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A DESCRIPTIVE STUDY OF SEGMENTAL AND SELECTED
SUPRASEGMENTAL FEATURES OF HINDKO DIALECT SPOKEN IN
TANAWAL, HAZARA

Abstract

This study is a descriptive analysis of the segments and syllabification system of Hindko
spoken in Tanawal region of Hazara Division, Pakistan. The dialect of Tanawal, in
particular, has not attracted the attention of previous researchers and not become a topic of
rigorous research. This study is limited to the inventory of phonemes by examining the data
collected from native speakers and by analyzing it qualitatively and quantitatively through
machine analysis. The segments were established by making minimal pairs. It was found that
Hindko has three ways of voicing: voiced, unaspirated and aspirated sounds. In addition to
consonants and oral vowels, Hindko also allows nasal vowels. The recorded data was
analyzed with the help of Praat software and the results were presented through
spectrographic and statistical analyses. The study also describes the syllabification systems
of [lindko in light of Onset Rhyme Theory, Maximal Onset Principle (MOP) and Sonority
Sequencing Principle (SSP). The findings show that Hindko allows three syllabic
consonants, 13 templates for syllables and two consonant clusters. Hindko generally follows
the principles of maximal onset and sonority sequencing. Tanawal dialect of Hindko also
allows gemination word medially and finally. It is suggested that remaining suprasegmental
features of Hindko such as stress and tones should be investigated on the same pattern so that

the complete picture of the dialect may be formed.
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ANOVA Analysis of Variation

C Consonant

CV Consonant and Vowels
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dB Dynamic range { a property of spectrogram setting)
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NA Not applicable
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R Rhyme

RP Received Pronunciation

Std. Dev. Standard Deviation
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SSp
TBB

VOT

a ' K

*

Sonority Sequencing Principle
Text Book Board
Vowel/Short vowel

Voicing onsct time

Long vowel

Skeleton

Mora

syllable

Ungrammatical form of consonant clusters
Transcription

Meaning of the word

Used after geminate consonants and long vowels
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CHAPTER 1

INTRODUCTION

This study is a descriptive analysis of the segments and syllabification system of
Hindko spoken in Tanawal region of Hazara Division, in Khyber Pakhtunkhwa (KP), a
Province of Islamic Republic of Pakistan. This language is widely spoken in the Districts of
Mansehra, Abbottabad and Haripur including the cities of Peshawar and Kohat. Similarly,
some people of Attock, Mardan, and Azad Jammu and Kashmir (AJK) also speak Hindko -as
their native language. Nevertheless, this thesis is about a dialect of Hindko spoken in
Tanawal, Hazara, called as Tanoli Hindko. This chapter gives background information on the
language and the speakers including objectives, research questions, significance, and
organization of the study.

1.1 Geographical setting of Hindko speaking areas and Tanawal region

The speakers of Hindko are mostly found in the plains and the foot-hills of the
Himalayas. They live both on the east and on the west of the River Indus. According to
Rensch (1992), the territory of the Hindko speakers extends from the point where the Indus
emerges, i.e. from Kohistan, downstream to the south and west for more than two hundred
kilometres. Generally, this statement refers to the territory of Hazara, a division of KPK, aﬁd
Tanawal is located within this division.

The exact linguistic boundaries of Hindko are difficult to mention here due to its use
in the various cities of the province. The sister languages such as Punjabi and Pahari are
another barrier to mark the actual borderline for Hindko speaking community. Nevertheless, a
general effort, including informal interviews with Hindko speakers of Hazara, has been made
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10 mark the boundaries that start from Kohistan, Babusertop near Challas, Azad Jammu and

iKashmir, Murree, Hassanabdal, Attock, Swabi and the Indus River from Tarbaila to Besham.

This description does not include other cities of KP where Hindko is spoken such as

Peshawar, Kohat and Mardan etc. The map' shows the location of Tanawal and Hazara

division including KP (formerly NWFP) province in the Figure 1.1.
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Figure 1.1  Location of Tanawal in the map of KP

The map indicates the territory of Tanawal at no 4 in the legend. It is located in the

northwest of Manschra, west of Abbottabad, north of Haripur, south of Oghi and east of the

Indus River. Some speakers also live along the western bank of the river. An estimated

distancc of the regions of Tanawal from various district Headquarters is about 17 km from

Mansehra, 25 km from Abbottabad and 35 km from Haripur. Overall, Tanawal region spreads

across 1600 square kilometres of these three districts.

' hitps://www.google.com,pk/search?q=map-+of+district+mansehra....
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During observation and informal interviews, the elderly people of Tanawal informed
the researcher that before the partition of sub-continent, Tanawal had two parts: Upper
Tanawal and Lower Tanawal, Upper Tanawal was an independent state known as the state of
Amb. lts capital was Amb city located on the right bank of the river Indus. This city drowned
in Indus River due to the construction of Tarbela dam in 1974, Nawabs (heads of the tribe)
ruled over Upper Tanawal for more than one and a half century (1810-1952). The Nawabs’
regime on Amb state officially ended in 1952 and Upper Tanawal became a part of Pakistan,
On the other hand, Lower Tanawal consists of almost half of the land of Tanawal region,
located to the south east of the Indus River. This area had been directly ruled by the British
Empire till 1947,

The original inhabitants of the area are called Tanoli but they have many sub-castes. In
Upper Tanawal, all Tanoli families have lateral /l/ sound at the end of their caste names, e.g.
Khankhail, Pejjhal, Mettial, Seryal etc. Moreover, adjacent to Hindke community are
speakers such as Gujjars speaking ‘Gojri’, Pashtuns speaking Pashto and Punjabis speaking
Punjabi.

1.2 Population of Hindko speakers

It is hard to determine the exact number of Hindko speakers because in the last census
1998, there was no specific column in the form for regional languages, and Hindko was
counted as ‘other’ language. Just after the census; however, Peshawar high court issued orders
to keep a specific column for Hindko language in the form.

According to Rahman (2002), an estimated population of Hindko speakers is 2.4
percent of the total population of Pakistan. According to local inhabitants of the region, an
estimated population of Tanawal, where this research has been carried out, is around 0.8
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million. A predominant majority of the people of Tanawal use the Tanoli dialect and a small
minority of these people are influenced by the neighbouring Hindko dialects. Generally
speaking, there is no considerable variation within the Tanoli dialect.

1.3 Dialects of Hindko

There is significant dialect variation among Hindko speaking regions. Regarding the
dialect of a language, Fromkin, et al. (2005) state, “ When there are systematic differences in
the way different groups speak a language...each group speaks a dialect of that language...a
dialect is not degraded form of language, and logically could not be so since a language is a
collection of dialects™ (p. 401). The language, Hindko has many dialects with different names
like Peshawari Hindko, Kohati Hindko, Hindko of Haripur, Abbottabad, Mansehra, Tanoli
Hindko, and others. Lothers and Lothers (2010, p.6) call the Tanoli dialect as Tinauli (see
Appendix- E). Rensch, et al. (1992) draw Hindko dialects difference in the following words:

The Hindko language is spoken over a rather large geographic area, especially in its north-
south dimension. Some enclaves of Hindke speakers are not geographically contiguous to
others. Therefore, it is not surprising to find that there is significant dialect differentiation
among the varieties of speech called Hindko (p.53).

In general, dialects can be different in terms of grammar, vocabulary, phonetics and
phonology of a language. According to Petyt (1980), “Dialects are the various different forms
of the same Janguage. Using a language, thus, necessarily involves using one of its dialects™
{p.11). The speakers of the same language can understand various dialects of the same
Janguage while the speakers of various languages cannot, if languages are not in contact.

The speakers of Tanawal dialect easily comprehend other dialects of Hindko while the

speakers of other dialects face difficulty in understanding Tanoli Hindke. Conversely, it is




hard for inhabitants of Tanawal to speak other dialects unless they spend a sufficient time
among speakers of other Hindko dialects. The speakers of all Hindko dialects are generally
known as Hindkuwan or Hindki. Regarding the standard Hindko dialects, Shackle (1980)
states, “Peshawar Hindko has been cultivated as a vehicle for literature to a greater degree
than the other northern dialects so far considered, and it is beginning to be promoted as a
North West Frontier Province (NWFP) Standard Hindko” (p. 486). Similarly, Hindko
speakers also considered Peshawari dialect of Hindko as the standard.

Many organizations have been working for the promotion of Hindko in Peshawar.
They have published a reasonable amount of books. Specifically, Gandhara Hindko Board
Peshawar has published around 50 books based on literature, folk tales, theology, and History
of Hindko. A few studies have also been conducted in some other dialects. However, the
dialect of Tanoli Hindko does not have much written on it.

Most of the Hindkuwan are unaware of the script of Hindko. However, the provincial
government of KP (2008-2013) made an effort to teach the local languages to the native
speakers during their early education. The well-established Pashto language was already
being taught in the KP province and the government motivated the speakers of scriptless
languages to standardize their scripts. In this regard, the KP Text Book Board (TBB) took the
responsibility and arranged various meetings. Eventually, a meeting of Hindkuwan was held
in July 2011 at the office of TBB Peshawar and approved the basic script of Hindko (see
Appendix, A). In April 2013, a basic book of Hindko for the nursery class was introduced in

Government schools of KP to teach the children of Hindkuwan.




1.4  History of Hindko

Many interpretations have been given for the name Hindko. Native speakers
pronounce it Henko or Hendko language. For Grierson (1968), Hindko is the member of
Indo-Aryan language family (see Appendix, F). Shackle (1980) has referred to the term
Hindki, the speakers of Hindko language, which is “an Indian language” @.432). Moreover,
Rensch, et al. (1992) claim, “Some associate the term Hindko with India, others with Hindu
people and still others with the Indus River, which is, of course, the etymological source of all
these terms” (p.3). Awan (2008) has done much work on the history of this language. He
wrote a book with the title of Sarzamin-e-Hindko. A brief overview of the book is given in the
following section.

Awan claims that the history of the Hindko land, its people, its culture, and its
language is more than 5000 years old. Hindko existed much before the advent of the Sanskrit
language. The indigenous Hindko people were much cultured, educated, social, and
linguistically rich before the attacks of Aryan people from central Asia in around 1500BC.
The word “Hindko” was derived from the word “hind” by adding suffix “ko” to i’. So

Hindko people were the aboriginal people of this area who existed in Hindko land even before

the arrival of Aryans in this land (pp. 100-105). Since their arrival to this land in around -

1500BC, the Aryans remained detached from the indigenous people for about 1000 years, so

the languages of both the people did not mix up for that period. After these 1000 years, owing

*Hind” is the root word of Hindustan (sub-continent) or Hindu religion; and ‘ko’ refers to mountain. According
to Qureshi (1984), Arvans of Rigvedic period called the region of Hind as Sapta-Sundhava, the land of seven
Rivers of which Indus (Sindhu) was the main river. With the passage of time, it became Sindhu/Sindh, The word
‘Hind’ is a phonetic variation of Sindh. Muslim were the first to give name to Hindu to the tradition of Aryan
culture (p.10; Volume.1}
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to the contact of the languages of two nations, a new language Sanskrit was originated. Aryan
people termed their language as Sanskrit, while the language of the local people was termed
as Prakrit. (pp. 116-118). In short, Hindko is the generic name for the indigenous people, the
indigenous culture, and the indigenous language of the area referred to as “Hind/Hindu/
Hindku.”The words Hindu and Hindko are detived from the word Sindhu® as the sound “s” of
Sindhu was altered with the sound “h™ of Hinduw/Hindko, Many sounds, grammatical rules,
and the vocabulary of the Sanskrit language were derived from the Hindko language. Aryan
people were strong in warfare so they dominated the people of this area whereas
Hindu/Hindko people were socially, culturally, educationally and linguistically superior to the
Aryan people, so, they influenced their language and culture. No matter what the history of
the language is, not much literature is available on this language.
1.5  Present status of Hindko

The researcher observed the present status of Hindkuwan (2009-2013) which may be
divided into four groups. First group of Hindko speakers has been working day and night for
the promotion of Hindko. The people of this group are not much in number but they are the
learned people of the community. In this group, the speakers of Peshawari dialect have the
key role. They arrange conferences and gatherings and publish books which motivate other
Hindkuwans to participate, to write and to speak for the cause of Hindko.

Second group of Hindkuwan comprises of those who speak the language in their daily
fife but have no concern for its promotion. Majority of Hindkuwan is the part of this group.

This group contains literate and illiterate people who think that they know about the use of

* Sindh is now a province of Pakistan.




their language. The language of this group is not as pure as that of group one and they mix
words of Urdu, Punjabi and English in daily use.

However, third group of Hindkuwan is of the elderly people who speak Hindko
without mixing it with the other languages. Due to the purity of their language, data for the
present study is collected from this group. Most of the people of this group are above fifty
years of age and they get rarc chance to interact with people of other languages. Majority of
these speakers can be seen in villages.

A fourth group refers to the speakers who have migrated to the cities from the villages.
The young generation of these Hindkuwan is discouraged by their parents to speak Hindko.
Rather they are encouraged to become fluent in Urdu and English. In fact, parents of this
group do not speak Hindko with their children claiming that Hindko has limited use in the
society. The children of these people can understand Hindko but cannot speak. The claim
made about second, third and a fourth group is pretty true picture of Tanoli Hindko.

Briefly speaking, Hindko spoken in Tanawal is an undocumented and undescribed
language and there has been no research till date on this dialect. The present research is,
thus, exploratory in nature and fills this gap by offering a study of sounds and syllable
structure of Tanoli Hindko. It is descriptive and data-driven in nature rather than idea-
driven.

According to Lehmann (1999), “Description of a language is an activity (and
derivatively, its result), that formulates, in the most general way possible, the patterns
underlying the linguistic data. Its purpose is to make the user of the description understand
the way the language works”(p.10). Data for this descriptive study is collected through the

developed lists of possible words; observation and interaction with the native speakers in
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such a way that a pretty true picture of the dialect may be taken into account (see Sections,
3.2.2, 3.3.2 & 3.4.1). These methods of data collection were easy for the researcher as a
native speaker of Tanoli Hindko.
1.6 Objectives of the study
The objective of this study is to identify and describe the phonemes of Hindko
spoken in the region of Tanawal. [t will also examine the syllabification rules of the
dialect including syllabic templates, consonant clusters, syllable boundaries and sonority
sequencing principle (SSP).
1.7  Research questions
This research provides answers to the following research questions. These include two
main questions and six sub-questions.
1} What are the segmental features of Tanoli Hindko?
i.  What is the consonantal system of Tanoli Hindko?
ii.  What is the vowel system of Tanoli Hindko?
2} What is the syllabification system of Tanoli Hindko?
i.  How many syllabic templates exist in Tanoli Hindko?
ii.  How many consonant clusters exist in Tanoli Hindko?
iii.  How do syllabie boundaries and SSP work in Tanoli Hindko?
iv.  How does gemination system work in Tanoli Hindko?
1.8 Significance of the study
This research prevides a basic description of the segmental features of the Tanoli
Hindko. This language is spoken in KP, a highly multilingual province of Pakistan, where 29

languages are spoken and most of them are undescribed. The study may yield new
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information as no research has thus far been carried out on this dialect. This research will be
the first study of the dialect based on experimental phonetics and phonology that provides a
comprehensive description of Tanoli dialect of Hindko.

The study may, therefore, not only highlight the features that distinguish it as a
different dialect of Hindko but it may reflect upon the working articulatory phonetics,
acoustic phonetics and syllabification systems of some other languages, particularly,
undocumented and undescribed languages. This study may be of interest for linguists, who
have already been working in the area of phonetics and phonology. It may be of particular
help for the researchers of regional languages within the country. Since the description of
languages on experimental basis began in forties, most of the languages of the world have
gone through such experiments in the last century. Therefore, the description of Tanoli
llindke on experimental basis may enable the language to become part of well-described
languages.

1.9 Fieldwork

The researcher personally visited Tanawal region in July 2011. Being a native speaker
of the dialect, it was not hard to approach the informants. A list of the participants (see
Appendix, C) was prepared and appointments were fixed according to their convenience.
They were from the villages of New Darband circle, i.e. Kangrorian, Bandi, Nawan Sher,
Barra Balla, Barra Pain and Doodkot.

1.10  Organization of the study
This section shows a brief view of the following Chapters of the study.
Chapter 2 shows the previous research on two dialects of Hindko spoken in Peshawar

and AJK. The chapter also shows the relevant literature, in general terms, to review the
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relevant concepts. First, it gives a review of specific features of articulatory phonetics such as
consonants, i.e. stops, nasals, fricatives, affricates and approximants, and vowels including
oral, nasals and diphthongs. Secondly, it shows related literature on acoustic phonetic features
of cach consonantal group and vowels. The described features are applied in the data analysis
Chapters four, five, six and seven. Finally, it elaborates phonological approaches of syllable
structure and syllabification. Then, it finds out Onset Rhyme model for syllable structure,
principles of maximal onset (MOP) and sonority sequencing (SSP) for the analysis of data of
Tanoli Hindko.

Chapter 3 deals with methodology of the study. It shows the description of the sample,
matcrial uscd for data collection, methods of data collection and data analysis procedure of all
the variables of the study such as consonants, vowels and syllables.

Chapter 4 exhibits minimal pairs for the entire Hindko consonants, This chapter shows
the analysis of stop and nasal consonants in terms of articulatory and acoustic phonetics.
Firstly, it shows articulatory analysis of stops followed by discussion and then acoustic
analysis of these sounds is carried out including discussion. Secondly, it depicts the similar
mecthods of the data analysis for nasal sounds of the dialect.

Chapter 5 describes Tanoli Hindko fricatives, affricates and approximants. Each group
shows the analysis of data in light of articulatory phonetics and acoustic phonetics
respectively followed by discussion. Finally, it shows the distinctive features of Tanoli
Ilindke Consonants.

Chapter 6 shows articulatory and acoustic analysis of Tanoli Hindko oral vowels and
diphthongs. It also depicts the articulatory analysis of Tanoli Hindko nasal vowels. A

comprehensive discussion is given against each section of the Chapter.

11




Chapter 7 describes syllabic templates and consonant clusters word initially, medially
and finally of Tanoli Hindko. Theory of Onset Rhyme is employed for the analysis of Tanoli
Hindko syllable structure. It also presents analysis of data in light of MOP and SSP principles.
Finally, the chapter depicts Tanoli Hindko gemination system.

Chapter & sums up the whole thesis and present the findings.

1.11 Chapter summary

This chapter has introduced Hindko, the language that is being investigated in the
present study, It provides the background information about the location of Hindko speaking
belt, population, dialects, and history of Hindko. It also shows objectives, research
significance, and research questions of the study. Finally, it gives an overview of the
organization of the study.

The following Chapter gives a review of previous research on Hindko. It also gives a
review of related literature on consonants, vowels, and syllables respectively. The purpose of

giving detail of each feature is to clear the terminology.
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CHAPTER 2

LITERATURE REVIEW

This chapter overviews the previous research on other dialects of Hindko to give a
background to the present study of Tanoli Hindko. It also reviews the relevant literature on
the segmental features, consonants and vowels of language in terms of articulatory and
acoustic phonetics. It also gives an account of the literature on syllable structure and
syllabification.

21 Previous research on Hindko

Although a few studies have been carried out on Hindko, yet in the field of linguistics
not much work has been done. A PhD thesis has been produced by Awan (1974) entitled,
“The Phonology of Verbal Phrases in Hindko.” In the thesis, he focused on the language
spoken in Peshawar city, He gave a detailed description of junction features within the verb-
root and the root and the inflexion. Primarily, the study applies a prosodic analysis on Hindko

material. In the data analysis, he relied on his knowledge and own experience.

In later work, Awan (2004) identified 35 consonants on an articulatory basis. The

following chart, in the Table 2.1, is adapted from (p. 55) (see Appendix, A). Regarding the
developed chart of Hindko, Awan states, “This chart is developed according to my own
language. As cvery speaker has its own way of articulation, it is possible that the findings of

some other Hindko speakers remain different from these results.”
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Table 2.1 Consonantal chart of Hindko spoken in Peshawar

Bilabial Dental | Alveolar | Retroflex | Palatal | Velar Glottal
Stops pp'p°b | rir'd  |eid'd - kkk'g . .
Affricates - - fiff" & - - - )
Nasals m n - n, - - -
Fricatives| f v I/ I X ¥ h
Lateral |
Trill/Flap r [
Glide j

The above chart shows that Hindko has 16 stops, 4 affricates, 3 nasals, 8 fricatives and
4 approximants. Stops have four places of articulation, bilabial, dental, alveolar and palatal.
Affricates show the alveolar place of articulation, and nasals include three places of
articulation, bilabial, dental and retroflex. Fricatives are articulated at bilabial, dental, palatal,
velar and glottal position. Approximants include three places of articulation, lateral, retroflex
and palatal. It also shows that each place of articulation of stops and affricates has two
unaspirated, one aspirated and one voiced segment.

In case of Hindko vowels, Awan (2004) describes nine oral vowels and each vowel

has its nasal counterpart. Six are long vowels, /a:/, /B, fel, i, lo/, hu:f and three are short

! In addition to the stop voiced, unaspitated, and aspirated sounds, the chart by Awan also shows another group,
i.e. unaspirated sounds with a diacritic (p, L t, k and fj); however, many other studies depict that this
phenomenon occurs in some other languages of sub-contienent due to the tone such as Punjabi and Pahari (see
Baart, n.d; Khan, 2012). In the rescarcher’s opinion, in case of Hindko, the vowels following the consonant
carry a low tone which makes it a different word, ¢.g. the word fta:l J3 /  means heap of woods etc, and if
the same word is spoken with the low tone on the vowel following the first consonant, i.e. /ta:l/ 5 it means
“descent’.
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vowels fa/, /i/, /u/ (see Appendix, A). Like consonants, these vowels are also identified in
articulatory phonetics. However, he admits that proper identification of vowels is not possible
without the use of machine (p.71). Awan’s study also shows six long and three short nasal
vowels; however, it does not repeat any diphthongs.

In a more recent study, Rashid (2011) acoustically measured the formants of vowels of
Hindko spoken in AJK. Tt reveals that there are nine oral vowels, i.e. six long and three short
vowels. He also describes syllabic templates of Hindko, consonant clusters and gemination
system as well. In case of consonant clusters, Rashid states, “Consonant cluster is a rarity in
Hindko. Hindko does not seem to allow consonant clustering at pre-vowel position. However,
it does so at the coda position” (p.64). In case of gemination, Rashid refers to only word
medial gemination whereas the studies carried out by Awan (2004, 2008) show gemination in
Hindko word finally and word medially; however, both studies lack detailed rules of Hindko
gemination system.

Regarding the alphabets of Hindko, Text Book Board (TBB) of Khyber Pakhlunkhwa
arranged a meeting of Hindko speakers in July (2011) and finalized the Hindko alphabets (see
Appendix, A). These alphabets lack of /n/ sound, which is commonly used in Hindko,
because most of the members of committee were of the view that this sound can be written as
the combination of /n/ and /t/ not as /r/, (The researcher was also present in the meeting).

However, sound /1y is commonly used in some other languages of Pakistan such as Punjabi

> This symbol is unclear whether author means Cardinal Vowel No. 3, i.e. /&/ ‘epsilon’ or /E/ *small capital E’
for a front unrounded vowel at exactly the midpoint, i.e. between Cardinal 2 and Cardinal 3 (see symbols detail,

Pullum, G. K. & Ladusaw, W. A, 1996: 50-52).
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and Sindhi. Furthermore, committee added /3/ sound while it does not exist in Hindko (see
Section, 5. 1. 6).

Moreover, two dictionaries of Hindko have appeared. First was written by Sakoon in
(2002) containing seven thousand words. This dictionary mostly reflects the vocabulary of
Abbottabad, Mansehra and Haripur dialects of Hindko. Other dictionary was compiled by
Awan in (2008) with thirty thousand words. It mostly reflects the vocabulary of Peshawar
dialect. Other published material is beyond the purpose and scope of the present study.

In summary, both studies were carried out in other two dialects of Hindko, i.e.
Peshawari Hindko and Kashmiri Hindko. Awan cartied out the phonemic inventory of
Peshawari Hindko in terms of articulatory phonetics, and Rashid conducted the vowels
inventory of Kashmiri Hindko in light of acoustic phonetics. The present thesis deals with the
phonetic and phonology of Hindko dialect spoken in Tanawal region. It develops the
phonemic inventory of the dialect in both articulatory and acoustic phonetics. The
phonological part of the study shows the syllable structure and the syllabification system of
Tanoli Hindko.

The following section of this chapter shows a detailed account of segmental features
which deals with the phonetics of language. Then the relevant literature is given on
articulatory and acoustic phonetics in terms of consonants and vowels. Finally, it also shows
theories of syllables and syllabification of language. Overall, the purpose of given literature is
to clarify terminology used in the analysis.

2.2 Phonetics of language
Referring to the phonetics of a language, Ball and Railley (1999) state that phonetics

1S a broad term but can be referred to a simple definition, *anything to do with speech’ that
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includes physiology of speech production along with the articulatory differences between
vowels and consonants.

The phonetics can be classified in three major areas: auditory phonetics, articulatory
phonetics and acoustic phonetics. The auditory phonetics deals with listening, recognizing and
distinguishing of the sounds; articulatory phonetics categorizes the sounds of a language
according to their articulatory categories and both areas are subjective and impressionistic. On
the other hand, acoustic phonetics refers to the method of speech measurement in terms of its
physical properties of intensity, duration and frequency. It gives a quantitative evidence for
the presence or absence of certain acoustic cues in sounds. Therefore, these three areas
provide a full variety of a phonetic study of a language.

Ball and Railley (1999} refer to further division of phonetic features that phonetic
approach analyzes the sounds speech in a precise articulatory feature whereas phonemic
approach classifies the speech in terms of a number of general sound types. For example,
during the analysis of phonetic approach, fricatives versus plosives are carried out while in
casc of phonemic approach, all the phoneme.s on consonantal grid and vowel trapezium of the
International Phonetic Alphabet (IPA) are taken into account.

The phonemes and allophones of a language can be distinguished through proper
study of its sound system. For the findings of the phonemes and allophones, Davenport and
Hannahs {2010} state, “We need first to be able to determine the phonemes then relate them to
their allophones. Phonemes are most often established by finding a contrast between speech
sounds. These contrasts can be most easily seen in minimal pairs” (p.118). It means that

developing the minimal pairs is a helpful tool for the phonemic inventory of a language.
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In articulatory terms, for the classification of segments through minimal pairs,
Cruttenden (2001) indicates that these are the pairs of words which differ in respect of only
one sound, e.g. /pin/, /bin/, /tin/ supply us three words, These words are distinguished simply
by a change of the first consonantal element of the sound sequence, which are said to be in
contrast, or opposition. For Clark, et al. (2007), minimal pairs give solid evidence of
phonemic contrast,

In addition to thc minimal pairs, the contrastive distribution of the segments is a
helpful tool for the verification of the phonemes. Segmental distribution at different positions
gives further verification about identified sounds through minimal pairs. The occurrence of a
segment at different places of wards is one of the indications of the presence of phoneme in
the language in question, which avoid the obscurity of sounds identification. Ball and Rahilly
(1999) describe, “It is important to note that when we are attempting to identify phonemes we
must do so on the basis of sounds which occur in similar positions in otherwise identical items
(i.e. in paraliel distributiony” (p.146). Furthermore, a brief view of related literature on
consonants including their articulatory features such as voicing, places and manners is given
in the following section:

2.3 Consonants

All the articulated sounds which obstruct to the flow of air as it comes up from lungs
and passes through larynx to the lips are called consonants. This obstruction makes the air
passage narrow or complete closure. In this regard, Cruttenden (2001) denotes that to describe
the consonants of a language, it must be made sure whether language has pulmonic or non-

pulmonic system, egressive or ingressive organism, voiced or voiceless sounds, oral, nasal or
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nasalized consonants, places of articulation and manners of articulation of sounds. The
answers to these issues give a brief phonetic label for the sounds of a language.

Voicing is an important feature in the description of consonants. A consonant can be
cither voiced or voiceless. Fromkin, et al. (2011) signify that consonants can be voiced or
voiceless; in voiced sounds, vocal cords come close and vibrate while in the production of
voiceless sounds, vocal cords are open and the air flows freely between the vocal cords
without vibration. Clark, et al. (2007) state that there are languages in the world like French,
Greek, Russian, Hungarian, Turkish, Vietnams and Zulu which allow contrasting sounds with
their counterparts such as voiceless /f/ and /s/ and voiced /v/ and /z/.

The active articulators make the obstruction by moving towards passive articulators.
The mobile and immobile parts of the speech organs allow for the articulation of sounds. The
[unctions of these articulators may be referred to as the places and manners of articulation.
2.3.1 Oral stop sounds

Stop consonants are produced with the complete closure of air in the oral cavity.
During production of stop sounds, the articulators come close to each other with the complete
closure of air which comes up from lungs. Initially, in this process, no air escapes from the
vocal tract. Soft palate is raised in order to stop the air from escaping through nose. Defining
the stop sounds, Giegerich (1992) states, “A stop is a sound that involves complete closure of
the oral cavity” (p.19).

Many phonetic studies show three stages during the articulation of stops. Such as the
works of Cruttenden (2001) and Davenport and Hannahs (2005) show the closing stage, the
compression stage and the release stage. They further describe that during the closing stage;

the active articulators come in contact with the passive articulators and form the closure. The
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second phase is the compression stage which is also known as a hold or closure stage. Hall
(2003) highlights that during the hold phase, the articulators are got closed and air is
compressed which comes from the lungs. The air is stopped, and not allowed to go out.
Bloomer, et al. (2005) state that during release stage, the closure is opened, allows the closed
air abruptly to be released with some force and this process makes the puff sounds. This
process of sound production refers to the term ‘plosive’ for oral stops which means stopping
the airstream and then suddenly releasing it (see Section, 4.2.1 for stops analysis).
2.3.2 Nasal stop sounds

Like stops, nasal consonants are also articulated with the closure in the vocal trabt.
The airflow is completely obstructed in the oral tract and escaped through the nasal cavity. [n
this regard, Hall (1997), Ladefoged (2001), Crutienden (2001) and many other linguists state
that nasals are articulated through a lowered velum while non-nasal segments are produced
with a raised velum. Thus, unlike stop, nasals are sonorous consonants. in addition, IPA chart
shows that nasals are voiced sounds in all of the world’s languages. However, Davenport and
Hannahs (2010) point out that a few languages like Buremes make contrast between voiceless
and voiced nasals (see Section, 4.3.1 for nasal sounds analysis).
2.3.3 Fricative sounds

Fricatives are the only segments in the International Phonetic Alphabet chart that
include all the possibility of places of articulation of speech sounds (see appendix-D). Roﬁch
(1983) states that fricative sounds are found in all of the languages of the world. Fricatives
are articulated while air goes out through a narrow passage with hissing sounds in vocal tract.
According to Olive, et al. (1993), phonemes of fricatives are produced at the place of

constriction in the vocal tract instead of glottis, and “this sound source is a randomly varying
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signal (noise)... the vocal tract behind the point of constriction (the back cavity), has less
influence on the acoustics of the sound than the part of the tract in front of the constriction”
(p.154). Ashby and Maidment (2005) state that during the production of fricatives, the flow
of air makes turbulence that generates the acoustic energy for fricative. Thus, air comes up
from lungs and gets a small passage for escape in the vocal tract with a turbulent noise (see
Section, 5.1.1 for fricatives analysis).
2.34 Affricate sounds

Affricates are found in many languages of the world. Ladefoged and Maddieson
{1996) state that affricate /7 is used in 45 of the languages in their sample. The combination
of the stops /t,d/ and fricatives /[,3/ make affricate sounds as /f/, /d3/. Dorman, et al. (1980)
refer to the difference of the two group of sounds that short durations in the articulation of
fricatives and rapid rise times leads to the perception of affricates while longer fricative noise
durations and slow rise time lead to the perception of fricatives. Furthermore, the term
affricate is defined by Cruttenden (2001), “Any plosive whose release stage is performed in
such a way that considerable frication occurs approximately at the point where the plosive
stop i3 made...sounds may be considered either as single phonemic entities or as sequences of
two phoncmes™ (p.171). It implies that phonetically, affricates are similar to plosives and
fricatives due to their behaviour of sequential utterance (see Section, 5.2.1 for affricates
analysis),
2.3.5 Approximant sounds

In articulatory term, unlike stops but like fricatives, approximant sounds are directly
articulated without closure of the vocal tract. In contrast to fricatives, approximants are

sonorous segments, Cruttenden (2001) describes that approximant segments are produced in
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2.4  Vowels

Unlike consonants, vowels are articulated without hindrance to the airflow in the vocal
tract. It is well known fact that vowels cover less area of vocal tract from palatal to velar part.
Ladefoged and Maddieson (1996) refer to distinctive features of vowels that they can be
pronounced alone while consonants are articulated with vowels. Roach (2000) denotes that
during the production of vowels, airflow is not obstructed in the cavity, as it comes from the
lungs and goes out directly towards the lips. Ladefoged (2001) refers to any segment that is
found in the centre of a syllable is unconditionally articulated without closing lips and
obstruction of outgoing airflow. For the articulation of vowels, he also signifies that vibration
of air in the vocal tract is twoftold due to the position of tongue, i.e. rear part and front of the
mouth, and the role of tongue cannot be minimized in the vowels production due to its
position. Therefore, vibration of air for each vowel changes at different hertz. He further
states that knowing the position of the tongue refers to occurrence of vowels, and the formant
values of vowels make them different from language to language.

Brinton and Brinton (2010} highlight that for vowel classification, places of
articulation are taken into account whereas manner of articulation are not considered because
all vowels are articulated with open approximation. The works of linguists (e. g. Lyons, 1968;
Ball & Rahilly, [999; Roach, 2000; Cruttenden, 2001; Ladefoged, 2001 & 2003; Johnsdn,
2003; Davenport & Hannahs, 2010; among others) show that vowels are characterized in
terms of height of the tongue (acoustically saying Formantl of the vowels), which refers to
high, mid and low vowels or close, half close, half open and open vowels.

Formant 2, on the other hand, refers to the position of tongue, which identifies how far

the uplifted body of the tongue from the backside of the mouth. It refers to the description of
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vowels as, front, central and back. The lips position classifies whether the vowels are open,
closed, rounded or unrounded. In this regard, Brinton and Brinton (2010) state that rounding
lips have double effect of changing the shape of opening the resonating chamber. A vowel
with a long resonance chamber (rounded lips) that are temporally short or temporally long, i.e.
short /u/ and long /u:/. Long vowels include longer time duration than short vowels. Thus,
vowels can be classified in terms of vowels height, vowels backness and vowels rounding.

Cruttenden (2001) states that in articulatory terms, some points can easily be marked
for the classification of vowels as front, back, or close vowels, yet it is not possible to identify
the exact position of the tongue for the vowels. Thus, this flaw, i.e. description of vowels in
terms of auditory and articulatory phonetics, made linguists to look for a better and standard
method. According to Ladefoged (2001), in certain dialects, phoneticians should rely on their
auditory abilities for identification of vowels. He further states that plotting vowels on the
chart can give complete picture of the vowels of a language. This chart may provide
satisfactory result for the identification of vowels that are near the corners of the possible
vowel area. However, he also adds that this chart lacks fixed points which are far from the
corners of the chart. In this regard, the points proposed by the famous phonetician Daniel
Jones are helpful to identify the exact position of vowels. He devised a series of eight vowels
in [920s which provide fixed reference point for phoneticians. This chart is called cardinal
vowels.
2.4.1 Cardinal vowels

Ashby and Maidment (2005) state that cardinal vowels, “can be thought of as
landnarks in the auditory space provided by the vowels quadrilateral” (p. 77). Vance (2008)

describes that the main purpose of cardinal vowels was to provide a precise platform to the
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researchers who want to describe a language. They can compare any possible vowels with the
cardinal vowels which assist them to identify the vowels of a language. Thus, cardinal vowels
became famous among phoneticians and largely used as a set of reference for the description
of vowels of language in term of both categories either, articulatory or auditory. Roach (2009)
states that quadrilateral in terms of cardinal vowels has become a common practice for the
linguists. Likewise, the International Phonetic Association also uses the four sided diagram of
cardinal vowels in their works,

First, Daniel Jones proposed the eight primary cardinal vowels (see figure 4.4a) from
vowel no 1 to 8 but later he added ten more vowels to meet the requirements of other world
languages termed as secondary cardinal vowels. The below diagram (see Figure, 2.1b) shows
vowel no 9 to 16. Another pair of cardinal vowels is vowel no 17 /i/ the high central
unrounded and no 18 /u/ the high central rounded vowel (Davenport and Hannahs, 2010).
They describe, “The high central unrounded 17 /i/ and the high central rounded18 /uv/ give a
total of eighteen cardinal vowels. Secondary cardinals 9-16 and 18 vowels have same place of
articulation as 1- 8 and 17 respectively with the opposite lip rounding” (p.41). In this regard,
Rogers (2000} designates that in the primary cardinal vowels, the position of tongue and lips
are common in most of the languages of world but there are European languages like F renéh,
German and some other languages have uncommon lips and tongue combinations. Similarly,
world’s languages have front rounded, back unrounded vowels and central vowels. However,
the aim of cardinal vowels was to provide a platform to classify all types of vowels in the
world’s languages. Hence, the primary cardinal vowels lack to fulfil these entire requirements.
Many works show cardinal diagrams for the classification of vowels, the following diagrams
adapted from (Knight, 2011, p.77, 78):
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Figure 2. 1 {(a) The primary cardinal vowels  (b) The secondary cardinal vowels

It would be worthwhile to mention here that identified places of vowels in the cardinal
vowels quadrilateral are not fix for any language rather sounds location fluctuate depending
on the articulatory system of that language. Such as Yavas (2011) describes that languages
have similar vowels but un-identical location even in two languages. For example, a vowel
f®/ is identical in Cantonese, French and Dutch but finds different location in the

quadrilateral as can be seen in the following diagram adapted from Yavas (2011, p. 20):

Cantonese
yd

\_ X
French A‘ {’ \ |
\ \ Dutch

Figure 2. 2 Realization of /&/ in Cantonese, Dutch and French

Figure 2.2 reveals place of a front vowel in three different languages that /&/ in
Cantoncse has highest tongue position; it gets middie position in French while the lowest

position in Dutch language. Similarly, the work of Ladefoged and Disner (2012) shows the
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position of /e/ and /i/ in Californian English vowels quadrilateral which have also different

location from common languages.

Figure 2.3  Formant chart of Californian English

Knight {2011) states that cardinal vowels do not occur in any language rather it devise
as a set of reference vowels o which vowels of other languages can be compared. However,
languages have some vowels which are quite identical to the places of cardinal vowels.
According to Ladefoged (2001) vowels were traditionally described according to the tongue
height. Yet in recent times, phoneticians alse classify the vowels in terms of formant
frequencies but the use of auditory judgment in terms of a set of reference cannot be
minimized as well.

According to Rogers (2000), in addition to the vowels height, rounding and backness,
i.c. to the spectral characteristics, there may be other qualities for identification of vowels of a
language, i.e. temporal characteristics. This phenomenon refers to the sounds utterance
duration, i.c. short (lax) and long (tense) vowels. Similar to vowels qualities, time duration
play a key role in distinguishing the vowels.

Davenport and Hannahs (2010) state that vowels can also be classified not onty in

terms of quality, i.e. high, back and rounded but also in terms of quantity that refers to length
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of vowel, either long vowels or short vowels, e.g. long vowels mostly remain 50-100 percent
longer than the short vowels (see Section, 6.1.1 for analysis).

All languages of the world have vowels which are called monophthongs. But some
languages also have combination of two vowels, termed as diphthongs. Thus, the concepts
regarding diphthongs are elaborated in the following section:

24.2 Diphthongs

Vowels are the single entity while a diphthong shares the qualities of double vowels.
Unlike the consistency of the speech organs in single vowels, the articulators during the
articulation of diphthong shifts from preceding vowel to following vowel in the vocal tract.
According to Ladefoged and Maddieson (1996), diphthong is like a vowel for which more
than one target vowel quality is specified. Ladefoged (2001) designates that out of two parts;
first part of diphthong remains more prominent than the second part. The first part refers to
the falling diphthong while the last part lingers longer than the first and termed as rising
diphthong.

Likewise, Davenport and Hannahs (2010) compare another aspect between the
duration of the vowels and diphthongs. For example, the words ‘see’ /sit/ and ‘sigh’ /sal/
contain vowel /i and diphthong /ai/ respectively. For preceding sound, tongue position
remains steady while for the following sound, tongue highest point shifts from low to high
position. Steady vowel /i:/ in /see/, /si// is called monophthong while the other vowel in ‘sigh’,
fsai/ refers to diphthong. Thus, diphthong can be transcribed as /ai/ in two symbols. Its
utterance duration is similar to long vowels. Sometime such diphthong can also be transcribed

as vowel + glides as /aj/ rather than /ai/ but it’s a phonologically issue not phonetic (p.43).
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According to Lindau, et al. (1985), diphthongs are found in the phonemic inventories
of one third of the languages of the world. A study carried out by Maddieson (1984) (cited in
Waikins, 1999) shows some results and suggestions about diphthongs in the following way:

Cross-linguistic survey recognized diphthongs only if they could not, according to the

distributional patterns observed in other segments in the language, be analysed as a VC, CV or

VV sequence. Under this rather strict criterion, diphthongs were recorded in only 23 out of

196 languages {p.133).

Mareover, Clark and Yellop (1995) add that if a language exhibits more than about ten
vowcels, it may have diphthongs as well (see Section, 6.2.1 for diphthong analysis).

In conjunction with the earlier mentioned entities of sounds, i.e. monophthongs and
diphthongs, another feature linked with vowels that affect their acoustic properties, called as
nasalization.

2.4.3 Nasalization

Nasalization occurs in nasal tract. Nasal segments are articulated through lowering the
soft palate and a]io;wing air through the nasal cavity. Ball and Rahilly (1999) state that
nasalized vowels are found in many languages of the world. Some languages have nasalized
vowels as a contrastive sound, ¢.g. French and Portuguese whereas in case of English, a vowel
can be nasalized if followed or preceded by a nasal stop. However, English has no nasal
vowel as a contrastive sound. Thus, nasalization in English makes no difference to the
meaning of a word whether a vowel is nasalized or non-nasalized (Ladefoged, 2003).

Nasalized vowels are written with a diacritic 7/ known as tilde, on a vowel that forms it a

nasal vowel.
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Johnson (2003) describes that in the articulation of nasal vowels, two operating
systems of speech work together, i.c., pharynx cavity with mouth cavity, and pharynx cavity
with nasal cavity. Larlier is the oral tract which has resonance at about 500, 1500 and 2500
Hertz (Hz)} while latter, the nasal tract “has resonances at about 400, 1200 and 2000Hz and all
these formants are present in the spectrum of nasalized vowels” (p.163).

Nasalization has two types of vowels: nasalized vowels and nasal vowels. According
to Davenport and Hannahs (2010), nasalized vowels occur while nasal consonants are found
on either side of the vowel as in English word ‘man’, but some languages like French, Polish
and Navajo include nasal vowels without the effect of the adjacent nasal stops. Nasal vowels
in these languages have their own distinctive position. They state, *“Nasal vowels look
essentially like other oral counterparts, but also exhibits a typical ‘nasal formant’ at around
250Hz, and two linguistically significant formants above that” (p.65). Thus, if a language
includes nasals or nasalized vowels, its phonemic inventory cannot be validated without
studying its nasalization system (see Section, 6.3.1 for nasalization analysis).

The above mentioned section shows related literature on articulatory phonetics
whereas the following section gives an epigrammatic view of related literature on acoustic
phonetics in light of vocalic and non-vocalic sounds.

2.5  Acoustic Phonetics

Articulatory phonetics plays an important role for the identification of sound system
of language. However, acoustic phonetics provides more reliable results. Ball and Rahilly
(1999) state that ear-based approaches have an important place in the field of phonetics;

however, in some situation, they are inadequate and “only the acoustic measurement have any
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real validity” (p.154). Crystal (2003) defines that in acoustic phonetics, latest instruments are
used to identify sounds that provide clear results of data to the phonetician.

According to Davenport and Hannahs (2005), acoustic phonetics investigates not all
but linguistically relevant properties of sounds such as aperiodic and periodic waves,
frequency, amplitude and formants. Therefore, a sound is needed to be investigated through
specific properties which are relevant to place them in their right position.

About the importance of acoustic phonetics, Di Paolo and Yaeger (2011) state that in
recent times, acoustical analysis for identification of the sounds of a language has become
more reliable source than ever before, and it provides finer detail on the object of scrutiny.
Simply speaking, acoustic mcans the study of transmission of the sound waves. The acoustic
study of a language refers to the analysis of waves of the speech sound system of a language
with the help of instruments.

In the acoustic analysis of human speech, use of a spectrogram for the investigation.of a
sound has become a common practice among phoneticians (e.g. Ball & Rahilly, 1999; Roach,
2000; Cruttenden, 2001; Ladefoged, 2003; Johnson, 2003; Yavas, 2006; Reetz & Jongman,
2009; Davenport & Hannahs, 2010 among others). Spectrogram is a visual representation of
the speech sound that shows the frequency into Hz on the left side of the visual in the vertical
axis whereas horizonta! axis of spectrograph shows the time in Millisecond (ms). The dark part
in the spectrogram indicates formants which refer to regular vibration of the vocal fold. The
much dark picture of a spectrogram shows greater the amplitude of sound (Olive, et al. 1993).
With the help of Pratt, spectrograms of sounds are drawn to find out acoustic cues. Before the
acoustic analysis of Hindko consonants, related literature on acoustic features of each class of
consonantal sounds is given one by one in the following section:
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25,1  Acoustic features of oral stops

Regarding the acoustic cues, various acoustic features help to differentiate voiced
sounds {rom voiceless such as during stops closure duration, the presence of voicing is one of
the key features (Ladefoged, 1993; Ladefoged & Maddieson, 1996; & Johson, 2003). In
addition to this acoustic cue, Yavas (2011) proposes some other indicators including presence
of a voice bar, i.c. duration of the stop gap, release burst, duration of the previous vowel| and
aspiration. He states that these indicators help to identify stop sounds according to manners of
articulation.
Duration of stops gap

This cue refers to the hold phase of stop consonants. According to Raphael, et al.
(2007), the element of silent gap is an important acoustic cue to stop consonants which play
its role during the closure of the air. In the articulation of voiced sounds, they state, “/b/, /d/,
and /g/, a low-intensity harmonic, the fundamental frequency (f) may run through all or part
of articulation of the stops closure. Nonetheless, the term, silent gap, is often used to describe
the closure for all of the stop consonants”(p.148).

The silent period helps in identifying the stops of a language. The acoustic cue of
silence remains throughout the spectrum part of stops. Voiced sounds are produced with a
narrowed glottis whereas voiceless sounds are articulated with an open glottis and preceding
sounds contain less closure duration than following sounds.
Presence of a voice bar

It 1s another acoustic cue of voicing. Voiced sounds contain less energy than voiceless.
According to Mees and Collins (2003), voiceless plosives have energetic articulation, also
known as fortis stops while voiced stops have weaker articulation and potential voice which
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are called lenis. Yavas (2011) states that presence of voice bar refers to the dark area found at
low frequency around betow 250 Hz in a spectrogram and its presence can only be seen in
voiced sounds not in voiceless sounds. Kingston and Diehl (1994) state that voiced obstruents
remain shorter than voiceless. The voice bar is, therefore, an indicator originated in horizontal
axis in the very beginning of the spectrogram.
Release burst
The third acoustic feature related to stops production is the release burst that assists in
categorizing stop consonants. Johnson (2003) explains it in the following way:
The stop burst is produced when increased air pressure in the vocal tract is released. Air rushes
out of the mouth at high speed, producing a pressure impulse that lasts only 2 or 3 milliseconds.
Thus, the burst noise marks the moment of stop consonants release, Like the shutting stage,

release can also be voiced (with modal, creaky, or breathy voicing) or aspirated {(p.174).

The burst can be seen on a spectrogram in a shape of a vertical spike in the section of
silent gap. However, the voiceless stops spectrums show more prominent spikes than the voiced
stop consonants (Yavas, 2011). Raphael, et al. (2007} describe, “Release bursts include (10-35
ms) but it covers a broad range of frequencies with varying intensity. The frequencies at which
the bursts are most intense are relevant to place of articulation™ (p.148).

Duration of the previous vowel
Yavas (2011) states that the idea of the previous vowel duration® refers to the sonority

hierarchy that vowels are sonorous sounds than consonants. Obviously, stops are the least

® For cxample, the following words, /1t/, /eg/, /esk/, /ink/ show combination of vowels and consonants, and the
previous vowels before the consonants in the words have longer duration and more sonority than consonants.
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sonorous sounds among other consonants. Moreover, Goksel and Kerslake (2000) denote that
duration of vowels before voiced stops remains longer than that of voiceless sounds.
Aspiration in plosive sounds

In some languages, aspirated sounds are phonemic while in others this phenomenon is
allophonic. According to Reetz (2009) like unaspirated sounds, aspirated sounds also lack
voicing with longer closure duration and significant delay between the aspirated sounds
release and onset of following vowel. Similarly, Davenport and Hannahs (2010) state that
aspiration is the result of audible frication of the air which takes place while the closure of
stop is released before the beginning of voicing.

In a nutshell, the above mentioned acoustic features of stops provide detailed account
(or the classification of sounds. Nevertheless, they are limited to the manner of articulation,
i.e. the way of production, and give one side of the picture. For Silverman (2006), the
component of manner of articulation has mainly concern with voicing. In other words,
studying sound system through manner is helpful to separate voiced sounds from voiceless.
The following section shows the acoustic features of place of articulation:
Place features

Hayward (2000} states that the acoustic cues for manner of articulation, i.e. gap,
release burst or voice bar do not give account for places of sounds because their features are
similar from one¢ place to another place. Yet, the cues for place of articulation indicate how a
bilabial sound is diffcrent from dental etc. He specifies that two potential acoustic cues,
spectrum of burst and transition to following vowels facilitate in identifying the places of

articulation of sounds.
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The role of acoustic phonetics in indentifying the places of articulation is viewed by
Ladefoged (2003) that acoustic phonetics does not provide satisfactory account. Nevertheless,
formant transitions can be a helpful acoustic feature. He explains the phenomenon in the
following way:

Acoustic phonetics analysis i1s not the best way to find out about different places of

articulation. You can do much better with the simple palatography techniques, or even by just

looking at the speaker's mouth. I have described many languages but have never been found
acoustic analysis useful for determining the places of articulation....What acoustic information

there is about the place of articulation of consonants is mainly available from the movements

of the formants in the neighbouring segments (p.160).

It implies that articulatory phonetics is a better way to identify the places of utterance.
In addition to the above mentioned acoustic features of places, ie. spectrum of burst,
transition, the cues of VOT and locus have also been employed in the works of Fry (1976),
Cruttenden (2001), Roach (2000), Davenport and Hannahs (2010}, Hewlett and Beck (2006),
Reetz (2009), Yavas (2011) among others to see the place of articulated sounds. The detail
of the places cues are given in the following section:
Stop burst

Stop burst is the acoustic feature to place of articulation which shows the frequency of
noise burst at the onset of the release stage referring to the characteristic bends of F2 and F3.
(Cruttenden, 2001). Bilabial contains shorter burst duration than other stops (van Santen,
1997). Similarly, Greenberg (2004) states that at the release stage of stops a short burst of
cnergy occurs and this energy 1s found in diffuse form in bilabial and alveolar sounds on

spectrograms. Bilabial /b/ shows more energy at lower frequency while alveolar /d/ displays
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at higher frequencies. The release burst, on the other hand, for velar /g/ is found in a “more
compact form centred in the middle frequencies” (p.111}.

Hayward (2000) explains that stop burst for bilabial is weaker than those of alveolar
and velar stops. It can be summarized that stop burst is found in the region of F2 and F3. It is
mainly found in the lower region for bilabial with less duration, in the upper area for alveolar
spectra and in the middle part of velar stops.

Formant transitions

Formant transitions are another important part of acoustic phonetics which indicates
credible indications to place of articulation. Styles (2005) defines the term formant:
“horizontal bands of energy in a spectrogram..and the formant transition is the shift in
frequency leading into each formant™ (p.148).

Yavas (2006) describes that formant transitions identify the transitions of ‘stop-to-
vowel” (CV) and ‘vowel-to stop’ (VC). [f stop segments exist at initial position of a syllable
(CV), frequency of first formant (F1) of the vowel will rise whereas if stop segments occur at
final position of a syllable (VC), frequency of F1 of vowel will decrease. However, he
specifies if transitions of F1 cannot give detail regarding place of stops, transitions of second
and third formants (F2 & F3) will be of great helpful formants.

Hayward (2000} and Yavas (2006) state that in case of English, CV position of
bilabial, the transitions of F2 and F3 show rising movements whereas in VC sequence, F2 and
F3 show the ‘murror timage’. In case of velar stops, they state that transitions of F2 and F3
come close to each other and F2 falls in CV context while F3 rises. Thus, function of both
formants in the production of velar stop makes a wedge-like form. On the contrary, in

situation of VC, the role of F2 and F3 are much narrowing. Hayward (2000) also states that

36




formant transition of F2 for /d/ and /g/ may be same before low vowels; however, transitions
of F3 are different which play role to differentiate the places.

Potter, et al. (1947) (cited in Hayward, 2000) state that general pattern shows for
articulation of alveolar segments, a small line of F2 indicates level or rising for front vowels
but falling for the production of back vowels while transition of F3 is almost found in level or
rising position in CV sequence on a spectrum. On the other hand, Yavas (2006) describes that
during VC sequence of alveolar stops, there is least movement of formants; F2 shows a small
downward line while F3 indicates a small upward line of the movement. In addition,
Cruttenden (2001) adds that in case of voiced stop sound, it is possible to be a marked rising
bend of F1 of the adjacent vowel in /b, d, g/ but not in /p, t, k/.

Locus

Locus is another acoustic feature which provides cues to place of articulation. Yavas
(2006) argues that locus is the frequency which is the beginning point and the transitions of
second formant emerges to be pointing. Pointing means the very starting of the transitions;
and in the production of stops, tongue starts to move towards the following vowels, however;
this point cannot be seen in a spectrogram (Hayward, 2000). Hardcastle (2010) refers to the
works of Liberman, et al. (1954) and Delattre, et al. (1955) that indicate, “place .of
articulation could be differentiated by using F2 points to a “locus” on a frequency axis close
(o the time of stop release™ (p. 95). Thus, on frequency axis, a point emerges, and from that
point, transitions of second formants (F2) begins, the movement of tongue to following

vowels, and this whole process of the cues assists in identifying the places of stops.
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Voicing Onset Time (VOT)

The acoustic signal of voice onset time (VOT) classifies voicing and places of stop
sounds of a language. The term VOT became famous with the work of Lisker and Abramson
(1964) (cited in van der Weijer & van der Torre, 2007). They carried out research on eleven
languages and measured their VOTs and pointed out that VOT is a crucial tri-modal which
includes plosives with a negative VOT (related to voiced sound), plosives with a little positive
VOT, (refers to no aspiration) and plosives with a positive VOT, (sound production with
aspiration). They state that most of the languages of the world use two-way voicing feature
like voiced and voiceless while some of other world languages apply three-way voicing
feature such as voiced, unaspirated and aspiration.

Hewlett and Beck (2006) denote that VOT differentiates between voiceless and voiced
sounds. Kong (2009) carried out a research on VOTs of four langunages, Korean, Japanese,
Thai and English and found out that it was a successful parameter for Thai and English
voicing while Japanese and Korean needed some other acoustic parameters, like fundamental
frequency: f0 for distinguishing stop voicing type. Cho and Ladefoged (1999} measured
VOTs of 18 languages and made four categories for velar stops: unaspirated stops contain
30ms, slightly aspirated stops 50ms, aspirated stops 90ms and highest values for highly
aspirated stops in Navajo and Tlingit languages. Ladefoged (2003) further comments on it,
*When making a description of a language, the VOT of the stop consonants should always
be given as it varies across languages” (p.98). Like, voiceless aspirated velar stops of Navajo
have VOT of over 150ms, on the other hand, in Scottish Gaelic, similar sounds have a mean
VOT of 75ms. According to Gussenhoven and Jackob (1998), “Typical values for aspirated

plosives are between VOT + 50ms and VOT + 80ms” (p.4).
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VOT measurement in terms of place of articulation varies among languages. The
general concept is that VOT of stops is increased as it goes further in the back part of the oral
cavity, i.e. from bilabial to vclar (e.g. Peterson & Lehiste 1960; Lisker & Abramson 1964;
Klatt, 1975; Zue, 1976; Cho & Ladefoged, 1999; Ladefoged 2003; & Morris, et al. 2008).
Furthermore, Lisker and Abramson {1964) also state that velar stops get maximum VOT;
bilabial includes minimum VOT while alveolar stops contain intermediate VOT. However,
Chao, ct al. (2008} describe that Mandarin language does not follow this general finding for
oral stops. Cho and Ladefoged (1999) believe that for each place of articulation there are
language specific differences. It implies, therefore, that acoustic cue of VOT is employed for
voicing and place of articulation of stop consonants and variations in VOT are found cross-
linguistically {see Section, 4.2.3 for analysis).

2.5.2  Acoustic features of nasal stop consonants

Ladefoged (2003) describes that nasals consonants have lower amplitude than vowels,
However, unlike vowels, nasal formants are not fully observable on a spectrogram. According

to Davenport and Hannahs (2010), *Nasals have additional formants at about 250 Hz, 1200
Hz and 2400 Hz” (p.66). They also denote that front nasals have lower frequency than back
nasal consonants and the frequency rises as the air decreases from front /m/ sounds to back /ry/
segment.

Ladetoged (2003) further states that measurements of formants frequency that refers to
the movement of the formants in the adjacent sounds are useful to differentiate places of
articulation of nasal consonants. Yavas (2006) describes that nasal acoustic cues show
discontinuity between formants and the adjacent sounds. He also denotes that nasals include a
very fow frequency of F1, visible frequency of 3 whereas invisible frequency of F2. Overall,
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unlike vowels and approximants, nasal formants remain light at the spectrograms. For
lLadefoged (2001}, (his characteristic is typical pattern of nasal consonants.

Like plosive sounds, therefore, the consonantal formant transitions help to know the
difference in the places of articulation while other acoustic features provide an account for the
manner of articulation of nasals. Consequently, various acoustic features are helpful tools to
indicate nasal sounds (see Section, 4.3.3 for analysis).

