vowels and plosives were more
common. Frequency of semi-vowels and liquids were comparatively less. Phonemes /d/, /wl/, /s/,
In/, 1t/, Im/, Ib/ were most frequently present in initial position of words whereas /t/, In/, Is/, Id/,
/Il commonly occurred in the final position. The least occurring phonemes include the

diphthongs /0a/, /oi/ and consonants /{7, /8/, /7, /dz/ and /3/.

Table 2.5

Top five frequently occurring vowels and consonants in English (Denes, 1963)

Vowels Percentage Consonants Percentage
occurrence occurrence
/ol 9.04 I/ 8.04
il 8.25 In/ 7.08

13



fai/ 2.84 /sl 5.08
e/ 2.81 /d/ 4.17
fi:/ 1.78 " 3.68

Considering stressed and unstressed syllables, vowels /o/ and /i/ are more common in

stressed syllables.

Delattre (1965) studied data taken from dramatization and narratives which was
presumed to represent connected speech. It was carried out to see frequency count of the vowels
and consonants in English. Among the total phonemes, /t/ accounted for 7.85% of the total
occurrences followed by /o/ (7.76%), /n/ (7.04%), /1/ (5.57%), /t/ (5.11%), /1/ (4.72%) and /s/
(4.59%). The least frequently used phonemes in the language were fricatives /0, [, d3, ff, 3/.
Vowels /o/, /1, l&l, /il and /a/ and consonants /t/, /n/, /r/, /1], Is/ and /d/ were most commonly used
(as cited in Edwards, 2002). This study is in consonance with the data provided by Hanna,

Hanna, Hodges and Rudorf (1966) and Dewey (1923).

Mines, Hanson and Shoup (1978) obtained 1,03,887 phonemes from conversational
American English through interviews. Phonemes /a, n, t, 1, s, 1, 1, d, £/ were the top 9 phonemes,
which constituted for 47% of the data. Research conducted by Gerber and Vertin in 1969
compared the data from Whitney (1874), Dewey (1927), Voelker (1935), French, Carter and
Koenig (1930) Tobias (1959) and Denes (1963) to compare validity of the methods used to
analyze the frequently occurring phonemes. The source of these data varied from written literary
classics, newspapers, text books and magazines to spoken telephone conversations, radio
announcements and religious and scientific speeches. The materials transcribed included General
American (Whitney, 1874) Eastern American (French, Carter and Koenig, 1930) and British
English (Denes, 1963) pronunciations. The results revealed that there was high correlation

among the six studies investigated and the methods used were valid. It was also interesting to

14



note that there was a good correlation between spoken languages regardless of the various
dialects than spoken and written data of same dialect. To be more specific, spoken American

English is similar to spoken British than written American.

1.1. 2. French

Malecot (1974) analyzed the phonology of the dominant dialect of modern spoken French
(Paris corpus). The computer-based analysis elicited data on occurrences of phonemes in word-
initial and final positions, in consonant clusters in different positions, and number of consonant
clusters created by word junctures within utterances. The results obtained are provided in table
2.6 and 2.7. The first five frequently occurring phonemes have been presented in decreasing rank
order. Total nasal vowels (/d, & 3, &/) occur the most among vowels followed by front vowels
(i, e, &, y, 9, /). Among consonants, fricatives (/f, s, [, v, z, 3/) has 43,014 occurrences followed
by stops (/p, t, k, b, d, g/) with 37,229 occurrences. Front consonants had relatively more
occurrence than back consonants. Apicals had 51,498 occurrences which were high while
considering the place of articulation, followed by labials (24,183) and uvular- r (14,265). The

least frequent phonemes were /n/ and /1/.

Table 2.6

Frequently occurring phonemes in French (Malecot, 1974)

Phonemes Occurrences
lal, la/ 16,216
lel 16,051
Ir/ 14,265
Is/ 12,293
n 11,179
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Table 2.7

Frequently occurring phonemes in different phoneme positions in French (Malecot, 1974)

Initial position Final position
Phonemes Occurrences Phonemes Occurrences
/sl 6,637 /ol 8,334
/d/ 6,485 lel, Il 7,413
Ip/ 5791 Ir/ 4,559
lal, la/ 5,318 lal, la/ 4,540

K/ 5,094 fil 3,381

Considering different word positions, two-consonant clusters were the most in frequency
followed by three-cluster consonants. Four and five-consonant clusters were present only in
intervocalic position. In the initial position, there were 53 two-consonant clusters (5,835
occurrences). There were 6,591 occurrences of 162 different types of two- consonant clusters in
the intervocalic position. In the final position, there were 39 different clusters of two-consonant

clusters.

1. 1. 3. Spanish

Guirao and Jurado (1990) calculated phoneme frequency distribution of American
Spanish in isolation, syllable, word positions and articulatory classes. The data was collected
from modern plays in Spanish. Results revealed that both vowels and consonants were almost
equally distributed, 48% and 52% respectively. Vowel /e/ was ranked first (15%) followed by /a/
> [o/ > [s/ > In/ > [il. The frequency distribution of vowels in Spanish was /e/, /a/, /o/ and that of
consonants was /s/, In/, Irl, It/. The least frequent phonemes were /n/ and /¢/ (0.2%). Among the
vowels, /e/, /ol and /a/ occur more frequently in final position and /u/ and /o/ occur mostly in
initial position. The most frequent syllables in the language were /a/ > /ke/ > /no/ > /de/ > [sel >
les/. These results are in consonance with studies by Guirao and Borzone (1972) and Thomas

(2005). Relative frequency of phonemes present in the first 27 frequently occurring syllables is
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given in table 2.8. Considering word position, stop /k/ occurred for 12.6% in initial position

while vowels /e/ was present most frequently in final position (21.7%).

Table 2.8

Most frequently occurring phonemes in syllable initial and final positions in American Spanish
(Guirao & Jurado, 1990)

Initial position  Percentage of Final Percentage of
occurrence position occurrence
It/ 9.9 la/ 21.7
/sl 9.8 lel 21.3
K/ 9.4 o/ 17.2
d/ 8.3 /sl 10.9
In/ 75 fil 9.2

Percentage of occurrence in terms of articulatory classes is provided in table 2.9. Voiced

consonants (29.1%) are more frequent than voiceless consonants (22.5%).

Table 2.9

Frequently occurring phonemes according to place and manner of articulation in American
Spanish (Guirao & Jurado, 1990)

Place of articulation Percentage Manner of articulation  Percentage
Dentals (n, I, 1, r, d, 34.7 Unvoiced stops/ 115
S) fricatives (p, t, Kk, s, f, X,
()

Labials (b, p, m, f) 9.5 Nasals (m, n, p) 10.5
Velars (x, k, g) 6.1 Liquids (I, r, r) 9.7
Palatals (p, 3, 1) 1.4 Voiced stops (b, d, 9) 8.2

Voiced fricative (3) 0.7

Sandoval, Toledano, Torre, Garrote and Guirao (2008) created an inventory of spoken
Castilian Spanish which included the frequently occurring phonemes and syllables from two
important spontaneous spoken corpus of the language. The analyzed data from the spoken corpus
was also compared with written corpus. Table 2.10 and 2.11 shows few of the frequently
occurring phonemes and syllables (in descending order of frequency) in Castilian Spanish. It was
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concluded that there are differences between the frequency of occurrence of phonemes and

syllables in oral and written corpora which may be due to lexical variety.

Table 2.10

Five most frequently occurring vowels and consonants in spoken and written corpus of Castilian
Spanish (Sandoval, Toledano, Torre, Garrote & Guirao, 2008)

Vowels Spoken Vowels Written Consonants Spoken Consonants Written

(%) (%) (%) (%)
E 15.12 A 12.89 S 8.11 S 7.33
A 12.27 E 12.74 N 7.05 r 6.19
0 10.38 0 9.32 0 5.12 1, d 5.46
| 7.22 | 7.59 t 1k 4.52 T 4.31
U 3.14 U 3.04 D 4.36 K 3.80

Table 2.11

Five most frequently occurring syllables in spoken and written corpus of Castilian Spanish
(Sandoval, Toledano, Torre, Garrote & Guirao, 2008)

Phoneme Spoken Phoneme Written (%)
(%)
a. 4.94 de. 4.49
ke. 3.77 a. 3.55
de. 3.51 la. 2.61
.es. 2.45 ta. 1.77
A 2.34 ke. 1.70
1. 1. 4. Dutch

Dutch phoneme and syllable frequencies were reported by Zuidema in 2009. The
phonemes/syllables were analyzed from a large spoken corpus in Dutch language. Phoneme /@/
was most frequent. Next in rank were phonemes /t/, /n/, /d/, Itl, /s and /A/. Syllables type CV
was the most common in occurrence. Syllable types CVC, VC, CVCC, CCV, CCVC were the

next in frequency. CCCVCCCC and CCC type of syllables were the least frequent. Syllable /j@/
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had the most frequent occurrence in the data followed by syllables /en/, Ix@/, /d@/, /1k/ and

h@l.

1. 1. 5. Romanian

Renwick (2011) determined the type frequency of vowels and consonants from a word
list in Romanian language. VVowel /i/ accounts for 25% of the total vowel characters followed by
vowels /a/ (19.9%) and /e/ (20.4%). The least frequently occurring vowels were /a/ (5.3%) and /i/
(1.7%). Most frequent consonants in Romanian are as follows: /r/ > /t/ > /n/ > /I/ > [c/ > /s/ and
together these phonemes make up for 67.4% of the consonants present in the language. Vowels
in Romanian language have grammatical functions and this correlated well with the frequency of
occurrence of these phonemes. Interestingly enough, the top vowels /i, a, e/ act as morphological

markers in many instances. However, there are a few exceptions as well.

1.1.6. Latin

Written data from Latin textbooks were analysed by Tambovtsev (2007) to establish the
frequently occurring phonemes in antique language of Latin. Forelingual sounds (t, d, t, s, z, n, I,
r- 37%) were more in frequency followed by sonorants (m, n, I, r, j- 23%) and occlusive non-

sonorants (p, b, t, d, Kk, g- 22%). This is in consonance with Zipf’s data (Zipf & Rogers, 1939).

1.1. 7. Russian

Smirnova and Chistikov (2011) used a computer aided tool for processing large Russian text
and spoken corpora (classics, playwrights and transcripts of interviews and public lectures) in
order to determine the frequency of occurrence of phonemes, syllables etc. Results revealed
phonemes /a, i, t, j, 0, n, s/ were most frequently present in Russian. The nine least frequent

phonemes were /c, k’, p’, sc,b’, z’, g’, °, h’/.
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1. 2. Sino- Tibetian languages
1. 2. 1. Hong Kong Cantonese

Leung and Law (2004) determined the frequency of occurrence of onset, coda, rimes and
tones in a widely spoken dialect of Hong Kong Cantonese. The data was taken from Hong Kong
Cantonese adult language corpus. The level tones were more frequent (34.65%) followed by
falling tones (29.09%) and rising tones (27.19%). In the onset inventory, 54.09% were coronal
consonants, 20.78% were velars while the least occurring were glottal sounds (10.29%).
Unaspirated sounds occurred more frequently than their aspirated counterparts. Considering
nasal consonants, [m] was most frequent as a rime and least frequent as a coda. Open syllables

were twice as frequent as closed syllables.

1. 3. Altaic languages
1.3. 1. Japanese

The frequency of occurrence of Japanese phonemes in various phonological contexts
(word initial, intervocalic, word final) is reported in literature. In the word initial position and
intervocalic position, phonemes /k/, /§/ and /s/ were most common whereas /n/ was the only
phoneme present in the word final position (as cited in Broeder & Murre, 1999).

Frequency of occurrence of Japanese phonemes, morae and syllables were studied by
Tamaoka and Makioka (2004). A lexical corpus created from Asahi newspaper by Amano and
Kondo (2000) was used for the study. The results yielded were interesting. The vowels /a/, /i/, lu/
and /o/ had similar frequency counts while vowel /e/ was the least frequent. Long vowel /ar/ was
more common. Consonants /k/ (17.24%), /t/ (15.53%) and /r/ (13.11%) were used much more
frequently than bilabials /p/ and /b/. Special sound /N/, /r/ and /g/ appeared frequently in the
language. Most commonly observed syllable was with the special sound /N/, /k/+V (vowel) +/N/

(20%). Few of the frequent bi-mora in Japanese was /ka/+/i/, lte/+/il, [ko/+ [ul, Isel+ [il.
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1. 4. Paleo- Siberian languages
1.4. 1. Korean

Shin (2010) investigated the occurrence of Korean phonemes through analysis of items in
Korean dictionary. Among the phonemes, /a/ had highest frequency of occurrence while /uji/ had
the least number of occurrences. Considering only the consonants, highest ranking was for /k/
followed by /n/, /n/, /1/ and /te/. There were 1,283 syllable types present in the data and among
these, most frequent types (82 types) accounted for 50% of the data. The high occurring syllables
were mostly of V and CV type and the lowest was for GV (Glide-Vowel) type. Syllable /ha/ had
highest occurrence followed by /li, tei, i, ki, sa, tcak/ and so on.

Shin in 2008 analyzed frequency of occurrence of Korean phonemes and syllables in
spontaneous speech of adults. An overall of 47% of vowels and 53% consonants were present in
the utterances. Phoneme /a/ was ranked highest and /n, k, i, 1, A/ were next in rank. Highest
frequency was assigned to CV type (62.2%) and lowest for VC (3.9%) type. Most of the

commonly occurring syllables were part of grammatical words and morphemes.

1. 5. Kra- Dai languages
1.5. 1. Thai

Munthuli, Tantibundhit, Onsuwan, Kosawat and Wutiwiwatchai (2015) performed a
statistical analysis of large scale written and spoken Thai corpora, to determine the frequency of
occurrence of vowels, consonants (in initial and final positions), lexical tone and syllable type.
The study also compared the statistics across the corpora. The results revealed discrepancies in
frequencies of initial and final consonants and vowels across the corpora. Nevertheless, few of
the top phonemes have been indicated. /s, t", k, k", I, ?/ are few of the most frequently present

initial phonemes and /1, n, j, t/ as the four most common final consonants. Among the vowels, /a,
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a:, i:, o:/ are commonly present in the database. On an interesting note, there was a stable
agreement in the frequency of occurrence of lexical tones and syllable types. Mid tones occur
more frequently followed by low tone. Syllable type CVC has the highest frequency closely

followed by CVVC.

1. 6. Uralic languages
1. 6. 1. Hungarian

Vowel count in Hungarian language was carried out by Lotz in 1952. Written texts were
considered for the same. Vowel /o/ had the highest occurrence (22.48%) followed by /a&/

(15.85%), /of (11.10%), /E/ (10.79%) and /a / (10.62%).

Tarndczy (1961) compares frequency of occurrence of phonemes in Hungarian language
by Nemes (1934), Mikes (1935, 1936, 1937), Tarnoczy (1952, 1954), Tolnai (1906) and Ve rtes
(1953). Slight variations were observed among the various commonly occurring phonemes
among various authors. The frequently occurring phonemes reported by different authors in

Hungarian are given in table 2.12.

