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Abstract
A well-defined vocalic and consonantal system is a prerequisite when investigating the
perception and production of a secdadguage. The lack of a walefined Urdu vowel
system in the multilingual context of Pakistan motivated investigation of the acoustic and
phonetic properties of Urdu vowels. Due to the significant influence of a number of first
languages, the study focssen the Urdu spoken in Punjab, Pakistan. A production
experiment reports the acoustic properties of the monophthongs and six diphthongs in
Urdu. The results showed that Urdu distinguishes between short and long,\awiels
lacks an opemid front and an penmid back vowel. Since the central vowel is fairly
open and retracted, it appears that the central vowel space is empty. This was reflected in
the difficulty of perceiving the central vowels of Standard Southern British English
(SSBE) by Punjabi Urdu spkers. The acoustic and phonetic evidence partially supports

the phonetic existence of diphthongs in Urdu.

The acoustic investigation of the Urdu vowel system helped to predict the perceptual
assimilation and classification patterns of SSBE vowels byaPubjrdu speakers. A
crosslanguage perceptual assimilation and a free classification experiment was
conducted in three different consonantal contexts to test the predictions of three
mainstream models of L2 perception: SLM, PAM and L2LP. The assimilpditterns in

a crosdanguage and category goodness rating task varied according to familiarity with
the target language. The patterns of perceptual assimilation failed to predict the perceptual
similarity of the SSBE vowels in the auditory free classifaratask.Thus,the findings
support the model predictions with regard to the role of L1; however acoustic similarities
between L1 and L2 neither predict the patterns of devgguage perceptual assimilation

nor perceptual similarity
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Chapter 1

Introduction
This thesis consists of two parts. Pafbduseson the investigation of the Urdu vowel
system as spoken in Punjab, Pakistan. Pafbdliseson the perception of Standard
Southern British EnglishSSBE) vowels by Urdu speakers from Punjab, Pakistan. Each
part consists of three chapters. The final chapter then gives the conclusions drawn from

both parts and the implications for future research.

In this chapter, the background and status of Urdwakisan is presented, followed by

a brief overview of Pakistani English and perception of English vowels.

1.1Background - Urdu in Pakistan

According to Ethnologue (Simons et al., 2017) and Hussain (2004), more than 100 million
people speak Urdu arounitetworld. Pakistahas the greatest numberldfdu speakers
andindia has the next greatest number of speakeiadia,Urdu is one of the 22 official
languages and is spoken across six different states. In Pakistan, Urdu was declared in the
constitutionof 1956 as theational languagéJaved et al., 2010), with some amendments

in the constitution of 1973, where provincial governments were allowed to promote
provincial languages as well as Urdu (Farooq4202). In this context, the termational
languagecan be defined as a common language used by people from different linguistic
backgrounds within the same country. Only 7.57 percent of the population of Pakistan
speaks Urdu as their first language (Rahman, 2Rahman, 2008ylansoor, B04). The

majority of the population speaks Urdu as their second or third language.

Urdu is close to Hindi and like Hindi it belongs to the New hAdgan languages
(Kachru, 1987). Although close, Urdu and Hindi differ from each other in their
morphology,syntax, phonetics and phonology (see Kachru, B372 for a detailed

review). The word Urdu is derived from the Turkish worduwhi ch means @ C;
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Army with its follO@Bwé)sol{Sabeaimset calhns]|
Per s i anoorowsa itsdvocdbulary mainly from Persian, Arabic, English, and
Portuguese (Saleem et,&002; Khan and Alward, 2011). Due to the influence of local

languages, various varieties/dialects of Urdu are spoken in Pakistan.

Urdu is mainly spoken by educatpde o pl e and i n urban areas:
classes make more use of Urdu and English in Pakistan as compared to the rural classes
t hat mai nly wuse the regional | a-@cgnonmasicy e s O
background is a key indicator fdravariety of Urdu spoken by the participants of any

study.

Pakistan is a multilingual country where the vast majority of people speak at least two
local languages. Urdu is taught as a compulsory subject throughout primary and
secondary school educatiokccording to a report from the British Council in Pakistan
(Coleman, 2010) and Rahman (2008; 2011) six major and 58 minor languages are
currently spoken in Pakistan. Major languages are showabte 1.1 (see also Rahman,
2008; 2011)andTable 1.2 shows thdanguageghatare spoken aa first language by

one millionor more speakef€oleman, 2010)From everyday experience, it is clear that
Urdu is heavily influenced by these local daages. This was confirmed by the pilot

study in Section 2.2.

Table 1.1: Percentage of speakers of the major languages in Pakistan (Source: GoP
2001:107 cited in Rahman, 2011:56)

Languages Percentages of speakers

Punjabi 44.15

Pashto 15.42

Sindhi 14.10
Saraiki 10.53

Urdu 7.57
Balochi 3.57
Others 4.66

*Also sometimes spelled Seraiki / Siraiki



Table 1.2: Individual languages with over 1,000,000 first language speak®&akistan
(afterColeman, 201a.3)

No Language name Speakers (millions) Percentage of population

1 Punjabi, Western 60.6 38.3
2 Sindhi 18.5 11.7
3 Saraiki* 13.8 8.7
4 Urdu 10.7 6.8
5 Pashto Northern 9.6 6.1
6 Pashto Central 7.9 5.0
7 Balochi,Southern 2.8 1.8
8 Brahui 2.0 1.3
9 Hindko, Northern 1.9 1.2
10 Balochi, Eastern 1.8 1.1
11 Pashto, Southern 1.4 0.9
12 Balochi, Western 1.1 0.7
13 Farsi, Eastern 1.0 0.6
14 Punjabi, Mirpur 1.0 0.6
Sub-total 134.1 84.8

58 otherlanguages 24.0 15.2

Total 158.1 100.0

*Also sometimes spelled Seraiki / Siraiki

In India, Urdu is written in Devangasicript, while in Pakistan, it is written in Pefso
Arabic script in Nastalique style with an extended Arabic character set which includes
diacritic marks (ljaz and Hussain, 2007:1). The Nastalique style is quite complex as it is
cursive (initially used bycalligraphers), with no spaces between words, and context
sensitive (Javed et al., 2010). Context sensitivity means that the shape of the characters
changes depending on the syntactic and semantic context. The diacritics are used to
represent the vocaliwontent (i.e. vowels); however most often diacritics are optional as
the vocalic content can be deduced easily from the context. According to ljaz and

Hussain,

AUrdu is normally written only with letters, diacritics being optional. However,
the letters regesent just the consonantal content of the string and in some cases
(underspecified) vocalic content. The vocalic content may be optionally or
completely specified by using diacritics with the letters... In certain cases, two

different words (with differet pronunciations) may have exactly the same form
3



if the diacritics are removed, but even in that case writing words without diacritics

is permitted (2007:2).

For example, the Urduwo@®a n be pr o dibadd c edifindgnds ood éme ndi n
on the context. In a given context it is usually possible to correctly pronounce homographs
that differ in pronunciation without recourse to diacritics marks; however, diacritics are
required to pronounce such words and understand their meaning when theijtenarwr
isolation. In addition, there are certain words in Urdu that can only be written with
diacritic mar ksec¢dHKnnsuperioon s(tlg nacze a/nodEIl HUEY s a i

significance of diacritics is relevant for some of the results presantédapter 2.

Given the multilingual context of Pakistan and the status of Urdu in Pakistan, this thesis
will mainly focus on the studies conducted in Pakistan, and the literature onUtohdi

will not be explored further.

1.2 Urdu SoundStructure

Literature is sparse on Urdu linguistics and especially sparse on Urdu phonology. Most
of the recent work in the past two decades has been done by Centre for Language
Engineering, AlKhawarizmi Institute of Computer Science, University of Engimge

and Technology, Lahore, Pakistan.

The literature disagrees on the number of consonants and vowels in Urdu. For consonants,
there are claims afl (Kachru, 187); 36 (Bokhari, 19%; Bokhari, 1991; Hussain, 1997;

Raza, 2009); and4Saleem et al., 2002)he present study focuses on the investigation

of Urdu vowel system, therefore the literature on Urdu consonants will not be discussed
any further. A brief overview of the literature time Urdu vowel system is as follows.

The Urduvowel system is presented using the slashes because the earlier studies consider
these vowels to be phonemic, although not all the studies consider all the vowels to be

phonemic.



1.21 Monophthongs

There are various claims on the number of Urdu vowelsenliterature, as shown in
Table 13. With the exception of Rauf (1997) and Bokhari (1985) who do not explicitly
cite any experimental evidence for their analyses, most work is based on small studies
conducted with 6 to 8 participants (sometimes only mdtesn Lahore, of unspecified

sociceconomic background.

Saleem et al. (2002) presented an Urdu consonantal and vocalic inventory and briefly
reported a vowel [/ U0/ which has not been
it could be an allophaa realisation of /ae/. Saleem et al. (2002) did not provide any
acoustic and phonetic analysis of the Urdu vocalic and consonantal sounds; however, they
provided a comprehensive list of these sounds. The literature in Urdu phonology and
phonetics not onlglisagrees on the number of vowels and consonants, but also reports
inconsistent symbols/transcripts of the given sounds. The list of vowel symbols used

across the literature is givenTable 1.4.

Table 1.3: Number of Urdwowels in a number of studies

Oral long Oral short Nasal long Nasal short Total Source
vowels vowels vowels vowels Vowels
7 7 7 7 28 Bokhari, 1985
7 3 0 0 10 Kachru, 1987
Hussain, 1997
5 5 5 5 20 Bokhari, 191
5 3 5 3 16 Rauf, 1997
7 7 0 0 14 Fatima and Aden,
2003
7 3 7 0 17 Ali and Hussain,
2010
8 3 6 0 17 Hussain et al., 2011




Table 14: The vowel symbols used in the literature and the ones used in the present study

Vowel Symbols used by differeatthors Used by the author in
Bokhari Rauf Hussain Saleem et al. this thesis
(1985) (1997) (1997) (2002)
i E i 'E i i i 'E
[ | @ @ @
e E e E e e e
e -- - 0 0
v'E -- & %@ &
0 a D D D
a - - - A
a'E aE a 0 0'E
oE o0'E 0 0 0"
0] -- 0O 0O OE
u U a a a
u'E u'E u u u'E
'None of the previous studies investigated the ex
“The literature unanimously presentstwoopeidb ac k vowel s [/ O/ and /[ o/ . I n
on the assumption that the difference is solely

Most of the studies on Urdu vowels are outdated, especially in the diversegibaral,
ecahomic and multilingual context of Pakistan. The studies are difficult to compare
because it is not clear which variety of Urdu is investigated, and the symbols used are
borrowed from the English phonetic tradition and are not always compatible with IPA

usae, so it is not clear if authors used them to symbolise the same vowels.

Most of these studies have presented 7 |
/ uE/, and 3 short v owgD0®);of&dngvowetsi/,/e/,/ @nd | ¢
leell 6//'Qdland/ u/ , and 3, /scmd/rdt/ v(oRmaezlas, /2d®/09) . S
also claimed that all long oral vowels have a nasalised counterpart (Raza, 2009; Rauf,
1997; Bokhari, 1985). These studies vary not only in the number of vowels, but also the
inconsistent symbols used for these vowdls.addition, most of the studies discussed

here did not provide any experimental evidence based on acoustic, phonetic and/or
phonological investigation. Given the disagreement across the literature and the
prevalence of crosenguage and regional influezs; the present study focussed on the

vowel system of Urdu as spoken in Punjab, Pakistan, and largely used the inventory
6



proposed by Saleem et al. (2002), whicldéde is the most comprehensive and legible,
with slight modifications to address pedagogaals of the study which are discussed

in detail inChapter 4andChager 5

1.2.2 Diphthongs

Most of the literature (Bokhari, 1991; Wagar and Waqar, 2002; Khurshid, Usman and
Butt, 2003; Bhatti and Mumtaz, 2016) agrees that phonologically Urdu does not have
diphthongs. However, this claim is disputed hg survey and perception experiments of
Wagqgar and Wagar (2002%arwar, Ahmed and Tarar (2003) and Bhatti and Mumtaz

(2016) who argue that, phonetically, diphthongs are found in Urdu.

With regard to Urdu phonological processes, Wali (2001) argueththdéletion of /h/

and /n/ in word final position results i
example,# f r Giéaktimé i s pronwanc EJd @mBed[ /1 BoPpPr onou
as d GMAIE2001), and this deletion of /n/amg/ i n some cases m
di pht hong, peoblgn® /i mp padrpdlo/luniced as [ mbs o ®l
and Wagar (208), Farooq and Mumtaz (2016) and Bhatti and Mumtaz (2016) report that
del etion of one of t h/¥int Hisylakc word resultsinaant s
di phthong, f dbr: éecaseiviapli & /pz ®jnd® Bdn e dajnadls r/| z ¢
fip r e p arispronooinced agé 6 : r i @ ] . Khurshid, Usman, a
possibility of diphthongs and triphdhgs in Urdu and claimed that out of a list of 37
possible diphthongs in Urdu, 18 were identified as diphthongs by 20 native speakers of
Lahori Urdu. A brief survey of the literature on Urdu diphthongs is presented in Chapter

3.

1.3. Pakistani English
Thesecond half of this thesis deals waticond language (hencefoli®) perception, in

particular the perception of Standard Southern British English (SSBE) vowels by Punjabi
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Urdu speakers from Pakistan. Therefore, it is important to understand the sEatgBssf

in Pakistan. A brief presentation is found below.

1.3.1 Background- Historical and Political

Although Urdu is thenational language of Pakistan (see Section 1ENglish is the

official language of Pakistan (Mahmood, 2004 cited in Faroog4)2@% it was before

the partition of I ndia in 1947. AEngl i sh
in affluent classes of the society, civil and military bureaucracy, official correspondence,
and English is also the language of courts and the toaostii on o f Paki st
2013:7).According to Mahboob (2017), due poagmaticandpolitical reasons English

has remained the medium of instruction particularly in higher education and has played a
significant role in educational context of Pakistmeq M&boob, 2017:7902 for a

detailed review). The British colonial powers adopted an approach whereby the teaching

of English was restricted to elites in India in order to maintain class and status divisions:
AThe current educ atlegaay ofshg British coloriiahpowess.KThes t a 1
British started two streams of education: Enghistdium and vernaculanedium, to
serve their own political endso (Rahman,
2008:236). Due to the dual language educatwlities of the government (i.e. English

for the elite and Urdu for the masses), it is very complicated to define the status of English

in Pakistan.

Various Pakistani governments since independence in 1947 have tried to replace English
with Urdu, but it hashot been possible due to a lack of consistent education policies,
training and resources. According to (Shamim, 2008:236), Urdu was promoted as a
national language to unite the nation; however, it provoked some regional ethnic issues
and as a result Barsglesh (then East Pakistan) seceded in 1972. General-Hah q u € 0 S

government (1974988) tried to popularise Urdu as a national and official language and



medium of instruction in schools; however, this enforcement left the country with a rather
complicaed situation, where English became the official language and enjoyed the status
of Al anguage of the eliteo, prestige, an
recommended the use Urdu of as a medium of instruction and introduced either English
or Arabic as an additional language from the age of 11.The language policies over the
years, without any proper planning and implementation, have played havoc with the
education system in government schools; whereas the private English medium schools
and colle@s have been insulated from these inconsistent policies (see Mahboob 2002:15

39 and 2017:7-B2 for a detailed review).

The o6Urdu onl yd pol i cexacerbated cliss divisoomst €nde i n

the privileged still had access to English unlike poor:

AMost high paying jobs in the private
Englishmedium schools met this requirement and were hired, while graduates
from nonEnglish medium or Vernacular schools had to struggle to find decent
jobs. Thus, here was (and is) discrimination in the higher circles of the society
against people with a ndanglish medium education and against people with

i nsufficient skills in English | angua:i

Many efforts have been made over the years tlacegenglish with Urdu in Pakistan;
however, an unstable and ewdranging political situation, has led to poor language
policies and a big divide between the public and private sector education systems.
Nowadays, English is considered a tool for sociagnemic, individual and national
development. The prBnglish stance of various Pakistani governments since 1989 seems

to be in contrast with the majority of pasto | oni al st at e s-speakihger e 7
elites have continued the same policies offtmmer colonizers, using access to English

| anguage education as a <cruci al di stribu

9



1995: 40 cited in Shamim, 2008: 244) . A No
the past few decades (Mahboob, 200R).Pakistan, learning and speaking standard
British English not only guarantees a better job, but also indicates a better social status
(Mahboob, 2002). Therefore, Pakistanis strive to learn and speak standard British
English, and this is the standard usedhe curriculum of English medium schools.

According to Rahman (2015:1,0)

AnPakistani writers with international
(BSE) with some indigenous lexical items and idiomatic turns of speech for
artistic reasons. Paké&sti writers do not manifest as much concern with the

creation of a genuinely indigenous En

In his investigation of attitudes towards English in Pakistan, Baumgartner (1995) reported
an emerging variety of English in Pakistétowever, Rahman (2015) did not like the use

of the term APakistani Englisho, arguing
i nvestigation of English in Pakistan wa

English, Sindhi English, Baloch Endlis and Ur dui zed Engl i sho (

To summarise, English is the official language in Pakistan and is learned in schools.
Private English medium schools are far better than public schools, where the medium of
instruction has been changed from Esiglio Urdu and Urdu to English by almost every
government since 1947. However, the private English medium schools are autonomous,
in the sense that, APublic sector school s
whereas private schools follow th&wn choice for the selection of curriculum within

the prescribed subjectsodo (Bughio, 2013: 4:
not affect the education system in the private sector. Since the majority of the population
speaks at least two lamgges and each regional language has further dialects, the English

language in Pakistan shows strong influence from the local languages. Although, some
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argue about the existence of a distinct Pakistani English dREct which is hugely
influenced by tk phonological inventory of the native languages, e.g. Punjabi, Urdu,
Sindhi, Saraiki, Balochi, Pashto and other regional languages, very little or no work has
been done so far to investigate the influence of local languages on the perception and
production of English in Pakistan. The limited available literature on the phonetics and

phonology of Pakistani English is discussed in Section 4.1.