2.5.3 Acoustic features of fricative consonants

Yavas (2006} states that fricatives spectrograms display energy in a scribby pattern
which lack regular vertical or horizontal spikes, e. g. English sibilant fricatives, /s, z, [, 3/ have
higher amplitude and the greater interval of frication noise than non-sibilant segments, i.e.
v, 8, 6, b/ include a weak noise whose energies are found in a spread form with higher
frequency on a spectrogram. Raphael, et al. (2007) describe the sibiiant as posterior and non-
sibilant as anterior fricatives. Yavas (2006) placed /h/ in non- sibilant fricatives. It can be
concluded that sibilant fricatives contain more intense energy with lower frequency than non-
sibilarits.

Gorden, et al. (2002) carried out an acoustic study on voiceless fricatives in seven
languages and measured cues of duration, centre for gravity, overall spectral shape and
formant transitions of fricatives from adjacent vowels. They found out that fricatives can be
well measured with the overall spectral shape than other acoustic cues. Gorden’s study also
supports the idea of Hayward (2000) that spectral shape intensity and formant transitions are
the important acoustic cues of fricatives. It reflects that fricatives should be examined in light
of duration, noise frication, formants transitions and overall spectral shape. Overall, both

intrinsic and extrinsic properties should be taken into account.
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Raphael, et al. (2007) identify that in the manner of fricative segments, the main
acoustic cue is the extended period of noise that is created by the turbulent of airflow as it
escapes through the vocal tract, They further signify that formants movements of F2 and F3
are important acoustic features to fricatives places of articulation. Gut (2009) points out that
voiced fricatives appear on spectrum with faint formant structure having little energy. Sibilant
fricatives contain steep, high-frequency spectral peaks while non-sibilant fricatives include
flat spectra (Raphael, et al. (2007}, Hence, in light of acoustic cues discussed so far help to
identify fricatives in manners and places of articulation.

For the sampling frequency of fricatives, Hayward (2000) identifies that the spectra of
fricative may display prominent peaks above 5000 Hz. Hence, there is intense need to use a
higher sampling rate than 10,000 Hz. Similarly, Ladefoged (2003) also recommends sampling
rate for fricatives above 10,000 Hz. The works of many phoneticians inctuding Hayward
(2000), Ladefoged (2003 ), Davenport and Hannahs (2010) show spectrographic frequency for
[ricative sounds above 8000 Hz. It implies that for the recording of fricatives, the sampling
frequency should be selected above 8000 Hz.

In the spectrographic analysis, Davenport and Hannahs (2010) state that English
[ricative sounds show aperiodic vibrations in the upper part of the spectrograms in form of
irregular striation. According to them, “The main resonant frequencies of fricatives rise at the
size of oral cavity decreases... thus, [h}’s strongest resonances are around 1000 Hz, those of
[f] about 3000 Hz, 4000 Hz for [s]...and between 4500 and 7000 Hz for [f]” (p.68). In
addition to acoustic theories of fricative sounds, some relevant studies, on the acoustic

analysis of fricatives in the world’s languages, are also discussed in the following section:
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Unlike other languages, English fricatives remained the focus of majority of
researchers. Like, Behrens and Blumstein (1988) carried out a research on English fricatives
and measured the duration and found that sibilant sounds were longer than non-sibilants.
However, he also identified that there was not much difference between the segments of the
same class. Jongman (1989) states that frication noise duration is an important cue for
distinguishing fricative sounds that a receiver can perceive fricative sounds even on a fractidn
of friction noisc duration. Furthermore, frication noise duration is also a helpful cue for
voicing cue that voiceless fricatives have longer duration than voiced.

Cole and Cooper (1975) also applied frication noise duration cue for distinguishing the
voiced and voiceless sounds and found significant results. Another acoustic cue is the
spectral peak location which is applied by Hughes and Halle (1956) for the identification of
fricative places of articulation. Similarly, Al-Khairy (2005) carried out a research on Arabic
fricatives and investigated four acoustic cues, i.e. amplitude measurements (noise amplitude),
temporal measurements (noise duration), spectral measurements (spectral peak location and
spectral moments) and formants transition (see Section, 5.1.3 for analysis).

2.5.4 Acoustic features of affricate consonants

Although affricates in languages are phonemic, yet they are the combination of stops
and fricatives. In this regard, Ball, et al. (2008) state that acoustic features of affricates are
much similar to stops and fricatives. They describe that affricates include silent gap of stop
closure, i.e. obstruction of vocal tract and the burst of noise which refers to the release of stop.
On the other hand, affricate sounds consist of duration of frication which are the cues of the
fricatives. It shows that affricates are somehow amalgamation of stops and fricatives.

However, being phonemic entity, affricate sounds have their own acoustic characteristics.

42




Many studies refer to the acoustic properties of the affricate sounds. Such as Hayward
(2000) describes that the noise portion of affricates is lengthened and the period of silence is
shortened than that of stops, (stop part occurs at initial position of affricate), whereas in the
production of fricatives, (fricative part in affricates occur at final position of phoneme), noise
part of affricates includes the constrictions intervals without silence. He further explains that
duration of affricate stop and affricate portions are less than that of stops and fricatives
respectively.

Ladefoged (2001) states that in the spectrographic analysis, striations of individual
segment of /f/ and /%/ in case of fricative is more prominent than collective segments _01‘
affricates, /47, /d3/. In addition, Johson (2003) refers to the acoustic cues of affricates, “The
amplitude of frication noise rises quickly to full amplitude in affricates and more slowly in
fricative™ (p.144). Thus, these acoustic features, like normal striation, silent gap, abrupt
release, friction and quick rising of frication to fuil amplitude are important cues of affricates
{see Section, 5.2,3 for analysis).

2.5.5 Acoustic features of approximants

Approximants are the most sonorous consonantal sounds. Regarding acoustic
phonetics, Pisoni (2008) states that approximants and vowels have similarity in some of the
acoustic cues in manner of articulation, Like vowels, the glides and liquids have un-
constricted articukation and the formant structure. Specifically, glide /j/ sounds like vowel {i:f
by the extension of transition period. He further states that approximants have also
resemblance with diphthongs; both segments contain articuiatory movements and the changes

in formant frequencies which are internal to the segments,
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In spite of the similarities, some contrastive cues indicate the difference between
approximants and diphthongs. Liberman, et al. (1956, cited in Pisoni, 2008) state that
approximants have faster rate of formant frequency change than those of the diphthongs.
However, this rate is not as faster as the formant transition of vowels in preceding and
following of stops. Such elements, therefore, separate the approximants from vowels and
make them consonantal sounds.

Hayes, ct al. (2004) identify that potential sources for approximants are place cues,
“Unlike other consonants, approximants (liquids and glides) have formants structure that
serves as an internal cue. They also benefit from transition cues on the neighbouring vowels;
typically, formants change fairly gradually in the transition between vowels and
approximants” (p.60).

Nolan (1983) and Lehiste (1964, cited in Kim & Lotto, 2004) state that lateral is
measured in terms of F1, F2 and F3 at the point of maximal vocal-tract narrowing of the
production of the sound. Similarly, glides are well measured by the first three formants. In
addition, acoustic energy for the /I/ is seen below 500 Hertz (Hz) and spectrogram lacks
energy above 500 Hz. The flap contains short duration with short closure and release. They
further state that glide /)/ includes lower F1 and higher F2 frequency than /i:/ and /I/ sounds.
There is much resemblance among vowels, diphthongs and approximants; however, each
group of the sounds has its own characteristics which should be kept in mind during the
analysis of the approximants (see Section, 5.3.3).

2.5.6  Acoustic part of oral vowels
A problematic feature involves in the articulation of vowels that sound articulators do

not touch with one another and air goes out directly out ward without obstruction. Thus, it is
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difficult to know the actual position of the articulation of vowel segments. However, this
problem is solved by the acoustic phonetics that accurate information about vowels can be
pinpointed by the acoustic properties. In this regard, Ladefoged (2001) designates that the
most authentic way to identify the vowels system of a language is through their acoustic
properties. He states that vibration of air in the front part of the vocal tract produces the
vowel sound which is heard, whereas in the rear part of the body of air, vibration of the air
changes the pitch of a sound. Being a lower in pitch this peak is called first formant (F1).
Next peak in the frequency is the second formants (F2). Formants of vowels vary from
language to language and the vowel system of a specific community is relatively similar. He
further states that knowing the vowel formants is a minute investigation to identify the vowels
of a language.

Ladefoged (2003} describes that the key acoustic properties of vowels are formants
which are the highest resonating frequencies in a sound utterance. Formants are found more
prominently on a spectrogram in dark form. Generally, three major formants, first (Fl),
second (F2) and third formant (F3) are the important features to describe the vowels of a
language. However, in the present study, only two formats, (F1) and (F2) are considered
because these two formants are adequate to identify vowels of language and to draw its
quadrilateral. F1 shows height of the tongue while F2 shows the position of the tongue during
vowels articulation. Thus, vowels can be well identified by using the frequencies of formants
(Fl& F2). The following figure of ‘F’, adapted from Lodge (2009, p.194). It shows the

diagram of vocal tract marked with F1 and F2.
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Figure 2.4  Formants positions in the vocal tract

The figurc 2.4 reveals functions of oral and nasal cavities in the production of vowels
which include formants. During the articulation of vowel sounds, F1 occurs at the rear part
whereas 2 get position at the front part of vocal tract. It also indicates oral and nasal cavities
including soft palate that remains lowered for nasal and open for oral sounds.

During the acoustical measurement, a formant is found in form of dark part on a
spectrogram which is the by-product of regular vibration of the vocal folds. These formants
frequencies occur vertically on a spectrogram in form of F1, F2, F3 and F4 respectively. In
addition, duration of vowel utterances is measured horizontally in millisecond. It helps to
identify the length of vowels of a language whether short or long.

Moreover, the little difference in formant frequencies is also very important for the
classtfication of vowels. Diane Kewley Port a psychologist (n.d.) (cited in Ladefoged, 2001)
state that a native speaker of a language can even distinguish only 12 Hz discrepancy of the
formant frequencies in the vowel space.

Therefore, during the acoustic analysis of present study, formants frequencies of
Hindko vowels are measured to know the place of each segment in the vowel space. Thus, in
fight of FI and F2 frequencies measurement, Hindko oral vowels are placed on quadrilateral.
Moreover, oral vowel utterances are also measured to see sound duration. Overalt, Hindko
oral vowels are analyzed keeping in view two kinds of acoustic cues, i.e. vowel quality and

vowel duration. Vowel qualities refer to the spectral characteristics of vowels as low, high,
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back, front etc while vowel duration represent the temporal differences of vowels as short or
long (see Section, 6.1.2 for analysis).
2.5.7 Acoustic part of diphthongs

Brinton and Brinton (2010} state that diphthong are articulated through tongue gliding
from one place to another within a syllable and articulated as continuous segment, rather it
contains a change in the position of tongue and change in the shape of the lips. Unlike other
sounds, formants of diphthongs are measured at two positions because these sounds have the
combination of two vowel segments. Ladefoged (2003) identifies, “Diphthongs should be
mcasurcd near the beginning and end of the vowel, at point that are not affected by
consonants transitions” (p.132). He further states that mark first at the beginning of
diphthongs but not so close to the consonant and second, at the end but to be kept far from the
consonantal effects (see Section, 6.2.2 for analysis).

2.6  Representation of syllables

In general term, combination of vowel and consonant, or vowels alone, refers to the
syllables of a language. According to Giegerich (1992), syllables are the larger phonological
units than the individual phonemes. These units play a vital role in the phonological analysis
of a language. On the basis of syllables, therefore, phonological systems of a language are
structured.

Juratsky and Martin (2009) state that there is no exact definition of syllable which can
be agreed upon. Nevertheless, they describe that syllable is a vowel like sound, which is more
sonorous than its neighbouring consonants. Languages have words containing one, two, three
and more syllables. According to Gupta (2008), “A syllable is a unit of spoken language

consisting of a single uninterrupted sound formed by a vowel, diphthong, or syllabic
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consonants alone, or by any of these sounds preceded, followed or surrounded by one or more
consonants” {p.88).

It shows that a syllable is the most sonorous sound of a word and a word can consist of
one syllable or more than one syllable in a language (see Table, 7.1). It also exhibits that
vowels are not only the sounds which make syllables but syllabic consonants also form
syllables.

2.6.1 Syllabic consonants

According to Katamba (1989), all languages have the rhyme in its syllables structure.
Rhyme is an obligatory part of a syllable. However, the rhyme elements differ from language
to language. The nucleus slot of the rhyme can be occupied by either vowels or consonants.
Gussmann (2002) states vowels ar¢ the essential elements of the syllables while consonants
are the optional. However, in many languages, liquids and nasals form syllable without
vowels. He signifies that in English, the liquid /I/ at the end of the word brittle /brit}/ and nasal
/m/ at the end of button /bas 1/ become syllabic. In addition to the first syliabies, in the above
given words, in form of phonetic vowels /i/ and /o/, consonantal melody / // and /4#/ also take
nuclear position. A syllabicity mark <> is used for syllabic consonants (as per IPA
conventions) indicating that the symbol it is written represents a syllabic sound (Pullum &
Ladusas 1996, p.238).

Ewen and van der Hulst (2001) state that if a syllable lacks vowel, the next most
sonorous sound within that syllable takes the position of nucleus (becomes syllabic). In such a
casc, sonority is an important part to make the syllables. It is a complex phenomenon that
some languages subsume consonantal syllable. This category, therefore, opens a new way in

form of a syllable having skeleton and melody such as the word /little/ includes initial and
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final /I/. The first one refers to onset and final one is termed as nucleus, Like many other
languages, Tanoli Hindko dialect also allows consonants forming syllables (see Table, 7.2).

After the identification of syllables of a language, various issues come across such as
ill-formedness and well-formedness of consonants in syllables. These forms refer to various
permissible and impermissible positions of consonants word initially, medially and finally.
Such issues, in languages, are dealt under the umbrella of syllable structure. A thorough
analysis of syllable structure of a language, therefore, leads to the syllabification rules termed
as phonotactic constraints. Selkirk (1982) states in favour of syllable structure that it is
necessary patt for "the most general and explanatory statement of phonotactic constraints”
(p.337). A brief glimpse of phonotactic constraints is given in the following section:

2.6.2 Phonotactic constraints

Basicatly. phonotactic constraints are rules related issues of a language. These issues
deal with phonological constraints on sequence of segments in syllables structure. These
constraints are identified either by a native speaker or by syllabification system of a language.
Ewen and van der Hulst (2001) signity that a native speaker of English can easily judge the
ill-formed and well-formed strings of a syllable word initially, medially and finally. Such as
*/lmok/ is ill-formed string because English does not allow /lm/ at initial of a word.
Therefore, */Im/ violates the phonotactic constraint for a language.

Similarly, *mr-, *-pkm- and *-pk in English are ill- formed syllables word initially,
medially and finally respectively. Kahn (1976) refers to clusters that in English /tl/ is not
possible word initially as in a word ‘tlas’ whereas possible word medially, i.e. ‘cutlass’. The
given examples reflect that syllable structure analysis is crucial to know the phonotactic
constraints of a language. Likewise, Davenport and Hannahs (2010) refer to the role of
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syllable structure in terms of phonotactics that provides interesting insights about the
permissible sequence of segments in a specific language (see Section, 7.3 for data analysis).
The above mentioned reviews give unflinching support for the analysis of syllable structure
and on the basis of such analysis, therefore, phonotactic constraints, i.e. rules of a particular
language are described to generalize phonological phenomenon.

Thus, some theoretical approaches for syllable structure analysis are given in the
following section and then find out the suitable approach which best serve for the analysis of
Hindko syllable structure.

2.7 Approaches to syllable structure

Segments, consonants and vowels, form syliables; syllables form feet; feet form words
and words form sentences. Each language has its own syllable structure. Describing the
possible syllable structure implies describing the sound system of a language. Generally, in
the syllable structure, some languages have simple CV and others have complex phenomenon,
i.e. complex onset, complex coda, closed syllables and intervocalic clusters. Hindko is one of
those languages which permits consonant clusters word initially, medially and finally in its
syilable structure.

Syllable structure allows nucleus, onset and coda. In a syllable, nucleus is an
obligatory part which is preceded (onset) and followed (coda) by optional consonants, It is
obligatory o have a nucleus in a syllable, very common to have onset and less common to
have coda (Hayes, 2009). According to Ewen and van der Hulst (2001), syllables are the units
which need to be employed in the phonological theory. Segments are the constituents of
syllables structure. A common example of a syllable in form of tree structure is given in the
following diagram (Adapted from, p.128).
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Diagram: 2. | (a)
AN A
£ 1 b o2t r pS

Diagram 2.1 shows three syllables indicated by /o/ sigma. Peak segment /z/and coda
/I/ are the constituents of first empty onset syllable (VC); onset /b/ is followed by peak /o/,
these two segments are the constituents of no coda syllable (VC) and third peak /o/ is
preceded by onset /tr/ and followed by coda /s/ in form of (CCVC). From the first to third
syllables, segments become the part of the larger unit of syllable node /o/. The lines among
the syllable nodes and segments signify the constituency.

In the diagram 2.1, syllable /bs/ contains onset and peak (CV). It is universal
phenomenon that all languages allow CV. Some phonologists are of the view that onset and
peak (CV) are integral part of a syllable while coda is not a necessary part. In this regard,
Burquest (2006) signifies that the reason behind the notion that onset is stronger syllable
position than the coda because CV syllable pattern is said to be universal and every language
contains CV type of templates in its syllable structure, and more specifically, some languages
have only this type of syllables.

On the other hand, some languages allow no onset but peak and coda (VC) as in the
first syllable of diagram, i.¢. /®l/. In such cases, Gussmann (2002) indicates that onset can be
empty while there is no skeletal and melodic position or when there is skeletal position but no
melody. In addition, Burquest (2006) identifies that some languages of the world do not
follow the pattern of CVC syllables, and the coda gets subsidiary syllable position. Such

factors introduced a new theory for the syllable structure named onset rhyme theory. It refers
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to syllable rhyme as an intermediate node in the structure. This theory is termed as branching
hierarchical syllable structure expounded by Pike (1967), Pulgram (1970), Kiparsky (1979),
Harris (1983) among others. They presented it in the multi tiered phonological theory
(Katamba, 1989). Some other prominent figures of this theory are Kaye and Lowenstem
(1982), Levin (1985), and Kaye, Lowenstem and Vergnaud (1987).

Maoteover, Ewen and van der Hulst (2001) refer to the structure of the word /lbatrs/
that the representation of the syllables is a flat constituent. It has no internal structure like the
third syllable of the word, i.e. /tros/. It shows that each segment is immediately connected
constituents with the syllable nodes without intermediate projection of syllable structure,
Nevertheless, they propose three different representations of the internal structure for English
monosyllabic word /framp/ and add the ‘x” symbol to label nodes at intermediate stage of the

diagram which is between segments and the syllables in the following way (p. 128):

Diagram: 2.2 (&) (b) (c)
1) )
/f\ X/\x "/\"
t r @ mp /\ /]\ /[\ /\
t r & m p t rae m P

Diagram 2.2 (a) shows flat structure of a monosyllable and diagram (b) has major split
before the vowel segment of the syllable that refers to onset-thyme theory of the syllable
structure. Onset part shows cluster of CC while rhyme part displays the branching of V and
CC cluster at coda position.

On the contrary, diagram (c) presents CC cluster with nucleus at onset position while

in coda part CC cluster stand alone without nucleus. This division which is marked after
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vowel of the syllable represents mora theory, In addition to these basic concepts, van der
Hulst and Ritter (1999) state that for the internal syllable structure of a language, these two
theories are taken into account, They cited Vennemann (1984) who termed mora theory as the
body-tail structure and the onset rthyme theory as the head body structure. He further argues
against the preference of approaches that, “The proper choice is dependent on the process that
one studies” (p.22).

in summary, it can.bc said that both theories are suitable for the analysis of syllable
structure. It would be worthwhile to mention here that such theories have a common goal to
describe syllable structure. The surface difference is to just mark the peculiar ways of ;he
description of syllables. Thus, the approaches applied to the syllable structure are briefly
discussed in the foilowing section to know which theory can represent the data of Hindko in a
better way. Firstly, the body-tail structure is described in the following part, commonly
terimed as mora theory.
2.7.1 Moraic theory of syllable structure

The pioncer of mora theory is Trubetzkoy {1939) and the expounded are McCawley
(1968), Hyman (1985), McCarthy and Prince (1986) and Hayes (1989). This approach is
defined by McCawley (1968) in the words that, “A mora can be described imprecisely as
‘something of which a long syllable (vowel) consists of two and a short syllable (vowel)
consist of one” (p.58). Similarly, Clements and Keyser (1983) identify, “We understand the
mora as a unit involved in the determination of, such that light syllables count as one mora
and heavy syllables count as two....and this distinction between heavy and light syllables play
an important role in many ianguages” (p.79). They further add that heavy syllables refer to

the complex (branching) nucleus while light syllables represent (non-branching) nucleus.
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Hayes (1989) designates that the key impact of mora approach has been on the treatment of
compensatory lengthening. Hayes (1989) and Piggot (1995) (cited in Watson, 1999, p.507)
state that mora thcory can be summed up under sources of syllable weight as:
a. Short vowels contribute one mora and long vowels two moras (universal)
b. Weight-by-position: a ‘coda’ consonant is assigned a mora in the course of
syllabification (parametrics)

They also add that in terms of moraic theory, the short vowel is termed as mono-
moraic while long vowel is called bi-moraic. It means that a short vowel is one mora and a
long vowel is two moras.

There are various views and a number of studies have been done in light of moraic
theory. The works of many phonologists like Bird (1999), Hyman and Katamba (1999} show
that mora model represents the constituent onset as it does not exist. Moreover, van der Hulst
and Ritter (1999) describe, “Mora theory, not recognizing an onset constituent, cannot express
the notion of onset well-formedness in a straightforward manner. There is no notion of unified
rhyme either since the constituent status of post-vocalic consonants depends on their weight”
(p.36). Davenport and Hannahs (2010) designate that onset is irrelevant part in the syllable
weight. In a nutshell, mora is an element which refers to weight. It implies that structure of
the syllables can be heavy or light.

It can be concluded, therefore, that mora model has purely connection with syllable
weight and other constituents like onset does not fit under the umbrella of moraic model.
Unlike it, onset rhyme theory is described according to the sonority peak in the syllables
which include specific place for onset and rthyme part in the structure of syllable. Similarly, in

addition to basic concept of the moraic theory, Hayes (1987) connects the moraic theory in
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some extent with the rhyme theory in the following way: “Segments dominated by ‘W’ is
equivalent to the domain of rhyme-internal segments” (p.10). Therefore, this statement shows
a close relationship between the mora and the onset- rhyme theories. The following section
describes onset rhyme approach which is abbreviated as OR model (van der Hulst & Ritter,
1999).
2.7.2  Onset-rhyme model of syllable structure

In onset-rhyme theory, structure of the syllable is represented as the syllable node ‘o’.
This node has two immediate constituents. The left hand line before the vowel indicates the
onset of the syllable while the right hand side shows the rhyme part. In rhyme part, a vowel is
followed by consonants (coda). The earlier mentioned example of a word /tremp/ (see

Diagram, 2. 2b) is reproduced in the following for further analysis:

Diagram: 2. 3 {a)

This theory shows the structure of the syllable containing two constituents, the onset
and the rhyme. The above diagram makes the branching of the segments at the onset and the
rhyme positions. In this regard, Ewen and van der Hulst (2001) state:

A syllable can be seen as a sequence of onset and rhyme, it has been claimed that the

constraints on the co-occurrence of segments holding between onset and rhyme are much less

severe than those holding within each of the two constituents. That is, given a list of well

formed onsets and well formed rhyme; these can combine quite freely to well-formed
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syllables, Thus, onsets and rhymes are seen as autonomous units, each with their own

constraints on their internal structure (p.130).

It implies that the combination of onset and rhyme cannot occur freely rather there are
many restrictions on the well-formedness of English syllables. In this regard, Clements and
Keyser (1983, p.20) point out that /f,v,s,2/ are excluded before /u:r/; voiced fricatives and /cl/
clusters are not possible before /u/ and /er/ clusters are excluded before fer,or,ar/. The cluster
of spop, skick, and siit are ruled out even though the same sequences without the initial /s/
are well formed in English.

However, the above constraints in the syllable structure open a new way for Clements
and Keyser and they challenge the onset-rhyme model in support of the flat syllable
structure. They identify that in onset thyme approach, the association of vowel and the
following consonants, i.e. rhyme part seems stronger than that of vowel and the preceding
consonants, According 1o Ewen and van der Hulst (2001), the constraints within the onset or
within the rhyme are more common than the two constituents, i.e. vowel and the following or
the preceding consonants. For example, in case of English, the occurrence of stop followed
by a nasal, /kn, pn, gm/ at onset position is not possible combination. Similarly, the
combination of tense vowel /i:/ and /au/ followed by /i/ in form of /i:n, aur/ is not allowed
too. Likewise, it is also not possible to have clusters of /mg/ and /nb/ word finaily. It entails
that a nasal consonant and a stop which are not homorganic are not possible to have
combination within a morpheme.

In addition to the constituent structure, the onset-rhyme theory also includes the
internal structure of the rhyme. The preceding section corresponds that rhyme is a flat

constituent in a syllable. Nevertheless, it can be seen in diagram 2.3 that rhyme has two
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constituents, the nucleus followed by the coda. The stress assignment in the syllable
structure supports the rhyme as a constituent. The reason behind the notion is that some
languages contain stress attracting syllables whereas others are not “and that this appears to
be a function of the content of the rhyme- the onset is not relevant to such processes™ (Ewen
& van der Hulst , 2001, p.132). For example, the penultimate syllable in two English words,
farena/ and /agenda/ contain the form of stressed syllables, both have same features, whereas
the word /America/ rejects stress. This shows that number and conscnants in the onset
position are entirely different. It implies that rhyme must be a unit which can be referred to
the phonological ruies.

Similar to diphthongs, long vowels get the position of two moras in the rhyme. Long
vowels are called heavy while short vowels termed as light. In case of English, as examples
shown in the following section, the stressed syllable in the word /arena- ariina / become
heavy and get the positions of two syllables (see Diagram, 2.4b). Heavy are those syllables
which attract stress while light syllables lack stress because heavy syllables contain two
scgments such as in the word ‘angina’, ‘angaina’ the diphthong /ai/ apply the same rule of

stress pattern. On the other hand, the /i/ in the word ‘Ametica’ is the light syllable (p.132).

Diagram: 2. 4 (a) (b) ©
Heavy Heavy Light
Rhyme Rhyme Rhyme
a i i i I
a&n djai na ari: nd s>me r ka

The above diagrams show that rhyme node has more than one daughter in some cases.
However, the two segments in the diagrams are not necessary to be the heavy syllables in
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some languages. Halle and Clements (1983, p. 129) refer to Selkup, language spoken in
West Siberian, that if two-segment rhyme has long vowel, it termed as heavy vowel whereas
if two-segment thyme has short vowel followed by a consonant, it becomes light vowel.
Hence, in Selkup, VV is heavy while VC is light. Furthermore, the distinction between heavy
and light syllable in such languages lies in the number of segments at nucleus position not in
the rhyme as a whole. This distinction between two types of languages refers to syllable
weight. Overall, these two types of the syllables are commonly found in the languages,
Contrary to onset rhyme model, Clements and Keyser (1983) propose another approach for
the syllable structure which is termed as CV model of phonology. This approach is found in
between segments and syllable nodes.
2.7.3 CV model of syllable structure

According to Katamba (1989), CV theory was introduced by Hocket (1947} and latter
supported by Abercombine (1967) and McCarthy (1982). Clements and Keyser (1983, p.25)
state that CV is the universal theory which includes three tasks: Firstly, it includes well-
formed expression of the theory, i.e. state universal principles governing syllable structure.
Secondly, it describes the typology of the syllable structure, i.e. defines the range within
which syllable structure may vary from language to language. Finally, it must define
language specific rules which modify underlying syllable structure. They recommend that
syllables can be represented through three-tiered. In the following diagram, three- tier

representation is given at the left hand while the flat model is structured at right of the page

(p-13)- G- tier /f\
Diagram: 2. 5 CV- tier ccvec
Segmental- tier S 1 a wt
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This model shows immediate constituent structure. Syllable tier ‘¢’ dominates the
whole tree, and CV tier immediate dominate the segmental tier. So this theory makes a link
with one another (Katamba, 1989). It can be said that CV model further simplified the
syllable structure and it eliminates the constituents of onset and coda of OR theory and
placed C for consonants and V for nucleus.

Howevet, van der Hulst and Ritter (1999) criticise the CV model of phonology in the
following words: “ Our main objection to this model, however, is the absence of an onset
constituents and thus the impossibility of making direct statements regarding the complexity
of material that intervenes between successive nuclei” (p.37). It implies that onset
constituents need to be treated explicitly having indirect connection of elements with the
syllable nodes which gives more insight about the syllable structure of a language. Contrary
to CV approach, another model is given by Davis (1985) with the name of hybrid model.
2,7.4 Hybrid model of syllable structure

Hybrid model for the syllable structure was introduced by Pike and Pike (1947) and
developed by Davis (1985). According to this model, a Hindko word /plamb/ ‘climb’ can be

represented in the following way:

G

Diagram: 2. 6 /\

Onset Nucleus Coda

AN VAN

p 1

m b

o

Unlike CV approach, this model allows the branching for each column. In the given

structure, a single vowel is shown at nucleus position; however, this model also allows
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branching at nucleus position as well, if the nucleus vowel is bimoraic or a diphthong. Thus,
each column freely makes branching for onset, nucleus and coda. However, van der Hulst
and Ritter (1999) raise objection against this approach, “the drawback of this model is that
there is no recognition of rhymal unit” (p.38). Therefore, this model has also similar
rcpresentation to the CV approach in the sense of direct connection with the syllable nodes
but allows branching like OR model.

In summary, each model has its own characteristics and can be applied on the syllable
structure of a language, if the nature of the data allows. However, in the current study, Onset-
Rhyme model is applied to describe the syllable structure of Hindko. This model seems
comparatively the most suitable approach due to its parameterization and descriptive nature
of the study.

In the selection of models, mora approach is also a suitable and quite similar to onset
rhyme model; however, it lacks the structure of well-formedness, i.e. pertaining to onset, at
initial position of the syllable. For the preference of these two models, Paradis (1988) state,
“Concerning the other differences between the two models, i.e. the timing tier and onset
constituent, if evidence can be found to support the necessity of their existence that would
argue in favour of the onset/rime model as the more superior” (p.18}. In addition, OR
describes the key aim of mora theory, i.e. distinction of the weight as well.

Another important aspect of a syllable structure is the branching of the segments at
onset and rhyme positions. Regarding the branching, Clements and Keyser (1983) state that
the binary branching is a highly enriched theory of syllables. They write, “There is no upper
Jimit on the number of such levels, rather the depth of branching is determined by the

number of terminals elements in the syllable™ (p.5). Halle and Vergnaud (1987) and Selkirk
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{1982) strongly favour OR meodel that constituent Rhyme is universal. In addition to the
constituent structure, the onset-rhyme theory also includes the internal structure of the
thyme. Therefore, OR theory allows the binary branching and unlike CV and Hybrid models,
it has indirect connection with syllable nodes and gives more detailed view about the
phonotactic constraints. In the present study, considering one approach, i.e. onset thyme is
adequate to describe the syllables of Hindko. Similarly, this approach has been applied for
the syllable structure of various languages of the world. This model can also be seen in the
phonological works of McCarthy (1979) on ‘The Arabic Phonology’, Fudge (1969 &1987)
on ‘The syllable stcucture of English’, Kim (1986) and Sohn (1987) on “The syliable
structure of Korean”, and Duanmu (1990) on ‘The syllable in Chinese’ among others.
A comprehensive diagram of English word /kweynt/ ‘quaint’ for the hierarchical
onset-rhyme model is given in the following which is adapted from van der Hulst and Ritter
(1999, p.22).

Diagram: 2. 7 o ¢ = Syllable

R =Rhyme
R O = Onset
l\ N= Nucleus

O N
/\ A C=Coda
X X X X X X x= Skeletal tier
1 | | | | = Melodic tier
k w ¢ y n t

The above structure displays syllable node ‘s’ at upper top of the diagram which
makes branching at onset ‘O’ and rhyme ‘R’ positions. In rhymal part, ‘R’ makes further

branching constituents, i.e. nucleus ‘N’ and the coda ‘C’. At third layer, terminal part of the
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structure is represented by the ‘x” which refers to the skeletal tier’. Regarding the skeletal tier,
Ewen and van der Hulst (2001) state, “That there is a body of evidence to suggest that syllable
structure must incorporate a skeletal tier, both in onset-rhyme theory and mora theory”
(p.159). The alphabetic symbols, given at the end of the diagram, abbreviated a hierarchal
structure of tiers with features and termed as melodic tier.

This hierarchical onset-rhyme mode) is more descriptive in nature. Hindko data is
analyzed in light of this structure, However, between melodic and skeletal tier, root node is
added like Diagram 2.8 to differentiate between geminate and non-geminate segments (see
Section, 2.11).

There are some other phonological issues related to syllable structure including
syllabic templates, syllable boundaries, sonority sequencing principle and gemination. These
are briefly explained in the following sections to clear the concepts related to the analysis.
Then the data is analyzed in the light of these syllabification theories.

2.8 Syllabic templates

Syllabic templates vary from language to language containing V, CV, and CVC etc.
Fijian (Fiji) and Senufo (West Africa) languages permit CV template, Thargari language
(Western Australia) allows CVC (Davenport and Hannahs, 2010). They state that English and
polish permit up to three consonants on onset position of a word; nucleus part includes short

vowels, long vowels and diphthongs as well. English shows up to four consonants at coda

" The fundamental function of the skeletal tier is to capture the purely quantitative or temporal properties of
linguistic forms, while their qualitative properties are located on the melodic level (Gussmann, 2002},

62




position, ¢, g. /siks®s/ ‘sixths’ whereas polish allows more than four consonants at coda
position, such as /nastmpstf/ means ‘consequence’.

McCarthy and Prince (1986); Roca (1994) among others are of the view that the most
fundamental syllabic template is CV and this structure is found in all languages. Clements and
Keyser (1983) describe that if a language allows VC, it must have CV and CVC. They further
state that languages may have any one of the following canonical syllable types (p. 23): Type
1: CV {represented by Senufo); Type 2: CV, V (Maori);, Type 3: CV, CVC (Klamath); Type
4: CV, V, CVC, VC (English). In addition to the above mentioned syllable types, they also
state that some languages have well formed core syllable, which may contain combination of
consonants and vowels, such as CCCVCC or CCVVC or V elements, for example, English
word /strznd/ “to be halted’ has CCCVCC elements.

According to Gut {2009), English has 20 different types of syllable templates. Like,
CV, VC, CVC and the most basic structure is the monosyllabic form of syllables, i.e. CV
which refers to the syllables that end with vowels and termed as open syllables. He also
identifies that English has 43% of all syllables in open form. However, there are some
constraints in syllable structure that a single vowel cannot stand alone as a syllable while a
long vowel or a diphthong can occur as a syllable, e.g. even an article /a/ is also pronounced
as /ei/ or Artificial Intelligence {Al) is written as /e1 ai/. Barber, et al. (2009) states that open
syllables ends with vowels, and when single vowels like /o/ and /e/ are lengthened, they
become long open vowels in Standard English (see Section, 7.2 for data analysis).

In the phonological description of a language, various issues are encountered such as
if a language allows templates above CV, e.g. CVCCV or CVCV etc, question arises for the

syllable boundaries whether medial C or CC are the part of the preceding sylable or
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following. This debatable issue about the exact boundaries of syllables can be seen in the
works of Haugen (1956), Hoard (1971), Vennemann (1972), Hooper (1972) and Kahn (1976)
among others. The following section shows a brief description about marking the boundary of
syllables,

2.9  Syllables boundarics

A word containing more than one syllable such as CVCCVC, generally, seems easy to
demark each type or cluster of consonants. A native speaker feels comfortable in using the
right syllable boundaries in his language. Nevertheless, during marking the exact boundaries,
it becomes difficult whether a C medially is the part of preceding syllable ot following. In this
regard, Clements and Keyser (1983) propose that the boundary of VCV is to be marked as
V.CV. In contrast, Duanmu (2008) argues, “If a language allows CVC, CV, and VC
syllables, as English does, how would CVCVC be syllabified? Both CV.CVC and CVC.VC
seem to be possible” (p.52). Therefore, such issues of a language need to be analyzed for
clarity.

Phonologists have different views on this issue of syllabification and recommend
some principles to mark CV boundaries among syllai)les. Like, Haughen (1956) and Halle
(1962) state that a native speaker can easily pin down the words into syllables and know the
ill-formed and well-formed strings of a syllable. However, Hammond (1999) claims that it is
hard to mark the accurate boundary of a syllable. Similarly, Zhang (2007) cited in Duanmu
(2008) that the result of native speakers’ demarcation of the syllables boundaries cannot be
consistent. In addition, many studies have been carried out to know whether a native speaker

can judge the clear cut boundaries of syliables. in this regard, Duanmu (2008) tests some
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speakers and finds that their judgment varies. He proposes that only native intuitive
knowledge is not final for syllables boundaries.

Generally, many models have been introduced by the linguists to mark the syllable
boundaries. However, the model of Maximal Onset Principle (MOP), introduced by Pulgram
(1970) and Kahn (1976), is famous among many phonologists due to its well-established
nature. According to this principle, first consonants (C) should be maximized to the left of
vowel (V) till syllable structure conditions of the language in question, subsequently; syllable
finat consonants (C) should be maximized to the extent with the syllable structure. In the
present study, the boundaries of Hindko syllables are marked in light of MOP. On the basis of
this principle, phonotactic constraints of the language are proposed (see Section, 7.4 for data
analysis).

There is another principle which describes the phonotactic constraints such as the
well-formed syllables are determined by sequences of segments by their relative sonority. On
the basis of this principle, syllabification rules of a language can also be taken into account. A
brief description of sonority principle is given in the following section:

2.10  Sonority sequencing principle (SSP)

The term, sonority hierarchy was first introduced by Hooper in (1972). It is a common
fact that vowels are more sonorous than consonants but languages have restrictions on the
sequences of phonemes in their syllable structure. Various definitions and hierarchies are
found in the works of linguists for the sonority system of a language. However, the present
study includes a 10-point scale hierarchy given by Hogg and McCully (1987) cited in Yavas

(2006, p.131).
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Sounds Sonority Values

Low vowels 10
Mid vowels 9
High vowels (and glides) 8
Flaps 7
Laterals 6
Nasals 5
Voiced fricatives 4
Voiceless fricatives 3
Voiced stops 2

Voiceless stops |

The above scale of sonority hierarchy shows that voiceless stops are least sonorous
sounds while the low vowels have maximum sonority among sound segments. The sonority
scale is also a helpful method to identify the number of the syllable in a word. In any
utterance, peaks, i.e., sonority of sounds, always remain more outstanding than any other
segment. Since vowels are more sonorous sounds, they always keep the peak position in a
syllable. Regarding the peak, Clements (1990) indicates that all vowels have same sonority
whereas Kenstowicz (1994) and Crosswhite (1999) are of the view that vowels are different in
terms of sonority. (The present study deals with overall sonority of a syllable).

According to Hussain (2009), “Sylables are formed by high-sonority nuclei with
falling sonority going outwards towards the edges of the syllable from this nucleus (onset and
coda), as generalized as sonority sequencing principle” (p.5). Miller (2010) states that
sonotity ‘involves the ability of segments to bear tone and occur as syllable nuclei” and within

vowels, low vowels are the most sonorous sounds because of their high formant frequency
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while the high vowels have low frequency and that are the least sonorous sounds. Therefore,
SSP means that a sound in a syllable rises from the least sonority by crossing the more
sonority and reaches to the most sonority, and then a sound gets reverse in a similar way to
the margin.

In the earlies of the previous century, Jesperson (1904) proposes sonority ranking for
onset and coda in the following way: that at the onset positiont>s>d>z>n>1>r>w>
whercas at the coda position w>r>1>n>z>d> s>t (cited in Khan, 2012). It shows that
voiceless stops have least sonority and glides are the most sonorous sounds. According to
Clements (1990), Jesperson’s sonority scale is basic in its nature; however, it has influenced
most of the later theories. In addition to sonority sequencing, some languages such as Spanish
aliow Minimal Sonority Distance (MSD) (Harris, 1983). This term maintain sonority between
two phonemes strictly, e.g., within obstruents.

Many phonologists (e.g., Hooper, 1976; Kiparsky, 1979; Harris, 1994 among others}
are of the view that SSP is a universal principle. However, researchers like Butskhrikidze
(2002) in Georgian, and Rowicka (1999) in Polish describe that these languages have the
surface violations against Sonority Sequencing Principle. In addition, Butskhrikidze states
that SSP is one of the universal phonotactic principles.

Davenport and Hannahs (2010) state, “lt is clear that sonority hierarchy is not always
conformed to within a syllable; it is possible in many languages to find the acceptable
syllables, in which the segments in the onset or the coda are in the ‘wrong’ order. So, for
example, English has words like ‘stoat’ and *skunk’...similarly, German allows words such as

Sprache *language’ with initial /[p/ or Strauss ‘ostrich’ with initial /ft/ ™ (p.76).
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Rubach and Booij (1990, p.122-3); and Rowick (1999: ch.5) (cited in Ewen & van der
Hulst, 2001) state that Polish is a commonly cited language which violates SSP because it
allows maximum consonant clusters word initially. It shows that in languages, it is not
difficult to find out the words, which violate the SSP. In addition, if appendages of the
syllables are taken into account, violation of SSP can be seen more easily. In the present
study, prependices and appendices are not considered and only core syllables are analyzed in
light of SSP (see Section, 7.5 for data analysis).

In addition to the other features of syllable structure, Hindko also allows gemination.
Thus, the relevant concepts are described in the following section:
2,11  Gemination

Generally, gemination refers to the tone of a consonant in the articulation of a word
that becomes double in its duration and length. According to Leslau (2000), the casiest way to
describe gemination is doubling of consonants. Ladefoged (1975) states that geminate
consonants are a class of long consenants which occur in English across word boundaries.

Some phonologists consider geminated segment as a single phoneme while others
claim that gemination lengthens the duration of a consonant as two times. According to
Abercrombie (1967), gemination can be termed as double consonants that duration of
geminate consonants extends over two syllables while a long consonant remains limited to a
single syliable. On the contrary, Delattre (1971) states that gemination is not a single sound,
rather a quite different phenomenon of languages which includes two types of consonantal
features in the syllable structure, i.e. feature of preceding consonants and feature of following

consonants.
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Other phonologists, such as Ohala (1983) and Hayes (1989} are of the view, that
gemination is produced in an articulatory movement while Selkrik (1991) argues that
geminate consonant is a bi-segment not mono-segment. Hayes (1986), Clements (1985) and
McCarthy (1986) consider gemination as long consonants. They state that the geminated
segment is a single sound but has two skeleton slots. According to Burquest (2006}, “When
long vowels or consonants are given a VV or CC interpretation they are called geminates”
(p.183).

Ewen and van der Hulst (2001, p.154) state that recent approaches to phonological
structure represents the length of sounds incorporating the skeleton, They state that C and v
function as abbreviation of segmental matrices, and the segmental root node is connected
directly with terminal node of the syllabic structure. In the onset rhyme theory, these terminal
elements are termed as skeleton or skeletal tier. Specifically, this approach represents the
length of the segments.

In the following diagrams, they structured two words of English and Italian
respectively in light of OR theory to show long and geminate segments where the skeletal
points are symbolized by “x".

Diagram: 2. 8 (@) (b
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in diagram (a), a long vowel /i:/ get the position of single root node but two skeletal
tiers whereas short vowel /a/ denotes single root node and single skeleton position. Similarly,
in (b), geminated consonant /p/ at intervocalic position is also represented in form of two
skeletal tiers. Clements and Keyser (1983) termed the skeleton position as timing units that
long vowels require more time for articulation than the short vowels, e.g. long vowels
includes the duration of two segments, two timing slots but one segmental tree.

According to OR theory, long vowels, geminated consonants and short sounds can bé

characterized in the following way (Ewen and van der Hulst , 200, p.154).

Diagram: 2. 9 (a) (b)
X X I
Long vowel or geminated consonants Short vowel or non-geminated consonant

In summary, it can be said that linguists agree that gemination closes one syllable and
opens another syllable, Literature shows that gemination is possible word initially, medially
and finally in languages, and word medial gemination is more common that word initially and
finally. Taylor (1985) states that she carried out research on 29 languages (cited in Caliender,
20086). According to Taylor, obstruents geminate in all languages, and if a language geminates
a sonorous sound, it must have at least one obstruent sound as well. She also reports that 15
languages have voiced and voiceless geminated sounds and claims that if a language has
voiced gemination, it must have voiceless gemination but if a language has voiceless
gemination, it is not imperative to have a voiced gemination. She also refers to the universal

phenomenon of gemination that if a language has fricative gemination, it must include stops

gemination as well.
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Taylor also finds out that out of 29 languages, 26 languages have medial gemination,
and out of them 14 also allow word finally gemination. In addition, she refers to the universai
tendency that if a language includes gemination word finally, it must have gemination word
medially. Furthermore, she highlights that out of 29 languages, six languages also allow
gemination at word initial position.

it is well a known fact that Indo-Aryan languages allow the gemination and Hindko is
one of them, However, Hindke allows gemination of consonants at two positions, i.e. at
intervocalic and final positions of words. Therefore, collected data is also analyzed in light of
above mentioned phonological feature of gemination (see Section, 7.6).

2.12  Chapter summary

This chapter shows the previous research carried out in other dialects of Hindko. 1t
also gives review of related literature on segmental features, in general, in terms of
articulatory phonetics including consonants, oral vowels, diphthongs and nasals vowels. Then,
it offers a review of literature on acoustic features of consonants, oral vowels and diphthongs
respectively. Finally, it shows literature on the approaches of syliable structure. In addition, an
overview is also given on the principles of syllabification system.

The following Chapter deals with the methodology employed for the study.
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CHAPTER 3

RESEARCH METHODOLGY

This chapter describes the research design followed in this study. It includes the
description of data collection. It also elaborates the methods adapted for data analysis. As the
study has concerned itself with the segmental and the selected suprasegmental features of the
Tanoli dialect, the chapter has been divided according to three categories of analysis including
consonants, vowels and syllabification respectively.

3.1 Sampling of the study

A descriptive analysis of any language is a daunting task and requires extensive field
work. It is not possible to describe a language completely in a single research project and it
was, therefore, necessary to limit the focus of this study to a few aspects of Tanoli dialect.
The research has, therefore, limited itself to a description of consonants, vowels and
syllabification system of the dialect. As this description pertains to phonetics and phonology,
live or recorded data is required for such an analysis. In order to obtain such data, non-
probability and purposive sampling technique was adopted for the selection of 12 informants
including six males and six females. The reason for choosing this sample size is in accordance
with Roach’s argument (2000}, “If we study only one or two speakers, it is likely that our
results will not be typical of other speakers” (p.207). Regarding the sample of such studies,
Ladefoged (2003) states that many linguists used to record one speaker for the description of
phonetics of a language but it is not sufficient to meet the requirernent of the modem
standards of phonetic description. A single speaker may have individual way of speaking, or

he may be more literate and have his own view about the language. For the description of a
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language, ideal data can be collected from six males and six females. Similarly, Gordon
{2003) recommends that six male and six female speakers are an ideal pool to collect data
from for quantitative study. Increasing the sample to more than 12 speakers was to spread the
volume of data and as a result, the minute observation of speech sample from the selected
people would have been difficult. Reason for including both sexes for the data is that there
may be systemalic difference between their speeches.

All the twelve subjects were the speakers of Tanoli dialect of Hindko and knew only
Tanoli Hindko. The subjects were above 50 years of age (see Appendix-C). They were
illiterate and had not any schooling., The reason for selecting such a sample is that the
participants will have minimum possible contact with other languages and uninfluenced data
may be gathered for identification of sounds. Thus, pure phonemic inventory of the dialect
may be the result of this effort.

The speakers who were found with speaking and hearing problems were not
considered. This criterion was employed after testing their recording on Pratt software. Thus,
all informants had normal speaking and hearing ability. The recording was made at a peaceful
corner at the residence of the speakers. The informants were asked to keep a constant speech
rate and were made to articulate each word three times to ensure minimum error.

Before recording the data, Tanoli Hindko consonants and vowels were established by
using minimal pairs (see Tables, 4.1 & 6.1). According to Davenport and Hannahs (2010):

Minimal pairs rest on contrastive distribution ...consonants in /fat/, /bat/ and /mat/ contrast
with each other, We saw this contrast by means of a commutation test, i.e. a substitution of
one sound for another yielding a different lexical item. Contrastive distribution can show a

contrast anywhere in the word, however, not just initially (p.118).
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After identification of the phonemes through minimal pairs, consonants and vowels
were further verified by word distribution in the relevant section of articulatory phonetic, and
then the data recording lists were developed for acoustic analysis of Hindko phonemes. First,
the description of consonantal data collection is given in the following section:

3.2 Methods of consonants data collection and analysis procedure

The detail of methods used for Hindko consonants is given in the following section:
3.2.1  Stimuli for consonants

A word list, comprising three tokens for each consonant of Hindko, was developed
and recorded in intervocalic pattern (VCV) for the acoustic analysis of the consonants. All
token words were monosyllabic and the consonants were preceded and followed by vowel /a/.
The list is prepared in light of most commonly used method by phoneticians for the acoustic
analysis of sounds {e.g. Ball & Rahilly, 1999; Ashby & Maidment, 2006, Davenport &
Hannahs, 2010; and others). As mentioned above that first, Hindko phonemes were
established through minimal pairs (see Table, 4.1) and then the following list was developed
for recoding the consonantal data.

Table 3.1  List for the recording of consonants

Sounds Recording Sounds Recording Sounds Recording Sounds Recording

1o/ aba it at'a fd3/ adga I/ aya
i/ apa K aka il afa x/ axa
/p'/ ap”a Igf aga by aff"a 16/ afia
1y ata Kt ak"a If! afa it/ ara
id/ ada /m/ ama vl ava N ala
1 a"a n/ ana /s asa it/ ara
W ata v/ ana 1z aza iy aja
id/ ada n/ ana I aja
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The above table 3.1 reflects Hindko data containing real and nonsense words to elicit a
complete consonantal picture of Tanoli dialect of Hindko. In VCV sequence, the C is the
target consonant whereas an identical V is used at both positions of each word to keep
consistency among sounds. It presents a more controlled elicitation data than natural speech
for the descriptive purpose of any language.

3.2.2 Collection of consonant phonemes

As mentioned earlier that all speakers were illiterate, so it was not possible to record
them by providing a list for reading. Thus, in the beginning of the data collection, the
researcher asked a primary passed native speaker ‘who was not part of this study’ to read the
list which was recorded on the sound recorder. He was trained to keep speech rate. His
recorded sound was provided to all of the twelve subjects for recording their sounds.
Therefore, they held the hands free (headphone) in the ears, listened and uttered the words;
which were directly recorded in ‘Pratt’ software, version 5.1.17 by Boersma and Weenink
{2009),

The sampling frequency for consonants, except fricatives, was adjusted at 8000 Hz
with 4000 Hz low-pass filter on 16 bit precision at Pratt. Unlike othet consonants and vowels,
fricative sounds of Hindko were recorded on Pratt at the sampling frequency of 16000 Hz
with 8000 Hz low-pass filter on 16 bit precision. As fricatives have strong frication, and noise
energies are assumed to be higher than 4000 Hz. This idea was adapted from Hayward {(2000)
and Ladefoged (2003) (see Section, 2.5.3). Each recording was saved in a separate file and
recordings were processed to find out the acoustic cues of each vocalic and non-vocalic
sound. However, for articulatory phonetics, the speakers’ utterances were analyzed keeping in

view the place of articulation and voicing feature. The feature of voicing was also observed
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by the researcher but entirely based on auditory aspect of the uttered words. These
observations were recorded on a piece of paper. Thus, in addition to the researcher’s
insightful knowledge about the dialect as a native speaker, it remained a useful experiment.
The analysis procedure is given in the following section:
3.2.3  Analysis procedure of consonants

Consonantal data for articulatory phonetics was set out qualitatively before acoustic
analysis of sounds. For spectrographic (qualitative) and statistical (quantitative) analysis of
the data, consonants were recorded in terms of VCV sequence (see Table, 3.1). During the
analysis, gridlines were made for each of the spectrogram on Pratt such as the text of
uiterances including vowel-consonant-vowel, closure duration of stop, VOT of stop, frication
of fricatives etc. Each segment was marked with the boundaries of VCV and other target
features, Then, the target features of sounds were measured statistically in terms of time in
seconds (sec.). Frequency means values were measured in Hertz (Hz) for first and second
formants (F1 & F2) of the adjacent vowels. Afier the individual measurement of cach
segment, the average mean values were calculated so that through average values, the overall
trend in Tanoli Hindko sounds could be found. Thus, on the basis of average calculation of
sounds, their standard deviation {Std. Dev.) and coefficient of variation (Co.Var.) were taken
into account. In addition, the measured values were further tested by ANOVA to verify
differences within segments. The level of significance was set as 0.01 and 0.05. Moreover,
Least Significant Difference (LSD) test was also applied for further analysis (where required)
to detect which pair is actually different. Statistical analysis is carried out in excel. This

procedure remained consistent in all Hindko consonants and vowels as well,
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In addition to this general description for analysis of consonants, specific detail for the
analysis of each group of sound, i.e. stops, nasals, fricatives, affricates and approximants is
given in the following section:

Stops

A total of 432 tokens (12 stops x 3 repetitions X 12 informants) for stops were
recorded and analyzed qualitatively and quantitatively. First, stop spectrograms were visually
analyzed to know their characteristics, For the ease of spectrographic analysis, stops were
calegorized into three groups according to their three ways of articulation, i.e. spectrograms of
voiced, unaspirated and aspirated respectively. Stops were mainly analyzed in light of voice
bar, release burst, formant transitions and locus which cover both parts of articulation, i.e.
manners and places. These acoustic features are widely used by phoneticians for the acoustic
analysis of stops (see Section, 2.5.1). Each utterance of stops was examined for the accuracy
of the results.

Secondly, stops were measured statistically in terms of closure duration and VOT, the
measurement time is given in seconds (sec.). First gridline and boundaries were made to show
vowel-stop-vowel, second gridline was added to measure closure duration of stops and third
gridline was included to find out the measurement of VOTs. However, for voiced stops, two
cues, VOT and closure duration occur simultaneously and that's why the measurement of one
cue was considered for the second.

Nasals

A total of 144 tokens (4 nasal stops x 3 repetitions X 12 informants) were recorded for

acoustic analysis of nasals. During the nasals analysis, the intensity of spectrograms was

increased. This idea was in line with the views of Ladefoged (2003) that during the
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spectrographic analysis of nasal consonants, the intensity should be increased to make the
invisible nasal formants more visible because nasals have lower amplitude.

First, Hindko nasals were investigated qualitatively through spectrographic analysis.
Secondly, the quantitative analysis was carried through statistical measurements of the first
three formants of nasal sounds and neighbouring segments as well. The formants frequency
value of F1 was taken manually because in most of the cases, automatic shown formants were
either disappeared or merged with upper formants. Thus, measurement of F1 was taken into
account by clicking in the medial of the consonantal formant. However, average mean values
for other two formants, F2 and F3 were measured from the automatic formant list, having side
boundaries of the sounds, values are shown after clicking in the medial of required segments,
except some of the values of velar F2 due to the dispersed formant contours. Therefore, their
frequency values were measured by visual analysis. In addition, during the formants
transitions analysis, in case of invisible formants, Pratt spectrum option ‘extract visible
spectrogram’ was employed to see the formants slope.

Fricatives

A total of 288 tokens (8 fricatives x 3 repetitions x 12 informants) were analyzed to
identify Hindko fticatives in light of acoustic cues. Fricative features were investigated by
visually examining the spectrograms on speech analyzer Pratt software. Nevertheless, unlike
other consonants, fricative spectrograms were displayed between 0 to 8000 Hz in the
spectrographic range. During the statistical part of fricative sounds, frequency mean values of
spectral shape, frication duration and neighbouring vowels duration of utterances were
measured. Spectral peaks were measured by placing frequency time marker in the beginning

of spikes at the spectrogram of the fricatives.
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Affricates

A total of 108 tokens (3 affricates x 3 repetitions x 12 informants) were recorded on
Pratt software to find the characteristics of Hindko affricates. First, the visual analysis of
affricate spectrograms was carried out to know both intrinsic and extrinsic properties. For this
purpose, spectrogram of each utterance was studied and the most common trends in sounds
were described. Secondly, sounds were statistically measured in terms of silent gap duration;
frication duration and overall duration of consonants.
Approximants

A total of 144 tokens (4 approximants x 3 repetitions x 12 informants) were recorded
on Pratt for acoustical analysis of approximants. Recorded sounds were examined visually on
spectrograms. Then, recorded data of approximants was statistically measured in terms of
duration and their formants as well. First three formants, F1, F2 and F3 were measured to find
out approximant formants structure, Formants frequency values were measured at the
temporal midpoints of consonants that contained steady state formants and then mean values
werc taken directly from the automatic formants list. This method of measurement was almost
similar to the acoustic analysis of vowels because both phenomena are interrelated in mahy
aspects. However, in case of dispersed formants; values were taken into account by visual
analysis.
3.3 Methods of vowels data collection and analysis procedure

Like consonanial section of the study, for the identification of Hindko vowels, a
similar method for data collection and selection of informants was employed (see Sections,
3.1 & 3.2.2). Computer software ‘Pratt” was used for recording and analysis of the vowels.
The vowels, however, had different stimuli and analysis procedure.
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3.3.1 Stimuli for vowels

The material for the data collection of oral vowels was selected in CVC sequence and
CV context for diphthong. Regarding data selection for the phonemic inventory of vowels, Di
Paolo and Yaeger-Dror (201 1) state that:

Collect vowels data in a “neutral” consonantal phonetic context...phenomena such as co-

articulation influence the spectral features and duration...a neutral context means all the

moving articulators are at rest as they are for b/, which does not require any particular tongue
body shape, lip protrusion...this is why many studies use a paradigm such as heed, hid, hayed,
head, had, HUD, hawed, haught, hood, who'd, Hoyt, hide (combining real and nonsense

words to complete the set) for eliciting a complete American English vowel system (p.88).