Table 2.12

Comparison of frequently occurring phonemes reported by various authors in Hungarian
(Tarndczy, 1961)

Phonemes  Nemes Mikes  Tarn6czy  Tolnai Ve'rtes  Average

€ 11.7 11.21 10.8 10.67 10.28 10.93
a 9.9 9.37 9.9 9.61 10.71 9.90
t 8.0 7.70 7.15 8.04 7.62 7.70
I 6.1 6.27 5.9 5.95 4.98 5.84
n 5.6 5.81 5.75 5.49 5.67 5.66
k 4.8 5.73 5.55 5.16 5.29 5.30
0-0: 5.0 4.61 5.3 5.28 5.31 5.08
i 4.5 491 4.5 4.46 5.30 4.73
r 3.95 4.03 4.4 4.19 4.50 421
m 4.35 3.69 4.1 4.17 4.3 4.12
J 3.35 441 3.8 3.77 3.66 3.80
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1. 7. Niger- Congo languages
1. 7. 1. Setswana language

A set of conversations in Setswana language were examined by Palai and O’Hanlon
(2004). 53.9% of the sounds were present in the initial position and 41.8% in the medial position
while only 4.1% were present in final position. In the data, /lI/ was the most frequent phoneme.
Other phonemes next in rank were /n/, Ix/, Ir/, Ibl, Im/, Ik/, I{] and /s/. Consonants /n/, /x/ and /b/
N/, /r/, /m/ occurred the most in initial position and medial positions respectively. Except /n/

(4.07%) no other sounds occurred in the final position.

1.7. 2. Nko script

NKko script was created in order to write Bambara language which is one of the Manding
languages spoken in Mali. Text books and dictionary written in Nko script was analysed by
Rovenchak (2011) to determine the phoneme, syllable and tone frequencies. Consonants /I/, /k/,
/d/, In/ and /m/ were used more frequently while /p/, /g/, Iz/, Irr/ and /v/ were the least frequent
with percentage of occurrence less than 1%. Consonant /k/ was common in word initial position
while there were no words starting with the phoneme /rr/. Among the vowels, /a/ was observed to
be the most frequent in initial position of words. Vowels with high and low tones were
predominant in the data. Long nasal vowels were rare. A high frequency of occurrence was

observed for CVVCV structure with same vowels.

1. 8. Austronesian languages
1. 8. 1. llocano language

Sagon (2006) developed phonetically balanced word list in llocano language (spoken in
Philippines) based on frequency of occurrence of phonemes and syllable structures in the

language. The frequencies of phonemes and syllables types were determined from written
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articles in llocano. The most frequently occurring phonemes and syllable structures are provided
in table 2.13 and 2.14 respectively. As in spoken English (Denes, 1963) /t/ and /n/ were the two
most highly ranked phonemes in llocano language. Sounds /v/, /z/, /j:/ and /f/ occur very rarely

or has no occurrence at all in the language.

Table 2.13

Frequently occurring vowels and consonants in llocano language (Sagon, 2006)

Vowels Frequency of Consonants Frequency of
occurrence occurrence
lal 0.2235 It/ 0.0834
lil 0.1241 In/ 0.0723
u/ 0.0367 K/ 0.0488
lol, lel 0.0341 /d/ 0.0362
lay/ 0.0193 Is/ 0.0361
faw/ 0.0056 lo/ 0.0352
Table 2.14

Frequently occurring syllable types in llocano language (Sagon, 2006)

Syllable type Frequency of occurrence
CvCvC 0.2447
Ccvcv 0.1809
CvCcv 0.1330
VCV 0.1011
VCVC 0.0851
CvCcvcC 0.0798

Il. Frequency of occurrence of phonemes in Indian languages

Being a multilingual country, there is a need to obtain information on frequency of
occurrence of phonemes in various languages to understand them better. Study by Bhagwat

(1961) in Marathi and Ghatage (1964) in Hindi, Jayaram (1985) in Kannada and Ghatage (1994)

24



in Malayalam were few of the initial researches carried out in Indian languages. Earlier studies
considered only written materials to determine the phonemic and morphemic frequencies in
different languages. However, there were studies which were conducted in the recent past for
instance, Sreedevi, Smitha and Vikas (2012) in Kannada, Sreedevi and Irfana (2013) in
Malayalam which used spoken samples such as narrations and conversations as the source

material.

2. 1. Indo- European languages
2. 1. 1. Hindi

Study by Ghatage (1964) was one of the first studies to explore the phonemic and morphemic
frequencies in Hindi language. Written materials were considered for the study. Khan (1990)
reported vowel /a/ to be highly occurring in among the vowels. Phoneme /k/ was the most
frequently occurring consonant in written Hindi. Considering the place of articulation, dentals
(16.32%) had a higher occurrence followed by velars (12.59%) and labials (9.65%). Phonemes
/K, h,s,m,p,n, ¥ b, d w/and/r,n, K ¢s,J,h, I, m/ had the highest occurrence in initial and final
positions. Velars had higher mean percentage of occurrence in the initial position while stops
were predominant in final position. The study also concluded that the commonly occurring

syllable types in Hindi were CV followed by CVC.

350K and 50K Hindi text corpora were analyzed by Chourasia, Samudravijaya, Ingle and
Chandwani (2007). The phoneme data were collected in order to train speech recognition
systems. Results revealed vowels /a/ and /A/ to be most frequent in both the corpora. In the 350K
corpora, few of the frequently occurring phonemes were /a/> [A/> [el> NNI> [r[> [KkI> Iyl
Phonemes /a/> |A/> Iv[> [el> [k/> [i/> [1/> In] were the common ones in 50K corpus. It was also

observed that /dh/ was the rarest sound followed by /jh/.
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Various frequently occurring biphone (a sequence of two phonemes) and triphone (a
sequence of three phonemes) pairs were determined. Phoneme pair /ar/, /ra/ and /an/ occurred the
most in the corpora. Phoneme triplets (h,E,sil), (k, a, r), (a, r, a) and (p, a, r) were most frequently

occurring in 350K and 50K corpora.

De (1973) analyzed the frequency of Hindi phonemes and syllable structures for
development of speech audiometry material. The percentage of vowels and consonants are

provided in table 2.15.

Table 2.15

Most frequently occurring vowels and consonants in Hindi (De, 1973)

Vowels Percentage Consonants Percentage
occurrence occurrence
fa:/ 24.63% bl Is/ 7.8%
lal 23.27% Ip/ 7.5%
lel 11.65% /m/ 5.5%
fi:/ 8.27% Ikl 5.4%
il 7.86% lal, 41, I/, Ib"], Irl 4.0%

The results also revealed that nasalized /o/ and /a/ were the most frequent among the
nasalized forms of vowels. CVC syllable structure which was the most frequently occurring, had
45% of occurrence. CV and VC syllable structures had 30% and 20% occurrence respectively.
Rest of the syllable structures accounted for only 5% of occurrence. In Hindi, syllable structures

CV and C1VC: have the highest frequency of occurrence (Sinha, 2015).

Shailaja, Manjula and Praveen (2011) studied phonotactics in Hindi speaking typically
developing children and children with phonological impairment. Results revealed that syllable
shapes CV, CVC, VC, V, CCV, CVCC and VCC were evident in their speech. Syllable shape
CV was predominant in both the groups followed by CVC type. Word shapes CV and CVC had

higher occurrence among the monosyllables and CVCV had a higher percentage of occurrence
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among the disyllables. CV, CV, CV was highly present among the trisyllables. The VC structure
was seen much less in Hindi speaking children. Malviya, Mishra and Tiwary (2016) carried out
an analysis of Hindi phonemes from large Hindi EMILLE corpus. Phonemes /a:, k, r, e, i, n, i, t

Pl

s/ were most commonly present in the corpus.

2. 1. 2. Maithili

Frequently occurring consonants in colloquial Maithili (CM) was investigated by Yadav
in 1976. The data was borrowed from dictionary entries by Jha (1952). Consonant /b/ occurred
more frequently followed by /k/, /s/, Ip/ and /m/. Aspirated phonemes occurred relatively less
compared to their unaspirated counterparts in CM. Among resonant [+h] segments, [r"] occurred

more number of times. [I"] occurred the least (only 19 entries) among all the phonemes.

2.1.3. Urdu

Ghazali (2002) determined the frequency of various syllable templates in Urdu. The
words selected for frequency count were taken from an Urdu dictionary. CVV (37%) syllable
structure was the most common followed by CVC (21.8%), CVVC (16.5%) and CV (16%)
structures. The syllables were grouped as light syllables, heavy syllables and super heavy
syllables. Light syllables are those which contain only one element in its rhyme while heavy
syllables have more than one element in its rhyme. The heavy syllables (CVC, CVV, VC, VV)
occurred for 62.4% of the data, super heavy syllables (CVCC, CVVC, CVVCC, VCC, VVC) for

21.4% and light syllables (CV, V) for only 16.2% of the data.

2. 1. 4. Marathi

Marathi portion of the written corpus (EMILLE/CIIL) was used by Berkson and Nelson
(2017) to compute the frequently occurring phonemes in this language. The authors determined

both token and type frequencies of the same. However, the results suggested that there were only
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slight variations between type and token frequencies. On the whole, frequency count is more for
plain (unaspirated) sounds (93%) than aspirated sounds. The token frequency for these sound
classes is mentioned in table 2.16. Among the consonants, alveo- palatals and dentals were the
most followed by labials. Retroflexes and glottal [h] had comparatively the least frequency

count.

Table 2.16

Frequency of plain and aspirated obstruents and sonorants in Marathi (Berkson & Nelson,
2017)

Plain Aspirated Total

Voiceless obstruent 37% 2.8% 40%
Voiced obstruent 10% 3.6% 14%
Sonorants 45% 0.9% 46%

Low central vowel [a] occurs 46% in the data, which was the most frequently occurring
vowel. This was followed by [i] (23%) and [e] (16%). It was also inferred that back rounded

vowels occurred much less when compared to other vowels.

CV bigram frequencies were also reported by the authors. All the consonants occur
relatively more frequently with vowel [a]. It also occurs frequently with vowels [i] and [e] but

the frequency of occurrence is much less than that of its occurrence with [a].

2.1.5. Bengali

A frequency count of Bengali phonemes was provided by Ferguson and Chowdhury in
1960. The phoneme count was carried out from written as well as spoken material. The first five
frequently occurring phonemes are provided in table. The top 10 phonemes in this study were /e,
0,a,r n Kk, il b, t/. These results were in rough agreement with a study by Chatterji (as cited in
Ferguson & Chowdhury, 1960) wherein the 10 most frequent phonemes were /a, e, o, 1, 1, J, n, k,

b, I/. The frequently occurring consonants /r, n, k, I, b/ were commonly present in stems and in
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certain high frequency inflexional suffixes. The most common initial clusters present were stop+

liquid or /s/ + stop. V, CV, VC, CVC, VV, CVV were the typically occurring syllable structures.

2.1.6. Gujarati

Frequently occurring phonemes and syllables in Gujarati were reported by Pandit (1965).
Phoneme /a/ was ranked highest followed by /a:/, /h/, In/, I/, lil, lel and /k/. Retroflexes and
vowel /o/ were comparatively less frequent in the language. The syllables with maximum

occurrence were /ne/, Iva:/, Iche/, Ima:/, na:/, Ini:/ and /a:/.

It was reported by Patel (2004) that, in Gujarati language, CV syllables had the highest
frequency of occurrence. However, VC type of syllables was less used in the language. Also,

VCC syllable structure was rarely found.

2. 1. 7. Punjabi

Singh and Lehal (2010) analyzed a large Punjabi corpus to determine the syllable
frequencies (in initial, medial and final positions) for the preparation of Punjabi speech database
for TTS system. Since syllables are the basic unit for a syllabic language like Punjabi, the
authors suggested that syllables be used for the TTS system. The authors concluded that the
occurrences of both nasal and non-nasal syllables are predominant at the initial position than the
medial and final position. Furthermore, syllables of CV type (both nasal and non-nasal) occur
more in maximum words in the corpora while VCC type syllables (both nasal and non-nasal)

occur least in frequency.
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2.1.8. Oriya

Kelkar (1994) studied phonemic and morphemic frequencies in Oriya. The sources were
similar to that of Ghatage’s (1994) study. The results indicated that vowel /a/ was the most

occurring followed by /a/ and /1/. /r/, Ik/ and /t/ were the most found consonant phonemes.

2. 2. Dravidian languages
2. 2. 1. Kannada

Nair and Ramachandran in 1958 studied the frequently occurring phonemes in Kannada
following analysis of written materials representing language in daily use such as newspapers,
journals, books etc. for the purpose of generating a telegraphic code. Nearly a fifth of the total
phonemes accounted for the vowel /a/ which was the most frequently occurring phoneme
whereas nasals /n/ and /n/ (not present at all in the sample considered) and aspirated consonants
such as /g, /{"/ etc. were the least frequently occurring phonemes. Vowels /a, i, u/ and
consonants /t, d, n, g, r, v, k/ are among the most frequently occurring phonemes. Except for the
long vowel /a:/, all other long vowels and aspirated consonants were infrequent when compared
to short vowels and unaspirated consonants.

Frequency of phonemes in colloquial and literary style in Kannada was investigated by
Nayaka (1967). Sentences which were part of everyday conversations in colloquial style were
considered for analysis of colloquial Kannada. Literary style was considered from reading of
passages (by the author) from newspapers and literary texts.

Colloquial style used more number of consonants than vowels. On the other hand, literary
style used 8% more vowels than consonants. Short vowels had more occurrences than long
vowels in both styles. Consonant /n/ occurred more frequently than /m/ and aspirated consonants

were less frequent than their unaspirated counterparts. Also, voiced sounds were more common

30



when compared to corresponding unvoiced sounds. The most commonly occurring phonemes in

both styles of Kannada are provided in table 2.17.

Table 2.17

Most frequently occurring phonemes in literary and colloquial style of Kannada (Nayaka, 1967)

Literary style Colloquial style
Phonemes Percentage of Phonemes Percentage of occurrence
occurrence
lal 20.62 lal 12.82
fil 7.80 la:l 6.83
In/ 6.35 In/ 6.28
lu/ 5.55 It/ 5.92
la:l 5.19 fil 5.85
/d/ 4.88 Irl 5.09
Irl 4.80 /d/ 4.70

Ranganatha (1982) explored the frequency of phonemes and syllables from written
sources such as periodicals, newspapers, fiction and non- fiction books in Kannada language.
VVowel /a/ was observed to be highly occurring phoneme. Phonemes next in rank were /i/>/ u/>
Ir/> [d/> [a:/> [el> In/> [t/> [KI. Aspirated phonemes, consonants /f/ and /g/ and diphthong /au/
occurred least in frequency. Syllables /da/, /ra/, Ival, Idul, Igal, lyal, Inal, lal were few of the
highly occurring syllables in the language.

Jayaram (1985) computed the phoneme and syllable distribution in Kannada using
written materials such as newspapers and magazines. Results were similar to study by Nair and
Ramachandran (1958). In general, the short vowels had more occurrences compared to their
longer counterparts (except /a:/). Similarly, unaspirated consonants were present more frequently
than the aspirated counterparts. This is in consonance with Zipf’s principle of least effort (1949).
Vowel /a/ was the most frequent (19.04%) followed by /i/> /u/> /a:/. Consonant /n/ was the most
frequent phoneme (6.99%). Next in rank were /r/ (6.04%) > /d/ (5.54%) > [t/ (3.78%) > /I/

(3.34%) > v/ (3.15%) > /k/ (2.52%). The most frequent syllable types were CV (72.78%) and
31



CVC (16.01%) whereas the least frequent were VC, CCVC and other types. Syllables /da/, /ra/,
Ival, /al, Inal and /ga/ were highly present while syllable /sva/ was least present in Kannada. The
results also suggested that various phonemes and syllables had different frequencies in word and

sentence initial positions (table 2.18 & table 2.19).