1.4 Second Language Perception

1.4.1 Background

As discussed above, English is the official language in Pakistais aiséd as a lingua
franca in higher education and formal communication in all aspects of life across
Pakistan. English in Pakistan is learned in schools and is heavily influenced by the socio
economic, geographic, educational and linguistic backgrouttteafpeakers (Mahboob

and Ahmar, 2004). Mainstream second language learning models, for instance the Speech
Learning Model (SLM; Flege, 1995, 2003) and Perceptual Assimilation Model (PAM,;
Best 1995) have been tested for the last three decades on led#rBargdish who received

native English input and do not speak more than one mother tongue. The situation in
Pakistan is quite different. Most people in Pakistan speak more than two languages and
the English language input they receive is far from nalkeeping in view the status and

role of English in Pakistan (as discussed in Sections 1.3 and 4.1), the present study
investigated the perception of Standard Southern British English (SSBE) vowels by the

PunjabtUrdu speakers from Punjab; mainly from Laharel its suburbs.

According to Scovel (1969) and Patkowski (@R4t is difficult to learn and speak a
second language (henceforth L2) without a strong foreign accent especially after the
Acritical periodo that ilisveddhstlearhelsgpedkenéiror e

L2 with a strong and identifiable foreign accent, possibly caused by inaccurate speech
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perception (Flege, 1992; Flege et al., 1,9Bkge,1995 Flege et al.1999. Flege also
proposes that L2 speech can be learned thugh oneds | i feti me,
develop nativdike accuracy if they are given sufficient native input/exposure to the
target language (Flege, 1R&lege, 1995 Flege, et al995. In addition, according to

Best and Strange (1992), the perceptiomafels and consonants remains flexible even
after the critical period. Some L2 perception studies report that linguistic experience not
only influences the perception of L2 sounds but also the L1 sounds (Flege et&l., 199
Boomershine, 2013) and leads ttee development of an interlanguage phonological
space, which means bilinguals do not perform like monolinguals of either language.
Research also shows that due to phonetic category assimilation or dissimilation, the
vowels produced by bilinguals and mdinguals differ in their spectral and /or temporal

quality (Flege, Schirru and MacKay, 2003).

Most of the research on L2 perception and production has been conducted on the
predictions of L2 perception models; in particular the Speech Learning Model (SLM,;
Flege, 1995and 2003) and Perceptual Assimilation Model (PAM; Bd€995) and its
extension to second language learning, i.e. PAMBest and Tyler, 2007). Both of these
models propose that both phonetics and phonology of L1 and L2 play a role in the

perception and production of L2 sounds.

In addition to SLM, PAM and RM-L2, Phonological Inference Model (PIM; Brown,
1998) has also been the focus of L2 research. Brown (1998) proposed a pure phonological
model (i.e. Phonological Inference Model; PIM) which is based on distinctive features.
According to Brown (1998), it isot the individual phonemes which are perceived, but

the absence or presence of certain distinctive features in L1 shapes the perception and
production of L2 sounds. For instance, the evidence he used to support this theory was

the differences inthe paxcp t i o n o f/I/ by Chgnlese arld Japahdse learners of
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English. As compared to Japanese, Chinese learners did not have any difficulty perceiving
these two phonemes because the distinctive featetesflexandcoronal are present in
Chinese but lasent in Japanese. However, this model was challenged by other L2
research, where its prediction did not bear out for the perception of Frefy¢iyinative
speakers of EnglisiCplantonj Steele and Escudero, 2015). In addition to the criticism

as ths model is purely based on distinctive features, it was not explored further for the

present study.

In the early 2000g¢he Second Language Linguistic perception (L2LP; Escudero, 2005)
model was developedThe predictions proposed by L2LP are mainly basedthe
acoustic comparison of the L1 and L2 vowels. According to this model, the acoustic
properties of L1 soundsavea strong influence on the perception of L2 sounds. Some of
the predictions of this model are similar to PAM. Both PAM and L2LP prelaiattlt2
contrastghatare not found in L1 are difficult to discriminate by L2 learners. L2 vowel
contraststhat are assimilated ta single L1 vowel are labelledinglecategory(SC)
assimilation in PAM and this assimilation type is treated mavascendo in L2LP. L2
vowel contrastshatare assimilated to two L1 vowel categories are labéNeecategory

(TC) assimilation in PAM and this assimilation type is treated sisndar scenarioin

L2LP (Escudero, 2005; Escudero et al., 2014).

The present stly focussed on some of the hypotheses proposed by (5ldge, 1995)

and the predictions proposed by PAM and PARI(Best and Tyler, 2007) and L2LP
(Escudero, 2005; Escudero et al., 2014). SLM and R&N\bverlap but are different in

many ways. SLM mainly dds with individual phonemes whereas PAM makes
predictions with regard to contrasting pairs of phonemes. According to Flege (1995),
errors in production of speech segments are mainly based on errors in the perception of

speech segments. SLM relies on thgortance of experience, exposure and age of
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learning in L2 perception and production; however, PAM proposes that listeners focus on
articulatory gestures of the L2 phonemes and try to assimilate those to similar L1
phonemes. Thus, the degree of similaaitg/or differences of L2 phones to L1 phonemes

indicate the difficulties in L2 learning.

Most of the previous studies explored the predictions of these models by second language
learners of English who speak Spanish, Italian, French, German, Dutch neskapeas

their first language. Very little is known about how native Purj#ioiu speakers
perceive and process Standard Southern British English (SSBE) vowels, and this study
hopes to begin to shed light on this point. This will be the first study ofint to
investigate the perception of SSBE vowels by native speakers of Rumghbi As
discussed in Section 1.3, the linguistic context in Pakistan is quite different from previous

studies in cros$inguistic speech perception.

L2 learning theories suggethat after the critical period it asfficult to achievea native

like proficiency in L2 (Patkowski, 1989; DeKeyser, 2000). SLM emphasizes the
importance of native input for a better perception and production of L2, and PAM predicts
that the perceptualssimilation of L2 sounds to L1 categories can help to identify the
difficulties faced by L2 learners in perception and production. Pubjehi speakers

learn English in a nenative and multilingual context, and the current theories of L2
learning angperception do not account for such a scenario. Hence it is quite possible that
existing theories are not applicable and cannot predict L2 learning difficulties by mere

patterns of perceptual assimilation of SSBE vowels to Urdu vowel categories.

The experimental evidence from the literature and the predictions for the perception of

SSBE vowels based on these models are discussed in detail in Section 4.2.
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1.5 Aims and Objectives

The present study investigates the acoustic and phonetic propertieslwfvbirels
(monophthongs and diphthongs) and the perceptual assimilation of SSBE vowels by
PunjabiUrdu speakers who learn English at school. According to L2 speech learning
theories (SLM, PAM, PAM_.2 and L2LP), L2 learners face difficulties in the percapti

and production of L2 segments (i.e. vowels and consonants) that are either new (do not
occur in their L1) or are very close (phonetically) to L1 segments. In contrast to previous
studies (e.g. Strange et al., 2007; Gilichinskaya Strange2010), thelisteners were not

naive learners of SSBE; however, it must be noted that they learn English in Pakistan and
as a result the input (especially speaking and listening) they receive has very little to do
with ReceivedPronunciation (RPpr SSBE, except forosne audievisual materials used

in classrooms, and TV, films and other media platforms in everyday life. The present
study investigates if the predictions of PAM2LP and SLM are applicable to the
perception of SSBE vowels when L2 (English) is learnechfaovery young age in a non

native context and used as lingua franca in everyday life; hence the L2 users are not

inexperienced learners.

1.6 Overview of theT hesis

Chapter 2 presents a brief survey of the literature on Urdu monophthongs followed by a
production study on Urdu vowels. Based on the findings from this study, a proposal for

the vowel system of Urdu as spoken by Punjabis is presented.

Chapter 3first presents a brief survey of the literature on Urdu diphthongs, followed by
a production study okJrdu diphthongs. Based on the findings from this, the chapter

discusses the status of diphthongs in Urdu.

Chapter 4 hastwo main sections: the first section gives a brief rationale for the perception

study, followed by description of Pakistani Englisipeasally phonetics and phonolagy
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including abrief comparison witHndian English. Thesecondsection presents survey of
the literature on L2 perception, especially the perception of English vowels by speakers
of other languagedollowed by the main obpives and predictions for the perception

study.

Chapter 5 presents the experiment design and procedures for a perception experiment of
Standard Southern British English (SSBE) vowels by Putjathu speakers and reports

on the findings.

Chapter 6 presentghe experiment design, procedures and findings for an auditory free
classification experiment of Standard Southern British English (SSBE) vowels by

PunjabiUrdu speakers.

Chapter 7 summarises the results from both parts of this thesis, proposes implications
for the teaching and learning of English in Pakistan, and presents limitations of this work

and directions for future research.
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Chapter 2

Urdu Monophthongs
This chapter reportsnoa production experiment investigating the phonetic and acoustic
properties of Urdu monophthongs by native speakers of Urdu from Punjab, Pakistan.
Literature is sparse for Urdu linguistics, and what is available is often contradictory. There
are many disgreements about the phoneme inventory of Urdu as sho@hapter 1,
and this is particularly evident with respect to the vowel inventory. However, there is no
study in the literature that shows a comprehensive view of phonetic and acoustic
properties of Wdu vowels.It was anticipated that defining a standard Urdu dialect would
be difficult due the heavy influence of local langua@sonfirmed in Section 2.2and
due to thesmallnumber of native (L1) speakers of Ur@u57%)relative to the overall
Pakistani population a?07 million (PakistarBureau of Statistics, 2017 or this reason,
the present study focuses on the investigation of Urdu as spoken by Pakistanis whose L1
is Punjabi and who reside in Punj&pecifically, this study is amttempt at determining
the phonetic and phonological system of Urdu vowels asespim Punjab, PakistaAn
understanding of the phonetic and in particular phonological system of Urdu (phonemic
contrasts) can help to better understand the perception of SSBE vowels by-Pudijabi
speakers (see Section 1.4, Section 4.4 and Sectiofiob.further details).Before
presenting the experimental design, analysis and results, an overview of the literature on

Urdu vowels, expanding on the brief overview given in Sectiorl f@lows.

2.1Background - Urdu Vowels

Recall from Section 1.2tha most studi es agree on seven
| a'®/,, I/l o' E/l , and [/ u®/;andbhimdUrdu (Seleem etslh2002f Vv o
Ali and Hussain, 2010). Ali and Hussain (2010) also reported seven long nasal vowels.
Howewer , according to Khan and Al ward (201]1

/ uve/i/ ,) | el, and [/o/. Similarly, Raza (2
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vowels (/i e/, I, Izl 16 JIQ, ol and/ul), three short vowelsdy /o/ and/&/) and seven

nasal vowels {, /€, /bH 1614/QG4/> and/l /).

In an investigation of the effects of lexical stress on the phonetic properties of Urdu
vowels and consonants, Hussain (1997) reported duration, fundarfteqtency and

mean F1 and F2 frequencies of 9 monophthongsliile/, /eel, o, /al, /o/, &/ and/ul.

Hussain (1997:66jecorded data from seven speakers (three females and four males
including the author) who werative speakers of Urdtom Pakista. Three participants

were visiting Chicago and the other four participants were students at the Northwestern
University and had been living in the United States for at least@mhs.The main focus

of this research was to investigate the influenceregs on the duration of vowels; hence

he extracted spectral and temporal values from stressed and unstressed syllables in
disyllabic words. Although he mentioned seven long vowels, he did not in€idehis
stimul.i and anal ysi/®: sfhaomwesn ga tvhee yl dngniuvc
1997:148). His results showed that stressed syllables exhibit longer duration for both
short and long vowels as compared to unstressed syllables. His findings are shown in

Table 2.1.

Hussain (1997) did not give any justification for the selection of vowels except for that
Kachru (1987) proposed seven long oral and three short oral vowels. In addition, Hussain
(1997) disagreed wi t fmidkavel ¥ and ossidéreit8ldsar) f r

to /ee/ in quality.

In his bookPhonology of Delhi UrduRauf (1997:80) argues that Urdu has 8 orals
vowel s: 5 |l ong (i E, e-ihterpnetéd her®ifEIPA synibpls by a n d
@, &, Db,); ande8npsal vowelsy Eiy GELEEBEE) , an dpg,Xk-is hor t

IPA symbolsc’;bﬁq-p-[espectively
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Table 2.1: Duration of Urdu vowels in stressed and unstressed syllables by Hussain
(1997)

Vowel Duration (ms) Stressesyllables Duration (ms) Unstressed syllables
i E 103 100
® 55 48
e 104 92
U
ES 115 105
0'E 114 110
E*

o] 98 84
a 49 46
u'E 87 80
D 50 47
A

*/W, /@ and A were not included in this investigation

According to Bokhar(1985) every short vowel has a long counterpart and vice versa.

Bokhari stated that there are 24 vowels in Urdu,

fethere are, in all, 24 vowels in U
qualitative, further subdivided into (a) 14 plain and (b)h&B8alised vowels and

(2) quantitative, further subdivided i
in all 14 plain and 10 nasalised vowels because nasalisation is not permissible

after UawlE/(188EE) /

Wali (2005) states that long volgen Urdu are nasalised if the following sound is an
alveolar nasal /n/. However, his example shows the opposite, i@. E/rp/r i fdnel o

Imojg /motfied ar e two different words in Urdu v
in one sound, an oral vsasal vowel. In addition, the oral vowel in@nEmp/r i fike 0

followed by an alveolar nasal /n/, but it is not nasalised.
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In one of the most recent studies, Farooq 40doncluded that the Urdu phonetic
inventory has 66 phonemes =43 consonants + 13 Gnadlg (= 7 long vowels + 3 medial

vowels + 3 short vowels) + 10 nasal vowels (= 7 long + 3 short). She investigated the
effects of regional languages (five major provincial languages: Punjabi, Saraiki, Pashto,
Balochi and Sindhi) on the pronunciation amdduction of four peripheral Urdu vowels

/| i, 'E¥,ERaRd/ u E/ . Di fferent district/city na
collected over the telephone from 30 participants per language group. Thus, she analysed
six accents of Urdu in 136 disttscof Pakistan, and gave some acoustic and statistical
analysis. However, her acoustic analysis shows only a range of formant frequencies for

the four vowel s :whi¢harégivenasHolows: / a'E/, and [ u’

filn Urdu language, /i:/ vowel has lower Bhd higher F2 values (2&100 Hz)
than /a:/ vowel/ae:/ vowel has slightly lower F1 value and higher F2 value-(700
1700 Hz) than /a:/ vowel, /a:/ vowel has upper F1 and lower F2 valued {000
Hz) than /i:/ vowel, /u:/ vowel has slightly upper F1 aadér F2 values (360

700 Hz) than /i:/ vowa (Farooq, 204:99-114).

Farooq (204) reported that F1 and F2 frequencies showed significant effects of the
mother tongue on the pronunciation of the Urdu vowels. As a result, each group differed
in their pronunciation. Further, sheportedthat the formant frequencies of the Urdu
vowels poduced by native speakers of Punjabi were a close match to the ones produced
by native speakers of Urdu. However, she did not provide any further details about the
background of the native speakers of Urdu. It seems unlikely that all these speakers were
native since only 7.5% of the population speaks Urdu as their first language and most of
this population is assumed to reside in the federal capital, i.e. Islamabad (see Section 1.1).
Farooq (204:22) has listed Islamabad among 25 districts of Khygakhtinkhwa

(NWFP) region. In this region, 35 minor languages are spoken and Pashto is the mother
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tongue of the majority of the population (Farooq, £20Rahman, 2002). In addition,
Farooq (2014)id not provide any background information of speakers whose firs
language was not Urdu, such as age group, education level and whether they were born

and raised in urban areas or rural areas.

Overall, some of the disagreement in the Urdu vowel inventory can be attributed to the
different accents of Urdu due to theludnce of local and regional languages. Another
reason could be lack of experiments and acoustic analysis. For instance, in one study the
data was collected over the phone (Faroog4p@hd others (Bokhari, 1985; Saleem et

al., 2001; Ali and Hussain, 20116id not report any acoustic analysis. In all these studies,

a number of Urdu words have been used regardless of whether they are monosyllabic,
disyllabic or multisyllabic. For example, Farooq (@pLsed district names which are

very complex proper nourend have complex linguistic and geographical origins, and
therefore it is likely that speakers will pronounce those names differently. In most other
cases the |l ack of information on speaker :
as well as incopiete or no information on the experiment design, stimuli, execution and

analysis made these studies unreliable and difficult to compare with each other.

In addition to these disagreements on the number of vowels, there are some specific vowel
contrasts Wich appear to be controversial in the literature and need further investigation.

A brief overview of those vowel contrasts is given below.

There is major disagreement on the properties/arnd /ae/. For instance, Saleem et al.
(2002) states that the swis (¥ and /ee/ are allophones of the same phoneme, however
FatimaandAden (2003:74) state tha¥ fis a long and /ae/ is a short vowel or vice versa;
Raza (2009) reported//and /ae/ as distinct vowels. However, neither Saleem(208I2)

nor Fatimaand Aden (2003) and Raza (2009) have given enough evidence to support

their claims. Kachru (1990) used the symhal for a front opermid vowel in his

21



impressionistic account of Hindirdu vocalic inventory; however, Hussain (1997) used
/eel in his descriptim claiming that the sound in Urdu is closer to vowel /ee/ tban /
However, none of these authors has given any acoustic and phonetic or phonological

evidence to support their claims.

In addition, the status of¥¥ and /o/ appears to be unclear. Therditere unanimously
reports two back open and clased back vowels® and /o/ respectively (Saleem et al.,
2002; Hussain, 1997; Kachru, 1987, Bokhari, 1985). However, none of these studies have
provided any acoustic and phonetic or phonological evidemcgupport this claim.
Hussain (1997) in his unpublished dissertation, listed these two vowels in the Urdu
vocalic inventory; however, he exclude® Aowel from his stimuli without any

explanation.

Lastly, most of these studies reportadas the only aatral vowel, and none considered

the presence of the vowé{/ The stimuli words used for the descriptionmbfare always
disyllabic, where this vowel usually occurs in an unstressed syllable. Therefore, it was
noted as worth investigating if the stredsmonosyllabic words also have this sound or

/Al. Some of the main issues in these studies are discussed below.

Apart from Hussain (1997) and Farooq (2D1none of these studies provide any

i nf ormati on o0 n-edoromic, bngueste baekgrewd Theyala riotpresent

a formal acoustic analysis with reference to the formant frequencies as used in other
studies in other languages, such as English. For example, Wells (1962), Deterding (1997),
Hawkins and Midgley (2005), and Ferragne, and Pelled@040) presented acoustic,
phonetic and statistical analysis of English vowels by embedding the target vowels in a
hVvd context. Although Hussain (1997) provided a detailed information about stimuli and
speakers in his unpublished dissertation, the reatdtsiot comparable with the present

study for the following reasons: (a) six speakers were reported as native speakers of Urdu
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from Lahore, , and one of the speakers was from Karachi and probably also spoke Sindhi
or some other local language; (b) the aeUrdu vowels was recorded in disyllabic or
trisyllabic words to investigate the stress patterns in Urdu. As a result, each vowel
appeared in a stressed and unstressed syllable. Despite these fundamental differences,
since there are no other studies &lde, the duration and F1 and F2 of the present study

will be compared with those reported by Hussain (1997).