They also state that data should be recorded in neutral phonetic environment in the
form of monosyllabic or disyllabic words, which is likely to induce variation and change.
They point out that there is need to make a list of each vowel in the phonetic environment,
and each word will be needed to be repeated three times for recording purposes which is the
common phonetic practice. Basically, this method was used by Peterson and Barney (1952,
cited in De Paolo and Yaeger-Dror, 2011) for the measurements of vowel formants. On the
other hand, for diphthongs, Maddieson and Disner (1984) identifies that if diphthongs cannot
be found in distributional pattern, they can be analyzed as VC, CV, or VV contexts.

Thus, the list for data recording of Hindko vowels was developed in CVC context
while for diphthongs; it was recorded in CV sequence. For both monosyilabic and disyllabic
cases, all selected words were real having different lexical meanings. I selected contrasting
sets of words preceded and followed by stops /t/ and /p/ since stops are the least sonorous

sounds and have minimum effect on the most sonorous sounds.
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3.3.2 Collection of vowel phonemes

Method of vowels data collection was almost similar to Hindko consonants (sece
Section, 3.2.2). However, in articulatory terms, it was not possible to identify the position of
vowels owing to free air passage from the oral and nasal cavities. Therefore, height of tongue
and position of tongue for vocalic part of study is purely based on acoustic phonetics. The list
for the vowel section was developed in CVC context, in light of minimal pairs (see Table,

6.1), and three repetitions for each word were recorded from the speakers. This list is given in

Table 3.2.
List of oral vowels
The list below was developed taking into consideration the neutral phonetic

environment in the form of disyllabic words such as CVC sequence.

Table 3.2 List for the recording of oral vowels
Sounds Recording Gloss Sounds Recording Gloss
fie/ tisp Fashionable fo:/ to:p Swelled land
N tipp Drip fuf topp Cap
e/ t®p Tape fuif tw:p Tube
fa/ tapp Tub fe:f pe: Father
fasf ta:p Top

The ahove table shows the data for oral vowels in CVC context; however, one long
vowel /e:/ cannot occur word medially and initially in Tanoli Hindko and is, thus, recorded
word finally in CV context (see Section, 6.1).

List of diphthongs

The list of diphthongal sounds is given in the following table:
21




Table 3.3 List for the recording of diphthongs

Sounds Recording Gloss Sounds Recording Gloss
feil kei A tool of fai/ baj An Armofa
digging cot

Table 3.3 reflects words for acoustic analysis of diphthongs and both words were
recorded in CV sequence (see Table, 6.10).
3.3.3 Analysis procedure of vowel phonemes

The analysis of vowels follows almost the same procedure like the consonantal
analysis. The speech data was digitized at sampling frequency of 8,000 Hz that produced the
frequency of 4000 Hz for each vowel spectrogram. In order to get reliable formant values and
duration of each vowel, wide-band spectrograms were made. Each speaker’s file was
converted into text grid files and then the interval tiers were added. The purpose of these tiers
was to mark text of each segment under the spectrogram and to measure the frequencies of
formants values and utterance durational time from the same files. Then the boundaries for
the sounds were made which were quite helpful in finding out the accurate results. This
reproducible technique is also helpful for any future verification as measurement without
boundaries may be different next time.

Most of the recording was made in CVC context to avoid the transition influence of
the preceding and following consonants (onset and coda). The least sonorous sounds, i.e.
stops /t/ and /p/, were selected in the neighboring of vowels in order to have least influence on
the formant structure. The vowels boundaries were, therefore, made 15 milliseconds between
vowel and each consonant. The frequencies of F1 and F2 were measured in order to draw the

quadrilateral of Hindko vowels. Frequency value of each formant was taken by clicking in the
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tnid of marked boundaries. The mean values were directly copied from the automatic
formants bar of the software. However, for the duration of sounds, the measurement was
taken horizontally between initial and final boundaries which referred to the time marker.
Furthermore, il any problem (rarely happened) was encountered during the measurements of
formant frequencies, they were determined by eye check after changing the spectrogram
bandwidth. A total of 324 tokens (9 vowels x 3 repetitions x 12 informants) were investigated
statistically to find out formant values and duration of utterances.

During the analysis of diphthongs, visual checking of formants remained the top
priority to see the continuity or discontinuity of glides between the combinations of two
vowels. It seems necessary to describe here that around ten diphthongs® were recorded and
each one was acoustically analyzed. Finally, only two were confirmed as diphthongs in
Hindko which had continuity in glides.

Furthermore, the procedure for measuring diphthongs was different from other sounds
due to unification of two sonorous sounds. Hence, the starting a.nd.ending measurement points
were taken about twenty percent of the total duration of diphthong where no more
consonantal effect remains and the formants became steadier. This procedure remained
consistent in the measurement of each speaker’s diphthongal sound. A total of 72 tokens (2
diphthongs x 3 repetitions x 12 informants) were investigated statistically and

spectrogtaphically and their acoustic cues were found.

® At the time of data collection, all the possibilities of diphthongs were recorded, whether phonetically or
phonemically, when the data was analyzed, it was found that Hindko has only two diphthongs.
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34  Mecthods of syllables data collection and analysis procedure

Data for the suprasegmental features of Hindko was collected from dictionary
database, observation and informal interviews carried out with native speakers.
3.4.1 Collection of syllables

Data for the syllables of Hindko was collected from two sources; first, from two
dictionaries, Awan’s (2008) dictionary containing around 30,000 words in Peshawar dialect
and Sakoon’s (2002) dictionary comprising around 7,000 words in Abbottabad dialect, and
secondly, by recording the daily conversations of the native speakers of Tanawal. Relevant
words used by native speakers were recorded in a notebook (always ready in the pocket) for
the syllables and syliabification analyses of the study. This activity of the observation was
spread over a period of around one year and four months, starting from September, 2010 to
Janvary, 2012. Obviously, the role of the researcher was that of as an observer and the
researcher’s personal experience as a native speaker was very helpful. Overall, data consisting
of 5000 root words was taken into account. The developed corpus was analyzed for syllabic
templates, consonant clusters, syilable boundaries, SSP and gemination system of Hindko.
J.4.2 Analysis procedure of syllables

The corpus of Hindko was first transcribed into IPA and then each sound was marked
as C and V and translated into English, As mentioned above, this corpus was built up for
analyzing syllabic templates, consonant clusters word initially, medially and finally, syllable
boundaries, SSP and gemination system of Hindko spoken in Tanawal. The theory of Onset
Rhyme was employed for this analysis. Syllabic templates and consonantal clusters were
analyzed both quantitatively and qualitatively. The experiments for quantitative analyses
helped to find out the number of possible syllabic patterns and permissible consonantal cluster
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strings in the dialect. Syllable boundaries, SSP and gemination system of Tanoli Ilindko were,
however, analyzed qualitatively to find out syllabification rules.

Apart from relying on dictionaries and observed data, in some cases, where boundaries
of the syllables, gemination word finally, syllabic consonants, templates, SSP and consonantal
clusters etc seemed ambiguous, native speaker’s help was also taken into consideration to find
out the phontactic constraints and syllabification of some of the words. They were asked to
utter the words four 1o five times. During this experiment, the researchers marked the target
phonological aspects of the data and jotted them down on a piece of paper. These experiments
were also set out in line with the phonological theories. In line with the views of the linguists
mentioned above (e.g. Haugen, 1956; Chomsky, 1957; Halle, 1962), it was found that a native
speaker of Hindko has the ability to judge the well and ill-formed syllable structure of his
language. Thus, the findings were presented and syllabification rules for Hindko spoken in
Tanawal were described.

As theories suggest (see Section, 2.7), long vowels and geminate consonants carry two
skeletons. That is why in the diagrams of the syllable, long vowels and geminate segments
were marked with colon (;). However, in the diagrams, colon (2) is placed after geminate
consonants’ at word final position, whereas this method of marking colon after a consonant is
not applied word medially for the reason to show clearer picture of syllable boundaries.
Moreover, symbol of long vowels were described as VV and short vowel as V. Similarly, in
the description of consonants, symbol of singleton were marked as C whereas geminate

consonants were presented as CC,

“Ewen and van der Hulst (2001) recommend colon () after geminate consonants like long vowels (p.155, see
Diagrams, 87b & 92 ¢, p.157).
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3.5  Chapter sammary
In this chapter, the methodology and methods have been discussed. It elaborates
methods of data collection and procedure for data analysis of segmental features. It also gives
the detail of the methods used for data collection of syllables and then the analysis procedure.
The following chapter deals with the analysis of data. It analyzes oral stops and nasal
stops of Hindko in terms of articulatory and acoustic phonetics. Data will be analyzed both
qualitatively and quantitatively so that authentic resuits of Hindko consonants may be

achieved.
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CHAPTER 4

DATA ANALYSIS OF HINDKO ORAL AND NASAL STOPS

In this chapter, Hindko stops and nasals are described on the basis of articulatory

phonetics in terms of contrastive position of segments, distributional occurrence, voicing

features, places and manners of articulation. It also analyzes stops and nasals in terms of

acoustic phonetics and cach section is followed by discussion. The chapter begins with a

phonemic inventory of all Hindko consonants in light of minimal paits in the following table:

4.1  Minimal pairs of Hindko consonants

Minimal pairs of all Hindko consonants are tabulated in the following and all

contrastive sounds are italicized in the Table:

Table 4.1 Minimal pairs of Hindko consonants
Serial Symbol of Words in Gloss Words in Gloss
No Sounds Hindko Hindko
1 fp/ patta: Belt batia; Stone
2 o/ ba:l Hair pal Looking after/
avoiding
3 1ot padda: Fight Kadda: Trench
4 itf m®r Getting ready der Late
5 /d/ de:x Sec/observe mae:x Nail
6 iy L'app Slap "app Fold/beat
7 Mt ra’l Big heap da:l A branch of
Tree

8 fd/ dakk Stop takk Clean out
9 Y "app Fold/Beat ¥'app Fuss
10 k/ kull All gull Flower/star
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15

16

17

18

20

21

22

23

24
25

20
27

28

29
30

31

e/
/K"
/m/
n/
m

y/

147
Id3/

I
vl
Is/
2/
il
x/
3%
R/
it/
't/
/it

/I

Yadydz
dgott
g

feira:
vass
sa@r
zar

fadzdzra:

xrah

yo:l
harraft

ar
jaf
Eag“ﬂha:

Mix up
Skin/Halt
Shocking

Neatr
Pride

Prayer call

Manner
Combat
Roof
Round

Control

A weight unit

Curse

Pedigree
Spoilt

Round/Circle
Alphabet/letter

Night

See/stare

Profligate

Bunch

kadd
plall

kéng

dradzds
kutt
K

ke:ra:
nass
dar

na.r

sadzdzra:

dsratb
xo:1

barraff
sazg
jar

daif

bay" ;fha:

Take out
Fruit
Wall

Big boat

Demand

A kindofa
net of a cot

Judge
Beat
Letter
Paddy field
Flee
Brother-in-
law

Canal

Fresh
Socks

Open/untie

Snow/ice
Moment/

Sunday
Playcards

Cow calf
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Table 4.1 shows Hindko consonantal phonemes by minimal pairs. All phonemic pairs
show the difference in respect of only one feature. Results reflect that Hindko has total 31
consonantal phonemes including 26 unaspirated and 5 aspirated sounds. In addition to
minimal pairs, each segment is investigated in word disiribution as initially, medially and
finally, place of articulation and voicing features in the relevant sections such as stops (see
Section, 4.2.1), nasals (see Section, 4.3.1), fricatives (see Section, 5.1.1), affricates (see
Section, 5.2.1) and approximants (see Section, 5.3.1). In light of the above table, Hindko
phonemes are placed on a chart recommended by International Phonetic Association,
commonly termed as [PA, for the language symbols.

The abbreviation IPA simultaneously used for dual purposes: International Phonetic
Association and International Phonetic Alphabet. The association recommends the alphabets
as symbols for the sounds of world’s languages. Hayward (2000) believes that International
Phonetic Alphabet are mostly used for the first time for an unexplored language. He has also
identified that through IPA, phonological system of a language is analyzed. In simple words,
IPA is one of the flexible systems of describing a language which facilitate the readers all
over the world without having knowledge of sounds of that language. The identified
phonemes are tabulated tn the following chart. This chart 1s developed according to the

revised version of (2005) of the International Phonetic Alphabet Chart (see Appendix, D).
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Table 4.2 Chart of Hindko Consonants

Manners of Places of articulation
articulation o .

Bilabiat lLabiodental Dental Alveolar Postahveolar Retroflex Palatal Velar  Glottal
Plosives p b £ dt d k g

p? ¢ ¢ i
Nasals m n n 0
Trill T
Flap r
Fricatives f v sz I x y f
Affricates ¥ &

g

Approximant )i

Laterat
Approximant

Table 4.2 reflects consonantal segments of Hindko language. Horizontal rows in the
Table display places of articulation from left to right. Hindko bilabial are the most front
sounds of the voeal tract and go back towards the velar and glottal sounds by showing
maximum five places of articulation, i.e. “in horizontal form of vocal tract’. The vertical
coturan in the Table reflects the manners of articulation from top to bottom, containing eight
sertes of Hindko consonants that plosives get maximal constriction {placed at the top of the
table) and move down in a sequence towards the less constriction approximant segments, It is
striking that all of unaspirated stops and affricates have aspirated counterparts in Hindko.

Thus, like most of the world’s languages, Hindko is a multidimensional language

which allows various linguistic features for its phonemes. In the following section, the
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phonetic analysis of Tanoli Hindko is carried out to distinguish segments in respect of
voicing, contrast, distribution, places and manners of articulation.
4.2  Hindko oral stops

On the basis of minimal pairs through contrastive sounds (see Table, 4.1), it was found
that Hindko has 12 stops including /p/, /o/, /p¥, i, I/, /™, i, /A1, 1, IS, 1g/, 7KkM with four
different places of articulation as bilabial, dental, alveolar and velar. Analysis of these sounds
in terms of articulatory and acoustic phonetics is carried out in the following sections.

4.2.1 Articulatory phonetic analysis of Hindko stops
Data of stop sounds for places of articulation ts given in the following table:

Table 4.3 Data based on contrast for places of Hindko stops

Bilabial Gloss Dental Gloss  Alveolar Gloss  Velar Gloss
Words Words Words Words

pall Fat tali Fry tall Move  kall Tomotrow
bo:ra: Big bag  do:ra: Visit dora: Deaf  go:ra: White man
plall Fruit t"all Filed  t"all Beat  k'all Stay

Table 4.3 refiects the broad transcription of the oral stops of Hindko. Three stop sounds
o/, Ip/ and /p"/ are produced with the closure of lips at bilabial position and phonemes /d/, ;‘;{'
and /'/ are articulated at dental position. Three segments, /d/, /t/ and /t"/ are produced at
alveolar position and /g/, /k/ and /k"/ are uttered at the velar position of utterance. Data shows
that /b/, /d/, /d/ and /g/ are in the contrastive position, /p/, /t/, /t/ and /k/ make contrast with one
another, and the aspirated sounds, fph!, ;’ﬂ’ /, /t% and /K" also make contrast at four places of

articulation.
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Morcover, Hindko allows the use of the phonetic distinction of voicing. Some of the oral
stops are voiced while others are voiceless. Voiced and voiceless consonants can distinguish
onc word from another. For identifying the feature of voicing in Hindko, data ts analyzed on
articulatory basis in the following table:

Table 4.4 Data based on contrast in voicing of Hindko bilabial stops {(/p/, /b/, /P

Position of Bilabial Gloss Bilabial Gloss  Bilabial Gloss
sounds unaspirated voiced aspirated
Initial patta: Belt batta: Stone p atta: Plank
Medial rappagt  Ground  rabbapr Rubber rap"p"arg Dispute
Final dapp Loudly  dabb  Press dap"p" Drum (a one sided

hand instrument}

The above table 4.4 shows the voicing contrast of bilabial stops. The observation of
given cxamples reveals that vocal folds vibrate continuously through /b/ sounds whereas in
the production of /p/ sound, an uninterrupted air goes out through vocal tract. Phoneme /p"/ is
articulated with wide opened vocal cords after the release of /p/ segment having a puff of air.
That’s why this sound has superscription M followed by unaspirated /p/ symbol. All three
stops show contrast of voicing in pairs word tnitially, medially and finally. Thus, bilabial /p/
is an unaspirated, /b/ is the voiced and /p"/ is an aspirated sound.

Table 4.5 Data based on contrast in voicing of Hindko dental stops (/t/, /d/, /{"/)

" Position of Dental Gloss Dental Gloss Dental aspirated Gloss
sounds unaspirated voiced

CInital  gall Fry dall  Grind/Chew tPail Level land
Medial kuttarr Cut  kuddarr  Where kot"t"arr Iota
Final sa:t, Time sa:d Taste sait" Help/company
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Table 4.5 displays voicing of three dental plosives. Plosive /t/ is uttered without

vibration in the vocal tract. It is articulated right after the release of the /t/ without getting
delayved which refers to the unaspirated sound. On the other hand, /d/ is produced with a
narrowed glottis and a voiced sound is heard. The phoneme /t% is produced with the open
glottis and an audible puff of the air follows the release. The vocal cords remain wide open
after the utterance of /t'/ which refers to its aspiration. Each segment freely makes the contrast
of voicing in the pairs. As a result, dental /t/ is an unaspirated, dental /d/ is a voiced and I is
an aspirated oral stops in Hindko.

"able 4.6 Data based on contrast in voicing of Hindko alveolar stops (#/, /d/, £")

~ Position of Alveolar Gloss  Alveolar Gloss  Alveolar Gloss
sounds unaspirated voiced aspirated
Initial takk Clean dakk Stop t"akk Knock
Medial katti: Calf kaddi: Take kat"t": Drain
out
Final gatt Get gadd Mix gathtI1 Heavy
bundle

Table 4.6 presents three plosive alveolar phonemes. Segment // is uttered without
vocal folds vibration. Similarly, aspirated /(*/ sound is articulated with the open glottis but
with an audible puft of the air. Contrary to it, the vocal folds for the production of /d/ are held
oently together and make vibration as well. These segments also make freely contrast of
voicing with each other word initially, medially and finally. Consequently, in Hindko,

alveolar /t/ is an unaspirated, /d/ is a voiced and alveolar At/ is an aspirated oral stop.
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Table 4.7 Data based on contrast in voicing of Hindko velar stops (/k/, /g/, K"

Position of sounds  Velar unaspirated Gloss Velar voiced Gloss Velar aspirated Gloss

Initial kapp Cut gapp Gossip k'app Noise
Medial akkarg Pride aggarr  Respect Ukhkha[[ Get remove
Final ffakk Bite fagg  Mimic fak"k" Taste

Data in the table 4.7 indicates that Hindko has three velar plosives, Like the other
plosives in the previous tables, these phonemes make contrastive pairs of voicing as well. For
the articulation of /k/, the airflow is switched into the sound energy not at larynx but
somewhere else in the vocal tract and produced as unaspirated sound. Likewise, aspirated /K"
is also uttered without vibration of vocal folds. On the other hand, velar phoneme /g/ is
articulated with the vibration of narrowed vocal folds. The pairs of all velar phonemes /k/, /k"/
and /g/ make contrast in voicing with different lexical items. Data shows that these sounds
occur at three different positions. Therefore, velar /I is an unaspirated, velar /g/ is a voiced
and aspirated /"/ is a velar oral stop. In addition to the places and voicing features of stops,
the data is given in the following word initially, medially and finally.

Tabie 4.8 Distribution of Hindko stops

Sounds Initial Gloss Medial Gloss Final Gloss
/bf bz:t Stick/bat k"abba: Left xrab Spoil
p/ patta: Belt rappar Ground sapp Snake
p p"adda: Fight rap'p’arr  Dispute lip'p" Flexible
v/ tacr Courage kugtarr Cut lagt, Leg

fd/ dae:x See adda: Half dudd Miik
i thapp Slap kut't'arr  Tota nag't" Bridle
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ff tokk Cut batta: Stone satt Fire/throw

fd/ dakk Stop k"adda: Cavity dadd Frog

'/ t"app Fold/beat pat"t"a: Young nat’t" Run away

/k/ kolfti: Wrestling mukka: Fist to:k People

/K k"all Skin mak"k"i:  Fly &uk'k"  Measure

g/ gaddi: Vehicle ko:gi: Dove sa:g Green
vegetable

The above table 4.8 displays the distribution of Hindko plosives. Data shows that ali
stops of Hindko are found word initially, medially and finally. Each example consists of
different lexical items.

4.2.2 Discussion on articulatory analysis of Hindke stops

Articulatory analysis of stops shows that Hindko has 12 oral stops. These sounds are
uttered at four places, bilabial, dental, alveolar and velar, Each place has three sounds,
unaspirated, voiced and aspirated sounds. Conversely, English has six oral stops including /p/,
b/, 1t/, /d/, /k/ and /g/, which are produced at three places, bilabial, alveolar and velar,

Like many other [anguages of sub- continent such as Urdu, Punjabi, Hindi and Pahari,
itindko also allows distributional occurrence of stops word initially, medially and finally.
Likewise, Hindko also includes voicing features. Thus, these results of voicing in Tanoli
Hindke arc simtlar to many studies. Such as the works of Ladefoged (2001, 2003) Ashby and
Maidment (2005) and Clark, et al. (20{)7) among others show that though voicing is found in
most of the languages, however, it is not a universal phenomenon,

Ashby and Maidment {2005) further state that many Australian languages have voiced
and voiceless sounds but cannot occur contrastively. For example, in Dyirbal language, the
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word /riban/ (stone) where initial /t/ is a voiceless and medial /b/ is a voiced but the
occurrence of voiced /d/ in the word /diban/ cannot change the meaning. Such words give
further versions within the words like /tipan/ and /dipan/. On the contrary, French, Greek,
Russian, Hungarian, Turkish, Vietnams and Zulu allow voicing. Likewise, Kong (2009) adds
that French, Spanish, English and Thai have true voicing contrast. The phonetic feature of
voicing in Hindko is contrastive which allows the use of differences in voiceless and voiced
stops.

In English, voiceless and voiced sounds show different phonetic feature. Such as word
initially, they often realized as aspirated sound whereas at word medially, the same sound
becomes fully voiced. On the contrary, Hindko stops have similar phonetic features at
different positions. Hindko, as opposed to English, has three ways stop contrast, among
voiced /b/, unaspiarated /p/ and aspirated /p"/ stops (a typical VOT contrast), whereas in
English the voiced /b/ and unaspirated /p/ stops are allophones of each other in complimentary
distribution.

In English, the phoneme /p/ is realized as /p"/ in the beginning of words, as /p/ sound
word initially if found with following /s/ and as /p”/ word finally. Thus, each one is in
complementary distribution. Whereas in Hindko /p/ is realized as /p/ at three positions and
phoneme /p"/ is realized as /p"/ word initially, medially and finally as well. In fact, at the
phonemic level of Hindko speakers, phonemes /p"/ and /p/ are two different elements and are
realized differently. Thus, !ph! is not an allophone of /p/ rather it is a separate phoneme and /p/
can make the contrast with the sound /p"/ and both sounds have different phonemic qualities.

Awan (2004) identifies 16 stops in Hindko including /p/, /p/, !ph/, b/ 1, 1Y, i, dl, .
R, 10 de, I, R, K" and /g/. However, in the present study, the researcher has found that
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Hindko has 12 stops. This claim in the present study is based on the analysis of data in terms
of minimal pairs and distributional study of the segments. Though additional phonemes, but
actually the alphabets, by Awan, i.e. //, /if, i/ and /k/ make minimal pairs, e.g. /pall/ ‘see’,
fag “body’, /lakk/ ‘close’ and /karr/ “home’, yet their occurrences are limited only at word
initial position. The symbo! of extra-short { ~ ) over word initial sounds, he used, indicate
somewhat /h/ sound right afier initial plosives. If, these alphabets are considered as phonemes,
but not considered in the present study, Tanoli dialect has also /b/ sound in /ba:riz/ ‘mop’ and
/8/ sound in /gari/ ‘small heap of hay’, It seems that the alphabets with a diacritic are not
required on the grounds that the alphabet does not represent a variant of the sound. The
confusion seems (0 stem from the fact that the vowels following the consonant carry a low
tone which makes it a different word. For instance, the Hindko word / ta:l/ means ‘heap of
wood’ and if the same word is spoken with the low tone on the vowel following the first
consonant, it means ‘descent’,

Unlike Hindko, Urdu allows aspiration not only with voiceless sounds but also with
voiced sounds, e.g. /b", /d", /d"/ and /g"/. Like Hindko, Punjabi and Pahari have also three
ways of voicing and both are tonal languages. Karnahi (2007) carried out a research on the
phonetics of Pahari language. He identifies sounds on the basis of minimal pairs and claims
thal Pahari has 24 stops (p.136). However, Khan (2012) identifies that Pahari includes 12
stops. i.e. /p/, fphf, /bl 1t f;hf, /dl, i, i 1ds, 1, /K and fg/. According to Khan, the claim of
24 stops does not represent the sound rather the vowels following the consonants, i.e. /p/, t/,
it/ and /K/ carry tones which make the words different. Similarly, Baart {n.d) states that in
Punjabi type languages, this phenomenon occurs due to the tone. Thus, it is hard to resolve

this controversial issue at the moment, because the objectives of the present thesis are to
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describe phonemes and syllable structure of Tanoli Hindko. The actual results may be carried
out if other linguistic features such as tones and stress pattern are included. Thus, researcher
suggests that there is intense need to conduct a separate detailed experimental research in
Hindko to find out the real position of this phenomenon,

4.2.3 Acoustic analysis of Hindko oral stops

Articulatory analysis shows that 12 Hindko stops, having four places of articulation,
contain three ways of sounds in form of unaspirated, voiced and aspirated. The acoustical
analysis of these sounds is carried out in the following section:

Earlier than the statistical measurement, stop spectrograms were visually analyzed to
know their characteristics. A samplé for each sound spectrogram with waveform is displayed
for orientation purpose. For the ease of spectrographic analysis, stops were categorized into
three groups according to three ways of articulation, i.e. spectrograms of voiced, unaspirated
and aspirated respectively.

4.2.4 Spectrographic analysis of Hindko oral stops

During spectrographic analysis, Hindko stops were mainly analyzed in light of voice
bar, release burst, formant transitions and locus which cover both parts of articulation, i.e.
manners and places. These acoustic features are widely used by phoneticians for the acoustic
analysis of stop sounds (see Section, 2.5.1). In addition to the sample, spectrograms displayed
for reference purpose in the study, each utterance of stop sound during the analysis was
examined for the accuracy of the results. First, voiced sounds are analyzed spectrographically.
VYoiced stop segments

In Hindko, four voiced sounds are articulated at bilabial, dental, alveolar and velar

places. Spectrograms are displayed in the following figure:
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Figure 4.1 Waveforms and spectrograms of voiced oral stops

The above figure 4.1 shows the spectrograms of Hindko stop sounds, ie. /b/, /d/, /d/
and /g/. Bilabial /b/ has maximum whereas alveolar /d/ has minimum closure duration. The
waveforms also indicate reguiar scratchy line, i.e. periodic wave-forms that refer to voiced
sounds. Waveform of bilabial has the strongest and compact bars than dental, velar and
alveolar voiced sounds respectively.

In the lower part of the Figure, spectrograms display low band energy in the region of
250 Hz, termed as voice bar. [t remains evident throughout the di-syllables. A narrow view of
spectrograms is displayed separately to show the voicing feature in form of pitch contours
(see Appendix, B). However, during the analysis, it was encountered that some of voiced
sound spectrograms were not fully veiced during the closure. It has mostly been observed
during the utterances of females. It may be due to the common fact that a female has shorter
oral cavity than a male. Therefore, periodic waves, the presence of voice bar and pitch

contour are the indications of voiced stops /b/, /d/, /d/ and /g/.
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Spectrograms show acoustic cue of vertical spikes known as release burst.
Spectrograms of /d/ and /g/ display longer burst than /b/ and /d/. Overall, release burst lasts
for a [ew milliseconds and these results are similar to the ideas of Ladefoged and Maddieson
(1996), and Lisker and Abramson (1964).

Duration of the previous and following vowels cue reveals that vowels have longer
duration, more sonority and intensity than stops. So far acoustic cues identified voiced sounds
according to the manner while the following part shows the visual analysis of these sounds
according to place of articulation,

The places acoustic feature, stop burst of the alveolar and the velar are more
prominent than the dental and the bilabial. More specifically, the burst of the alveolar is
stronger than the velar and the burst of dental is more energetic than bilabial. Overall, the
burst cuc is fainter in the veiced bilabial and the dental sounds than the alveolar and the velar
sounds which can be seen in waveforms and spectrograms. By and large, vertical spikes in all
the voiced sounds arc weak to observe,

In the same way, Yavas (2011) identifies that voiced sounds contain less evident burst
spikes (sce Section, 2.5.1). During the analysis, it was found that some of the spectrograms of
dentals and bilabials either have weak energies at the place of release, rarely visible on the
spectrograms, or they do not show stop burst at all. However, during the analysis, the
expanded view of voiced sound spectrograms showed stop burst frequencies between the
range of 1800 Hz to 3300 Iz for the bilabial, 1500 Hz to 3500 Hz for the dental, 1300 Hz to
2800 Hz for the alveolar and 800 Hz to 3200 Hz for the velar sound. The burst duration of the
bilabial, the dental and the velar voiced sound is found around 0.003 (sec.) whereas the

alveolar sound shows more duration about 0.004 (sec.).
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During the hold phase, vocal folds vibrate before the release of voiced sounds which
refer to VOT of the voiced plosive consonantal utterance. The marked boundaries for VOT
show that all the four spectrograms have negative VOT. Thus, negative VOT during the
closure duration reflect that they are fully voiced sounds.

Formant transitions of bilabial /b/ show that F1, F2 and F3 fall at the offset of the
preceding vowel and rises at the onset position. Dental /d/ reveals the transition of F1 in
falling position whereas F2 in rising position at the offset of preceding vowel. However, F3
increases during the utterance of preceding vowel but at the offset position, transition shows
fevel or fall of formants. Contrary to preceding vowel of dental /d/, transitions of F1, F3 of its
following vowel increase and F2 decrease towards the end of utterance.

In Hindko, the alveolar /d/, F1 and F3 move downward at the end of preceding vowel
and increase at the beginning of the following vowel. On the other hand, F2 of /d/ rises before
the consonant and falls after the consonant. However, F2 shows slightly increase at offset
position but in some utterances this formant remains consistent at the following vowel. Velar
/g/ formant transitions depict much clear view in which F1 and F3 at onset position fall and
F2 slightly rises whereas F1 and F3 of the following vowel rise and F2 falls.

The findings of alveolar voiced and velar voiced sounds arc almost similar, However,
the difference between both voiced sounds shows that F2 of /d/ at the beginning of following
vowe! has less falling slope than /g/ sound. Similarly, F1 of /g/ depicts more falling and rising
slop at offset and onset positions than /d/ sound. Falling of F3 of /d/ sound at the initial
consonantal position is almost connected with F2 at the offset of the preceding vowel while
F3 of /g/ sound occur at a higher frequency. Similarly, F3 of velar /g/ rises prominently with

stronger energy during the utterance of the following vowel whereas F3 of /d/ shows weaker

101




energy with almost unclear direction of formant transition. Moreover, formants of t_he
adjacent segments, F 1 and F2 of /d/ sound occur at a higher position than /g/ sound,

Locus feature of Hindko voiced sounds in CV sequence of bilabial sound /b/ reveals
rising direction as minus transition while the locus of dental /d/ F2 and F3 shows falling
position as plus transition. On the other hand, the locus of the alveolar sound /d/ F2 and F3
depict almost level position while velar /g/ F2 falls and F3 rises, thus termed as plus and
minus transitions respectively.

Unaspirated sounds

Similar to Hindko veiced sounds, analysis of unaspirated sounds is also carried out

firstly in terms of manner acoustic cue and then place features.

Woave oy
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Figure 4.2  Wavceforms and spectrograms of unaspirated oral stops

The above figure 4.2 presents spectrograms of unaspirated sounds, /p/, /t/, /d/ and /&/.
In all these sounds, voicing remains ceased during the closure duration and again starts with

the release of stops which refers to unaspirated sounds. Closure duration of velar sound has
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maximum and alveolar has minimum duration. Likewise, bilabial /p/ has more utterance gap
than dental /t/ sound.

The analysis shows consistent result that unaspirated sounds lack pitch contour since
vibration of the vocal folds is ceased. However, with the release of constriction, vocal folds
again start vibration like previous vowel and thus voicing resumes. Durational gap of these
sounds has aperiodic waves which are the characteristic of voicelessness. Additionally, silent
gap of bilabial and dental sounds depicts less energy than velar and alveolar sounds. In
addition to spectrograms, the waveforms have irregular striation too. Thus, waveforms and
spectrograms rightly differentiate the voicing feature of Hindko stops.

The cue of release burst is clearly found in all of unaspirated stops. Unlike voiced
sounds of Hindko, spectrograms of unaspirated sounds have more prominent spikes.
Likewise, Yavas (2011) denotes that voiceless sounds have more energetic spikes than voiced
(see Section, 2.5.1). These vertical spikes of unaspirated sounds also cover broader area. The
burst of /t/ is stronger than other stops and found in compact form while unaspirated /k/ has
weaker vertical spike. Therefore, longer closure duration, lack of horizontal voice bar and
energetic vertical spikes and longer duration clearly indicate that /p, f, t, k/ are unaspirated
sounds.

In contrast to Hindko voiced sounds, the place cue, i.e. the stop burst of bilabial sound
remains throughout the frequency of the spectrograms. Its waveform also shows striation at
the position of stop burst. However, waveform burst striations of dentals and velars are
weaker than bilabials whereas alveolars show strongest spike among all places. Thus, alveolar
stop has energetic burst but takes less duration. On the other hand, the burst of dental carries

more time and regular striation with dark bands throughout the spectrogram. However, burst

103




of velar can been seen in the spectrograms in aperiodic waves with less energy. Stop burst of
unaspirated sound i1s found between the frequencies of 1200 Hz to 3500 Hz for bilabial
sounds, 1300 Hz to 4000 Hz for dental phoneme, 1500 Hz to 4000 Hz for alveolar segments
and 800 Hz to 2000 Hz for velar sound. The burst duration is found about 0.0025 (sec.) for
bilabial sound, 0.003 (sec.) for dental and velar stop segments whereas duration of
unaspirated alveolar stop burst is found around 0.005 (sec.).

Another acoustic cue for place is VOT followed by the closure in the unaspirated
sounds. In voiceless sounds, the release of the stops and VOT occur simultaneously. Thus,
VOT afier closure duration and before the beginning of voicing refer to positive VOT.

The acoustic cue of formant transitions in the unaspirated sounds display that F1, F2
and F3 of /p/ fall at offset position of preceding vowel and rise at onset position of the
following vowel. Dental /t/ reveals that F1 decreases at the offset and increases at the onset
position while F2 somewhat rises at the beginning and falls by the end of the consonantal
sound. However, F3 of /t/ sound remains more or less consistent by the end of preceding
vowel and in the beginning of the following vowel. Unaspirated alveolar /t/ sound shows that
F1 and F3 fall at the end of the preceding vowel and rise at the onset of the following vowel
while F2 rises at offset position and falls at onset position. F1 and F3 of /k/ sound show
falling at onset and rising at offset position while F2 rises in the beginning of velar wnsonanf
and falls at its final position. Thus, both unaspirated alveolar and velar sounds have similar
tormant transition; however, F3 and F2 of the alveolar sound almost connect by the end of
preceding vowel and then rise of F3 in the following vowel but with less striation. On the
other hand, F3 of velar sound does not connect with F2 at offset position and again rises with

higher frequencies at the following vowel with more striation. Likewise, F2 of velar sound
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has more falling slope than the alveolar. In addition, F2 of alveolar is higher than F2 of velar
while F1 of alveolar is lesser than F1 of velar at both positions.

The cue of locus in the unaspirated sounds refer to the minus transition for bilabial
sound, i.e. increasing of F2 and F3 in CV context and falling of F2, F3 for dental sound that
refer to plus transition, i.e. the point of locus begin from and go to upside. On the other hand,
2 of alveolar has level position while F3 increases from the locus point and velar formant
transitions of F2 and F3 have downward and upward directions that implies plus transitipn
and minus transition from locus point towards the steady-state of the following vowel.
Aspirated sounds

This group of sounds has almost similar features to unaspirated segments, yet feature

of aspiration makes it a different class of stops.

Figure 4.3 Waveforms and spectrograms of aspirated oral stops

The above figure 4.3 illustrates the spectrograms and waveforms of Hindko /p®/, /",
"/ and /k"/ sounds. Both waveforms and spectrograms ctearly indicate the significant delay
between the release of stops and following onset voicing. It implies that these four sounds

have aspirations which entail a little puff of the air. Duration of the stop gap in the aspirated
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sounds is longer than voiced but less than unaspirated sounds. However, /p"/ has maximum
and 2"/ shows minimum duration with a gradual decrease from bilabial to alveolar and it
increases again in the velar /X" sound.

Unlike voiced but like unaspirated sounds, there is absence of voicing during the
closure of aspirated sounds too. Thus, in the production of these sounds, vocal folds vibration
is ceased and at the release of aspirated sounds, vocal folds do not start vibration having-a
substantial delay and subsequently start vibration at the position of onset of the following
vowels. Spectrograms display the absence of voicing bar at the bottom in the region of
consenantal sounds. Similarly, all aspirated sounds lack pitch contours during closure (see
Appendix, B).

The cue of release burst can be seen prominently in all of the waveforms and
spectrograms of aspirated sounds. Unlike Hindko unaspirated sounds, vertical spikes in
aspirated sounds cover broader arcas and range of frequencies in the spectrograms. In
addition, mark of burst in the wavetorm of aspirated sound has stronger position with compact
striation. Thus, bursts of aspirated sounds are prominent and last for more time than other
sounds. In addition, adjacent vowels duration also specify that both vowels have longer
duration than the aspirated voiced sounds. By and large, according to the manner of
articulation, aspirated sounds have longer silent gap, potential stop burst and more energetic
articulation of stop sounds.

On the other hand, the place feature, i.e. stop burst shows that the regular striation of
bilabial /p" is found in spread form while in other sounds; frequency can be seen between
2500 Hz to 4000 Hz for dental /"/, 1300 Hz to 3300 Hz for alveolar /t"/ and 1100 Hz to 1700

Hz for velar /k"/. Burst duration for these sounds is found between 0.0045 (sec.} and 0.0065
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(sec.). However, bilabial shows burst in spread and weakest form while alveolar it displays
strongest burst with higher frequency.

Another place cue, i.e. VOT of aspirated sounds is positive but longer than unaspirated
sounds. Furthermore, VOT of velar /k"/ has higher values than bilabial /p"/, and dental /¢"/ has
more VOT than alveolar /t"/ respectively. The next cue for the places of articulation is the
formant transition. Bilabial aspirated sound shows transition of F1, F2 and F3 that fall at the
offset position while rise at the onset of following vowel. For dental aspirated segment, F1
fails and F2, F3 rise at the offset of the preceding vowel and at the onset position F1, FF3 rise
and F2 falls. In the alveolar aspirated sound, F1, F3 fall and F2 rises at the offset of preceding
vowel, Conversely, at the onset of the following vowel, F1, F3 rise and F2 falls. The velar
aspirated sound shows that frequency of F1 and F3 fall and F2 rises at the end of the
preceding vowel whereas at the beginning of the following vowel, the transitions of FI, F2
and F3 show the mirror image of corresponding formants. Similar to unaspirated sounds, F2
of aspirated sounds remain higher during the utterance of alveolar than velar. Likewise, unlike
velar sound, alveolar F2 and F3 connect at the end of the preceding vowel and alveolar F2 has
lcss slope in the following vowel than the velar. In addition, locus cue, the origin point of
transitions of F2 and F3 rise in bilabial aspirated sound in CV sequence as minus transition,
F2 and F3 have falling of dental as plus transition, alveolar has falling of F2 and rising of F3
as plus and minus transition, and velar F2 falls while F3 rises as plus and minus transitions.

4,25 Discussion on the spectrographic analysis of Hindko oral stops

Stop spectrograms were acoustically analyzed according to manner and place of

articulation. Analysis shows that the cue of manner of articulation, i.e. the silent gap of

Hindko voiced sounds is shorter than unaspirated and aspirated sounds. These resuits are
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relative to the general tendency of voicing (see Section, 2.5.1). Results also show that voicing
runs throughout the utterance of voiced stops, preceded and followed by vowels, thus, termed
as fully voiced sounds. However, due to the fast speed of females’ utierances, sofne
spectrograms do not show voicing bar during the closure duration. This result is consistent
with the views of Roach (2000) that in fast speed, voicing does not occur.

The closure duration of Hindko bilabial sounds display weaker energy in the
articulation. Similarly, Mees and Collins (2003) indentify that the spectrograms of /b, d, g/
show less energy (see Section, 2.5.1), On the contrary, in the utterances of unaspirated
sounds, voicing ceases during the silent gap and resumes simultaneously with the release of
Ipt, i, 11/, IK/. Likewise, in aspirated sounds, during the closure period, voicing is ceased but
spectrograms show delay between the release of aspirated sounds and onset of the following
vowels. Therefore, all Hindko unaspirated and aspirated sounds lack voicing bars and pitch
contours as well. However, in these sounds, bars occur at higher position than voiced sounds.
Thus, these features show that /p/, /t/, t/ and /&/ are unaspirated sounds in Hindko. Similarly,
Cruttenden (2001) and Mees, et al. (2003) state that English voiceless sounds have lower
frequency than veiced sounds. Unlike /b/, /d/, and /g/, /p/, /t/ and /k/ are voiceless sounds.

The release bursts of Hindko unaspirated sounds are stronger than voiced sounds.
Yavas (2011) refers to English stops that voiceless sounds have stronger burst than voiced
sounds. Overall, in some utterances, bursts were not much prominent. This may be due to
medial position of stop sounds as VCV. Hayward (2000) also denotes that a stop at initial
position shows stronger than other places of the utterances, t.e. medially and finally. Duration

of preceding and following vowels is longer than all stop sounds. Furthermore, all stop
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utterances show that vowels are sonorous sounds than stops. Thus, these results are consistent
with the carlicr mentioned stop feature, i.¢. duration of previous vowel (see Section, 2.5.1).

Hindko alveolar sounds show strongest stop burst among other stops. The vertical
spikes of these sounds also carry maximum frequency which starts from the region of 1400
Hz average and go up to 3400 Hz average. The horizonta! duration of voiced alveolar is
around 0.004 (scc.), 0.005 (sec.} for alveolar unaspirated and 0.006 (sec.) for alveolar
aspirated sound.

The burst of Hindko velar sounds begins from the lowest part of spectrograms, i.c.
around 800 Hz for unaspirated sounds and 1100 Hz for aspirated sound. However, in the
unaspirated sounds, the vertical spikes of burst go up to 1700 Hz for /k"/ and 2000 Hz for /k/
sounds whereas in voiced sound, spike carries highest frequency up to 3200 Hz. Horizontal
duration of unaspirated velar sounds is about 0.003 (sec.) whereas aspirated sound has 0.006
(sec.). Moreover, like alveolar sounds, Hindko dental sounds also show much frequencies like
unaspirated sounds contain between average frequencies of 1400 Hz to 3800 Hz and dental
aspirated sound frequency is found in the region of 2500 Hz to 4000 Hz. Thus, it implies that
dental stop burst have higher frequencies than alveolar sounds. Likewise, Horizontal duration
of dental unaspirated sounds is about (.003 (sec.) while aspirated sound shows 0.0045 (sec.).

In addition, stop burst of Hindko bilabial sounds is found in spread form. Bilabial
voiced sounds show the frequencies in the medial part of the spectrograms, between 1800 Hz
to 3300 Hz whereas the spikes of bilabial unaspirated sounds cover more part, between 1200
Hz to 3500 Hz. Similarly, aspirated bilabial sounds show the spike frequencies between 1200

Hz to 3700 Hz. Duration of unaspirated sounds is found 0.003 (sec.) and aspirated sounds
show 0.005 (sec.).
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Overall, it can be concluded that stop bursts of Hindko velar sounds occur at lower
part of the spectrograms, dental sounds in the highest region, alveolar sounds in the medial
part and bilabial sounds somewhat higher than alveolar but lower than dental sounds.
Contrary to Hindko stop burst findings , Greenberg {2004) states that bilabial voiced sound
has lower frequency, higher frequency for alveolar voiced sound and middle frequency for
velar burst (see Section, 2.5.1).

The movements of formants in the adjacent segments refer to different places of
articulation. Likewise, analysis of Hindko bilabial sounds /b/, /p/ and ,fphf' show that transitions
of F1, F2 and F3 fall at the offset of preceding vowel /a/ and to rise at onset position of
following vowel /a/. These findings are similar to the statement of Hayward (2000) and
Yavas (2006) that in case of English, the transitions of F2 and F3 fall in VC context while rise
in CV sequence (see Section, 2.5.1). Furthermore, in bilabial sounds, loci of F1, F2 and F3
show minus transition in VC and CV sequences. Thus, these findings are similar to English
bilabial sounds.

Spectrograms of Hindko dental sounds show falling of F1 at the offset of preceding
vowel and rising at the onset of following vowel whereas movement of F2 shows the mirror
image. However, the position of F3 at the end of preceding vowel is somewhat complicated,
which shows level or rise in the transition, but unquestionably transition of this formant rises
at the beginning of the following vowel. Moreover, in CVC sequence of dental sounds, locus
of Fland F3 is minus while F2 has plus locus.

The analysis of formant transitions of Hindko alveolar sounds present that F1 and F3
move down at the end of preceding vowel and at the onset position both formants move

upward whereas the movement of F2 rises at offset position and fails at onset position.
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Similarly, Yavas (2006) indicates that in YC sequence of alveolar sounds; F2 decreases
whereas F3 increases during the transitions (see Section, 2.5.1). Furthermore, locus of
alveolar F1 and F3 is minus transition in CVC sequence and F2 has plus transition. Likewise,
Cruttenden (2001} also indicates plus transition for F2 of alveolar sounds.

Movement of Hindko velar sounds reveal the transitions that F1 and F3 fall at the end
of preceding vowel and rise at the onset position. Conversely, F2 of stop velar rises at offset
position and falls at onset position, Likewise, Yavas (2006) refers to English velar stops that
FF2 falls and F3 rises in CV sequence like alveolar sounds. Nevertheless, velar sounds show
more narrowing position of formants than alveolar stops (see Section, 2.5.1). In addition,
locus of F2 of Hindko velar sounds is minus at initial position and plus transition at
consonantal final position. On the other hand, loci of F1 and F3 have mirror image of velar F2
in VCV sequence. Likewise, Cruttenden (2001) also denote that English /k/ and /g/ have plus
transition for F2 and minus transition for F3 in CV context and figure also display similar
result of the second formant (see Section, 4.2.3),

Thus, formant transitions of neighbouring vowels of Hindko stop consonants give
useful information about places of articulation. The results of the present study are consistent
to theories discussed previously (see Section, 2.5.1). However, transitions of Hindko alveolar
and velar sounds are almost similar to each other. In this regard, Yavas (2011} recommends
that the transitions of F2 and F3 can provide more information about the places (see Section,
2.5.1). Consequently, to see the difference between the places of alveolar and velar sounds,
some peripheral information about the formant transitions values are taken into account that
Hindko alveolar F2 and F3 get connected at the offset position while velar formats remains

apart at similar position. In addition, alveolar transitional slopes of F2 are less than velar
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sounds. Alveolar F2 frequencies of vowels are higher than velar F2 in both neighbouring

vowels.

Spectrographic analysis of VOT shows that Hindko has three ways of voicing. Voiced
sounds are fully voiced and have negative VOTs; unaspirated sounds show a little positive
VOTs and aspirated sounds have longer VOT (for further detail, see Section, 4.2.7).

4.2.6 Statistical measurement of Hindko oral stops in terms of VOT

[n addition to the spectrographic analysis, Hindko stops were also measured
statistically to know the mean values in terms of VOT and closure duration respectively.

This cue is concerned with the timing of stops to differentiate among voiced, unaspirated and
aspirated sounds and places of stops articulation. The results of each sound are tabulated in
the following table:

Table 49 VOT values of Hindko stops (seconds), Means, Std. Dev., Coefficient of Variation

Stops Places No. of tokens Means Std. Dev. Co.Var.
p _ 36 0.0211 0.0048 22.8612
b % 36 -0.0885 0.0094 10.6251
p’ @ 36 0.0533 0.0043 8.1843
L 36 0.0206 0.0031 15.0671
d g 36 -0.0934 0.0134 14.3951
¢ = 36 0.0513 0.0073 142551
t . 36 0.0176 0.0035 20.0676
d g 36 -0.0835 00101 12.1405
" < 36 0.0489 0.0085 17.3697
k 36 0.0298 0.0042 14.0939

= 36 -0.0953 0.0145 152567
'S ” 36 0.0693 0.0104 15.0229
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The above table 4.9 shows average mean value of Hindko stops including their
standard deviation and coefficient variation. Four sounds, /b/, /d/, /d/ and /g/ have negative
VOT values (showing minus sign) whereas other segments show positive VOT mean values.
Lach place of articulation has three segments wherein two have positive and one negative
values. These average mean values are further categorized according to places of articulation
and voicing features to know the characteristic of each type:

Tabie4. 10 Means VOT results by places and voicing feature, (measured in sec.)

Places Voiced Unaspirated Aspirated
Bilabials -0.0885 0.0211 0.0533
Dental -0.0934 0.0206 0.0513
Alveolar -0.0835 0.0176 0.0489
Velar -0.0953 0.0298 0.0693

Table 4.10 shows three types of voicing including voiced, unaspirated and aspirated
sounds with four different places, bilabial, dental, alveolar and velar, All voiced sounds show
negative VOT, unaspirated and aspiraied sounds depict positive VOT. However, aspirated
sounds have longer VOT than unaspirated. The above given VOT means are further verified
by ANOVA to see the difference within the values of stops in the following section:

Table 4. 11 ANOVA for unaspirated stop segments in terms of VOT

Source of Variation 5SS af  MS F P-value  F crit
Between Groups 0.000992 3 0.000331 2091903  142E-08 2.816466
Within Groups 0.000696 44 1.58E-05

Total 0001688 47

The results of one-way ANOVA Table 4.11 confirm that the p-value is smaller than

0.01 which shows significant difference among VOTSs of four unaspirated stops. Thus, further
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analysis is carried out using LSD test to see which pairs of unaspirated segments are different

from others,

LSD =4, 5,0 X / IMSE LSD=0.003573
¥

Segments t 5 p k
Vot mean values  0.017609 0020669 0.021147 0.029829

The straight line, under voiceless stops /t/, /t/, /p/, indicates that the pairs of /t, if, /t, p/
and /t, p/ are similar in terms of VOT whereas pairs of /k, t/, /k, if and /k, p/ have different
mean values. [t reflects that alveolar /t/ takes least VOT than others stops while velar /k/
carries maximum time among others. Intermediate groups, alveolar /t/ and dental /t/ have less
VOT values than the front bilabial /p/ and back velar /k/. These findings of unaspirated
sounds, therefore, contradict the general concept about the place of articulation, e.g. VOT is
increased as it goes further in the back of oral cavity.

The resuits of LSD test throughout the following study are indicated by line {(s). It is a
statistical method to show the similarities and differences within the pairs without giving
detailed description. The reason for using this statistical method, i.e. underlining the pairs, is
comprehensive in nature that gives complete view of the results. The above explanation of
LSD test of unaspirated sounds is given as a reference point. Therefore, the results of LSD
test are just indicated by a line in the following sections (where required).

Table 4. 12 ANOVA for aspirated stops

Source of Variation  SS df MS F P-value  Fcrit
Between Groups 0.003066 3 0.001022 16.12371 3.26E-07 2.816466
Within Groups 0.002789 44 6.34E-05

Total 0.005856 47
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The above ANOVA table, 4.12, indicates significant VOT difference of aspirated as p-
value is less than 0.01. Since the results reveal significant difference, therefore, the LSD test

is applied to distinguish the discrepancies among pairs of aspirated sounds.
LSD=0.007154

Scgments t" " p’ k"
VOT mean values 0.048956 0.051381 0.053398 0.069343

The above given results of aspirated sounds are similar to unaspirated sounds as the
velar /k" has maximum VOT and the alveolar /" / has the minimum.

Table 4. 13 ANOVA for voiced stops

Source of Variation SS daf MS F P-value  F cri
Between Groups 0.061012 3 0.000337 231314  0.08906 2.816466
Within Groups 0.006418 44 0.000146

Total 0.00743 47

As p-value, 0.08906 is greater than 1% and 5% level of significance, thus, it can be
said that voiced stops are not different from one another at these level of significance.
However, it shows difference for voiced stops at 10% level of significance as the p-value is
less than .10, In addition to the statistical measurements, cue of VOT is further set out in
terms of voicing and place features respectively in pictorial form in the following section:

VOT by Voicing feature of Hindko stops

In the preceding section, articulatory analysis of Hindko stops shows that Hindko has
three ways of voicing, i.e. voiced, unaspirated and aspirated. Similarly, in this part of the
study, the measurements of VOT mean values also present three ways of voicing for Hindko.
Previcus studies show (see Section, 2.5.1) that voiced sounds include negative VOT;

unaspirated stops reveal little VOT and aspirated sounds denote maximum VOT. Likewise,
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Hindko voiced sounds /b/, /d/, /d/ and /g/ also show negative VOT; thus, they refer to as fully
voiced sounds during the closure period (see Table, 4.10 & Figure, 4.1). Unaspirated
segments /p/, /t/, 'V and /k/ have positive yet less VOT (see Figure, 4.2) and aspirated
phonemes, /p/, /1Y, " and /K" include the positive and maximum VOT among stops (see
Table 4.10). The following figure presents the average VOT mean values of the voicing

[cature:

Average VOT by Voicing Feature
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Figure 4. 4 The average VOT of stop sounds

The above figure 4.4 presents the average VOT mean values for each type of voicing.
Voiced sounds show negative VOT -0.0902 (sec). Unaspirated segments have positive VOT
0.0223 (sec). The third type, aspirated sounds have also positive VOT 0.0557 (sec) which is
fonger than voiceless sounds. It can be concluded, therefore, that voiced sounds have
negative VOT while voiceless stops include positive VOT.

VOT by places of articulation
Like voicing feature of stops, VOT mean values also differentiate the places of

articulation of sounds as shown in the following figure:
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VOT by Places of Articulation

Dentad i Adveolar Veiar

Averager VOTin Seconds

Places

Figure 4. 5 The average VOT of Hindko stops by places of articulation

Figure 4.5 displays the average mean values of unaspirated and aspirated sounds. VOT
of two types of voicing, unaspirated and aspirated, were measured for places because the
third type of voicing, voiced have the negative VOT, thus, were excluded for places. It
reveais the time ranging between 0.0333 (sec) to 0.0496 (sec). It implies that the back part
of the oral cavity, the velar has maximum VOT and the intermediate places, the alveolar and
the dental, have the minimum VOT respectively while the front part of bilabial shows more
time than the alveolar and the dental but less than the velar. This difference of places is also
determined by one way ANOVA test.

Table 4. 14  ANOVA for places of stops in terms of VOT

Source of Variation 8§ d M5 F P-value  Ferit
Between Groups 0.001879 3 0.000626  31.78809  4.34E-11 2.8164606
Within Groups 0.000867 44  1.97E-05

Total 0.002746 47

ANOVA results in Table 4.14 show significant VOT differences for places of

articulation as p-values are less than 0.01. Furthermore, LSD test applied on the pairs of

places shows the following values:
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LSD=0.003988

Places Alveolar Dental Bilabial Velar
Average YOT mean values 0.033283 0.036025 0.037273 0.049586

[n addition to places of articulation and three ways of voicing in the above mentioned
sections, VOT mean values are also drawn in the form of a graph to see differences within

each stop.

VOT of Hindko Stop Segments
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:‘Flgure 4.6 VOT of each Hindko stop

Figure 4.6 shows differences among three ways of voicing. Left pairs of the figure, /b/,
fd/, /d/ and /g/ have negative VOT. In this group, /g/ shows maximum VOT during the closure
stage and /d/ has the minimum VOT. Thus, being negative VOT, ranging from -0.0835
(alveolar) to -0.0953 (velar), all voiced stops are fully voiced during the closure duration.
Medial group of the figure, /p/, /t/, /t/ and /k/ have the positive VOT but they show the
minimum VOT among the others. Like the /d/ sound, the /t/ sound also shows the minimum
VOT and the velar /k/ has the maximum VOT. The time for the unaspirated stops, ranges
from 0.0176 (sec) to (.0298 (sec). The right group of the figure, i.e. the sounds fph!, f;.hf, v,

/k"/, has also positive VOT. However, these aspirated stops have the maximum VOT as
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compared to their counterparts, i.e. unaspirated and voiced sounds, that ranges from o
0.0489 (sec) to /K" 0.0693 (sec). Like /g/ and /k/, segment /k"/ takes the maximum time
whereas /t"/ takes the minimum time duration. In addition to the segmental differences, the
VOT comparison according to the places of articulation and voicing features is given in the

following figure:

VOT by place and voicing type

R

VOT in Seconds
&y
o
L% ]

Twvoiccless unaspirated | 0.0241 0.0206 0.0176 0.0208
I e - . rereenien S e
= voiceless aspirated 0.0533 ¢.0513 0.0489 0.0603 J

Fi"gure 47 AverageVOT of Hindko stops by places and voicing type

Figure 4.7 shows each type of stops in terms of places of articulation and voicing. It
clearly depicts that the velar has the longest VOT in three ways of voicing. [n contrast, the
alveolar sounds take the shortest time during the articulation of the stops in three ways of
voicing. Unlike voiceless sounds, all voiced sounds show the negative VOT. Overall, the
velars are longer than the bilabials, the bilabials are longer than the dentals and the dentals
are longer than the alveolars. Thus, Hindko stops follow this hierarchy: velar > bilabial >
dental > alveolar.

4.2.7 Discussion on VOT of Hindko stops
The VO'I' measurement remains a quite successful acoustic parameter to differentiate

Hindko stops such as voiced and voiceless sounds. It also indicates that the timing

119




boundaries for four groups of Hindko stops according to place of articulation, including
bilabiai, dental, alveolar and velar.

Lisker and Abramson (1964) state that some languages have two ways of voicing
while others have three ways of voicing, Languages such as English, Japanese, and Spanish
have two ways of voicing whereas Punjabi, Pahari, Thai and Hindko allow three ways of
voicing features. The results of VOT mean values of Hindko stops reveal that the unaspirated
sounds have less positive VOT than the aspirated sounds, and the voiced sounds include the
negative VOT. Thus, these results are similar to the previous studies that voiced sounds have
negative VOT, unaspirated sounds carry less VOT and aspirated sounds take the maximum
VOT (see Section, 2.5.1). Overall, Hindko allows the following patterns in voicing: aspirated
> unaspirated > voiced.