Table 2.18

Frequently occurring phonemes in Kannada (Jayaram, 1985)

Sentence initial position Word initial position
Sounds Frequency (%) Sounds Frequency (%)

la/ 12.60 /m/ 10.64

lil 9.22 K/ 9.98

la:/ 8.57 b/ 8.06

In/ 7.47 Is/ 7.98

K/ 6.39 n/ 7.48

Table 2.19

Top five frequently occurring syllables and their percentage of occurrence in Kannada
(Jayaram, 1985)

Syllables Frequency (%) Syllables Frequency (%o)
lal 10.98 lal 6.98
fa:/ 8.92 fa:/ 4.07
il 7.13 /ma/ 3.74
liz/ 5.65 Ika/ 3.33
Ina/ 2.54 Isal 2.99

A study by Rupela and Manjula (2006) reported syllable shape CV to be prominent in
children as young as 3 years. Similar results have been obtained by Priya and Manjula (2016).
The most common word shape was CV followed by VC and CVC. Disyllables were prominent

in Kannada.
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More recently, a study was conducted by Sreedevi, Smitha and Vikas (2012) in Kannada
language using conversation samples. Results revealed that the mean frequency of consonants
were more than that of vowels. Among the vowels, /a/ had the highest percentage of occurrence
of 14.6% while /o/ had only 0.56%. Consonant /n/ has the highest frequency of occurrence of
about 7.87% followed by /r/ (5.43%) and /I/ (5.14%). The least frequently occurring phonemes in
conversational Kannada were the aspirated sounds such as /k"/, /t"/ etc, fricatives /s/, /[l and
affricates /c/ and /¥/. The frequently occurring phonemes in descending order is as follows: /a/,
Inl, NI, lel Irl, [a:/, Idl, 1], [ul, Ik/. These sounds account for 70.2% of the total phonemes in the
data.

Frequency of occurrence of phonemes was computed by Manjula, Geetha, Sharath and
Antony (2015) to develop a phonemically balanced word list for audiological evaluation. The
corpus selected included both written and spoken data with a total of 15000 phoneme
occurrences. The most frequently occurring phoneme was vowel /a/ followed by vowel /i/.

Among consonants, /n/, /r/, It/ and /1/ were the top frequently occurring phonemes.

2. 2. 2. Malayalam

Ghatage (1994) determined the phonemic frequencies in Malayalam from several written
sources. The descending order of frequently occurring phonemes is as follows: /a/> /i/> [u/>
Im/> [a:/> In/> [KI. Aspirated consonants, phoneme /f/ and diphthong /au/ were few of the least
occurring sounds in the language. Syllables /a/, /ra/, Ival, /gal, Ivil, Iru/ and /ku/ were highly

occurring in the language.

Frequency of occurrence of phonemes in Calicut, Ernakulam and Thiruvananthapuram
dialects of Malayalam was investigated by Sreedevi and Irfana (2013) from conversation

samples. In general, the percentage of consonants was higher than vowels. On the whole, the
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frequency of occurrence of phonemes in Malayalam was as follows: /a, i, k, 9, a:, t, t/. Vowel /a/
was the most frequently occurring phoneme in all the three dialects.

Percentage of vowels was higher in Thiruvananthapuram dialect followed by Ernakulam
and Calicut dialects. Vowels and consonants present in each of the dialects of Malayalam are

provided in table 2.20.

Table 2.20

Top frequently occurring vowels and consonants in Malayalam (Sreedevi & Irfana, 2013)

Dialects of Malayalam Vowels Consonants
Calicut la,i,9,a,el K, t,t 1/
Ernakulam la,i,9,a/ K, n, t,pt, I, m/
Thiruvananthapuram la, i, 9, e al Kk, n,t, t,m/
Most commonly occurring phonemes in the
three dialects /a, i, of Ik, n, t/

Considering the place of articulation, velar /k/ had the highest occurrence followed by
alveolar nasal /n/ in all the three dialects. Stops had the highest ranking followed by nasals in all
three dialects based on manner of articulation. Diphthongs and aspirated consonants had reduced

occurrence in Malayalam.

2.2.3. Tamil

Tamil phonology was investigated by Vasanthakumari in 1989. The frequency of
occurrence of vowels and consonants were almost equal as observed. Maximum occurrence was
for vowel /a/ (25%) and vowels /i/ and /u/ have same occurrence percentage of 8%. Based on
tongue height, low vowels had highest occurrence and based on tongue advancement, central
vowel had the highest rank. Among the consonants, /k/ was ranked first followed by /p/, /m/, It/,
It/, I\l and /|/. Phonemes /g/, /d/, [T/, /d/, In/ and /n/ were the least occurring in Tamil. Labials and
alveolars were more in frequency when classified according to place of articulation. Stops were

more while trills and flaps were the least in number in the language.
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2.2.4. Telugu

Kumar, Murthy and Chaudhuri (2007) conducted statistical analysis of Telugu text
corpora. Results revealed consonants occurred more frequently in word initial (86%) and medial
position (57%) than word final position. Vowels occurred for about 88% of the time in word
final position. The most frequent phonemes, bigrams (a pair of consecutive written units) and

trigrams (three consecutive written units) in each word position are provided in table 2.21.

Table 2.21

Most frequently occurring vowels, consonants, bigrams and trigrams in Telugu (Kumar, Murthy
& Chaudhuri, 2007)

Word Vowels Consonants Bigrams Trigrams
positions

Word initial a, a,i,eu p,V,K s, n pr, vi, ni, sm, nir, pri, pra:,
ka ka:r, tel

Word medial a, i, u, e, 0: m,n,rl K am, rm, a:n, imc, unn,
ar, ra nna:, uku, tun

Word Final u,i,a;,o,e  mnlrk ni, lu, nu, ru, a:ru, ulu, mdi,
lo: iki, uku

Neethipriya (2007) conducted a study on phonotactics in Telugu speaking children.
Syllable shape CV was predominant in children. Word shapes CV, VC and CVC were

commonly present in the data.

Another study by Kalyani and Sunitha (2009) investigated phoneme frequency in Telugu
to build a dictation system from a Telugu text corpus. Approximately 48% of the text was
vowels while consonants covered 52 %. Among the vowels, 51% were open vowels /a, a:/ and
41 % were half closed front vowels /e, e:/. Half closed back vowels /o, 0:/ had least occurrence
of 6%. Alveolars (46%) were the most common among consonants, followed by bilabials (20%).

Glottal sounds occurred the least in frequency (0.82%).
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Kumar and Mohanty (2012) utilized data of frequently occurring phonemes by Rao and
Thenarasu (2007) in order to develop Telugu speech audiometry material. The phoneme count
was derived from Telugu corpora available in Centre for Applied Linguistics and Translation
Studies Language Technology Lab, University of Hyderabad, India. The first 10 frequently

occurring consonants were as follows: /n/, Ir/, Il, IKI, Iwl, It/, Ip/, Im/, Id/ and /yl.

I11. Comparison across various Indian languages

Similarly, studies have also been conducted in various Indian languages such as Hindi,
Kannada, Malayalam, Tamil, Telugu etc. Ramakrishna, Nair, Chiplunkar, Atal and Rajaraman
(1957) used materials from books, journals, newspapers etc. to compute the relative frequency of
occurrence of phonemes in Malayalam, Telugu, Tamil, Marathi and Hindi in order to develop a
common telegraphic code. Most frequently occurring vowels and consonants in these languages
is provided in table 2.22 and table 2.23. A striking similarity was observed between Kannada and
other Dravidian languages such as Malayalam, Tamil and Telugu (cited in Ramakrishna, Nair,

Chiplunkar, Atal, Ramachandran & Subramanan, 1962).

Table 2.22

Relative frequency of occurrence of phonemes in Malayalam, Telugu and Tamil (Ramakrishna,
Nair, Chiplunkar, Atal and Rajaraman, 1957)

Malayalam Tamil Telugu
Vowels  Percentage Vowels Percentage = Vowels  Percentage
lal 13.88 lal 15.15 lal 16.70
lil 8.01 fil 8.04 lil 7.23
u/ 7.03 u/ 7.96 lu/ 7.16
Consonant Percentage Consonants Percentage Consonant Percentage
S S
In/ 7.55 1K/ 9.19 In/ 6.35
K/ 5.90 It/ 6.92 Irl 4.80
It/ 4.90 In/ 5.18 K/ 4.07
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ljl 4.05 /m/ 4.59 Iml, It/ 3.43

Table 2.23

Relative frequency of occurrence of phonemes in Hindi and Marathi (Ramakrishna, Nair,
Chiplunkar, Atal and Rajaraman, 1957)

Marathi Hindi
Vowels Percent Conson- Percent Vowels Percen Conson- Percen
-age ants -age -tage ants -tage
lal 19.05 Ir/ 4.84 lal 20.37 /k/ 5.96
la:/ 13.40 I/ 4.74 la:/ 8.41 Ir/ 4.76
lel 4.19 Il 3.63 lel 5.76 /h/ 4.25
In/ 3.50 In/ 4.02

Ramaswami (1999) explored the common characteristics in several Indian languages
such as Hindi, Malayalam, Marathi, Kannada, Tamil etc. Short vowels were more common than
long vowels in most languages. Nasalized vowels were less frequent than oral vowels. Most
languages have higher number of front vowels and unrounded vowels. Low central vowels were
observed to be very common. Oral vowels [a], [i], [e], [0] and [u] occur in almost all the
languages. The most frequently occurring phonemes in most of the languages are listed in table

2.24.

Table 2.24

Most commonly occurring phonemes in different Indian languages in terms of sound classes
(Ramaswami, 1999)

Class of sounds Phonemes
Stops (unaspirated) [p], [t], [d], [K]
Affricates (unaspirated) [c], [F]
Fricatives [s], [3], [h]
Nasals [m], [n], [n], [0]
Lateral [1]
Trill [r]
Semi vowels [w], [j]
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Bharathi, Prakash, Rajeev and Bendre (2002) statistically analyzed syllable frequency of
CIIL corpora of 10 languages, namely, Hindi, Punjabi, Marathi, Oriya, Assamese, Bengali,
Telugu, Tamil, Malayalam and Kannada. Percentage of the five most frequently occurring
syllables was extracted. The results for Hindi, Punjabi and Telugu are provided in table 2.25. The
data also revealed that total number of syllables is higher for South Indian languages like
Malayalam, Tamil etc, than North Indian languages (Hindi, Punjabi). For instance, 7050

syllables are present in Malayalam whereas Punjab has only about 2035 syllables.

Table 2.25

Percentage of occurrence of five most frequently occurring syllables in Hindi, Telugu and
Punjabi (Bharathi, Prakash, Rajeev & Bendre, 2002)

Hindi Percentage Telugu Percentage Punjabi Percentage
Iral 5.27 /na/ 2.71 Iral 5.13
/ka/ 3.60 Na/ 2.59 Isal 3.24
Ina/ 2.84 ni/ 2.34 /ka/ 3.06
/sa/ 2.80 /ka/ 2.20 Ina/ 2.58
Ipa/ 2.17 Ival 1.89 lal* 2.40

*Note: Unisyllable has been considered as a distinct syllable in the corpus

A syllable level analysis was carried out by Prakash, Prakash and Murthy (2016) using
continuous speech in six languages namely, Bengali, Hindi, Marathi, Kannada, Tamil and
Telugu in order to develop a TTS system. Results suggested that among syllables with two
phones, CV form was the most common structure in all languages. This was followed by
syllables with three phones CVC. Syllable containing four or five phones were present rarely and

occurred due to the presence of loan words from English.
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IVV. Comparison of frequency of phonemes across various languages of the world

Yegerlehner and Voegelin (1957) determined frequently present phonemes in nine
different languages, namely, Maori, Hidatsa, Winnebago, Shawnee, Choctaw, Havasuoali,
Navaho, Chontal and Tarascan. Texts in these languages were analysed for the same. VVowel /a/
was first in rank in Maori, Hidatsa, Choctaw, Tarascan and Navaho while /i/ was ranked highest
in Havasuoai and Shawnee. Vowel /e/ and /u/ were most common in Winnebago and Chontal

respectively. The list of consonants in decreasing order of frequency is given in table 2.26.

Table 2.26

Frequently occurring phonemes in Maori, Hidatsa, Winnebago, Shawnee, Choctaw, Havasuoali,
Navaho, Chontal and Tarascan (Yegerlehner and Voegelin, 1957)

Languages Frequently occurring phonemes
Maori It Ik, I, Il
Hidatsa n/, /h/, I/, I?/
Winnebago leel lglinl, I/
Shawnee wl, Ikl N 1
Choctaw It/ Inl, NI, ki
Havasuoai Kl 1&l, Iyl, Inl, 11
Navaho 1?1, /d/, Ix/, 1, It/
Chontal m/, /al, /h/, 2/, It/
Tarascan Inl, IKl, Isl, Ir]

Sigurd (1968) reported the frequency of occurrence of phonemes in five languages,
namely, Samoan (Bridgeman, 1961), Kaiwa (Bridgeman, 1961), American English (Roberts,
1965), Bengali (Ferguson & Chowdhury, 1960) and Swedish (Fant & Ritcher, 1958). The most
frequent phonemes in each language and their percentage of occurrence are given in table 2.27

and 2.28.
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Table 2.27

Frequently occurring phonemes in Samoan and Kaiwa (Sigurd, 1968)

Samoan Kaiwa
Phonemes Frequency (%) Phonemes Frequency (%)
lal 25.66 lal 17.67
lel 10.10 lel 11.27
lil, NN/ 8.90 lo/ 9.13
ful 8.62 1il 7.08
lo/ 7.84 Irl 6.50
/?/ 6.32 fil 6.33
It/ 5.88 /bl 5.08

Table 2.28

Frequently occurring phonemes in American English, Bengali and Swedish (Sigurd, 1968)

American English Bengali Swedish
Phonemes  Frequency Phonemes  Frequency Phonemes  Frequency

(%) (%) (%)

/o/ 11.82 lel 12.36 In/ 8.2

il 9.29 lo/ 10.27 lal 7.8

It/ 6.95 lal 8.16 It/ 6.7

Iyl 6.77 Ir/ 7.74 Irl 6.2

Irl 6.58 In/ 6.97 Is/ 5.3

In/ 6.29 Ikl 6.54 /d/ 5.1

lel 4.74 lil 5.44 /el lal 4.9

According to Kiparsky (1979), CV type of syllables were the most common whereas VC

type was least present most languages of the world.

Frequently occurring syllable types in English and Italian were reported by Black and
Singh (1968). CVC syllable type was the most common in English (33.5%). VC (20.3%) and CV
(21.8%) syllables were next in rank. CCVC type was the least frequent syllable structure in the
language. CV syllables accounted for 70% of the total syllable types in Italian. Other syllable

structures were relatively less common.
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A study by Daur (1983) reported the incidence of frequently occurring syllable types in
English and Spanish. Closed type syllables highly occurred in English unlike Spanish which has
more of open type syllables. 34% and 30% of the syllable types were accounted for by CV and

CVC syllables. In Spanish 58% of the total syllables was CV type.

Thomas (2005) as part of his study prepared a corpus from spoken and written material
for five languages namely, Cantonese, Mandarin, Italian, German and English. The author
obtained a list of frequently occurring phonemes in these languages. The list of commonly
present vowels, diphthongs and consonants for the five languages are given in table 2.29, 2.30,

2.31,2.32 and 2.33.