The studies on Urdu vowels discussed above are neither reliable nor comparable
(especially with regard to experimental design and methods dfs&s)awith similar
studies in other languages, such as Enghdso, as discussed in Section 1,2these
studies are not reliable particularly because it is not clear which variety of Urdu is
investigated and the symbols are borrowed from English rtitherthe IPA alphabet, so

it is not clear if authors used them in the same way. In shedetstudies vary not only

in the number of vowels, but also the inconsistent symbols used for these vowels. The
next section presents a brief review of the statidnethods for acoustic and phonetic

investigation of vowels.

2.11 Aims and Objectives

As mentioned in Chapter 1, given the disagreement across the literature and the
prevalence of crogenguage and regional influences, the present study focused on the
vowel system of Urdu as spoken in Punjab, Pakistan. The inventory proposed by Saleem
et al. (2002) (as discussed in Section 1.2.2.1) is used with slight modifications to address

pedagogical goals of the study which are discussed in detail in Chaptet$4 an

The aims of the production study were to answer the following research questions:

a) Is there a consistent difference between short and long vowels in Urdu?
b) Do the vowels whose status has been disputed have different qualities; this applies

in particular to front vowels /e/yy/and /ee/, and back vowels /o/ aid /
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c) Does Urdu as spoken in Punjab have two central voveé|sa/?
d) Does Urdu as spoken in Punjadéve diphthongs?
The analysis and results pertaining to questiongcjaare presented in this chapter; the

analysis and results pertaining to question (d) are presented in Chapter 3.

2.2 Pilot Study

Five participants (two females and three males) fvarging backgrounds were recruited

with the help of one of the administrators of the mosque at Canterbury, Kent for the pilot
study. By providing evidence for different varieties of Urdu, the pilot study helped to
refine the present studyor example, pari ci pant sé | inguistic,
regional background (as givenTable 2.2) helped to highlight the regional and dialectal
differences on the pronunciation and quality of Urdu vowels. For example, th¢pveydE
fistomack was pro[pd@,Enhetho malso nocbead , wb iy h-BilluSi ndh
speaker, anfp €} By a PunjabiJrdu speaker. Similarly, the Sindbirdu and Punjabi

Urdu speakerds pronunci a[p)éﬁ-ﬂ}ﬁjcrin(‘)vwaiseqbrboou

as[pd®p and[sog] ficertificated was pr ssowd.nced a

The differences in vowel quality were evidence of regional dialects and influences of
speakerso6 first | anguage. The femal e spe¢
languages were Urdu and English and that she rarely spoke Punjabie Gther hand,

the female speaker from Faisalabad had a very strong regional accent in all her utterances.
In addition, she was the least qualified/educated among all five participants, which
indicated that educational background also has an influemce d h e speak

pronunciation of Urdu.

The Pashtdenglish speaker, who learned Urdu in a school in England, aspirated all the
stops in Urdu words even those that should have been unaspirated. Urdu distinguishes

aspirated stops from unaspirated stops héimeestrong influence of English was very
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evident in the pronunciation of PasHEaglish speakeiThese variations are an example
of one of the major criticisms of previous studies in the literature, as detailed in Sections
1.2 and 2.1, further justifyinghe choice of the present study to restrict to the Punjabi

Urdu dialect.

Table 2.2: Par t i c ilingaisticasdéedusation background in the pilot study

Speaker Gender Agerange Regional Background First language Education

S1 Male 4555 Faisalabad, Punjab Punjabi PhD
S2 Male 4555 Sukkur, Sindh Sindhi PhD
S3 Female 3545 Faisalabad, Punjab Punjabi B.A.
S4 Female 2535 Lahore, Punjab Urdu PhD student

(second year)

S5 Male 18-25 British born Pakistani, his Pashto and Undergraduate
parens emigrated from English (stage 2)
Peshawar, Khyber
Pakhtunkhwa

2.3 Main Study

2.3.1 Methods

2.3.1.1 Speakers

Twenty-six speakers, thirteen males and thirteen females from Punjab, Pakistan, took part
in the experiment. All participants were aged betwee84.8/ith the median age range

of 35-44. Twentyone of the 26 participants were in the age range @#436r 4554. All
participants were multilingual and spoke at least Punjabi, Urdu, and English. They were
from different parts of Punjab and spoke different dialects of Punjabi. They all belonged
to elite or upper middle class and were highly educated, excephdédiemale and two

male participants who had only secondary school level qualifications from Pakistan. All
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participants held British citizenship and had been living in England for 5 to 25 years at
the time of the recording; however, they all used Urdu eetyulMost of the participants

were couples and worked in the same profession (GPs and senior medical consultants)
with a few exceptions: an Islamic scholar and his wife, two students from the University

of Kent, and a housewife. The details are givehahle 2.3.

Twenty-five out of twentysix participants were recruited with the help of connections
with the theamanager of the Boston, UK mosque. One pgudint volunteered in
response to an advertisement placed in the Canterbury mosque. The participants were
contacted in advance and the time and place of meetings were arranged at their
convenience. For instance, some of the participants were able tahgolitoguistics lab

at the University of Kent, Canterbury; others went to a mosque in Boston, UK or were

visited by the experimenter at their homes in Boston, UK.

Before the recording session started, participants filled in Language Experience and
Profidency Questionnaire (LEAR) by Marian, Blumenfeld, and Kaushanskaya (2007)

on paper (see a sample of this questionnaifpimendix 24, signed theeonsent forms

and read the instructions and details of the experiment. All this information was written
in English; however, the experimenter and the participants conversed in Urdu and all their
questions were answered before the recordings began. Ntme mdrticipants reported

any history of speech and hearing or sight disorder. They were all familiar with Urdu
script, having been taught as a compulsory subject from primary to secondary school.

Their responses to the questions about linguistic backgraxengiven in th&able 2.3.

2.3.1.2 Materials
As noted, the inventory proposed by Saleem et al. (2002) has been used with slight
modifications. This dection includes the controversial vowels, as discussed in Section

2.1. Thus, 25 vowels were selected for investigation and are giviexbia 2.4.
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Table 2.3 Par t i c ilingaisticasdéedusation background
Speaker Gender Age Regional Background First Second Education
range language Language
S1 Male 3544 Multan, Punjab Punjabi Urdu PhD
S2 Male 3544 Lahore,Punjab Punjabi Urdu Professional
Training
S3 Male 4554 Multan, Punjab Punjabi Urdu Doctoral
Fellowship
S4 Male 4554 Multan, Punjab Punjabi Urdu Professional
Training
S5 Male 3544 Burewala, Punjab Urdu Punjabi PhD
S6 Male 3544 Lahore, Punjab Urdu Punjabi Professional
Training
S7 Male 4554 Dera Ghazi Khan, Urdu Punjabi Graduate
Punjab
S8 Male 4554 Liaquat Pur, Punjab Punjabi Urdu MBBS (FRCS)
S9 Male 2534 Lahore, Punjab Punjabi Urdu Masters
S10 Male 2534 Lahore, Punjab Urdu Punjabi Graduate
S11 Male 4554 Lahore, Punjab Punjabi Urdu MBBS (FRCS)
S12 Male 4554 Lahore, Punjab Punjabi Urdu MBBS (FRCS)
S13  Female 3544 Multan, Punjab Punjabi Urdu Graduate
S14 Female 3544 Sahiwal, Punjab Urdu Punjabi Masters
S15 Female 3544 Khushab, Punjab Urdu Punjabi PhD
S16 Female 4554 Islamabad Urdu English MBBS
S17 Female 4554 Rawalpindi, Punjab Urdu Punjabi Professional
Training
S18 Female 4554 Lahore, Punjab Urdu Punjabi Other (MBBS)
S19 Female 5564 Lahore, Punjab Punjabi Urdu High School
S20 Female 3544 Lahore, Punjab Punjabi Urdu Doctor, MBBS
S21 Female 4554 Lahore, Punjab Punjabi Urdu Masters
S22  Female 3544 Lahore, Punjab Punjabi Urdu MBBS
S23  Female 1824 Lahore, Punjab Urdu Punjabi College
S24  Female 7584 Lahore; however, bornir  Punjabi Urdu Masters
Delhi (before partition)
S25 Female 3544 Lahore, Punjab Punjabi Urdu Masters
S26 Female 4554 Lahore, Punjab Punjabi Urdu Masters
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Thesevowels are presented in square brackets becausektiomemic status is unclear

The selected vowels were as follov® oral vowels (7 lon§ ],Bke JHP JE[6 THCE [0]

and[u J&nd 5 shorkch, [U], [Al, [0] and[d]); 7 nasal voweldd, [ [oH[PH [ [Oifand
[I'D; and 6 diphthongs[¢ E [od], [6 & [@], [e Pand[& $). The six diphthongs were

selected by the author of this thesis purely due to their expected resemblance to English

diphthongs, which were expected to belpful in the perception of SSBE vowels,

discussed in Chapters 3 and 4.

Table 2.4: Urdu vowels

Long vowels [i '] JHO JECE[o] [u]E
Short vowels ([0 [A [0] [&]

Nasal vowels* [d [EE[OHPHGE G E
Diphthongs [6 1O1hS & [colden] [G b

Total vowels

25

*The nasal vowels were not analysed in this thesis.

The 25 vowels were embedded in 30 monosyllabic minimal or near minimal pairs. These

test wordqglossedn Table 2.9 were embedded in two types of senter(@ssshown in

Appendix 2B)

1. A standard carrier phrase

( C P miiE

Qgg{e ‘E& Eb &}g}(ﬂ)}'&ihis structure made it possible to have a vovugp(//Ph,

at the end of the preceding
2. Longer and more varied full sentences (FS) in which these same words were likely

to naturally occur; e.gld@br®d k e @06 'E bre|Sigld ¢ pd] fig wall was built on

ther i ver. bank?o
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The speaking mode in the CP structure can have a significant effect (Harris and Umeda,
1974), hence why the same vowels were recorded in natural full sentences (FS), so that
the vowels in the two types of speech can be tested and compaagy fdifferences in

the quality, especially with regard to citation speech or connected speech. According to

Deterding 1997) vowels from connected speech represent more natural data than the

artificial data from the specially articulated citation speech.

Five additional words were used to resolve homographic ambiguity, as is explained in
more detail below. In the pilot study it was observed that participants mispronounced and
confused some words in the standard carrier phrases (CP), and some took s&sg pau
(especially in their first recording of the five repetitions) to identify the correct
pronunciation. This problem arose for two main reasons. Firstly, in the standard carrier
phrases the words carrying theldag+get sol
-onceo0). Secondl vy, in Urdu many words ar €
depends on the contefgee Section 1.1Piacritics helped participants to pronounce the
words correctly; however, the number woifispronounced words remains high gse

Appendix 2C for the errors in production of the given stimuli).
To avoid this problem, the following additional words were used to avoid the ambiguity:

(1) [pAdl baddi was prond wmewwedndsvi pde]toselh swa s 0
added to the list

2)[ phgm® was pr oCHwoiic eadn da sv i[ g8 decendasit s o |
was added to the list; howeverdd] was al so mi sdibysomeo un c e
partici panttyaind hea s f aelibte d studE

@R[ slummMd was al so mispronounc@d, bgd s[okme’

fjump was added to the | ist as well

29



(4)[509) ceftificated was not pronounced as a mon
pronounced as a disyllabic wordified]. Therfore, [k Qfeatheo  was adde
to the list.

(5) For long nasal voweldjfg] t her e ar e t Gpdigwo radii’@ﬂTQ]i[ m t

fitie/buildo .

Table 2.5: Urdu words carrying 12 oral monophthongs

No. Transcription Glosses Urdu words
1 [b §E ipasso dy 3
2 [bad finewo C?

3 [bda] isel | o )

4 [ped ist omach ny__
5 [bud]/ Aa will ow Cy"?
6 [bAd] Abado C?

7 [bad] Afoll ow dny 3
8 [b6 & fiaftero cn»>
9 [pCH fidescendant bH_
10 [p WE fisono dH_
11 [badD fiWednesd:¢ kK C?
12 [b &g fiwi sdomod KpbH?D
13 [k WlE fij umpo b Ht

14 [sutfE fiyarn (co du B

In order tominimisethe coearticulatory effects of the neighbouring consonantal sounds
the syllable structure for oral and nasanophthongs was:€C» (Hawkins and Midgley,

2005;Ladefoged, 2003Johnson et 311993); for diphthongs the structure was CYW{
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The target vowels were placed in the same environment within the word as much as
possible. In the majority of wordthe vowels were between a bilabial (/b/or/p/) and an
alveolar or dental plosive (/t/, /d/td/ or @&); For monophthongs, :Cwas always
unaspirated and Ovas aspirated only in two cases i.eQdi®)/ fiwi sdad@d an:
fiWednesday . For diiwas bilabtahppsve /p/@Gnd /b/ in four words, dental
plosive & in one word and velarplosivB/ i n one word. The | i st

monophthongs is given ihable 2.5.

The list of sentences for oral monophthongs is givelppendix 2B The list of words
and sentences for six diphthongs are given in the Chapter 3, and the list of words and
sentences for nasal vowels is givenAppendix 2Bbecause nasal vowels were not

analysed in this thesis.

2.4 Procedures

The majority of recordings took place in a quiet room of the Boston Mosque in Boston,
Lincolnshire, UK. Four female participants were visited in their homes by the
experimenter, and orarticipant was recorded in the linguistics lab in the Department

of English Language and Linguistics at the University of Kent Canterbury, UK. The
participants were given an information sheet, a consent form and the -QEAP
questionnaire to fill in beforthe recordings began. Each participant read from a computer
screen five sets of sentences in psewtmlomised order, such that standard carrier
phrases and natural sentences alternated. The Urdu sentences were written in Arabic script
in the Nastabuestyle (as discussed in Section 1.1) and were presented on screen one at
atime. To this end, Microsoft PowerPoint presentation software was used, with each slide
containing a single sentence. The partici

in .wav format using a Zoom Handy Recorder H4N using tHeuirt microphone, and
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with sample settings of 44.1 kHz digitization ah6@-bit quantization to obtain high

gual ity acoustic data. The recorder was |

Thetotal number of tokens was 7800 (26 speakeB® words carrying the target vowels

2 sentence types 5 repetitions).

The speech rat@creasedvith every repetition for both male and female speakers. The
mediandurationfor eachrepetition across alhe speakers ranged from 151 seconds (first
repetition) to 114 seconds (fifth repetition) excluding the pauses between the (CP and FS)
sentencesAs discussed above (Section 2.3.1.2), there were five sets of Urdu sentences,
and each set containéd sentence30 CP and 30 FSyhich had 354 words.llemedian
speech ratehus ranged from 2.3 (first repetition) to 3.1 (fifth repetition) words per

second.

The repetition was not found to have an effect on the quality of the vowels, therefore the
statistcal model as discussed in Section 2.4.4 did not include repetition as an effect
howeverthe increased speech rate of later repetittithsesult in mispronunciatiofhe
participants were told to repeat the whole sentence if they mispronounce thevtaget

in the carrier phrases (CR)zdoccasionally the experimentéhe author of this thesis)
requested that a participant repeat the sentence if she thought the speaker had not
pronounced it correctly. Even afteadditional repetitionssome participais still
mispronounced (or did not pronounce as expected) some words; hence the number of
mispronounced words remains high (8gpendix 2C) Each set of data (one out of five
repetitions) took 5 to 8 minutes, and the duration decreased as the particpdrise

last two sets.

In order to keep the data anonymous, the recordings were coded such that no personally
identifiable information is given; for example, MS1 for Male Speaker 1 and FS1 for

Female Speaker 1. The anonymized data have been storqgoemsoaal laptop, as well
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as off site in private cloud storage (i.e. Dropbox and Mega) and in secure University of

Kent server.

2.4.1 Segmentation

Measurements were made using Praat (Boersma and Weenink, 2016). Segmental
intervals were measured manuallyifea visual inspection of the spectrograms and
waveforms analysed using Praatods defaul't
5000 Hz for males and 5500 Hz for females with dynamic range 70 dB and window length
0.005s. The maximum numbers of forrteawere set to five for male speakers and four

for female speakers, with dynamic range 30 dB at window length 0.025s and dot size 1
mm. Using Praat TextGrids, the followiriggrs were created to annotate the intervals

containing the tokens:

Tier 1 Viowaerhesd )i i ntervals were created col
with the | PA symbol s,/ e/@/I BOEEN, DHe/8dr al
[CE&nd/ 6E fand diphthongsd/ e &/, /0/Pledy, IG dand/6 & / . wold$ aarrying the

target vowels were also inseaxd®d after t|

Tier 2 (named Asentenceso) | abelled stan
The codes for standard carrier phrase (CP) were Li&0/p , L ISS3/pib/th b &/, , L S 3 |
/| buEd/ . The codes for O6fddl,] NsS&nt/ emadds NBESI)

/| buEd/ . That i s, LS for | ab speech and N:

The following criteria were used to insert boundaries around the target vowels (as

discussed by Ladefoged, 2011):

If the token word carrying the target sound began with a stop, such as /p/, /b/, It/, Ik/, g/,
and fricative /s/, the boundaries were inserted (as shown iRigee 2.1) where the

voicing began, the formant structure for F1 and F2 became visible in the spectrogram and
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waveforms started to get compl@&allowing Ladefoged (2011), in order to be consistent
across the word ingi consonants, i.e. stops and fricatives, burst and VOT of Ovas
not included in the vowel intervah Urdu, plosives can be aspirated or unaspirated. In

the chosen syllables, however, they were not aspirated.

As shown inFigure 2.1 andFigure 2.2, if the target sound was in a closed syllable and
ended in a stop, i.ed//dl, /d/, Ik/, or fi, the boundaries were inserted where the vowel
started losing amplitude, closure and voicofghe following consonant began and the
waveform started to get less compl&hough no disyllabic words were used in the
stimuli, one WOI’C{SIJJ' was pronounced or mispronounced as a disyllpimd] word

by all except one of the speakers. Thereftre,formant frequencies for the soumil

were extracted from the first and second syllable where the first consonant was /s/ and

the final consonant wadl/ as shown ifFigure 2.3.