Unlike negative VOT mean values for voiced sounds in many languages including
Hindko, some languages like English allow positive VOT for voiced segments. Lisker and
Abramson (1964) refer to VOT mean values of American English: /b/, /d/ and /g/ have 1ms,
S5ms and 21ms respectively and unaspirated stops /p/, /t/, /k/ bave 58ms, 70ms and 80ms.
They refer to Thai language that shows VOT of voiced sounds, i.e, /b/, /d/ with -97 ms and -
78ms and unaspirated sounds /p/, /t/, /k/ have 6ms, 9ms and 25ms respectively. Similarly, for
Canadian English speakers, Macleod (2005) finds out the average VOT mean values for
voiced /b/, /d/ 19.8ms and unaspirated stops; /p/, /t/ 87.9ms. As a result, both voiced and
voiceless sounds have positive VOT. On the contrary, Spanish voiced sounds have negative
VOT while VOTs of voiceless sounds are between zero to 10ms (Cho & Ladefoged, 1999).

Hindko aspirated VOT mean values range from 0.0489 to 0.0693 (sec) and these

results are equivalent with the typical VOT values for aspirated plosives between 0.050 (sec)
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and 0.080 (sec) as given by Gussenhoven and Jackob (1998). Hindko unaspirated sounds also
allow positive VOT ranges from 0.0176 to 0.0298 (sec) while voiced VOT refer to negative
values ranging from -0.0835 to -0.0933 (sec). These results show that there is more VOT for
Hindko unaspirated than voiced. This supports the views of Cho and Ladefoged (1999) and
Hewlett and Beck (2006). They have stated that voiceless stops have more VOT than voiced.
Moreover, VOT of aspirated velar stops in Navajo is more than 150 ms while in Scottish
Gaelic same sounds have 75 ms (see Section, 2.5.1).

Hindko VOT measurements clearly differentiate each type of voicing and these
findings are similar to some other languages like English and Thai. However, there are
languages whose voicing types cannot be differentiated only by VOT such as Korean and
Japanese (Kong, 2009). Each place group of Hindko stops have consistent results such as the
velar voiced, unvoiced, and aspirated. They have longer VOT, all alveolar stops include
shorter VOT, and the same pattern is found in the dental and the bilabial.

In addition to voicing feature, VOT measurement also differentiates places of stops
articulation. The previous studies such as Lisker and Abramson (1964), Cho and Ladefoged
(1999) and Ladefoged (2003) show that VOT of stops is increased as its goes further in the
back part of the oral cavity, from the bilabial to the velar. Contrary to it, Mandarin language
does not follow this general VOT pattem (see Section, 2.5.1).

Similarly, this cross-linguistic generalization is not employed in Hindko. Its bilabial
sounds show more VOT than the dental and the alveolar but ail places have less VOT than the
velar, Hindko, therefore, allows the following hierarchy in stop places: velar > bilabial >
dental > alveolar. In contrast to it, English follows this hierarchy: velar > alveolar > bilabial.

For Pahar, a sister language of Hindko, Khan and Bukhari (2011) claims the following
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hierarchy: velar > bilabial > alveolar > dental. It can be conclided that Hindko, Pahari and
Mandarin language also do not follow the general concept of the places of articulation, i.e.
VOT of stops is increased from the bilabial to the velar.

The findings show that only one group of stop, i.e. the velar, carries the longest time
for all types of voicing. These results of present study are similar to the previous studies in
that the velar stops have the maximum VOT. The results show that there is not much
difference among VOTs of the bilabial, the dental and the alveolar; rather, the graph
gradually decreases from the bilabial to the alveolar with insignificant difference of timings
{see Figure, 4.7).

4.2.8 Statistical measurements of Hindko oral stops in terms of closure duration

In addition to VOT, Hindko stops are measured in terms of closure duration. The

following table shows mean values of closure duration of stops:

Table 4. 15 Closure duration values of Hindko stops (sec); Means, Std. Dev. & Co. Var.

Stops Places No. of Tokens  Means Std. Dev. Co.Var.
p Bilabials 36 0.1078 0.0147 13.7426
b Bilabials 36 0.0886 0.0094 10.6251
p" Bilabials 36 0.1061 0.0141 13.2416
t Dental 36 0.109 0.0185 16,9618
d Dental 36 0.0934 0.0134 14.3951
¢ Dental 36 0.1036 0.0159 15.0505
t Alveolar 36 0.102 0.0110 10.8482
d Alveolar 36 0.0834 0.0101 12.1405
" Alveolar 36 0.0902 0.0088 9.7347

k Velar 36 0.1122 0.0105 9.3603
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g Velar 36
K" Velar 36

0.0952 0.0145 152567

0.0838 0.0109 12.3681

Table 4.15 reveals the mean vaiues of closure duration of stops. The measurements

show that Hindko unaspirated and aspirated sounds are longer than voiced sounds. Average

closure duration values are further determined by ANOVA.

Tablc 4. 16  ANOVA for stop segments in term of ¢losure duration

Source of Variation SS df  MS F P-value  Ferit
Between Groups 0.009077 11  0.000825 4.360489  1.75E-05 1.86929
Within Groups 0.02271 120 0.000189

Total 0.031787 131

The ANOVA table 4.16 presents significant statistics as p-value is less than 0.01. This

statistics is further measured by LSD test to find out similarity and difference within

segmental groups.
LSD=0.012361

d b K" t

1:h h

g t pp L k

0.0834 0.0885 0.0888 0.0902 0,0934 0.0952 0.1019 0.1035 0.1061 0.1068 0.1090 0.1122

In addition to the tabulated description, average mean values are given in the

following graph for more clear view and to see the relation within segments in terms of

closure duration values.

123




voiceless sounds
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Figure 4.8 shows average mean values of stops. The segments clearly indicate the

difference among segments that voiced sound /b/, /d/, /d/ have less duration than aspirated

sounds /p", A"/ while /g/ has more duration than /K" sound. On the other hand,

unaspirated phonemes, /p/, ft/, /t/ and /k/ have maximum duration than those of the

counterparts. Overall, unaspirated /k/ carries most durational time and /d/ has feast closure

duration among stop group.

Closure duration of Hindko stops in terms of voicing feature

The following figure shows average mean values of stops according to voicing;

.11

Stops closure duration according to voicing feature
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The above figure 4.9 shows the average values of voiced, unaspirated and aspirated
sounds. Like the individual stops, the voicing average values also show maximum closure
duration for unaspirated sounds and minimum duration for voiced sounds whereas aspirated
sounds has medial duration. Therefore, like VOT, closure duration is also a helpful acoustic
feature to distinguish the stops in terms of voicing. In addition to voicing type, this feature is
also analyzed according to the places of articulation.

‘Table 4. 17  ANOVA for voicing feature in terms of closure duration

Source of Variation 5SS _df MS F Pvalue  Ferit
Between Groups 0.00061 2 0.000305 7.226693 0.013433 4.256495
Within Groups 0.00038 9 4.22E-05
Total 0.00098% 11

The above ANOVA table 4.17 reflects that voicing feature in terms of closure duration
is not significant at 0.01% level of significance but it shows difference at 0.05% level of
significance. Therefore, further analysis is required using LSD test to see which pairs are
actually different.

LSD=0.010805

Voicing Voiced  Aspirated Unaspirated
Mean values 0.090181 0.097213 0.107536

The acoustic cue of closure duration help to identify not only voicing features in stops
but also it provides a statistical platform about the places of articulation.
Closure duration of Hindko stops in terms of places

In addition to the segmental differnces and average values of voicing , ANOVA is

employed also for the places of articulation in light ofclosure duration values.
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Tabled. 18  ANOVA for places stops in terms of closure duration

Source of Variation SS df MS F P-value Ferit
Between Groups 0.00072 3 0.00024 2231632 0.097837 2.816466
Within Groups 0.004733 44 0.000108

Total 0.005453 47

As p-value 0.097837 is greater than 0.01% and 0.05% level of significance, so it can
be concluded that places of articulation of Hindko stops in light of closure duration are not
different from one another. However, ANOVA table presents difference for the places of
stop sounds at 10% levcl of significance as the p-value is less than 0.10. In addition, LSD
test is taken into account to find out which pairs are different.

LSD=0.00932

Places Alveolar Velar Bilabial Dental
Mean values 0,0918%6 (0.098801 (.10053 (.102009

These values of places of articulation are further tabulated in the following graph:

Closure duration according to places of stops
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Figure 4.10 reveals that Hindko dental sounds carry maximum time duration during
the closure period. On the other hand, alveolar sounds show minimum closure duration.
Similarly, Hindko VOT analysis also shows that alveolar takes least time. Although a small,
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yet there is difference that front bilabial has less duration than dental and velar has longer
duration than alveolar. It implies that Hindko alveolar sounds are articulated in minimum
time. Thus, Hindko stops are found in terms of closure duration as: dental > bilabial > velar >
alveolar. The following chart shows the comparison of stops in terms of both types, i.¢. places

and voicing:

Stops closure duration according to places and veicing

features
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-§ 0.1
o] 2.08
s 006
b 0.04
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m Unaspirated vaiceless

i ® Unaspirated voiced
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Figure 4.11 Hindko stops closure duration by places and voicing

The Figure 4.11 shows that unaspirated sounds have almost similar duration.
However, velar unaspirated sound carries maximum duration while bilabial and dental
unaspirated have almost comparable closure duration. Likewise, bilabial and dental aspirated
sounds are also equivalent in duration and alvelar and velar aspirated sounds are almost in
the same level. However, bilabial and alveolar voiced sounds have almost paraleil duration.
Similarly, dental and velar sounds have similar clousre duration. Overall, alveolar voiced
sound carries minimum closur during the utterance.

4.2.9 Discussion on stops closure duration
Analysis of closure duration shows that unaspirated sounds take maximum and voiced

sounds take minimum duration among stop sounds group (see Figure, 4.8). Similarly,
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according to voicing feature in terms of overall average mean values, unaspirated sounds has
more duration than aspirated and voiced sounds (see Figure, 4.9). Likewise, Kingston and
Diehl (1994) state that voiced obstruents are shorter than voiceless (see Section, 2.5.3).
Places in terms of closure duration show that front sounds take longer time than back
sounds and alveolar has the leaset duration (see Figure, 4.1). These results are similar to
VOT mean values { sce Figure, 4.5). The findings reflect that like VOT, cue of closure
duration of Hindko alveolar sounds carry minimum time and frequency among stop group.
Overall, on the basis of the above results, if the comparison of stops in terms of VOT and
closure duration time is taken into account, Hindko allows shorter VOT but longer closure
duration for all sounds.
4.3 Hindko nasal stops
Phonemic inventory of Hindko on the basis of minimal pairs shows four nasal
consonants (see Table, 4.1). Analysis of these sounds is taken into account in the following:
4.3.1 Articulatory phonetic analysis of Hindko nasal stops
Data in the following table shows the places of articnlation of Hindko nasals and their
voicing quality.

Table 4. 19 Contrast in places of nasal sounds {/m/, /n/, /n/, /n/)

Position Bilabial Gloss Alveolar Gloss Retroflex  Gloss Velar Gloss
of sounds  voiced voiced voiced voiced
Initial makk Me nakk Nose N/A N/A

Mcdial kdmmi: Lapses kénni: Separate kénri: Drops kdpgi: Combs
Final kimm Task kénn Ear kann Dripping king Annoyance

Tabie 4.19 shows that each nasal phoneme makes freely contrast in places with other

phonemes. Sound /m/ is produced with the involvement of lips at bilabial position and /n/ is
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uttered while tongue tip touches the alveolar ridge. Sound /n/ is articulated with curied tongue
tip at retroflex position while during the utterance of /i/, back of the tongue connects to the
velum position at velar place. In addition, during the utterance of each nasal sound, velum
remains lowered and air goes out through the nasal cavity. Like most of the world languages,
Hindko nasal stops are also voiced. Each word has different lexical items and differs from
others only by one sound. Two segments /m/ and /n/ can contrast with each other word
initially but other two phonemes /n/ and /i/ cannot make contrast with the preceding two
segments, Therefore, Hindko allows the contrastive distribution through commutation test
within the nasal stops word medially and finally and /m/ and /n/ also allow word initially.
Moreover, like places contrasts, nasal sounds are also examined in terms of distribution.

Table 4, 20 Distribution of Hindko nasal sounds

Sounds  Initial Gloss Medial Gloss Final Gloss
m/ morg Turn kam{i: Small stick  kdmm Work
n/ ne:ra: Near kanni; Separate fann Moon
Iy NA ' ba:ngi: Bigcock  bam Prayer call
Y NA tana: Straight man, Pride

Table 4.20 reflects distributional occurrences of nasal consonants. In Hindko,
segments bilabial /m/ and alveolar /n/ can be found word initially, medially and finally. On
the contrary, two nasal segments, retroflex /n/ and velar /n/ can be found word medially and
finally but not word initially.

4.3.2 Discussion on articulatory analysis of Hindko nasal stops
Hindko allows four nasal segments articulated somewhat at different places from oral

stops (see Table, 4.2), English has three nasal stops and have the same places of articulation
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like English plosives. Hindko nasals /m/ and /tv/ can oceur word initially, medially and finally
while /n/ and /y/ are found at word medial and final positions. In addition, these two nasal
segments /1y and /i/ are the most commonly used sounds of Tanoli dialect, e.g. /pa:n/
“balanced level of iron’, /né:ny/, ‘do not bring’, /a:n/, ‘bring’, /ma:ny/, ‘fiancée’, /diimga:/,
‘deep’, /bingay/, ‘bended’ etc.
Like Urdu and English, Hindko /m/, /n/ can occur at three possible positions of the
words while the occurrence of /n/ is possible word medially and finally (see Table, 4. 20).
However, some languages like Vietnamese and Burmese allow /i/ sound word initially as
well (Davenport and Hannahs, 2010).
Moreover, Hussain (n.d) states that in Urdu, /" sound is followed by nasals, such as
Im"/, /n"/ and /. Saleem et al. (2002) (cited in Hussain, n.d) state the existence of these nasal
sounds is still not determined, are not considered any further (p.2). Likewise, Hindko also
allows combination of two nasals, /m/ and /n/ with /7 in words like r‘mhae:p’ “drain’ and /n"E:r/
‘bad event’. However, like Hindko stops (see Section, 4.2.2), nasals /m/ and /n/ in form of /m"/
and /n"/ occur only word initially. Awan’s (2004) work lacks these nasals as a separate
phoneme whereas the case of these two sounds /m"/ and /n" in Tanoli dialect is similar to stops
I/, Y, it/ and /k/ for Peshawar Hindko (see Section, 4.2.2). It may be that Peshawar Hindko
lacks these features in nasal consonants. On the other hand, Karnahi (2007) identifies that /m"/
and /n"/ are phonemes in Pahari. As mentioned earlier about stops (see Section, 4.2.2), this
phenomenen of /m"/ and /n'/ needs to be investigated whether these are separate phonemes or
have tonal effect. Thus, in addition to the suggested experimental study for stops, nasals /m/

and /n/ may also be included to find out their actual position. Awan (2004) states that /n/ is a
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dental sound and there are three nasal consonants in Peshawari Hindko whereas the present
study shows that /n/ is an alveolar sound and overall there are four nasals in Tanoli Hindko.
4.3.3 Acoustic analysis of Hindko nasal stops
In addition to the articulatory phonetics, the acoustic study is a good tool for
identification of nasal consonants because on auditory basis, sometime, it is hard to hear the
nasal consonants. In the following section, first, Hindko nasals are investigated qualitativély
through spectrographic analysis. Secondly, the quantitative analysis is carried out through
statistical measurements of the first three formants of nasal sounds and neighbouring
segments as well.
4.3.4 Spectrographic analysis of Hindko nasal stops
Unlike other consonants, nasal consonants carry the acoustic cue of base line at around

200 Hz. The following figure shows the nasal stops of Hindko:
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Figure 4. 12 Waveforms and spectrograms of Hindko nasal consonants
The spectrogram of /m/ displays the nasal formant in the baseline having lower and

less energy than the preceding and following vowels. Medial part of the utterance /ama/
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clearly indicates the weaker striation and remains fainter than neighbouring segments. Unlike
other nasal segments, upper region of spectrogram, above 3000 Hz, has no resonances. The
nasal formants occur at lower position than neighbouring formants. Formant transitions of
bilabial nasal show falling of F1, F2 and F3 at offset position and rising at onset position.
Therefore, in CV sequence, all three formants show minus transition and locus of F2 is found
in the region of around 1200 Hz. The waveforn indicates much constriction at the
consonantal portion of utterance that refers to its voiced sound feature.

Like bilabial /m/, alveolar /n/ sound shows similar tendency of extra energy at the very
lower level. Sound /n/ has less striation during closure gap and in the upper part of the
spectrogram. Thus, like other nasals, consonantal part of /n/ is also quiet faint. Place cue,
formant transitions of F1 and F3 of alveolar sound decrease at the end of preceding vowel and
increase at the beginning of following vowel. On the contrary, F2 of preceding vowel rises
before the nasal formants whereas it falls after that. In addition, F1 and F2 of the preceding
vowel are very near to each other in the range of 1000 Hertz and while there is a significant
gap between F2 and F3. Unlike bilabial nasals, /n/ F2 has little difference than neighbouring
segments formants rather have higher frequency. Furthermore, /m/ gets more duration and
energy than nasal /n/ sound. The pitch of /m/ sound rises throughout the articulation while for
/n/ sound it remains consistent but lower than /m/.

Unlike other nasal consonants, during the spectrgraphic analysis of /n/ sound, the
difficulties encountered whether it is a vowel or a consonant due to its higher sonorous
characteristics and energetic resonances. However, some differences have been observed in
the upper part of the spectrograms. That in the region of 2000 Hz, there is less energy when

tongue curls back and touches the hard palate, thercfore, makes the closure of the air.
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Moreover, like other consonants, /r/ sound also shows duration but too short. Nevertheless, in
some of the utterances, closure duration was not observable. Overall, F2 is the most
resonating formants of /r/ sound and among nasal consonants. Close analysis of formant
transitions shows that F1 and F2 rise while F3 falls at the offset position of preceding vowel.
On the other hand, at the onset of following vowel, F1 and F2 are in level or rising position
whereas F3 rises. Therefore, F1, F2 and F3 have minus transition in CV sequence.
Furthermore, locus of retroflex nasal sound shows in the region of about 1700 Hz. The
intensity line of /n/ sound gets slight down at the medial part unlike other nasals.

Likewise, Figure 4.12 depicts velar /n/ sound of Hindko. Unlike its counterparts, it
shows a weak burst, a vertical spike, between 1000 and 3000 Hertz like a dashed line. During
the total duration of the nasal /y/, towards the end of the nasal sound, it’s almost 30% part
remain fainter. Unlike other nasal consonants, this gap before the following vow_el,
specifically above 800 Hz, is found typically in all of /n/ spectrograms. However, at the
bottom of spectrogram, in the region of Fl, and between the level of 2500 Hz and 3000 Hz
frequency, there is much resonating energy in the area of F3. Overall, F3 of /n/ has prominent
resonances than other velar nasal formants. Additionally, in some of the velar utterances,
nasal F3 is disconnected at the offset of preceding vowel. Moreover, waveform noticeably
presents the much striation at the utterance of nasal sound which is the reflection of its voiced
sound.

Formant transitions of velar /n/ show that Fland F3 of the preceding vowel moves
downward while at the onset position of following vowel, these formants moves upward.
Similarly, F2 at the offset of preceding vowel shows level or rising whereas it falls before the

steady state of the vowel utterance. Thus, in CV sequence, velar nasal /ry/ has minus transition
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for F1 and F3 whereas F2 has plus transition, Moreover, the locus point of F2 is found in the
region of around 1250 Hz.

In the summary of the nasal spectrographic analysis, each spectrogram illustrates
particular nasal formants having less energy at lower level to the preceding and the following
vowels and the less amplitude as well. The typical pattern of nasal consonants is that F2
entails fainter position than other formants. On the other hand, Hindko nasals spectra display
that F2 has similar energy to F1 and F3.

4.3.5 Statistical measnrement of Hindko nasal stops

Hindko nasals were statistically measured to see nasals formant frequencies and
average formant values of their neighbouring segments. This investigation highlighted
formants differences between vowels and nasal consonants. It also distinguished frequency
difference within nasal sounds as well.

Table 4.21  Formants values of Hindko nasal stops (Hz) ; Means, Std. Dev. & Co. Var,

Nasal Tokens Fl Std.Dev Co.Var. F2 Std. Dev. Co.Var. F3 Std. Dev.Co. Var.

m 36 350 33339 9.504 1199 95746 7.979 2502 0.0140 13241
n 36 407 46378 11.371 1460 115291 7.896 2599 0.0155 15.05
n 36 618 77751 12580 1443 123903 8.586 2544 0.0087 9.734

n 36 489 84.882 17.340 1322 100.838% 7.631 2601 00109 12368

The above table 4.21 depicts nasal consonant formants; F1, F2 and F3 average mean
values, with standard deviation and coefficient of variation. These values are further

confirmed by ANOVA in the following:
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Table4.22  ANOVA for nasal consonants in terms of F1

source of Variation  SS df  MS F P-value Ferit
Between Groups 4470951 3 149031.7 33.62881  5.09E-11 2.838745
Within Groups 177266.7 40 4431.667

Total 0624361.8 43

The above ANOVA table 4.22 shows significant difference of F1 among four nasal
consonants as the p-value is less than 0.01. Thus, further analysis is carried out by using LSD
test to examine the nasal consonantal differences within pairs.

LSD=59.09

Segments m n n n
Meansof F1 350.7778 407.8333 489.5 618.0493

Table 4.23  ANOVA for nasal consonants in terms of F2

Source of Variation SS df MS F P-value  Fcrit
Between Groups 4372882 3 1457628 12.17016 847E-06 2.838745
Within Groups 479082.5 40 11977.06

Total 916370.8 43

ANOVA Table 4.23 depicts the mean values of F2 with significant difference as the p-
value is less than 0.01. LSD is employed in the following to see which pairs are actually
different.

LSD=98.3376

Segments m n 1, n
Means of F2 1199917 1322.028 1442.972 1460.111]
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Table4.24  ANOVA for nasal consonants in terms of F3

Source of Variation 8§ df MS F P-value  Ferit
Between Groups 4839552 3 1613184 39.07729 1.81E-12 2.816466
Within Groups 181640.3 44 4128.188

Total 6655954 47

The above table 4.24 reveals ANOVA results that nasal consonants in terms of F3 are
significantly different as p-value is less than 0.01. Further, LSD test is applied to investigate
which nasal consonantal pairs are dissimilar.

LSD=57.733

Segments m n n y
Mean values of F3  2502.417 2544.361 2598.972 2600.778

Statistically identified mean values of nasal consonantal formants are further described

in form of charts in the following; i

Hindko Nasal Formants
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Figure4. 13 FI, F2 and F3 means values of nasal consonants

The Figure 4.13 shows variations in the mean frequencies values that F1 values, the

formant of the height of tongue in the articulation, gradually increase from bilabial to retroflex
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but again show decrease at velar place. F2, i.e. the formant of tongue position, has maximum
value for alveolar and minimum frequency for bilabial. Front nasal has the lowest F3 mean
values whereas back nasal has the highest frequency. Therefore, it implies that front nasal /m/
has less frequency values than back nasal consonants. Moreover, alveolar F2 is at the highest
position but the lowest for bilabial. Similarly, F2 of nasal retroflex has measurably higher
frequency than velar sound. The result of nasal F2 shows that the position of tongue during
the utterance of nasal alveolar consonants remains higher than retroflex, and velar has higher
position than bilabial. However, unlike these ﬁndingé, Ladefoged (2003) states that major
function of F2 in the nasal consonants correspond to a resonance of the air behind the
closure, frequencies increases as the closure move back and the size of the body of the air
decreases that tongue moves back for the back sounds. In case of F3, velar and alveolar values
are almost similar while retroflex and bilabial have less frequency respectively.

In addition to the individual formant, average formants mean values are also given in

the following chart;

Average Nasal Formants
1 550 ettt e e ¢t temsnese st seteete et metes 4 seekeans |+ ML 4 4 LS Bk L St Semeet e e s ¢ 4o
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1250 I , .
¢ Bilabial | Alveolar Retroflex | Vetar _
! Formants mean ualues! 1350 1 1484 i 1471 !
Figure 4. 14 Average mean values of nasal formants by places

The above figure 4.14 presents minimum aveargac means values for bilabial and

maximum for retroflex nasals sound. Thus, there is symmetry in rising formant frequencies

137




from front of the oral cavity till the back retroflex place of articulation. However, there is
again decrcase in the further back nasal sound, i.e. velar place formants show less frequency
mean values than alveolar and retroflex respectively.

[n addition to nasal formants, the mean formant frequencies of the preceding and
following vowels were measured to see formants position at the disyllables. The following

table and chart illustrates formants measurement of preceding vowels to nasal consonants.

Table 4. 25  Preceding vowel values of Hindko nasals (Hz); Means, Std. Dev. & Co. Var.
Nasals [okens F1 Co.Var. Std.Dev. F2 Co.Var, Std.Dev F3 Co.Var. 5td. Dev
m 36 844 79.174 9386 1299 139704 10.757 2461 285964 11.618
0 36 854 122.614 14.362 1333 147.645 11073 2377 245,192 10316
n 36 855 85981 10.052 1326 134442 10.139 2496 264.208 10.583
36 822 74926 9.1097 1318 125874 9.551 2417 28l.156 11.632

Table 4.25 depicts measurements of preceding vowels to nasal consonants. The
resufts shows frequency average mean values of three formants with standard deviation and
coefficient variation. In addition to individual vowels frequency values, nasals and preceding

vowels formants were compared in the following chart to see the differences in their

[requencies.

Farmants of nasals and preceding vowe]

Frequencyin Hartz

. Froceding NasaiF1 Pracoding . Nasal F2 Preceding Nasal F3
: Fi | : F : F3
R e
2377

Is and preceding vowels
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Figure 4.15 presents a significant difference between the frequencies of F1. All nasal

formants have lower frequency value than preceding vowel. Similarly, second formant of

bilabial nasal is lower than preceding vowel formants as well. On the other hand, other ali

nasal formants have higher frequency values than preceding vowel. However, velar F2 shows

minor difference between preceding vowel and nasal formant while velar F3 has significant

mean value difference. Furthermore, nasal formants are compared with the following vowel:

Table 4. 26 Following vowels values of Hindko nasals (Hz); Means, Std. Dev. & Co. Var.
Nasals Tokens F1 Std.Dev.Co.var. F2 Std.Dev. Co.var. ¥3 Std.Dev. Co.var.
m 36 808 103938 12.864 1251 133.678 10.689 2397 193.726 8.088

n 36 807 113.641 14.074 1376 151.005 10970 2329 266.854 11.459
n 36 820 95990 12938 1392 157169 11.218 2232 191463 7.799

0 36 742 118.865 14.49% 1401 166.923 11.987 2455 258.72 11.592

Table 4.26 reflects the results of following vowel formants with standard deviation

and coefficient variation. The formants of nasals and following vowels are compared in the

following chart to see the difference in terms of consonants and vowels.

Frequencyin Hertz

Formants of nasals and following vowel

h %GB
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Following
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Figure 4. 16 Comparison of F1, F2 and F3 of nasals a
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The above figure 4.16 shows comparison of nasal formants and following vowel
formants. Likc previous graph, the results of this figure are also evident with a great
difference of F1 mean values. That following vowel has higher frequency than nasal formants.
Nasal F2 of bilabial and velar are shorter than following vowel while in case of alveolar and
retroflex sounds, figure 4.16 shows the mirror image. There is a substantial difference of F3
mean values that all nasals consonants have higher average frequency than following vowel.
In addition, the average mean values of both preceding and following vowels are compared in

the following chart:

3000 . - . - fee e e e
2500
zooo
1500 | § R -

1 000 .. . . .. BEEE T

200 |- _‘ . - .....
Qe . i

i Prewceding Following | Precading
F2

12959 Tizsi

Fraquency in Hertt

Figure 4.17 shows Fland F3 average mean values of preceding vowels to nasals are
higher than following vowels except F3 of /y/ sound. Likewise, bilabial F2 of preceding
vowel has more frequency than following vowel whereas following vowels of alveolar,
retroflex and velar sounds have higher average mean values than preceding vowels.

4.3.6 Discussion on acoustic analysis of HindKko nasal stops

Related literature of nasal consonants, generally, shows that nasal sounds are easily

analyzed acoustically. However, during the acoustic analysis of present study, the intense care

was employed because in most of the spectrograms, nasal formants were not visible,
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specifically in velar sound. Thus, to find out the accurate location of these formants, nasal
sounds are measured thrice to see the most common trends.

Like many other ianguages, Hindko bilabial /m/ sound has lower nasal formants than
adjoining vowels. Similarly, bilabial formants values and locus are also lower than that of
other nasal consonants. These findings are similar to the traditional notion that bilabial sound
has low locus and front nasal formants have lower values than back nasals formants
{Ladefoged, 2003). Analysis shows that F2 of bilabial has visible frequency like F1 and F3
resonances. Contrary to it, Yavas (2006) states that nasal F2 remains invisible on
spectrograms. Moreover, Hindko nasal bilabial frequency mean value is almost similar to
mean values given by Davenport and Hannahs (2010) (see Table, 4.4 & Section, 2.5.2).

like the general formant transitions trend and Hindko bilabial plosives, nasal /m/ of
the dialect has similar transitions pattern, i.e. the preceding vowel formants fall at the offset
position while rises at the onset of the following vowel. Similarly, in case of Hindko alveolar
/n/, the nasal formants have less striation than the neighbouring vowels. This occurrence is
similar to the idea of Ladefoged (2003) (see Section, 2.5.2). Unlike the bilabial /m/, F1 and F3
of the atveolar /n/ have more energy than F2 which is similar to English /n/ sound (see
Section, 2.5.2). Similarly, average measurement frequencies of F2 and F3 of Hindko nasals
arc also similar to general nasal formant frequencies, i.e. nasal formant F2 has 1500 Hz and
F3 shows 2400 Hz (see Section, 2.5.2).

However, F1 of Hindko alveolar sound has somehow higher frequency than the
frequency stated by Ladefoged and Davenport and Hannahs (see Section, 2.5.2). On the other
hand, Fl mean values of adjacent vowels are similar to the general concept that F1 of the

neighbouring nasals” vowels contain higher values than nasals F1. Contrary to it, the alveolar
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F2 and F3 have higher frequencies than the neighbouring segment formants. Thus, these
findings of Hindke nasal alveolar contradict to the theory of Ladefoged (2003) that nasal
consonants have lower amplitude than vowel.

Moreover, Hindko alveolar has more closure gap than bilabial, i.e. back /n/ formants
have higher frequency than front /m/ formants (see Figure, 4.13). In addition, findings of
formant transitions of Hindko alveolar nasal are similar to Hayward’s (2000) theory that F1
and F3 fall in VC sequence and F2 rises while in VC sequence it has mirror image (see
Section, 2.5.2). These formant transitions are similar to Hindko alveolar stops as well.
Likewisc, Ladefoged (2003} also states that nasal formant transitions are similar to stops.
Additionally, formant transitions of bilabial and alveolar are evident to differentiate between
/m/ and /n/ sounds.

Furthermore, spectrographic analysis shows that Hindko retroflex /n/ is the most
sonorous sound among nasals. Unlike the general tendency of nasal sounds, its nasal formants
are quite visible on a spectrogram. However, above 3300 Hz there is no energy throughout the
utterance which differ it from other nasals. Furthermore, its formants average means values,
i.e. F2 (1326 Hz) and F3 (2544 Hz) are almost similar to general nasal formants values stated
by Ladefoged (2003) and Davenport and Hannahs (2010) (see Section, 2.5.2).

Nevertheless, /n/ sound has the highest FI mean value which is significantly different
from general pattern. It implies that the height of tongue in Hindko retroflex sound remains
higher than other nasals. Moreover, F2 and F3 frequency means values of Hindko retroflex /n/
contradict to the values of English and traditional notion as well that back nasal frequency
increases due 10 the decrease of air (see Section, 2.5.2). In consequence, Hindko front nasal

alveolar has more value than back nasal retroflex.
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Contrary to the views of Yavas (2006), F2 of Hindko retroflex /n/ sound is more
vigible than F1 and F3. Retroflex formant transitions show rising of F1 and F2 at initial and
final position of /n/ while falling and rising of F3 respectively. Similarly, Ladefoged (2003)
displays spectrogram of /n/ sound of Malayalam language with rise of F2 and F3 at both
positions (p.163). Thus, F3 of Malayalam differs from Hindko F3 at offset position of
preceding vowel. However, it may be due to the fact that spectrographic analysis was carried
out for Malayalam word /kanni/ ‘link in chain’ that intervocalic nasal /n/ was followed by /i/
while in case of Hindko /r/ was followed by /a/. Furthermore, for the occurrence of
intervocalic nasals formants, Yavas (2006) states that they have discontinuity with adjacent
sound. On the contrary, Hindko retroflex /n/ sound on spectrograms show continuity which is
may be the result of its little closure duration.

The findings of Hindko nasal velar /y/ show gap between nasal and vowel which are
similar to the view of Yavas (2006} (see Section, 2.5.2). Additionally, contrary to other nasal
sounds, velar nasal formants have less resonating energy. Its F2 fainter position is similar to
English velar sound (see Section, 2.5.2). Overall, its nasal formants were not observable in
most of the spectrograms.

In addition, F1 and F2 frequencies means values of /1/ sound show more decrease than
retroflex but F3 go at highest position among nasals. Thus, like retroflex sound, these results
also contradict to traditional notion about increasing frequencies in the back nasals.
Nevertheless, velar F3 carries maximum frequency. By and large, its formants values are not
much different from the general nasal formants values.

Similarly, Hindko nasal velar formant transitions are similar to the previous literature

that F1, F3 show fall and rise while F2 displays rise and fall of transitional slop. However,
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unlike the views of Hayward (2000) and Ladefoged (2003), there is a substantial gap between
F2 and F3 frequencies. Similar results have also been found during the analysis of Hindko
stops. Like alveolar and velar stops, alveolar and velar nasals in Tanoli Hindko have also
similar formant transitions. However, some specific properties differentiate between both
places. Like, alveolar F1 and F2 are very close to each other at both positions while velar
formants F1 and F2 have gap at offset and onset positions. Furthermore, velar preceding
vowel formants are almost in level and its F3 occurs at higher frequency in level, without slop
lowards F2 at offset position, while alveolar has mirror image.

44  Chapter summary

This chapter has investigated consonantal phonemes of Hindko. Findings of the
analysis show that Hindko has 31 consonants including 12 oral stops, 4 nasal stops, 8
fricatives, 3 affricates and 4 approximants.

The results of the articulatory analysis have shown that oral stops allow three types of
sounds in Hindko including 4 unaspirated, 4 voiced and 4 aspirated sounds. Oral stops are
articulated at bilabial, dental, alveolar and velar positions and can occur at three positions of &
word. All nasal stops are voiced and have no counterparts, These are articulated at four places
of articulation such as bilabial, alveolar, retroflex and velar.

The qualitative and quantitative analyses in acoustic phonetics have shown that
acoustic cues of oral stops and nasal consonants differentiate among the classes of sounds
such as closure duration of stops, VOT and burst feature. The cue of voice bar or pitch
contour also remained a quite successful parameter to differentiate between voiceless and
voiced sounds. Acoustic properties of 4 nasal consonants show extra resonances but weaker

than vowels. Similarly, acoustic cue of formant transitions of neighbouring segments indicate
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the place of cach segment. However, the researcher recommends that places of articulation of
Hindko consonants should be identified through palatography™®.
The following chapter deals with the analysis of fricatives, affricates and

approximants.

'* Palatography is a nineteenth century technique that has now been developed so that it is capable of providing a
great deal of information on tongue gestures (Ladefoged, 2003, p.36).
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CHAPTER 5

ANALYSIS OF HINDKO FRICATVIES, AFFRICATES AND

APPROXIMANTS

This chapter shows articulatory analysis of Hindko fricatives, affricates and
approximants in terms of places of articulation, distribution of occurrences, and voicing
features. It aiso elaborates the acoustic analysis of these segments qualitatively and
quantitatively in terms of spectrograms and statistical measurements respectively. Each
section is followed by discussion with specific reference to English and some other languages
to find out the similarities and differences among languages, Finally, it also shows the
distinctive features of all Hindko consonants.

51  Hindko fricatives

In the preceding chapter, it has been identified that Hindko has eight fricatives
including /f7, /v, /sf, fzl, [T}, Ix/, I/, I/ (see Tables, 4.1 & 4. 2), Analysis of these segments is
carried out in the following section:

5.1.1 Articulatory phonetic analysis of Hindko fricatives

In the following table, examples are given to identify places of Hindko fricatives:

Table 5. 1 Contrast in places of Hindko fricative sounds

Labio- Gloss Alveolar Gloss Palatal  Gloss Velar Gloss Glottal Gloss

dental Words Word Words

Words

/17 fee:l Fail  /s/- s®:l  Visit Jf/- Jall Crumble /x/-x®:l Care V- he:l Habitual
fvi-vacr - Number  /z/-zaxr  Curse  N/A - fy/-yar Cave N/A -
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Table 5.1 shows data of fricatives articulated at five different places. Hindko labio-
dental /f/ and /v/ are uttered with the movement of lower lip toward upper front teeth.
Alveolar sounds /s/ and /z/ are articulated by creating a narrow passage between tip of the
tongue and alveolar ridge. Palatal /J/ is produced by raising tongue blade towards back palatal
area of hard palate. Velar /x/ and /y/ are articulated by lifiing tongue blade toward velar part
of mouth and /R/ is uttered from glottal part of mouth. Labiodentals, alveolar and velar
fricatives allow pairs but palatal and glottal fricatives stand alone in Tanoli dialect.

Like Hindko plosives, fricatives have also voicing feature. However, unlike plosives,
all Hindko fricatives have no pairs. Segments, which have pairs, are illustrated in the
following section to differentiate between voiced or voiceless fricatives. Each pair is
described at different distributional positions to identify voicing feature.

Table 5.2 Contrast in voicing of fricative labio-dental sounds (/f/, /v/)

Position of sounds  Labio-dental voiceless Gloss Labio-dental voiced  Gloss
Initial fatt Instant vatt Pick
Medial sa:fa: Handkerchief sa:va: Green

Final N/A - N/A -

Tablc 5.2 shows examples of two Hindko labio-dental fricatives /f/ and /v/, Both are in
voicing contrastive position with different lexical items. In the articulation of phoneme /f/,
vocal folds do not vibrate which reflects that it is a voiceless sound. On the contrary, during
the utterance of /v/, the air goes out with the vibration of vocal foids and voiced sound is

articulated. Furthermore, in pairs of voicing, both sounds can be found word initially and
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medially but not finally. Thus, it can be said that /7 is a voiceless and /v/ is a voiced sound in
Hindko.

Table 5. 3 Contrast in voicing of alveolar fricative sounds {/s/, /z/)

Positton of sounds Alveolar voiceless Gloss Alveolar voiced Gloss
Initial sa:r Wooden beam zar Curse
Medial bassa:t Forget bazza:r Bazar

Final ra:s Fine ra:z Secret

Table 5.3 displays pair of /s/ and /z/ contrastively. Unlike labio-dental segments, data
of alveolar fricatives shows that both /s/ and /z/ can make voicing contrast word initially,
medially and finally. Moreover, /s/ is produced with the opened glottis whereas /z/ is uttered
with narrowed glottis. Therefore, /s/ is termed as voiceless and /z/ as voiced sound in Hindko.

Table 5. 4 Contrast in voicing of Hindko fricative velar sounds (/x/, /y/)

Position of sounds Velar voiceless Gloss Velar voiced Gloss
Initial xo:l Open yo:l Circular
Medial N/A - NA -
Final NA - NA -

The above table 5.4 displays fricative velar sounds of Hindko that is /x/ and /y/ make
contrasling pairs in voicing. These phonemes can make pair word initially but not medially
and finally in voicing. In the articulation of /x/, vocal folds remain open and voiceless sound
is uttered. Contrary to it, during the utterance of /y/, vocal folds make vibration and voiced
sound is articulated. As a result, it can be concluded that Hindko /x/ is a voiceless and /y/ is 2
voiced sound,

Two segments, palatal /f/ and glottal /f/ which have no phonemic pairs; rather they
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stand as single segment in the palatal and glottal fricative columns of the sound chart.
Phoneme /{/ in words like /[igyakk/ ‘road’ is articulated without the vibration of vocal folds as
a voiceless sound whereas /fi/ in word like /farr/ means ‘measure’ is produced with the
vibration of vocal folds as a voiced sound.

In addition to places and voicing features, parallel distribution is applied in the
following table 1o know the various positions of occurrence of fricatives in the words.

Table 5.5 Distribution of Hindko fricative sounds

Sounds Initial Gloss Medial Gloss Final Gloss
/ff fe:ra: Round xaffa: Angry tarraff  Side
v/ vass Commendation sa:va: Green ga:v  Core part

of wood
{8/ sadsdsra: Fresh passa:r Veranda ffoirass  Square
/z/ za:r Curse vaiza; Expected arrival ra:z Secret
/! Jadzdzra: Lineage ba[Jra: Face faff  Ecstasy
Ix/ xratb Spoilt laxxaj, Small stick Ja:x  Branch
N/ yo:l Round /Circle  nayyara: Drum daty Stain
/h/ fiat"t"a: Support do:fiar Borrow razi  Plough

Table 5.5 shows data of fricative sounds in different positions, word initially, medially
and finally. Hindko fricatives, /ff, v/, /s/, /2/, /|1, ix/, fy/ and /R/ occupy all three positions of
occurrence of sounds. Each sound has different lexical items at different positions. In
addition, in case of fricative voicing pairs, the sounds like voiceless /ff, voiced /v/ and
voiceless /x/, voiced /y/ have limited examples of the distributional occurrence in Tanoli

Hindko (see Tables, 2.14 & 2.16). Nonetheless, in the above case, if distributional case of
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fricatives is investigated individually, these sounds can freely occur at different positions of
the words.
5.1.2 Discussion on articulatory analysis of Hindko fricatives

In view of the above data analysis, Hindko has eight distinctive fricatives articulated at
five different places. Among other Hindko consonants, fricatives occupy the maximum
articulatory places in the vocal tract from lips to glottis. In case of voicing, labiodentals /f/ and
i, alveolar /s/ and /z/, velar /x/ and /y/ are found in pairs for voicing contrast but palatal /f/
and glottal /&/ have no segmental pairs, Unlike other fricatives, Hindko velar /x/ and /y/ make
tew minimal pairs word initially that differ only in terms of voicing while these sounds, /x/
and /y/, make various contrastive pairs with other distinctive sounds word initially, medially
and finally. In addition, velar fricatives are commonly found in Pashto, Persian, Punjabi,
Pahari, Urdu and Arabic among others whereas English has no /x/ and /y/ sounds. However,
English allows dental fricatives but Hindko does not. Hence, English has nine fricatives while
Hindko has eight. Furthermore, Hindko fricatives are found at all the possible positions.

Awan (2004) also indicates eight fricatives in Peshawari Hindko. However, he
identified /h/ as a voiceless sound while in the present study; it is analyzed acoustically and
found as a voiced /fi/ segment (see Section, 5.1.4). The chart drawn by him shows the places
of /s/ and /z/ at the dental position (see Table, 2.1) whereas present study shows them as the
alveolar fricatives.

5.1.3 Acoustic analysis of Hindko fricatives

In this section, various acoustic cues are scrutinized to know major acoustic properties

of Tanoli Hindko fricatives. Before measuring the mean values, qualitative analysis of the

spectrograms were taken into account in the following section:

150




5.1.4 Spectrographic analysis of Hindko fricatives

The spectrographic analysis shows both intrinsic and extrinsic characteristics of Tanoli
Hindko fricatives. During the analysis, all tokens were visually examined and the most
common trends found among speakers were described. Unlike other consonants, fticative
spectrograms and waveforms are displayed in pairs, i.e. voiceless vs. voiced sounds in the

following section:

T

Spectraipeaks 1]

:

- 2} =1 1) i

Figure 5. 1 Waveforms and spectrograms of fricative labio-dental sounds

The above figure 5.1 displays sound waveforms and spectrograms of /f/ and /v/.
Spectrogram of /f/ displays energy mainly at three different places. In the bottom of the
spectrogram, the onset of /f/ has more energy than the offset side. Weak energy and
discontinuity in horizontal bottom lines reflects that it is voiceless sound. Having Su.ch
acoustic forms are the indication of sound articulation without vibration of vocal folds.

Unlike the lower frequency in the bottom line, in the upper part of the spectrogram,
striation is found at the offset of /f/ whereas onset position is almost faint. At the second stage,
the prominent spikes of frication start in the region of around 2700 Hz but soon get faint.
llowever, again irregular frication begins from 5000 Hz and remains up to 8000 Hz. The
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energy above 5000 Hz appears darker than lower part. More intensity in higher frequencies of
the spectrogram is due to the energy of airstream in the production of /f/ through open glottis.
Similarly, in the sound waveform, consonantal part between vowels clearly displays irregular
scratchy lines, i.€. aperiodic waveform. The fonger duration in the waveform also reflects that
/15 a voiceless sound.

In the text gridline, the central part of the spectrogram shows consenantal duration of
/t/ sound. Marked boundaries, before and after fff in the text gridline, show that duration of
the preceding /a/ is less than the following /a/. F1 and F2 of the preceding vowel are slightly
higher than the following vowel but both formants seem in steady state. Furthermore, feature
of formant transitions reveal that F1 and F2 slightly fall at the offset of the preceding vowel
and rise at the onset of the following vowel. However, F3 is found in almost in level or the
slightest falling and rising position.

The Figure 5.1 also exhibits the spectrogram and waveform of Hindko /v/ segment.
Unlike its counterpart labio-dental /f/, the spectrogram of /v/ sound shows strong low-
frequency energy at the bottom line. This horizontal bar appears on the spectrogram due to the
vibration of vocal folds. Likewise, pitch contour throughout vowels and consonant provides
further support to /v/ as a voiced sound (see Appendix, B). Contrary to voiceless sound, there
is less intensity in the upper part of spectrogram because of the vibration of vocal folds.
Moreover, waveform indicates that during the articulation of /v/, vocal fold vibrates which
shows the periodic waveform.

Apart from the low- frequency, in the upper part of the spectrogram, the spectral
properties can be observed at two places: first is ranging from around 2800 Hz to 4000 Hz and

second part starts from 5000 Hz and remains up to 6500 Hz; however, strongest resonances
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are found in the region of around 3000 Hz. Similarly, in the lower part of /v/ sound, the
resonances seem almost similar to the neighbouring vowel formants. Unlike the preceding
spectrogram of /f/, duration of /v/ has darker vertical lines throughout the onset to the offset
position. Nevertheless, these irregular striations are found in a less area, and most of the
consonantal part remains white on the spectrogram. Moreover, in /f/ sound, the dark vertiéal
lines are found till 8000 Hz but in /v/ sound, these lines are completely disappeared above
6500 Hz.

In the extrinsic properties of /v/, F1 and F2 of the preceding vowel are lower than the
following. The place feature, formant transitions of Fi, F2 and F3 slightly fall at the offset
position of the preccding vowel and then rise at the onset position of the following vowel.
[.ikewise, F3 of the preceding vowel shows falling transition but rising by the end of the
following vowel; however, F4 seems almost in steady state. In addition, the duration of both
vowels is also almost same. The waveform of /v/ indicates less vtterance duration than its
counterpart /f/,

It can be summarized, therefore, that voiceless fricative has more resonances and

longer duration than voiced. Formant transitions for both labio-dental sounds are almost

similar to each other.
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}1gumre: 52 Waveforms and spectrograms of fricative alveolar sounds

The above figure 5.2 depicts Hindko fricatives /s/ and /z/ sounds. The spectrogram of
/s/ displays the strongest spectral peak starting from the region of 3700 Hz. This striation
remains in steady state throughout its vertical and horizontal position of the spectrogram. The
lower area of /s/ sound has absence of energy, which indicates it as a voiceless sound. The
pitch contour of /s/, {see Appendix, B), irregular striation in the waveform and longer
uttcrance duration confirm that it is a voiceless sound.

In addition to cues of voicing and spectral peak, the place cue, formant transitions of
neighbouring vowels reveal that F1 by the end of the preceding vowel falls then rises at the
onset position of the following vowel. On the contrary, F2 rises during the preceding vowel
and falls during the following vowel. Similarly, F3 shows rising and falling or level at both
positions of vowels.

Another acoustic feature of /s/ sound is its utterance duration. The marked gridlines of
the Figure 5.2 clearly display that duration of preceding vowel is shorter than the following
vowel, Moreover, being a voiceless sound, duration of the consonantal part in the spectrogram

and waveform is quite long in aperiodic form. Thus, Hindko /s/ comprises of longer duration
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with irregular striation in the waveform and its main resonances are found in the region of
3500 Hz to 8000 Hz.

The Figure 5.2 also shows the spectrogram and the waveform of Hindko /z/ sound.
The voice bar at the bottom of the spectrogram shows continuous connection between the
preceding and the following vowel. Similarly, the pitch contour remains evident throughout
the vowels (see Appendix, B). Likewise, duc to the short duration of /z/ sound, waveform in
the Figure displays regular vibration of vocal folds throughout the closure. Thus, evidences
like continuous voicing during the utterance of vowel-consonant-vowel; continuous pitch and
presence of voice bar reveal that /z/ is a voiced sound in Hindko. From the mid of the
spectrogram, spectral energy begins at the level of around 4200 Hz which remains constant
1ill 000 Hz.

Formant transitions show that F2 and F3 rise during the preceding vowel and slope of
formant transitions fall at the onset of the consonant whereas again slope of F2 and F3 rise at
the offset of /z/. On the other hand, slope of F1 reveals falling by the end of the preceding
vowel and rising at the onset of the following vowel. Both preceding and following vowels
arc almost in similar duration. Utterance duration of /z/ is shorter than its counterpart /s/.

Thus, the acoustic properties such as shorter closure duration of /z/, presence of voice
bar with pitch contour and regular striation in the waveform reveal that it is a voiced sound.
Contrary to it, voiceless /s/ has longer duration and lack of pitch contour. In addition, spectral
peak in both sounds almost start from the same region; however, energy of /2/ is higher than
fs/ sound. The place acoustic feature in fricative alveolar sound reveals that F1 show falling at

the offset of the preceding and rising at the onset of the following vowels whereas F2 and F3
display mirror image at both positions.
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At palatal position, a voiceless fricative /f/ sound is produced in Hindko which is

analyvzed in the following section:
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Figure 5.3  Waveform and spectrogram of fricative palatal sound

The utterance of fricative /[/ in the above figure shows the absence of voicing during
the closure of consonantal sound. Aperiodic waves in the waveform reflect that /[/ is
articulated without vibration of vocal folds. Similarly, waveform also shows the longer
closure duration. Unlike its neighbouring vowels, the pitch contour remains absent during the
closure period of /f/ sound (see Appendix, B). Thus, these various factors indicate the
voicelessness of /{7 sound. The main resonances of /[7 start between the region of 2000 and
2500 Hz and remain consistent throughout the spectrogram.

The acoustic cue of formant transitions display that F1 and F3 fall at the offset of the
preceding and rise at the onset of following vowels. Contrary to it, F2 rises at the offset and
falls at the onset of the foilowing vowel. Duration of preceding vowel is more than the
following vowel. The waveform of the sound shows duration of the uiterance /f/ with
aperiodic component. Therefore, spectral characteristic of /f/ reveals that it is a voiceless

sound, and its major resonances start from 2200 Hz and remains till 8000 Hz.
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Figure 5.4  Waveforms and spectrograms of fricative velar sounds

Figure 5.4 reveals acoustic characteristic of /x/ and /y/ sounds. At the very beginning
of /x/ spectrogram, the bottom voice bar has discontinuity of energy and some part completely
lacks the spikes. The pitch contour in /%/ sound also shows the absence of stability (see
Appendix, B). Similarly, interval between vowels in waveform also displays aperiodic
component that refers to irregular vibration of vocal folds; therefore, these evidences
correspond that /x/ in Hindko is a voiceless sound.

The spectral peak of /x/ starts from 2749 Hz and disappears at around 3700 Hz in a
tew spectrograms and again starts at 5137 Hz and remains throughout vertically in the
spectrogram. However, most of the spectrograms of /x/ display spectral peaks from 2749 Hz
to 8000 Hz. Overall, the spectrogram of /x/ has somehow irregular vertical and horizontal
spikes. Thus, the weak energy in a spread form at higher frequency is the characteristics of
non-sibilant fricatives.

The cue of formant transitions of /x/ shows that F1 a little rises and then falls, F2 falls
or levels and then rises or levels, F3 rises or levels and falls or levels during the offset of the

preceding and the onsct of the following vowel.
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Another acoustic cue of fricatives is its utterance duration. Both spectrogram and
waveform of /x/ indicates a longer duration which is the property of a voiceless sound. The
Figure 5.4 also presents duration and amplitude of the preceding vowel is longer than the
following vowel, Fricative /x/ lacks the strong voice bar and shows longer duration, which is
uttered with open glottis, and termed as a voiceless sound.

Figure 5.4 also shows spectrogram and waveform of utterance /y/. It displays
resonances of noise in the wider part of the consonant. In other words, more region of
consonantal section is occupied with energy. The spectrogram of /y/ shows spectral peaks at
three different places. At the lower part, there is more striation than upper parts but the
preceding and the following vowels have more energy than the consonant. The strongest
resonances in the consonantal part at the bottom of spectrogram corresponds it as a voiced
sound. Similarly, the pitch contour also remains continue throughout the utterance (sec
Appendix, B). In addition to these spectrographic evidences, its waveform also shows regular
striationn which reflects that /y/ 1s a voiced sound.

At the second stage of this spectrogram, the cue of spectral peak is found between
2500 Hz and 4000 Hz. The area between 4000 Hz and 5000 Hz is quite white but again above
5000 Hz energy begins and remains till the top of the spectrogram. However, it is weaker than
other parts of the spectrogram. Overall, speciral peak of /y/ starts at around 2500 Hz.

The cue of formant transitions shows that both F1 and F3 slightly rises during the
onsct of /y/ and then falls at the offset position; however, F3 more rises than Fl1, On the
contrary, F2 falls at the offset of the preceding vowel while rises at the onset of the following
vowel. The amplitude and duration of the preceding and the following vowels are almost

similar. The consonantal area of /y/ contains duration than its counterpart voiceless /x/.
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As aresult, /x/ is a voiceless sound due to longer duration. It lacks pitch contour, much
resonances in the upper region and higher frequency spectral peak while /y/ has faint
formants, shorter duration and regular striation, thus, termed as voiced sound. Both sounds
have transitions slops of F1 and F3 in the direction of falling while F2 in rising position at the

offset of the preceding vowel. Conversely, at the onset position, formants have mirror image.
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Figure 5. 5 Waveform and spectrogram of fricative glottal sound

Figure 5.5 shows the spectrogram of Hindko fricative /fi/ sound. [ts resonating region
i1s lighter than other Hindko fricatives. Similarly, unlike others fricatives, its striation is also
spread over a narrow range of frequencies. Moreover, the spectral peak can be seen at three
different stages of the spectrogram. In the lower part, there is more energy at around 900 Hz
than the upper parts. The strongest resonance in the lower area was typical in all of /f/
utterances. However, at two other places, there is also spectral peak between 2600 Hz to 3500
Hz which is more prominent than the third stage in the area of 5000 Hz. The irregular
striations of /f/ permanently disappear above 6200 Hz.

In the above spectrogram, pitch contour remains continue throughout the utterance of

/f/ (see Appendix, B). In addition to the spectrogram, the waveform also displays this
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consonantal sound between vowels in a periodic component, Thus, the presence of voice bar,
regular waveform and the pitch contour correspond that /fi/ is a voiced sound in Hindko.

Formant transitions of /f/ can be seen in the spectrogram that reveals slightly rising of
Fl at the offset of preceding vowel while falling at the onset of the following vowels.
Contrary to it, F2 has mirror image. On the other hand, F3 is almost in steady state
throughout the utterance. Moreover, acoustic cue of duration shows that both vowels have
almost similar duration. Therefore, it can be concluded that Hindko /fi/ displays flat spectra
with low-frequency spectral peak. Due to the increase of oral cavity, its main resonances are
found in the lower region than other fricatives. Moreover, voiced /f/ sound shows weaker
energy in a spread form.

In addition to the intrinsic and extrinsic properties of fricatives through visual analysis,
statistical measurements are carried out to know fricatives characteristics in terms of average
medn values in the following section:

5.1.5 Statistical measurements of Hindko fricatives

The temporal measurements of Tancli Hindko fricatives are given in the following
section in terms of spectral measurements (frequency measures), fricatives duration and
neighbouring vowels duration. Qut of the eight fricatives, three fricatives, i.e. /v/, /y/, and /i/
have spectral properties (strong frications) at two places of the spectrograms including in the
high and the middle regions of spectrograms (see Figures, 5.1, 5.4 & 5.5). Similarly, some of
the /x/ sound also displayed spectral peaks at two places of the spectrogram, i.e. 2700-3800
Hz and 3000-8000 Hz respectively. However, in most of the /x/ spectrograms, there was
continuity of spectral energy ranging from 2700 Hz to 8000 Hz. The other four fricatives /f/,

/s, fz/ and /[ have spectral peaks at one place of the spectrograms (see Figures, 5.1, 5.2 &

160




5.3). The spectral measurements of all the eight fricatives were taken into account by clicking
in the bottom of aperiodic vibration of the spectrograms and tabulated in the Table, 5.6.

Table 5. 6 Spectral measurements values of fricatives; Means, Std. Dev. & Co. Var.