Table 2.29

Frequently occurring phonemes in Cantonese (Thomas, 2005)

Vowels Frequency Diphthongs Frequency Consonants  Frequency

(%0) (%0) (%0)
il 18.18 leil 27.39 Ik 15.40
/ol 17.72 leil 20.45 fts/ 10.78
el 15.39 lou/ 19.32 fil, I 10.60
la/ 13.86 feul 14.93 Ihi 10.25
el 12.00 fail 5.49 1 8.93

Table 2.30

Frequently occurring phonemes in Mandarin (Thomas, 2005)

Vowels  Frequency Diphthongs Frequency Consonants  Frequency

(%0) (%0) (%0)
fil 29.54 Jau/ 36.13 lil 12.99
al 23.88 fail 27.19 Iwi, 1t/ 9.50
lel 21.67 fou/ 12.91 /sl 6.76
fil 29.54 fau/ 36.13 ljl 12.99
Iul 11.50 Jeil 9.80 tel 6.65
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Table 2.31

Frequently occurring phonemes in German (Thomas, 2005)

Vowels Frequency Diphthongs Frequency Consonants  Frequency

(%) (%) (%)
Il 15.77 /ai/ 61.66 In/ 16.74
lel 13.86 fau/ 27.65 It/ 11.28
la/ 11.09 loy/ 10.68 IR/ 11.15
n 10.54 /d/ 8.99
le:l 9.54 Is/ 6.17

Table 2.32

Frequently occurring phonemes in American English (Thomas, 2005)

Vowels Frequency Diphthongs Frequency Consonants  Frequency

(%0) (%0) (%0)
/ol 22.98 fall 34.52 n/ 11.56
n 15.09 lell 27.46 ] 11.53
el 10.75 vl 24.09 Isl 8.28
lil 9.85 Jav/ 11.90 I/ 7.94
al 7.85 1l 6.78

Table 2.33

Frequently occurring phonemes in Italian (Thomas, 2005)

Vowels Frequency Diphthongs Frequency (%)
(%)
lil 26.75 In/ 13.89
Il 26.20 Irl 13.14
lal 21.86 It/ 13.02
/ol 19.43 N/ 11.02
/d/ 9.19

Additionally, the phonemes were grouped according to their place and manner of
articulation and these were compared across languages which yielded interesting results. It was

observed that each language concentrated their articulation in certain regions (eg. alveolar) and
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had one or two major manner of articulation. Most of the phonemes in Cantonese language are
concentrated in the back of the throat (palatal, velar, glottal). This language has more of plosives,
laterals and fricatives. Mandarin concentrates most of its articulation in the palatal region with
three major places of articulation- alveolar, palatal, alveolar- palatal. Bilabials are also frequent
in this language. On the other hand, more than 70% of the sounds have alveolar region as most
frequent place of articulation. Most sounds are produced at the front region of the mouth. For
instance, the language has a large concentration of nasals, laterals and trills. As German and
English have Germanic origin, there are many similarities observed. Fricatives and nasals are
almost equal in frequency in both languages and both languages have more sounds concentrated
in the front region. However, German has a high concentration of back sound- uvular trills while

inter-dental fricatives and approximants (/j/ and /w/) are most common in English.

Shin, Kiaer and Cha (2012) stated the decreasing order of most frequently occurring
Korean syllables: /ha/> /li/> [tcil >/ i/> [kil > [sa/>/ teak/. This is in consonance with study by
Shin (2010). In spontaneous speech, syllable /kuy/ was ranked first followed by /ka/, /i/, /na/, /te/
and /nuln/. Among the frequently occurring syllables, /tei/ and /i/ were present among the top ten
frequently occurring phonemes in both speech and dictionary. Few syllables like /kuy/, /1A/ and
/ni/ were present more commonly in speech while /si/, /sa/, /to/ and /tea/ were present frequently
in dictionary. Syllables /te/, /i/, /la/ and /ne/ had similar distributions in both dictionary and

speech.

While considering the overall percentage of syllables (irrespective of the source), CVC
type syllables account for 60.6% of all syllable types and CV type comprised of 9.9% of the
possible syllable types. On the contrary, in dictionary, CV type syllables were the most frequent
(42.8%). CVC type accounted for 36.1% of the total occurrences. On the other hand, GV type

syllables accounted only for 2.1% of the total syllables.
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The phoneme frequency of English (both speech and dictionary) was also reported in the
study. In dictionary, vowels /i/, /a/, /&/, le/ and diphthongs /el/ and /al/ were most commonly
used. Conversely, /a/, //, /e/, and /A/ were most frequently present in speech. Front vowels and
unrounded vowels were used more in both in dictionary and speech. The most frequent
consonants in dictionary were /t/, Is/, In/, I/, Ir/, k/ and /d/ but /n/, It/, Id/, Isl, I\ and /d/ were the
frequent sounds in speech. Fricatives and stops were more commonly used. Nasals and
approximants had equal number of occurrences. Laterals and affricates had the least percentage
of occurrences. In terms of place of articulation, alveolar and palate-alveolar sounds had highest
occurrence followed by labials and velars. Other places of articulation accounted for only about

35% of the data.

Comparing both the languages, velars were commonly used in Korean than English.
However, alveolars were more used in English. Affricates and nasals which were less frequent in
English were observed to be more frequent in Korean. Therefore, it can be concluded that
frequency of occurrence of phonemes has been widely studied across various languages. It is
also noted that the phoneme and syllable frequency varied among languages, dialects and also
across written and spoken sources. Hence, the current study aimed at determining the frequency

of occurrence of phonemes in spoken Hindi.
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CHAPTER 111
METHOD

The study aimed to obtain the frequency of occurrence of phonemes and syllables in
conversational speech of Hindi from major Hindi speaking regions, such as Madhya Pradesh,

Delhi, Chhattisgarh, Jharkhand, Uttar Pradesh, and Uttarakhand.

The objectives of the study were:

1. To obtain a conversational database of Hindi language

2. To calculate the frequency of occurrence of phonemes in Hindi from the database
obtained

3. To determine the order of frequency of occurrence of phonemes with respect to each
place and manner of articulation and vowel type

4. To obtain the frequency of occurrence of syllable types, word shapes, consonant clusters

and phoneme position in the word

Participants: Participants were native speakers of Hindi language in the age range of 20-to-70
years. All had a minimum education of 12th standard and studied in Hindi or English medium.
The participants were exposed to Hindi and used the language in daily conversation most of the
time. The data was collected from individuals native to major Hindi speaking urban/semi urban
regions of India such as Madhya Pradesh, Delhi, Chhattisgarh, Jharkhand, Uttar Pradesh, and
Uttarakhand. Participants included students, house wives, office goers or retired employees. It
was a group discussion where all the participants were involved in natural conversation and had
equal opportunities to take turns. There were a total of 18 audio recordings of natural
conversation in Hindi. The duration of each recording session was about 20 minutes. A minimum

of 4-5 participants were included in each group. Out of the total of 91 participants, 33 were
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males, and 58 were females. The participants were assessed informally for any speech, language
and hearing disorders. Details of the participants in each recording session are provided in table

3.1.

Table 3.1

Number of participants in each recording session

Recording sessions Males Females Total participants
R1 1 5} 6
R2 2 4 6
R3 3 2 5
R4 1 5 6
R5 3 3 6
R6 1 4 5
R7 4 0 4
R8 0 6 6
R9 1 5 6
R10 4 0 4
R11 4 2 6
R12 1 3 4
R13 0 4 4
R14 2 3 5
R15 1 3 4
R16 2 3 5
R17 0 4 4
R18 3 2 5
Total no. of 33 58 91

participants

Instrumentation: The conversations were recorded using Olympus (LS 100) digital
recorder. Toshiba (Satellite C665) laptop, Philips (ShI3095) headphones were used for
transcription. Analysis was carried out with the help of Systematic Analysis of Language
Transcripts (SALT- Clinical Demo Version 2012.4.5) software. The program enables
researchers in eliciting, transcribing, and analyzing language samples from one or more

individuals. It provides clinicians and researchers a platform to transcribe samples of
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everyday speech such as conversations and narrations into a common format and generate
reports containing various measures such as syntax, semantics, discourse, fluency, error

cateegories, frequency of words, morphemes etc.

Procedure: Initially, the participant details were collected, such as age, education and general
medical history. The participants were asked to sit in a circle. The digital recorder was placed in
the center, equidistant from each of the participant. The participants were encouraged to speak
freely and naturally on any subject of their common interest for about 20 minutes. No specific
topics were provided to prevent the high occurrence of certain phonemes. The participants were
encouraged to speak as naturally as possible only in Hindi and avoid words from other

languages. However, they were allowed to use frequently used loan words from English.

Loan words were considered as in the present day conversations of urban and semi-urban
population, they are highly prevalent due to improved education levels and exposure to English.
For instance, loan words such as holiday, friends etc are used more commonly than their native
equivalents. Using conversational data is more appropriate to arrive at the frequency of
occurrence of phonemes in more natural settings as reported in the literature. This is important as
SLPs need to choose more frequent phonemes of the language for speech sound correction as it
would enhance speech intelligibility in a short span of time. It is also recommended for
development of articulation test and drill material. Also Audiologists require the frequent
phonemes in the conversational samples for preparing several test materials to assess individuals
with hearing impairment. Eg PB word List. The outcome of the current study is intended for use

by SLPs and Audiologists.
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It was a group discussion where all the participants were involved in natural conversation and
had equal opportunities to take turns. These words are provided in appendix B. Topic of

conversation in each recording session is given in table 3.2.

Table 3.2

Topic of conversation in each recording session

Recording sessions Topic of conversation

Recording 1 General talk about home, hobbies, daily activities

Recording 2 General conversation about self, daily routine, food etc.

Recording 3 Conversation about home and surroundings

Recording 4 Daily activities, discussion about classes, programs in

college etc.

Recording 5 Daily activities, classroom routine, class discussions,
places to visit etc.

Recording 6 Talk about self, home, daily routines

Recording 7 About self, daily activities, rituals, politics, about work

Recording 8 About school, college, exams, classes

Recording 9 About self, common diseases, common events

Recording 10
Recording 11
Recording 12
Recording 13
Recording 14
Recording 15

Recording 16
Recording 17
Recording 18

About places to visit, history of famous temples
About classes, college, examinations, a social event
Education system, politics
About self, general conversation
About travel, places visited, experience in new college
About native place, general conversation about schools,
weather, children
General conversation
Conversation on places to visit, festivals
General conversation on self and daily routine, schooling
of children

Using Conversational data is more appropriate to arrive at the frequency of occurrence of
phonemes in more natural settings as reported in the literature. This is important as SLPs
need to choose more frequent phonemes of the language for speech sound correction as it
would enhance speech intelligibility in a short span of time. It is also recommended for
development of articulation test and drill material. Also Audiologists require the frequent
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phonemes in the language for preparing several test materials to assess individuals with
hearing impairment. Eg PB word List. The study outcome is intended for use by SLPs and

Audiologists.

Data Analysis: International Phonetic Alphabet (IPA) transcription put forth by Ohala
(1994) for Hindi was used to transcribe the conversation samples (Appendix A). Exclamatory
remarks and repetitive words were excluded from the sample before analysis. However,

commonly used English loan words were considered for analysis.

SALT clinical demo version 2012.4.5 (Miller & Iglesias, 2008) software was utilized to
analyze the raw data to determine the frequency count. The software can also be used to
compare an individual’s language sample with a reference database of language measures.
For the present study, a database of Hindi phonemes was prepared, and it consisted of all the
phonemes (Ohala, 1994), consonant clusters (Ohala, 1983; Kachru, 2006), syllable types
(Shailaja, Manjula & Praveen, 2011) and word shapes (Shailaja, Manjula & Praveen, 2011)

present in Hindi language.

The conversation samples were analyzed using the following steps:

1. The conversation sample was transcribed using the database of Hindi phonemes
(Appendix A), consonant clusters, syllable types and word shapes were prepared
initially (Appendix C).

2. A set of codes were prepared for each of the units (phonemes, consonant clusters,
syllable types and word shapes) in the database. Few examples for the same are

provided in table 3.3. These codes were utilized to determine the most frequently
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occurring phonemes among the total phonemes in Hindi, in various phoneme
positions (initial, medial, final) and most commonly present cluster groups, syllable

types and word shapes. The complete set of codes is given in appendix C.

Table 3.3

Examples for codes for phonemes, consonant clusters, syllable types and word shapes

Phonemes/ consonant clusters/ Codes
syllable types/ word shapes
from database

K/ K
KN/ Kh
It/ T
It Th
/m/ (initial position) m: |
/m/ (medial position) m: M
/m/ (final position) m: F
Ipr/ Pr
n/ LI
CcVv CcVv
VCCV VCCV
Monosyllables CV,CV(C,VC,V

3. The transcribed data were coded accordingly.

C3:plyunDD:M jau rF ¢ghl aa v:Ma CVVCV VC CVVCV.
C4:plupr:hi CVVCV.
C2:plyy DM 1au r:F ghy] aa v:F CVVCWV VC CVVC.

Cislabd MidlenMighilahMi v:Methh;]l anlavlgarF CVCCV CVCV
CVCVCV CV CV CVVC.

C4:sTabMiMibhlinlahMimdlIethMe CVCCV CV CVCV CVCV.

Cl:aurFuyupMarFslemIujhhMeslamMajhhFmIlemnlahMigathMalkl]
pluwDDMikIesTaathEsTabMiphMillaghMnMichlahMIyMenlIaVC
VVCVC CV CVCV CVCVC CV CVCV VVCV CV CVVCV CV CVVC CVCCV CVCCW
CVCVCV CV.

C2: viloaghMarFdlethMehlIe CVVCVC CVCV CV.

ClraurFzlarMuyprMidhloDD:MihTevIagarFmTathMIAMabFpluyDDM ]
chlaavFvilapluDD:MiaurFeghlaavFhlarFikloikhlavMeanrF g s:Mathl
okloinlabhMipkliviahMamlIogF fIrMiimIgmrlahFrlahMahlevIaa
plainlabMimklarFrIahMaVCCVCVCYV CVCV CV CVC CVCCVC CVCV CVC
CVCVCV VC CVC CV CVV CVCV VC VCV CV CVV CVCV CV CVCV CVC CCV CWV
CVC CVCV CV CV CV CVCV CVC CVCV.
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Figure 3.1. Sample of transcribed and coded file

In figure 3.1, ‘C 1°, ‘C 2°, ‘C 3°, ‘C 4°, ‘C 5’ represents individuals involved in the
recording session and ‘p:I’, ‘DD:M’, ‘y:F’ stands for ‘p’ in initial postion, ‘DD’ in medial
position and ‘y’ in final position of the word ‘puuDDi’. Codes CV, VVCV. CVVCV etc

represents the various syllable and word shapes.

4. The coded files were then loaded to SALT software.

§ SALT-Trant - X
File Edit Check Analyze Datsbase Explore Link Setup Window Help
NEHS B 208 £h & 000 vHrH? 242
A Tanl x v
§ Child, Examiner
+ Language: English
+ Participantld: 01
+ Name: Conversation 1

+ Context: Con

-0:00

C3:plwmDDMiaurF chlaayMaCVVCVVC CVVCY.

C 4 pTmeMiCVVCV.

C 2:pTwDDMiaurF chlaayF CVVCVVC CVVC.

C5sTabM jMidlenMichTahMi yMethhlanlaylaarF CVCCV CVCV CVCVCV CV CV CVVC

C4:sTabMjMibhlinlahMim dle thMe CVCCY CV CVCV CVCYV.

ClarFmpMarFslemlujirMeslamMajihF mlemnlahMiaathMalkliplmDDMik] e slaathF slabMjMillagMoMichlahMIyMenla VC VVCVC CV CVCV CVCVC CV
CVCVVVCV CV CYVCV CV CVVC CVCCV CVCCV CVCVCV CV.

CXvloachMarF dlethMehle CVVCVC CVCVCV.

ClarFzlarMmrMidilo DDMihleylaarF mlathM M abF plmDDMichlaayF ylaplmDDMianrF chlaayF hlarFkloikhlayMeaurFeisMathlokloinlahMimklivia
bMamiTogFflrMimlemrlahFrlahMahleylaapleinlahMimklarFrTakMaVC CVCVCV CVCV CV CVC CYCCVC CVCV CVC CV CVCV VC CVC CV CVV CVCV VEVCV CV
CVV CVCV CV CVCV CVC CCV CV CVC CVCV CV CV CV CVCY CVC CVCV.