MSI11_R1 MSI1_R1
311.309476 311.524674 112318012 112.506127

E—" H'W\w i o w.l W \(qu - " WWMWMW #:(‘,AWW,
-

MSI11 RI
311.309476 311.524674 112 HSOI 112.506127
000

%

] W

Frequency (Hz)

LS30 pa:d LS11 ba:d

Figure 2.1: Word level segmentatiofor vowelsin [pCB] (C1 -voiced V C2 +voiced)
[left] and [b6 & (C1-voiced V C2 +voiced) [right]
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MS11_RI

62.3244938 62.4738533

B LT T
A

MSI11_RI
62.32: 44938

62. 4738533
= W7

Frequency (Hz)

LS6 pet

Figure 2.2: Word level segmentation feowels in[pe] (C1 -voiced V G +voiced) [left]

146.21049

MS11_RI

146.360536

| l[,,M

‘Plu

Sl

146.21049

J J'W\"J!uﬂ.”'MJMﬁw‘mwn‘,jllvﬂ\ﬁjq

il

J’l Ll [ i

A

MSI11_RI1

i

M’}ME?SW’W

146.360536

s

Frequency (Hz)

Time (s)
L= w-sut

LSIS sut

and for[s df €1 -voiced V G -voiced) [right]

196.030529

MS11_RI

196.224637

196.030529
5000

Frequency (Hz)

MWWnl'“"'NM"”WKJWMWMWNM
b

196.224637

LS18 sonad

Figure 2.3: Word level segmentation feowels in[sonod] (C1 -voiced V nasal Consonant
V Cz +voiced) to extract the formant frequencies. There were only monosyllabic words

in the stimuli;however,all but one of the speakers pronounced this word as disyllabic
instead of monosyllabic.
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2.4.2 Acoustic Measurements

The total number of tokens recorded was 7800 (= 26 speakers x 30 words carrying the
target vowel sounds x 2 sentence types x 5 repetitidiihugh data were collected and
segmented for both oral and nasal vowels (as discussed above in Section 2431and 2.
only the oral vowels are required for testing the perception SSBE vowels (as discussed in
Section 1.4, Section 4.2 and Section 5ALjull analysis of nasal vowels is thus left for
future work.

Table 2.6: The total number of tokens analysed per vowehl(monophthongs) by 11

males (M) and 11 females (F)) in each context Carrier Phrases (CP) and Full Sentence
(FS)

Vowel Tokens Speakers Context
F M CP FS
i E 182 93 89 80 102
@ 366 183 183 180 186
e 218 109 109 108 110
0 213 106 107 103 110
e 239 128 111 136 103
0 E 217 108 109 110 107
CE 167 85 82 83 84
0 84 61 23 50 34
G 222 113 109 109 113
u'kE 777 364 413 379 398
D 419 211 208 211 208
A 247 134 113 121 126
Total 3351 1695 1656 1670 1681

Data from two males and two female speakers were not included in the final analysis.
One of the two male speakers was trying to speak Urdu with an English accent, and he
aspirated all the stop consonants in Urdu words. The second male speaker read most of

the sentences in each set very quickly and usually without taking a pause between
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sentences. His speed increased with every set. As a result, segmentation was very difficult
and unreliable. Of the two female speakers, one pronounced many words and sentence
incorrectly - she reported no sight problems, however from her pronunciation/reading
mistakes, it appeared that either she was unable to read written Urdu or she had some
sight problem causing her to misread the words and sentences. The second female
paticipant was breathing heavily during the recordings (due to old age) and therefore the
recordings were not of high quality and comparable to those of other speakers. As a result,
the data analysed was based on recordings from 22 participants (11 malé$ and
females). Out of the initial 7800 tokens for 25 vowels, 6600 remained once the unsuitable
participants were excluded, leaving 3351 tokens for analysis of 12 oral monophthongs.
The total number of tokens analysed per monophthong, by males (M) andsféR)alad

in Carrier Phrases (CP) and Full Sentence (FS) are givEabie 2.6. Vowel tokens by

individual speakers in each context are giveAppendix 2D

2.4.3 Automatic Formant Extraction

Praat scripts (se&ppendix 2B were used to extract the frequencies of the first, second
and third formant of monophthongs in three positions: at vowel onset (+10ms), at the
middle of the vowel and at vowel offset-{Oms). The Praat scripts use the same
configuration as that used for manual segmentation, that is a maximum frequency of 5000
Hz, a window length of 0.025 seconds and dynamic range of 30 dB for male speakers;

and 5500 Hz, 0.025 sewnds and 30 dB for female speakers.

Previous studies have showfVilliams and Escudero, 2014illenbrand, 2013;
Morrison, 2013; Mayr and Davies, 2011; Fox and Jacewicz, 2009; Morrison, 2009;
Watson and Harrington, 1998jat F1 and F2 alone in the vowetady state (i.e. usually
midpoint) is not sufficient to investigate the acoustic properties of vowels because the

vowel quality changes. Therefore, ttage of changéROC) approach, as employed by
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Gay (1968), Deterdin¢2000) and Kent and Read (198ifed in Deterding, 20Q0was

also used to measure the change in the quality as well as the spectral change in the
monophthongs, because some monophthongs can show diphthongal patterns. For
instance, Williams and Escude20(4) observed that some English monophthongs such

as /uE/ has diphthongal properties. I n t|
of F1 at the beginning and at the end is divided by the total duration. Positive and negative
values indicate the diction of change. E.g. a negative value indicates that the vowel is
changing from a more open position to a closing position, and a positive value indicates
the reverse. In addition to formant frequencies, the duration of monophthongs was also
measured Hbween the boundaries of start and end. For monophthongs, temporal

measurements are necessary to establish the difference between long and short vowels.

Raw Hertz formant frequencies are not considered reliable for comparing vowels on the
same plot for different speakers (Watt et al., 2010 cited in Flynn, 2011:2). Therefore,
formant frequencies for F1 and F2 were normalised by using Lobanegokg)

normdisation(Thomas and Kendall, 2007):
Frvi = (Fopv - MEANR)/S,

Where k" is the normalized value fornf (i.e., for formann of vowelV).
MEAN, is the mean value for formanffor the speaker in question andiSthe

standard deviation for the spker's formann.

The Lobanov normalisation method wvsewel extrinsic,where the frequency of each
formant for a given vowel utterance and speaker is adjusted relative to the mean and
standard deviation acroali vowels for that formant and speaker. Thebhnov method

was chosen due to its prevalence in the literature and the fact that it outperforms most
ot her normal i sation methods at nequali si

speakers (Flynn, 2011:13). This method was considered appropridie foesent study
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as there were five repetitions per vowel across two contexts by each speaker. This method
normalises the possible variations in the productions of each speaker; hence allows for

better comparison across speakers and contexts.

2.4.4 Statigical Analysis

For statistical analysi® (R Core Team, 2016) was used to construct linear mixed effects
models via thdmedp a ¢ k dngeefdnstion (Bates et al., 28), with the dependent
variable being F1(Lobanov normalised)F2 (Lobanov normalised)or duration (in
milliseconds) Repeated measures ANOVAs followed by gust Tukey tests were then
conducted using thienerTestpackage Kuznetsova, Brockhoff and Christensen, 2017
LinearMixed Effects Modek (LMEMS) are particularly suitablfor the structure of the
data gathered by the present stuidye data contained uneven cells in terms of the number
of tokens per vowel, context and speaker (see Appendix 2D). LMEaNbe constructed
with such datawithout discarding data points andti&tcal tests can be performed on
them easily(see PolitzeAhles and Piccinini, 2018; Cunnings, 2012; Jaeger, 2008;
Krueger and Tian, 2004 for details). Further, LMEMs are considerad powerful
because thegan model both fixed and random effe@#uth et al. 2016; West, Welch

and Galecki, 2014; Barr et al. 2013; Winter, 2013)

An initial trial linear mixed effects model included context, gender, speaker, and vowel
as effects.The independent variables warewel, Context GenderandSpeakerlt was
anticipated that data from more natural speech (FS) would be differentttiase
obtained using standard carrier phrases (CP) which leads to slower, more careful speech.
This could have led to differences in vowel quality, specifically leading to greater
centralization for vowels in FS (Deterding, 1997). It was also anticipatgdgender

could affect the data even after Lobanov normalization; this would happen, e.g., if

speakers use different gendefated variants (Gahl and Baayen, 2019; Clopper et al.
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2018; Clopper, Mitsch and Tamati, 2017). Finally, speaker was includedaasi@am
effect, as anatomical and general stylistic differences could affect vowel quality
(Vorperian and Kent, 200G lopper, Pisoni and De Jor2)05; Hawkinsand Midgley,

2005; Adank, Smits and Van Hout, 2@)42004b.

Hence, ontext, gender and vowelere modelled as fixed effects, along with all their
possible interactions. Speaker was modelled as a random effect with random intercept.
This configuration was reused with F1, F2 and duration as response variables. The

formula as entered into R was thus

Context * Vowel * Gender + (1 | Speaker).

The model was then reduced witherTesdb s f ustep,Wwhiclo lrelped to eliminate
nonsignificant effects of the full linear mixed effects models for F1, F2 and duration.
The ANOVA significance results reportég thestepfunction, using significance levels

of 0.01 for both fixed and random effects, are reported in the results section.

Using the final reduced models, post hoc differences of least square -tests were
performed on each factor of the modehgghelsmeangLenth, 205) package/function.

Tukey corrections for multiple comparisons were used for the painaiséups.

For the visual representation of the data, F1/F2 vowel space plots, skeckadts (for
certain aspects of duration), andlinglots (also for duration) (Adler, 2005) have been
used. Violin plots are preferred to box plots because, as well as showing the median,
interquartile range and 95% confidence interval, they also show a kernel density
estimation illustrating the distniftion of the data. That is, a wider section of the kernel
density represents a higher probability that members of the population will take on the

given value.
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2.5 Results

2.5.1Formant Frequencies

The mean formant frequencies with standard deviation in parenthesis for the first three

formants of the monophthongs at the midpoint in Hertz with standard deviation is given

in Table 2.7andLobanovnormalised ifTable 2.8 Further, the mean formant fregpcies

with standard deviation for the first two formants of the monophthongs at seven

equidi stant

points i

n

ti me,

.e. 20 %,

30

given inAppendix 2F The mean formant frequencies and duration for each context and

gender separately are givenAppendix 2G

Table 2.7: Mean frequencies of F1, F2 and F3 at vowel midpoint of 12 oral
monophthongs ifertz produced by 11 male and 11 female spea&&adard deviations
are given in parenthesis.

Vowel Gender F1 (SD) F2 (SD) F3 (SD)
i E F 344 (94) 2598 (214) 3254 (372)
M 314 (63) 2269 (182) 2837 (292)
) F 410 (91) 2327 (236) 2887 (267)
M 385 (41) 1967 (184) 2550 (259)
e E F 420 (110) 2407 (110) 2865 (386)
M 407 (58) 1991 (144) 2446 (235)
0 F 664 (83) 2012 (240) 2794 (265)
M 570 (41) 1740 (132) 2531 (234)
e F 674 (48) 2001 (287) 2802 (228)
M 557 (31) 1688 (221) 2495 (288)
0E F 769 (43) 1317 (307) 2800 (227)
M 637 (25) 1121 (203) 2616 (198)
e F 530 (104) 958 (169) 2921 (263)
M 500 (67) 962 (363) 2629 (243)
0 F 513(38) 951 (368) 2955 (311)
M 480 (33) 838 (151) 2662 (320)
a F 419 (88) 1193 (141) 2920 (313)
M 393 (67) 994 (205) 2619 (177)
u'k F 388 (44) 1015 (130) 2887 (197)
M 356 (31) 836 (121) 2587 (142)
D F 610 (50) 1797 (291) 2959 (229)
M 544 (40) 1477 (230) 2607 (201)
A F 647 (94) 1584 (107) 2860 (291)
M 542 (62) 1306 (133) 2611 (187)
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Table 2.8 andFigure 2.4, Figure 2.5, andFigure 2.6 show mean F1 and F2 frequencies

of the 12 monophthongs on Lobanov normalised F1/F2 vowel spaaadbr vowel
produced by both males and females. The centroid of each vowel is marked by the
appropriate vowel symbol, and the ellipses around the vowels represé@nstahdard

deviation.

Table 2.8: Mean frequencies of F1 and F2 at vowel midpoint of 12 oral monophthongs,
Lobanov normalised. Standard deviations are given in parenthesis.

Vowel F1 (SD) F2 (SD)
i E -1.4 (0.3) 1.7 (0.5)
") -0.8 (0.3) 1.2 (0.3)
e -0.6 (0.3) 1.3 (0.4)
0 0.9 (0.5) 0.7(0.3)
e 0.9 (0.5) 0.7 (0.3)
6 E 1.6 (0.5) -0.6 (0.2)
CE 0.0 (0.5) -1.3 (0.2)
0 -0.1 (0.5) -1.2 (0.4)
a -0.7 (0.3) -0.9 (0.2)
uE -1.0 (0.3) -1.2 (0.5)
D 0.7 (0.6) 0.2 (0.3)
A 0.9 (0.6) -0.3 (0.2)

Figure 2.4, Figure 2.5 andFigure 2.6 show that PunjabUrdu speakers distinguished
between 10 out of 12 candidate monophthongs. The results show full spectral overlap for
[ad-[0] and[CE[o] (or most often'® as reported in the studies on Urdu vowels), and
partial spectral overlap can be seen for close and-ohiséront voweldd-[€] and open

mid central vowel$p]-[A]. The literature on the Urdu vowel system only repa/tas a

centralvowel; however, the present study shows that there are two central yojvesid

[A.
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Figure 2.4: Mean formant frequencies (Lobanov normalised) of the 12 monophthongs on
F1/F2 vowel space by 22 speakers across both ceniEx¢ ellipses around the vowels
represent +/1 standard deviation.

In order to investigate the phonetic and acoustic differences between the monophthongs,

the formant frequency values from each participant were analysed statistically.

For F1, the rsults revealed a significant fixed effect of Vowel (F(11,3334.35) =1612.41,

p <0.0001), Context (F(1,3328.99) =45.51, p <0.0001), and interaction between Context
Vowel (Vowel: F(11,3329.41) = 16.96, p < 0.0001) and GendenNowel

(F(11,3334.38) = 84, p < 0.0001) and Context Gender (F(1,3328.92) = 9.59, p

<0.001). The random eff eci(l)o48.15 p<COROd) wa

The results further showed ngignificant interaction effects between Contexgender
Vowel (F(11,3329.29) = 1.69, p = 0.06) and msignificant effect of Gender

(F(1,24.66) = 1.39, p = 0.24).

For F2 the results showed a significant fixed effect of Vowel (F(11,3334.94) = 2296.70,

p <0.0001), interactions between Contexfowel (F(11,3329.75) =51, p < 0.0001)
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and Gender Vowel (F(11,3334.98) = 2.42, p < 0.01), but rsgnificant effect of
Gender (F(1,25.74) = 0.97, p = 0.33) and Context (F(1,3329.21) = 0.95, p = 0.33). The
random effect of Speaker was also significait({) = 357.69, p €©.0001). The results
further showed nosignificant interaction effects between Context Gender
(F(1,3329.14) = 0.01, p = 0.91), and msignificant threeway interaction between

Context Gender Vowel (F(11,3329.64) =1.06, p = 0.38).
In summary:

For F1, the combined interaction between gender, context and vowel was found to be

nonsignificant. In terms of an R formula we have

Context + Vowel + Gender + Context:Vowel + Context:Gender + Vowel:Gendér |

Speaker)

For F2, the combined interaction between gender, context and vowel was found to be
nonsignificant, as was any interaction between gender and context. In terms of an R

formula we have
Context + Vowel + Gender + Context:Vowel + Vowel:Gender + (1 | Speaker)

Among front <c¢close vowel s, a npd398 Hz)chave the o v e |
lowest F1,and@E] (893 Hz) , [d (@4EHz) l(a9elth lowkst)F2 valned.

A higherF1for E] (702 Hz) than [A] (603 Hz), w
that [A] is not as open a®[E] ; however, the higher F2 fo
not as retracted and back asE] 8 HZ). Ttk F1 for [e] (413 Hz) is slightly higher than
[(399 Hz) but significantly lower tham][(608 Hz) and [ee] (621 Hz), and the higher F2

for [e] suggests that [e] is closer and more front thhrafd [ee]. F1 and F2 foiCE ]

(F1=496 Hz; F2=893 Bazs slightly lower than [0] (F1=501 Hz; F2=941 Hz); however,

as the spectral overlap in Figures 2.4, 2.5 and 2.6 show, spectrally these two vowels are
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Figure 2.5: Mean formant frequencies (Lobanov normalised) of the 12 nithopgs on

F1/F2 vowel space by female speakers in both contexts. The ellipses around the vowels
represent +/1 standard deviation.
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Figure 2.6: Mean formant frequencies (Lobanov normalised) of the 12 monophthongs on

F1/F2vowel space by male speakers in both contexts. The ellipses around the vowels
represent +/1 standard deviation.
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similar. This finding is very interesting as these two vowels are treated in the Urdu
literature as two distinct phonemes (Saleem et all12Blussain, 1997; Kachru, 1987),

which, the present study does not support.

Spectral overlap can also be seen fileigure 2.4, Figure 2.5 andFigure 2.6 for front
closemid vowels[d- [€]; front opeAmid vowels[y)] - [P JEcertral vowels[p]- [Al; back

openmid vowels[CE- [0]; and back closenid vowels[u J§4Q].

2.5.11 Front Vowels

[b-[€]

As theFigure 27 (left) and (right) show spectral overlap fop- [€] in all contexts and
by both genders, the mean formant frequencies were analysed further to investigate if

these vowels are spectrally dingit.

Post hoc pairwise comparisons of vowel LS mef@smeans)using Tukeyadjusted
significance level (Lenth, 2@} were performed separately for F1 and F2. The pairwise
comparisons showed thihtat[i [€] were distinct with regard to F1(t(3367.30) = 4.071,

p < 0.01). However, these two vowels were not significantly distinct with regard to F2 (t
(3367.13) = 3.253p = 0.05).Despite visually showing large spectral overlag-igure

2.7, we find that they are much more clearly distinct with respect to duratiorscassied

below.

[ee]- [U]

[ee] and {J] are reported as distinct phonemes in Urdu; however, as can be $égurén
2. 8 (left) and (right), the present study shows thihtahd [ae] do not differ spectrally.
The pairwise comparisons showed ttiait these vowels were not significantly distinct

with regard to F1(8368.68) = 0.898, p = 0.99) or F2 (1(3368.89)L:075, p=0.99).
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Figure 27: (left) mean formant frequencig€kobanov normalised)of [€] and [ per

speaker gendeand context The ellipses around the vowels representlt+standard
deviation; (right) mean formant frequencies of /e/ aidof each individual speaker,
colour coded by speaker gender and context.