Fricatives Token Voicing Spectral measurements Std. Dev. Co.Var.
f 36 Voiceless 5084 203.9451 40112

v 36 Voiced 2822 220.8758  7.8258

s 36 Voiceless 3757 227.5976 6.0577
z 36 Voiced 4270 464.4003  10.8737
J 36 Voiceless 2202 241.0821  10.9452

X 36 Voiceless 2749 236.0335  8.5832
36 Voiced 2584 258.8271  10.0137

f 36 Voiced 2603 154.4899 5933

Table 5.6 reveals the measurement of Hindko fricatives in light of spectral
measurements. The Table shows that mean values of the same group voiceless /s/ (3757 Hz),
voiced /Z/ (4270 Hz) and voiceless /x/ (2749 Hz), voiced /y/ (2584 Hz) are almost nearer to
each other in frequency measures. However, resonances of voiceless /s/ starts lower than its
counterpart voiced /z/ but voiceless /x/ displays spectral energy higher than its pair voiced /y/.
Spectrographic analysis of /s/ and /z/ show continuity in the spectral peaks from the starting
point to the top of the spectrogram, i.e., up to 8000 Hz. Similarly, voiceless /x/ sound also
shows continuity throughout spectral peak starting from 2700 Hz to the top of spectrogram;
however, spectrographic and statistical analyses of its counterpart voiced /y/ sound depicts
spectral peaks at two places of the spectrogram, first between 2584 Hz to 3700 Hz and then

again energtes start at around 5027 Hz and remain up to 8000 Hz.
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Spectral peak of /f/ sound starts from 2203 Hz and remains up to 800C¢ Hz.
Spectrographic analysis of these three fricatives /s/, /z/ and /f/ exhibit more resonances than
the rest of Hindko fricatives (see Section, 5. 1. 2). Hindko voiceless /f/ sound shows the
starting point of spectral peak at the very highest point among Hindko fricatives, i.e., 5084 Hz
and its counterpart /v/ displays resonances at two places of the spectrogram. The results of the
average mean values of /v/ show spectral peak starting point first at 2822 Hz and then at 5030
Hz. Spectrographic analysis of /v/ reveals that the first spectral energy remains between 2800
Hz and 3800 Hz, and then between 5030 Hz and 6500 Hz (see Figure, 5.1).

The spectrogram of voiced sound /f/ also shows spectral peaks at two places. The
above table shows that spectral energies start from 2603 Hz, and the spectrographic analysis
reveals it up to 3500 Hz, and again displays energy between 5100 Hz and 6200 Hz.

Mean values of these fricatives are further confirmed by ANOVA.

Table 5.7 ANOVA for fricatives in terms of friction

Source of Variation 55 df MS F P-volue Fcrit
Between Groups 84642111 7 12091730 227.1325 1.74E-53 2.115472
Within Groups 4684808 88 53236.45
Total 89326919 95

ANOVA Table 5.7 ANOVA Table 5.7 reveals that as p-value is less than 0.01, thus,
there is significant difference among average mean values of fricatives. Further, LSD test is
applied to measure the pair similarities and differences in the following section:

1.8D=292.5703895

I Y f X v s z f
2202611 2584722 2603.833 2749917 2822389 3757.111 4270.833 5084.361
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The results reflect that little fraction values are also important in differentiating
fricative sounds.
in addition to resonances cue, fricatives duration was measured to distinguish among

sounds.

Table 5. 8 Duration of Hindko fricatives (sec); Means, Std. Dev. & Co. Var.

Fricatives Tokens  Voicing Duration (sec)  Std. Dev. Co.Var.
f 36 Voiceless 0.107 0.0111 10.4364
v 36 Voiced 0.084 0.0199 23.8190
s 36 Voiceless 0.127 0.0157 12.3745
z 36 Voiced 0.099 0.0137 13.8802
I 36 Voiceless 0.115 0.0106 9.26350
X 36 Voiceless 0.11 0.0149 13.5568
Y 36 Voiced 0.086 0.0143 16.5546
f 36 Voiced 0.104 0.0238 22.9342

Table 5.8 presents average means values of fricatives utterance duration with standard
deviation and coefticient variation. These values are further determined by ANOVA.

Table 5. 9 ANOVA for fricatives in terms of duration

Source of Variation SS df MS F P-vglue  Ferit
Between Groups 0.017121 7 0.002446  9.454009 1.07E-08 2.115472
Within Groups 0.022766 88 0.000259
Total 0.039887 95

The above ANOVA table 5.9 confirms that there is significant difference among
fricative duration as p-value is less than 0.01. In addition, LSD test is carried out to see which

pair is different from other.
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LSD=0.014453
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The average means values for fricative duration is placed in the following bar graph

for more comprehensive view:
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Figure 5.6 Utterance duration of Hindko fricatives

Figure 5.6 displays that voiceless /f/ has more duration than its counterpart voiced /v/.
Similarly, voiced /z/ has less duration than voiceless /s/. Likewise, /x/ has longer duration than
its counterpart voiced /y/. Moreover, two pairless sounds, voiceless /f/ and voiced /fi/ show
their closure duration. Glottal /f/ sound shows longer duration than other voiced sounds and
voiceless /f/ carries maximum duration in voiceless sounds but less than voiceless /s/. Thus, it

can be concluded that voiceless sounds have more duration than voiced sounds.
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The following bar chart displays the difference between voiced and voiceless sounds:
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Average mean values of fricatives utterance time by veicing

Figure 5.7 shows average mean values of voiceless /7, /s/, /f/, /x/ and voiced v/, /Z/,

v/, fA/sounds. It shows Hindko voiceless sounds carry more time than voiced during the

utterance. In addition to the voicing difference, the feature of fricatives duration can also be

compared according to the places of articulation in the following bar chart. Since palatal and

glottal have single fricative, thus, average of other pairs was taken into account so that

uniformity may remain consistent in places.

Fricatives Duration by Places of Articulation
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Figure 5. 8

Average mean values of fricatives duration by places
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Figure 5. 8 displays the significant difference among all places of fricatives
articulation. It clearly presents that front sounds; labio-dental has the least duration and
increase gradually towards palatal fricative which has maximum duration. However, there is
decrease in the velar place but again duration increases during the utterance of glottal
fricative. Thus, palatal has maximum duration while labio-dental has least duration. In
addition to individual analysis in terms of voicing and places, following chart shows contrﬁst

between voicing and places of fricatives:

| Fricatives Duration by FPlaces of
Axticulation with Voicing Clontrast
- 014 - e e e e e
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Figure 5. 9 Fricatives utterance time contrast of places and voicing

The above figure 5.9 depicts alveolar voiceless sibilant segment is the longest Hindko
fricative. On the other hand, labio-dental voiceless non-sibilant segment has least duratibn.
Back voiceless fricatives, i.e. palatal voiceless sibilant sound and velar voiceless non-sibilant
phonemes are longer than front labio-dental voiceless sound but shorter than alveolar
voiceless sound.

In case of voiced sounds, glottal voiced non-sibilant segment is the longest sound
whereas labio-dental voiced non-sibilant is the shortest sound among Hindko fricatives.

However, alveolar voiced sibilant has more duration than velar voiced non-sibilant sound.
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Thus, results reflect that voiced sounds are shorter than voiceless sounds and medial sounds,
alveolar and palatal carry more duration than front and back sounds.

In addition to acoustic cues of spectral measures and fricative duration, the cues of
neighbouring vowels are also statistically investigated in the following part:

Table 5. 10 Duration of adjacent vowels to fricatives (sec); Means, Std. Dev. & Co. Var.

Sounds Voicing  Preceding Std. Dev. Co.Var. Following Std.Dev. (o.Var.

vowel vowel
f Voiceless 0.165 0.0253 15.3075  0.185 0.0344 18.6318
v Voiced 0.184 0.0268 14.6268  0.182 0.0339 18.6254
3 Voiceless 0.166 0.0296 17.8789  0.210 0.0392 17.8813
z Voiced 0.193 0.0337 17.4126  0.226 0.0428 18.9969
J Voiceless 0.185 0.0395 21.3999  0.230 0.0608 26.4663
X Voiceless 0.186 0.0436 234318 0224 0.0416 18.6236
Y Voiced 0.185 0.0353 19.1002  0.209 0.0463 22,1632
fi Voiced 0.188 0.0316 16.8475  0.227 0.0329 14.5470

Table 5.10 shows the comparison of neighbouring vowels duration to fricatives.
Results show that mean values, standard deviation and coefficient variation of the following
vowels to fricatives are higher than the preceding vowels. A chart of this comparison is

drawn in the following:
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Figure 5.10 shows that all preceding vowels have less duration than following vowels.
However, /v/ is the only sound in Hindko fricatives whose neighbouring vowels durations are
almost samc, rather following vowel has slightly less duration than preceding vowel. In
addition, preceding vowel for voiced /z/ has maximum duration among all fricatives while
votceless /[/ has maximum duration for following vowel. Generally, there is a little difference
between the duration of preceding and following vowels to fricatives. Therefore, the present
rcsults are similar to general trend that preceding vowels remain less than following vowels.
5.1.6 Discussion on acounstic analysis of Hindko fricatives

The analysis shows that most of the acoustic features of Hindko fricatives are stmilar
to the general notion about the acoustic cues of fricatives sounds. Since Yavas (2006) denotes
that tricative spectrograms contain itregular spikes both horizontally and vertically, (see
Section, 2.5.3). Similarly, Hindko fricative spectrograms have indistinguishable results (see
Section, 5.1.2). Duration of voiceless Hindko /s/ and /f/ are longer than voiceless /f/ and /x/;
and voiced /v/ and /y/ are shorter than voiced /z/ and /f/ sounds. Likewise, for English

fricatives, Behrens and Blumstein (1988) identify that noise duration of voiceless /s/ and /J/
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are longer than votceless /f/ and /h/ and in voiced sound /v/ is shorter than /z/ (see Section,
2.5.3). Furthermore, they state that sibilants fricatives in English, i.e. /s,z, [,3/ are longer than
non-sibilant, i.e. /f, v, 8, 6, b/. Unlike English voiceless /h/, Hindko has voiced /fi/ sound.
Contiary to English /b/, Hindko /h/ has the longest duration among voiced fricatives of
Hindko.

Jongman (1989) states that English voiceless fricatives have longer duration than
voiced (see Section, 2.5.3). Similarly, Hindko voiced fricatives have shorter duration than
voiceless. Duration of the anterior labio-dental voiceless /t/ and the posterior velar /x/ is very
close to each other in Hindko. The labio-dental anterior voiced /v/ and posterior velar /y/ also
display a little durational difference of 0.002 seconds. Thus, both front fricatives have minor
decrease than back fricatives respectively.

Generally, in the articulation of Hindko consonants, labio-dental is the second place of
articulation from the front of the oral cavity and the velar is the second last place of
articulation from the back of the oral cavity but both places have almost same duration. In
addition, a front sibilant voiceless fricative /s/ has longer duration than back voiceless /f/, /x/
sounds, and voiced /z/ has more duration than the back voiced /y/ fricative.

Spectral measurements of sibilants /s/, /z/ and /J/ sounds show clearly higher
frequency with more intense energy. These findings are similar to the views of Yavas (2006)
(see Section, 2.5.3). The uppermost part of spectrogram for /[/ has irregular striation while
alveolar /s/ and /z/ have regular energy in that part. Mean values show that voiceless /s/
spectral peak starts lower than voiced /z/ (see Table, 5. 6). Similar to sibilant sounds, spectral
energy in Hindko non-sibilant /f/ sound has close resemblance to the resonances of English /f/

indicated by Davenport and Hannahs (2010) (see Section, 2.5.3). Spectrogram of voiceless /x/
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shows spectral peak starting from 2749 Hz, which remains up to 8000 Hz. However, upper
part of the spectrogram has stronger striation than lower part and show in some way irregular
vertical and horizontal spikes. However, in a few spectrograms of /x/, spectral energy was
found at two places. At the first stage, irregular striation starts from 2749 Hz to 3700 Hz and
ai the second stage between 5137 Hz to 8000 Hz.

Spectral peaks of /v/, /x/, and /fi/ are found at two places of spectrograms including the
bottom region energy, which refers to the properties of voiced sounds. Average mean values
of these sounds show that spectral peaks start from 2822 Hz for /v/, 2584 Hz for /y/ and 2603
Hz for /fi/. These resonances remain in the medial part of spectrograms for 1000 to 1500 Hz.
Then spectrograms display white areas and again energy starts from the region of 5030 Hz to
6300 Hz for /v/, 5027 Hz to 8000 Hz for /y/ and 5103 Hz to 6200 Hz for /fi/ sounds. Overall,
unlike sibilant sounds, Hindko non-sibilant sounds have weak energy in spread from in the
upper part of spectrograms. In addition, non-sibilant fricatives in Hindko display flat spectra
while non- sibilant sounds have high-frequency spectral peak. Thus, these results are quite
similar to the general pattern of fricatives (e.g. Yavas, 2006; Raphael, et al., 2007; & Gut,
2009) (see Section, 2.5.3).

However, unlike Hindko voiced /f/ sound, English has voiceless /h/ sound. Davenport
and Hannahs (2010) state that major resonating energy of /h/ is found in the region of 1000
Hz. For other English fricatives, they identify the strongest resonances in the regions of about
3000 Hz for /fY, 4000 Hz for /s/ and 4500 Hz for /f/ (see Section, 2.5.3). Analysis of Hindko
[ricatives shows that spectral energy starts at 2202 Hz for /{/, 3757 Hz for /s/, 4270 Hz for /z/

and 5084 Hz for /{7 (see Table, 5.6). The findings of Hindko fricatives duration are in line
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with English fricatives duration whereas Hindko fricative spectral measures are not much
similar to English fricative sounds,

f.ike the general trend, resonances of Hindko voiceless /f/ and /x/ cover more energy
than their counterparts voiced /v/ and /y/. Pairless voiceless /[/ sound has energetic resonances
while voiced /fi/ shows weak spectrographic energy. However, resonances for voiced /z/ and
voiceless /s/ are almost similar (see Section, 5.1.4). Unlike analysis of other consonants,
fricatives neighbouring segment vowels, F1 and F2 are closer to each other. Both formants
(F1 & F2) have higher resonances whereas F3 and F4 are found in the upper frequency of
spectrograms and remain quite fainter.

The analysis of formant transitions of preceding and following vowels for labio-dental
fricatives show slightly falling of F1 and F2 by the end of preceding vowel and rising in the
beginning of following vowel. However, F3 is almost either in steady state or slightest falling
and rising at vowels offset and onset positions. Contrary to it, transitions of alveolar /s/ and
/z/ present falling and rising of F1, rising and falling of F2 and F3 at offset and onset positions
of vowels. Formants movement of /[/ are falling and rising for F1 and F3 while F2 has mirror
image. Neighbouring segments in the formant patterns of Hindko velar sounds reflect that F1
and F3 rise by the end of preceding vowel and fall at the onset of following vowel while F2
shows mirror image. The findings of fricatives adjacent vowels are similar to the general
notion that preceding vowels take less duration than the following vowels (see Figure, 5.10).

Under KP Text Book Board, a committee for standardization of Hindko Alphabets
approved nine fricatives including /3/ sound (see Appendix, A). However, during the present
study, the researcher recorded this sound for acoustic analysis as it supposed to be in

articulatory phonetics, e.g. /3allimm/, /30:k/, but both intrinsic and extrinsic properties of the
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13/ spectrogram were found similar to Hindko glide /j/. Therefore, it is concluded that the
existence of /3/ sound is not possible in Hindko. The TBB committee may be included /3/ in
tlindko (see Section, 2.1) due to the influence of Urdu, e.g. Hussain (n.d) states that Urdu
allows nine fricative sounds, i.e. /7, v/, /s/, fz/, I/, 13/, Ix/, ly/ and /h/.
5.2  Hindko affricates

Three Hindko affricates, /f/, /dz/ and /{"/ were identified on the basis of minimal pairs
(see Table, 4.1). |
5.2.1 Articulatory phonetic analysis of Hindko affricates

Like other obstruents, i.e. stops and fricatives, Hindko affricates can also be
distinguished by voicing:

Table 5. 11 Contrast in places and voicing of Hindko affricates (/f7, /ds/, "

Position of Alveolar Gloss  Alveolar Gloss  Alveolar aspirated Gloss
sounds unaspirated voiced
Initial fa:l Gait dal Net {al Sore/Jump
Medial batfifa: Child badzdza: Beatup bay"fa: Cow calf
Final raffyf Build  radsdy  Eatto rag"y" Feat/Action
fill (in negative
sense)

Data in the Table 5.11 shows three Hindko affricate sounds, Af/, /d3/ and /§"/. These
sounds can freely contrast with one another. The phoneme /§7 contrasts with /d3/ as in the
words /fa:l/ and /dza:l/. It signifies that /f is a voiceless affricate while /&/ is a voiced
affricate. In addition, Table also reveals contrast of these two segments with /A" at three

possible positions as well. Unlike other two affricates, /§®/ is produced with an audible puff of
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air at the release stage which marks it as an aspirated sound. Thus, it can be concluded that in
Hindko, affricate /f/ is an unaspirated, /d3/ is a voiced and fghf is an aspirated sound.

Like many other languages, Hindko affricates have similar places of articulation, as /{/
is an alveolar voiceless sound; /d3/ is an alveolar voiced and A/ is an alveolar aspirated
sound. Thus, each affricate sound is found in commutation test. Affricates are also analyzed in
terms of different possible occurrence in the following table:

Table 5. 12 Distribution of Hindko affricates

Sounds  Initial Gloss Medial Gloss Final Gloss

a3/ dzott Combat nadzdzo:r  Sick la:dzdz Treatment
it abb Bite kafffa: Raw raflyf Assemble
nh hagt Roof bay'yha:  Cowcalf  kag’f" Measure

Data in the Table 5.12 shows that Hindko affricates /d3/, /{/ and fjhf can freely occur
word initially, medially and finally. All the occurrence of affricates at different positions in
Hindko is not strange because the occurrence of such sounds is also possible in other
languages of subcontinent, like Punjabi, Urdu, Hindi and Pahari etc.

5.2.2 Discussion on articulatory analysis of Hindko affricates

Articulatory analysis shows that there are three affricates, voiceless alveolar /f, its
counterpart voiced /dz/ and aspirated /4" sounds. All segments can freely make contrast of
phonemes, contrasting in voicing and distribution at three possible positions with different
lexical items. In case of English, there are two affricate sounds voiceless and voiced. Both
sounds can occur word initially, medially and finally.

Davenport and Hannahs (2010) refer to other languages that affricates are found in

many languages with different places of articulation. Such as, “German has voiceless labio-
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dental /p'/ in pferd ‘horse’ and voiceless alveolar /t/ in zug ‘train’; Italian has a voiced
alveolar /dz/ in zona ‘zone® (p.27). Reetz and Jongman (2009) denote that /t% in German
freely occurs word initially, medially and finally. Similar to Hindko, three affricates,
voiceless, aspirated and voiced, are commonly found in the languages of sub-continent at
three different positions such as Urdu, Punjabi and Pahari etc.

Moreover, Reetz and Jongman (2009} state that IPA has no separate symbols for
affricates but combines plosive and fricative and this procedure reduces the number of

symbols that have to be remembered.
5.2.3 Acoustic analysis of Hindko affricate sounds
Hindko affricates are acoustically analyzed in the following section:
5.2.4 Spectrographic analysis of Hindko affricates
Due (o some specific acoustic features, affricates have their own identity. Therefore,

visual analysis of these spectrograms specifies those particular characteristics of Hindko

alfricates.
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Figure 5. 11  Waveforms and spectrograms of Hindko affricates
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Figure 5.11 shows waveforms and spectrograms of /f/, /d3/ and /§"/. The marked
boundaries clearly indicate the parts of affricate sounds. That overall duration of sounds have
two parts, i.e. complete closure before the release of sound and friction of sounds
respectively. Since silent gap is the feature of stop sounds while friction is the feature of
fricative sound. Thus, combination of these two cues makes them affricates,

Unlike /¢ and /1[“:’, /d3/ has horizontal voice bar in the bottom of the spectrogram
which refers to the voicing feature. Likewise, /d3/ sound also shows pitch contour throughout
the utterance whereas /f7 and /f"/ lack this acoustic feature (see Appendix, B). Similarly,
waveform of the consonantal part /d&3/ displays more striation than the bars of // and /",
Though before the following vowel, waveform bar of /§"/ has strongest constriction, yet that is
due to the aspiration of sound. These features reflect that /d3/ is a voiced and /g and /™ are
voiceless sounds. Unlike /4", neither spectrograms nor waveform bars of /§7 and /ds/ have any
delaying signs between the release of consonantal phonemes and onset position of following
vowel. Therefore, /§7 and /dz/ are termed as unaspirated and voiced phonemes, and A"/ as an
aspirated sound. In addition, air combination of aspiration and fricative part of "/ sound, i.e.
[/ makes the upper part of spectrogram including its waveform as a more energetic part of the
sound. The first part of /§7 is /t/ which is an alveclar unaspirated stop, whereas the first of the
symbo! /d3/ is /d/ which is an alveolar voiced stop. Spectrogram of voiced /d/ shows more
evident harmonics than unaspirated /t/. On the other hand, fricative part of unaspirated
alfricate /f/ is /J/, a fricative unaspirated sound, which displays the energy above F2
continuously till the top of spectrogram whereas fricative part of voiced affricate /d3/ is /3/,
i.e. fricative voiced sound which shows discontinuity in the bands. Overall, all the

spectrograms show frication to full amplitude,
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Spectrograms of sound /7 and /§"/ show equal duration for silent gap and frication
part while /d&3/ has less horizontal duration for frictional noise part than silent gap of sound.
l.ike general tendency, duration of voiced part is shorter than unaspirated while aspirated
sound has the longest duration. Before the frication noise, there is abrupt release of the closed
air in form of a burst which is prominent in unaspirated sounds than voiced. The place cue,
formant transitions have similar function in all sounds that preceding F1, F3 fall and F2 rises
at the offset of preceding vowels whereas at the onset of following vowels transitions show
mirror image. Such formant transitions are the characteristics of alveolar sound.

5.2.5 Statistical measurements of Hindko affricates

In addition to spectrographic analysis, affricates data was statistically measured in

terms of frication duration and closure duration respectively in the following section:

Table 5. 13 Frication duration values of Hindko affricates; Means, Std. Dev. & Co. Var.

Affricates No. of Tokens Means (sec) Std. Dev. Co.Var.
i} 36 0.0597 0.0136 22.8216
ds 36 0.0423 0.0058 13.8027
¢’ 36 0.0798 0.0117 14.7081

Table 5.13 shows the average mean values of frication duration in affricates with
standard deviation and coefficient variation. Average mean values are further determined by
ANOVA,

Table 5. 14  ANOVA for frication duration of affricates

Source of Variation  SS df MS F P-value Ferit
Between Groups 0.008454 2 0.004227 35.43611 6.07E-09  3.284918
Within Groups (0.003936 33  0.000119

Total 0.01239 35
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ANOVA Table 5.14 show significant statistics as p-value is less than 0.01. Moreover,
LSD test is employed to measure the discrepancies within affricate pairs.
LSD=0.009814

Segments d3 1 th
Frication duration Means 0.042302 0.059755 0.079808

Furthermore, mean values of frication time were put into chart form to see difference

through bars:

Affricates Frication Duration

Time in Seconds

ication duration

Figure 5.12 Hindko affricate sounds in terms of frication

Figure 5.12 reveals frication duration that aspirated /f"/ has maximum frication
duration almost double to voiced /d3/ sound whereas unaspirated /fff carries frication time in
mid of both sounds. Consequently, like general concept, Hindko voiced affricate has less
frication duration than unaspirated and aspirated sound get more time than unaspirated.

Table 5. 15 Closure duration values of Hindko affricates; Means, Std. Dev, & Co, Var.

Affricates No. of Tokens Means (sec) Std. Dev. Co.Var.
[ 36 0.0815 0.0133 16.3500
& 36 0.0564 0.0069 12.3085
f" 36 0.0763 0.0116 15.2533
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Table 5.15 reveals that average mean values of affricates closure duration with
standard deviations and coefficient variation. Average mean values are further analyzed by

ANOVA.

Table 3. 16  ANOVA for closure duration of affricates

Source of Variation ~ SS df MS F P-value Ferit
Between Groups 0.00421 2 0002105 1746526  6.71E-06  3.2849i8
Within Groups 0.003977 33 0.000121

Total 0.008187 35

Results of ANOVA table show significant difference among affricates as p-value is
less than 0.01. In addition, pairs of aflricates are further investigated by LSD test to see the
difference within pairs.

LSD=0.009865

Segments 43 " 1)
Means of closure duration (.056449 (1.076298 0.081564

Average mean values carried out by Pratt software and then confirmed by ANOVA

are drawn in the bar graphs in the following:

Figure 5. 13 Hindko affricate sounds in terms of closure duration
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Figure 5.13 shows maximum closure duration for unaspirated /ff/ sound, aspirated K
takes less closure time than unaspirated but more than voiced sound. Thus, /ds/ has minimum
closure than other affricates. Like Hindko plosives, affricates voiced sound takes shorter
closure duration than unaspirated sounds. In the following part, affricates were investigated

by considering overall duration.

Affricates Duration
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Figure 5.14 Hindko affricate sounds in terms of duration

Figure 5.14 displays overail duration of Hindko affricates. Aspirated sound carries
longer duration than unaspirated sound. However, voiced sound shows the shortest duration.
5.2.6 Discussion on acoustic analysis of Hindke affricates

The acoustic measurement shows that /f/ in Hindko is an unaspirated; /d3/ is a voiced
whereas /" is an aspirated segments. Like other languages of the world, Hindko affricates are
also articulated from alveolar place of articuiation.

Hayward (2000) states that silence period of affricates remains less than stops and
noise petiod of affricates also take shorter time than that of fricatives (see Section, 2.5.4). He
gave an example of English /§/ and /f/ with the duration of (236 ms} and (212ms) respectively
which reveals that total duration affricate /§/ is slightly longer than single fricative /f7. The

results show that Hindko affricates have shorter duration than that of stop and fricative. That
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silent gap duration for voiceless /tf/ is 0.0815 (sec) while stop /t/ shows 0.102 (sec), voiced
/d3/ has 0.0564 (sec) and stop /d/ shows 0.0683 (sec}, aspirated /4" has 0.0763 (sec) while
stop aspirated /t"/ shows 0.0902 (sec). Similarly, Hindko fricative /{/ has 0.115 (sec) frication
duration while Hindko affricate noise period duration is 0.0597 (sec). However, Hindko has
no /3/ fricative, thus, not been given its measurement to match with affricate. Overall, it can
be concluded that affricates silent gap period take less time than stops. Similarly, noise part of
affricates is shorter than fricatives.
53 Hindko approximants
Four Hindko approximations were established on the basis of minimal pairs (see

Table, 4.1). These approximants comprise of one glide /j/, two liquids /I/ and /t/ and one flap
/t/. Liquids are also said as lateral /I/ and trill /r/. Unlike stops and fricatives but like nasal
consonants, all approximants are voiced and sonorant sounds.
5.3.1 Articulatory analysis of Hindko approximants

Hindko approximants; /j/, /7, /t/ and /¢/ are tabulated in the following table to see their
characteristics:

Table 5. 17  Data based on approximant sounds, conirast for places

Sounds Alveolar Gloss Palatal Gloss  Retroflex  Gloss  Alveolar  Gloss
voiced voiced voiced voiced

i, 1y lazf  Corpse  jayf  Profligate N/A N/A N/A N/A

A, Il N/A N/A jull  Cockroach  N/A N/A roll Nomadic

ArAAe larra: To wait  jarra:  Oh friend! N/A N/A razra:  This side

i,/ gull  Flower N/A N/A gour Sweetie gorr Trick

Data in the Table 5.17, /I/ and 4/; /j/ and /t/; /I, i/ and /r/ are compared contrastively

for the places of articulation. However, data of /f sound is compared word finally in the table
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because it cannot occur word initially in the dialect. In the places of articulation, the above
analysis shows that glide /j/ is a palatal sound. During its production, the front part of the
tongue touches to the palatal area of oral cavity and articulated without any obstruction. On
the other hand, /I/ and /t/ are produced at with some obstruction but not like stops. There is no
difference in places of /I and /r/, both are alveolar sounds, but in manner of articulation, the
former segment is a lateral and latter 2 trill sound. For the alveolar lateral /I/, the blade of the
tongue approaches to the alveolar ridge whereas trill /1/ is produced with the tip of tongue.
Generally, during the production of these two sounds, the air goes out from the sides of the
tongue and central part of the tongue remains in touch with the passive articulators. In the
articulation of retroflex flap /1/ sound, the tip of the tongue touches to the hard palate and gets
immediate return and the tongue is curled back and reaches behind the alveolar ridge.
Description of approximants in terms of distributional differences is given below:

Table 5. 18  Data for distribution of Hindko approximants

Sounds Initial Gloss Medial Gloss Final Gloss

r/ ra:, Night tarra: Star fir Tear

i lag"g"a: Bunch yo:li: Shell Jarto:l A type of tree
W jaf Profligate maija: Song N/A

it/ N/A faxi: Clapping tar See

Table 5.18 presents that glide /j/ can occur at two places in Tanoli Hindko, word
initially and medially. At word initial position, its occurrence is commonly found but rare
examples exist at word medial position in Tanoli Hindko. Usually, occurrence of /j/ word

medially and finally becomes /a:/. Data shows that /I/ and /t/ can occur word initially,
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medially and finally. On the other hand, the retroflex /f/ can occur word medially and finally
but not word initially. It has been observed that the use of // is comparatively more common
than other segments in the dialect. Unlike stops and fricatives but like nasal consonants, all
Hindko approximants are voiced and sonorant sounds.
5.3.2 Discussion on articulatory analysis of Hindko approximants

Hindko /j/, in the distributional occurrence is a possible sound word initially and
medially; however, in case of a syllable, instead of /j/, it turns into a vowel /2 due to its
vowel like featurcs. In a similar study, Hussain (n.d) states that in Urdu, glide /j/ turns into a
long vowel at word medial position and functions as the nucleus of the syllable. Hayward
(2000) states that when /j/ occurs as nuclei in the syllable structure, it functions like a vowel
while at onset and coda positions it works as a semivowel.

Hindko /r/ can be heard at three positions; however, word finally, as in /barr/ ‘fly’
/narr/ ‘active” and /far/ ‘dispute’ etc, the tongue blade makes more vibration repeatedly
against the alveolar ridge. On the other hand, in case of English, Davenport and Hannahs
(2010) state that if /r/ is pronounced word initially, medially and finally in a variety of English
it is known as rhotic accent of English whereas when /r/ is not pronounced word finally (as in
bear) and before a consonant (as in cart), it is called non-rhotic accent of English.

In case of the place of articulation of liquids and glides, the results of the present study
show that /I/ and /r/ are produced at alveolar ridge and /j/ is articulated at palatal part of the
oral cavity, On the contrary, Awan (2004) states that in Peshawari Hindko, /I/ and /t/ are

articulated at dental position while /j/ is produced at a velar position (p.55).
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5.3.3 Acoustic analysis of Hindko approximants

Hindko approximants, i.e., glide, lateral, liquid and flap, are acoustically analyzed in
the following section:
5.3.4 Spectrographic analysis of Hindko approximants

Through the spectrographic analysis, intrinsic and extrinsic characteristics of Hindko

approximants are scrutinized one by one in the following figures;
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Figure 5. 15 Waveform and spectrogram of Hindko glide sound

Glide /j/ ts the most widespread sound cross-linguistically. This sound can easily be
distinguished from other consonants in the sense that its adjacent vowel formants, F1 and F2
connect with identical formants of /j/ having the same outstanding dark harmonics in the
region of consonantal part and make an oval lips shape. However, the space within formants
encircling part lingers somewhat white. Consequently, occurrence of formants dark energy in
the region of /J/ is parallel to vowel feature.

F1 of intervocalic glide /)f shows almost steady state or decrease, while neighbouring
F1 remains slightly higher. Nevertheless, in case of preceding vowel /a/, F2 rises to the

midpoint of consonant and then it falls towards onset of the following vowel. As a result, F2
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reveals the highest point of the tongue raised toward the hard palate. The major
spectrographic difference of /j/ is rise and fall of F2 on regular interval. Similarly, F3 of /j/
rises higher in the medial part while the preceding vowel formant falls at offset position and
rises at onset of the following vowel. The horizontal black bar during the utterance of /j/ and
pitch contour throughout the spectrogram shows that it has a voiced sound. Its waveform also
shows regular striation which refers to the sonority and voicing feature of glide like vowels.
The intensity bar (a yellow bar) remains higher at vowels position but lower at glide position

{see Appendix, B).
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ngure 5.16 Waveform and spectrogram of Hindko lateral sound

Figure 5.16 displays that F2 and F3 of lateral /I/ have steady state like its adjoining
vowels. However, lhere is a quiet gap between both formants. F1 of lateral /l/ gets
comparatively a lower position at the central place than preceding and following vowels. The
difference between vowel and lateral can easily be observed in the spectrogram that adjacent
vowels are darker than the consonantal part and the duration of /I/ is almost equal to both
vowels. In addition, waveform gives a clear view of the difference between vowel and

consonant. The place cues, formant transitions of F1 and F2 at both vowels are in level and F3
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rises at offset position of the preceding vowel and falls at onset position of the following

vowel. Spectrogram presents pitch contour that refers to the quality of voiced sound (see

Appendix, B).
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Figure 5. 17 Waveform and spectrogram of Hindko liquid sound

Figure 5.17 shows spectrogram of /t/ sound of Hindke and its formants of intervocalic
part can be seen lighter than that of vowels. Unlike other approximants, harmenics of /t/
utterance are found in broken form. Moreover, above 3000 Hz, at the shear of left hand of /t/
towards the end of utterance, a small whitened part is an indication of liquid A/ souﬁd.
Articulation of /t/ takes least duration not only among the approximants but also in all Hindko
consonants. Like spectrogram, its waveform also indicates a small gap of consonantal part
between neighbouring vowels. In some of the utterances, it was hard to distinguish
consonantal part due to the less duration and the effect of preceding and following vowels.
Furthermore, unlike /I/, the occurrence of F3 in /t/ is not much higher than F2. Formant
ransitions show rising of F2 and F3 at offset positian of the preceding vowel while onset
position shows mirror tmage. F1 at offset position shows level while a little falling during the

lollowing vowel. The pitch contour and intensity bar show falling and rising position at
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medial part of the consonant. Like other approximants, consistency in the pitch contour (se¢

Appendix, B) and strong striation at waveform of /t/ reflects that it has a voiced sound.
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Figure 5. 18 Waveform and spectrogram of Hindko flap sound

The spectrogram of the flap // is almost similar to liquid /r/. However, its F2 has
strong resonances which are similar to vowels. Overall, its position is darker like preccdi_ng
and following vowels but in its upper part, there is a small whitish part in the beginning like
liquid /t/ sound. However, it does not show a straight vertical line like /r/ at the offset of the
preceding vowel rather white part has equal distribution at both sides.

Formant transitions show at the offset of preceding vowel, falling of F3 and rising of
F2 wheieas at the onset position, rising of F3 and faliing of F2. On the contrary, Fl at the
offset and onsct positions show a little falling and rising but overall, like other approximants,
it has a level position. The pitch contour {see Appendix, B) and the voice bar at the bottom of

the spectrogram and a strong constriction in the waveform reflect that /i/ in Hindko is a

voiced sound.
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5.3.5 Statistical measurement of Hindko approximant sounds
In addition to the visual representation, Hindko approximants were examined
statistically by means of their first three formants.

Table 5. 19 Formants values of Hindko approximants (Hz); Means, Std. Dev. & Co. Var

Sounds [1 Std. Dev. Co.Var. F2 Std. Dev, Co.Var. F3 Std.Dev. Co.Var.

] 558 188.183  33.724 1779 126574 7.113 2438 242989 9.968
I 463 154.970 33493 1419 166.881 11.759 2486 165.532 6.659
T 359 193236 34549 1490 166.678 11.187 2409 123313 5.119

[ 592 209344 35337 1428 140257 9.819 2246 246.717 10.982

The above table 5.19 presents frequency mean values of approximant formants, F1, F2
and F3 with standard deviation (Std. Dev.) and coefficient variation (Co. Var.). The
coefficient variations of F1 are almost identical for all the sounds but quite higher than F2 and
F3. On the other hand, coefficient variation of F2 and F3 are very much balanced. The
following tables show the results of ANQVA test.

Table 5. 20  ANOVA for approximant sounds in terms of F1

Source of Variation 8§ df MS F P-value  Ferit
Between Groups 112597.9 3 37532.62 1.067828 037248  2.816466
Within Groups 1546538 44  35148.58

Total 1659135 47

ANOVA table reveals p.value of F1 for approximant sounds is higher which depicts
that F1 values are very similar to each other. Therefore, further analysis of pair test is not

carried out.
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Table 5.21  ANOVA for approximant sounds in terms of F2

Source of Variation SS af M5 F P-value Fcrit
Between Groups 1036870 3 3456234  15.13827  6.57E-07 2.816466
Within Groups 1004569 44 22831.1

Total 2041439 47

The above ANOVA table shows that average mean values of F2 has significant
difference as p-value is less than 0.01. In addition, I.SD test is examined to view the
discrepancies within the pairs.

LSD=135.7713

Segments I r r j
Means of F2  1419.11 1428.359 1489.927 1779.349

The line, under /1/, /t/, /r/, indicates that pairs of /I, {/, /I, 1/ and /¢, r/ are similar in terms
of F2 whereas pairs of /j, I/, /j, t/ and /j, t/ have different mean values. [t reflects that /I/ takes
least formant frequencies than others approximants whereas /j/ carries maximum frequency

among others.

Table 5.22  ANOVA for approximant sounds in terms of F3

Source of Variation SS df  MS F P-value F crif
Between Groups 3881341 3 129378 3.184283  0.032943  2.816466
Within Groups 1787728 44 40630.19

Total 2175862 47

As p-value indicates that the approximantal sounds of Hindko are significantly
ditferent from one another at 0.05% but not at 0.01% level of significance. Therefore, LSD
test s applied for further analysis.

LSD=181.121
Segments ( t i 1
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Means of F3 2246376 2408.756 2437.646 2485.818

The test reveals that pairs of /t, v/, ft, i/, /r, I/, /j, I/ have similar while /j, ¢/, /1, ¢/ carry
different mean values. It shows that /[/ get minimum and /I/ takes maximum formant frequencies.

The mecasured mean values of approximants are put into a bar chart in the following section:

Hindko approximants formants
i‘
=
S
3
g
Figure 5. 19 Formant frequencies of Hindko approximants

The results in the figure 5.19 reflect that the low frequency value, F1 of glide /j/ is
higher than F1 of lateral /I/ but lower than other two sounds. On the contrary, mean value of
2 of /j/ can be seen at the highest point among all segments. Average mean frequency of F3
for glide is shown without a prominent difference with lateral /1/ and liquid /v/ while flap
retroflex /t/ sound shows the difference of around 200 Hz than other sounds.

The results of lateral /I/ have the lowest means frequency of F1 and F2 than other
segments whereas F3 is at the highest position in means frequencies. Liquid /t/ has higher
mean values for F1 than /j/ and /I/, yet it is lower than /{/. On the other hand, F2 is lower than
{3/ but higher than /I/ and /¢/. Similarly, F3 is higher than // but lower than /j/ and /I/. Flap /{/
has least mean frequency for F1 and F3 than others segments but F2 is higher than /1/ and less

than /j/ and /r/ sounds,
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In addition to the formant measurements, duration was measured statistically to
distinguish approximants through utterance length. Average mean values are tabularized

below:

Table 5.23  Duration values of Hindko approximants; Means, Std. Dev. & Co. Var.

Approximants Duration Std. Dev. Co.Var.
i 0.1179 0.0178 15.0836
! 0.0969 0.0083 8.6239

r 0.0425 0.0138 32.4085
[ 0.0458 0.0103 22.5817

Table 5.23 cxhibits approximants mean values with standard deviation and coefficient
variation. Duration of /j/ is longer than other approximants and /1/ carries minimum duration
but cocfficient variation of /i/ is more than other segments. The average means of these
approximants are further verified by applying ANOVA test.

Table 5.24  ANOVA for duration of approximant sounds

Source of Variation S8 a7 MS F P-value Ferit
Between Groups 0.050787 3 0.016929 99.12516  1.34E-19  2.816466
Within Groups 0.007515 44 0.000171
Total 0.058302 47

As p-value is less than 0.01, therefore, all approximantal sounds are significantly
different from onc another. Further, LSD test is employed to examine similarities and
differences within pairs of Hindko approximants.

LSD=0.011742735

Segments T T 1 j
Means of Duration 0.04176 0.043933 0.096362 0.11912
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The test shows that the pair of /r, t/ have similar utterance duration whereas other pairs
arc different from one another. Furthermore, duration mean values of approximants are shown

through bar chart for more clear view in the following:

Time in seconds

Figure 5. 20 Duration of Hindko approximants

Figure 5.20 shows that Hindko palatal /j/ takes maximum time during the utterance
and alveolar /I/ carries less time than glide but more than retroflex /t/. However, alveolar /t/
and retroflex /¢/ have relatively similar duration during the articulation. Overall, /1/ carries
least duration among Hindko consonants.

Therefore, approximant sounds duration can be concluded in the following hierarchy:
glide > lateral > flap > liquid. It can be said that temporal characteristic is also a helpful
acoustic cue for Hindko approximants seeing that measurements reflect substantial difference
among sounds articulation time.

5.3.6 Discussion on acoustic analysis of Hindko approximants

The analysis reflects that formant frequencies of approximants are found in the
spectrographic region of 0-4000 Hz. Similarly, Harrington and Cassidy (1999} also state that
formants of approximants occur within 4000 Hz. Hayes (2004} denotes that acoustic theories

of approximants should be investigated through their formant structure (see Section, 2.5.5).
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Thus, Hindko approximants were measured through their formant frequencies. [t was also
found that all Hindko approximants have low F1 like F1 of vowels. Yavas (2006) also
indicates that approximant sounds carry low F1 like vowels (see Section, 2.5.5).

F2 of glide /)/, among all Hindko approximants, is at the highest position. It has (1779
I1z) frequency mean values which ts somehow lower than Hindko oral vowel /i:/(2196 Hz). It
implies that during the articulation of Hindke glide /j/, the tongue remains on high front
position. Yavas (2006), Pisoni (2008) and Ladefoged (2003) denote that English /j/ has high
I-2 which is parallel to high front vowel /i:/ (see Section, 2.5.5). F1 of Hindko /j/ is higher
than Hindko /i:/ and /1/ whereas F2 is lower than Hindko /i:/ but higher than /l/ (see Figure, 5).
Nolan (1983) and Lehiste (1964) state that generally glide /j/ include lower F1 and higher F2
frequency than /i:/ and /I/ sounds.

The spectrographic analysis of Hindko /17 sound lacks the acoustic energy above 500
Hz. Nolan (1983) and Lehiste (1964) also states that /I/ sound carries less acoustic energy. F1
of Hindko /17 can be seen at the lowest position among approximants while means frequency
of F3 remains at the highest position. However, utterance duration of glide /}/ carries more
time than lateral /1/.

The spectrographic analysis of /r/ and /¢/ are almost identical. Nonetheless, major cue
is the transition of F3 which falls during the preceding vowel of /7 and rises at its following
vowcel. On the other hand, transition of /t/ has mirror image. Similarly, /t/ segment has wider
part of whitish colour on its left side above 3000 Hz which is found in more horizontal
position than vertical. F2 and F3 of /t/ remain lower than /r/ sounds whereas F1 of /t/ is higher

than /¢/ and both sounds carry less duration among others.
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The results of formant transitions at adjacent positions, which is the place cue, show
that F1 of approximants are almost in level position; F2 of three approximants /j/, /r/ and /¢/
show rising and falling positions while /1/ has level position. F3 of /j/ and /{/ has falling and
rising positions whereas /lI/ and /t/ sounds have mirror image. Overall, spectrogram of /I/
carries less energy than other approximants and the spectrogram of /r/ was almost similar to
neighbouring vowels due to its strong energy and short duration.

Comparison of approximantal consonants and vowels reveals that F1 of approximants
is almost near to high Hindko vowels /i, 1, e:/ but F2 is somehow different from vowels due
to the front and back positions of vowels. These facts reflect that some acoustic cues are
common between Hindko approximants and vowels (see Tables, 5.19 and 6.3). Findings of
temporal analysis reflect that glide /j/ has maximum and /r/ carries minimum utterance time.
Durational difference between flap /t/ and trill /t/ is almost parallel, such as a minor utterance
difference of 0.0033 seconds is found between these two sounds. On the whole, statistical
measurements remained a quite helpful technique to show formants structure and temporal
characteristics of Hindko approximants.

5.4  Segmental features of Hindko consonants

A segment is not a single entity rather a composition of various features. Since years,
the use of features for the description of speech sounds remained a common practice among
linguists. Linguists named them on various grounds such as acoustic, phonetic and distinctive
features etc. The most elaboration of the features on a case-by-case basis is found in the works
of Jakobson and Halle’s (1956) distinctive features, Chomsky and Halle’s (1968) articulatory
features and Fant’s (1973) acoustic features and so on. However, Calrk, et al. (2007) state that

universal feature systems for sounds are based on the works of Jakobson and Halle (1956) and
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Chomsky and Halle (1968). There are many other works which show relative description of
sound features such as Giegerich (1993), Gussenhoven and Jacobs (1998), Ladefoged (2006)
and Davenport and Hannahs (2010) etc. However, in the present study, the distinctive
features are applied due to its binary nature.

According to Ashby and Maidment (2003), these features are like a checklist of sound
properties. This list provides phonetic description of sounds and the most startling notion of
these features are to be binary which reflect the values in form of plus (+) and minus (-). Plus
shows that phonemes have the distinctive features whereas minus values negate the distinctive
features of phonemes. Each sound has its own identity which shares simultaneously common
and uncommon properties. For example, /p/ and /b/ are different in terms of the function of
vocal cords, thus, /p/ is marked as — which refers to negation indicating that it is a voiceless
sound and + is placed for /b/ sound showing that it is voiced sound and other features of both
sounds arc similar including manner of and places articulation. Furthermore, Cruttenden
(2001} states that the distinctive feature matrices explain all the contrasts of a language having
around 12 to 13 distinctions and these are common for all the languages.

Additionally, regarding the use of sound features, Clark, et al. (2007) argue, “Features
arc not uncontroversial labels for objective characteristics of speech but may be used in
various ways to indicate the nature, status and functions of sounds within a linguist system”
(p-373).

In light of discussed works, a brief detailed of these features is given in the following.
However, the below given description of features is adapted from Davenport and Hannahs
(2010, p. 94). These features are italicized with colons in this part of the study and then

explanation is given one by one. Syllabic: In this feature, syllabic sounds are distinguished
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from non-syllabic segments. Vowels are the syllabic sounds which occur as nucleus in a
syllable, Consonantal: Feature of consonants deal with those sounds that are articulated with
the obstruction of air such as obstruent, liquids and nasals. Sonorant: Sonorous sounds,
vowels, nasals, glides and liquids, allow differentiating them from non-sonorous sounds such
as fricatives, affricates and stops. Voiced. Articulation of sounds related to glottal setting with
vocal-fold vibration. Anterior: The production of sounds in front of the hard palate. Coronal:
The utterance of segments with the blade of the tongue raised above its neutral position.
Continuant: This feature deals with the articulation of sounds with free airflow in the oral
cavity, Nasal: The sounds are produced with a lowered velum which allows the air stream to
escape through the nose. Strident: Sounds which make frication during articulation. Lateral:
The articulation of segments with the air obstruction in the central part of oral cavity and its
air 13 rcleased on either side of the tongue. Delayed release: This feature indicates the
utterance of sounds with stop closure and frication. Keeping in view the above given

segmental features, Hindko phonemes are tabulated in the following:
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Figure 5. 21  Distinctive features of Hindko consonants
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The above figure 5.21 reflects that three consonants /m/, /n/ and /I/ are syllabic while
other 28 sounds are non-syllabic. Out of 31 consonantal sounds of the dialect, eight are
sonorous sounds including nasals and approximants. All nasals and approximants of the
dialect are voiced sounds. Similarly, four stops, one affricate and four fricatives are uttered
with the vibration of vocal folds. Majority of the consonants are anterior, articulated at front
part of hard palate and 18 coronal sounds are produced with the blade of the tongue.
Continuant sounds, fricatives and approximants of the dialect are uttered with free air flow in
the oral cavity and four nasals are articulated with lowering the velum. Affricates and
fricatives of the dialect are strident segments having the involvement of frication in the
articulation. All affricates sounds are uttered with delayed release that refers to frication and
closure of air.

5.5 Chapter summary

The articulatory analysis of this chapter shows that Hindko has fricatives voiced and
voiceless sounds. Two fricatives, voiceless /[/ and voiced /f/, lack the pairs while other six
fricatives are found in pairs, as voiceless and voiced sounds. Overall, four are .voiceless and
four are voiced sounds. It has been found that Hindko affricates have three ways of voicing.
Hindko approximants including glide, liquids and flap which are voiced sound and have no
counterparts. Acoustic analysis has shown that 8 fricatives of the dialect include frictions; 3
aftricates have also friction like fricatives and closure like stops; and 4 Hindko approximants
have strong formant resonances, yet a little weaker than vocalic sounds,

In the following Chapter, Hindko vocalic inventory is developed on articulatory basis

and then acoustically analyzed in the same Chapter.
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CHAPTER 6

ANALYSIS OF HINDKO YOWELS

This chapter describes Hindko vowels system in terms of articulatory and acoustic
phonetics. It shows the analysis of Hindko oral vowels, diphthongs and nasal vowels. in
articulatory phonetics. Oral vowels and diphthongs are further analyzed acoustically. It also
presents distinctive features of oral vowels. Each section of the chapter shows discussions on
the findings of the study.

6.1  Hindko oral vowels

In the vowel system, Hindko allows oral vowels, nasal vowels and diphthongs.
Articulatory and acoustic phonetics analysis of oral vowels 1s taken into account in the
tollowing section:

6.1.1 Articulatory phonetics analysis of Hindko oral vowels

First, vowels of Tanoli Hindko are investigated in light of articulatory phonetics. This
analysis is carried out in light of above mentioned concepts and theories regarding
monophthongs, diphthongs and nasalization system of language (see Section, 2.4). Like
consonantal part of the study, vowels are also identified on the basis of minimal pairs. Then
investigated sounds are further evaluated in articulatory terms of distribution of vowel word
initially, medially and finally. In this regard, Ladefoged (2001} describes that the best tool for
the identitication of vowels is to search them by contrasting sounds and also through the sets
of words that rhyme. A list of minimal pair is prepared to identify oral vowels of the dialect in

the following table:
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Table 6. 1 Data of minimal pairs for Hindko oral vowels
Serial No  Vowels  Hindko Words Gloss Hindko Words Gloss
1 fal att Corner it Brick
katt Weave khal:Il Big scissor
2 fif ll,hl,ﬁﬁz Here ut L a: There
t"pp Big stone t"app Hide
3 fisf bi:ra: Button biga: Courtyard
iri: His wri: Him
4 faz/ akary Pride okary Remove
tar Sunday/Cable tarr Swim
5 o/ o:lle: There alle: Alas
o Thief ) |48 Crack
6 fu/! ot"t" Stand up at"t Eight
duxx Pain de:x See
7 fa:f w: Theirs oIl Big log
ku:ra: Filth/liar ki:ra: Worm
8 fa/ z:dza: Like this o:dza: Like that
s&:r Kilogram sa.r Beam
9 fe:f pe: Father pa: Follow/beat

The above table 6.1 shows different vowel pairs of Hindko. The contrastive sounds

show nine oral vowels in Hindko, i.e. /i/, 1/, e/, /&, fai/, la/, foi/, /u/ and /u:/. The oral

vowel inventory through minimal pairs shows the actual number of vowels of Hindko without

any contradiction to ¢ach other. Each vowel emerges in identical phonetic environment and

show single phonetic difference between the two lexical items. The table reveals not only the

pair of words against each vowel but also the pairs of their distributional words. However, the

vowel /e/ has limited occurrence in Tanoli Hindko. A separate table for the distribution of

sounds is given below in order to see the occurrence of vowels in different environments.
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Table 6. 2 Data for distribution of Hindko oral vowels

Sounds Word Gloss Word Gloss Word Gloss
initial Medial Final

faf att Corner kall Yesterday NA
h 1t"t"a: Here {"ipp Big stone NA
i/ L His/hers bi:ra: Button gaddi: Vehicle
fal a:la: Hole tar Sunday/Cable batta: Stone
fo:f ole: There for Thief 10: Weep
fol ot"" Stand up duxx Pain NA
fu/ odda:r  Birds’ Cluster ku:ta: Filth n: Writ
fwef ®ra Foundation baz:ra: A piece of meat se: Porcupine
fe:f NA NA ke: What

Table 6.2 presents Hindko vowels in different environments. The position of each
vowel is shown word initially, medially and finally. The distribution of segments /i:/, fa:/,
fo:/, &/ and /u:/ are found at each position of words. On the other hand, vowels /3/, v/ and /v/
can occur at word initial and medial positions and /e:/ is found only word final position. Thus,
structurally identified distribution shows the occurrence of the vowels at different possible
positions.

Similarly, Awan (2004) has also investigated nine oral vowels for Peshawari dialect of
Hindko including /a:/, /af, /E/, fe/, A, fi/, fo:f, /u/, N/. He identified these vowels on
articulatory basis (see Appendix, A). He states that actual position of vowels is not possible
without the use of machine. In Peshawari Hindko, vowel fe:/ can occur word medially
whereas in Tanoli Hindko this sound has limited use and always occur word finally.

Morcover, he used a vowel symbol /E/ which is unclear whether it is /z:/ or /¢/. The identified
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oral vowels of Tanoli Hindko are further investigated in terms of acoustic phonetics in the
following section:
6.1.2 Acoustic analysis of Hindko oral vowels

Like consonantal part of the study, Hindko oral vowels are also analyzed in terms of
spectrographic analysis and statistical measurements. A view of spectrograms through visual
analysis is given in the following part:
6.1.3 Spectrograms of Hindko oral vowels

A sample of Hindko vowel spectrograms is given below to show formants position of

vowel segments.

Figure 6.1  Spectrograms and waveforms of all Hindko oral vowels
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The above figure 6.1 shows the spectrograms of all Hindko oral vowels. The text grids
in the lower part of each spectrogram clearly indicate the boundaries for CVC and duration of
the utterances. The formant contours can be prominently seen in all oral vowels. Front vowel
/i:/ and back vowel /u:/ show the lowest F1 while the highest F2 for /i./ but the lowest for /u:/.
F1 for the central vowels, /a/ and /a:/, remains higher than all other vowels and their F2 is
close to each other. Furthermore, F1 of /&:/ and /o:/ seems almost in same level. Spectrogram
of back vowel /v/ shows higher F1 contour than its front counterpart /v/. However, /e:/ vowel
show higher F2 but less F1 than its position as it supposed to be. At the same time as shown
in its spectrogram, this sound has different consonant, i.e. /p/ initially and /e:/ finally in CV
sequence instead of CVC sequence, t-vowel-p, because Tanoli Hindko allows /e:/ sound only
word finally not word medially or initially. In addition, waveforms show periodic waves
which refer to the vocal folds vibration during vowel utterance while adjacent consonants lack
this feature. Furthermore, formant contours reflect that F3 of front vowels is lower than back
vowels.

6.1.4 Statistical measurements of Hindko oral vowels

Hindko oral vowels are statistically measured to know the mean values of first two
formants. The numerical summary of F1 and F2 with standard deviation and coefficient
variation are tabulated in the following table:

Table 6. 3 F1 & F2 values of Hindko oral vowels (Hz); Mean, Std. Dev. & Co. Var.

Vowels Formant 1 Std.Dev. Co.Var. Formant2 Std.Dev. Co.Var.
Means Means

1; 385 69.879 18.153 2196 94.413 4299

1 487 58.644 12.033 1981 198.146  10.003

e: 458 37.813 8.251 2113 216335 10.236
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2! 601 78.069 12.992 1878 149918 7.982

a: 774 87.390 11.298 1309 166873 12.752
a 735 69.779 9488 1360 166,024  12.207
o 602 79.239 13.168 1028 134.354 13.063
0 560 834769 14910 1086 113.680 10.468
u: 492 62.67663 14421 1002 72.437 7226

The above table 6.3 depicts the average mean frequencies of F1 and F2 of oral vowels
with standard deviation and coefficient variation. These means values are further determined

by ANOVA in the following:

Table 6. 4 ANOVA for oral vowels in terms of F1

Source of Variation S8 df MS F P-vaiue Fcrit
Between Groups 1843049 8 230381.1 49.68085 9.25E-33 2025247
Within Groups 500820 108 4637222

Total 2343869 116

Similar to the previous test in table 6.4, ANOVA table also confirms that there is
significant difference of average mean frequencies values of F1 for oral vowels. Therefore,

further analysis 1s carried out by LSD test.

LSD=61.189
Segments fidf fuyf fe:/ Y fo/ fe:!  Jo fa/ fay/
Means of F1 384 434 458 487 559 600 601 735 773
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Table 6. 5 ANOVA for oral vowels in terms of F2

Source of Variation S5 df MS F P-value F crit
Between Groups 22913778 8 2864222 123.2897 5.74E-48 2033295
Within Groups 2209933 90  23231.64

Total 25213711 107

ANOVA Table for F2 shows significant difference as p-value is less than 0.01. Thus,
it confirms that oral vowels have different frequencies for F2. Furthermore, LSD test is
employed to find out the differences within pairs.

LSD=136.9570418

Segments -/ fo:f Juf fa:/ fa/ je:f n faf fisf
{':1293“5 of 1002 1028 1085 1308 1360 1878 1980 2113 2196

The above mentioned description shows that average mean frequency values of the
tongue height, 1.e. F1 increases from /i/ to /ai/ and then gradually decrease to the last vowel
fu/. On the other hand, average mean frequency of the tongue position during the utterance,
1.c. F2 shows maximum frequency in upper vowels of the table while minimum mean values
in lower vowels. The relation between the values of each segment can be seen more clearly in

the following chart:
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Tormants values of Hindko oral vewels
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Flgure 6.2 Sequentlal companson of fomlant values

Figure 6.2 exhibits that F2 of front vowels, at the left hand, have higher mean
frequency while back vowels, at the right hand, have minimum means frequency values. In
case of Fl, front and back vowels have less mean frequency than central vowels. In the
following section, for the quadrilateral of vowels, frequency of F1 is plotted on the vertical

axis while F2 is placed on the horizontal axis as shown in figure 6.3:
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Figure 6.3  Plot of Tanoli Hindko oral vowels

Figure 6.3 reveals the vertical and horizontal location of each vowel. Thus, in light of
above developed plot, the spectral characteristics of the oral vowels are drawn in the

following quadrilateral to know right position of each segment in the vowel space. The
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function of F1 is to identify in terms of height of vowels, i.¢. either low, mid, or high vowels;
or high vowels verses low vowels and open vowels verses and close vowels; while ¥2 shows

the relationship front vowels verses back vowels.
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§ .SQ & o mMiddie §
‘ !
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Spen [Low)
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Figure 6.4  Tanoli Hindko vowels quadrilateral

Figure 6.4 depicis the location of each vowel in the diagram. Generally speaking,
vowels are produced by raising the some part of tongue toward the upper part of the oral
cavity. The quadrilateral shows the height of the vowels in form of F1, i.e. high vowels, /i:/,
i/, le:l, fof and /u:f have low F1 whereas low vowels /a/ and /a:/ have high F1 frequency (see
Table, 4.9). On the other hand, horizontal location of the vowels is identified on the basis of
F2 frequency which refers to the part of tongue in the articulation of vowels. Front vowels
have high 2 frequency while back vowels have low F2 frequency (see Table, 4.9). Therefore,
on the basis of ¥'1 and F2 values, vowels get their location in vowel trapezium.