Figure 3.2. Sample of transcribed file loaded in SALT software
5. The set of codes prepared earlier (step 2) were incorporated into an editable standard
wordlist in the software. The codes were entered separately to determine the
following:
a. Frequently occurring phonemes from the total phonemes in Hindi
b. Frequently occurring vowels and consonants
c. Frequently occurring phonemes in various phoneme position
d. Frequently occurring consonant clusters

e. Frequently occurring syllable types
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f. Frequently occurring word shapes

Edit Standard Word Lists >
Select Word List
() Question Words Tite | Phonemes intital position | | 0K |
() Negatives Words found in ... Indude in Database report?
() Conjunctions (®) Unrestricted Oves
(C)Modal Auxiliary Verbs (C) Questions. @ No
() Semi-Auxiliary Elements () Mot questions
(") Personal Pronouns ol N F F
() Possessive Pronouns & Determiners |.d:,:1 i:-t"m
(C) Reflexive Pronouns a:l
() Demonstrative Pronouns & Determiners 2:1111
(C) Relative Pronouns chh:I
() Universal Pronouns & Determiners hII
(C) Partitive Pronouns & Determiners 2”
() Quantifying Pronouns & Determiners TTh:I

DO:I
(O Total phonemes. DDh:I
(®) Phonemes intital position nn:I m
(_) Phonemes medial position ml;l'l
() Phonemes final position d:1
() syllable structure th:I
n:

Mote: These last two lists are needed for SALT analyses. D:I.
See Help for details. ph:I <
() Yes and Mo Words. Select language
) Filled Pause Words (®) English () Spanish () French () <unused>

Figure 3.3. Sample for codes for initial phoneme position in the editable standard word
list

6. The software then compared the data with the set of codes and provided information

on the frequency count of phonemes, cluster groups, and syllable types and word

shapes.
§ SALT- Tran1_SWL - I3
File Edit Check Analyze Datsbase Explore Link Setup Window Help
UD’H% é%‘gi NN} '}}Eﬁlﬂ"“w\llilbbl? ? u?
/ Tran1” Trani SWL X -
Trani
Analysis Set: C&1 Verbal Utts
STANDARD WORD LISTS
C&I Verbal Utts
Main body
inital position
Child Examiner
it 161 0
1 65 0
g1 2 0
Jant 5 0
chl 2 0
chhul 6 0
i 16 0
i 2 0
TI 7 0
TThi 2 0
DD1 7 0
DD 1 0
ol 0 0
il 62 0
thhl 20 0
a1 I 0
dnt 2 0
nl 7+ 0
Pl 63 0
sl 0 0
E 101 0
oht 30 0
mi 287 0
vl s1 0
For Help, press F1 Cal Verbal Utts Entire Transeript English

Figure 3.4. Sample output for initial phoneme position from SALT analysis
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7. The information of frequency count of phonemes were compiled in an excel sheet for
further analysis of frequently occurring consonants with reference to their place and

manner of articulation and voicing features.

Inter-judge reliability: Three post-graduate speech-language pathologists including the
researcher, trained in the transcription of speech samples served as judges. The phonetic
codes to be used and the procedure of transcription were explained to the judges. 10% sample
of each recording was subjected to inter-judge reliability measures. The samples were played
to the judges individually. The transcribed samples were statistically analyzed for frequently
occurring phonemes. The Cronbach alpha reliability index was 0.87 which indicated a good

consistency among the three judges.

Intra-judge reliability: 10% of each recording sample was randomly selected and
transcribed and reanalyzed by the researcher. Cronbach alpha index obtained was 0.90

indicating a good inter judge reliability.

Statistical analysis

The data was subjected to statistical analysis. Descriptive statistics was employed to
determine the mean percentage of occurrence of various phonemes, phoneme positions,
consonant clusters, place and manner of articulation, syllable types and word shapes.
Friedman test was carried out to determine statistical significance across various parameters.
Subsequently, Wilcoxon signed rank test was performed to determine pair wise significance

across the parameters under consideration.
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CHAPTER IV
RESULTS AND DISCUSSION

The study aimed at obtaining the frequency of occurrence of phonemes, consonant
clusters and syllable types in conversational speech of Hindi from major Hindi speaking regions,
such as Madhya Pradesh, Delhi, Chhattisgarh, Jharkhand, Uttar Pradesh, and Uttarakhand. The

objectives of the study were as follows:

I.  To obtain a conversational database of Hindi language
Il.  To calculate the frequency of occurrence of phonemes in Hindi from the database
I1l.  To determine the order of frequency of occurrence of phonemes with respect to each
place and manner of articulation and vowel type
IV.  To obtain the frequency of occurrence of syllable types, word shapes, consonant clusters

and phoneme position in the word

The current investigation involved a total of 91 participants in the age range of 20-to-70
years who were native speakers of Hindi language. Data was collected from various states of
major Hindi speaking belt, namely, Madhya Pradesh, Delhi, Chhattisgarh, Jharkhand, Uttar
Pradesh, and Uttarakhand. A total of 18 audio recordings of natural conversation in Hindi were
considered. Each recording session had minimum of 4-5 participants. The recorded samples were
transcribed using International Phonetic Alphabet (IPA) given by Ohala (1994) and the data was
analyzed using SALT software (version 2012.4.5). The results are discussed under the following

sub sections.

=

Frequently occurring phonemes in conversational Hindi

N

Frequently occurring vowels and consonants in Hindi

w

Frequently occurring phonemes in initial, medial and final word positions in Hindi

e

Frequently occurring consonant clusters in Hindi
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5. Frequently occurring syllable types in Hindi

6. Frequently occurring word shapes in Hindi

1. Frequently occurring phonemes in conversational Hindi

Figure 4.1 depicts the total number of phonemes recorded in each of the recording
sessions. The number of phonemes recorded varied from 6,000 to 12,000 phonemes. The first
recording session (R1) elicited the maximum number of phonemes of 12,216 and the least
number of phonemes of 6,128 were recorded in the sixth session (R6). A grand total of 1, 48,862

phonemes were present from 18 conversational recordings.

13000 -
11000 -
9000 -
7000 -
5000 -

3000 -

Total number of phonemes

1000 T T T T T T T T
FERILERRRS D
o x o

Recording sessions

R13
R14
R15 |
R16 |
R17
R18

Figure 4.1. Total number of phonemes present in each recording session

Total corpus (1, 48,862 phonemes) of 18 recording sessions included consonants, vowels
and diphthongs. Based on descriptive statistics, the mean percentage of occurrence of consonants
was higher than vowels and diphthongs. Mean occurrence of consonants and vowels were
54.42% and 44.50% respectively (Fig. 4.2). Diphthongs had least occurrence of 1.08%. The
results of the present study is in consonance with earlier studies by Denes (1959), Delattre (1965)

in spoken English, Thomas (2005) in American English, spoken Cantonese, Mandarin and Italian
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and Renwick (2011) in written English. Similar results have been obtained in several Indian
languages such as written Hindi (Ghatage, 1964), written and spoken Gujarati (Pandit, 1965),
Kannada (Ranganatha, 1982; Jayaram, 1985; Sreedevi et al, 2012), Tamil (Vasanthakumari,

1989), Telugu (Kumar & Mohanty, 2012) and spoken Malayalam (Sreedevi & Irfana, 2013).

44.5% mVvowels

B Diphthongs
54.42%

Consonants

1.08%

Figure 4.2. Mean occurrence of vowels, diphthongs and consonants

The mean percentage of occurrence of the phonemes in descending order is provided in
table 4.1. Vowel /i/ had the highest occurrence of 19.43% in conversational Hindi. Phonemes /n/
(15.99%), /a/ (9.17%), lel (6.12%), /f/ (5.22%), /h/ (3.99%) and /k/ (3.80%) were the next
frequent phonemes observed in the data. However, the results are contradictory to the earlier
studies in written Hindi. According to Chourasia Samudravijaya, Ingle and Chandwani (2007),
phonemes /a/> [A/> lel> [II> [r[> [k/> Iyl frequently occurred in Hindi. Similarly, phonemes /a:/,
al, lel, Ii:l, lil, Ibl, Isl, Ipl, Im/ and /k/ were few of the highly occurring phonemes in a study by
De (1973). Aspirated sounds such as /t"/, /t"/, Ig"/, /b"/, /3" and /d"/ had the least frequency of
occurrence in Hindi. This is in agreement with studies in all Indian languages. The aspiration

feature is much less used in colloquial language.

Table 4.1
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Mean percentage of occurrence of phonemes in spoken Hindi in descending order

Phonemes Mean % Phonemes Mean % Phonemes Mean %
/il 19.43 fu/ 1.14 ] 0.17
In/ 15.99 /bl 1.11 Izl 0.16
lal 9.17 fail 0.90 leel 0.15
lel 6.12 /¥ 0.87 It/ 0.13
I 5.22 vl 0.87 13:/ 0.13
Ih/ 3.99 Il 0.64 Ic"/ 0.12
Ikl 3.80 13l 0.64 It 0.08
Im/ 3.11 /d/ 0.56 In/ 0.06
Irl 3.02 Ip" 0.44 /y/ 0.04
lo/ 2.94 IK"/ 0.36 It 0.04
/sl 2.33 li:/ 0.31 g 0.04
Ip/ 2.29 lal 0.30 /b"/ 0.03
la:/ 2.11 f:/ 0.30 15/ 0.03
N 2.01 Wi 0.27 fi:l 0.03
fd/ 1.71 fu:/ 0.22 /3 0.02
ljl 1.52 li:/ 0.22 /s/ 0.02
It/ 1.37 fau/ 0.18 w/ 0.01
lo/ 1.23 Il 0.18 1" 0.01
lcl 1.16 Iyl 0.18

2. Frequently occurring vowels, diphthongs and consonants in Hindi

2.1. Vowels and diphthongs

Hindi has nasal and non- nasal vowels. Non- nasal vowels (96.22%) occur more
frequently than nasal vowels (3.78%). The same is depicted in figure 4.3. Higher occurrence of
non- nasal vowels than nasal vowels have been reported by Ramaswami (1999). In the present
study, 90.31% of the total vowels were short vowels while only 5.91% constituted the long
vowels (Fig. 4.3). Similar observations have been observed in various Indian languages

(Sreedevi, Smitha & Vikas, 2012; Sreedevi & Irfana, 2013).
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Figure 4.3. Mean percentage of occurrence Figure 4.4. Mean percentage of occurrence
of nasal and non-nasal vowels of short and long vowels

In general, front- high vowel /i/ was predominant with a mean of 46.11% followed by
vowels /a/ (20.46%), /e/ (13.64%) and /o/ (6.56%). However, according to reports by Ghatage
and Madhav (1964), Chourasia, Samudravijaya, Ingle and Chandwani (2007), De (1973), Khan
(1990) and Malviya, Mishra and Tiwary (2016), vowel /a/ was the most predominant vowel in
Hindi. Similarly, other Indian languages such as Marathi (Berkson & Nelson, 2017), Gujarati
(Pandit, 1965), Kannada (Nayaka, 1967; Ranganatha, 1982; Jayaram, 1985; Sreedevi, Smitha &
Vikas, 2012), Malayalam (Ghatage, 1994; Sreedevi & Irfana, 2013), Tamil (Vasanthakumari,
1989) and Telugu (Kumar, Murthy & Chaudhuri, 2007; Kalyani & Suitha, 2009) had vowel /a/
as the highly occurring vowel. However, vowel /i/ had a high occurrence in English (Dewey,

1923; Voelker, 1935; Tobias, 1959).
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In the present study, among the nasal vowels, vowel /a/ (1.42%) had relatively higher
occurrence. It is partially in consonance with a study by De (1973) which reported vowels /5/
and /a/ as the most frequent nasal vowels in Hindi. Considering the diphthongs, /ai/ had the
highest mean percentage of 82.98%. According to the present study, diphthongs are highly
reduced in conversational Hindi. Similar observations have been made by Sreedevi and Irfana
(2013) in Malayalam, Ranganatha (1982) in Kannada and Renwick (2011) in Romanian. Table

4.2 depicts the mean percentage of occurrence of vowels and diphthongs in spoken Hindi.

Table 4.2

Mean percentage of occurrence of vowels and diphthongs in Hindi

Vowels Mean % Vowels Mean % Diphthongs Mean %
la/ 20.46 1al 1.42 fai/ 82.98
la:/ 4.72 /a:/ 0.28 fau/ 17.02
lil 46.11 1l 0.48
li:/ 0.70 i/ 0.07
ul 2.53 1&l 0.67
lu:/ 0.50 o/ 0.41
lel 13.64 fa:/ 0.37
lo/ 6.56 15/ 0.07
Il 0.33
Ial 0.68

High vowels (/i/, /i:/, lul and /u:/) occurred more frequently with a percentage of occurrence of
51.8% compared to mid (/e/, /o/, /) and low (/a/, /a:/) vowels (Fig. 4.5). Front vowels (/i/, /i:/,
lel, l&l) had the highest occurrence (63.16%) as observed from the data. The central (/a/, /a:/, /a/)
and back (/u/, /u:/, /ol) vowels had 26.86% and 9.97% of occurrence respectively. Front vowels
were also highly present in English (Denes, 1959; Thomas, 2005), Cantonese, Mandarin,
German, Italian (2005) and Telugu (Kalyani & Sunitha, 2009). Figures 4.5 and 4.6 illustrate the
mean percentage of occurrence of various vowel categories. On application of Friedman test, a

significant occurrence was noted across various vowel categories (table 4.3). Hence, a pair wise
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comparison of high, mid and low vowels and front, central and back vowels were carried out
using Wilcoxon signed rank test. Analysis of table 4.4 and 4.5 revealed a significant difference

across each of the pairs.
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Figure 4.5. Mean percentage of occurrence Figure 4.6. Mean percentage of occurrence
of high, mid and low vowels front, central and back vowels
Table 4.3

Comparison of mean scores across various types of vowels using Friedman test

Types of vowels x? (4) p value*

High vowels
Mid vowels 34.11 0.00
Low vowels
Front vowels

Central vowels 36.00 0.00
Back vowels

Note. *p<0.05

Table 4.4

Pair wise comparison of mean percentage occurrence across high, mid and low vowels using
Wilcoxon signed rank test
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Types of vowels |Z| p value

Mid- high 3.724 0.000*
Low- high 3.724 0.000*
Low- mid 3.680 0.000*

Note. *p<0.05

Table 4.5

Pair wise comparison of mean percentage occurrence across front, central and back vowels
using Wilcoxon signed rank test

Types of vowels |Z| p value
Front- central 3.724 0.000*
Back- front 3.724 0.000*
Back- central 3.724 0.000*

Note. *p<0.05

2.2. Consonants

The first five frequent consonants in Hindi in descending order were as follows: /n/
(29.14%) > [f/ (9.52%) > Ih/ (7.27%) > Ik (6.93%) > Im/ (5.66%) > /r/ (5.50%). In general
aspirated consonants had the least occurrence. Table 4.6 shows the mean percentage of
occurrence of consonants in Hindi. Kannada also had phoneme /n/ as the most frequently
occurring consonant in the language (Nayaka, 1967; Sreedevi, Smitha and Vikas, 2012). It was
also the second most frequent phoneme in Malayalam (Sreedevi & Irfana, 2013). Among the
non- Indian languages, English (Voelker, 1935; Mader, 1954; Crystal, 1981; Thomas, 2005),
Swedish (Sigurd, 1968), German (Thomas, 2005) and Italian (Thomas, 2005) had a high
occurrence of nasal phoneme /n/. However, several other studies in Hindi reported consonant /k/

to be the most frequently occurring phoneme (Khan, 1990; Malviya, Mishra & Tiwary, 2016).
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Table 4.6