0.0

-0.5

-0.5

0.0

05

20

25

zzmm

00 -05
-05

0.0

0.5

20

2.5

Figure 2.8: (left) mean formant frequenci€kobanov normaliseddf [U] and[ad per
speaker gender and context. The ellipses around the vowels represgnétaridard
deviation; (right) mean formant frequencies @fdnd /ee/ for each individual speaker,

colour coded by speaker gender and context.

2.51.2 Central Vowels

[o]- [A

Spectral overlap fdo] and[A] can be seen in thiégure 2.9 (left) and (right). However,

the posthoclsmeangairwise comparisons showed that these vowels are distinct. F1 for
[A is higher (by 23 Hz) thafp] (F1(t(3369.16) =5.374, p <0.0001), and F2 fp#4 is

significantly lower (by 188 Hz) tham] (F2(t(3369.49) =12.176, p <0.0001).
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2.5.1.3 Back Vowels

[CE4[o]

Spectral overlap as shown in tRigiure 2.10 (left) and (right) suggests that these vowels

do not differ in quality. The po$toclsmeangairwise tests showedth&] and [ o]
not significantly distinct with regard to F1 (t (3386.96)0-861, p = 0.99) nor F2(t
(3387.53) = 1.209, p = 0.98). This spectral similarity suggests that these vowels are the

same and should be treatesione vowel.

em
orn

F2
00

0.5 -10 1.0 05 05 -1.0

25 25

Figure 2.9: (left) mean formant frequencig€sobanov normaliseddf [D] and[A per
speaker gender and context. The ellipses around the vowels represgnétaridard
deviation; (right) mean formant frequencies[ojff and[A] for each individual speaker,
colourcoded by speaker gender and context.
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Figure 2.10: (left) mean formant frequenci€¢sobanov normaliseddf [CEand[o] per
speaker gendesind context The ellipses around the vowels representl+standard
deviation (right) mean formant frequencies [ and[o] for each individual speaker,
colour coded by speaker gender and context.

The rate of spectral change and diphthongization patterns for Urdu monophthongs are

discussed in the next section.
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2.52 Spectral Change

The F1 and F2 frequencies at seven equidistant points in time are gippendix 2F

and shown inFigure 2.11 Formant trajectories of I F2 and F3 fodiphthongnal
monophthongs are shown kigure 2.12 Visual inspection of the monophthongs shows

that the vowel trajectories within wordisd & [pCHl, [bddl, [k wiEnd[b @ display
diphthongal movement as compared to other momapigs. In order to investigate if

these monophthongs are diphthongised, the F1 and F2 rate of change (ROC) was also
calculated, as described in Section 2.4rf] given inTable 2.%or F1 andTable 2.1Cfor

F2. As can be seen from the figures and tables, the F2 formant trajectory for the back

vowels[6 THCE [4&], [u JEand central vowdl] show large movement.

g S\ b
\d: a

- 2.0

Figure 2.11: Mean formant trajectorigd.obanov normalisedyf 12 monophthongs for

all speakers in both contexts. The dots on each trajectory show the formant measurements
at seven equidistant points in time duri
and arrowhads show the direction and offset of each monophthong.
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Figure 2.12: Lobanov normalised (zcore) F1, F2 and F3 trajectories of 12 oral
monophthongs pooled over male and female speakers and two contexts (CP and FS).
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2.5.2.1 F1 and F2 Rate of Change (ROC)

The F1 ROC was much lower f¢p] (F1 = -585 Hz/second) anfi] (F1 =-316
Hz/second). These negative values suggest that F1 gradually decreases towards the offset
of the vowels; hence the F1 formant structure of these vowels is not steady. These vowels
showed even more movement in the F2 dimension, as can be ségure2.12, and the

F1 and F2 ROC values are giveriliable 2.9 and Table 2.X8spectively. Similarly, the
vowels in[b @iE[b dl, [k WlE[b & and [p ‘@ Ehow movement for F1 but more
prominently for F2 as can be seerFigure 2.12. The substantial F2 movement could be
explained by the dental camsant #f following the vowel. In addition to the observation

of F1 and F2 movements, visual inspection of these trajectories also indicqep amak

[U] are distinct vowels; howevdiQ]End[o], and[ad and[U] do not appear distinct and

show similar patterns for F1 and F2 trajectories, as showigure 2.12.

Table 2.9: Measuremenof Rate of Change (ROC) in Hz/sec of F1 for 12 oral
monophthongs

Vowel F1 start (Hz) F1End (Hz) Change (Hz) Duration (sec) ROC (Hz/sec)

i E 329 337 8 0.142 58
® 390 384 -5 0.080 -65
e 411 415 4 0.147 24
0 555 578 23 0.181 128
e 561 571 10 0.184 56
0E 652 663 11 0.190 60
O'E 486 503 17 0.178 93
0 491 512 21 0.168 123
a 398 400 2 0.083 22
u'k 377 372 -5 0.140 -32
D 562 519 -44 0.073 -594
A 569 543 -26 0.093 -281
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Table 2.10. Measurement of Rate of Change (ROC)Hm/sec of F2 for 12 oral
monophthongs

Vowel F2 start (Hz) F2 End (Hz) Change (Hz) Duration (sec) ROC (Hz/sec)

i E 2372 2420 48 0.142 339
® 2061 2155 94 0.080 1184
e 2151 2171 20 0.147 135
0 1889 1868 -20 0.181 -113
e 1856 1862 6 0.184 30

0 'E 1210 1419 209 0.190 1100
O'E 861 1145 284 0.178 1597
0 949 1135 186 0.168 1108
a 974 1268 294 0.083 3527
u'k 938 1099 161 0.140 1150
D 1636 1609 -27 0.073 -366
A 1310 1570 260 0.093 2790

2.5.3Duration

The mean duration for the 12 monophthonggiven inTable 2.11 The results show a
clear distinction between long and short vowels, especially the four short vowgt$, i.e.
(80ms) [0] (73ms)[A (93ms), andd] (83ms), all having less than 100ms mean duration.
However,[(] (181ms) does not apaeto be a short vowel as reported in the literature
(Fatima and Aden 2003Figure 2.13 shows that speakers made a clear durational
distinction between long and short monophthongs. That is, long monoph{hdjtiss,

[0], [&d, [6 THo] and[CEare clearly longer than short maphthonggd [o], [A and[d]

in both contexts[A appears to be the longest among the four short vowels|pohnd
appears to be the shortest among all the vowels. The results also showed that low vowels
[ad and[6 JEre much longer than the high vowgl I [u JBNd[&], as shown ifFigure

2.13.
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Table 2.11: Mean duration in milliseands (ms) of 12 oral monophthongs produced by
11 male and 11 female speakers. Standard deviations are given in parenthesis.

Vowel Gender Duration (SD)
i E 145 (34)
136 (35)
83 (24)
76 (14)
154 (37)
140 (40)
190 (42)
175(43)
188 (37)
170 (30)
199 (45)
182 (47)
180 (38)
153 (38)
183 (36)
172 (34)
180 (38)
153 (38)
86 (22)
79 (17)
145 (37)
135 (31)
78 (18)
65 (12)
94 (30)
82 (26)

T

e E

-0

u'E

S M Z 1 1nZZ nmZZ nmZZ nmZZ nmn 1 1 1 1L

Statistical tests revealed a significant main effect of Vowel (F (11,3329.58) = 974.18, p
< 0.0001), a significant main effect of Context (F(1,3329.02) = 1438.95, p <0.0001), and
a nonsignificant main effect of Gender (F(1,21.99) = 3.86, p = 0.06) fedipting

duration. In addition, the results showed a significant Context x Vowel interaction
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(F(11,3329.05) = 32.08, p < 0.0001), and a significant Gender x Context interaction
(F(1,3329.01) = 10.92, p < 0.001). The random effect of Speaker was aifcag

( %1) = 1109.07, p < 0.0001). However, Gendevowel interaction (F(11,3329.72) =
1.46, p = 0.13); and a threeay Context x Gender x Vowel interaction (F(11,3328.95) =

0.79, p = 0.64) were not significant.
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Figure 2.13: Duration (ms) of 12 oral monophthongs for males and females in CP and
FS context. Error bars denote #5D

Pairwise comparisons of the Gender x Context interaction isimgpngas discussed in
Section 2.4.4) revealed that the effect of Gender on duration tends to counteract Context

when moving from CP male to FS femaleS(Fi CP,Min Table 2.12). The other



pairwise comparisons confirm a dominant effect of Context. The results of pairwise

comparisons are shown Trable 2.12.

Table 2.12: Pairwise comparison @éender x Context interaction usitggneans

Contrast t test
CP,F-FS,F 1(4688.63 = 33.406 p < Q000)
CP,F-CP,M t(24.34) = 1.858, p = 0.27)
CP,F-FSM t(25.03) = 5.608, p €.0001)
FS,F- CP,M t(25.03) =-1.916, p = 0.25)
FS,F- FS,M t(24.34) = 1.858, p = 0.27)
CP,M-FS,M 1(4688.63 = 33.406 p < Q0001

In summary:

For duration, the combined interaction between gender, context and vowel was found to
be nonsignificant, as was any interaction between gender and context. In terms of an R
formula we have

Context + Vowel + Gender + Context:Vowel + Vowel:Gender + (1 | Speaker)

Theresults also showed that overall mean duration was longer for the vowels produced
in CP context as compared to FS context. The vowels produced by female speakers were
slightly longer than vowels produced by male speakers, but the difference was non

significant. The results for controversial vowel pairs are discussed below.

25.3.1 Front Vowels

[¢band [e]

As can be seen iRigure 2.14, [ (80 ms) ande] (147 ms) are distinct with regard to
duration. The poshoc Ismeanspairwise tests showed that the difference in duration

betweencdband/e/ is significant (t(3353.40) =.328 , p < 0.0001).
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[ee] and [U]

The two midopen vowels(] (181ms) and [ae] (184ms) appear to be similar in duration

as shown irFigure 2.15. The posthoc pairwise tests showed that there is no significant
difference in duration of these two vowels (1(3353.48)1:234, p = 0.98). These findings

are in line with the impressionistaccount of Kachru (1990 cited in Saleem et al., 2002:1)

t hat it he -lolv vowel fee] ewistel ab [frent middle low vowel][ i n Ur du
However, they did not report any acoustic analysis, and therefore the findings from the
current study cannot bempared quantitatively. In addition, Saleem et al. (2002) showed

a spectrogram of(] in a disyllabic word [khor]; however, there are no acoustic

measurements to compare the quality of this vowel with other Urdu vowels.

3004

e ‘ ) g:

e

Duration (ms)

Vowel

Figure 2.14: Violin plot of the duration ofe] and[¢in milliseconds, for each context.

2.5.3.2 Central Vowels

[o] and [A

The mean duration values show thejtdnd [A] are short vowels witho] being shorter
(73 ms) than4 (93 ms) as shown ifrigure 2.16. The posthoc pairwise tests showed

that the difference in duration is significanB8@63.53) =10.015, p <0.0001).
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25.33 BackVowels

[o] - [CF

As shown inFigure 2.17, the two back vowelECE (178ms) ando] (168ms) appear to
be similar in duration; however the pdgic pairwise tests showed that duration
difference was significant (t(3355.2%)-7.290, p< 0.001). These two vowels have been
reported as distinct in Urdu literatutewever there is no acoustic analysis available to

compare these findings with. Hussain (1997) reported the mean duration of Urdu vowels

produced by six speakefspwever,he extracted this data from stressed and unstressed

¢

syllables and did not includ€Xin his investigation.

300-

4o
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Figure 2.17: Violin plot of duration offo] and[CEin milliseconds, for each context.
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In summary, all speakers produced long and short monophthongs with a clear duration

distinction, except for two opemid vowels, fron{(] and[ad.

2.6 Discussion and Conclusion
In this section, based on the results of the present study the vowels that are phonemically

distinct are presented in slashes and the allophonic vowels are presented in brackets (note
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this is in contrast to the notation adopted in Section 2.3.Wr2lu ha long and short

vowels which differ both spectrally and temporallgh.and /e/ show extensive spectral
overlap. However, these are distinct phonemes especially with regakemnal Euration.
Therefore, it can be concluded that these two vowels défeporally and spectrally. In
addition, the duration of /e/ suggests that it is not a short vowel. Also, phonologically
these are two distinct phonemes as ##hey ¢
Ast omach®, nqod B @a ti@nbothug these phanemagcdn be found

in word initial and medi adi/ poend @ dntsh md &
and/gd Agot beaten upo. /e/ can be found i
Afromo, and |/ k/édannot Beofdund.in nomosykabiccopen syllables as
Urdu does not allow open light (momaoraic) syllables (Hussain, 19%5 discussed

further in detail in Section 3)1

[U] and[ad are reported as distinct phonemes in Urdu literature (Saleem et al., 2001;
Fatima and Aden 2003; Raza, 2009). However acoustic and phonetic analysis and
findings from the present study show tHat and [ad do not differ spectrally or
temporally. Both thge vowels appear in the operd and closenid front region of the

vowel quadrilateral. We conclude that they should be considered a single vowel,
transcribed as and not /ee/. Phonemicallyy £an be found in closed syllables, and in
disyllabicortris y | | abi ¢ words i n stres®@@&dataean sy

(he) - the first syllable is open and ha# @t the end.

The inconsistent symbols for the Urdu vowels in the available literature cause difficulties
when trying to compare thesw@lts of the present study. The most confused symbols are
[€], [U] and[ad. These symbols have been used for distinct vowels or as allophones of the
same vowel in different studies. Saleem et al. (2002) states that the pgamiad are

allophones othe same sound, however Fatima and Aden (2003:74) stafe|tisa long
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and[ad is a short vowel or vice versa; Raza (2009) repdeahnd[ad as distinct vowels.
However, neither Saleem et al. (2002) nor Fatima and Aden (2003) and Raza (2009) have
given enough evidence to support their claims. Kachru (1990) used syifbokl front
openrmid vowel in his impressionistic account of Hifdidu vocalic inventory;
however, Hussain (1997) argued that the sound in Urdu is closer to /aal/tHarthe

present study[€], [U] and[ed wer e used i n nea@ffs tmi mauiad p
fiwi | | owbatdfi € e 0 f And the resiilts show thpi is not distinct from[ad;

however the results show that speakers distinguished /e/ fislbm /

The example Saleem et al. (2002) gave in their impressionistic accouittveds a
disyllabic word [kohor], and they gave a spectrogram of this sottmvever the position

of F1 and F2 in theispectrogram suggest that it is actually /e/. There are no acoustic
measurements to draw a quantitative comparison with the present study. The quality of
this vowel might be different if it is used in a disyllabic word and so can be considered
an allophonef /ee/ in certain contexts; however, this argument requires further acoustic
investigation including disyllabic words. Therefore, based on the findings from the
present study, it can be concluded thatand[ad are not distinct phonemes neither
phonemially nor phonetically. In fact, the results show that the Urdu spoken in Punjab
does not have an /ee/vowel,aod/ i s signi ficantly higher t
the Urdu vowel space, as shownFigure 2.4, Figure 2.5 andFigure 2.6. However, it

IS quite possible that these two vowels are found in other dialects of Urdu as allophones

or distinct phonemes.

Besides inconsistent symbolsieoof the biggest problems in the available literature is the
lack of detailed information to compare with. In particular, acoustic analysis, formant
frequencies, specific accent informati on

background. As result, there is no way to compare the results from the present study
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with the studies reported in the literature. The acoustic properties of Urdu vowels
(duration and F1 and F2 frequencies) reported by Hussain (1997) are not comparable with
the findingsfrom the present study as those values were extracted from stressed and
unstressed syllables from disyllabic words from varying consonantal contexts. He
reported that stress changed the quality of the vowel, such that open vowels appeared to
be more opeand closed vowels appeared to be more closed, if the vowel was in stressed

syllable.

Duration comparison with Hussain (1997)
200

180

16

=1

14

0 |‘| |II |‘| ‘ hl “l ‘ ||I |II ||I |II
i I e E = a: = o o u: 2 A

Urdu vowels

Duration (ms)
[y [
e [sy] [s5) =] o=}
S o o &8 o o

[
=1

B Present study B Hussain (1997) Stressed syllables M Hussain (1997) Unstressed syllables

Figure 2.18: A comparison of vowel duration (ms) from the present study with the vowel
duration as reported by Hussain (1997)

For the comparison of vowels from the present study with Hussain (1997), all vowels
show differences in mean F1 and F2 except for F1 for Urdu vowel /e/. These differences
could be due to the context (present study) or limited number of speakers (HE&$A)n, 1
Hussain (1997) reported the duration of Urdu vowels from stressed and unstressed
syllables, and his vowels in both stressed and unstressed syllables appear significantly
shorter than the vowels in the present study. However, as showikriguire 2.18, the
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distinction between long and short vowels can be seen across three contexts for those

vowels that Hussain (1997) included in his study.

Whilst aralysing six accents of Urdu in 136 districts of Pakistan, Faroo)2fdve

some acoustic and statistical analysis. However, her acoustic analysis showed only a
range of formant frequencies for the four vowels, i.e. /i/ 2000 0 Hz ) ;1700 b 'E/
Hz),/ a E/-11 @00Hz) , -AWhHk). The f@mmantfreqdiehcies analysed in the
present study fofi], [ad, [U], [0 JEand [u JEall in the ranges given by Farooq (201
however those ranges are not very precise. For instance, the mean F1 for Urdu yBwel

as reported in the present study is 371 Hz. This value falls within the range given by
Farooq (204; [u JE300-700 Hz); however, this is a rather broad range thaldccontain

other distinct vowel formants.

Despite the fact that each member of the paiubahd ICElo/ are treated in the literature
(Fatima and Aden, 2003; Saleem et al., 2002) as distinct phonemes, in the present study
these vowels show substaaitispectral and temporal overlap, and statistical analysis
confirms that these are not distinct phonetically. Saleem et al. (2002:3) contradicts this
with an example of a disyllabic near minimal pair fsdmgoldd fotr o  s/HO® étp &

sowd ; h o weeveoweel spund irhboth of these words does not differ in quality at all,
and does not change the meaning of the given words if pronounced with one or the other

sound. In addition, there is no data given with which to compare the findings to the present

study.