The quadrilateral shows four vowels height such as close, close-mid, open-mid, and
open vowcls. Hindko front unrounded /1:/ is the high close vowel while /e:/ and /i/ are close-

mid vowels. The segment /i:/ is located higher than /e:/ and /i/ sounds and stand as the most
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front close vowel. Thus, these are maximum vowels in a part of vowel trapezium. In contrast,
back rounded vowel /u:/ is located at the left higher part of diagram near to close-mid vowel.
It is the most back vowel in the quadrilateral.

Hindko has four high vowels, three are produced at front position while one is at the
back region of oral cavity in horizontal position which has been pointed out by F2
measurement whereas vertically, these vowels such as /i:/ remains higher than /u:/ and /1/
stands lower than /e:/ 1n the quadrilateral measured by F1.

Middle part of quadrilateral shows /e:/ sound located between the region of close-mid
and open- mid vowels somewhat back to front part of trapezium. Likewise, back rounded /o:/
vowel is also found with the same height as front /ae:/ located in the same level of the
diagram. Similarly, in the back middle part of the figure, sound /uv/ is found higher than /o:/
near to the mid-close position yet a bit far from the right corner to the central part.

Therefore, horizontally /e:/ occurs at the one end while /o:/ at the other end of the
quadrilateral and /u/ has a little more frequency than /0:/ sound. On the other hand, vertical
position of middle sounds show higher frequency for /u/ than /a:/ and /0:/ sounds.

The lower part of figure has two sounds, i.e. /a/ and /a:/ near to the open-mid location
in the central position of the diagram. In horizontal position, /a:/ has less frequency than /a/
sound, thus, marked in more back part of the figure. On the contrary, vertically, /a/ has less
frequency than /a:/ sound and get higher location in the vowel trapezium.

Rashid (2011) investigated nine vowels through acoustic analysis of Hindko dialect of
Azad Jammu and Kashmir, These vowels are /i/, /I/, fe/, =/, /al, 13/, o/, /uf and /u/. However,

vowels location of Kashmiri Hindko dialect is different from the present study (see Appendix,
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A). In summary, in light of the preceding acoustic analysis, the qualities of vowels are

categorized in the following table:

Table 6. 6 Speciral characteristics of Hindko oral vowels
Vowels Height of Tongue -F1 Position of Tongue-F2 Lips position
e/ Front High Unrounded
7 Front Close-mid Unrounded
fe:/ Front Close-mid Unrounded
e Front Mid Unrounded
/a/ Central Open-mid Neutral
faf Central Open-mid Neutral
fo:/ Back Mid Rounded
ol Back Close-mid Rounded
ha:f Back Close-mid Rounded

Table 6.6 shows the qualities of nine Hindko oral vowels with the position of tongue,
height of tongue and the lips position, Statistically measured oral vowels, indicated by a dot
and symbols on the quadrilateral, reflect the quality of each vowel which refers to vertical
(F1), i.c. height of tongue and horizontal (F2), i.e. positions of the tongue. The above table
also shows the description of lip positions whereas the quadrilateral lacks the lip position. It is
possible, therefore, to observe the lips during the utterance of vowels, According to Ashby
and Maidment (2005), vowels quadrilateral do not reveals the lip position yet it can be
considered the position of the tongue within the mouth with lip position that establish the

vowel quality,
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In a nutshell, Hindko has four front unrounded vowels with high, close-mid and mid
positions. Conversely, there are three back rounded vowels with high, close-mid and mid
positions whereas two vowels are neutral having open-mid and central location on the vowel
space.

6.1.5 Temporal characteristics of Hindko oral vowels

In the present study, in addition to the acoustic analysis of the vowels qualities in
terms of frequencies, duration of the oral vowels was also measured. The procedure applied
for formants frequencies measurement was also employed to measure the temporal
characteristics of oral vowels. However, statistically vowels formants are measured through
the central frequencies whereas vowels duration 1s measured by the length of the vowel
utterances. The results of durational measurements are tabulated in the following table:

Table 6. 7 Duration values of long and short vowels (sec); Mean, Std. Dev. & Co. Var.

Vowels Length of Means in Seconds Std. Dev. Co.Var,
Vowels

A/ Long 0.203 0.033 16.767
i/ Short 0.098 0.013 13.770
Je:/ Long 0.256 0.037 14.724
fa:f Long 0.222 0.026 12.020
fa:/ Long 0.226 0.028 12.566
fa/ Short 0.1 0.022 20,093
o/ Long 0232 0.036 15.622
ful Short ¢.103 0.021 20.706
i/ Long 0.21 0.042 20.285
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The above table 6.7 depicts average mean values of the utterance time of oral vowels

with standard deviation and coefficient variation. Difference of duration within oral vowels is

further verified by ANOVA.

Table 6. 8 ANOVA for oral vowels in terms of duration

“Source of Variation 88 da MS F P-value Ferit
Between Groups 0371225 8  0.046403  50.0296t1  1.96E-31  2.033295
Within Groups 0.091824 99  (.000928
Total 0.463049 107

The above table indicates p-value for vowels duration is less than 0.01. It confirms
that duration of vowel sounds has significant ditference. This difference is further analyzed by
£.SD test to find out which pairs have similarities and differences from one another.
1.5D=0.027366

Segmenis it Jof fa/ A/ ) e lad Jod el
Means of duration  0.098 0.103 0.110 0.202 0209 0221 0226 0.232 0255

The results show that pairs of short vowels have similar duration and have different
values form the pairs of long vowels. This contrast between short and long Hindko vowels is

given in the following chart;
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Duration of Hindko oral vowels
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Figure 6.5  Spectral characteristics of Tanoli Hindko oral vowels

Hindko oral vowels are categorized into two lengths, short and long. Three vowels, /U/,
fa/ and /v/ are short in duration whereas six vowels, 1.e. fii/, fed/, /&, /a:/, fo:/ and /u:/ have
long duration. The result shows that short vowels have half duration of their longer
counterpart sounds as indicated in terms of means and bars in the above figure. Such as long
/1:/ and /\/ vowels, /a:/ and /a/ sounds, /u/ and /u:/ segments. Thus, it is interesting that the long
vowels have double duration than the short. The front unrounded /e:/ sound shows the longest
duration which is may be due o the presence of this sound in the data in CV sequence. On the
other hand, all the long vowels carry almost similar durational time and the short vowels too.
In CVC sequence, minute observation reveals that low vowels tend to be longer than Hindko
high vowels. In light of investigated data, Hindko oral vowels are also described in terms of
features.

6.1.6 Hindko vocalic features

General description of the sound features and specifically about consonants is given in

the previous chapter (see Section, 5.4). The vocalic features of vowels including height,

backness, roundedness and length are set out in the following section:
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The works of many linguists depict the description of vowel qualities in terms of
binary [eatures. In this regard, Ashby and Maidment (2005) indicate that in addition to class
feature, i.¢. syllabic and consonantal, the major features of vowels are /+/- high/, /+/- low/,
/+I- back/, /+/- round/. They also state that it is obvious, segments which have neither high nor
low position in the vowel space, would be the middle sound. Davenport and Hannahs (2010)
describe high, low, back, front, round and tense features for vowels, Thus, Hindko vowels are
analyzed in light of these features in the following:

Table 6.9 Distinctive features of Tanoli Hindko oral vowels

Features Hindko vowels

h:/ nf feif Jouf la:/ fal fo/ Ju/ A/

S y] lab i C 4 + + + + + + + +
Consonantal - - - - - - - - -
lligh + + + - - - - - +
Low - - - - + + . . .
BaCk - - - - - - + ¥ +
Front + + + + - - . . -
Round - - - - - - + + +
Tcn se + —+ + + =+ - + - +

The above table 6.12 reveals the binary features of Hindko vocalic part. The checklist
shows plus values in the syllabic feature of the table, thus, all vowels are syliabic whereas
consonantal part shows minus values that refer to non-consonantal sounds. The vocalic
teatures in form of plus values (+) reflect that four vowels carry high place in the vowel
space, two vowels get low positions, three vowels are articulated at the back part of mouth,

four sounds are uttered at the front part of oral cavity, lips positions are get rounded for three
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segments, and seven vowels have long duration in the utterance. Contrary to it, all minus
values (-) against the features negate that features in vocalic sounds. In addition, two sounds
fa:/ and /a/ have minus and plus values for both back and front features meaning that they are
central sounds. Similarly, /&:/, /o:/ and /v/ sounds have minus values for low and high
features representing that they are middle sounds.

6.1.7 Discussion on the analysis of Hindko oral vowels

During the articulatory analysis, phonemes of Hindko oral vowels were identified by
finding a contrast between vocalic sounds. The analysis established nine oral vowels in Tanoli
Hindko. One long vowel /e:/ occurs only at word final position and three short vowels, /v/, fa/
and /u/ are found word initially and medially, while other vowels /i:/, /ei/, &/, /a/, /o:/ and
fu/ oceur word initially, medially and finally. Awan (2004) in Peshawari Hindko and Rashid
(201 1) in Kashmri Hindko also identified nine oral vowels.

Studies on other dialects of the language also show the same oral vowel inventory. For
example, Awan (2004), on Peshawari dialect of Hindko, and Rashid (2011), on Kashmn
dialect of Hindko, report nine oral vowels. There is a discrepancy in the use of the symbol for
the vowel sound, for example, found in the word /msll/ or /mall/ ‘rub’. According to Awan, it
is a short vowel /a/ whereas Rashid writes it schwa /o/. In the researcher’s opinion, the
symbol /a/ i1s more appropriate than schwa /a/ and, thus, used in the present study. According
1o Pullum and Ladusas (1996, p. 3), /a/ is universally used by indologists for the short mid (or
lower-mid) central unrounded vowel of Indic languages such as Hindi. They mention
Fairbanks and Misra (1966) who write <kab» for the Hindi word meaning ‘when’ as IPA [kab]

or [kebl. The sound /a/ in Hindi word <kab> is quiie similar to Hindko sound /a/. In some
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American writings, /a/ is used as a low back unrounded vowel but for Crothes (1978), itis a
low central vowel, IPA shows it as [¢] (p.3).

The researcher had lengthy discussions on this issue with colleagues and teachers in
Pakistan as well as Professor at SOAS, University of London (whether 1t was /a/, /e/, or /o/
sound). Keeping in view the place of this tricky vowel at the vowel trapezium in Tanoli
Hindko (see Figure, 6.4), the sound seemed to be quite closer to the symbol Turned A4, i.c. fe/.
The revised version of IPA 1996 shows it as central unrounded vowel; higher than Cardinal 4,
lower than Cardinal 3 (see Pullum & Ladusas, 1996, p. 295); however, this symbol /e/ is rare
in practice (p. 6).

Based on its articulatory and acoustic aspects (both temporal and spectral
characteristics through the process of plotting); therefore, the symbol /a/ is used in the present
research which is a short low central vowel in Tanoli Hindko (see Figure, 6.4).

In case of Urdu language, Kachru (1987) (cited in Fatima & Aden, n.d), and Hussain’s
(1997) studies show ten oral vowels, three are short and seven are long. In Hindko dialects,
there is no difference in the vowels inventory but comparing the vowel inventory of Hindko
with Urdu, there is a little variation. In case of vowels of other languages of the world,
Ladefoged (2001) states that languages have much variation in the number of vowels such as
aboriginal languages of Australia has three vowels, Hawaiian and Zulu have five vowels. He
also states that about 20% of world languages have five contrasting vowels. He further states
thai German and Swedish have greater number of vowels and the Dutch dialect of Weert has
28 vowels in which 12 are long, 10 are short and 6 are diphthongs. English has also rich

vowels phonemic inventory containing 12 pure vowels (Roach, 2000). Comparing Hindko
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vowels with English and some other languages show that there is much variation in number of
vowels inventory and their temporal characteristics.

In the present study, the results of the statistical measurement of nine vowels show the
location of Hindko oral vowels in vowel space. The quadrilateral reveals three high front
vowels, i.e. /i:/, /e:/ and /1/. However, majority of languages has two sounds, /i:/ and // at right
top front corner of vowel space, 1.e. between cardinal vowels 1 and 2. Each language has its
own vowels characteristics such as /i:/ in German take higher position in vowel space than
English in terms of F1 and F2 (Davenport and Hannahs, 2010).

Tanoli Ilindko long unrounded /i:/ sound occurs lower and more central than these two
English and German. Referring to the primary cardinal vowel 1, the quality of Hindko /i:/
vowel indicates medial position between close and close-mid, and in the centre of front and
central vowel, Rashid (2011) identifies means frequency for /i:/ sound, i.e, F1-351 Hz and F2-
1350 Hz and its counterpart /i/ has F1-440 Hz and F2-1371 Hz in Hindko dialect of Kashmir.
Thus, in case of F1, both Hindko dialects are almost near to each other while F2 of Kashmiri
dialect is quite different from Tanoli Hindko (se¢ Table, 6.3).

Like many languages, Hindko tense vowel /i:/ has its lax counterpart /1i/ segment. Both
monophthongs are found in the possible space of the cardinal vowel no 1. Thus, i/ occurs
very near to the primary cardinal vowel no 2, and remains more central than front position,
Rashid’s works shows that /i/ vowel in Kashmiri Hindko carries somewhat higher and more
central position than Tanoli Hindko. However, English /I/ sound remains higher than Tanoli
Hindko in terms of F1 but almost equal in F2.

Hindko allows front unrounded long /e:/ sound but its occurrence in the vowel space is

quite different from many other languages. English has short /e/ vowel between the region of
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cardinal vowels 2 and 3. Similarly, in most of the languages, this sound occurs between close-
mid and open-mid vowels in the trapezium. However, the findings of Kashmiri Hindko by
Rashid shows the position of /e/ sound which is quite similar to the present study in terms of
F1-460 Hz but different in position of tongue, i.e. F2-1289 Hz (see Table, 6.3). Likewise,
Bradlow (1995) compares the mean frequency of Spanish and General American English
vowels and he describes that Spanish has /e/ sound while General American English has both
A/ and fe/ segments. Average means frequency values for Spanish /e/ vowel is I'1-458 Hz and
F2-1814 Hz while General American English /¢/ segment has F1-430 Hz and F2-2200 Hz,
Therelore, like Spanish, Tanoli Hindko has very similar vowels height in terms of F1,
articulatory speaking which represents vowel height, but somewhat different in case of F2 in
vowel position (see Table, 6.3).

General American English has lower mean frequency for /1/ vowel, i.e. F1-463 Hz and
[2-1995 Hz. Therefore, similar to General American English, Tanoli Hindko has higher mean
frequency for /1/ vowel in terms of F1-463 Hz and F2-1981 Hz than Hindko long /e:/ segment,
i.e. F1-458 Hz and F2-2113 Hz. Similarly, Italian /e/ and Irish /e:/ also occur above cardinal
vowel 2 in the vowel formants charts.

In the vertical hierarchy, results displayed in Hindko vowels quadrilateral (see Figure,
6.4} that /1/ occurs lower than /e:/. It is also quite similar to the results of Californian English
(see Figure, 2.3). However, these results are different from cardinal vowel 2 that Hindko /e:/
occurs higher than /i/ sound, i.c. above close-mid position in the vowel space. However, /e:/
occupies more anterior position than /17 segment. Overall, high frontal portion of Hindko
vowel trapezium is rich in segments. As mentioned earlier, that /e:/ in Tanoli Hindko cannot

occur word medially and initially rather takes place only word finally. That’s why data for
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identification of /e:/ had been recorded in CV sequence not in CVC sequence as the data for
was recorded for other vowels of the study. Hence, due to the sequential change, /e:/ shows
the highest length among vowels (see Figure, 6. 5). Similarly, Hayes (2009) denotes, “Vowels
are typical shorter when they are followed by consonants in their syllable” (p.251). Awan
{2004) and Rashid (2011) describe /e/ sound as mid-front vowel in Peshawari and Kashmiri
Hindko. Rashid recorded data for /¢/ sound word medially which reflects that it is possible
sound at word medial position in Kashmiri Hindko.

This phenomenon of vowel occurrence not at medial position is quite complicated for
native speakers of Tanoli Hindko while they speak in English because their vocal system does
not allow them to utter the front mid /e/ vowel at ease, and at the right place in CVC
scquence. It has also been observed while they speak in English, they produce such sounds by
using extra energy of the air pressure from the lungs; however, it’s easy for them to produce
Je:/ word finally.

Hindko allows rounded long /u:/ sound at the back of the quadrilateral in the parallel
location of unrounded high front vowels. It has minimum frequency in terms of position of
tongue and gets the most back part of vowel space. Formants chart of English and many other
languages show two sounds, long /u:/ and its short version /u/ located at the top upper right
side of the chart. Hindko also allows the primary cardinal vowel 8 and its counterpart /u/.
Hindko /u:/ occurs at the possible space of the cardinal vowel 8 whereas /u/ finds place in the
middle of vowel space between primary cardinal vowels 6 and 7. Vowel /u:/ is located near 1o
the close-mid than close. Therefore, its vertical location, i.e. vowel height is lower and less

back in vowel position than General American, Californian and British English.
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Additionally, vertical location of Hindko rounded short /v/ is different not only from
Englishes but also other languages of the world. The findings of /u/ in Kashmiri Hindko also
reveal less F1 frequency (F1-433 Hz) than Tanoli Hindko but almost similar frequency in
terms of vowel position, i.e. F2- 1036 Hz whereas Tanoli Hindko means frequencies are F1-
560 and F2-1086 Hz. Therefore, the present analysis reveals the position of /u/ sound lower
than close-mid vowel and more central than back. Hence, higher mean frequency of /u/ in
terms of F1 shows that Tanoli Hindko rounded lax /u/ has a distinctive position in the realm
of formant charts.

Hindko oral vowels quadrilateral shows /&:/ sound in the middle part of the trapezium
between vowel cardinal vowels 2 and 3. However, IPA shows this vowel higher than Cardinal
vowel 4 (IPA [a]), more open than Cardinal vowel 3(IPA [e]) {Pullum & Ladusaw, 1996,
p.12). In British English, its position is found in the lower region termed as low open-mid
vowel and in Californian English indicates this sound near to open vowel region. Yavas
(2011) describes the location of /&./ sound low open-mid and more centralized in Dutch,
middle [ront open-mid for French, middle close-mid and central for Cantonese (see Figure, 2.
2). In case of Kashmiri Hindko, Rashid indentifies average mean values for /&:/ sound, i.e.
F1-521 Hz and F2-1251 Hz, which is different from Tanoli Hindko (see Table, 6.3 & see
Appendix, A). Overall, it can be concluded that location of Tanoli Hindko /a:/ sound is very
near to French and Cantonese.

Furthermore, the unrounded back counterpart of /&:/ is a long /o:/ sound which occur
between cardinal vowels 6 and 7. Thus, Tanoli Hindko /0:/ stands for the cardinal vowel 7.
Interestingly, both sounds, /#:/ and /o:/, have similar mean values for F1 which refers to the

vertical dimension in the vowel space. Both segments, /&:/ being unrounded long anterior
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vowel and /o:/ as rounded long posterior vowel take very central position in the vowel space
region (see Figure, 6.4). Long /0:/ of English occurs higher in vertical position and more back
in horizontal location than Tanoli Hindko /o:/. However, in some languages such as Sindhi,
/o:/ stands as rounded high vowel. Tanoli Hindko high /0/ becomes mid vowel while Sindﬁi
mid /0:/ becomes high vowel. Thus, these results confirm that vowel location vary in the
languages. Rashid investigated F1- 490 Hz and F2-970 Hz for /o:/in Kashmiri Hindko, thus,
F1 of both dialects are quite different but almost similar in terms of F2 (see Table, 6.3).

Of the remaining two segments, long /a:/ and its short counterpart /a/ cannot be
marked as front or back vowels because they get the medial position at the bottom side of the
quadrilateral (see Figure, 6.4). Both vowels are located in the central part of the quadrilateral
between cardinal vowels 5 and 6. In addition, segment /a/ is found higher than /a:/ and both
vowels get distinct location in the vowel place and much different from other vowels due to
the acoustic parameters F1 and 2. Tanoli Hindko /a:/ is also found at central position but .it 18
not similar to cardinal vowel no 4 and 5 rather it has its own identity that both sounds occur in
the same region. In Tanoli Hindko, like other languages such as Chinese, /a:/ is different than
cardinal and English vowels as it 1s at more central position. The previous study carried out by
Rashid (2011) shows these two vowels as central sounds indicating their values as F1-647
and F2-1136 Hz for 79/, and F1-671 Hz and F2-1130 Hz for /a:/ sound.

The acoustic analysis shows that Tanoli Hindko has centripetal vowel system which is
similar to English. For the position of English vowels in the quadrilateral, Saadah (2011)
states that many studies show that English has centripetal vowel pattern which implies that

occurrence of vowels is near the centre of vowel space. On the other hand, he also opines that
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Tamil, Russian and Spanish have centrifugal system which refers to occurrence of vowels at
the periphery of the acoustic space and Arabic vowel system falls in between both systems.

Overall, Acoustic analysis is a successful parameter in distinguishing the position and
height of the vowels in the vowel trapezium. The qualitative and quantitaiive differences of
Hindko oral vowels to reference cardinal vowels and English vowels systems show it a
distinct vowel system. Ashby and Maidment (2005) states that vowels quadrilateral is a good
tool for investigating the quality of the vowels yet have more inclination towards the auditory
space than the accurate articulatory one.

In case of duration of vowel, Hindko long vowels have almost double duration than
the short vowels. Davenport and Hannahs (2010) highlight that long vowels mostly remain
50-100 percent longer than the short vowels. Generally, all analyzed vowels of Hindko have
normal duration in between 0.09 and 0.25 seconds because recoded data include unaspirated
stops at the both sides of vowels such as /iip/, ftoip/ etc. Similarly, about the effect of
adjacent unaspirated consonants, Ashby and Maidment (2005) describe that English word
fice/ has shorter duration than that in /eyes/ because the preceding word has diphthong /ai/
followed by /s/ as /ais/ whereas following words is followed by /z/ as /aiz/. They further
describe that this difference in the voicing is due to the final consonants, termed as pre-fortis
clipping; and it i1s the regular features of many languages including majority of English
accents. Therefore, it reflects that voiced consonants in the following of a vowel lengthen its
utterance duration.

Hindko oral vowel also includes combination of two vowels that refers to diphthongs,
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6.2  Hindko Diphthongs

There are two types of diphthongs, phonemic and phonetics diphthongs. Phonetics
diphthongs scem the by-product of morphophonemic operation, which is beyond the
limitations of the present study. However, a brief view is also given in the present part of the
study for the orientation purposes. On the other hand, phonemic diphthongs are analyzed
phonetically and acoustically respectively.
6.2.1 Articulatory analysis of Hindko diphthongs

In the following section, minimal pairs are developed for diphthongal sounds of Tanoli
Hindko:

Table 6. 10 Data of minimal pairs for Hindko diphthongs

Sounds Words in Hindko (loss Words in Hindko Gloss
fer/ kel Hoe kai A type of tree
Jai/ bai An arm of cot bei Stale

The above table 6.10 indicates the minimal pairs of Hindko diphthongs. Both
diphthongs have contrastive sounds and phonemic in nature. Moreover, these diphthongs are
not found in different environments such as word initially, medially and finally rather they
occur only word finally. However, morphologically Hindko also allows the occurrence of /ai/
at word medial position, e.g. /maija:/ ‘song’, /kaija:/ ‘try’. In addition to the minimal pairs,
some more examples are also given for the justification of these two diphthongs as phonemes.

Diphthong /ei/ is found in words like /makkei/ ‘maze’, /rei/ ‘left’, /sei/ ‘ink/know’,
fpei/ “all right” and /larrei/ ‘unamranged heap of wood’ etc. Similarly, second diphthong, /ai/

occurs as a phoneme in words like /lukka:i:/ ‘slope’, /a:i:/ “uncle’s wife’, /na:i:/ “barber’,

220




Af"a:i/ “ashes’ and /talla:i:/ ‘mattress’ etc. Though Hindko allows these two diphthongs, yet
their occurrences are limited in the language. Additionally, in some cases these sounds also
occur due to morphological operation. For example, diphthong /bai/ has a root word /ba:/ ‘lay
down’, /rai/ has root word /ra/ ‘ pertaining to cultivation’.

Contrary to it, some more diphthongs are found in Hindko on phonetic grounds. Such
as [indko allows /i:/ sound at word final position, with the unification of /v/, yet pronounced
as single sound, which is the marker of feminine gender. Like /fuvi:/ ‘female-rat’, /bui/
‘brown coloured female’, fkhui:/, ‘small well® etc. On the other hand, the occurrence of /a:/
sound with /u/ at final position mark masculine, e.g. /fua:/ ‘rat-male’, /bua:/ ‘brown coloured
male’, /k"va:/, ‘big well’ etc. Therefore, combination of /i:/ and /a:/ with /5/ make the sounds
as /oi:/ and /ua/ in Hindko, and /i:/ inflects for feminine and /a:/ for masculine.

Similarly, these two vowels, /1:/ and /a:/, are also found diphthong finally with vowel
/o:/ and the occurrences of these two vowels with root words in verbal cases, mark past and
future tense respectively. For example, if /i:/ is added with the following root words, /mallo:/
‘mix’, /pro:/ ‘weave’, it will be turned to past tense in the form of /mallo:1:/ ‘mixed’, /proa:/
‘weaved’, /no:i:/ ‘not had been done’. Conversely, if /a:/ is placed with the same root words, it
becomes future tense. Like, /mallo:a:/ “to be mixed®, /pro:a:/ ‘to be weaved’, /no:a:/ “may not
be done’. Additionally, by adding /i:/ with /o:/ in root words refers to feminine gender in past
tense, e. g. /mo:/ *die’ and /mo:i:/ ‘died-female’ as well. Hence, uvnification of /i:/ and /a:/ with
jo:/ termed as /o:i:/ and /o:a:/ in Hindko. Preceding combination inflects past tense while
following indicates future tense.

In addition, the use of /a:/ with root words and some common words ending with /o:/

termed as singular while /e:/ represents plural. For instance, /po:a:/ ‘a type of plant’ /po:e:/
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‘plants’, /do:a:/ ‘second thing/person’, /do:e:/ *second things/persons’ and /to:a/ “touch’, /to:e/
‘touches’. Moreover, by placing /e:/ to the root word in verbal case also indicates masculine
gender in past tense such as /ko:/ *slaughter’ and /ko:e:/ ‘slaughtered masculine animals’.
Thus, /a:/ at final position of a word with /o:/ can be marked as /o:a/ singular and /e:/ refers to
plural as /o:e:/ and combination of /e:/ with /o:/ inflects plural.

By placing /e:/ after /a:/ of a root word in a verb also refers to past tense and plural as
well. Such as /ba:/ ‘put-present’, /baze:/ ‘put-past’, /na:/ “‘do not come’, /na:e:/ ‘did not come’.
Similarly, by adding of /e:/ at the end of verbal root word after /i:/ and /a/, a singular word
changes into plural as a politeness marker as well. For example, /p1:/ ‘drink-singular’ and
fpize:/ ‘drink-plural/please drink’, /&zi:/ ‘live long’, /dzi:e:/ ‘live long-plural/may live long’,
/kha:/ ‘eat-singular®, /kha:e:/ ‘cat-plural/please cat. Hence, /e:/ makes the combination of /a.e:/
and /1:e:/ 1n form of diphthong.

Likewise, after /a:/ in root verbal words, the use of /u:/ inflects noun/adjective in
Tanoli Hindko, /k"am:/ ‘glutton’, /lazu: budsdsa:u/ ‘trouble maker’, /p'ra:u:/ ‘aim without
target’, /fatu:/ *a person who lifts weight’, Hindko has also verb containing /e:/ word finally.
Such words are changed by placing /i:a:/ in place of /e:/ and make them interrogative words.
For example, /sc:/ *sleep’ is the root word and by placing /i:a:/ instead of /e./, it becomes
interrogative /si:a:/ ‘sleep?’, /ni:a:/ *come?, /t"i:a/ ‘present ?° etc. In addition to interrogative
inflection, this operation also refers to presence or availability of the marked thing or person.

In addition to the combination of oral vowels, nasal vowels also make diphthongs on
the basis of phonetics. For example, /aii:/ is found in words like /k"aii:/ ‘eat’, /fait:/ ‘lift/pick’,
/baili/ ‘lie down’, /nasati:/ ‘let it escapes’, /o:T: / in /kanso:1:/ ‘listening to others in hidden
way’ and /i:4/ occurs in words like /di:@/ ‘tomorrow’, /si:&/ ‘lion’, /ki:d/ ‘how’ and /pi:&/
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*drink’ etc. Thus, three phonetic diphthong, /aii:/, /o:i: / and /i:& in Hindko nasalization are
found.

However, if diphthongs are taken into account on the basis of phonetics and
morphological grounds, the following diphthongs oceur in Hindko: /ui/, /va/, fo:ii/, /o:a/,
fo:al, loweld, faed, Mied, o, fowedd, faed, hed, fali/, fod/ and /:&/. If further analysis is
carried out which include the morphology of Hindko; various more functions of vowels
combination are anticipated. Generally, the objective of the present study is to identify
phonemes of Hindko without including its morphology. In a nutshell, phonemically only two
diphthongs, /ai/ and /ei/ were investigated in Hindko. Both diphthongs are also analyzed

acoustically in the following section:

6.2.2 Acoustic analysis of Hindko diphthongs
Like consonants and oral vowels of Tanoli Hindko, diphthongal segments are also
analyzed acoustically.
6.2.3 Spectrographic analysis of Hindko diphthongs

The spectrograms of two diphthongs are displayed in the following for visual purpose:

209 i o024 kA 2025 ai 2 096
- T uraticon Puranon
Figure 6.6 Waveforms and spectrograms of Hindko diphthongs
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The figure 6.6 shows the spectrograms and wavetorms of Tanoli Hindko diphthongs.
F1 in both cases has higher position in the beginning than the ending part of the utterances. It
is due to the movement of diphthong from a low quality te high one. Conversely, F2 at the
first part of sounds have lower frequency than second part of the sounds. It implies that
frequency moves from low to high. Both diphthongs have continuous glides in starting and
¢nding points throughout the utterances. The first part of both sounds shows up formants as
more dark bands than the second part. At the very beginning, both sounds have stop
consonants /k/ and /b/ respectively. Thus, within a syllable, the utterance of combined vowels,
i.e. diphthong shows change from one quality to another over the course of duration.
6.2.4 Statistical measurements of Hindko diphthongs

Diphthongs are measured statistically in terms of F1 and F2 to see the formants
position. Average mean frequencies are given in the following table:

Table 6. 11  Hindko diphthongs, F1 & F2 frequencies in Hertz and duration in seconds

Sounds Peints F-1 F-2 Total  Duration
feif Starting 520 1988 0.302 sec.
Starting 402 2171
/ai/ Ending 752 1102 0.27 sec.
Ending 373 2536

Table 6.11 reveals average mean frequency values of Hindko diphthongs /ei/ and /ai/.

The following graph presents comparison of these values.
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Frequency mean values of Hindko diphthongs
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Figure 6.7 Formants compartson within diphthongs

The figure 6.7 depicts bars with mean values of two diphthongs, 1.e. /ei/ and /ai/
sounds. During the articulation of fe:/, the close-mid sound, and /i:/, almost high sound ,
height of the tongue , i. ¢. F1 remains very ncar to cach other because both are front
unrounded sounds. In case of position of the tongue, i.e. F2, both sounds occurs very near to
each other, Therefore, the present results of the combination of both vowels /e:/ and /i/ in
form of diphthong /ci/ show that F1 starts at high position and descends to low position and
F2 begins from the low position in the starting point and rises to high position in the region of
ending point. In addition, the lips posture remained unrounded during the articulation of /ei/.
However, F1 frequencies of both sounds /¢:/ and /i:/ in form of diphthong /ei/ are higher than
single utterance whereas F2 frequencies are lower in double sound than single.

Other diphthong /ai/ is the combination of central and front vowels. The central vowel
/a:/ has higher F1 and front vowel /i:/ has low F1 which descends from high to low position.
On the contrary, F2 of central vowel /a./ shows lower position and front vowel /i:/ gets higher
mean frequencies values. Hence, in case of F1, diphthong /ai/ moves from low quality to high

quality whereas in terms of F2, the tongue moves from the central position to front one and
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lips are changed from almost rounded position to unrounded posture. Both diphthong makes
the combination of long vowels such as Vowels- Vowel, (abbreviated as VV) template.
6.2.5 Discussion on Hindko diphthongs

The articulatory and acoustic descriptions of diphthongs show that Tanoli Hindko has
two diphthongs as a phonemic entity. Although these diphthongs exist in Hindko, yet
phonemically, they have limited use in the language. However, morphologically, it is
commoniy found in Hindko. Thus, these results show the facts of sub-continent languages that
lack the use of diphthongal sounds as a phoneme. Such as Bokhari (1991) and Alam (1997)
state that phonemically Urdu language has no diphthong. Likwise, Hussain (n.d) states that
diphthongs in Urdu are still to be explored. Awan’s (2004} does not show diphthongs for
Peshawar Hindko while Rashid (2011) investigates three diphthongs in Kashmin Hindko
dialect, i.e. /for/, /al/, /fua/: However, the present study finds two diphthongs, i.e. /al/ and /ei/
while /o¥/ and /va/ are used phonetically not phonemically. On the other hand, unlike Hindko
English allows eight diphthongs.

Maddieson (1984) denotes that diphthongs are rarely found in the phonemic inventory
of the world’s languages (see Section, 2.4.2). Similarly, Clark and Yellop (1995) state that if a
language has less than ten vowels; it may not have diphthong (see Section, 2.4.2). Therefore,
English allows more than ten oral vowels and it has phonemic inventory of 8 diphthongs
{Roach, 2000). On the other hand, Hindko has nine and Urdu include ten oral vowels, thus,
rarely allow diphthongs.

From this, it can be said that languages of sub-continent have very limited use of
diphthongs on phonemic ground. However, if diphthongs are investigated phonetically or

morphologically, more diphthongs are expected in Tanoli Hindko. Such as Rashid (2011)
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identified five more diphthongs in addition to three phonemic diphthongs, i.e. /ul/, /oe/, /ae/,
fav/, /1af in Kashmiri Hindko dialect. Likewise, Wagar and Wagqar (2003) identified 13 vowels
in Urdu on the same basis.

The acoustical investigation of diphthongs in the present study shows that vowels of
starting points are darker than the ending points. These findings are similar to the views of
Ladefoged (2001). Spectrograms show that lindko diphthongs have continuity in glides.
Similarly, Brinton and Brinton (2010) also state that diphthongs are articulated as continuous
segment (see Section, 2.5.7).

6.3  Hindko nasal vowels

In combination with single and double vowels,- Hindko includes nasal vowels as
distinctive segments and nasalized vowels, i.c. assimilation of nasal consonants. These vowels
ar¢ analyzed in the following section:

6.3.1 Articulatory analysis of Hindko nasal vowels
Hindko nasal vowels are investigated on the basis of minimal pairs in the following:

Table 6. 12 Data of minimal pairs for Hindko nasal vowels

Sounds Words in Hindko Gloss Words in Hindko Gloss
/a:/ da: Dodge di: Sun
A/ 1 A type of tree ré: Deer
f/ 16 Shivering 1&: Weeping
103/ &z0: A type of crop dsu: Lice
&/ dé: Curd di: Sun
16/ kond Curve kand Waist
&/ ré:nda: Residing rdinda: Weeping
&/ binn, Make deal bdnn Weave

i/ bing Bend ba:;y Crow
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The above table 6.12 reveals that Hindko vowels system has also characteristic of
nasalization. Each vowel, either nasal or nasalized, can be found in minimal pairs. The given
examples of contrastive sounds reflect five nasal vowels, i.e. /4:/, A/, /i/, /6./, /&/. These
sounds arc found without adjacent nasal stops; therefore, they are phonemic in nature. In
addition to the above tabulated exampiles, some more words are also added for these
phonemes. Such as /&/ (/a/-really ?, /rd:/- deer, /{3;/- that's why, /ba:/- arm, /ha./- ok), 1/
{/i1/- a type of tree, /sT:/- lion, /T:/- pertaining to weeping), /4 (/dgliz/- lice, /a:rii:/- peach,
/:/- you), /6:/ (/sa 16:/- a type of flour, /dz&:/- a type of crop), /&:/ (/&:/- how, /h&/ what,
/né&:/-not available } .

Data also shows the minimal pairs of other four vowels, i.e. /&:/, /&/, /a/, /i/. Unlike
the preceding discussed nasal vowels, these sounds cannot stand-alone as nasal vowels rather
get effect by the nasal features of the adjacent consonants. In other words, there is regressive
effect on these vowels. Hence, these sounds, one long /&:/ and three short vowels /&/, /&/, /V/,
are termed as nasalized vowels.

Unlike English language, these nasalized vowels make effect on the meaning of the
words in Hindko. Furthermore, most of the time these nasalized vowels are in complementary
distribution with oral vowels. Such as two sounds, a nasalized vowel and an oral vowel cannot
occur in the same environment. Overall, it can be concluded that Hindko has five nasal
vowels and four nasalized vowels.

For further classification of nasalization, these vowels are distributed in different

position of occurrence in the following table:
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Table 6. 13 Data tor distribution of Hindko nasal vowels
~ Sounds Word initial Gloss Word Medial Gloss Word Final Gloss
/& a:m Ordinary ta:nA: Straight bi: Arm
/i NA 1) Crying SI: Lion
fa/ i:nda: Theirs "i:m Garlic I You
/6. 0:da: Pig rd:nd Weeping sagd: Flour of
barley
18/ NA NA mé; [
ra@:/ &:nda: Coming s&:nda: Sleeping NA
A Tnni: Him (polite bing Bend NA
sense)
/af dmm Mango fand Sharp NA
16/ fnnd: Them mdnd Foundation NA

Table 6.13 shows that /a:/, Ail:/, /5:/ can found word initially, medially and finally.

However, nasal /ii/ cannot occur word initially whereas /&/ gets position only word finally.

On the other hand, all nasalized vowels, /&:/, /i/, /3/ and /8/, hold positions word initially and

medially but not word finally.

nasal vowels is also carried out in the following part:

In addition to the minimal pairs and distribution of sounds, a contrast between oral and

Table 6. 14  Data for contrast of oral and nasal vowels

Sounds Words Gloss Words Gloss

a:/ ba: Arm ba: Lay down
A/ " Available t"i: Is

! bii: Buzzing bu: Stench

161/ dz5: Barley &o: Whichever
/& 1&: Weeping le: Plough
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Table 6.14 presents contrast between oral and nasal vowels. Therefore, only nasal
vowels can make contrast with their oral counterparts. Nasal /4:/ is commonly found in
Hindko in contrastive position with its oral counterpart /a;/ such as /ba:/ ‘lay down’, /b&:/
‘arm’ , /fa:/ “tea’, /fa:/ ‘hold”, /rai/ ‘way’, /td:/ ‘ploughing’ etc. Other nasal vowels also make
tfreely contrast with oral vowels but their occurrences are limited in Hindko. On the other
hand, nasalized vowels do not make contrast with oral vowels.

6.3.2 Discussion on Hindko nasal vowels

The articulatory analysis of nasalization system of vowels shows that Tanoli Hindko
has five nasal and four nasalized vowels. Five nasal vowels and one nasalized vowel have
longer utterance duration while three nasalized vowels take shorter duration. Nasal vowels
can contrast with oral counterparts whereas nasalized vowels cannot. Similarly, nasal vowels
arc found progressively and regressively as well while nasalized vowels get only regressive
etfect of adjacent consonants.

Three short Hindko oral vowels /i/, /a/, /u/ and one long vowel /&:/ are allophonically
nasalized when adjoining to nasal consonants. Furthermore, if a vowel is followed by nasal
consonants, it becomes nasalized vowel in Hindko. Overall, in Hindko, many words cannot be
transcribed without nasal or nasalized vowels. Therefore, it can be said that it is an obligatory
part of Hindko.

The findings of the present study are similar to nasal sounds identified by Awan
(2004) in Peshawari Hindko. He identifies nine nasal vowels by showing nasal counterparts
for each oral vowel. However, his study lacks the classification of these sounds in terms of
nasal and nasalized sounds. Rashid (2011) ;Ldentiﬁes five nasal vowels in Kashmiri Hindko

but does not give any detail of nasalized vowels.
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Contrary to the findings of nasal part of Hindko, English does not allow nasal vowels.
Ball and Rahilly (1999} state that English has no nasal phonemes. Ladefoged (2003) argues
that English nasalized vowels make no distinction in lexicon of oral and nasal vowels,
Conversely, some other languages such as French, Portuguese, Polish and Navanjo allow
contrast between nasal and oral vowels with different lexical items (Davenport & Hannahs,
2010). Similarly, the phenomenon of nasal vowels as phonemes is commonly found in
languages of subcontinent such as Urdu, Punjabi, Hindi and Pahari etc. In summary, it can be
concluded that five nasal vowels of Hindko are phonemic in nature and these segments are the
part of its phonemic inventory.

For the acoustic analysis of Hindko nasal vowels, the researcher recorded the data by

developing a list in the following sequence, CV, CVC and CV. The detail of the recoding list

is as tollows:
Sound Recording Gloss Sound Recording Gloss
14:/ /da:/ Dodge /&:/ HESY Deal
16/ /10:nd/ Fog 16/ /Gnda:/ Theirs
faz/ /la:ny/ Salt i/ finda:/ His/Her
f&:/ /mé:/ | /al fani/ A small bone in body

fie/ it/ Sun

The data was recorded in Praat software and analyzed F1 and F2 of nasal sounds. The
results show that F1 values of nasal vowels were higher than the oral vowels whereas F2
mean values of nasal vowels were lower than the oral vowels. The formant values of both
nasal and oral vowels are given in the following. The results can be compared for

discrepancies.
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Nasal vowels F1 F2 Oral vowels Fi F2

T: 485 2013 i: 385 2196
i 421 1590 I 487 1981
& 640 1210 e: 458 2113
&: 728 1742 & 601 1878
a: 840 1378 a: 774 1309
i 775 1445 a 735 1360
5: 730 1182 o 602 1028
G 433 1405 v 560 1086
i 637 1110 u: 492 1002

The comparison of both nasal and oral vowels shows that F1 values of nasal vowels,
except /17, is higher than that of oral vowels. On the contrary, F2 values of nasal vowels,
except /a:/, /&/ and /8./, is lower than F2 of oral vowels which are against the general concepts
of nasality in existing literature on nasalization. For example, Johnson (2003) argues that the
oral tract {oral vowels) has resonances at about 500, 1500 and 2500 Hz while the nasal tract
(nasal vowels) has resonances at about 400, 1200 and 2000 Hz. This means that the mean
values of nasal vowcls should be lower than that of the oral vowels. However, the
measurements of Tanoli Hindko nasals show major variation in the high raised values of F1.
The F2 values of some nasal vowels correspond to the existing literature on nasality.
Ladefoged (2001) states that the second formant of nasal vowels is found at lower level than
that of oral vowels.

It is suggested that a detailed acoustic study on Hindko vowel nasalization system
should be carried out separately, which may address the question of nasality. Furthermore, the

study may focus on the features of Hindko nasalization.
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6.4  Chapter summary

Results of vowels inventory show that Hindko spoken in Tanawal allows nine oral
vowels, five nasal vowels and two diphthongs. In addition to the nasal vowels, the study also
reflects four nasalized vowels in Tanoli Hindko. Acoustical results of oral vowels show three
short and six long vowels. Five long vowels, /i/, /&:/, /a:/, fo:/, /u:/ can occur word initially,
medially and finally whereas one vowel /e:/ gets only word finally position. Contrary to it,
short vowels /1/, /a/ and /u/ are found word initially and medially but not finally. Analysis
also indicates that oral vowels differ in terms of vertical location and horizontal position, i.e..
height and backness of vowels in the vowel space. Therefore, it can be said that oral vowels
contrasts are based not only on temporal characteristics but also vowel qualities. Similarly,
five nasal vowels are phonemic in nature and can contrast with oral counterparts (see Table,
6.14). Besides, four nasalized vowels have regressive effect due to the following nasal
consonants.

The spectral characteristics of Hindko vowels reveal distinct results for the
occurrences of /e:/ segment which is higher than /i/. Likewise, findings of /u/ sound show
higher means frequency in terms of F1 than other languages. Most probably, this research has
brought to describe a new tendency in the languages that the occurrence of /e:/ only word
finally and higher height of the tongue for /u/ sound in the vowel quadrilateral. Moreover, in
terms of F2, results of study also show that Hindko has centripetal vowel system that refers to
more inclination of vowel positions towards the central part of vowel trapezium.

The acoustical measurements of diphthongs show the continuity of glides and
prominent dark bands in the falling diphthong than rising diphthong. The preceding part of

diphthong, i.e. /e/ or /a/ of /ei, ai/, also indicates less duration than following /i/. The acoustic
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phonetics analysis has further validated the two diphthongs of the dialect identified in the
articulatory phonetics.

The following Chapter deals with the phonological part of the study. It shows the
analysis of the suprasegmental feature, i.e. syllable structure and syllabification system of

Tanoli Hindko.
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CHAPTER 7
SYLLABLES AND SYLLABIFICATION IN HINDKO

This chapter deals with the analysis of syllables and syllabification system of the
Tanoh Hindko. It aims to analyze the data to find out maximum syllables in the root words,
syllabic consonants, syllabic templates, and consonant clusters of Tanoli Hindko. The chapter
also reveals syllabification structure of Tanoli Hindko in light of Maximal Onset Principle and
Sonority Sequencing Principle. Finally, it offers gemination system of the dialect.

7.1 Sylables in Hindko
(Generally, the root words structure of languages allow one, two, three, and more

syllables. The data of the dialect shows maximum three syllables in its root words structure.

Table 7. 1 Maximum syllables found in root words of Tanoli Hindko
Words Syllables Templates Number of Syllables Gloss
na: na: Cvv One syllable Do not come
badha:r bagd. ha:r CVC.CVVC Two syllables Wednesday
yalyo:za: yal. yoi.za:  CVC.CVV.CVV Three syllables Pine-nut

The cxamples in the above table reveal that the dialect allows maximum thrce
syllables in its root words. The first example shows one syllable, second consists of two
syllables and third example has three syllables. However, data shows that monosyllables and
bi-syllables are more in frequency than tri- syllables. As mentioned above (see Section, 3.4)
that V refers to short vowels, VV for long vowels, and C for consenant. Obviously, syllables

are made up of nucleus (V), and preceded or followed by consonant (C).
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In addition to vowels as syllabic sounds, consonants can also become syllabic in some
languages (see Section, 2.6.1), and Hindko is one of them. Some examples of such consonants

are given in the following Diagram 7.1 and Table 7. 2:

Diagram 7. 1 (a) (b)

G r|: o T

R R / R
W e
O N Co N O N Co N
| N N
LIV LT
d a k(;y n \Y a: A |

A place where sun lights for a time Responsibility

Diagrams show that consonants /n/ and /1/ become syllabic at word final position. This
structure is possible with both short and long vowels in the first syllable of a word such as /a/
and /u:/ are shown in the above examples. Further data for syllabic consonants s given in the
following Tabie 7. 2.

Table 7. 2 Data for Hindko syllabic consonants, CYVCC. C Templates

Words  Syllables Templates Syllabic Consonants Gloss
va:l'111 va:h. | CVVC(C, (ID ll Responsibility
ra:fil ra:f. | CVWC.C | Pertaining to cultivation
khukhkhl} k"ok"k". n CVCC.C n A kind of bean
cjak"k':n_ dak"k", n CVCC.C n A place where sun lights for a time
ga:ﬁ{n gah.m CVVC CIJ m Long step/ stride
ra:ﬁlln rah.m  CVVC C m Nlegal
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Table 7.2 reveals that Hindko permits the consonants, liquid /l/, nasals /m/ and /1y/ as
syllabic consonants. Syllabic consonantal segments have similar properties of a syllable, i.e.
mclody like nuclei. However, words having syllabic consonants are not great in number in the
dialect.

Hindko has a range of syllabic templates in form of open and closed syllables. The
following section shows the analysis of these templates:

7.2 Syllabic templates in Hindko

The dialect allows various types of syllabic templates. It includes short vowels, long
vowels and diphthongs'. During the analysis, a diagrammatical sample in light of OR theory
is drawn before providing the description of the data in the Tables. In the present study,
according to OR model, all long vowels and geminate consonants are structured as two
skeletons (xx) while short vowels are represented as single skeleton (x) and each case has
single root node. Conversely, in diphthongal case, both melodies (e.g. ai, see Diagram, 7.2b)
have separate root nodes .

Simple rhyme in Hindko (VV)
First, the templates of the simple rhyme in terms of long vowels and diphthongs arc

structured in the Diagram 7. 2.

" We have seen a few instances of the split among English vocalic elements into two classes: simplex ot short
vowels and complex or long vowels and diphthongs. The phonetic distinction into three groups we noted at the
outset reduces to a phonological division into just two classes. The complex nuclei form a single group and
hence we need a mechanism for treating them as a unit: referring to a disjunction of long nuclei and diphthongs

fails to achieve this aim, since a class of two objects could, in principle, comprise any two groups (Gussmann,
p22)
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Diagram 7. 2 (b)

W —>z—m—a &
0z

N
”0—*72—7::-—63

Come Has come 7

In simple syllabic templates, the dialect allows the simple rhyme of long vowel and
diphthong. These results are in line with common held views that simple rhyme subsumes one
constituent without coda. In Diagram 7.2 (a), rhyme stands in non-branching'? form which is
possible for a well-formed syllable to be without branching while in (b), a nucleus position
permits branching. Further data is given in the following Table 7. 3:

Table 7. 3 Data for single simple syllable, VV templates

Examples Gloss Templates Examples Gloss Templates
a: Come Vv u: Not possible vV
& See/how \'AY é: How A\'AY
o: That/he/she \AY ai Has come Vv
a: Yes/Really Vv el This one \'AY

Table 7.3 displays syllables containing vowels and diphthongs. Long oral and nasal
vowels function as nucleus in non-branching positions. Data, therefore, in the above table

have non-branching but due to have the quality of heavy syllables, they get two skeletons and

'* Nucleus which makes two skeletal slots in a syllable is termed as branching while one skeletal slot is called as
non-branching.
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single root like the Diagram 7.2 (a). Similarly, diphthongal data in the Table such as /ai/ and
fei/ also allows branching at the skeletal position like the Diagram 7.2 (b). All the above given
examples are in open syllable form and such examples of oral and nasal vowels are commonly
found in Tanoli Hindko.
Simple syllables in open form (CVYV)

Tanoli dialect also allows open syllables in form of CVV. An example of CVV

templates is structured in the following Diagram 7.3:

Diagram 7. 3 (a) (b)
a g

/Fﬁ / )
O N O N

LN N

|V 1 1]

p @ b a i

Beat/ follow An arm of a cot

The above diagrams 7.3 depict syllables containing onset and nucleus but no coda. In
7.3 (a), nucleus has two skeletons while in 7.3 (b), nucleus shows branching. More data with
each Hindko consonant is given in the following table to support the similar templates:

Table 7. 4 Data for single open syllable, onset and nucleus, CVV templates

Examples Gloss  Examples Gloss  Examples Gloss Examples  Gloss
pa: Beat/follow to: Touch va: Fine dzi: Yes
ba: Put ko:  Slaughter fu: Totally fa: Take

{destroyed)
pla: A tool of dee: Leakage ya: Speak te: Hide
wood
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rel

[rritation
Is
Stand up
Give

Leave

K"a:
ga:
ho:
Ja:

kei

Eat
Go
Why
Bride

A tool

sa

ma:

na.;

bei

Peep
Sleep
Mother

Don’t
come
Stale

gai

Stay
Plough
Or

Arm of a
cot
Muddling

The above table 7.4 shows open syllable in form of onset and nucleus. It depicts that

the dialect includes CVV pattems in its syllable structure. A single example with each

consonant in the above table reveals that most of Hindko consonantal segments occupy the

onset position word initialty. There are, however, rare sounds like /t/, /n/, /n/ do not function

as onset word initially in the dialect. The data in the Table also shows that ali long vowels can

occur at syllable final position in the open syllables.

Simple syllables in terms of nucleus and coda (VC)

In addition to onset and nucleus templates, Hindko has also nucleus and coda

templates.

Diagram 7. 4
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The above diagrams 7.4 show short and long vowels at nuclei position. In 7.4 (a),
geminate consonant /t:/ 3 (CC) is preceded by a short vowel while in 7.4 (b) a singleton C is
preceded by a long vowel. Therefore, the coda in the diagram (a) gets two skeletons whereas
in the diagram (b) nucleus takes two skeletons. More data is given in the following Table:

Table 7. 5 Data for single syllable, nucleus and coda, VCC and VVC templates

Examples Templates Gloss Examples Templates Gloss
O au VCC Corner wk vvC Guess
akk VCC Tired am, vVvC Bring
itt vVCC Brick a:dy vvC Today
1SS VCC This 0:g Vv(C A small sharp
piece(s) of
wood
ull vCC Get off el VvC Tame

The above table 7.5 presents two types of templates, i.e. the short and the long vowels
with the coda. The given examples show that the short vowels have single V followed by
geminate consonants (CC) in form of VCC templates whereas long vowels (VV) are followed
by singleton (C) as VVC. In such type of pattern, all short vowels can occur at nucleus
position, and all consonants can occupy the position of coda (see Appendix, F). Clements and

Keyser (1983) term the combination of nucleus and coda as thyme.

'* Ewen and van der Hulst (2001) recommend colon () after geminate consonants like long vowels (p.153, see
diagram, 87b & 92 ¢. P.157). Similarly, for moraic theory, they state, a geminate consonants is always lexically
associgted with 4 mora; i.e. the difference between a geminate and single consonants is the fact that geminates
always contribuie to the weight of syllables (p.1356).
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Simple syllables in closed form (CVC)
In addition to the open syllables in the simple syllable pattern, Tanoli Hindko dialect

also allows onset, nucleus and coda, i.e. closed syllables.

Diagram 7. 3
(a) (b)
o c
/ /r

Co

0O N 0
L IN N~
% o
s a P s L
Snake Moment

The above diagrams 7.5 show closed syllables that V is preceded and followed by
consonants. In the diagram (a), the coda /p/ takes two skeletons and the nucleus /a/ shows
single skeleton while in the diagram (b), the structure of the simple closed syllable get reversed
that nucleus /a:/ has two skeletons and following /t/ at the coda position shows one skeleton.

Further data for closed syllable is given in Table 7.6:

Table 7. 6 Data for closed syllables, onset, nucleus and coda, CVCC and CVVC templates

Examples Templates Gloss Examples Templates Gloss
nitt CVCC Daily rd:m CVvV(C Rest
sukk CvVCC Get dried lo:g CVVC Search
sapp CVCC Snake li:k CvvcC Line
torr CvCce Walk lan CvvC Salt |
nat"" CVCC Bridle de:x CVVvC See
sill CVCC Stone sa:f, Cvvc Moment
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Table 7.6 depicts onset, nucleus and coda in form of CVCC and CVVC templates. As
mentioned above, all Hindko consonants word finally are well-formed segments at coda
position. However, sounds like /j/ do not get coda position in the dialect but it freely occurs
word initially. Similarly, as given examples show except /e:/, all vocalic segments function as
nuclei in closed syllables. As data given in the previous Tables, Hindko short Vs show one
skeleton while long Vs depict two skeletons at nucleus position in Table 7.6.

So far, simple syllable structure has been discussed and found that Hindko permits
open and closed syllables in form of following templates: VV, CVV, VCC, VVC, CVCC and
CVVC. Besides, in Tanoli Hindko, a nucleus can also be preceded by more than one non-
syllabic element at the onset position which refers to the category of bipartite consonant
clusters. First, data is analyzed which occupies two consonants at its onset position.

Complex syllables in open form (CCVY)
Tanoli Hindko dialect has also words containing complex onset in open form. Such

words can be structured in the following way:

Diagram 7. 6 @) )
o

I A N
Y L]

A part of wooden roof Pertaining to someone else

*>

Unlike the previous templates, Diagram 7.6 shows branching at onset position. Simuilar
10 the previous data of open syllables, both long vowels and diphthong represent a two-point

structure at nuclei position. More data for similar syllabic patterns is illustrated in Table 7.7:
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Table 7. 7 Data for open syllable, onset branching, CCVV templates

Examples Templates Gloss Examples Templates Gloss
sla: CCvV Suggest tree: CCVV Thirst
pro: CCvy Weaving Jru CcCcvv Start
tri: CCVV Thirty prai CCvv Someone else

The above table 7.7 exhibits the examples of Hindko words in form of branching at
onset position followed by V with two skeletons. This idea of branching is similar to nuclei,
specifically diphthong, that an onset also makes two positions instead of one in a syllable, 1.e.
a constitute make two slots skeletally. Such type of bipartite consonant clusters is not much in
frequency in Tanoli Hindko. However, all Hindko long vowels and diphthongs can be found
in such templates. It can be said, therefore, that Hindko permits the templates of CCVV
which refers to word initially well-formed consonantal clusters.

Complex syllables in closed form (CCV(C)

Similar to open syllables, Hindko allows bipartite consonant cluster at onset position

in closed syllables.

Diagram 7. 7 (@
o

S
ﬁ?Co R

;qg

Co

x
=

N 1 ] ’l‘
dr b: d r a J’Z
Severely beating Drawer
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Diagram 7.7 (a) shows short while (b) has long vowels preceded by CC and followed

by C. More data for similar syllabic patterns is provided in Table 7.8:

Table 7. 8 Data for closed syllable, onset branching, CCVCC and CCVVC templates
Words Templates Gloss Words Templates Gloss
drabb CCvCC Beat dra:z CCVvVvC Drawer
pry"y™ CCVCC Catch xla:m CcCcvvCe Small cave
prakk CCVCC Instant - frok CCVVC Time ago

pragt CCVCC Turn e CCVVC Dew/cracks

Table 7.8 shows the templates of bipartite consonant cluster at onset position followed

by short and long vowels at the nucleus position. Tanoli Hindko consonants at the coda

position geminate if preceded by a short vowel while the nucleus in form of a long vowel

itself geminates means it occupies two skeletons and, thus, its following C never geminates in

the dialect. It can be concluded, therefore, that Hindko allows closed syllable with the \

templates of CCVCC and CCVVC,

Complex syllabies in terms of coda branching

Some syllabic templates in the closed syllables are also found in form of bipartite

consonant cluster without gemination word finally in Hindko.