Mean percentage of occurrence of consonants in Hindi

Consonants Mean%o Consonants Mean%o
Ik/ 6.93 It/ 2.50
KN 0.65 It/ 0.07
lg/ 2.24 fd/ 3.12
19" 0.06 Wi 0.51
Ic/ 2.10 In/ 29.14
I 0.22 ljl 2.77
13/ 1.59 Irl 5.50
/3 0.04 N 3.66
Il 1.16 Wi 1.59
It 0.14 Il 0.33
Id/ 1.03 /s/ 0.04
1d" 0.02 /s 4.25
In/ 0.11 Ih/ 7.27
Ip/ 4.18 1t/ 0.24
Ip" 0.81 Izl 0.29
Ibl 2.03 i 0.03
Wi 0.06 il 9.52
Im/ 5.66 I/ 0.08

Study by Ghatage (1964) reported phoneme /k/ as the most frequently occurring consonant in
written Hindi which is in agreement with the present finding. Considering the place of
articulation, dentals (16.32%) had a higher occurrence followed by velars (12.59%) and labials
(9.65%). Phonemes /k, h, s, m, p, n, § b, d, w/ and /r, n, k, t, S, j, h, I, m/ had the highest
occurrence in initial and final positions. Velars had higher mean percentage of occurrence in the
initial position while stops were predominant in final position. The study also concluded that the

commonly occurring syllable types in Hindi were CV followed by CVC.
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2.2.1. Manner of articulation

Nasals (34.67%) were more predominant followed by stops (25.3%) and fricatives
(24.25%). Among nasals, /n/ had the highest occurrence followed by /m/ (5.66%) while /n/
(0.08%) had least occurrence. Voiceless unaspirated stops had an occurrence of 15.02%. Voiced
unaspirated stops had relatively less occurrence of 8.42%. Similar results have been obtained in
other languages such as Malayalam, Kannada, Tamil, Telugu (Ramakrshna, Nair, Chiplunkar,
Atal and Rajaraman, 1957) and Cantonese and Mandarin (Thomas, 2005). Consonant /f/ had
highest mean percentage (9.52%) followed by consonant /h/ (7.27%), among the fricatives.
Consonant /g/ was least present among the fricatives in the corpus. Considering approximants,
liquid /I/ occurred with a mean of 3.66%. Hindi has only a single trill /r/, which was present for
5.50% in the corpus. Affricates had the least occurrence of 3.93%. On the contrary, stops had
higher occurrence in many Indian languages (Jayaram, 1985; Kalyani & Sunitha, 2009) and non-

Indian languages (Denes, 1957; Guirao & Jurado, 1990; Thomas, 2005).

Figure 4.7 depicts the mean percentage of occurrence of consonants based on manner of
articulation. The results of Friedman test revealed a significant occurrence of various manner of
articulation (table 4.7). Further, Wilcoxon signed rank test was employed to establish pair wise
comparison of various categories stops, nasals, fricatives affricates, approximants and trills (table
4.8). All the pairs were observed to have a significant difference except fricatives and stops. The

mean occurrence of fricatives (24.25%) and stops (25.3%) were nearly similar.
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Figure 4.7. Mean percentage of occurrence of consonants based on manner of articulation

As data did not follow assumptions of normality, hence Nonparametric statistics are applied.

Table 4.7

Comparison of mean percentage of occurrence across various manners and place of articulation
using Friedman test

Manner and Place x> (4) p value
Place of articulation 118.56 0.000*
Manner of articulation 84.75 0.000*

Note. *p<0.05

Table 4.8

Pair wise comparison of mean percentage occurrence across stops, nasals, fricatives affricates,
approximants and trills using Wilcoxon signed rank test

Manner of articulation |Z| p value
Nasals- stops 3.724 0.000*
Fricatives- stops 1.786 0.074
Affricates- stops 3.724 0.000*
Approximants- stops 3.724 0.000*
Trills- stops 3.724 0.000*
Fricatives- nasals 3.724 0.000*
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Affricates- nasals 3.724 0.000*

Approximants- nasals 3.724 0.000*
Trills- nasals 3.724 0.000*
Affricates- fricatives 3.724 0.000*
Approximants- fricatives 3.724 0.000*
Trills- fricatives 3.724 0.000*
Approximants- affricates 3.724 0.000*
Trills- affricates 3.246 0.001*
Trills- approximants 3.243 0.001*

Note. *p<0.05

2.2.2. Place of articulation

In general, alveolars had the highest percentage of occurrence (42.79%) while
retroflexes occurred in least frequency (2.5%). More than 50% of the alveolars were accounted
for by consonant /n/. In general, bilabials and labiodentals had almost equal percentage of
occurrence. Voiced dental /d/, voiceless bilabial /p/ and voiceless fricative /f/ were most frequent
among dentals, bilabials and labiodentals respectively. Among the velars, /k/ had the highest
occurrence. It is also among the top five phonemes. Unlike Malayalam (Sreedevi & Irfana,
2013), Telugu (Kalyani & Sunitha, 2009) and Marathi (Berkson & Nelson, 2017), Hindi had
relatively higher occurrence of glottal sound /h/. Palatal approximant /j/ and voiceless stop /t/ had
highest mean percentage in the palatals and retroflexes respectively. Similar to Hindi, Telugu
(Kalyani & Sunitha, 2009; Kumar & Mahanty, 2012), Cantonese, Mandarin, Italian, German and
American English (Thomas, 2005) had higher occurrence of alveolars. Both Kannada (Sreedevi,
Smitha & Vikas, 2012) and Malayalam (Sreedevi & Irfana, 2013) had higher occurrences of
dentals. However, the present study was contradictory to the study by Khan (1990). The later
study reported dentals (16.32%) to be the most frequently occurring phonemes followed by

velars (12.59%) and labials (9.65%).
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Figure 4.8 depicts the mean percentage of occurrence of consonants based on place of
articulation. Statistical significance was determined using Friedman test (table 4.7). As there
was significance observed across bilabials, labiodentals, dentals, alveolars, palatals, retroflexes,
velars and glottal categories, Wilcoxon signed rank test was applied to establish pair wise
significance. The pairs palatals- dentals, bilabials- labiodentals and glottal- palatals did not have
a significant difference which indicates these categories had a similar percentage of occurrence

in Hindi.

of occurrence

Mean percentage

10 A M Seriesl

Consonants

Figure 4.8. Mean percentage of occurrence of consonants based on place of articulation

Table 4.9

Pair wise comparison of mean percentage occurrence across bilabials, labiodentals, dentals,
alveolars, palatals, retroflexes, velars and glottal using Wilcoxon signed rank test

Place of articulation |Z] p value
Alveolars- dentals 3.724 0.000*
Labiodentals- dentals 3.724 0.000*
Retroflexes- dentals 3.724 0.000*
Velars- dentals 3.724 0.000*
Palatals- dentals 2.345 0.019
Bilabials- dentals 3.724 0.000*
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Glottal- dentals 3.333 0.001*

Labiodentals- alveolars 3.724 0.000*
Retroflexes- alveolars 3.724 0.000*
Velars- alveolars 3.724 0.000*
Palatals- alveolars 3.724 0.000*
Bilabials- alveolars 3.724 0.000*
Glottal- alveolars 3.724 0.000*
Retroflexes- labiodentals 3.724 0.000*
Velars- labiodentals 3.636 0.000*
Palatals- labiodentals 3.724 0.000*
Bilabials- labiodentals 1.024 0.306
Velars- retroflexes 3.724 0.000*
Palatals- retroflexes 3.724 0.000*
Bilabials- retroflexes 3.724 0.000*
Glottal- retroflexes 3.724 0.000*
Palatals- velars 3.724 0.000*
Bilabials- velars 3.574 0.000*
Glottal- velars 3.686 0.000*
Bilabials- palatals 3.724 0.000*
Glottal- palatals 1.847 0.065
Glottal- bilabials 3.274 0.000*

Note. *p<0.05

3. Frequently occurring phonemes in initial, medial and final word positions in Hindi

Consonants /n/ (35.41%), /h/ (9.52%), /f/ (8.88%), /k/ (8.24%), /d/ (3.56%) and /s/
(3.52%) were the most frequently present in initial word position (table 4.10) whereas /f/
(12.29%), In/ (12.09%), /m/ (8.83%), It/ (7.52%), /h/ (6.87%) and /k/ (6.35%) commonly
occurred in final position (table 4.11). Consonant /n/ occurred with highest percentage frequency
of 28.57% in the final position as well (table 4.12). This was followed by consonants /r/

(17.50%), Im/ (7.35%), /d/ (5.67%), I/ (4.88%), /Il (4.819%), /k/ (4.49%) and /p/ (4.49%).

Study by Khan (1990) in written Hindi reported phonemes /k, h, s, m, p, n, }, b, d, w/ and
Ir,n, K, t, s, J, h, I, m/ as the highest occurring phonemes in initial and final positions. Velars had

higher occurrence in the initial position while stops were predominant in final position.
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Table 4.10

Mean percentage of occurrence of consonants in initial word position in Hindi

Consonants Mean%o Consonants Mean%o
Ik/ 8.24 It/ 3.24
KN 0.79 It/ 0.13
lg/ 1.03 fd/ 3.56
19"l 0.11 fdf/ 0.82
Ic/ 1.68 In/ 35.41
I/ 0.28 ljl 1.16
/3/ 1.86 Ir/ 1.97
/3 0.04 n 2.81
Il 0.50 Wi 2.34
It 0.14 Il 0.24
/d/ 0.44 /s/ 0.01
1d" 0.01 Is/ 3.52
In/ 0.01 Ih/ 9.52
Ip/ 2.99 1t/ 0.10
Ip" 1.44 Izl 0.22
Ibl 2.48 Iwil 0.01
Wi 0.05 il 8.88
Im/ 3.92 I/ 0.00
Table 4.11

Mean percentage of occurrence of consonants in medial word position in Hindi

Consonants Mean%o Consonants Mean%o
Ikl 6.35 I 1.98
Ik 0.61 I 0.00
) 4.44 fa/ 1.55
19" 0.00 1d"/ 0.21
Icl 2.72 In/ 12.09
Ic" 0.22 ljl 6.81
13/ 1.19 Il 7.52
/3 0.08 N 5.25
I 2.17 i 0.91
I 0.13 Ifl 0.51
ld/ 1.97 /s/ 0.09
1" 0.04 Is/ 5.79
I/ 0.28 Ih/ 6.87
Ip/ 6.55 i 0.21
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Ip" 0.06 Izl 0.44
/bl 1.57 Iwi 0.07
1e" 0.10 Ifl 12.29
Im/ 8.83 ly/ 0.10
Table 4.12
Mean percentage of occurrence of consonants in final word position in Hindi
Consonants Mean%o Consonants Mean%o
1K/ 4.49 ) 1.38
Ik 0.32 I 0.00
) 2.78 fd/ 5.67
19" 0.02 1d" 0.00
Icl 3.07 In/ 28.57
Ic"f 0.01 lil 0.70
13/ 1.82 Il 17.50
/3 0.03 N 4.81
) 2.07 I 0.22
I 0.19 Ifl 0.27
ld/ 1.53 Is/ 0.08
1" 0.00 Is/ 4.88
n/ 0.20 Ihi 0.18
Ip/ 4.49 i) 0.88
Ip" 0.04 Izl 0.38
Ibl 1.71 wl 0.00
Ib" 0.03 15l 3.90
Im/ 7.35 I/ 0.40

According to Friedman test, a significant difference was present across various word
positions, y2 (4) = 36, p< 0.05. Application of Wilcoxon signed rank test revealed a significant
difference across initial, medial and final word positions (table 4.13). Word initial position had a

higher occurrence followed by word medial position. Occurrence of consonants in the final

position was less.
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Table 4.13

Pair wise comparison of mean percentage occurrence across initial, medial and final word
positions using Wilcoxon signed rank test

Manner of articulation |Z| p value
Initial- medial 3.724 0.000*
Medial- final 3.724 0.000*

Initial- final 3.724 0.000*

Note. *p<0.05

4. Frequently occurring consonant clusters in Hindi

On application of descriptive statistics, it was observed that consonant cluster /ky/
(10.56%) had a higher occurrence followed by cluster groups /sk/ (6.64%), /tn/ (4.98%),
geminate /cc/ (4.98%), /rn/ (3.37%), /rt/ (3.17%) and /tl/ (3.17%). Two- consonant clusters were
more frequent than three consonant clusters. Table 4.14 shows the first 56 consonant clusters

from the data.

Table 4.14

Mean percentage of occurrence of consonants clusters in Hindi

Consonant clusters Mean%o Consonant clusters Mean%o
Iky/ 10.65 [rf/ 0.82
Isk/ 6.64 Iks/ 0.79
Itn/ 4,98 m/ 0.72
[cc/ 4.98 Ipl/ 0.72
/rm/ 3.37 /rm/ 0.72
Irt/ 3.17 Int/ 0.72
It/ 3.17 Isp/ 0.67
Ipk/ 3.01 /hl/ 0.64
/kt/ 2.75 [fr] 0.59
Ink/ 2.72 /hn/ 0.58
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Ny 2.65 Igz/ 0.57

Ism/ 1.81 Isn/ 0.54
It/ 1.71 Ist/ 0.54
Ist/ 1.56 Int/ 0.52
/pn/ 151 /bj/ 0.52
/nt/ 1.48 /mm/ 0.47
ot/ 1.44 Ird/ 0.47
Ins/ 1.39 Irv/ 0.47
Ipr/ 1.31 Ikr/ 0.47
Irk/ 1.28 Isl/ 0.44
/In/ 1.23 /khn/ 0.44

/mn/ 1.19 Ind/ 0.42
Irsl 1.16 Ist/ 0.42
Ind/ 1.48 /dr/ 0.42
Ikk/ 0.99 /mk/ 0.42
/k/ 0.94 /ss/ 0.39
It/ 0.94 lgr/ 0.39
Ikl/ 0.91 Ikw/ 0.37

5. Frequently occurring syllable types in Hindi

Syllable types/ shapes V, CV, VC, CVC, CCV, CVCC, CCVC and VCC were analysed
from the data. The most frequent syllable type observed was CV (58.66%) followed by CVC
with a mean occurrence of 23.47%. The least occurrence was noted for syllable type VCC
(0.03%). The mean percentage of occurrence of syllable types in Hindi is provided in figure 4.9.
Similar results have been reported by Khan (1990) and Sinha (2015) for Hindi language.
Conversely, De (1973) reported that CVC syllable structure had the highest occurrence (45%)

while CV structure occurred for only 30% in frequency in Hindi.

It has been observed that these syllable types were consistently present in typically
developing children by the age of 3 years. Shailaja, Manjula and Praveen (2011) studied
phonotactics in Hindi speaking typically developing children and children with phonological

impairment. Results revealed that syllable shapes CV, CVC, VC, V, CCV, CVCC and VCC were
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evident in their speech. Syllable shape CV was predominant in both the groups followed by CVC
type. The results of the present study are also in consonance with Rupela and Manjula (2006)
and Priya and Manjula (2016) in Kannada and Neethipriya (2007) in Telugu. English language
also favoured CV and CVC syllable shapes in almost equal proportions while French and
Spanish favoured CV type in higher percentage (Delattre & Olsen, 1969). CV syllable structure
also had highest occurrence in Kannada (Jayaram, 1985) Gujarati (Patel, 2004), Punjabi (Singh
& Lehal, 2010), Bengali, Marathi and Tamil (Prakash, Prakash and Murthy, 2016). Therefore, it
can be stated that CV is the most frequent syllable type in Hindi as reported in Kannada, Telugu,

French and Spanish.
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Figure 4.9. Mean percentage of occurrence of syllable types in Hindi

6. Frequently occurring word shapes in Hindi

The mean percentage of occurrence of word shapes in Hindi was computed and is

provided in table 4.15. Monosyllables, disyllables, trisyllables and multisyllables were recorded
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from the data. Monosyllables accounted for more than 50% of the total data. Disyllables were
next in line followed by trisyllables. Overall, the most frequent word shape observed was CV
(32.22%) followed by CVCV and CVC with 18.70% and 12.89% of mean occurrence
respectively. In monosyllable structure, CV and CVC word shapes occurred more frequently,
whereas in disyllables, CV, CV chain was the most frequent word shape. In trisyllables,
CVCVCV chain (3.66%) had the highest occurrence. The least occurring word shapes had
trisyllabic or multisyllabic structure such as CVCVCVCV (0.13%), CVCVCVCVC (0.01%).
The results from the study are in consonance with Khan (1990) in Hindi. Study by Shailaja,
Manjula and Praveen (2011) in Hindi speaking typically developing children and children with
phonological impairment aged 3-to-5 years yielded similar results. Word shapes CV and CVC
had higher occurrence among the monosyllables and CVCV had a higher percentage of
occurrence among the disyllables. CVCVCV was highly present among the trisyllables. The VC
structure was seen much less in Hindi speaking children. The present study in spoken Hindi
reported highest occurrence of monosyllabic word shapes whereas in Kannada disyllabic word

shapes predominate as reported by Hiremath (1961).