It is difficult to find minimal pairs in Urdu, which could mean that the sounds that occur
at different positions in different words (initial, medial or final) are allophones, with slight
variations, of the same sound. Therefore, further studies viitimial pairs can help to
better establish the quality and existencEGif | a as distifcophonemes in the Urdu

vocalic inventory.
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It is quite possible that the duration of th¢€E ] a /néy varg ih disyllabic words,

such as: fBEQE /s pfe atkEIE /mefa s p r GEETQ p fe EE B/b r e adi'@& B/

fime n,dtd0kE B/leavi®d , ‘CH B@ib e in. dHowever, the change in sound frgoj to

[CE or vice versa, in the first or second syllable does not change the meaning. Therefore,
these can beonsidered one phoneme in Urdu. The results of present study show that
phonetically[(E and[o] differ in duration;however,there are no strong arguments for
treating them as distinct phonemes. It is likely that the studies reporting these two vowels
as distinct phonemes obtained their data from groups of speakers with diverse first
languages. Phonemically these two sounds do not contrast in Urdu spoken by-Punjabi
Urdu speakers, therefore it can be concluded[tand[o] are not distinct phonemes

in PunjabiUrdu.

Literature on Urdu vowels reports only /as a central vowel in Urdu; however, the
present study shows thalhoneticallyschwa[p] and[A] are distinct vowels anf is a
fairly open, central unrounded vowelhieh has higher F1 and lower F2 than sclipja

It is quite possible that this central vowel is pronounced differently by speakers of Urdu
who speak different first languages. Although phonetidallyand[A] vowels appear to

be distinct with reference tturation, F1 and F2, phonologically these two sounds are not
distinct. Based on the phonetic data analysis, it can be concluded that Wedgeséd

in closed monosyllabic syllabic words (CVC), for exampleAdfbfbadd [kAb/
Awherd /sfb / allof,rAb/ AGodd [thb /therid , AB /avheio KA/ doud Aldbbusy
IhAt [getaSided , Afsanityd .o isised in disyllabic or tri syllabic words, for example,
/sp.nodf ficertificated [Ymb /wrathd , p.dAl £71" rfionth in Islamic calendar sb.bb/

ficaus® , p.mbdhfhymrd Jvp.dAD freasord and so on.

Recall thafp] was extracted from the first and second syllable in a disyllabic word (see

Section 2.4.1). Therefore, it can be considered an allophonic realisatfdmafisyllabic
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words or in unstressed syllables. Based on the phonetic analysis from the present study
and phonological information as discussed above, it can be concludfm) Hrat[A are
allophonic in Urdu wherg4 is fairly open, central unrounded vowel with higkérand

lower F2 than schwo], and a better transcription for this vowel would/bk In the

present study, the results also show that context, speaker and gender had very minimal
effect (except for th¢ Ok and[o] differences seen in the male datah most cases no

effect, as shown iRigure 2.4, Figure 2.5, Figure 2.6 andFigure 2.13in Section 2.4.

2.7 Summary i Urdu Vowel System

In summary, the analysa formant frequencies and duration show that Urdu has nine
distinct vowels: six long and three short vowels. Long vowels are significantly longer
than short vowels and appear to be more peripheral in quality than short vowels. In
addition, short vowels a not occur in open syllables (CV) in Urdu. Urdu lestgprt

vowel pairs are given below and showrFigure 2.19 (F1/F2 vowel spacegndFigure

2. 20 (duration)

Long Short

Vowel gloss vowel gloss

bH'E fispent/pass b finewd

p &'E Aist omachopdd figet beaten up
bUE! willow treed bed! finewd

bé dE Alatero bod! fibad/evib

b u & figuess badAQ fiout oud

Ip &fE foffspringd
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Figure 2.19: Mean Lobanownormalised formant frequencies of the 9 monophthongs in
F1/F2 vowel space, across all speakers and both contexts.

300

n
o
o

Duration (ms)

100

Figure 2.20: Violin plots of the duration (ms) of 9 oral monophthongs across all speakers
and both contexts

With regard to distinctive features, i.e. front, back, high and low, Urdu oral monophthongs
can be placed in the vowel quadrilateral as shoviraliie 2.13.
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Table 2.13: Monophthongs of Punjatirdu

Front Centre Back
Close i E u'k
2 G
Closemid e E 0 EX)
Openmid UE (D)~
0
Open 0 E

* The vowels in parenthesis are not phonemic and share the acoustic properties with adjacent vowels outside

the parentheses.
™ This is an allophonic counterpart of the central mid open vawas/it is shorter in duration and different

with regard to Flnd F2, but not contrastive phonemically.

Following Wells (1982) lexical set for English vowels: an Urdu lexical set is proposed
and given inTable 2.14. These words cannot be mistaken for any other words, except
| pde Ei f it is pronounced out of context.
words end in a voiceless alveolar or dental consonant.

Table 2.14: Lexical set of Urdu spoken in Punjab Pakistan

Vowel Lexical set Gloss Lexical set
Transcription in Urdu script
i E bH'E fisuccess gy +
@ bds Ato sel/l r3
e 'E p &'E Aist omach ny__
UE buE fito foll gny >
0 bod! ibado C?
a bad'Q fiWednesd: kK C?
6 E b6 & fiaftero cn»>
o'E b o EI Aspeako bH 3
u'E k Wl'E fij umpo bHt
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This is the vowel system of Urdu as spoken in Punjab PakisteW. and [/ P/ ar €
inthissystem,anpb]i s f ound as an all ophonic vari al

in this Urdu vowel system is discussed in the following chapter (Chapter 3
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Chapter 3

Urdu Diphthongs
This chapter reports on the production experiment investigating the phonological and
phonetic properties of Urdu diphthongs. As discussed in Chapter 2, there are many
disagreements about the phoneme inventory of Urdu and thasticularly evident with
respect to the vowel inventory. Regarding diphthongs, most of the literature agrees that
Urdu does not have them phonologically (i.e. as distinct phonemes) (Bokhari, 1991;

Wagqar and Wagar, 2@0Khurshid, Usman and Butt, 2003h&ti and Mumtaz, 2016).

Phonemically, the existence of diphthongs (using minimal pairs) cannot be proved,

t hough Aétheir phonetic existence however
2002:16). The literature disagrees on how these diphthongs anedoisome claim that

di pht hongs are formed fAas a result ®f del
both vowels are lonfWaqgar and Wagqar, 2@@0; Sarwar, Ahmed and Tarar, 2003), and
others claim that short vowels are replaced by long vowieésh word final consonant
deletion results in the elongation of the preceding short vowel (Bhatti and Mumtaz, 2016;

Wagqar and Wagar, 2@0Wali, 2001).

Studies on second language perception report that perceptual similarities/dissimilarities
between the lponetic and phonological system of L1 compared with the target language
(Escudero, 2005; Best and Tyler, 2007), play a significant role in the perception and
production of L2 phonemes. The phonetic investigation of the presence of diphthongs in
Urdu (espeially those similar to English diphthongs) can therefore help English language
learners to perceive and produce the English diphthongs. This is one of the aims of the

present study.

Before presenting the experimental design, analysis and results, avienektw of the

literature describing the status of diphthongs in Urdu is given below.
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3.1 Background- Urdu Diphthongs
We first present an overview of literature on the syllable structure in Urdu, which is a

prerequisite for most of the studies on Urduhtiymngs.

3.1.1 Syllable Structure in Urdu
Hussain (1997:42) reported the following syllable templates in Urdu: CV (this open
syllable with short vowel is not allowed in word final position), CVC, CVCC, CVV,

CVVC, CVVCC. According to Hussajn

i L o vogels are bmoraic, short vowels are moimoraic, consonants clusters

in coda position are also-bioraic. Therefore, open syllables with short vowels
are monomoraic, closed syllables with short vowels and open syllables with long
vowels are bimoraic andosed syllables with long vowels or with short vowels

and a codalusterare trimo r a(198731445).

This means that Urdu phonology has a thweg quantity distinction and these syllables

are labelled as light (L) monomoraic, heavy (H) bimoraic,anr heavy (S) tinoraic.
According to Hussain (1997), Urdu syllables have constraints on the coda and onset
clusters. For example, Urdu does not allow more than two consonants in onset and coda
position.The second consonantthe onset positiors restricted to the glides /w/, /j/ and

/h/. Thesecond consonant in the coda position is limited to stopdfjrahdonsonanin

the coda position s | i mited to a voicel essor/mfkicat
(Hussain, 997:42) Hussain (1997) also reported that stress is not fixed in Urdu and

stress assignment is sensitive to vowel length.

Ghazali (2002:190) presented 11 syllable templates in Urdu: CV, CVC, CVCC, CVV,
CVVC, CVVCC, V, VC, VCC, VV, and VVC, and claimeddhthe first six templates
are underlying and the remaining templates are derived (i.e. surface representations).

According to Ghazali (2002) everyondee s s syl |l abl e in Urdu ha
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is not realised in pronunciation. Hence VC sykabhre not common, but such syllables
do exist. However, his examples for V and VC syllable templates do not show the

presence of a glottal stop / n/ before th

/| @. krmwiédge( / wn . jestcd&f / / 6 a (B manter
V. CVC VC.CVVC CvVv.vC

(long vowels are represented by)VV

Ranjha (2012) agrees with Ghazali (2002) with regard to syllable templates. He
additionally claimed that sometimes the syllable templates undergo changes due to the
deletion of certan s egment s. For exampl e, in the L
structure is CVCC; however, as reported
realised in pronunciation; hence the syllable template surfaces as VCC. This syllable

template catradicts with Hussain (1997), especially with regard to coda cluster.

Ranjha (2012) reported that the maximum number of syllables in Urdu is three. In
addition, there are limitations on the number of consonants in onset and codas position in
a syllable.He further reported that only two consonants are allowed in the coda, for
exampl|l e Adpplzimcant 6 i n Ur dogf. He sdded ythiatIthesb i f i
pattern of syllabification follows the sonority sequence principle (SSP), because in the
codh of the first syllable (i.e-#z/), liquid /r/ is more sonorant than fricative /z/ (Ranjha,
2012:31). Ranjha (2012) reported that the most frequent coda clusters were /st/, /rd/ and
Ixt/. Although Ranjha (2012) presented arguments that Urdu syllabtguseollows
descending sonority order in coda clusters, other studies (e.g. Nazar, 2002) disagree as

discussed below.

Nazar (2002:191194) analysed 5,000 words from an Urdu dictiorfary a i bi-ul-Fer o z
Lughat, F e r o z and r8ported that QVHD) s the most common syllable

template in Urdu, and the second most frequent is CV(V)(CC). He further reported that
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V(V)(C) are the least frequent and onsetless syllables such as VVCC are prohibited in
Urdu. He mentioned the constraints on the codaensigspecially with regard to SSP but

did not explore this further, except to argue that the descending sonority order in coda
clusters does not apply to all syllables in Urdu. Nazar (2002) also mentioned that Urdu
does not allow complex onset clusters raported by Hussain (1997), which was
attributed to Hussainbés biased approach
the resyllabification of English loanwords in Urdu, which require extensive phonetic

investigation.

Bokhari and Pervez (2003) mped syllabification and rsyllabification rules and
patterns for Urdu words. For most patterns they agree with the literature discussed above
and explain the rules for derived templates, where the basic syllable template changes due
to insertion or dekon of a vowel segment. Their data consisted of 1000 Urdu words, and
they asked three native speakers of Urdu to syllabify those words. They reported that
Urdu has a very simple syllable structure as it allows only one consonant in onset position
and a maimum of two consonants in coda position, andgykabification only occurs

when a vowel is either deleted or inserted in any given word. They further reported that

a glottal stop / fn/ gets deleted i mmwndihe s

the glottal stop /n/ results in changes
of syllables.tmamwekhampbel | Ahberstruct ur ¢
del etion of /' n/ the syllabkblstsuctutarer ef |
flopposité i s CVC. CVCC, and after the deleti

CV.CVCC. They also reported that unlike English, the nuclei in syllables are only vowels,
and diphthongs are also considered a nucleus. kamge, in[koi] Aany 0 S
monosyllabic word. Overall, this study helped to clarify the concept of underlying and
derived syllable templates; however, most of the given examples are misprinted (i.e. IPA

symbols are missing) and therefore the argumentscrelear.
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The syllabication patterns in Hintllrdu as discussed by Kachru (1987:402) are similar

to the ones discussed in the literature above; however there are some differences, for
instance, [/ pO0E.jeEl is syl |Athoughverylitttess / p
known about the stress patterns in Urdu, stress is not distinctive in Urdu except for some
grammati cal for ms, such as pumbt apdr i inéi m
form of vetolun) d ANy ¥y & E] in@ 10972 Streds wwan shelp to
distinguish the status of the Urdu diphthongs. Hussain (1997) proposed an algorithm for
stress patterns in Urdu; however, this is very different from the stress patterns in Hindi
Urdu discussed by Kachru (1987:402). In additihe stress patterns reported by Hussain

(1997) are also not considered very comprehensive and further investigation is required.

Based on all the arguments discussed above, we can conclude that that the syllable
structure in Urdu is (C)VV(C)(C). As maaned above, most studies on Urdu diphthongs
refer to the syllable structure in Urdu. A review of the literature on Urdu diphthongs can

now be presented.

3.1.2 Literature on Diphthongs in Urdu

Waqgar and Wagar (2@ reported 13 diphthongs in Urdu. Thegported that
phonemically diphthongs do not exist in Urdu as there are no minimal pairs to show that
contrast; however phonetically the del et
/vl in a disyllabic word results in a diphthong. For examplée,de i on of [/ n/ f
Pgmknewoesults in diphthong [ poWwiEaresiidial et i
di phthong [ keaE]; andad Cdikvd g p ¢ mamltsa fiphthong f r c
[ hai E] .

The experimental design Waqar and Wagar (2@Dis not very clear. For the perception

of diphthongs, they prepared a list of words containing monophthongs and possible

diphthongs. For the identification task they first trained 25 native speakers of Urdu on
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how to identify the numér of syllables in a word. They did not give any details of the
speakers6 backgrounds or the |1ist o f W (
monophthongs. The criteria for a vowalwel sequence to be considered a diphthong
was whether more than half dbteners perceived a word carrying a vowelvel
sequence as monosyllabic. After the perception task, the words that were perceived as
monosyllabic (i.e. carrying diphthongs) were recorded by five male native speakers of
Urdu in carrier phrases for fugh acoustic analysi Out of 22 words carrying vowel
vowel sequences, listeners perceived 13 as monosyllabic. Their acoustic analysis of these
13 diphthongs is based on onglide (first vowel) + offglide (second vowel) duration and
F1 and F2 at the onsetdoffset of these vowels. It is not clear how this data was
measured as they did not provide any information. Their results show that Urdu has rising
diphthongs, for instance the onglide duration is only 39% and offglide duration is 61%.
They definedising diphthongs as follows:

A | f firdt vowel of the diphthong is prominent, it is called a falling diphthong,

and if the second vowel of the diphthong is prominent, it is called a rising

di pht hongo. (Waxt&)r and Waqgar, 200

According to Wagar and Wagar (22Q9), in Urdu a syllable cannot start with a vowel
Afexcept word i ni t-oaellseguences lare treated as kighthongsw e |
instead of vowel sequences belonging to different syllables. Therefore, after the deletion

of the consonant [/ n/ , [ntph,ee Whemrae n/i g/ woarn
as a syll abl e. Hence / eE/l gets merged wi
[n p]evigth a syllable structure CVVV, where the first vowel is shorter (@rmoraic)

than the second vowel (moraic). They conclude that the diphthong structure in Urdu is

VVV, where the first component is short and the second component is long.
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Wagqar and Wagqar (2@pinsist on the deletion of a time slot and argue againet\eelv
sequence of two long vowels, VVVV. For example, they reported that in the disyllable
Urdu worahyw/ Kdenis/ylifi able structure is CVV
of /' n/ the syllable structure wasdshllabese | i k
except word initially, so this word will go through-sgllabification and the preceding

vowel will have to lose a time slot in order to form a legitimate syllable. Their definition

of legitimate syllable structure contradicts with the litera (as discussed in Section
3.1.1). I n a phonological study of Urdu,
word final position results in the elongation of a preceding short vowel, which contradicts
Wagqgar and Waqar (2@ as they report deletion in time slot. Wali (2001:256) further
claimed that Ai f {n} occurs in the midd

di pht hongs @g oibri[efmeme @INjod ] 0

In a follow-up study, Sarwar, Ahmed and Tarar (2003) followed the same metBods
employed by Waqgar and Wagar (2002) except for the number of speakers (i.e. 3 males
and 3 females) and listeners (i.e. 30). They reported that there are 17 diphthongs in Urdu
and claimed that diphthongization results in the loss of a time slot. Fopkxaimey
reported that in the Urdu word /dAS8. ol i
o f /' n/ the syll abl e st rlascsyllabtesarehnetalowed s C
in Urdu, the second syllable merges with the preceding syllable anothbs CVV. This
structure contradicts with the ones discussed by Wagar and Wagqar (2002), i.e. CVVV.
Further, they discussed the individual variation between speakers and reported that the
diphthong in[d Apfogo o was rising (i . eerthanhhe firstec on
vowel) for male speaker A and falling for male speaker B (i.e. the first vowel was longer
than the second vowel). Overall, their arguments lack clarity, exacerbated by numerous

typographical mistakes. In addition, they did not provide @myclusive acoustic and
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statistical evidence to support their arguments about the deletion of -aldirie the

production of a diphthong.

Khurshid, Usman, and Butt (2003) reported the possibility of diphthongs and triphthongs
in Urdu and claimed that out of a list of 37 possible diphthongs in Urdu, 18 were identified
as diphthongs by 20 native speakersathori Urdu (as in, Urdu as spokem ihe city of
Lahore, where speakers mostly have Punjabi as their first language). They trained the
participants for syllable identification, then gave them a list of words carrying the possible
diphthongs (i.e. vowelowel sequences) and asked them tiabify those words. If more

than 50% of the participants syllabified a word containing a vowelel sequence as
monosyllabic, they considered those vowelvel sequences as diphthongs. Based on the
syllable identification task, they concluded that therere 18 diphthongs but no
triphthongs. They also concluded that individual differences play an important role in
syllabification and perception of a given set of words. For example, some speakers
identified as few as 7 and others identified as many al@2hongs out of a set of 37

words carrying vowelowel sequences.