Diagram 7. 8 (a)
/R

A

N Co
)l( i
m &

Boitom of tree/wall

&)

§
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S
O N Co
AN

| ¥

s G

Clean up

o R
¥ oo—m




Unlike the previous structure of syllabic templates, the above diagram 7.8 shows
branching of consonants word finally. Further examples are provided in the following table to
show the similar syllabic patiern in the dialect:

Table 7. 9 Data for closed syllable, coda branching, CVCC and CVVCC Templates

Words Templates Gloss Words Templates Gloss
mdnd cvce Bottom saxj, CVvCC Hard
kéng" CvCe A type of ba:st CVVvCC Embarrassment
plant
himb CvVCC Sudden {14 CVCC Aim/Target
attack
Jo:ng, CVvvCC Rumour mi:ndg CVVCC Leather

Table 7.9 presents the examples containing coda clusters with the basic template of
syllable structure. In the dialect, the coda clusters show that nasal consonants are followed by
stops and affricates; and fricatvies are followed by stops (see Section, 7.3.2). The data reveals
that single consonant at onset position is followed by nucleus, V or VV, followed by a coda
cluster. Short vowels show the templates in CVCC form while long vowels have CVVCC
templates,

Complex syllables in form of onset and coda branching (CCVCC)
Maximum syllabic templates (MaxST) in the dialect are CCVCC or CCVVCC. At
nucleus position, short vowels are found in form of single skeleton while long vowels occur

as double skeletons. The structures of both types are drawn in the following:
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Diagram 7. ¢

(a) (b)
o o
% /e
R —
0 N Co 0O N Co
N4 NN
X X X X X X X X x X X
VAL 11 1]
Pt a mb fri n d
Climb up Eating savagely

Given examples, /plamb/ and /frli:nd/ have consonant clusters at the onset and the
coda positions. However, the words which allow combination at both positions of nucleus are
very low in the frequency in Tanoli dialect. Overall, it can be said that Hindko also permits
the pattern of CCVCC and CCVVCC.

In summary, the syllabic pattetn in the category of bipartite consonant clusters,
Hindko allows the templates of CCVV, CCVCC - CCVVC, CVCC - CVVCC and CCVCC -
CCVVvCC.

7.2.1 Discussion on Hindko syllabic templates

The analysis of Hindko templates shows that short vowel represents single skeleton
while long vowels and diphthongs show two skeletons with single root node. These results of
the present study are, therefore, in line with the views of Gussmann (2002) that short vowel
corresponds to a single skeletal point while both a long one and a diphthong represent a two-
skeletal point structure, The analysis of Tanoli Hindko data exhibits constraints on the
occurrence of vowels that short vowels neither make simple rhyme nor can occur in open

syllables while all long vowels and diphthongs make simple rhyme. Similarly, in English, a
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short vowel cannot stand alone as a syllable while long vowels and diphthongs can (see
Section, 2.8).

The occurrence of consonants at onset position followed by long vowels in Hindko is
line with universals held view (Clements and Keyser, 1983) that all languages have CV
templates. Similar to other world languages, this basic syllable structare™ is frequently used
in Hindko. The existence of this syllable format, therefore, also supports the idea of
(Kenstowicz, 1994) that CV template is found in all languages of the world. The findings
show that Tanoli Hindko also allows coda in both categories of the syllables, i.e. open and
closed syllables. The coda can be found in form of C or CC,

Regarding the onset, nucleus and coda, Gussmann {2002) argue that syllables can be
segregated in form of onset and the rthyme, and the second part of the syllable is the vocalic
nucleus. However, vocalic nucleus consists of a complement in the form of a coda, termed as
the rhymal complement. On the subject of coda occurrence, Burquest (2006) states that some
consonants are allowed only at coda position in languages, and some are restricted only for
onset position. For example, like Angas, twenty six consonants get the place of onset while
only ten consonants can occur in coda position, It is due to the fact of their strong and weak
positions; the former is related to large inventory while the latier shows heavy restriction on
the occurrence. Similarly, he argues that in Asheninka spoken in Peru, all consonants can
occur word initially while only nasals are allowed at the coda position. In another language of
Peru Cashinahua, he states that only fricative get place at the coda position; in Taiwanese all

fourteen can occur at the onset while only seven consonants, nasals and plosives, can occur at

1 According to OR model, long vowel stands as VV, i.¢. two skeletons, thus, the structure of onset (C) and vowel
(V) in the open syllable is termed as CVV in the dialect whereas short vowel V cannot oceur in open syllable )
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the coda position. Coda position is, therefore, considered as weak due to the heavily restricted
inventory of segments.

The oceurrence of the coda in Tanoli Hindko is richer than the onset in the sense that
all consonantal sounds, except /j/, are well-formed sound at the coda position. Out of thirty
one consonants, one scund /n/ can neither occur word initially nor syllable initially whereas
two segments //, /n/ are impossible sounds word initially but possible syllable initially.

The analysis also reflects that the onset and the coda permit branching. Both positions,
the onset and the coda, allow maximally binary branching. Conversely, English and Polish
allow maximum three consonants cluster at onset position and four consonants at coda
position. Pashto, the major language of KP, allows tripartite consonant cluster at the onset
position but bipartite consonant cluster at coda position (Khan, 2012). However, Urdu,
national language of Pakistan, lacks clusters at onset position but makes bipartite consonant
cluster at coda position (Ghazali, 2002).

Regarding nucleus position in the syllables, short vowels of the dialect do not allow
branching skeletally while long vowels petmit two skeletons. Diphthongs of Tanoli dialect of
Hindko also allow binary branching. Similarly, in case of diphthongal sounds, English also
permits branching {see Section, 2.8). However, data shows that most of the syllable in Tanoli
Hindko have non-branching on its onset and coda positions (see Sections, 7.3.1 & 2).

In a nutshell, Hindko syliabic templates come under the umbrella of fourth type of
syllabic templates proposed by Clements and Keyser (1983) including CV, V, CVC, VC
pattern. Similarly, English also permits fourth type of syllabic templates (see Section, 2. 8). In
this manner, both English and Tanoli Hindko are similar to each other. The dialect has 13

syllabic templates, such as VV, CVV, VCC, VV(C, CVCC, CVVC, CCVV, CCVCC,
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CCVVC, CVCC, CVVCC, CCVCC and CCVVCC. English allows 20 templates in syllable
structure (see Section, 2.8).

Rashid (2011) identifies the syllabic templates in Hindko spoken in AJK on the basis
of monosyllabic words as CV and CVC, in bi-syllabic words such as CV.CVC and CVC.CV
and in polysyllabic words, as CV.CV.CV. He concludes that Hindko has five syllabic
templates V, VC, CV, CVC and CVCC. Rashid’s study shows that no syllabic templétes
allow consonantal cluster word initially. In case of Urdu, Ghazali (2002) identifies 11 syllabic
templates including CV, CVC, CVCC, CVV, CVVC, CVVCC, V, VC, CVV, VV and VVC.
7.3  Consonant clusters in Hindko

In Hindko, consonant clusters are possible word initially (onset position), word
medially and word finally (coda position). First, the analysis of the consonant clusters is
carred word nitially.

7.3.1 <Consonant clusters at onset position in Hindko

In Hindko, maximum two consonants cluster are permissible at onset position of a

syllable., The following diagram, developed in light of OR mode!, shows the stop /d/ followed

by liquid /r/.
a

Diagram 7. 10 /
R
[T
NNF
X X
[V
r z

a:

B o=

The Diagram shows a Hindko word /dra:z/ *drawer’ in form of branching at onset (O)
position and its rhymal part (R) includes nucleus (N) with two skeletons (X) and the coda
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(Co). It reveals that Hindko permits bipartite consonantal cluster at onset position of a word.
More data for well-formed consonant clusters word initially is given in Table 7.10. Regarding
the onset cluster, first, the analysis is camied out to describe the stops followed by other
conscnants and each cluster is shown with two examples.

Table 7. 10 Word Initial Clusters (Plosives + Others)

Type Clusters Examples English Translation
Plosives + Liquids pl plédmb Climb
ple:r Fence
bl bla: Giant
blitt Rolling on land
fl tlai Matters
flanga: Uncivilized
dl die:r Brave
dla:sa: Politely
kl klae:x A type of vegetable
klat"t" A type of pulse
gl gla:b Rose
glee:r Spread/ free
pr pragt Turn
pro: Weaving beads
br brindzi: A long and sharp nail
bré:mndi: Rain coat
tr fra:mbra: Lid of a pot
fribbyi: Cucumber
dr dra:t Sickle
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Plosives + Flap

Plosives aspirated + Liquids

tr

dr

kr

pr

ky

gl

dreetk
tra:fa:
trakk
dro:kall
dra:
kori:qi:
krsnd

graf"f"a:

grabb
pug"y"
prakk
bra:l
bripga:
kramm
krukki:
guang
gra:
p'ra:
plrau:
p'lazy
phlo:r
puita:

tra:

K'roppa:

K ritta

K"le:r
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A tree having bitter taste
An animal small in stature etc
Truck
Coward
Fear
Hail
Probe someone
A type of plant having yellow fruit
Sudden attack
Catch
Glimpse / Instantly
Laying a blanket
Twisted
Jam
A trap for rats
Heavy stone
Mating of animals
Spread
Target without aiming
A plant with thorn
Probe/Search
A trap for birds
Stop/being cold
A tool for gardening
Foot (Negative use)

Lay




kMa:ra: Scattered form
k't K"rEim Shoes
K'rack Fight

Table 7.10 shows that all unaspirated and voiced plosives combine binary branching at
onsetl position with liquids /I, /t/ and flap /¢/. Plosives /p/, /b/, i/, /d/, /k/ and /g/ make
combination with liquids /1/ and /t/; however, /t/ and /d/ plosives also permit clusters with /r/.
Only four plosives, /p/, /b/, /k/ and /g/ allow clustets with flap /t/. Regarding aspirated sounds,
the analysis reveals that /p"/ and /K" allow clusters at initial position with /I/, /t/ and /t/
whereas /t"/ is a possible sound only with liquid /t/ segment. Above all, only one aspirated
plosive, dental /{"/ does not make any combination with any segment in Tanoli Hindko.

The results show that liquid /t/ occur with maximum stops while flap /i/ allows
combination with minimum stops. The findings of the data show 25 onset clusters of stops
followed by approximants. Therefore, the possible stops onset cluster in Tanoli Hindko are:
pl, bl, g, dl, klgl, pr, br, tr, dr, tr, dr, ke, gr, pr, br, k. g, pop'n pUL tr, K™, k™ and k',
However, in this type ol combination, some clusters are impermissible in the dialect such as
', 4L, R #M, *y, *l, *dL *g, *dp *tr, *dr. Overall, it can be summarized that except
glide /j/, all of the other three approximants in Tanoli Hindko allow clusters preceded by
plosives, i.e. plosives + approximants.

In addition to stop clusters, Tanoli Hindko also permits onset combination of nasal /m/

with /I/ and /r/. The examples are shown in the following table:
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Table 7. 11  Word Initial Clusters (Nasals + Others)

Type Cluster Examples English Translation
Nasals + Liquids ml mla:na: Religious scholar
mla:p Approach
mr mri:d Disciple
mro:p To bend

Table 7.11 shows words containing nasal /m/ with liquids /I/ and /t/ at onset position
ol syllables in form of branching. The combination of /ml/ and /mr/ are, therefore, well~
formed clusters word initially in the dialect. Other nasals /n/, /n/ and /n/ do not make clusters
with any segment, and the combination of /m/ with // *mr is also an ili-formed cluster in
Tanoli Hindko. Like nasals and stops, some fricatives also make clusters word initially as can
be seen from the Table 7.12 below:

Fable 7. 12 Word Initial Clusters (Fricatives + Others)
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Type Cluster Examples English Translation
~ Fricatives + Liquids sr sradd Hay
sr:la: Dry flower of Hay
sl sla: Suggestion
slu:ng: Salty
Xr xra:b Spoil
Xra:t Charity
x1 xla:m A small cave
xlas Open/separate




fir fira: Defeat

fil fila:y, Condition
fila: Move
yl yla:ra: A small piece of stone
yla:m Slave
yr yrabb Sudden attack
fl fla:na: That one
fr frang Manoeuvring
free:d Cry
i) Jiibbga: A piece of meat
Jlakk Tree’s skin
Jr Jru: Begin
Jrit Islamic principles |
Fricatives + flap I Jton.ni: Humiliate |
Jiang Jiggle
YU Yy(&pp Interpose

The above table 7.12 exhibits consonant cluster of fricatives with liquids and flap. The
analysis of data presents that /[/ and /y/ occur with /I/, /t/ and /t/, whereas some other
fricatives, /s/, /x/, /i/ and /f/ allow combination with liquids. The results reflect if a fricative
allows /l/, it also permits /r/. Generally, the fricatives allow clusters more with liquids but less

with flap. The results of fricatives with approximants show 14 clusters at onset position in
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Tanok Hindko such as s, sr, x1, xr, A, fr, yr, yL, yr, fr, f1, Jt, fr and 1 while ili-formed clusters
are *, *vl, *vr, *v, *st, *zr,*zl, *zy, *xrand *hy

Similar to stops, fricatives and nasals, Hindko affricates also allow consonantal
branching word initially, Some examples are given in Table 7.13.

Table 7. 13 Word initial clusters (Affricates + Others)

Type Cluster Examples English Translation
Affricates + Liquids il flack Clever
fla: Operate
fr frowa: Unripe peach
jro:ka: Days ago
&1 dlatta: Bitter
dzla:b Motion
d&r dzra:b Socks
Aflricale Aspirated !l'"l "ang Spread
+ Lquids i'lakka: Sea wave
{'r {ra: Open the stopped water
etc

The above table 7.13 depicts that all Hindko affricates combine two consonants cluster
at word initial position with liquids /I/ and /r/. These clusters are six in number including 41,
1. dzl, dzr, gfhl and d'hr. Unlike some fricatives and stops but like nasals, affricates permit
combination of consonants only with liquids. It can be said, therefore, that affricates and

liquids are well formed whereas affricates and flap are ill-formed clusters at onset position of

Tanoli dialect of Hindko.

256




7.3.2  Consonant clusters at coda position in Hindko

In Hindko, a few words have consonant clusters word finally at coda position. These

clusters subsume combination of nasals and fricatives followed by stops, affricates and

fricatives. According to OR model, a word of coda cluster is structured in the following way:

Diagram 7. 11

N

0
l
!

k

—

hll\\ Co

1

®; n l;h
A type of plant

Further examples of word final cluster are illustrated in the following table:
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Table 7. 14  Word final clusters (Nasals + Others)
Type Cluster Examples English Translation
~ Nasals + Plosives mb fidmb Sudden attack
plamb Climb
ng sd:nt Clean up
f&:nt, Secret
nj,," k& :n;,h A type of plant
ng band Close
kand Wall
nd p"ind Small bag of luggage
Jand Barren
nt dsiint Yoke
nt" tr&:nt" Sixty three




ng

Nasal + Fricative ns

Nasal + Affricate nd3

Fricatives + plosives i

Sixty five
A kind of partridge

Bark

Coughing

Throat
Desire to eat something

Bamboo

Fold

Hand made flower of
thread
Defeated severely

Target
Motion
Embarrassment
Hard

Free

The above table 7.14 shows bipartite consonantal cluster at coda position. In most of

the examples, only nasal /n/ is preceded by the right edge C of the coda cluster. An example

of /m/ and /b/ cluster is also found in the dialect. Similarly, combination of some fricatives

and dental /t/ is also possible in Hindko; however, the utterance of these combinations varies

among native speakers. It has been observed that sometime some speakers insert /a/ segment

in-between coda clusters while at other time they combine well-formed strings of /[Y/, /st/, /xy/

and/fi/ word finally. Therefore, cause of deletion or insertion of /a/ in-between coda clusters

are needed to be further investigated. It can be concluded that bipartite cluster word finally are

15 in number such as mb, ng, nj_h, nd, nd, nt, nt™ vk, ng, ns, nds, fi, st, xt, and ff, Overall, the




majority of the data reflects that nasal consonants are followed by plosives, fricatives, and
affricates at coda position of syllables.

7.3.3 Consonant clusters at word medial position in Hindko

As mentioned ecarlier that only root words are taken into account for the syllable
structure analysis of Tanoli Hindko. Similarly, data for medial consonant cluster is also
mostly based on root words; however, in some cases, to know whether medial clusters are
possible or not, the morphological operation of the words is also considered. The reason for
adding such data is, therefore, to show the possible clusters in Hindko that refers to the
constraints on (ill-formed and well-formed) consonantal clusters. In this way, most of the
data comc across in form of concatenated gemination, Overall, Hindko allows clusters at three
possible positions of words, like initial, medial and final. Like the onset and the coda clusters,

a diagram for word medial cluster is also structured in the following: 1t

()/IllE\Co/E /l:q
ll}‘;lixl\xlojl\x
LY

The diagram shows three syllable of the Hindko word /kantra:te:// means ‘mumps’, It
exhibits branching, /-ir-/ a medial consonant cluster CC, at the onset position of the second
syllable whereas other constituents show non-branching of the segments. More Hindko data

1s given in the following Table for medial consonant cluster.
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Table 7. 15  Word medial clusters (Plosives + Others)

Type Clusters Examples Syllables Templates English Translation
Plosives+ Liquids  pr Yappri:  §"ap.pri: CVC.CCVV Cottage
koppri: kop.pri: CVC.CCVV A high place in land
br tabbri: tab. bri: CVC.CCVV Wife
babbri: bab.bri: CVC.CCVV A Kkind of goat
tr blegra;  ble:. ga: CCVV.CCVV A toll used in
ploughing
kingre:te: kanjgre:te: CVC.CCVV.CVV Mumps
dr kaddra:  kad. dra: CVC.CCVV Comparatively
gaddro:r  gad. droix CVCC.CCVVC  Old and torn clothes
t'r sof''ra:  sut. thra: CVC.CCV Clean
moi'ri:  mog". Pri: CVC.CCV Defeated badly
dr kdndru:  kan. dru: CVC.CCVV A type of tree
kandratf  kan.draft, CVC. CCVCC Uncultivated
kr Jikkra: Jik, kra: CVC.CCVV Hawk
mafkii:  maf, ki CVC.CCVV Jokes
gr diggra: dig. gra: CVC.CCVV Trouser in a big size
pa:gra:  p®:. gra CVC.CCVV A kind of bird
il pa:tli: pae:. thi: CVC.CCvyV Deep
patila: pat. tla: CVC.CCVV Skinny
dl mandla:  man.dla: CVC.CCVV A toll used to keep
loaves
yandld:  yén. dl&: CVC.CCVY Young stems of
mustard
t"] stt " sti".t"li CVC.CCVY Backbiting by a
female
nrt™ 1"l nrt” £ CVC.CCVV Escaping (feminine)
kl trakkla:  frak.kla CCVC.CCVVY A sharp needle of
iron
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Plosives + Flap

gl

pt

by

p't

B

mattokkla; mag ok kla:

kéngla: kan.gla:

béangla: ban.gla:

ok"Ki;  wk"k"i:
sk"KMi:  sk"Ki:
thapp{éi: t"ap.pra:
kappra:  kap.pra:

fPabbri:  §'ab.bri:
frambra:  fram.bga:

fap'pra: fap” phea
g"ap"p'ra: Pap”. p'ea:

kottra: kut. yra;
Kattra: kattra:
kaddra: kad.dra:
kat"ta:  kat" thca:
attra: at. tra:
Kattra: kat.tga:
laddra: lad. dra:
nathth[?i: nat", t"[?i:
dokkra:  duk. kra:
batkra: bat. kra:
langra:  lan.gra:
ka:ngri: kan.gri:
sak"k"d  sak" k"

CVC.CCVY
CVC.CCVV
VC.CCVV

CVC.CCVV
CVC.CCVV

CVC.CCVV
CVC.CCVV

CCVVCC.CCVV

CVC. CCVV
CVC. CCVV

CVC. CCVV
CVC.CCVV
CVC.CCVV
CVC. CCVV
VC. CCVY

CVC. CCVV
CVC. CCVV

CVC.CCVV

CVC. CCVY

CVC.CCVY

CVC.CCVV
CVVC.CCVV

CVC. CCVV

CVC.CVC.CCVV Thick and small stick

Having no money
A well-build house

Large wooden
mortar
Get trained

A tool used for
compressing soil cte

Cloth

A tool used to keep
loaves
Lid of a pot

Flat/ horizontal

Stagnant water with
mud

Puppy
Buffalo calf

A type of vegetable
A type of grass
Egg
Buffalo calf

A tool used to tie
animals
Escapism

A type of drum
Uncivilized man
Lame
Very skinny
Empty hand
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Like the onset clusters, word medial clusters in Hindko are also followed by three
approximants, /V/, /t/ and /t/. Stops and approximants cluster at word medial position are 26 in
number such as pr, br, tr, dr, Lhr, dr, kr, gr, g, dl, 1, &1, gl, KM, pt. bt, ph[, tr, dr, f’t, tr, dr, t"r,
kp, g and k"r. Generally, word initial clusters are also possible word medially; however,
except a few, such as dental /"t/, is impossible combination word initially but possible word
medially. Plosives and flap are possible with six sounds word initially whereas all plosives
allow clusters with flap at medial position. The results of medial cluster reflect that first
syllable in most of the words are in closed form (CVC) while majority of second syllables is
in open form (CV). Overall, three possible approximants and plosives make combination
word medially; however, a few clusters are impermissible found in the data such as *tr, *hr,
K, *pl, *bl. *ir, *p"l, *"r, *t"r and *th.

In addition to plosives and approximants combination, Tanoli Hindko also allows the
clusters of fricatives and affricates with approximants. The examples are illustrated in the

below table:

Table 7. 16 ~ Word Medial Clusters (Fricatives and Affricates + Others)

Type Clusters Examples Syllables Templates English Translation
Fricatives + lateral  xr baxxra:  bax.xra: CVC.CCVV A part of divided item
bax.xro:ta: bax.xro:.ta: CVC.CCVV.CVV Goat’s kid
ST SUS. ST SUS.sri: CVC.CCVV Small sand

béd:nsri: bamn.sri: CVVC. CCVV A musical instrument

fr naffragf,  naffrag CVC.CCVCC Hatred
Jr bafJra: baf.fra: CVC.CCVV Face
zr mozzra:  Muz. zra: CVC.CCVV Result
uzzra: UZ. ZIa: VC.CCVV Pertaining to
condolence
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s

x1

Fricatives + Flap St

It

X[

Affricates +Lateral  d3r

ir
g
#l
&zl
!

Affricates + Flap 1t

dst
"

massla;
nassli:
saxxla:
da:xla:
naffla:
xaffla:
mas.sga:
das. sta:
Kk"o: fa:
K"affra:
puffra:
Taxxra:
sadzdsra:
Jadgdzra:
katftfra:

mayyra:

kotftla:
§"adsdsli:
fof"f"la

bafifia:

badzdzra:

bay"§"ra:

mas.sla:

nas. sli:

sax. xla:

da:. xJa:
naf. fla:
xal. fla:
mas.sga
das. sra:
Ko:. fra:
K"af. fta:
puf.fra:
rax.X(a:
sad3. dgra:
Jadg.dgra:

kaf" {fa:
maff® if"ra:
kof.fla:

Mads. dsli:
' ﬂ“uy“.yhla:

baf fta:
bads.dgia:

bay™ (M

CVC.CCVV
CVC.CCVV
CVC.CCVV

CVV.CCVV
CVC.CCVV
CVC.CCVV
CVC.CCVV
CVC.CCVV
CVC.CCVV
CVC.CCVVY

CVC.CCVV
CVC.CCVV
CVC.CCVY
CVC.CCVV

CVC.CCVV
CVC.CCVV
CVC.CCVV
CVC.CCVVY
CVC.CCVV

CVC.CCVV
CVC.CCVV
CVC.CCVV

Problem
Nobility
Easy
Admission
Additional prayer
Much careless person
Muddling
Showing
Torn piece of clothes

The part where
buffalo store milk
Aunt’s husband

Trouble
Fresh
History

Mule/garbage
Mosquito
Poison
A kind of snake
Speedy man (used in
negative sense)
Child
Beating

Cow calf

Table 7.16 shows that all affricates make clusters with three approximants, /l/, /r/ and

/v/ at word medial position, and fricatives /x/, /s/, /f/, /{/ and /z/ allow combination only with

/t/ sound. Furthermore, fricative /z/ 1s not possible combination word initially but possible
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word medially. Similar to the occurrence of /z/, dental /,Lhr/ is ill-formed cluster word initially
but well-formed word medially. Fricative /s/, /f/, /x/ and /[/ make clusters with /I/ and /¢/. '_l“he
frequency shows 22 consonant clusters of fricatives and affricates with approximants /r/, /1/
and /t/ such as fr, sr, zr, Jt, xr, fl, sl, 1, x1, f, st fo xo 05 dsl, ¢°r ), dsr, §7, o, dspand g
Conversely, *vr, *yr, *fr, *vl, *yl, *Al, *ft, *vy, *sp, *2zr, *yr and *fr are impossible clusters
word medially in the dialect. Qverall, medial consonant clusters are 48 in Tanoli Hindko.
Generally, the findings of initial and medial clusters are almost identical.

7.3.4 Discussion on Hindko consonant clusters

The analysis of consonant clusters shows permissible and impermissible strings of
consonants in the syllable structure of Tanoli Hindko. It permits clusters word initially,
medially and finally and English allows clusters at three positions of a word as well. This
combination maximally goes up to two consonants at each possible position in Hindko while
English allows three consonants word initially, for example, screw, spring and four
consonants word finally such as prompts, sixths (Roach, 2602). Both languages allow open
and closed syllables. In most of the cases, English allows /s/ followed by /1, 1, j, w/ (Duanmu,
2008). On the contrary, in case of Hindko, only three segments, /I/, /t/ and /f/ always occupy
the second C of initial and medial clusters. Unlike initial and medial clusters, the second C of
word final position can be stops, fricatives and affricates.

The results of word initial cluster of the data reveal that except /v/, /n/, v/, v/, i, iri,
ft/ and /)/ all of the other consonants allow clusters at the left edge of word initially, if
combination of consonants is well-formed. There is constraint that /vy, /v/, /V/, /t/, / and /i/ do
not allow combination (as the first C of the string)} at any position of words while /n/ and /iy
permit cluster word finally by functioning as initial C of the cluster. The findings reflect that
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most of the strings at coda position have /n/ followed by plosives while a few coda clusters
allow /m/ and /y/ + plosives. Likewise, the possible combinations at the coda position also
have fricatives + plosives sequences (see Table, 7.14).

In Tanoli Hindko, the combination of nd, ns, xt, gk and g at word final position are
not possible word initially rather this coda string, at word medial position, is split up by a
division of the coda and the onset such as n.d, n.s, x.t etc. Thus, possible coda clusters are
split up intervocalically. On the other hand, word-initial clusters are also permissible word-
medially in the dialect. In some way, findings of Hindko are similar to English, which permits
the clusters of final and initial places at medial position of a word such as description
/diskrip/n/ and extra fekstra/.

The results of clusters show the frequency of well-formed consonantal strings are 47
word initially, 15 word finally and 48 word medially. In case of English, possible bipartite
consonant clusters are 58 word-initially { Duanmu, 2008). This description of clusters is given
according to the frequency of their occurrence in English such as pr, st, tr, kr, br, gr, sp, sk,
fLfr, kI, pl, bl, sl, kw, dr, sw, sn, gl, nj, sm, pj, tw, 8r, kj, dj, mj, fj, tj, hj, s5, bj, sf, vj, dw, gw,
Ij, 6w, sj, 6], sm, sn, sp, ts, pw, pf, ph, zl, km, kn, sr, ps, ps, kv, sv, mw, sw, vw (p.160). He
states that in English first cluster /pr/ is found maximally and /vw/ has least occurrence.

In case of English, word final clusters are 51 in numbers including p#®, pt, ps, bd, bz,
t8, ts, dz, k8, kt, ks, gd, gz, mp, mf, mt, md, mz, n6, nt, nd, ns, nz, nf, 8, nt, nd, nk, ng, M, ft,
fs, vd, vz, Os, sd, sz, sp, st, sk, zd, [, [d, Ip, If, 18, It, 1d, Is, |z, Ik (Jone, 1976; Geigerich,1992;

& Roach, 2002).
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7.4  Syllable boundaries in Hindko

This part describes boundaries of Hindko syllables in terms of MOP. As mentioned
above, according to this principle, possible consonants of a syllable are maximized to the left
of V (peak) till onset cluster is allowed and then the operation of final consonants is carried
out maximally to the right of V (peak). The analysis of the data is shown with the words,
which have no consonantal cluster at word medial position.
No consonant cluster word medially in terms of long vowels

The dialcct has various types of syllabic patterns. The words, which have simple onset
(no consonantal cluster at onset position), are analyzed in the following way (see Diagram
7.13 & 7.17). Both short and long vowels allow syllables in the dialect; however, each type of
vowel carrics different word structure. First, the data of long vowels in the first syllable of
words is provided to find out its syllabification system in light of MOP.

Diagram 7. 13

(a) (b) (c)
C"‘ v C“. y € C/\]; C v .“c C/\!’ C v C
[ e e O R A I
i & N a  k f = n a k f = n a Kk

In the diagram 7.13 above (a), the onsets of both syllables are connected with syllable
nodes. In part (b), geminate /k:/ of the coda is connected with second syllable node because
there is no further syllable to be marked as the onset of the syllable. Finally, the part {c) shows
the complete structure of the word. More data for similar pattern is given in the following

table:
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Table 7. 17  Data for syllable boundary CVV.CVCC

Words Boundaries Gloss Words Boundaries Gloss
fe:nakk ja: .nakk Kettle Jaratt Ja: .ragt Sign
fo:rass fo: .rass Square tarvall ta: .vall Haste
fie:mafy, fee:. matt Courage sa:batt sa: . bat], Complete
xatarr xa: .tarr Because of pi:lakk pi: . lakk A l;)mg of
ir:

Table 7.17 shows examples of bi-syllabic words of Hindko. Since word medial
consonants are complex phenomenon as whether medial consonants are the onset of the
second syllable or the coda of the first syllable; therefore, syllable boundaries of the given
words are marked by the application of MOP. According to this principle, it syllabiﬁes.thc
consonant maximally as the onset of the syllable because languages prefer the onset rather
than coda (see Section, 2.9). Hindko word /ffe:nakk/ ‘kettle’ is, therefore, not syllabified
as*/le:n.akk/ rather as /ff&:. nakk/ because /n/ is the possible onset of a syllable. So, word
medial sounds /v/, /t/, /tf, /m/, v/, /of and /I/ are placed as the onset of the second syllable not
the coda of first syllable.

In Hindko, if a short vowel occurs in CVC form, the following consonant geminates as
CVCC (e.g. second syllable of the above given examples of Diagram 7.13 & Table 7.17)
whereas this rule is not applicable for a long vowel (e.g. first syllable of Diagram 7.13 &
Table 7.17). Short vowels in Hindko can only be found in closed syllables while long Vowels
are permissible in both open and closed syllables.

Data in the above section (Diagram 7.13 & Table 7.17) shows long vowels in the first

and short vowels in the second syllables of the words whereas in the following section,
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(Diagram 7. 14 & Table 7.18), short vowels are displayed in both syllables of the simple onset
words,
Medial consonants in terms of short vowels

In case of bi-syllabic words, if there is a short vowel in the first syllable; it aitracts the
onset of the second syllable and makes the coda of the first syllable and the onset of the
second syllable simultaneously in the form of gemination. In the following section of the
study, the word final geminated consonants are marked with colon (;) representing gemination
of consonants as CC (see Section, 3.4.2), whereas the medial geminated consonants are
structured without colon (:) by giving complete symbols (e.g. in Diagram, 7.14). This
technique of giving complete symbols at word medial position may give clearer picture of

words boundaries.

Diagram 7. 15
(a) {b) (c)
.U ] g [+] 0] a
Ao A A N AN
T O U O B LT
&z @4 n n a k & a n n a k: & 4 n n a k

The above diagram 7.14 (a) shows that first consonants of both syllables are linked
with syllable nodes. Then, in part (b}, medial consonant /n/ and final consonant /k/ are marked
as the coda of the first and the second syllables respectively. Medial /n/ is not maximized as
the onset of second syllable because combination of /n/ and /m/ are not possible consonantal
cluster at onset position in the dialect. Geminate /k:/ segments word finally 1s marked as the

coda due to word boundary.
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On the subject of such structure of the syllables, Pulgram (1970) and Selkirk (198_3)
are of the view to change from V.CV to VC.V if the first V is lax and stressed. However,
many other studies such as Halle and Vergnaud (1987); Baayen, et al. (1993) strictly follow
the rules of MOP (cited in Duanmu, 2008). Regardless of these views, Hindko has different
structure for such cases. If a short vowel is found in the first syllable, the onset of the second
syllable is geminated and becomes coda of the first syllable and the onset of the second
syllable concurrently. More data is given in the following table, which covers all three short
vowels of Hindko dialect in the first syllable.

Table 7. 18  Data for syllable boundary CVC.CVCC

Words Boundaries Gloss Words Boundaries Gloss
dsannakk dzan. nakk Children Jullokk Jul. lukk Move
ragtinn rat.tAnn A kind of red bird mussukk mus. sukk Smile
tigar L tarr Partridge pip"pharr p'ip". pharr Lungs

Table 7.18 presents the examples of three short vowels of Hindko /1, a, o/ and the
medial consonants of the words geminate and function as the coda of prior and the onset of
the subsequent syllable. Hence, law of finals (LOF)" is not violated in Hindko rather
gemination process occurs, The analysis of the data shows, if the first syllable of a word has

1/, the second syllable always be /a/. However, if the second syllable is open or followed by

**Law of Finals (LOF): Word-final rhymes and word-medial rhymes should resemble each other. Law of Initials
(LOI}: Word-initial onsets and word-medial onsets should resemble each other (Vennemann, 1988, p.32).
Syllabification by LOI and LOF: [s1).2] singer, (application of LOI), *[s1. o] singer violating of LOL: [n-] is not
a word-initial onset and violating LOF: [1] is not found word-finally. Similarly, «[a:tl. 35] at/as Violating LOF:
|-tl] is not a word-final coda and *[:.tlss] arlas violating LOL [H-] is not a word-initial onset (Duanmu, 2008,
p.55).
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third syllables in a word, the previously mentioned rule may or may not be followed.
Conversely, for the other two short vowels, there is no strict rule.

Generally, the syllabification process of marking the syllable boundaries in simple
syllable structure (CVCV or CVCVC) is not a complex phenomenon; however, the problem
of syllabification rises when a cluster of two or three consonants is found word medially. In
addition to simple onset words, Hindko also allows cluster of two consonants (without
gemination) at word medial position. These clusters can be found in form of well- formed and
ill-formed syllables. First, the analysis of well-formed clusters is carried out in view of MOP
in the following section.

Well-formed bi-consonants word medially

In Hindko, when possible bipartite consonant cluster (CC) at intervocalic position in

the words is preceded by short vowels; the first C of the intervocalic cluster gets geminated.

Thus, the boundaries of such words are marked in light of MOP in the following way:

Diagram 7. 16 (5) (b) (c
o 0 0 U 6 %J
vV ¢ C ¢ v ¢ \lf 'il cC ¢ v C v ¢ ¢ € v
U Z 2 r a: m O Z Z r a m [ Z Zz r a

Diagram 7.15 shows that onsets of both syllables are first connected with the syllable
nodes. Then word medial /2/ is linked with the second syllable as Hindko allows the cluster of
fzr/ word medially. In part (), geminated /z/ is placed as the coda of the first syllable because

in case of intervocalic gemination of consonants, the boundary is marked within gemination
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and combination of */zz/ is ill-formed cluster word medially in Hindko. More data is
tabulated in the following table to show the boundaries:

Tablc 7. 19 Data for syllable boundary CVC. CCVV

Words Boundaries Gloss Words Boundaries Gloss
tabbri: tab. bn: Wife vak"kMra: vak”. k"ra: Separate
i appri: fap.pri: Cottage sadzdzra: sady. dzra: Fresh
" aggri: {"at. tri: Umbrella "oyt fof”. " Clever
kaddra: kad. dra:  Comparatively kutitla: kot tfla: Poison
mu_t‘h;'hri: muf“ ;"‘ri: Defeated badly massla: mas. sla: Problem
kattra: kat.tra: Buffalo calf MUZZIA; Moz, zra; Result
kaddra: kad.dra: Swelling baf[ra: baf. fra: Face
kot"("i: kot". "G A small room baxxra: bax. xra: Part
trakkri: trak. ki Weight scale

Data in the above table shows some examples containing two consonants word
medially. The first syllable in each word consists of onset and coda whereas second syllable
has no coda. At intervocalic position of the words, the first C, which is the by-product of
gemination, becomes the coda of the preceding syllable whereas the second C gets the
position of onset in the following syllable. So, the second C is maximized to the left of the
second syllable in light of MOP. Data shows that approximants /1/, /r/ and /f/ with most of
Hindko stops, fricatives and affricates at word medial position are possible clusters. Such
words are, therefore, found in form of CVC.CCVV templates. Similar to this pattern,
collected data also shows some examples in form of closed syllable instead of open syllable,

e.g. /nat.frat;/hatred’ in form of CVC.CCVCC template.
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Some medial consonant clusters in the given examples, e.g. *zr and *ty are not found
word initially whereas other medial clusters in the given examples are well-formed. Overall,
most of the results of the data satisfy the syllabification rule of LOI. Some fricative segments
/A, y, v/ do not make consonant clusters word medially that is why the above table does not
show examples of these three segments.

Syllabification system for well-formed bi-consonantal cluster, therefore, can be
concluded in the following way. When a short vowel occurs in the first syllable of a well-
formed bi- consonant cluster word medially, the first C of medial consonant cluster at
intervocalic position of a word is geminated, and the boundary for C is marked as the coda of
first and the onset of the second syllable respectively. Nevertheless, this rule is not applicable
for ill-formed bi-consonantal (see Diagram, 7.16) and tri-consonant clusters (see Diagram,
7.17) word medially.

Unlike well-formed bi-consonantal cluster, syllabification of ill-formed consonantal
cluster word medially is different in Tanoli Hindko. The syllable boundaries of such words

can be structured in the following diagram;

Diagram 7. 17 (a) &)
.U -U I:E g
& l ¢ & L c c/\[r e c/]/ c
I O I T e I B
b a d A a r b a d A a: r

In the above structure, intervocalic consonants are ill-formed clusters at word initially

in the dialect. Therefore, the first C is placed as the coda of first syllable because MOP allows
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onsets if clusters are possible. Second C, at intervocalic position of the word is marked as the
onset of second syllable. More examples are given below in Table 7.20.

Table 7. 20  Data for syllable boundary CVC.CVVC, CVC.CVV and CVVC, CVV

Words  Boundaries Gloss Words Boundaries Gloss
@nhz:l  (An. fe:l Coriander K'agka:r K"af ka:x Excessively laughing
koftin  kof. tamn Late evening  sabbiiin,  sab.biin, Soap
bu:zna:  buz. ni: Monkey yalbe:l  yal.bz:] Sieve (made of leather)
darbutk  dar. buk Wasp zanzi:r ZAn.zi:r Zip
badma:f bad. ma:f Wicked trifkarr titf.kart Joke
fho:fila §o:h. la: Quick fitna: fig, na: Issue
samla:  sAmlla Black xurda:  xwr.da:  Edible things from sacred
places
nuxs d:n  nox.san Loss

Table 7.20 shows syllable boundaries in-between the ill-formed consonant cluster at
intervocalic position of the words. First, C of medial cluster is placed as the coda of preceding
syllablc and then the second C of cluster is marked as the onset of the following syllable. This
method of marking boundaries is in line with MOP that if a language allows the cluster,
maximize C towards left of V, otherwise place them at the right side of V, i.e. at coda
position. In such type of Hindko words, both short and long vowels can be found in the first
and the second syllables in the form of open and closed syllables.

Tri-consonant cluster word medially

Hindko has also tri-consonantal cluster word medially. The boundaries of such words

are structured in the following way:
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Diagram 7. 18 (a)
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The above diagram depicts three consonants word medially. First, the onsets of each

syllable are marked in 7.17(a). In 7.17(b), onset cluster of // is connected with the second

syllable because /{r/ is the possible cluster in Hindko word initially. So, it does not violate the

syllabification rule of LOIL In part {c), consonant /s/ is marked as the coda of first syllable

becausc the clusters of */str/ is ill-formed in Hindko. Further data for such words is presented

in the following table:

Table 7.21  Data for syllable boundary CYC.CCVV
Words  Boundaries Gloss Words  Boundaries Gloss
bisjra: bis. tra: Mattress/quilt dzindri:  dsan. dri: Flat
ustra: uUs. fra: A tool used for shaving mafkri: maf. kii: Jokes
dafkra: daf. kra: Fashionable young boy phatk[i: phat. kri: Alum
santri: san.fri: Watchman bindlo: bin.dlo: Firefly
gandri: gan. dgi: Sack bliggra: bliy.gra:  Zig-zag line
aneri: ran.gri: A net for grass tazkra: taz. kra:  Mentioning
tabsra: fab.sra: Comment

Table 7.21 displays words containing three consonants cluster word medially;

however, such words have low frequency in Hindko. By applying MOP, three consonantal

segments at intervocalic position are, first, marked as the onset of second syllable, i.e. first
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element within three consonants. The data shows that combination of three consonants is
impossible clusters either word medially or initially in Hindko.

Only possible clusters of two consonants are, therefore, connected with second
syllable whereas first C of the medial cluster is placed as the coda of first syllable. Similarly,
Trommelen (1983) and van der Hulst (1984) state that in Dutch, if a syllable contains tri-
consonant clusters word medially and at left edge, it has /s/ followed by obstruent and
liquids, it is split up by a division like /mistral as mis.tral/, /castro as cas.tro/ and /esplanade as
es.planade/. Conversely, the first C of tri-consonant clusters word medially in Hindko can be
stop, fricative, affricate or nasal but third C, at right edge is always liquid or flap.

Empty onset words
Contrasting to the data in the preceding sections, Hindko has also words which start

with vowels initially. An example is structured in the following diagram:

Diagram 7. 19 (@) (b)
o a g /“1
v ooc ¢ . v c v .'%c c v '.‘;:
[ I T
a r z & n a r z A n

Diagram 7.18 displays a word having vowel initially and second syllable of the word
has onset which is linked with syllable node in 7.18 (a). Then, in part (b), medial /i/ is marked
as the coda of the first syllable because *rz is no word initial onset, thus, syllabify as /ar. zd:n/
not /a. rza:/. Finally, /n/ is marked as the coda of second syllable because it is a closed

syllable and there are no further syllables. More data is presented in the following table:
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Table 7.22  Data for syllable boundary for empty onset words

Words Boundaries Gloss Words Boundaries Gloss
arza:n ar.zi:n Too much a:.sra: a:s.ra: Wait
WA usfa:z Teacher a:t"arr a:tMarr Dry
afna: af.na: Acguaintance ala: a:.la: Hole
arma:n ar.ma:n Desire a:sia: a:s.fa: Slow
armé: ar.ma: A kind of pulse ofta: ot ta: Up

Table 7.22 depicts vowels word initially followed by coda whereas onset of the second
syllable is followed by V. When there is only one consonant between two vowels, like /a:.la:/
and /a..t"arr/, Hindko prefers onset rather than coda, if initial syllable has a long vowel, thus,
this rule satisfies syllabification by MOP.

Data shows that some sounds in Tanoli Hindko are not possible word initially, for

example, retroflex /r/'®

and /n/ and velar /y/ but possible word medially and finally. However,
retroflex // and /n/ can be the possible onset of the second or third syllable of a word. Some

examples are given in the following table:

Table 7.23  Data for syllable boundaries CVC.CVCC and CVC.CVV

Words Boundaries Gloss Words Boundaries Gloss
 faqi: fa:.gi: Clapping ku:ga: ku:, ra: Liar
tAna: ta:.nd: Flat mini: mi:.ni: Witl}out
karrakk kar. rakk inflexible gITIZE gIr. Ngg A ktlal:(l:l of
Janrakk Jan. rakk Flour-kneading basin  kanrakk kan, rakk \N?l:;it

' Occurrence of 7/ word initially is a possible sound in Peshawari Hindko.
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Data in Table 7.23 shows syllabification of two sounds /{7 and /n/ at word medial
position in the bi-syllabic words of the dialect and it is found as possible onset word medially.
Therefore, it shows that this syllabification system in the dialect follows MOP'” but violates
LOI'®. These sounds are shown in the table with short and long vowels, which are in line with
the above mentioned structure of the words, i.e. the following C of short vowels geminates
but this process of gemination does not occur with long vowels. During the observation of
these two sounds, the native speakers were given many words with short and long vowels and
they pronounced each bi-syllable word four to five times. It was found that the occurrence of
it/ and /n/ with long vowels at onset position of the second syllable is clearer than short
vowels. However, when /r/ occurs with short vowels in bisyllable words, the coda of first
syllable remains as /n/ and its following consonants, 1.¢. the onset of the second syllable turns
into /tf.

Velar /n/ can neither occur word initially nor syllable initially but word medially and
word finally. In addition, this is the only consonant in the dialect which cannot occur syllable
initially. The structure of /1/ word medially in the bi-syllabic words with short and long
vowels is similar that its following sound always carries velar plosive /g/ or /k/, eg.,
/x6:.kri:/ ‘Feminine partridge’, /sawn.ga:/ ‘Field’, and /fan.ga:/, ‘Fine’. This syllabification
violates MOP but follows LOF.

Unlike CV templates, Hindko has also VV, VCC, VVC patterns which are not taken

into consideration separately because MOP prefers onsets, not codas. In such cases, Hindko

""Consonants are preferred at onset position and allow no coda except word finally (Goldsmith, 1990).
lsACCDl’dil’lg to Law of [nitials, If C; is not possible word-initially, then Cy is not possible syllable initially
(Blevins, 2003, p. 203) (cited in Duanmu, 2008).
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violates principle of maximal onset. Overall, the most of Hindko syllabic templates are
occupied by CV, i.e. 10 patterns whereas a few patterns are found in the form of VC, ie., 3
templates, overall, the dialect allows 13 templates.

7.4.1 Discussion on Hindko syllable boundaries

All long vowels of Hindko can occur at the end of syllables while short vowels cannot
but both are possible word initially and medially. The boundaries of analyzed syllables show
that short vowels are always followed by a consonant in the form of a closed syliable.
Consequently, long vowels are possible to have simple rhyme while short vowels cannot
make simple rhyme in the dialect and it follows LOF™. It shows that MOP respects LOF in
Tanol Hindko.

The analysis shows that except for /n/ sound, all consonants and possible bi-partite
consonant clusters can be marked as the onset of a syllable, which implies that Tanoli dialect
follows the principle of maximal onset. In addition to singleton and bi-partite consonant
clusters, the dialect also allows three consonants word medially. In such cases, the first C of
tri-consonantal cluster is marked as the coda of the first syllable and the other two Cs become
the onset of the second syllable. Therefore, these results of tri-consonant clusters are similar
10 the views of Trommelen (1983) and van der Hulst (1984) (see description of Table 7.21).
Howevet, unlike Dutch, in case of Hindko, there are not only /s/ but also plosives, nasals and
fricatives can be preceded by obstruent and liquids. Similar to Hindko, three consonant

clusters are also found word medially in Urdu and Punjabi.

*? One problem with the Maximal Onset analysis is that it does not respect the Law of Finals (Duanmu, 2008).
For example, in [le.man] lemon the first syllable ends in [€], which is not found word-finally....However, many

other studies disregard the Law of Finals and use the Maximal Onset rule strictly (¢.g.Halle and Vergnaud 1987,
Baayen et al. 1993).
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The dialect allows the simple templates such as VV, CVV, VCC, VVC, CVCC and
CVVC. In bipartite consonant clusters, templates such as CCVV; CCYCC and CCVVC;
CVCC and CVVCC; and CCVCC and CCVVCC are also permissible. Out of these 13
syllabic patterns, therefore, VV, VCC and VVC violate MOP. Regarding onset, Duanmu
(2008) states that in case of English, every syllable needs onset and if there is no consonant
onset, a glottal stop is added, e.g. out [?aut], dnn [?2:n] (p. 57). On the contrary, many
syllables in Hindko are found without onset but sound of a glottal stop is not heard (see Table,
7.22).

Overall, data shows that Hindko generally allows onset in its syllable structure which
is in line with the common assumption that languages prefer onset rather than coda. The
findings also show that in case of bi-syllabic words, if /1y occur at coda position in the first
syllable, the onset of the following syllable always begins with /g/ sound. Similarly, in some
varieties of English, /n/ is always followed by oral velar stop, for example, ‘think and thing’
(Davenport and Hannahs, 2010).

According to van der Hulst and Ritter (1999), the word initial clusters are not
necessary to be syllable initial cluster. They refer to some words of Dutch /gnoom, slaaf,
tjiftjat/ and state that initial clusters of the given words /gn, sl, tj/ are split up while they occur
word medially like /agnes, ag.nes, Oslo, Os.lo, atjar, at.jar/. Thus, “the possible initial clusters
are split up intervocalically. This shows that the only ‘real’ branching onset are those
consisting of an obstruent (excluding /s/ followed by a liquid)” (p.16). Unlike the giizen
structure of Dutch, the results show that Hindko initial cluster can occur in similar form word
medially without splitting; however, initial and medial clusters in Tanoli Hindko are always

followed by approximants.
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7.5  Sonority sequencing principle in Hindkeo

This section analyzes data of Tanoli Hindko in light of SSP. An example against each
Hindko phonemes, in respect of root words, is structured in the following to see whether
Tanoli Hindko follows SSP or violates this ruie. According to the SSP, diagrams are
structured in a way that least sonorous sounds are preceded by more sonorous sounds while
the most sonorous sounds reach to climax and then falls towards the final edge of the words
having more and least sonority. Therefore, segments progressively increase to peak and then

decrease to the margins.
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Table 7. 24

Data for sonority sequencing principle
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Diagrams in the above table show that the less sonorous sounds in Hindko are
followed by more sonorous sounds in rising position, and then in the falling position, more
sonorous sounds are preceded by the less sonorous sounds. For example, in diagram (a), a
bilabial unaspirated plosive /p/, in the word /plamby/, is less sonorous sound which is followed
by liquid /I/, 1.e. more sonorous than the plosive. Then, the vowel /a/, due to its sonority,
refers to the peak occurring between the preceding and following consonants, Subsequently,
sonority starts the process of falling towards nasal /m/ and /b/ sounds. Since the preceding
sound /m/ is more sonorous than the following /b/ sound. Other diagrams such as (c), (d), (g),
(3) and (m) follow the same principle. The examples of these diagrams show well-formed
consonants clusters word initially and finally which follow the SSP. However, as mentioned
above that Hindko does not allow much consonant clusters word finally, for that reason, some
words are given in the above table by applying only consonant clusters word initially.

The string of words like /blitt/ ‘rolling’ contains consonant cluster at onset position of
the syllable which 1s in line with SSP, The sound rises from voiced plosive /b/ towards /l/ and
gets to the peak /1/ sound. Then, following SSP, sonority of string falls to plosive /t/ which is
less sonorous sound. Most of the diagrams including (e), (), (h), (i), k), (1), (n), (0), (q) and
{r) follow thc same rule of SSP at onset position while in the diagrams of (s), (t) and (u),
segments follow SSP at coda position. It shows, therefore, the fact of rising and falling
sonority adheres to Tanoli Hindko. Overall, the analysis of the data follows sonority
sequencing principle and words have not been found which violate the SSP in its root words.
7.5.1 Discussion on SSP in Hindke

The analysis of data in terms of SSP reveals that in Tanoli Hindko, like many other

languages, least sonorous sounds are preceded by the most sonorous sounds at the onset
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position and reverse is found at the coda position in a syllable. Generally, the dialect does not
allow much consonant clusters word initially and finally. The possible clusters at the onset
position, maximal bipartite clusters, show the occurence of stops, fricatives and affricates,
which are followed by /l/, /t/ and /i/; and at the coda position, nasals are foliowed by stops,
fricatives and affricates. The combination of fricatives and stops are also possible at the coda
position in the dialect. On the basis of SSP analysis of Tanoli Hindko, therefore, sonority
ranking constraints may be proposed in the following way: at onset position, segments of
stop, fricative, affricate < approximants and at coda position segments of nasal > stops,
fricatives, affricates and segments of fricatives > stops. Tanoli Hindko observes this cross-
linguistic universals based on the phenomenon of SSP, which govern the permissible
sequences of consonant clusters within syllable, accordingly. Akram (n.d) states that Urdu
successfully applies SSP in its syllable structure . English follows SSP; however, it violates
this principle in some cases; such as, Davenport and Hannahs (2010} refer to two English
words ‘stoat’ and ‘skunk’ where the reverse order is found at onset position. Similarly, they
also refer 1o two German words, Sprache /fp/ and Strauss /ft/ that have also reverse sonority
order. In the core syllable of the present study, no syllable has been found which violates SSP.

Literature shows (see Section, 2.10) languages violate SSP and if appendages of the
syllables are taken into account, violation ¢an be seen more easily. For example, Rubach and
Booij (1990) and Rowicka (1999) state that Polish violates SSP because it aliows maximum
consonant clusters. They indicate a Polish word, /nastmpstf/, which means ‘consequence’,
where SSP violation can easily be observed. Khan (2012) states that Pashto, a major language

of KP, includes multiple violations of SSP in bipartite and tripartite clusters both word
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initially and finally (e.g., /lmax/ ‘sun’, /sxwangdar/ ‘Bull’, /fxwangd/ ‘chewing’, /skwarafa/
‘ember’, fxkwale/ ‘beautiful” /ndrot/ ‘sister-in-law’, faks/ ‘contrary’ and /habs/ ‘humidity’).

Tanoli Hindko also allows clusters word finally in form of fricatives and stops (se¢
Section, 7.3.2) so its obstruents keep MSD. Thus, these results are similar to Spanish, which
allows MSD within Obstruent (see Section, 2.10).
7.6 Gemination in Hindko

In addition to the previous properties of Hindko syllable structure, data also shows

gemination word medially and finally which is tabulated in Tables 7.25 and 7.26 respectively.
However, before each table, a sample of gemination system is structured according to Onset-
Rhyme theory (see Section, 2.11). The following diagrams represent the incorporated skeleton
for two Hindko words containing geminated consonants and long vowels,

Diagram 7. 20
(a) (b)

O N
L
]
L 1

The above diagrams show the structure of two Hindke words in terms of
representation of length. In 7.19 (a), medial /t/ and /r/ consonants geminate which shows
skeletal tier as (x) whereas Diagram (b} exhibits gemination of medial consonant /v/ and
vowel /i/. Segments /t/, /t/, /v/ and /i/ show single root node but due to two skeletal positions,
they get the form of /t/, /r/, /vi/ and /i/. Medial consonants in both diagrams occur

simultaneously at the coda position of the first and at the onset position of the second syllable.
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Conversely, short segments reveal direct association between skeleton and root tier. More

data for gemination is given in the following table:

Table 7.25  Data for gemination word medially
Syllables Gloss Syllables Gloss Syllables Gloss
rap.pagt Field nik. ka: Small tav.vi: Soil pane
tab.barr Family big.garr Successtully bas.sa:r Forget
completed
phlph.pharr Lungs k"ak" .kha[[j Riped cucumber  naz.zarr Sight
tit.tarr Partridge dzén.nakk Children haf jarr Gathering
mud.da: Duration/time  §am.marg Attach lax.xaft A small stick
ma,t,"‘_t‘ha: Forehead nafl.fo:r Squeeze may.yazz Brain
tat.tu: Horse nadz.dzo:y Sick nir.ra: Mere
bad.da: Big mayg™ i"i: Fish jal.lamm Leech
t"at” t"arr Joke sif.fag, Quality kar.tak Hard

The above table 7.25 reveals some examples of geminated words in Hindko at

intervocalic position. All words are disyllabic, and intervocalic consonants geminate in form

of the coda of the first and the onset of the second syllable. Table shows examples of

gemination with most of the consonants; however, glide /j/ and fricative /i/ do not allow

gemination at intervocalic position. The reason of non-gemination of these two segments lies

in the fact that Tanoli Hindko glide /j/ word medially and finally changes into /&:/, and

fricative /h/ though occurs word finally but has a vowel like quality such as /a:/ at word ot

syllable final position. So, may be due to this relevance, /f/ is not a good candidate for

gemination,
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Flap /t/, nasals /n/ and /y/ are not possible sounds word initially but /t/ and /n/ are
permissible segments syllable initially. In gemination process, /{/ is permissible sound at word
medial position such as /grrpig/, ‘a kind of bird’ /firrik/, ‘road’ whereas in case of /r/ sound, if
it is preceded by short vowels word medially, its following consonant, instead of gemination,
turns into /1/, like /kin,rakk/, ‘wheat’, /[an,. rakk/ ‘Flour-kneading basin’. Thus, retroflex nasal
/n/ becomes the coda of first syllable and retroflex flap /t/ get the position of onset of the
second syllable. On the other hand, velar nasal /n/ is followed by either /k/ or /g/ in bi-syllabic
words such as /xo:.k(i:/ ‘Red-legged partridge (female)’, /sd:n.ga:/ ‘a small field for
ploughing’. In addition, approximant /t/ geminate word medially but its position remains too
weak because /r/ has the least duration among all consonants of Hindko such as 0.0425
seconds (see Figure, 5. 20). Examples of geminate words at intervocalic position are given in
the above table irrespective of word category such as noun, verb and adjective. Howevet, data
shows that gemination frequency for verb is comparatively less than nouns and adjectives.
Generally, all these categories can be found in gemination form at word medial position. In
Tanoli Hindko, when a short vowel occurs in the first syllable, the onset of the second syllable
gets geminated word medially and if consonant cluster of word final coda or ill-formed
consonant cluster is found at word medial position, the process of gemination dogs not occur.
As mentioned above that long vowels do not allow gemination at any position of a word in the
dhalect.