Table 4.15

Mean percentage of occurrence of word shapes in conversational Hindi

Word length Word shapes Mean%
VvV 4.29
CcVv 32.22
VC 3.12
Monosyllables CvC 12.89
CCv 1.19
CvCC 0.85
CCvC 0.36
Ccv, cvC 0.13
Ccyv, CC 0.10
Cv,cv 18.70
CVC, CV 5.86
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CVC, VC 3.58

Disyllables CVC, CcVvC 1.58

CCv, cVv 0.38

C,CVv 1.19

VC, CV 3.13

VC, VC 0.76

VC, VCC 0.01

CV,V 2.29

Cv,Ccv,cv 3.66

CvV, CV 0.68

Trisyllables CV,CV, CcVvC 0.33
CV, CCV, cVv 0.36

CV, CV, CcVv 0.21

Polysyllables Cv,cv,cv,cv 0.13
CV,CV, CV,CVC 0.01

Therefore the present study on frequency of occurrence of phonemes in
conversational Hindi revealed higher occurrence of consonants (54.42%) than vowels and
diphthongs. The first ten frequently occurring phonemes in descending order are as follows: /i/ >
In/> [al > [el > [f/> In/ > [k/> Im/ > [r/ > [ol. Phoneme /i/ had higher occurrence among the
vowels while phoneme /n/ was predominant among the consonants. Diphthongs had least
occurrence of 1.08%. Non- nasal vowels were more frequent than nasal vowels in Hindi.
Considering manner and place of articulation, nasals (34.67%) and alveolars (42.79%) had
higher mean percentage in spoken Hindi. Word initial position had a higher occurrence of
consonants /n/> /h/>/f/> [k/> [d/ whereas /f/> In/> Im/> [r/> /h/ were commonly present in word
medial position. Phonemes /r/> /m/> [d/> /s/> /I/ were prominent in word final position. Two-
consonant clusters were more frequent than three consonant clusters. Consonant cluster /kj/ had a
higher occurrence followed by cluster groups /sk/, /tn/, geminate /cc/, /r/, Irt/ and /tl/. CV
(58.66%) was the most frequently observed syllable type in Hindi. Monosyllables accounted for
more than 50% of the total data. Word shape CV was highly present while VC was least

observed in spoken Hindi.
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CHAPTER V
SUMMARY AND CONCLUSIONS

The present study aimed to determine the frequency of occurrence of phonemes,
consonant clusters, syllable types and word shapes in conversational Hindi from major Hindi
speaking regions, such as Madhya Pradesh, Delhi, Chhattisgarh, Jharkhand, Uttar Pradesh, and
Uttarakhand. The data on frequently occurring phonemes have widespread applications in

various fields such as audiology, speech language pathology, speech engineering and linguistics.

The study included a total of 91 native speakers of Hindi, both males (n = 33) and
females (n = 58) in the age range of 20-to-70 years. Data consisted of 18 recordings from
individuals native to major Hindi speaking regions of India such as Madhya Pradesh, Delhi,
Chhattisgarh, Jharkhand, Uttar Pradesh, and Uttarakhand. Each recording has 4-5 participants
and was recorded for about 20 minutes. The participants were assessed for any speech, language

and hearing difficulties.

The speech samples were collected in controlled natural environments. The participants
were made to sit in a circle with the digital audio recorder (Olympus LS 100) placed at the
center, equidistant from all the participants. The individuals were encouraged to initiate and
speak on any topic of common interest to the group. The conversation samples were transcribed
using International Phonetic Alphabet transcription by Ohala (1994) for Hindi language.

Commonly used loan English words were included in the data.

The raw data were then coded and analyzed in Systematic Analysis of Language
Transcripts (SALT) software (Clinical Demo Version 2012.4.5) to determine the frequency

count of phonemes, consonant clusters, syllable types and word shapes. The output obtained
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from SALT analysis was further statistically anayzed. Descriptive statistics was employed. The
coprus consisted of a total of 1, 48,862 phonemes from the 18 recordings. Mean occurrence of
consonants and vowels were 54.42% and 44.50% respectively. Phonemes /i, a, e, 0, a:/ and /n, f,
h, k, m/ had higher occurrences among vowels and consonants respectively. Considering the total
phonemes in spoken Hindi, vowel /i/ had the highest mean percentage of 19.43%. The mean
percentage of occurrence of the phonemes in descending order is as follows: /n/ (15.99%)> /a/
(9.17%)> lel (6.12%)> /f/ (5.22%)> /h/ (3.99%)> /k/ (3.80%). Diphthongs and aspirated

consonants had the least occurrence in the data.

Front vowels (51.8%) and high vowels (63.16%) were predominant in the data.
Occurrence of oral vowels was higher compared to nasal vowels. Considering the place of
articulation, nasals (34.67%) had higher percentage of occurrence. Stops (25.3%) and fricatives
(24.25%) had almost similar mean percentage scores. Affricates had least occurrence of 3.93%.
Alveolars (42.79%) occurred in higher frequency while considering place of articulation. This
was followed by bilabials and labiodentals. Mean occurrence for retroflexes were the least, only
about 2.5%. Hindi had relatively higher occurrence of glottal /h/ when compared to languages
like Marathi, Telugu and Malayalam. Consonants /n/ > /h/ > [f/ > [k/ > [d/ > [s/ and /f/ > In/ > /m/
> [r/ > [h/ > [k/ were commonly present in initial and medial word positions respectively. In the
final word position, consonants /n/> /r/> Im/> [d/> [s/> /I/> [k/ were prominent. Consonants were

predominant more in the initial position and least in the final position.

Two consonant clusters occurred more in Hindi than three or four consonant clusters. The
commonly occurring consonant clusters were /ky/ (eg, /kja/), /sk/ (eg, /kiska/), /tn/ (eg, /kitna/),
Iccl (eg, /accal), Irn/ (eg, /karna/), /rt/ (eg, /karta/) and /tl/ (eg, /matlab/). The most frequent
syllable types observed were CV (58.66%) and CVC (23.47%) while VCC occurred least in the

data. Monosyllables accounted for more than 50% of the total data. On the whole, word shape
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CV (32.22%) had highest mean percentage followed by CVCV (18.70%) and CVC (12.89%).
Word shape VC occurred least in spoken Hindi. Among monosyllables and disyllables, CV and
CVCV were predominant respectively. The least occurring word shapes had trisyllabic or

multisyllabic structure.

The results of the current study will enable audiologists and speech language pathologists
in developing assessment (eg, PB word lists) and intervention (eg, speech sound targets for
articulation therapy) tools for the rehabilitation of individuals with communication disorders. It
will help explain the speech sound developmental sequence in typically developing children and
speech error patterns in individuals with communication disorders. The information can be
utilized by speech engineers to design text-to-speech and speech to text systems, translation
systems and speech synthesis systems which have become a part of the present day electronic
devices and can go a long way in rehabilitation of communication disabled. Learning foreign
language may be a simpler task with the utilization of information regarding frequency of
phonemes in a language. Hindi being a language with large number of native and non- native
speakers, it is necessary to create a database of the phonemes of the language for clinical,

linguistic and rehabilitation purposes.
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Table Al

Depicts vowels in Hindi (Ohala, 2004)

Appendix A

Phonemes of Hindi

Non- nasal vowels Nasal vowels
lal, la:l 1al, 1a:/
fil, Ii:/ fil, li:/
ul, lu:/ f&/
lel nl, hu:/
lo/ o/
&/
ol
Dipthongs: /ai/, /au/
Table A2
Depicts consonants in Hindi (Ohala, 2004)
Bilabial | Labio- | Dent- | Alveolar | Post- Retro | Palatal | Velar | Glottal
dental | al alveolar | -flex
Stop p, b Ny 6 k, K"
d, d" q d" g, ¢"
Affricate c, c"
L
Nasal m n n
Fricative f S, Z I h
Trill r
Approxi- v I J
mant
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Real
Nurse
Stage
Public
Nursing
Experience
Important
College
Class
Topic
Start
Actually
Show
Next
Power
Portion
First
Time
Mam
Madam
Competition
Dress
Quiz
Level
Rank
Party
Participate
Person
School
Minute
Dance
Job
Students
Explain
Day
Auto
Road
Steps
Morning
Patients

Loan words included in the study

Standard
Non-stop
Continue
Cartoon
Love
Like
Ward
Family
Afternoon
Duty
Last
Second
Year
Doctors
Colour
Painting
Type
Hostel
Senior
Signal
Ball
Cream
Rules
Clinics
Teacher
White
Medical
Science
South
Train
Holiday
Day
Viva
Photo
Ticket
Room
Vacation
Posting
Facebook
Side

Appendix B
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Recent
Change
Tax
Choice
Late
Group
Hospital
Percent
North India
Golden
Idea

Car
Police
Smile
Operation
Sir

Best
Garden
Dam
Newspaper
Paper
Bridge
News
Plan
Special
Enjoy
Same
Course
South
Good
Market
Card
System
Salary
Tough
Engineering
Problem
Marks
Cancel
Coaching

Maths
Board
Toper

Top
Number
Result
State

Seat

Exams

First

Point
Normal
Page

Date
Diploma
Kilo
Company
Water
Lunch
Doctor
Teacher
Guest

First
Pressure
Reservation
Caste

Last
Tension
Extra
Group
Hospital
Friends
Smoke
Passport
Different colours,
numbers, days of
week, months



Table C1

Appendix C

Depicts codes used for vowels, diphthongs and consonants in Hindi

Phonemes Codes Phonemes Codes
la/ a Ip"/ ph
la:/ aa /bl b
fil i /" bh
fi:/ i /m/ m
lu/ u It/ th
Ju:l uu It/ thh
lel e d/ d
/ol 0 fd"/ dh
e/ ae In/ n
[al aee Il y
1al am Ir/ r
la:/ aam n I
fil im v/ v
fi:/ iim Il sh
f&l em /s/ shh
la/ um /sl S
la:/ uum /h/ h
o/ om It/ tt
fai/ ai 1z/ z
fau/ au Iw/ w
Ikl k It/ f
/K" kh I/ ng
o/ g
19"l gh
Ic/ ch
I/ chh
/¥ j
/3 jh
It/ T
It TTh
/d/ DD
1d" DDh
In/ nn
Ip/ p
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Table C2

Depicts consonant clusters and their codes in the present study

Clusters Codes | Clusters Codes | Clusters Codes | Clusters Codes | Clusters Codes
kj/ Ky /dk/ dk Kb/ Khb Ipc/ pch /It¥j/ ry
/kv/ kv /dl/ dl /Km/ Khm /bd/ bd Irtjl rthy
IKhj/ khy Jd"k/ dhk lgz! 0z /3m/ jm Irtm/ rthm
lgj/ gy fd"m/ dhm lgm/ gm 13/ jn Irthm/ rthhm
Igv/ qv Ipt/ pT Itb/ thb Il fl Irej/ rthhy
%/ iy Ipk/ pk Itfl thf Ifsl fs [rdr/ rdr
¥/ I\ /p¥/ Pj /db/ db Ifr/ fr Irdv/ rdhv
1dj/ DDy Ipt/ pth /ds/ ds Ind/ nDD Irhy/ rhy
1tj/ thy Ips/ ps ot/ bth Int/ nT /rmj/ rmy
Ipj/ py lpn/ pn /bg/ bg [/ shk 1kj/ Iky
Ip"j/ phy Iphr/ phr Ibz/ bz /sk/ shhk ndjl nnDDy
/bj/ by bt/ bT ofl bsh [fw/ shw /ndr/ nnDDr
nj/ ny /b"k/ bhk /bs/ bshh Ifn/ shn Ingj/ nthy
/mj/ my Ict/ chT /¥b/ jb /hw/ hw /ndv/ ndv
Isj/ sy Ick/ chk /¥d/ jd vt/ vth Indj/ ndy
Isvl sv lcr/ chr Izb/ zb Iwt/ wth Irtsj/ rthsy
Iswi/ sw Icl/ chl [zd/ zd /hn/ hn
Itrl Tr len/ chn 1zk/ zk /hl/ hl
/dr/ DDr I/ chhth Izll zl /hs/ hs
/bl/ bl I/ chhl [zr] zr Irt/ rT
Ist/ sT Ic"m/ chhm zh/ zh [rd/ rd
Ispl/ spl Icn/ chhn Iznl zn Ir3 rj
Iskr/ skr /¥t/ jr lzm/ zm Irfl rsh
/ks/ kshh /H/ jl It/ fth /rs/ rshh
KJl ksh /¥w/ jw Ifg/ fg Irz/ rz
19"t/ ghr /Fk/ jhk Ifvl fv g/ Ig
Icjl chy /3 jhl [fw/ fw Nyl Ish
Itrl thr Irk/ rk fn/ fn N3 lj
Itvl thv Irk"/ rkh Isb/ sb lyr/ yr
/dr/ dr Irg/ rg /sd/ sd /mt/ mth
/dj/ dy Irgh/ rgh /s¥/ Sj Infl nsh
/dv/ dv Ir"/ rTTh Isfl sf Irtg/ rttg
fdnr/ dhr It/ rth 1t/ shth Irtg/ rthg
Jd"j/ dhy Irp/ rp Ist/ shhth /mpr/ mpr
/o"r/ bhr Irb/ rb [/ shg Infl/ nfl
Inr/ nr Irc/ rch /jd/ yd Istm/ sthm
/mr/ mr Irch/ rchh /jb/ yb /mbr/ mbr
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/ml/
Ivrl
Ivjl
/hr/
/sm/
[fm/
v/
I/
/sl/
[frl
/st/
Isr/
Isk"/
Ist"/
Ist/
Isp"/
Isk/
Istr]
/smr/
1fjl
Ikr/
Kl
Igr/
lgl/
Ipr/
Ipl/
/br/
Isp/
/sm/
Isn/
Ispr/
Ist/
Ikt/
Ikt/
/kc/
Tkw/
/km/
/kn/
K/
IKnr/
K/

mi
vr
vy
hr
shhm
shm
shv
shl
shhl
shr
shhr
sr
skh
sthh
sth
sph

sthr
smr
shy
kr
Kl
gr
gl
pr
pl
br
sp
sm
sn
spr
stt
KT
kth
kch
kw
km
kn
khT
khr
khl

el
Irl/
Irs/
Irv/
frw/
Irh/
/rm/
/m/
/k/
it/
/ld/
Mt/
Nt/
/ld/
/lp/
/Ib/
/lc/
/lch/
/13
[lr/
/ls/
/Iv/
llw/
/Ih/
/Im/
/In/
/sl/
ljkl/
it/
ljc/
Mil/
lisl
IvK/
Iwk/
Iwc/
vt/
Iwd/
Ivd/
Iwr/
wl/
I/