After the identification task, the identified words were recorded by 3 males and 3 female
speakers for acoustic analysis. Their acoustic analysis was based on the duration in
milliseconds to identify if a sound was a diphthong or two separate vowels. The baseline
for the verification of a diphthong was the maximum duration for a long monophthong,
which they set at 350ms. Therefore, if a vowelvel sequence was pronounced within

this duation, it was considered a diphthong, otherwise these were considered two
separate long vowels. Khurshid et al. (2003) reported that in all cases the duration was
below 350 ms for diphthongs and less than 150 ms if both vowels in the diphthong happen
to be the short vowels. They summed the duration of two separately recorded

monophthongs for each speaker and compared that sum with the duration of the
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corresponding diphthong. For examgleg] (325 ms) was compared with the sum of /o/
(234 ms) and /e/ (236sh which turned out to be less than the average summed duration

of two separate monophthongs.

Lastly, contrary to Wagar and Wagqar (2002) and Sarwar et al. (2003), Khurshid et al.
(2003:18) reported that Urdu has very few words containing two conseshitikterowels

and AMajority of the diphthongs identifi
|l ong vowels or one |l ong and one short vo\
words they had only two words which contained two consecutiod gbwels and only

one of those was identified as a diphthong by the participants. A particular limitation of
this study is that they did not perform any spectral analysis, and based their results solely
on temporal analysis. They did not present any plogjical arguments and the syllable
identification task was done on a paper where participants read the words written in Urdu

script.

Bhatti and Mumtaz (2016) present a follow up of three previous studies (Wagar and
Wagqar, 2002; Sarwar et al. 2003; Khudsbt al, 2003) plus two additional diphthongs,

[e & dad[a E €or the possible 26 diphthongs they recorded 78 words: three words per
diphthong, produced by three male and three female speakers in a carrierfiphrase

s a i d Eivedanale and five female speakers took part in the perceptual identification
task. Basedmacoustic analysis (F1, F2, F3 at three different pointgjlide, transition

and oftglide) and a perceptual identification task, where listeners were asked to identify
the number of syllables in each word (70% votes or more), they concluded thatadrdu h
16 diphthongs and five of these diphthongs are nasalised. Their acoustic analysis was
mainly based on F1 and F2 of the first and second segment and the total duration of each
diphthong. They reported that diphthongs behave like monophthongs in staessed

unstressed syllables and the maximum duration of a diphthong in an unstressed syllable
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was 148 ms. Hence they rejected a nasalised diphthondd(i:¢)odue to its longer

duration.

Bhatti and Mumtaz (2016Jisagreed with Waqgar and Waqar (2002) aadn@r et al.

(2003) about the deletion of a tirstot to form a diphthong, since none of the diphthongs

they found were formed via reduction of a time slot. Bhatti and Mumtaz (2016) reported

a variety of combinations of long and short vowels in diphthongétion, such as: long

short, shoHong, or longlong vowels. However, they did not give any temporal or
spectral information to support this claim. Further, they claimed that in the formation of

di phthong, / b/ and /j/ wése/wépladed By w

/lel; however they did not give any suitable examples and analysis to support this claim.

Farooqg and Mumtaz (2016) investigated Urdu phonological processes in connected
speech. They analysed 13,717 words for multiple proiation and reported that
segmentalternation (short vowel to long vowel)leletion(a consonant or vowel) and
insertion(mainly vowels to break consonant clusters) occurs at multiple levels due to a
number of factors, such as syllable structure andsstr&&e most interesting findings

were: segment deletion never occurs at word initial position; consonantal deletion can
result in the elongation of the preceding short vowel; /j/ deletion occurs word medially,
usually to form awhdd pthe homegs ([ek a E]) )k;e B rad
intervocalically to form a diphthong and converts a disyllabic word into monosyllabic
(e. g. happened viéEdomes [huEi E]). They also r

occurs in unstressed syllablexladoes not result in the formation of diphthongs.

To summarise, despite contradictory arguments, most of these studies agree on the basic
syllabic structure in Urdu; however, there are a number of disagreements on the onset and
coda constraints as welk ahe resyllabification (i.e. surface representations) of the
underlying syllables. For instance, some studies (Ghazali (2002; Bokhari and Pervez,
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2003) reported the deletion of glottal stop at word initial a position, while others (Farooq
and Mumtaz, 208) reported that segment deletion does not occur at word initial position.
Mo st of these studies agree that interv
disyllabic words into monosyllabic words, and hence results in diphthongs. According to
Ren (1986 cited in Aguilar, 19872), the distinction between diphthong and vewahel
sequence (hiatus) should be reflected acoustically, because hiatuses are two vowels from
two syllables whereas diphthongs are two vowels in the same syllable. None oflibg st

on Urdu diphthongs mentioned above analysed the acoustic data with regard to this
distinction; however, they do insist on the deletion of a{stoeand resyllabification of
disyllabic words into monosyllabic words. In addition, voweivel sequeres (hiatus)

is reported to have a quicker transition than a diphthong (Quilis, 1981 cited in Aguilar,
1990:72). This was another parameter which none of the studies on Urdu diphthongs

mentioned above explored.

Keeping in view these contradicting argumefitan phonetics and phonology in the
literature, the present study was designed to investigate the acoustics of the Urdu vowel
vowel sequences claimed as diphthongs in the literature. To this end, six vowel sequences
resulting from the deletion of /j/ and// were selected as candidate diphthongs and will

be referred to as diphthongs in this study for the ease of reference.

3.1.3 Aims and Objectives

Besides all the contradictions, the studies discussed above indicate that it is possible to
investigate the pimetic existence of diphthongs in Urdu. The phonetic investigation of
diphthongs is required to test the predictions proposed by SLM, PAM, andLRAMr

the perception of SSBE vowels as discussedhapter 4Chaper 5andChapter 6 The

literature on Urdu phonetics and phonology suggests that diphthongghadagh the
deletion of [j/, [Iv/l and / n/ and restruct
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Wagqar, 20@; Farooq and Mumtaz, 2016). This description conforms to the arguments

presented by Ren (1986 cited in Aguilar, 1999:72):

e[ T] h e s thatl tteasyllable components are planned before the phonetic
realisation; so, the acoustic result of hiatus (i.e. two vowels in two syllables) has
to be necessarily different from the acoustic result of diphthongs (i.e. two vowels
in a syllable), whichequires a restructuring in time and frequency to adjust both

vocalic segments to the syllable fr ami

The present study analyses the acoustic properties of six -vowel sequences

(diphthongs) in order to answer the following questions:

a) What are the pheetics of Urdwowelvowel sequenc@s

b) Does Urdu have diphthongs or vowels in hiatus?

c) Does Urdu have rising and/or falling diphthoRgéThe rising and falling
diphthongs will be discussed with regard to the definition provided by Wagar and

Wagqar(2002:19) as discussed in Section 3.1.2)

d) Is the offglide (second segment) always longer than thglme (first segment)

in these vowel/owel sequences (or diphthongs)?

3.2 Methods and Procedures
In this chapter, the experimental design for the prodoaiperiments mainly follows
on from the previous chapter. The methods and procedures are the same as discussed in

Chapter 2 on Urdu monophthongs. The materials for diphthongs are presented below.

3.21 Speakers
The data reported here come from 22 spealddrsnales and 11 females), as explained

in Section 2.3.
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3.2.2 Materials

Based on the reasons and rationale discussed in Section 3.1.1, 3.1.2 andx3.1.3, s
diphthongs(resulting from the deletion of /j/ and /mwWjere selected for investigation:

([6 Bfrom /6 j , god from /ojel [6 §f r o mo, [(O]& w o 61, [¢ Flsom /ejs/ and[d §

from /uw 6)/ The main motivation for this selection was as a prerequisite for the
subsequent perception experiment of Standard Southern British English (SSBE) vowels
by PunjabiUrdu speakers (as discussed in Chapters 4, 5 and 6). In other words, putative

diphthongs were selected that have similarity with established diphthongs of SSBE.

3.2.2.1 Minimal and Near Minimal Pairs

These six diphthongs were embedded in six monosyllabic minimal or near minimal pairs.
The syllable structure for diphthongs was C\W\\(where the €was bilabial plosive /p/

and /b/ in four words, dental plosivff n one word and velar pl

The list of the words is given ihable 3.1.

Table 3.1: Urdu words carrying possible diphthongs

Phonetic transcription Gloss Urdu words
[p 6] e fgoat 6s t pF_
[bog isowod pHD
[p 6]& figai no YF_
[p dO Al over o Fy_
[0 66 fiwent 0 Fy,
[d 4]0 Aprayer FKp

3.2.2.2 Carrier Phrases and Sentences

As discussed in Chapter 2, the test words were embedded in two types of sentences: (1)
a standard carrier phrase (CBT)D}Q&Qé'EthHeéfb
g 1),Bnd (2) longer and moraried full sentences (FS). The list of sentences is given

below inTable 3.2.
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Table 3.2: Urdu Diphthongs in standaérrier phrases and sentences

Phonetic transcription Gloss Urdu sentence
Carrier Phrases (CP)

Full sentence (FS)

[Mids e poged kph Al wipldlensap €, HuHvVt p F
e bpopkrkey ke jfithese are goa hyV p F_ Pt

[k crsnée @i &d6d A Af ar mer sowed PpH? 6y?> hys

fieldso
[k Qb b T(H oqpodhé&] Oefiyou will neve P, Yf_ hyvx
[d AO p®6] mpn tAithe one who OFNn? es
| over o
WOd wp1]6 0Oed ihe went away?o Fy. bIu |

[ e mapdd dixdé hithis is my moPV FKp et H

3.2.3 Segmentation and Annotations
The methods and procedures for segmentations and acoustic measurements are discussec
in Sections 2.3 and 2.4. Measurements were made using Praat (Boersma and Weenink,

2016).

For the diphthongs that are in open syllables, and the following word starta stitip
consonant /k/, it is easier to visually segment the vowel offset in the spectrogram than if
the following word started with a vowel. In one cqseg éwend i n t he CP ¢
proved difficult when inserting boundaries for the diphthong such that the target sounds
were in open syllables (CV), since the following word started with a vowel /e/. In this

case, along with the clear formant structure of F1 andhe2waveforms were used to
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insert the boundaries, especially at the end of the vowel, when the waveform started to

get less complex, just before the beginning of the following vowel.

In addition, in order to measure the formant transition duration, anethatier named
ATransitiono was used in order t o manue
diphthong transition period. The start point of the interval was inserted where the second
formant started to change from its steady state and the endobdim interval was

inserted when the second formant started to appear in a steady state (cf. Lindau, Norlin,

and Svantesson, 1990). These criteria are showigure 3.1 andFigure 3.2.

The number of analysed tokens was 1307. As discussed in Section 2.4.2, data from two
males and two female speakers @vaot included in the final analysis. The total number
of tokens analysed per vowel, by males (M) and females (F) and in Carrier Phrases (CP)

and Full Sentence (FS) are givenlable 3.3.

MSHLRI MSHIRI
Mo l D 2 27904060 24020007

MWWWM

Froguency (H2)
Froguency (H2)

187 gea LS1 pa

Figure 3.1: word level segmentation faliphthong in[0 € B+voiced V, open syllablé
the word following the target does not begin with /k/) [left] &mddiphthong inp 0] &
voiced V, open syllablethe word following the target begins with /k/) [right]
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MSIL RY gr
X547 5343 SpIR0

MS11_R) trams
2IMI3IQ 35170547

\W}* l i |

h-

v “

LY NS S

000

Frogeenty (W)

Figure 3.2: word levé segmentation for transition interval for diphthdndp 6] e

Table 3.3: total number of tokens analysed for each vowel, per gender (M and F) and per
context (CP and FS).

Speakers Context
Vowel Tokens F M CP FS
0 e 220 110 110 111 109
6 Q 218 109 109 108 110
oe 212 108 104 103 109
@ 0 220 110 110 109 111
e o 217 109 108 107 110
ao 220 110 110 110 110
Total 1307 656 651 648 659
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3.2.4 Automatic Formant Extraction

Praat scripts (se&ppendix 2B were used to extract the frequencies of the first, second
and third formant of monophthongs in two temporal positions, 20% and 80% (cf.
Williams and Escudero, 2014; Hillenbrand, 2003), and the duration in milliseconds.
Following measurements by Mayr and Davies (2011), Kirtley et al. (2016) and Williams
and Escudero (2014) of diphthong trajectories, F1 and F2 movemenpwabinherent
spectralchange(VISC), the formant frequencies were additionally measured at seven

equi di stant points for each formant, i . e.

As discussed in Section 2.1.2, F1 and F2 in the vowel steady state (usually midpoint) is
not sufficient to investigatéhe acoustic properties of diphthongs, because the vowel
quality changes resulting in a decrease or increase in F1 value, depending on whether the
first segment is open ( e. g .rate/ofocchapgdROC) cl os
approach, as emmpyed by Gay (1968), Deterding (2000) and Kent and Read (@89

in Deterding, 200)) was also used to measure the change in the quality and spectral
change in diphthongs. Further, following Lindau et al. (1990), the transition duration was
measured for each diphthong, as detailed above. In addition to formant frequencies, the

total duation of diphthongs was measured.

In order to compare the first target and the second target in the diphthongs with their
monophthongal counterparts, the formant frequencies of the first two formants were
extracted at the midpoint of the first and sectamdet and were analysed acoustically and
statistically. In addition, in order to compare the duration of the first and second target of
the diphthongs beyond a visual inspection of the spectrogram (cf. Mayr and Davies,
2009), the duration before and aftiee transition period was measured for acoustic and
statistical analysis. These measurements aided in determining whether the second vowel

in Urdu diphthongs is always long (Waqar and Wagar, 2002), or both vowels are equally
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long (Bhatti and Mumtaz, 20169r it merely depends on each individual vowel. These

measurements also help with the IPA transcriptions of Urdu diphthongs.

Previous studies have reported diphthong duration to comparediatesst differences

(cf. for Welsh: Mayr and Davies, 2011fAmerican English: Jacewicz and Fox, 2013;

for Southern and Northern dialect of British Englistilliams and Escudero, 2014). In

the present study diphthong duration was compared with monophthong duration in order
to determine if the two vowels in thedgat words have a combined duration comparable

to a single vowel (i.e. total duration will be equal to or less than the long monophthongs
in Urdu, as reported by Khurshid et al., 2003) or two separate vowels (i.e. the total
duration of the two vowels in ¢hdiphthong will be less than the sum of the two

corresponding monophthongs).

Following Mayr and Davies (2011) and Fox and Jacewicz (2009), the vowel section
length (VSL) was calculateth the present study six sections were calculated as opposed
to thefour sections calculated in previous studies to provide sufficient resolution for
subsequent visual comparison with maraggmentation (see Secti8r2.3. That is, we
calculate VSLfor sections 20%30%, 30%40%, 40%50%, 50%60%, 60%70%, and

70%-80%across each diphthong duratiath the following Euclidean distance formula:

oY TP @ @ a @

whereVSL, is thesection length wittsection numben (i.e. n=1 for 20%30%, n=2 for
30%4 0 %, n=6 for 70%80%) and~1./F2, are the format values at sample nuntber

(i.,e.n=1for20%,n=2 f or B=7 f6r,80%).,

The trajectorylength (TL) was then calculated for each diphthong.

YO B w"YD 2)
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Trajectory |l ength (TL) can be defined as

vowel space.

The overall rateof-change of this trajectory is then the trajectory length divided by the

portion of the overall duration that the trajectory covees 0% of the duration)

¢ S E— 3)

This gives the values of trajectory length rate of change in Hz per millisecond.

Vowel sectionlength(VSL) rate of change was calculated separately for each section of

each diphthong with the following formula:

WY —_— (4)

This means thahe VSL of each section of diphthong (in Hz) was divided by the duration
(in ms) of that section; this gave the values of spectral rate of change in Hz per

milliseconds.

3.3 Statistical Analysis

The models for statistical analysis are identical to thasmidsed in Section 2.4.

3.4 Results

The results are discussed with reference to mean F1, F2 at onset and offset points,
transition duration of F2 (Lindau et al., 1990), and TLroc and VSLroc (Mayr and Davies,
2011).In addition, the mean duration of fimhd second component in the diphthongs is

presented.

In order to validate to the manual segmentation of F2 transition duration (Lindau et al.,
1990) as discussed in Section 3.2.2, the spectral rate of change (Mayr and Davies, 2011)

was also calculated amudotted. By comparing the peaks in spectral rate of change with
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the F2 transition segmentation, it can be seen that manual segmentation is not subject to

authoroés subjective bias.

3.4.1 Formant Frequencies

The mean formant frequencies in Hz of six diplndg@with standard deviation in Hz are

given inTable 3.4 and Lobanov normalised are given in Table 3.5. With regard to spectral
change and direction of trajectories, as shown in Figure 3.3, all six diphthongs appear to
be distinct. The mean and standardidion of frequencies of the first two formants in
Hertz and Lobanov normalised at seven eq

given in Appendix 3A.

F2
20 15 1.0 0.5 0.0 0.5 -1.0 15 2.0
1 | | | | | | 1 | i -20
i v --1.5
A v
1 5 U’ - 1.0
e A T N --0.5
N - 0.0
B oe
ee » 0.5
® qu e - 10
Ie
ae CI } - 15
0a A
- 2.0

Figure 3.3: Trajectories of mean formant frequencies of six diphthongs overlaid on
monophthongs (steady state), Lobanov normalisestdre). The dots on each trajectory
show the formant measurements at seven equidistant points in time for each formant, i.e.
20%,3%, é, 80%, and arrowheads show the di
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Table 3.4: Formant frequencies of F1 and F2 (in Hz) at onset and offset of diphthongs
produced by 11 male and 11 female speakers, pooled over cqstaridard deviation

in parenthesis).

Vowel  Gender F1 20% F1 80% F2 20% F2 80%
5 e F 778 (125) 481 (86) 1440 (120) 2292 (280)
M 630 (57) 470 (44) 1221 (167) 1865 (255)
6 & F 695 (107) 488 (68) 1226 (108) 957 (184)
M 596 (48) 463 (46) 1049 (108)  870(125)
ed F 476 (75) 715 (151) 2276 (242) 1607 (139)
M 439 (99) 583 (73) 1956 (216) 1510 (186)
0o F 364 (39) 699 (129) 2608 (346) 1581 (134)
M 317(32) 557 (64) 2209 (204) 1438 (155)
oe F 435 (55) 433 (64) 1002 (150) 2248 (235)
M 421 (32)  422(30) 906 (179) 1836 (257)
a6 F 417 (55) 684 (133) 1133 (199) 1329 (118)
M 413 (35) 590 (49) 962 (136) 1144 (147)

Table 3.5: Formant frequencies of F1 and F2 (Lobanovmalised) at onset and offset
of diphthongs, pooled over speakers and contexts (standard deviation in parenthesis).