In addition to word medial gemination, the dialect also allows gemination word

finally. An example is structured in the following diagram:
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Diagram 7. 21

e

O NCOCo
s
LTV
I a p

The above diagram shows that /p:/ geminates word finally in form of single root node
but two skeletons. Further examples are tabulated in the following:

Table 7.26  Data for gemination word finally

Syllables Gloss Syllables Gloss Syllables Gloss
tapp (Get warm lakk Waist yazz Meter
dubb Sink dagg A flat wood kaff Smoking

dap"p" A kind of drum K'ak"K" Cave jaxx cold
pitL Contesting a kind ffann Moon yarr Cave
of game
kadd Height dzdmm Birth barr Fly
klat'" A kind of pulse bnn, Weave joll Cockroach
saftt Fire of gun frang Action buodzds Understand
gadd Mix saff Queue katff A small picce
of glass
nat™t" Escape mass Muddle pufy” Ask

Data in the above table 7.26 reveal that almest all Hindko consonantal sounds
geminate word finally except two segments /v/ and /y/. The dialect allows word final

gemination in verbs and nouns. Each example shows short vowel before CC word finally. It
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can be said, therefore, if a short vowel is followed by a consonant at word boundary, the
following consonant gets geminate as CC.
7.6.1 Discussions on gemination

The analysis of data shows that geminate consonants include two timing slots in light
of OR model. Gemination in Tanoli Hindko is possible at two positions, word medially and
finally. Literatur shows that some languages allow gemination word medially and a few
permits word finally such as Taylor’s (1985) reports that out of 29 languages of her sample of
the study, 26 allow medial gemination and out of 26 languages, 14 also allows final
gemination (see Section, 2.11).

In Tanoli Hindko, word medially gemination includes nouns, adjectives and verbs
while word final gemination occur in verbs and nouns. At intervocalic position of the words,
the first C, which is the by-product of gemination, becomes the coda of the preceding syllable
whereas the second C gets the position of onset in the following syllable. In the first syllable
of a word, if there is a short vowel, which is followed by single consonant or well-formed bi-
consonants, the coda of the first syllable geminates as CC at word medial position, i.e. the
coda of the first syllable and the onset of the second syllable. However, this rule of
gemination is not applicable, when well-formed word final clusters of Tanoli Hindke occur at
word medial position rather word final coda split up as the coda of the first syllable and the
onset of the second syllable.

Moreover, in some of languages, gemination is phonemic such as in Italian, the word
/papa/ means ‘pope’ while /pappa/ means ‘daddy’ (Ewen & van der Hulst , 2001, p.154).
Likewise, Ladefoged (1975) refers to Italian geminate c¢onsonants, i.e. /nonno/ means
‘grandfather” and /nono/ means ‘ninth’. Contrary to it, in Tanoli Hindko, gemination is not
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phonemic. In case of English, gemination occur across the word boundaries having two
morphemes such as book-case or un-known, but in Italian, geminafion is possible in single
morpheme (Ladefoged, 1975). Therefore, like Italian but unlike English, gemination in
Hindko occurs within a single motpheme.

Kawahara (2005) cited in Callender (2006) that glides are rarely geminate due to iis
sonority. He adds that sonorous sounds are the poor candidates for gemination because their
boundaries cannot be distinguished easily. In the same way, keeping in view the general rule
of gemination for Tanoli Hindko, the status of nasal velar /1/, in terms of gemination word
finally in monosyllable is not very clear, whether it geminates as /nn/ or occurs as /ng/ but
currently, treated as /ng/, e.g. /béng/ (Bangles) and /bing/ (Bend). This case, therefore, needs
to be further investigated. Contrary to the word final position, the following sound of /r/
turns into /g/ or /k/ at word medial position in bisyllable or trisyllable words, e.g. /phizq.gan'/
(a small piece of stone/wood), /tri:p.gall/ (A toll in form of a fork, used in wheat thrashing)
and /x&:.kil:/ ‘feminine partridge’. Likewise, the following sound of the retroflex /n/, in the
bisyllable or trisyllable words, turns into /t/ at word medial position (structured as ny) e.g.
A¥in, 11/ (chisel).

In Hindko, glide /j/ is changed into /z:/ at intervocalic and final position of a word that
is why it cannot be the part of gemination but it can occur as syllable initially at word medial
position, e.g. /ta:ja:/ (uncle). The analysis shows that sonorous sounds geminate but take least
duration in articulation. Generally, all nasals and approximants are poor candidates for
gemination word finally. Moreover, one fricative /f/ cannot geminate at any position while /v/
and /y/ are not possible geminated sounds word finally. Apart from the above given

exceplional cases, voiced and voiceless sounds of the dialect allow gemination. Thus, these

289




results, voiced and voiceless geminated sounds, are in line with the findings of Taylor (1985)
{see Section, 2.11).

Paul Ken (1981) states that if a language has word medial gemination and intervocalic
consonants clusters, and it has no word initial and final clusters, but has consonants of longer
duration at these positions, they are called heavy or tense consonants not geminated
consonants. However, Hindko allows clusters word initially and finally, therefore, it can be
said that its consonants geminate.

7.7 Chapter summary

The findings of the study show that Tanoli Hindko allows maximum three syllables in
its root words. Three consonants including /mv/, /n/ and /I/ can become syllabic but always
word finally. In Tanoli Hindko, minimum template is VV and maximum syllabic template is
CCVCC. Tanoli dialect of Hindko permits the pattern of V, CV, VC and CVC.

Maximum two consonant clusters are well-formed strings in Tanoli Hindko. At word
initial and medial positions, the following three approximants, /1/, /v/ and /t/, make clusters if
preceded by stops, nasals, fricatives and affricates. However, at coda position, three nasals
w/, /m/ and /y/ allow clusters with stops, affricates and fricatives; and a few fricatives also
permit cluster with stops. Clusters word initially and medially are more in frequency than
word finally. Thus, these findings are similar to the general concept that languages give
preference to onset rather than coda.

In most of the cases, Tanoli Hindko follows the syllabification principle of maximal
onset. Sounds like /n/ and /{/ are not possible word initially but possible syllable initially. The
boundary of /j/ is connected as the onset of the second syllable not the coda of first syllable. In

case of three segments word medially, combination is split into two parts, the first C is linked
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with the coda while following two consonants are marked as the onset of the second syllable,
These results, therefore, reveal that the dialect prefers onset in its syllabification system.

In the present chapter, principle of SSP is also applied on the data to find out the
sonority hierarchy of syllables in the dialect. It is found that this universal principle of syliable
phonotactics and segment patterning in Hindke is similar to the general concept that least
sonorous segments remain far from the peak and the more sonorous sounds get closer to
nucleus. This application of segment ranking is found in all the data without a single example
of violation of SSP in Tano!i Hindko.

The phonological process for geminate consonants exhibits that language allows
gemination word medially and finally. The following consonant of short vowels is always
geminated whereas in case of word final coda clusters at intervocalic position, this rule is not
applied. Short vowels cannot occur syllable finally while long vowels ate possible segments
word finally and the adjacent consonants of long vowels do not allow gemination.

This Chapter has described the syllable structure, various syllabification rules and
phonotactic constraints in Tanoli Hindko and the following Chapter gives an overall

conclusion of study.
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CHAPTER 8

CONCLUSIONS

This chapter sums up the whole thesis and throws some light on the scope of future
research in the field of Hindko phonology. The research questions posed in the introductory
chapter and their answers have been highlighted. From the description of segmental features
and syllabification system of Hindko, researcher has drawn the following conclusions.

3.1 Description of Consonants

Consonants of Hindko spoken in Tanawal have been established on the basis of
contrastive sounds, i.c. minimal pairs. The study based on articulatory phonetics has found out
that Tanoli Hindko has 31 consonants including 12 oral stops, 4 nasal stops, 8 fricatives, 3
aflricaies and 4 approximant sounds. Tanoli Hindko allows three ways of voicing, i.e.
unaspirated, voiced and aspirated. Three ways of voicing are found in the articulation of stops
and affricates whereas fricatives contain voiced and unaspirated segments. However, all nasal
stops and approximants subsume only voiced sounds, Most of the consonants occur at three
possible positions of words but retroflex nasal /r/ and retroflex flap /f/ occupy word medial
and final positions. Glide /j/ occurs in the beginning of a syllabl/word whereas it becomes
vowel /a:/ word medially and finally.

Overall, this study verified the Awan’s identified phonemes; however, it showed the
difference in some cases. Such as, the chart drawn by Awan (sc¢ Table, 2.1 & Appendix-A})
shows that Hindko has 16 stops, 4 affricates, 3 nasals, 8 fricatives and 4 approximants. It
shows the place of /k, k", g/ as palatal sounds whereas the present study exhibits them as velar
sounds, Awan also shows that each place of articulation of stops and affricates has two

unaspirated, one aspirated and one voiced segment. On the contrary, the results of the present
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study reveals 12 Hindko stops and 3 affricates, and each place of articulation of stop has one
unaspirated, one aspirated and one voiced sound {see Table, 4.1).

If the concept of two unaspirated sounds at each place of stop and affricate is taken
into consideration as Awan suggested, the phonemic inventory of Hindko dialect of Tanawal
can be very rich among all dialects. Along these lines, in addition to the phonemic inventory
by Awan, i.e. 35 consonants, some other consonants have also similar status in Tanoli Hindko
including stop /b/ (see Section, 4.2.2), two nasals /m/, /n/ (see Section, 4.3.2), two fricatives
/s/, /f/ and two approximants /l/, /j/. In this way, there will be 42 consonants for Tanoli
Hindko. However, the proposed sounds by Awan, i.e. (5, L, {, k and 1), occurs only word
initially in Hindko. Baart (n.d) states that in Punjabi type languages such phenomenon occurs
due to the tone (see Section, 4.2.2). Generally, in case of Hindko, the vowels following the
consonant carry a low tone which makes it a different word, e.g. the word /ta:l J5 / means
heap of woods etc, and if the same word is spoken with the low tone on the vowel following
the first consonant, i.e. /ta:l/ Jd it means ‘descent’ which reveals the tonal effect in the
language.

Awan’s chart presents 3 nasals whereas the present study shows 4 nasals (see Table,
4.2). He states that /n/ is a dental segment while the present analysis shows it as alveolar
sound. Similarly, he describes that /s, 2/, /I/ and /t/ are dental sounds whereas the present work
identifies them as alveolar sounds. He states fricative /h/ as a voiceless segment but acoustic
analysis of the present study shows it as a voiced /h/ sound (see Appendix, B).

Generally speaking, in manners of articulation, Hindko has eight classes namely

plostves, nasals, trill, flap, fricatives, affricates, glides and laterals. Similarly, in case of places
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of articulation, Hindko consconants are produced at eight different places namely bilabial,
labio-dental, dental, alveolar, palatal, retroflex, velar and glottal.

The phonemic inventory of Hindko verified through articulatory phonetics has also
been further tested by acoustic phonetics because acoustical measurements give more valid
results (see Section, 2.5). Thus, segments have been recorded and examined through Praat
software which measures linguistically relevant acoustic properties of sounds in Hertz and the
duration of the utterances in seconds. Subsequently, results have been verified by statistical
tests ANOVA and LSD. These tests distinctly identified all the consonants of the dialect and
also proved that Hindko does not allow fricative /3/ sound as approved by Peshawar TBB
which is actually the glide /j/ sound (see Section, 5. 1. 6). Similarly, this research assumed
that an aspirated velar /g"/ sound also exists in the Tanoli dialect but the acoustical
measurement results proved it otherwise.

Like articulatory phonetics, spectrographic and VOT measurements have verified that
Ilindko stops have three ways of voicing in the dialect inciuding unaspirated, voiced and
aspirted sounds. Acoustical measurment results indicate that Hindko has four voiced stops
and eight voiceless segments. These results also identify four places of articultion for stops,
i.¢. bilabial, dental, alveolar and velar. The formant transitions of the alveolar sounds shows
that movements of the adjacent vowels for velar and alveolar are rarely different from
previous studies. Regarding the places of articulation VOT measurements signify following
hierarchy in Hindko, i.e. velar > bilabial > dental > alveolar. These results are not consistent
with the various previous studies which show that VOT of bilabial, alveolar and velar stops

increases respectively, The stops cue of closure duration measurements of Hindko dialect
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shows that dental > bilabial > velar > alveolar sounds. In this case, dental takes the place of
velar and other places remain similar in terms of VOT and closure duration.

Findings also show that unlike English but like many other languages, Hindko has
negative VOT for voiced sounds, less positive VOT for unaspirated segments and more VOT
for aspirated sounds. It has also been found that Hindko unaspirated sounds take the longest
duration time during silent gap while voiced sounds carry shortest time in the utterances of
stops. On the other hand, aspirated sounds take more time than voiced but less than
unaspirated sound. Overall, statistical measurements of VOT and closure duration cues reflect
that alveolar takes least time as segment based on voicing features and places of articulation.
In addition, comparison of VOT and closure duration measurements show that unaspirated
sounds include less VOT but maximum closure duration and time of closure cue in aspirated
sounds is almost double to VOT. On the other hand, VOT in voiced sounds is negative while
closure duration is positive with same durational time mean values.

During the analysis of intrinsic and extrinsic properties of nasals, it has been found
that Tanoli Hindko nasal bilabial gets low frequencies than other nasals. Results show that all
Hindko nasals’ resonances are weaker than their neighbouring segments. In the same way,
most of nasal spectrograms have discontinuity of formants from adjacent sounds. Unlike the
traditional concept, the nasals formants’ frequency increases from front to back nasals (see
Scction, 2.5.2). The results of overall Hindko nasals formants show maximum frequency for
retroflex whereas velar has less frequency than retroflex and alveolar (see Figure, 4.14).

Similarly, findings of individual formants average mean values of nasals; F1 and F2 of
velar arc shorter than retroflex nasals. However, velar F3 mean value is higher than retroflex

F3. Thus, in light of the average means values, Hindko nasals have following hierarchy:
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retroflex > alveolar > velar > bilabial. In addition, like majority of the languages, Hindko
nasals, /m/, /n/, /n/ and /1)/ are voiced sounds,

The acoustic analysis of Hindko fricatives reflects that /f/, /s/, /[/ and /x/ are voiceless
sounds and /v/, /z/, /y/ and /f/ are voiced phonemes. Voiceless sounds have longer duration
than voiced sound. More specifically, palatal voiceless is the longest sound while front
sounds uttered at labio-dental place are the shortest segments. Furthermore, there is a slight
difference between the utterance time of front and back fricatives while sounds articulated at
medial placcs of articulation have higher closure time in Tanoli Hindko.

The acoustic cue of frication noise of the fricatives show that resonances commence
from lower part of spectrum for alveolar and palatal sounds than labio-dental, velar and glottal
sounds. Energies for these sounds are in more compact form and cover broader area than front
and back fricative sounds. Therefore, sibilant sounds, /s/, /z/ and /J/ have greater interval of
frication noise than other fricatives. Generally, frication resonances for voiceless sounds
Covers more space in spectrograms than voiced but voiced /2/ has stronger energy than its
voiceless counterpart /s/ sound. Spectrographic analysis for sounds like /v/, /x/, /y/ and /fi/
shows weak noise energies in a spread form on spectrograms. Overall, sibilant sounds have
regular striations whereas non-sibilant sounds carry irregular constrictions both horizontally
and vertically.

Hindko has three affricate sounds, articulated at alveolar places, i.e. unaspirated,
aspirated and voiced sounds. Affricate is the by-product of fricative sound preceded by stop
sound. Consequently, affricates reveal mixture of acoustic cues that are part of two sounds,
stops and fricatives. Stop cue of silent gap and fricative cue of noise frication measurements

depict that in combined form affricates take less utterance time than individual sound. These
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findings about affricates verify the previous view that individual stop and fricative sounds
have longer duration than affricates. Results also show that voiceless sounds have longer
duration than voiced sounds.

Hindko has four approximants including glide /j/, liquid /1/, liquid /r/ and flap /1/,
which are articulated without constriction like the vowels. The formants of these sounds are
almost similar to vowel formants. Generally, all approximants’ formants, F1, F2 and F3
remain highly energetic throughout the utterances. Nonetheless, lateral /I/ formants are a bit
tainter than other approximants’ formants. F1 average mean values of all approximants are
neatly parallel to vowels” F1 values. Similarly, F2 mean value of /j/ remains higher than other
approximants yet less than Hindko front high vowels that contradict to the previous studies.
Similarly, there is difference between F2 mean values of vowels and other approximants as
well. During the spectrographic analysis of /j/, it has also been observed that spectrogram of
/)/ has an empty space between F1 and F2 which looks like lips in the position of utterance /e:/
(see Figure, 5.15). This indication makes /j/ spectrogram prominent in not only approximants
but also consonants and vowels as well. Spectrograms of other consonant lack such strong
resonances in their formants. The analysis reflects that approximants ar¢ more sonorous
sounds than the consonants but less sonorous than vowels. By and large, findings of formants
acoustic cuc are in line with the previous theories that approximants have vowel-like qualities.

Like approximants formants, cue of duration measurements show that glide has
maximum duration and liquid carries minimum utterance time, However, a small difference
has been found in flap and liquid duration. The following order has been measured in

articulation time of approximants: glide > lateral > flap > liquid.
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8.2  Description of Vowels

Vocalic inventory of the study on articulatory basis reveals that Tanoli Hindko has
nine oral vowels, six are long vowels, /ai/, /&:/, fe:/, i/, o/, /u/, and three are short vowels,
fal, ful, I/ (see Tables, 6.2 & 6.3). Tanoli Hindko vowels, identified in terms of articulatory
phonetics, have been further examined by acoustic phonetics in light of spectral and temporal
characteristics. Data was collected from illiterate people and the least sonorous sounds in the
preceding and following position were used for recording the vowels, e.g. /ti:p/, /ta:p/, /top/
etc. Awan (2004) also recommends that proper identification of vowels is not possible withoyl
the use of machine (see Section, 2.1),

Unlike the present study, Rashid recorded the data form literate people for acoustic
analysis of vowels of AJK dialect in the environment of sonorous sounds for some sounds,
either at preceding or following position, e.g. /ban/, /bun/, /ber/, /s1l/, /rat/. It is proposed that
factors like consonantal sonority at adjacent position of a vowel, and recording of literate
people may affect on the formant frequency measurements and remain different from the least
sonorous consonantal sounds to vowels and the voices of illiterate people.

The recorded data in the present study has been analyzed quantitatively through Pratt
software. The results of vowels have also been verified by statistical tests ANOVA and LSD.
In the course of these tests, it has been found that all vowels of the dialect are significantly
different from one another. However, during the analysis, some problems encountered such as
/e:/ sound was recorded in three alternative times in CVC context, because each time results
tested by ANOVA, had insignificant difference between the values of /e:/ and /&:/. Result,
thercfore, implics that /e:/ and /&:/ have almost similar propertics word medially in the

dialect. Then, /e:/ has been recorded in VC and CV context and verified the average mean
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values by ANOVA, ultimately, it has been found out that /e:/ is possible sound word finally
but not initially and medially. Conversely, in Peshawar and AJK Hindko, /e:/ can occupy all
possible positions of a word.

Overall, ANOVA results show the significant difference among these nine vowels.
Thus, on the basis of F1 and F2 measurements, Hindko vowels quadrilateral has been
developed. The places of vowels show that Hindko permits centripetal system. The places of
/e and f&:/ sounds are somewhat far from the vowels of many languages of the world. The
place of /u/ is quite different in the vowel trapezium and from the indicated places of cardinal
vowel as well. Therefore, it is obvious that the values of these three vowels in particular and
their places are in line with the general concept that cardinal vowels are just a reference point
and vowel space varies in languages.

Results of temporal characteristics of vowels, measured statistically, show that out of
the nine vowels, six are long and three are short vowels, Duration of long vowels is almost
double to short vowels. The findings of articulatory phonetics show that five long vowels of
the dialect occupy all possible positions /i, /&:/, /ai/, foi/, fu/, and a long vowel /e:/ occurs
only word finally and three short vowels /1/, /a/ and /u/ get positions word initially and
medially.

Tanoli Hindko also allows nasal vowels as contrastive sounds. Articulatory analysis of
the vocalic nasalization part of the study show five nasals and four nasalized vowels whereas
Awan’s (2004) study show six long and three short nasal vowels in Peshawari Hindko. On the
contrary, Rashid (2011} identified five nasal vowels in Kashmiri Hindko. The comparison of
the formant values of Tanoli Hindko nasal and oral vowels show that in most of the cases, F1

value of nasals is higher than that of oral vowels. The results of the acoustic study of nasal
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sounds are not consistent with the general concept that F1 of oral vowel is higher than nasai
vowels, thus, suggested that this phenomenon should be investigated in a separate study to
find out more comprehensive result. Moreover, it has also been identified two diphthongs in
Tanoli Hindko, /ai/, /ei/, which were also verified by acoustic phonetic. Rashid (2011)
investigated three diphthongs in Kashmiri Hindko while Awan’s study lacks this
phenomenon,

8.3  Description of syllables and syliabification

The findings of the suprasegmental feature of the study show that Tanoli Hindko
aliows maximum three syllables in its root words. It also shows that liquid /I/, nasals /m/ and
/n/ function as syllabic consonants in the dialect.

Tanoli Hindko allows both open and closed syllables. It has two categories in its basic
syllable structure including simple syllables and complex syllables. Complex syllables refer to
maximum bipartite consonant clusters which are possible in both open and closed syllables in
the dialect. Short vowels cannot stand alone as syllable whereas long vowels and diphthongs
can make simple rhyme in Tanoli Hindko. The findings reveal that all long vowels can occur
in open syllable while short vowels cannot do so0. In case of consonants, except /j/ sound, all
consonants can occur at coda position whereas apart form /y/, all Hindko consonants are
permissible sounds at syllable initially position. In simple syllables, the templates of VV,
CVV, VCC, VVC, CVCC and CVVC are possible in Tanoli Hindko. On the other hand, in
bipartite consonant clusters, templates of CCVV, CCVCC / CCVVC, CVCC / CVVCC, and
CCVCC /CCVVCC are permissible. Overall, the resulis show that Hindko has 13 syllabic

templates,
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Tanoli Hindko allows maximum bipartite consonant clusters at three possible
positions of a word. The left edge of word initial cluster shows that except /n/, /n/, i/, v/, I/,
if, it/ and /j/, other all consonants allow clusters, if combination is well-formed. The
segments /n/, /v/ and approximants /j/, /l/, /1/ and /{/ are impossible sounds as first C (left
edge) of a cluster string at any position of a word. Nasals /n/ and /1/ are ill-formed cluster
scgment word/syllable initially but well-formed at coda position followed by other
consonants. The findings reflect that most of the strings at coda position have /n/ while a few
coda clusters allow /m/, //. Likewise, some fricatives also occur at the left edge of coda
cluster.

Therefore, only three approximants, /l/, /r/ and /f/ stand as second C (right edge) of
initial and medial clusters which are preceded by stops, nasals, fricatives and affricates. In
case of word final cluster, stops, affricates and fricatives are preceded by nasals and fricatives.
In most of the cases, medial consonant clusters are found as the onset of the second syllable in
form of open syllable and a few medial consonant clusters are found in closed syllables.

In Tanoli Hindko, word initial clusters are 47, word medial bipartite clusters are 48
clusters and coda clusters are 15 in numbers. Generally, word initial clusters are also
permissible word medially whereas possible coda clusters are split up intervocalically in the
dialect such as /ns/ and /nff and occur as /n.s/, /n.f/. The above analysis of syllable structure
was carried out in light of Onset Rhyme Theory.

By using the principle of maximal onset, the study defines well-formed syllabic
structure of Hindko. MOP remains an effective parameter for marking the syllable boundaries

of Hindko syllables. The findings show that Hindko generally follows this principle in most
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of its syliabic patterns, i.e. syllables having onset satisfy the constraintzo; however, in some of
the syllabic patterns (e.g. VV, VCC & VVQ), it is violated. The results show that Hindko
allows 13 types of syllabic patterns, out of which the above mentioned three templates are
without onset. The findings show that /1 sound cannot occur word initially and also syllable
initially, thus, LOI is not violated, i.e. word initial onsets and word medial onsets resemble
each other. However, flap /t/ and nasal /n/ are not possible sounds word initially in Tanoli
Hindko but possible syllable initially representing that LOI is violated. The analysis of the
syllable boundaries of the data reveals that three consonants /y/, /r/, /t/ cannot occur word
initially in Tanoli Hindko; however, as mentioned above, retroflex /n/ and /{/ are possible
sounds syllable initially in the dialect. The retroflex /t/ is also impossible sound word initially
in Punjabi, Paharri, Urdu and in other dialects of Hindko except Peshawari Hindko.

In Tanoli Hindko, if retroflex /n/ occurs with a short vowel at word medial position,
the following consonant, i.¢. the onset of second syllable turns into /t/. The results show that
Hindko velar /i/ in bi-syllabic words is always followed by /g/ and /k/ at word medial
position, thus, /g/ and /k/ get the onset position of the second syllable. Moreover, when tri-
consonantal cluster occur word mediatly, the third C at the right edge of the string is always
limited to /1/, /v/ or /{/. In the same way, in case of two consonant clusters word initially, the
second consonant is always limited to these three approximants in the dialect.

In the root words of Tanoli Hindko, it has been found by the application of SSP that
bipartite clusters, word initially and finally; follow sonority hierarchy strictly in terms of

rising and progressively falling. Not a single example has been found which occurs in reverse

** Syllable must have onset (Ito, 1989; Prince and Smolensky, 1993). Onset in a syllable is unmarked situation
{Jakobsen, 1962}, No language can entirely exclude onset even if some of its syllables lack onsets (Kager, 1999},
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order of sonority of sounds in a syllable. Moreover, at the coda position, MSD has also been
maintained between fricatives and stops®'. Overall, sonority hierarchy system of Hindko is in
line with English, However, some words in English includes reverse sonority as well, for
examples, onset clusters in the following words ‘stoar’ and ‘skunk’ (see Section, 2.10) violate
SSP. Contrary to Hindko, languages like Pashto, German and Polish include reverse sonority
sequencing.

Hindko allows gemination at intervocalic and word final positions. Except for a few
sounds, all voiced and voiceless sounds allow gemination. Glide /j/ and fricative /fi/ cannot
geminate at any position of a word whereas /v/ and /y/ are not possible sounds for gemination
at word [inal position. As mentioned above that flap /{/ is not a possible sound word initially
but possible syllable initially, thus, it allows gemination at both positions of words. In the
same way, nasal /r/ cannot occur word initially but possible syllable initially. This sound
allows gemination word finally but in case of word medially, if it is preceded by short vowels,
instead of gemination, its following C turns into /7. Nasal velar /y/ is not possible sound word
initially and syllable initially as well. Like retroflex nasal /n/, velar nasal /1/ does not allow
gemination word medially but allows word finally if preceded by short vowels. Generally,
these two sonorous sounds are not good candidate for gemination even word finally. Medial
geminated words in the dialect are nouns, adjectives and verbs while final geminated words
are only nouns and verbs.

The findings show that long vowels do not allow gemination at any position of a word.

In contrast, in case of disyllable, when a short vowel occurs in the first syllable, the onset of

*! The language like Spanish maintains MSD strictly between two segments such as fricatives + fricatives or
fricatives + plosives have the same value (see Harris, 1983).
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the second syillable gets geminated word medially. The results also show when either
consonant cluster of word final coda or ill-formed consonant cluster is found at word medial
position in Tanoli Hindko, the process of gemination does not occur.

The results of syllable structure give way to describe the syllabification rules of Tanoli
Hindko. On the basis of these rules, syllable constraints have been written. Such constraints
facilitate the learners to decide about the representation of the syllable structure in light of
theoretical representation,

Future Research Directions

From the findings and conclusions of the study, the researcher would like to suggest
that to find out the accurate places of articulation, Hindko consonantal sounds should be
investigated through palatography techniques. In acoustic phonetic, data of consonants
should be recorded in VCV context, such as /ipi/, /u:pu:/, /o:poy/, fa:pa:/ etc, from literate
native Hindko speakers to measure the feature of locus. Since it was hard for illiterate people
to record each consonant for loci measurement in the above given context. Loci of
consonants, therefore, should be investigated both quantitatively and qualitatively.

The identified extra five consonants of Hindko by Awan (2004), e.g. /p/, A/, ¥/, /k/,
A/, and Hussain’s (n.d) proposed /*/ in Urdu after some segments, ¢.g. /m"/ and /n"/, require a
thorough empirical study in acoustic phonetic. Apart from the above given five phonemes,
other similar sounds in Hindko such as /g%, /%, /m", /m", 4", /5%, /* should also be
explored acoustically. For Baart (n.d), these are not phonemes rather sounds getting a tonal
effect. Thus, it remains to be seen whether these are separate segments or have the tonal

effect. The researcher personally feels that the case of /' happens only word initially in Tanoli
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Hindko, it cannot be found in any other environment and thus 1"/ after many phonemes occurs
due to the tones.

In vocalic part, there is need to carry out the research on the nasal vowels in acoustic
phonetics. Nasal vowels should be recorded at all possible positions, and sonorant sounds
with the target nasal vowels should be avoided as much as possible. It is imperative to record
the sounds of both males and females in a quiet room with proper setting of microphones and
sound recorder. Five repetitions for each segment would be useful for a more precise analysis.
The recording should be digitized at least 10000 Hz with a 5000 Hz low-pass filter setting on
Pratt.

Geminated sounds have been identified in the present study on articulatory basis.
They, however, are required to be investigated acoustically to find out duration of consonants
word medially and finally. It is also recommended that syllable data for Tanoli Hindko should
be further analyzed in terms of Optimality Theory. Moreover, there is intense need to work on
the remaining two suprasegmental features of Hindko, 1.¢. stress and tones. In this way, the
complete phonetic and phonological picture of Hindko may come into account.

On the whole, this thesis investigated segmental features of Tanoli Hindko in both
articulatory and acoustic phonetics and found 31 consonants, nine oral vowels, nine nasal
vowels and two diphthongs. The analysis of supra-segmental features of the study revealed
the results of root words as maximum three syllables, three syllabic consonants, 13 syllabic
templates, 47 consonant clusters word initially, 48 word medially and 15 clusters word
finally, successful application of MOP and SSP, and gemination occurrence word medially

and finally. In the present study, Taneli dialect of Hindko was compared with other two
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dialects of Hindko and some other languages as well including English. This study may

provide better understanding of Hindko, data, and useful information for further research.
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Vowels quadrilateral of a Hindko dialect spoken in AJK adapted from (Rashid, 2011, p.49)
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Appendix: C

List of the Informants

Participant No Gender Age Identification
1 Male 53 Ash...
2 Male 65 Faz...
3 Male 54 Zaf...
4 Male 56 Kha...
5 Male 57 Ayu..
6 Male 52 Ali...
7 Female 57 Mun...
8 Female 62 Hus...
9 Female 55 Zee...
10 Female 70 Rah...
11 Female 52 Mar...
12 Female 56 Kha...
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Appendix, D

The IPA

THE INTERNATIONAL PHONETIC ALPHABET (revised to 2005)
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Appendix - E

Indo Aryan Family Tree

CLASSIFICATION
Figure No. 1
Proto IT&-Armn
f 1 H
Arysn Iraaisn Dorgi
]
Hindi - Urdy Persic HMedic  gafir
LAngumges
Gujrati B1d Peraian
] (Achoemmmian) Avesta Khowar
Punjshi Ponlavi fastern Irantan Dardic
{ttiddle Persian)  Lenguages Lenguages
Sindhi
HModern Persisn —
I Yaahimir}
Siralki/
Hind-ko Kurdish
e, Torwati
Balochki
Shine
Qrmur
i
Pasyhto
Ghalchah
Languages
of Pamiyr

Svurce: Grierson, G. Linguistic Survey of India Vol 1, Part, 1: Introductory Ist ed. 1927 (Delhi: Motilal
Banarsidas, 1967)

330




Language classification of some of the Indo-Aryan languages adapted from (Lothers & Lothers,
2010, p.6).

(These languages are called “Lahnda™ by Masica (1991) and Lahndi by Lothers and Lothers (2010)
which refers to the cluster of languages that includes Pahari, Pothwari, and closely related languages) .

Northern Lahncda

Western Centrai Eaatern

Dharm Peshawan  Atieck . . : . Punchi
& Sawain  Hindko Hindko Northérnmost ?I%ﬁi:d . Pothowari  Chibhati nehi
Kairali)

Hazara  Tinauli
Hindko

Figure 2: Modified dassification of Northern Lahndie

*This classitication tree of Marther “Lahnde® was derived from Masion”s {1991 ) discussion of “Labnda™ cn peges F7— (9 and throwyh the
classificanon of cach lnguage found in Appendix I lovenmory of NEA languages and disleots, The onc difforones is thar we group Dhundi-
Kazrnhi with Fotbweari and Chibhali vather than with Haxears Hindko and Trnsuli.

Hindko spoken in Tanawal, Hazara is grouped in Northern languages as Tinauli (Tanoli)
Hindko, adapted from (Lothers & Lothers, 2010, p.8):

Table 1: Nenhem “lahndi™ languages and growpsings

Lamngrage |Growp | Aftevnate Namels) |Locabory
Narre
Chithali NC Pahati Jarnrmiu MW boeder o
Miuzaffarabewdt
Dnaneyl NYY —_ Vvestam Jhefhun Disirict
D mdi- {NW) Fahan (vanety Musres Hils, Rosalpind
airaki NG spoken in Murree |District
tehai of Fawadpeodi
Distriet)
Hirch o, NV Hirvclices, Hindiao Agtock Dintrict
Attock” Proper {(Shackle
1979)
Hindko, NW Hindi {Grierson Hazaro and Kaghan
Harara 1927), Kagani Valley
{Baliey 1938}
indko. NWw Hiedko Pushawar City
Peshawar!
Pothwan NC Pothweart {Grierson | Rawalkgindi and Jhelurm
1927), Pothoharl, |[districts
Fostotwr
Prurvehi NE Punchhi, Poonahi _|Punch Distriet
Sawairy MW Sobuain Sobiarn River WValley
Tinaul NVY —_— JEn vt

Source: Masica (1991) and others.

e would categorize Dhendi-Kainals (Sdurmee Babariy s S8 inmpend of W
“thene are foor dialects of Adock Hindkae: Awankari. Ghebi, Chachihi, Kohasi
§ Wlasica TV ),

“Hindki is considered o e pejieative (Shackie ER30),

23 asharere has had o bmrpye inftwernce on Panchi.

YSawain is consisdeoed K be closcly relatod 1o Phmnni (Mavica 1991}
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Appendix, F

Hindko Syllables Data
Syllables Templates Gloss Syllables Templates Gloss
Tpi 7b/
pam.bt;.ri: | CVC.CVV.CVV Butterfly bu:z.n: CVVC.CVV Monkey
- paLnn CVV.CVV Water ban.ni: CVC.CVV  [Retaining part
of a ficld
pag. ta CVC.CVV Information bax.xra; CvC.CCVV Part
pratt, CCVCC Turn bad.ma:f CVC.CVVC Wicked
T pur l CVvC.C Useless talking | bax.xro:ta: |CVC.CCVV.CVV| Young goat
pas.sa:r CVC.CVVC Veranda bagg CVCC Inter
pa:.bénd CVV.CVCC Regular ba:n.sri: CVVC.CCVV Trumpet
pat.ta:s CVC.CVVC Qutcry bukk CVCC Jumping
prakk CCVCC Instant badzdz CVCC Beat
pof CCVCC Catch bad fia:r CVC.CVVC | Wednesday
par.hass CVC.CVCC Steam bonn, CvCC Weave
- pron CCVVC Strainer bang CVCC Bangles
pro: CCvVvV Beading bu:.a: CVVv.Vv Door
po:r.xa: CVVC.CVV Cover bo:. Ii: CVV.CVV 1A kind of mil
ple:. ffann, | CCVV.CVCC Dry flour budzds CvCC Understand
pat. tarr CVC.CVCC Leaf bing CVCC Bend
puL, tarr CVC.CVCC Son bém.ball CVC.CVCC Flower of
maize
pro:. ra: CCVV.CVV A tool used to bor.boll CVC.CVCC Nightingale
pick luggage
pe:L li: CVVC.CVV Depth of pond blz:.tra: CCVV.CCVV | A tool used
etc in ploughing
pa:m.barg CVVC.CVCC Root bag. fia: CVC.CVV Increase
I—;:ras.sa:.[a: CVC.CVV.CVV | Heapofpaddy | baf™f a:; CVC.CVVC  [Thick forest
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pd:nk CVvveC Barking bay.ydmm cve.cvece Fearless
plo:.f"arr CCVV.CVCC Bunch bat’. f a:g CVC.CVVC Mouth
pu:k Cvv(C Onion branch baff. ffra: CVC.CCVVY Child
par.ni CVC.CVV Muffler bax. xi: CVC.CVVC Jealous
ple:r CCVVC Fence of thorn bla: CCVV Giant
pif" 4 art CVC.CVCC Back belt of badd CVCC Bad
shoes
pi:. . CVV.VV Bug bar. ta: CVC.CVV Pass
i
pra CCVV Spread baf™. ("l | CVC.CVVC | Weeping
mood
p'of.fra: CVC.CCVV Uncle bas. saft CVC.CvCC Home
pae: CVV A tool like a bin.dlo: CVC.CCVV Firetly
mattock
p att CVCC Tear bliy.gra: CCVC.CCVV | A rough line
p at.kyi: CVC.CCVV Alum b CvVvC A kind of tree
par. ka: CVC.CVV A picce of paper blitt CCVVCC Rolling
plip".p arr CVC.CVCC Lungs bas.sa:r CVC.CVVC Forget
p and CvCC A bag of luggage | bas.sa:h CVC.CVVC Reside
par CVCC A piece of wood | bag.gar CVC.CVVC  [Providing free
service
p'ang CvVCC Feather bag.ga:1 CVC.CVVC Detrack
 p'in.garr CVVC.CVC A small piece of bat.ta: CVC.CVV Exchange
stone/wood
pindg CVVCC Frowning bat.ti:l CVC.CVVC Collect
p'okkainl: | CVC.CVV.CVV Balloon bad.dz:ra: [CVC.CVV.CVV Old
plo. fi: CVV.CVV Fox bak" .k ra: CVC.CCVV Separate
itf bann, CVCC Agree
taz.kra: CVC.CCVV Mentioning bat, fra:g CvC.CCVVC Muddle
frae: CCVC Thirsty bat.tang CVC.CVCC Pear
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tapp CVCC Warm ba: CVvC Prayer call
Ut tarr CVC. CVCC Partridge I '
tri:p.gall CCVVC.CVC |A wood fork, used tass CVCC Breaking
in wheat thrashing
trag CCVV(C Dew tat.tu CVC.CVV Pony
C takkga: CVC.CCVV Fatty tang CVCC Hang
tal.ka: CVC.CVV Slip i karr CVC.CVCC | Make fun of
tam.md: CVC.CVV Hope to: (O AY Touch
far CVVvC See/Stare ta:l Ccvv(C Heap
tlai CCVV Mattress tat.to:1 CVC.CVVC Grope
tree:. kall CCVV.CVCC Stranger tikk CvCC Hold/stop
tam. bur CVC.CVVC Drum ta:n. da: CVV.CVV  [Trunk of maze
ta: Ccvy Force topp CVCC A big cap
1a: CVV That's why  [idn. do:. ra; CVC.CVV.CVV  |Spread news
i rambra: | CCVVC, CCVV Lid turr CvVCC Walk
tro:.ra: CCVVC VY A big bag tukk CVCC Cut
g CCVVC Crack tab.barr CVC.CVCC Family
@n. dur CVCC.CVVC Fireplace for it
cooking loaves
1av.vi: CVC.CVV Soil pane t"ap.pca: CVC.CCVV |Atoolused to
compress soil
fav.va; CVC.CVV Iron pane t ak.ko:r CVC.CVVC Hit gently
tAm.ma:n, CVC.CVVC  |Dust of chimney tall CvVCC Severe
Beating
av.viz CVC.CVVC Amulet/charm t"app CVCC Beat
larr CvCC Get through t"akk CVvCC Direct
ta:.vall CVV.CVCC Haste tat".t'ar | CVC.CVCC Joke in.
negative sensc
tram.makk CCVC.CVCC Spray rlaater tok CvvC Hamrﬁering
genily
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tran, gri: CCVC.CCVY A kind of net t'arr CVCC Feeling cold
used for grass
tan el CVC.CVVC Coriander thu:. t'a: CVV.CVV Big bowl
tab.sra: CVC.CCVV Comment /d/
rid.da: CCVC.CVY Grass Hooper darr CVCC Fear
trib.byi: CCVC.CCVV Cucumber dro;.kall CCVV.CVCC Fearful
tittarr CVC.CVCC Partndge damm CVCC To kill germs
through use
of fire
trak kri: CCVC.CCVV Weight Scale dubb CVCC Sink
fax.ta: CVC.CVV Flat wood docy.la: CVVC.CVV A kind of pot |
i Ccvv You da:l Ccvve Branch
it do:. gi: CVV.CVV Field
{e: CVV Available da CVVC Pertaining to |
snake’s poison
fo.ta CVVCVV Less dak. ka:r CVC.CVVC Belch :
tra:l CVVC Big plate dadd CVCC Frog
t'app CVCC Fold da:. da: CVV.CVV Dominant
Lokk CVCC Spitting day CVvVvCC Big stick
Uz la CVV.CVV Big shopper dra: CCVV To fear
L amm CVCC Pillar dubb CVCC Sinking
t"ann, CvVCC Teat/Udder dro: kall CCVV.CVCC Coward
i TR/
dodd Cvcce Milk klo:. ti: CCVV.CVV | A place made
for storage of
wheat '
dra:z CCVVC Drawer kim:. maid | CVC.CVVC Sugarcane | :
dart CvCC Jam kuk.korg CVC.CVCC Cock
dat" t"a: CVC.CVV A small pack of kadd CVCC Stature
grass
dar.xa:s CVC.CVVC Application ka:.nass CVV.CVCC Long shelf
335
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with a wall

dur fa:.ginn | CVC.CVV.CVCC | Door frame kat.tall CVC.CVCC Akind of
dry gross
dre: CCVVC Untie kar fOn.di: | CVC.CVC.CVV Toeof
animal
duk.kga: CVC.CCVV Akind ofdrum | koufidn CVC.CVVC Time after |
evening
de:g i CVVC.CVV Casserole kri:. n: CCVV.CVV Hail
dan.gdri: CVC.CCVV Comer of loaf | k&:n. tarr CVVC.CVCC Pigeon
du:.facr CVV.CVVC Loan kga:.ga: CCVV.CVV A tool used
in churning
dar.buk CVC.CVVC Wasp kand CvCC Waist
dra:t CCVVC Sickle kab. ra:A CVC.CVV Fear |
durfid:. na: | CVV.CVVCVV Watermelon k&:p.gd: CVVC.CCVV | Boiled corn |
da:h CVvv(C Ten kam.ball CVC.CVCC Blanket
igl kol.fa: CVC.CVV A small loafl |
gam.mo:t CVC.CVVC Mound ku:, ta: CVVCVV Liar
graf . a; CCVC.CVV A kind of plant krok.ki: CCVC.CVV Trap
gLl CVCC.CVV Counting Kpai CCVV A flat type pot
gol.fa: CVC.CVYV Wrist kar. i CVC.CVV Ladle
gad.vadd CVC.CVC Mix krond CCVCC Working |
slowly
g0:.81: CVV.CVV Bee house kadd CvCC Take out
gof.t CVC.CVvv Butchering kag.dra: CVC.CCVV Akindof |
vegetable
gun).ga: CVC.CVVY Dumb kra:f CCVVC Boiling of
water
extremely
gat"t'i.1i: | CVC.CVV.CVV Pieces of kaf'ga:.li: | CYC.CVV.CVV | Akind of
sugarcane plant
gonds.dgi: | CVCC.CVV A bundle of Kail CVCC Weaving of |
thread a ropc
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glit.ti: CCVC.CVV Hard swelling ka:y.gu: CVVC.CCVV Skinny
gall CVCC Talk kawri: CVV.CVV Need
gadzdg CVCC Decoraie ka:ru:s CVVC.CVVC Cartridges
gotka CVC.CVV A small stick kap.gla: CVC.CCVV Without
money
gab.bru CVC.CCVY Young kas.swr CVC.CVVC Fault
gand CVCC Sew mak.sadd CVC.CVCC Aim
T CVVC.CVV | Atwllused for | Kas.bi: CVECVV | Cobbieretc |
digging
gid.dagy CVC.CVCC Jackal kis.maf}, CVC.CVCC Fortune
gail CVCC Method kas.sai CVC.CVV Butcher |
fm/ kémrlL CVC.C Blacksmith |
etc
ma:s CVVvC Meat K"
mas.sz.ra: | CYC.CVV.CVV Cousin K"uff Jorx CVC.CVCC Part under
knee joint
ma: CVV Mother K'rop.pa: CCVC.CVV Scythe
[ mof Jukk CVC.CVC Smell K'ang CVCC Coughing
mof " CVCC Moustache K"o:. ta: CVV.CVV Allbyed _
mu:.ratt CVV.CVC Beautiful k"or.bull CVC.CVC Scraping by :
hen/bird
mu:.n CVV.CVV Front kK or.li: CVC.CVV Mortar/pond
MR | CYEOV O nobad | it | covecyy  [Foot (negative
luggage usc)
mo:.ta: CVV.CVV Fatty M- CCVVC Spl;iil}ilr;g of
mat". "i: CVC.CVV Fish k"ond.da: CVCC.CVV Blunt
may".§f arr CVC.CVC Mosquito k"af ka:g CVC.CVVC Laughing
mondz.dia: CVC.CVV Without nose KMk Kharr CVC.CVCC Ripened
cucumber
mafff CVCC Decorate k"a: CCVV Miss
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moyy CVCC Much KKK CVCC Cave
mass CVCC Muddle kK"ak" k"agy | CVC. CVCC Cucursber
mas.sla: CVC. CCVV Problem /n/
mas.si:f, CVC.CVVC Mosque na: Cvv Do not come
mal. fo:ra: | CVC.CVVCVV Wiper na: Cvv No .
mid: na: CCVV.CVV | Religious scholar nass CVCC Run away
mla: CCVV Connect naf fo:g CVC.CVVC Squeeze
mla:p CCVVC Meet nar.va:fi CVC.CVVC Abuse
moux.taids CVC. CVVC Helpless naf.fraff CVC.CCVCC Hatred
mro:g CCVVC Bend nux.sa:n CVC.CVVC Loss
madg.mé: CVC.CVV Tray naf.fa:n CVC.CvvVC Sign
ménd CVCC Muddle nad.di:.da: | CVC.CVV.CVV | Uncivilized
mang. dra: CVCC. CCVY Low stature nadz.dzo:t CVC.CVVC Sick
mo:. kK arr CVV.CVCC  [Akind of animal | narra:z CVC.CVVC Angry
disease
mo:. fa:t" CVV.CVVC Grate na:.va: CVV.CVV Drain-pipe
may".4"i: CVC.CVV Fish nim.ma:fd: | CVC.CVV.CVV | Evening
 mon, rass CVC.CVCC Husband nim.ball CVC.CVCC Clear sky
(negative use)
mos.sukk CVC.CvCC Smile nik" k"ar CVC.CVC Separate
mi:nd3 CVVCC Leather niff. farr CVC.CVCC sip
miind.da: CVCC.CVVY Beginning nat".t"arr CVC.CVC Escapee
mi:t CVVvC 100 Kanal land nat't' CvVCC Escape
i naff:fo.r CVC.CVVC Squeez
tas.sall CVC.CVCC Crops naz.zarr CVC.CVCC Eve sight
fa:l. tu: CVVC.CVV Spare Is/
fit,nd: CVC.CVV  Mischief/revolt sha:k CCVVC Treatment
far.mae:[ CVVC.CVVC Demand sab.blin, CVC.CVVC Soap
fla: CCvvV Someone sag. ma: CVC.CVV Shock
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meat

fee:.sla: CVV.CCVV Decision sla: CCVV Suggestion
vl san.du:k CVC.CVVC Box
vax.xaft CVC.CVCC Fortune sdm.mi:n CVC. CVVC Luggage :
vak kaft CVC.CVCC Time samn.dga: CVVC. CVV | Partnership |
" vak" kK'ra: |  CVC.CCVV Separate samn.fa: CVVC.CVV Tool
vab.ba:l CVC.CVVC Tension sa:m.la: CVVC. CVV A bit black
vaf.fa: CVC.CVV Loyal sal Cvv Assist
vall CvVCC Twisted sab.bu:, CVC.CVVC Proof
i/ si: CVV Lion
[in.garr CVC.CV(C Frowning for s&:n CVvV(C Recognize
attack
Jullukk CVC.CVCC Move saft, CVCC Invite
Jadz. dzra: CVC.CCVV History sut.ri: CVC.CCVV Clean
Jarr CVCC Dispute sadg.dzra: CVC.CCVV Fresh
Jra:.fagg CCVV.CVC Gentleness sil.ta: CVC.CVV Maize corn
Jru: CCVV Begin sar.gi: CVC.CVV Before
morning time
Jra:.raft CCVV.CVC Mischief sax.xatf, CVC.CVC Hard
Jidng CCVCC Jiggle sat.na: CVC.CVV A wood use |
for churner
Nt CvCe Target sradd CCVCC Hay
Jakk CcveC Doubt sram.fu: CCVC.CVV  Needle used in|
antunony
paft CVCC Beaten sla:b CCVVC Flood
| extretnely
| Jin.garr CVC.CcveC Skin of Trees slu:. na: CCVV.CVV Salty
i Jumngall CVC.CVCC A kind of grass sil.sla; CVC.CCVV Connection
I[__‘ ik kra: CVC.CCVV Hawk/falcon sGmb.ba: CVCC.CVV  ]A tool used by
f blacksmith
| flib.bra: CCVC.CCVY Useless piece of |sam.madsds CVC.CVCC Understand
|
|

339




Jnat.xaft CCVV.CVC Identity sOm. ball CVC.CVC Hyacinth |
J&mn.ta CVVC.CVV Cone of pine san. fa.li: [CVC.CVV.CVV | Forty seven
" fushar CVV.CVVC Active bafka:r CVC.CVVC Centre
| Jax.xass CVC.CVCC Person samme: | CVC.CVV.C Including
T TVVC City o CVVC Think |
I Jion.ni: CCVC.CVV Defeated through | sre:.la: CVV.CVV A prickle of |
discussion hay
Y sid.da: CVC.CVV Straight
IoyEne CVV.CVV Suffocation sa..va: CVV.CVV Green
yo:l CVvC Circular sa:.baff, CVV.CVC Complete
yal.bz:] CVC.CVVC A tool used for sur.ma: CVC.CVV Black
flour
ydn.da: CVC.CVV Wicked slo: ti: CCVV.CCVV Animals’
doctor
yla:m CCVVC Slave sa:n.ta: CVVC.CVV A branch of
pine ree
yo:. ja: CVV.CVV Dive SOIT CVCC Situation
yary CvVCC A small cave sall CVCC Hole
yal.yorza: | CVC.CVV.CVV Pine-nut fzf
R/ zam.bu:r CVC.CVVC Plier
hla; CcCvVV Sway zol.fa: CVC.CVV Long hair
fira: CCVV Defeat zan, ziir CVC.Cvv(e Zip
hass CvVCC Laugh zee:. da: CVV.CVV Much
fiab. bra: CVC.CCVV Uncivilized Zae..varr CVV.CVCC Jewellery
haf farr CVC.CVCC Get-together ZO.T CVVC Force
hat'" CVCC hand ze: Cvv Peep
haz.zamm CVC.CcvCC Digest zidd CVCC Obstinate
ham.zorla: | CVC.CVV.CVV | Of the same age i/
Ad:n. darr CVC.CVCC Technical work xra:y, CCVVC Charity
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il xab.barr CvC.CvC News
fa:r CVVvC To graze X1Z.mag} CVC.CVCC Help
M) CVVCC Ecstasy xra:b CCVVC Out of order
fatfe:na | CVC.CVV.CVV Round about xdm.bizra; [ CVC.CVV.CVV [Leaven/yeast/ |
ferment
il CvVCC Press xam. xa: CVC.CVV Useless
f"ap.parr CVC.CVCC Thatch xur. da: CVVC.CVV [Edible things
from a sacred
place
flak CCVVvC Clever X®:T CVVv(C All right
fap".p arr CVC.CVC Stagnate water | xadg.dsa:.lagg] CVC.CVV.CVC | Teasing
fadzds CVCC Manner xatt CVC.CVV.CVCC Letter
il fare CVC.CVCC A kind of bug x&m.ba: CVC.CVV  [Fresh straight
branch of a
tree
fo:.rass CVV.CVCC Square x1&:m CCVVvC Small cave
fu.rdm.vé; | CVV.CVVC.CVC Ninety four x6:nk CVVCC Partridge
fo:.ha:y CVV.CVVC Sharp part of an /ds/
axe _
fil.lamm CVC.CVCC Hookah bowl dzutt CVCC Fight
§am.ba: CVC.CVV Black and white dzra:b CCvvC Socks
colour
fam.yi.li: |CCVC.CVC.CVV Bat dzdmm CVCC Birth
" fam.marr CVC.CVCC Touch dzind CVCC Body
f2&:n.gan CVVC.CVC Tomato dzan.gla CVC.CCVV Fence
fafka: CVVC.CVV Before noon dab.ba CVC.CVV Meadow |
fro:k CCVVC Time ago &ign CvCC Liquid of
pine tree
fro:.ra: CCVV.CVV Unriped fruit dzo:gn CVVCC Giant
frt:nd CCVVCC Bite savagely dzure CVCC Attach
Yy dlat.ta CCVC.CVY Strict

fil
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[ g7 ab.byi: CVC.CCVV A pot used for &inds CVCC A group of
| loaves people
I {"am, CVVC Filter dzan.nakk CVC.CVC Children
T app CVeC Hide &ag CVVC Awake
%_U“EE"E‘_[EJ CVC.CCVV | Uselesspiece of [ dgiiint CVVCC Atool used |
meat to join oxen |
Mad3ds CVCC Winnower i
" n.akk CVC.VCC Affectofeye- | jallamm CVC.CVCC A kind of
sight Leach
i in. CVC.CVV Chisel jee: la: CVV.CVV  [Water-logging|
f'ikk CVCC Press jok CVVC Leach
"vk. koxr CVC.CVVC Handmade pot JOy.ga: CVC.CVV A person
for loaves who talks in |
nostrils
fof. §la: CVC.CCVV  [Over confidence jax.xi: CVC.CVV Chill
1 o la: CVVC.CVV Active/ quick joll CVCC Cockroach
fEm CVVC Shadow jar CVVC Friend
{"app CVCC Hide i
Vowels rab.fa: CVVC.CVV Contact
a: VAY Come raj fann CVC.CVCC A red bird
a..pe. VV.CVV Self rin.da: CVC.CVV Jack plane
a:, pass VV.CVCC Jointly rarg CVCC Barren place
having stones
a. la: VV.CVV Hole rak’K" CVCC A kind of land
as.la: VVC.CVV Slow raxm CvvC Rest
am vvC Bring ra: CVVC Night
a:.sra; VV. CCVV Hold ra:g CVVC Musical mode|
as.xarr vV, CVCC Last i CVV A'kind of tree
al.na: VC.CVV Nest tics CvvC Compete
al. na: VC. CVV Acquaintance ro: CVV Weep

342




at.kall VC.CvCC Method retiar CVV.CVV  |Akind of tree
at't’ VCC Eight ro.. la: CVV.CVV Dispute
ads.dzary VC.CVCC Herd ram.bi: CVCC. CVV Clipper of
cobbler
- add VCC Half ro:b CVVC Personality |
ar.za: VC.CVV Cash roz.gar CVC,. CVVC Job
ar.ma: VC.CVV A kind of pulse randz CvVCC A kind of
disease
as.a VC.CVV Ours ratf, CVCC Jealous
a:. darr VV.CVCC Order rap.part CVC.CVCC Field
imm VCC Mango radz. dgo: CvC,. CvvCe Fine
an. darr VCC. CVC Inside radzdz CvCC Fulfil
at.tra: VC. CCVV Egg ra:h CVC Plough
arr VCC Hurdle ]
| az. ma: VC.CVV Test lang CvCC Cross
at. ka: VC.CVV Month of Feb. la:dzds CvvcCeC Treatment
ar. ra: VCVY A big stick la:d CvvcC Love
| ar. Z&n VC.CVVC Much la. ra; CVV. CVV Hang/sling
| 5. mall VC.CVCT Act ipp" CVCC Bend
4s. ma:n VC.CVVC Sky la:l CVVvC Pink
af. tarr VC.CVC Scent 1a:n. dza: CVvVvC. CVV Family
id. darr VC.CVCC This side lof. fa: CVC. CVV Cunning
it. ti: VC.CVV Tip-cat lut. tarr CvC.CVC Tired
ik. ki: VC.CVV Twenty one lus. si: CVC.CVV Lazy
ol. li: VC.CVV Fungi lok. kary CVC.CVCC Wood
vds.dza:r VC.CVVC Desolate lo:. tarr CVV.CVCC Curry
Us. ta:z VC.CVVC Teacher lar.ra: CVC. CVY Log
UL, ta: VC.CVV Up lakk CvCC Waist |
| vemn VC. CVCC Open ik CVVC Time |
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Appendix- G

Tanoli Hindko Phonetic symbols {Consonants and Vowels), Description of IPA phonetic

name adapted from Phonetic Symbol Guide by (Pullum & Ladusas, 1996).

. Symbols [PA phonetic name Symbols [PA phonetic name
T-Esh Ligature
p/ Lower-case P H7 unaspirated
o/ Lower-case B a3/ D-Yogh Ligature
T-Esh Ligature
h .
p'/ Lower-case P Aspirated 1 aspirated
i Lower-case T Unaspirated dental I Lower-case I
df Lowet-case D Voiced dental vl Lower-case V
- f;"/ N Lower-case T aspirated dental /s/ Lower-case 8§
i/ Lower-case T Unaspirated Alveolar fz} Lower-case Z
/d/ Lower-case D Voiced alveolar /(! Esh
1 Lower-case T aspirated Alveolar x/ Lower-case X
Iy, Lower-case K unaspirated Ny Gamma
1o/ Lower-case G Y, Hooktop H
Kt Lower-case K aspirated v/ Lower-case R (trill)
.y Lower-case M I/ Right-tail R {flap)
nf Lower-case N i Lower-case J
In/ Right-tail N Y. Lower-case L
|y Eng
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Tanoli Hindko Vowels

__S.ymbol Phonetic name Symbols Phonetic name
i Lower-case | a Lower-case A (short a)
1 Small capital | 0; Lower-case O
e Lower- case E U Upsilon
e ash u: Lower-cage U
a: Lower-case A (Long a;)
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