rjh
rl

rs
rv
rw
rh
rm
n
Ik

IDD
Ith
Ithh

wDD

vDD
wr
w
vl

/hf/
Ihfl
/hd/
/hb/
/nt/
/hk/
Irf/
Nz/
/If/
/md/
/mg/
/mz/
Inz/
lgd/
lgd"/
Itp/
Its/
1t"j/
It/
It/
Ithm/
/dg/
/dg"/
/db"/
/dw/
Jdw/
fdv/
fdn/
/pd/
Ipw/
Ipv/
/pm/
/bj/
/bad"/
lcm/
lio/
Isht"/
Ishp/
Ist"/
Jrd"/
Irbt/

hf
hsh
hd
hb
hth
hk

rf

Iz

md
mg
mz
nz
gd
gdh
thp
ths
thhy
thhw
thhv
thhm
dg
dgh
dbh
dw
dhw
dhv
dhn

pw
pv
pm
bj
bdh
chm
ig
shTTh
shp
SsTTh
rdh
rbh

/mbPl/
Inggr/
Inggl/
Ing"r/
/ycm/
/n¥r/
il
/n¥r/
/ndl/
Ind"l/
Int"r/
Indr/
Ind"r/
/Kfm/
Itkr/
Itsn/
Itsj/
Itpr/
Irtr/
Irt"kn/
Ingk"j/
Inggj/
Ingkr/
Ind"j/
Ikk/
/kkh/
lgg/
fccl
/¥¥/
It/
/qd/
/ny/
/mm/
Ipp/
/bb/
M/
Iss/
It/
IK"s/
Ky
K"/

mbhl
nggr
nggl
nghr
nnchm
nnjhr
nnjhl
nnjr
nnDDI
ndhl
nthr
ndr
ndhr
kshm
thkr
thsn
thsy
thpr
rthr
rthhn
ngkhy
nggy
ngkr
ndhy
kk
kkh
g9
chch
I
TT
DDDD
nn
mm
pp
bb
||
SS
thth
khs
khsh
Ikh
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IKn/ khn Imk/ mk Irth/ rthh Inf/ nf
lot/ gT Imt/ mT Irjl ry Ig"n/ ghn
Igt/ gth Jmd"/ mdh /d" Idh il Ty
lgn/ gn /mc/ mch Nj/ ly /" Iph
9"/ ghT /m3Ih/ mjh Ivd/ vd /1" Ibh
9"y ghth Im{/ msh fwd/ wd It/ shT
g/ ghl /ms/ mshh fvadh/ vdh /ng/ nshh
Itk/ Tk /mh/ mh Ivn/ vn Int/ nnT
Itl/ TI /mn/ mn fwn/ wn /nd/ nnDD
vl Tv Ink/ nk Iws/ Ws /ks/ ks
Itwi/ Tw Ink"/ nkh Ivs/ VS IK[r/ kshr
Itn/ Tn Inb/ nb fin/ yn Kfj/ kshy
It"k/ TThk Inw/ nw /hj/ hy Jgd"j/ gdhy
It/ TThr Inh/ nh nm/ nm Itrjl thry
] TThi Ins/ ns nl/ nl Ifir/ shTr
1t/ thi Itf/ Tf Ims/ ms ")/ shTThy
Itw/ thw /bm/ bm Itm/ thm Istj/ sthhy
Itn/ thn Ird/ rDD /dn/ dn Istj/ sthy
Ity thhr /kb/ kb /dm/ dm Irkj/ rky
] thhl /kd/ kd afl dsh Irkhj/ rkhy
/ tn/ thhn Ikf/ kf /ds/ dshh Irghj/ rghy
Table C3
Depicts syllable types in conversational Hindi
Syllable types
V CCV
CVv CvCC
CVvC CCVvC
VC VCC




Table C4

Depicts word length and word shapes in conversational Hindi

Word length

Word shapes

Monosyllables

\Y
CVv

VC
CVvC

CCv
CvCC

CCVC

Disyllables

CCvV, cvC

Cccyv, CC
CV,Cv
CVC, CV
CVC, VC
CVC, CcvC
Cccv, Ccv
C,CV
VC, CV
VC, VvC
VC, VCC
CV,V

Trisyllables

CV,Cv,cvV
CvyV, CV
CVv,CV, CcvC
CVv, Ccv, CcVv
CVv, CVv, CCV

Polysyllables Cv,Cv,cv,cv
CV,CV, CV, CVC




Table D.1

Appendix D

Median and standard deviation of occurrence of phonemes in spoken Hindi in descending order

Phonemes Median SD Phonemes Median SD Phonemes Median SD
i/ 1613.0 317.7 /u/ 88.5 23.5 /a/ 10.0 9.9
/n/ 1330.0 268.5 /b/ 96.0 213 /z/ 12.0 6.4
/a/ 724.5 160.8 /ai/ 70.5 22.9 =/ 9.5 7.7
/el 507.5 77.8 3 9.0 48 It 8.00 9.0
/7 420.0 97.5 v/ 71.0 139 /a/ 95 8.6
/h/ 314.0 75.5 W 465 22.9 /et/ 9.0 48
/k/ 320.0 48.7 /a/ 50.5 20.6 e/ 6.0 48
/m/ 260.0 55.2 /d/ 46.5 12.9 m/ 35 6.5
/r/ 240.0 52.4 /pt/ 24.0 313 /n/ 2.0 4.7
/o/ 2435 52.3 /k/ 25.0 155 18/ 2.0 2.9
/s/ 183.0 50.4 /i:/ 25.0 78 /8"/ 2.0 2.2
/p/ 179.5 38.9 1o/ 25.0 6.9 /bt/ 3.0 23
/a:/ 175.0 405 /a:/ 225 22.5 /6/ 0.00 7.3
N 154.5 41.6 /d/ 19.5 19.4 It/ 0.5 42
/d/ 1315 34.6 fu/ 19.0 6.1 /3 2.0 22
/il 129.0 25.5 /i/ 155 10.6 /s/ 0.00 3.7
/Y 119.0 27.9 /au/ 145 8.1 /w/ 0.50 1.9
/8/ 96.0 26.21 18/ 135 6.65 /4/ 0.50 12
/c/ 97.5 32.51 /1 14.0 5.9

Table D.2
Median and standard deviation of occurrence of vowels and diphthongs in Hindi
Vowels Median SD Vowels  Median SD Diphthongs Median SD

/al 72450 16089  /3/ 50.50 20.65 /ai/ 70.50  22.95
/a:/ 175.00 40.55 /a:/ 9.50 8.64 /au/ 14.50 8.10
i/ 1613.00  317.76 11/ 15.50 10.65
1/ 2500 7815 /T/ 0.50 427
/u/ 88.50 23.58 18/ 13.50 6.65
fu:/ 19.00 6.18 /a/ 10.00 9.98
/el 507.50 7785 [0/ 22.50 22,51
/o/ 243.50 52.38 /6/ 0.00 7.38
/®/ 9.50 7.73
/3/ 25.00 6.94
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Table D.3

Median and standard deviation of occurrence of consonants in Hindi

Consonants Median SD Consonants Median SD
/k/ 320.00 48.71 1Y/ 119.00 27.95
/K 25.00 15.53 1t/ 2.00 2.92
/8/ 96.00 26.21 /d/ 131.50 34.69
/8"/ 2.00 2.21 /d/ 19.50 19.48
/c/ 97.50 32.51 /n/ 1330.00 268.54
et/ 9.00 4.80 /il 129.00 25.56
/3 67.50 14.34 /r/ 240.00 52.43
"/ 2.00 2.22 N/ 15450 41.68
v 46.50 22.97 v/ 71.00 13.99
e/ 6.00 4.84 7 14.00 5.94
/4/ 46.50 12.97 /s/ 0.00 3.78
/a/ 0.50 1.23 /s/ 183.00 50.41
m/ 3.50 6.56 /h/ 314.00 75.58
/p/ 179.50 38.98 Y/ 8.00 9.01
/pt/ 24.00 31.35 /z/ 12.00 6.44
/b/ 96.00 21.34 /w/ 0.50 1.90
/bt/ 3.00 2.34 1/ 420.00 97.50
/m/ 260.00 55.22 /n/ 2.00 4.70
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Table D.4

Median and standard deviation of occurrence of consonants in initial word position in Hindi

Consonants Median SD Consonants Median SD
/k/ 200.00 36.69 7 76.50 24.42
/K 15.50 13.73 /e 2.00 2.97
/8/ 23.00 12.91 /d/ 87.00 28.91
/8"/ 2.00 2.28 /d/ 18.50 15.86
/c/ 30.50 28.14 /n/ 920.50 309.34
et/ 5.50 417 /il 26.00 12.80
/3 43.50 14.78 /r/ 42.00 18.77
liigd 0.00 1.62 N 63.00 26.35
v 13.00 5.21 v/ 57.50 13.99
e/ 2.00 3.36 W 6.00 347
/q/ 10.00 7.39 /s/ .00 548
/a/ 0.00 0.46 /s/ 80.00 22.90
m 0.00 0.70 /h/ 214.50 52.40
/p/ 66.00 22.33 Y 1.00 331
/pt/ 22.50 30.52 /2/ 4.00 4.28
/b/ 60.50 15.18 /w/ .00 69
/bt/ 0.50 1.96 1t/ 173.50 126.59
/m/ 91.50 41.57 /n/ .00 .00

99



Table D.5

Median and standard deviation of occurrence of consonants in medial word position in Hindi

Consonants Median SD Consonants Median SD
/k/ 90.00 15.99 /Y 25.50 12.04
/K 7.00 6.57 /e 0.00 0.23
/8/ 57.00 20.97 /d/ 19.50 8.83
/8"/ .00 .00 /d/ 0.00 4.69
/c/ 33.00 20.67 /n/ 138.50 107.61
/e/ 2.50 2.64 /il 88.00 21.08
/3 16.50 5.12 /r/ 95.00 23.64
"/ 50 1.90 N 65.00 21.43
v 28.50 14.36 /vl 12.50 435
e/ 1.00 1.95 I 6.00 5.09
/q/ 28.00 7.04 /s/ .00 2.98
/a/ .00 1.09 /s/ 78.00 23.93
m/ 1.00 5.87 /h/ 82.50 45.08
/p/ 81.50 25.05 Y 2.00 1.65
/pt/ .00 1.16 /2] 450 4.79
/b/ 18.00 11.96 /w/ .00 1.62
/bt 1.00 1.45 1/ 177.50 126.02
/m/ 113.00 37.77 /n/ .00 3.31
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Table D.6

Median and standard deviation of occurrence of consonants in final word position in Hindi

Consonants Median SD Consonants Median SD
/k/ 25.00 5.49 7 7.50 3.97
/K 1.00 2.48 /e 0.00 0.00
/8/ 13.00 7.95 /d/ 27.50 20.40
/8"/ .00 32 /d/ 0.00 0.00
/c/ 16.00 8.92 /n/ 146.00 116.77
et/ 00 23 /il 2.50 422
/3 9.50 2.97 /r/ 95.00 24.09
liigd .00 38 N 26.00 8.18
v 10.50 6.98 v/ 0.50 1.66
e/ 50 1.92 W 0.50 2.00
/v 5.50 6.24 /s/ 0.00 1.24
/a/ .00 0.00 /s/ 25.00 16.63
m/ 1.00 1.23 /h/ 0.00 1.78
/p/ 23.00 5.20 Y 2.00 6.70
/pt/ .00 0.42 /2/ 1.00 2.42
/b/ 9.00 3.11 /w/ 0.00 0.00
/bt .00 051 1t/ 11.00 26.96
/m/ 40.00 10.50 /n/ 1.50 3.43
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Table D.7

Median and standard deviation of occurrence of consonants clusters in Hindi

Consonant Median SD Consonant Median SD
clusters clusters

/ky/ 17.50 14.09 /rt/ 2.00 1.68
/sk/ 13.00 6.17 /ks/ 1.50 1.66
/m/ 11.50 4.96 N/ 50 2.87
Jec/ 9.50 9.02 /pl/ 1.00 1.88
/m/ 7.50 3.66 /rm/ 1.00 191
/rt/ 7.00 2.42 /nt/ 1.00 1.61
4/ 7.00 3.41 /sp/ 1.00 1.50
/pk/ 5.50 5.01 /bl 1.00 1.78
/kt/ 7.00 3.43 /tr/ 1.00 137
/nk/ 5.00 4.68 /hn/ .00 1.29
ny/ 6.00 2.73 /82/ 1.00 1.52
/sm/ 3.50 3.68 /sn/ 00 2.07
w/ 3.50 3.80 /st/ .00 3.78
/st/ 2.50 3.51 /nt/ 1.00 1.61
/pn/ 3.00 2.00 /bi/ 00 3.07
/ht/ 3.00 2.42 /mm/ .00 1.86
/8Y/ 3.00 2.07 /rd/ 1.00 1.39
/ns/ 1.00 5.06 /rv/ 00 32
/pr/ 3.50 2.26 /kr/ 1.00 116
/Tk/ 2.50 1.64 /s1/ 1.00 1.64
/In/ 2.00 3.05 /khn/ 00 2.02
/mn/ 3.00 1.39 /nd/ 1.00 2.80
/rs/ 1.50 3.12 /st 50 1.10
/nd/ 1.00 2.80 /dr/ 50 1.10
/kk/ 2.00 1.76 /mk/ 50 1.34
/1k/ 2.0000 1.52 /ss/ 50 1.07
rt/ 1.00 3.69 /er/ 50 1.13
/Kl/ 1.00 2.57 /kw/ .00 1.20
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Table D.8

Median and standard deviation of occurrence of word shapes in conversational Hindi

Word length Word shapes Median SD
v 65.00 16.81
Monosyllables cv 491.00 96.08
Ve 46.50 13.43
cve 183.50 59.33
ccv 17.00 8.07
cvce 10.50 10.23
ccve 4.50 5.43
CCV, CVC 1.00 1.92
ccvcee 1.00 2.03
Disyllables CV,cvV 279.00 81.52
CVC, CV 96.50 17.79
CVC, VC 53.00 16.04
CVC, cvC 2550 9.03
Cccv, cv 6.00 4.29
C Ccv 17.00 8.07
VG, CV 45.00 14.91
VC, VvC 9.50 6.43
VC, VCC 00 47
CV,Vv 38.00 20.39
Trisyllables CV,CV,CV 59.00 15.00
Cvv, CcV 12.50 6.14
CVv,CV, cvC 5.50 2.79
Cv,Ccv, cv 3.50 5.14
Cv, Ccv, Cccv 250 2.74
Polysyllables CV,CV,CV,CV 2.00 1.53
Cv,Cv,Cv,CcvC 00 42
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Appendix E

Frequency of occurrence of phonemes in Hindi as given by Ghatage (1964)

List of Phonemes Arranged in the Descending
Order of Frequency

Phoneme Fre- Phoneme Fre- Phoneme Fre-
quency quency quency

a 61,333 v 9,589 n 2.537
a 47,142 d 9,534 ch 1,486
k 36,131 ] 7,777 n 1,217
r 34,730 $ 7.719 ph 1,168
c 31,837 g 5,962 th 1,051
n 24,849 ai 5,195 i 743

t 21,226 b 5,168 gh 722

i 21,099 ) 5,160 jh 634

1 19,996 c 5,013 dh 487
S 17,708 th 4,654 é 431
| 15,958 bh 4 581 i 206
I 15,519 au 3,822 i 180
P 14,167 dh 3,607 i 137
v 12,209 u 3,158 K

1 11,816  kh 3,024 A 130
u 11,336 d 2,973 au 45
o 9,8:9 t 2,876 a 3

*kkhkhkkhkhhhhkhkkkkhkhkhkiihhikhkkkk
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