Vowel F120% F1 80% F2 20% F2 80%
6e 1.71 (0.6) -0.11 (0.5) -0.38 (0.3) 1.06 (0.5)
6 Q 1.26 (0.5) -0.10 (0.4) -0.75 (0.2) -1.18(0.3)
e o -0.30 (0.7) 1.24 (0.8) 1.15 (0.4) 0.09 (0.4)
AYs -1.28 (0.3) 1.06 (0.6) 1.72 (0.5) -0.02 (0.3)
oe -0.52 (0.3) -0.52 (0.3) -1.10 (0.3) 1.00 (0.4)
a6 -0.62 (0.3) 1.17 (0.6) -0.92 (0.3) -0.56 (0.2)

Statistical tests with F1 and F2 dspendent variables were performed

methodology as in Section 2.4 using diphthong onset and offset, plus monophthongs, as

input data.
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For F1, the results revealed a significant main effect of Vowel (F(23,5945.94) = 1038.90,

p < 0.0001), Comixt (F(1,5943.59) = 101.32, p < 0.0001), and significant interaction
between Context Vowel ( F(23,5943.59) = 14.04, p < 0.0001) and Gendé&fowel
(F(23,5945.94) = 8.13, p < 0.0001) and Contextender (F(1,5943.52) = 16.94, p <
0.0001). Therandomfefe ct of speaker (Wya43.8% p<s000048)i gni f
The results further showed nsignificant effect of Gender (E23.68) = 1.32, p = 0.26),

and nonsignificant threewvay interaction between context gender  vowel

(F(23,5943.53) = 1.40, p = 0.09).

For F2, the results showed a significant main effect of Vowel (F(23,5945.82) = 1928.66,
p <0.0001) and Context (F(943.80) = 17.81, p < 0.0001), and significant interactions
between Context Vowel (F(23,5943.66) = 7.48, p < 0.0001) and Genderowel
(F(23,5945.82) = 4.62, p < 0.0001), and significant thwag interaction between
Context Gender Vowel (F(23,5943.6) = 2.09, p = 0.001). The random effect of
speaker was also significaet(l) = 15.58, p < 0.0001). The results further showed a non
significant effect of Gender (F(1,24.70) = 6.18, p = 0.02) andsigmificant interaction

effects between Context Gencer (F(1,5943.80) = 0.03, p = 0.85).
In summary:

For F1, the combined interaction between gender, context and vowel was found to be

non-significant. In terms of an R formula we have

Context + Vowel + Gender + Context:Vowel + Context:Gender + Vowel:Gefddr|

Speaker)

For F2 the combined interaction between gender, context and vowel was found to be
nonsignificant, as was any interaction between gender and context. In terms of an R

formula we have
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Context + Vowel + Gender + Context:Vowel + Vowel:Gender + (1 | Speaker)

These F1 and F2 formulae were used to construct the model fohpogpairwise

comparisons as discussed below.

The pairwise comparisons showed that all six diphthongs were distinct from each other
at the onset and offset with regard to F1 and F2, and thedneswels within each

diphthong are distinct from the respective monophthongs.

These results suggest that the vowel at the efi]ofe Hand[d dar e cl oser t o
/| 6/, but not t he[bfiasmec!| dsher fti mtaibsddiartdida i r
the first sounds ifod and[@ dar e quite close to the mo
respectively with regard to F1 and F2. However, the first soufd]is different from

/| @/ with reference t o F Iwldspigherand mdredfrbnted a n d
than the monopht hole dis diffésént front /b/ avithfregarddatF1 @ 0 u n ¢
< 0.001); and the first sound i fland[6 i s very cl ose to [/ 6'E/
different with regard to F2. These resultg an line with the description of Welsh
diphthongs (Ball, 1983) and English diphthongs by Ladefoged and Johnsdn9@01
ARé[t] he diphthong often do not begin and

vowel so. Compar i s o ndfsebafe skbwnpfigur@4n g onset

The steady decrease in F1[inE [6 §iand[od, and steady increase in F2[in and

[og can be seen in the F1 and F2 movement pldtigure 3.4 (top row). A steady
increase in F1 ifd §, [e Pand[®]dand a sharp decrease in F2érband[®]dan be seen

in the Figure 3.4 (bottom row), which suggests that these vowels start from front close
and closemid region and are centring towards central epwth region. The decrease in

F2 in[& $is not as sharp as compdrto[e Pand[®d]dand unlike these two diphthongs

[& §starts with a closenid back vowel, which already has lower F2; hence movement

towards the centre does not show a sharp change in F2.
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With regard to trajectory direction and movements, Urdu diplghean now be divided
into two groups: closing and centering (cf. Harrington, Cox, and Evans, 1997), which is

discussed in the following subsection.

ee vs. 1e ee vs. bd

21 2

14 1
g Formant 3 Formant
5 — F1 ] —F1
o F2 -8 F2
:'Cl —F3 = — F3
2 9 Vowel 20 Vowel
8 —_— i 8 — R
3 ==1e u,{,) == oa

1 -1

000 025 050 075  1.00 000 025 050 075 100
Time (normalised) Time (normalised)
oe vs. ge Ua vs. 1e

2- 2
_ 1 —_—
3 Vowel 3 Formant
= — de & - F1
Eel == 0e Q F2
3 S —F3
= Formant =
o — F1 o Vowel
8 F2 8 —_— 1
@ —F3 P == ua
N N

0.00 025 050 0.75 1.00 0.00 025 050 0.75 1.00
Time (normalised) Time (normalised)

Figure 3.4: : Lobanovnormalised (zcore) F1, F2 and F3 trajectories[afjd(dashed
line) and[ed] (solid line) top left andd § (dashed line) anfed] (solid line) top right;
[od] (dashed line) anfb (solid line) bottom left andid § (dashed line) anfto]&solid
line) bottom right pooled over male and female speakers and two contexts (CP and FS).
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3.4.1.1 ClosingDiphthongs
Three diphthongs with offset points in the close front and close back region are labelled
as closing diphthongs, i.¢6 & [od and [6 § The tragctory length, direction and

movements of these diphthongs are discussed below.

F2
2.0 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5 -2.0

U: - 1.0
el O

_//
A N - 0.0%
- 0.5
EA e -1.0
m CP - 15
FS a: N

Figure 3.5: Trajectories of mean formant frequenciegdfe [6 §rand[og diphthongs
overlaid on monophthongs (steady state), Lobanov normalissmb(e), for each context.

The dots on each trajectory show the formant measurements at seven equidistant points
in time for each formant, i . etheddthhnand 0 %,
offset of the diphthong.

[ 6e] and [6d] have higher F1 values at o
which suggest that these diphthongs start in open or-mp@megion and end in close
region. However, F2 at the onset (2086]6 Eis higher than the onset [if § A lower

F2 at the offset (80%) suggests that the second voJ&! fris further back and retracted

as compared to the second vowe]dng which has a higher F2 value (2078 Hz) and so

appears to be in the clesgd front region.
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The diphthong ifbod has similar values of F1 at onset (423 Hz) and offset (434 Hz);
however, F2 at onset is lower than F2 at offset, which suggests that this vowel starts
somewhere in the back clesgd region and ends in the fronbsk region. F2 fofd E

starts with lower F2 (1288 Hz) and ends with higher F2 (2078 Hz); similarly, F&€lor

starts with lower F2 (931 Hz) and ends with higher F2 (2059 Hz). The higher Fe2 ffor

at the onset suggests that it is in the eprth or op@ region, and the lower F2 fgo€]

at the onset suggests that this vowel is in the close orglmseegion. The F2 at offsets

of these two diphthongs are similar, which suggests that these diphthongs share an offset

point and end in the front closeid region.

F2 at the onset ¢8 iis higher (1139 Hz) than the F2 at offset (918 Hz), which suggests
that this vowel starts somewhat in the centre and ends as a back vowel. This movement

can be seen in the vowel trajectoryFigure 3.5.

Posthoc pairwise comparisons showed that the onset and offset points of diphthongs are
significantly different from each other and also from individual monophthongs. For
instance, [ 6[bpand[d ftishsenificantly differed With regard t&1
(t(6014.83) = 7.235, p < 0.0001), and F2
of[6 pand[6 i s al so significantly different f

regard to both F1 and F2 as showTable 3.6.

Table 3.6: Pairwise comparison of diphthonffs fand[6 §ionset with monophthongs
/| 6/ and [/ O0'E/

Diphthongs vs monophthon F1 F2

e vs [/ 0.t(6016.87)=14.805, p8.0001 t(6041.85) =8.931, p <0.0001
e vs [ &,1(6014.90)=3.588,p=0.05 t(6038.54)=3.896, p=0.02
68 vs | 6,t(6016.820 =7.345, p&0001 t(6041.76) =17.461, p <0.0001

68 vs [ 61t(6014.81)=10.790, p€.0001 t(6038.39) =4.419, p < 0.01
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The offsetifd pwas signi ficantly different from
F1 (t(6014.83) = 9.667, p < 0.0001), and F2 (t(6038.436.742 , p < 0.0001),

monopht hongrdfoFIEGOL16vE4=124.33&, g €0.0001), and F2 (1(6041.76)

=20.220, p < 0.0001); however it was di
(t(6018.52) = 14.368, p < 0.0001) only.
[0 Bsuggestshtat t he of fset in the vowel i's | owe

The offsetin[6 i s significantly different from
=23.020, p <0.0001), but not F2. The higher F1 for the off4ét fnisuggests that it was
signi ficantly |l ower than monol[blfis disincfrom u E/ .

/| o' El with regard-4t7nl, p<@0lpnly (t(6022.61)

The onsetifogi s signi ficantly different from t
(t(6023.46) =12.543, p<0.0001) but not F2. The lower F1 in the onseftogf suggests
that it is significantly lower than /o/; however, the rggnificant difference in F2

suggests that it is in the same back region and as retractél as /o

The offset ifog is significanty di f f erent from the monopht
F1 ((6017.31) =17.906 , p <0.0001) and F2 (t(6042.54) = 21.227 , p <0.0001), and also
from monophthong [/ &/ wi t h6.883epgddi0aDl),tamd FD ot h
(t(6046.33) = 5.497, g 0.01). The higher F1 in the offset [afg suggests that it was
significantly | ower than monophthongs [
retracted and was not in the same front
significantly dif er ent fr om monopht hong /eE/ only

p<0. 0001). The higher F2 than [/ eE/ sugges

3.4.1.2 CenteringDiphthongs
[e P [®]dand[d $have lower F1 at the onset and higher F1 at the offset. F2 at the offset

of [e B[®])&@nd[& Pvaries. As can be seen from the trajectoridsguaire 3.6, [e Pseems
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to end further back and higher thibld and[¢]éappears to be more front thin $ and

| ower than [/ 0/ . These offsets suggest t
substantial variations in F1 and F2. Furtfi]Gstarts in the close front region and ends

in the opermid central region; howevefe Pstarts in the closeid regionand ends

further back in the opemid region. [& § which starts in the closmid back region near

/ &/, ends furt herl[dbtaadfekh amealt weeam al/cd/edarn ch a

offset point off& $appears to be lower and further retracted thabut higher thart 6 ‘E/ .

\ N - 0.00
- 0.5
E:\_, e 1.0

m CP - 15

- 2.0

Figure 3.6: Trajectories of mean formant frequencie§®fo[e Pand[d $ diphthongs
overlaid on monophthongs (steady state), Lobanov normalissmb(e), for each context.

The dots oreach trajectory show the formant measurements at seven equidistant points
for each formant, i.e. 20%, 30%, ¢é, 80 %,
of the diphthong.

The pairwise comparison tests showed that these points are significéietigrdi For
instance offset ife Pand[®]ds significantly different from each other with regard to F1
(t(6014.90) = 5.106, p <0.0001) and F2 (t(6038.54) = 4.187, p <0.01). The results also

showed that the offset §& Pand[& Pwas differentfrot he centr al vowel
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offset in[fepwas si gni f i cantwith regard fofbethr FA®@0160) e m /
8.138, p < 0.0001) and F2 (t(6041.90) = 6.891, p < 0.0001); and the offgepiwas
significantly di f fteboth RI{t(60116.8F)r 5965/ p <Wi0@0h) r e
and F2 (t(6041.84) =11.637, p < 0.0001). However, the offset [@]owas not
significantly different from /06/ with re;

F2 (t(6041.83) = 2.605, p =0.59).

The resilts also showed that the onsetftmpwas si gni fi cantly dif
regard to F1 (t(6018.51) = 9.276, p < 0.0001) but not F2; however onfiidimas
significantly different from monophthong
p < 0.0001) and F2 (t(6044.37)£7.910, p < 0.0001). Onset[ied]avas not significantly
di fferent from monophthong /i E/ with reg
in[dliwvas in the same cl ose {drdpwastotsigrefiganty n a s

di fferent from the monophthong [/ a&/.

3.4.13 Trajectory Length Rate of Change (TL roc)

The trajectory length rate of change (TLroc) is showrRigure 3.7. Statistical tests were

once again performed using the same methodology as Section 2.4.4, with TLroc as the
dependent variable and using diphthong input data augmented with the TLroc for each

utterance.

The results revealed a significant main effect of Vowel (F(5,1285.17) = 135.09, p <
0.0001) and Gender (F(1,22.04) = 8.37, p < 0.01). In addition, the results showed a
significant interaction between Context x Vowel (F(5,1285.19) = 5.93, .pG00) and
Gender Vowel (F(5,1285.17) =2.98, p = 0.01). The random effect of Speaker was also
significant 6%(1) = 119.60, p < 0.0001). However, ContexiGender interaction
(F(1,1285.25) = 2.34, p = 0.12); and a thvesy Context x Gender x Vowel imction
(F(5,1285.19) = 0.50, p = 0.77) were not significant. In summary:
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For TLroc, the combined interaction between gender, context and vowel was found to
be nonsignificant, as was any interaction between gender and context. In terms of an R

formula wehave
Context + Vowel + Gender + Context:Vowel + (1 | Speaker)

CP FS
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Figure 3.7: Violin plots of mean trajectory length rate of change (in Hz/ms) of the six
diphthongs in two contexts (CP and FS) by 11 male and 11 faypedders.

Pairwise comparisons showed rsignificant differences in spectral rate of change for
the following diphthongs[0 Edid not differ significantly in Tkoc from [e P(t(1285.09)
= 3.084, p = 0.02). Als¢p Edid not differ significantly in Tkec from [o€] (1(1285.41) =
-3.136, p = 0.02)[6 §riwas not significantly different froffdt § (t(1285.06) =-1.812, p
= 0.45), and®]and[og also did not show significant difference in 3d(t(1285.41) =
1.681, p = 0.54). Tkeis slower fof& dand[é § across both contexts and genders, than

all other diphthongs[e pshows the fastest rate of change across both genders and
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contexts, except for male CP context. Diphthongs show conssgtectral rate of change
by male and female speakers across both contexts; however, the results are inconclusive

with regard to the differences in rate of chabgaveen each diphthong

3.4.14 Vowel Section LengthRate of Change (VSLroc)

VSLroc for eachdiphthong in each context by each gender is givefigare 3.8. The

figure shows roughly similar patterns of spectral change for each diphthong across all
contexts and genders. However, some diphthongs show differences in the peaks of
spectral change ac®six sections. For instand®, fitdoes not show extensive spectral
change for F1 and F2 as compared to other diphthfids[e fi and[og show constant
increase in spectral change. However, the peaks, where this constant increase in spectral

change climinates, are different for each of these diphthongs.

In CP context by female speakers, as showFignre 3.8, [e oshows the spectral peak
in the 309%40% section of the voweld B [6 frand[og show spectral peaks in the 50%
60% section of the vowel; arficbjaand[d $show spectral peaks in the 4680% section

of the vowel.

In diphthongs produced by female speakers in FS corfefi, [0 and[og shows
spectral peaks in the 5080% section of the vowel[6 § [¢]éand[& § show spectral
peaks in the 40%0% section of the vowel. In the diphthongs produced by male speakers
in CP contextfod], [e P [®]@nd[d $show spectral peaks in the 4@0% section of the
vowel; [6 §ishows a spectral peak in the 5@ section of the vowel; aridd shows
spectral peak in 30%40% section of the vowel. In the diphthongs produced biem
speakers in FS context all diphthongs ex¢épishow a spectral peak in the 4@0%

section of the vowel, arfdd]Ghows a spectral peak in the 582 section of the vowel.
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Statistical tests were once again performed using the same methodolegyias 4.4,
with VSLroc as the dependent variable and using diphthong input data augmented with

the VSLroc for each utterance.

The results revealed a significant main effect of Vowel (F((5,7820.54) = 220.46, p <
0.0001) and Section (F(5,7820.02) = B9.& < 0.0001). In addition, the results showed

a significant interaction between Context x Vowel (F(5,7820.60) = 9.68, p < 0.0001) and
Gender Vowel (F(5,7820.54) = 4.81, p = 0.001), Contex8ection (F(55,7820.02) =
4.62, p =0.0001), Vowel Section (F25,7820.02) = 18.25, p = 0.0001), and a significant
threeway interaction between ContextVowel Section (F(25,7820.02) = 2.57, p =

0.0001), and GenderVowel Section (F(25,7820.02) = 2.26, p = 0.001).
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Figure 3.8: Vowel section lengtinate of change for each diphthong in both contexts (CP,
FS) by maleandfemale speakers

The random effect of %1p=e286k4d p<008al). However, s i ¢
Context Gender interacdn (F(1,7820.82) = 3.76, p = 0.05); and a thnesy interaction
between Context x Gender x Vowel (F(5,7820.62) = 0.81, p = 0.54) and Context x Gender
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x Section (F(5,7820.01) = 1.61, p = 0.15) were not significant. In addition aviour
interaction betwee Context x Gender x Vowel x Section (F(25,7820.01) = 1.33, p =

0.12) was also not significant. In summary:

For VSLroc, the combined interaction between gender, context and &@gébn was
found to be nossignificant, as was any interaction between geadd context. In terms

of an R formula we have

Context + Gender + Vowel + Section + (1 | Speaker) + Context:Vowel + Gender:Vowel
+ Context:Section + Gender:Section + Vowel:Section + Context:Vowel:Section +

Gender:Vowel:Section

Pairwise comparisons showed significant differences in VSLroc for all diphthongs;
however[®]odid not differ significantly in the pattern of spectral change fiag
(t(7821.44) = 2.145, p = 0.26)6 fialso did not show a significant difference frnd

in the pattern of spectral change (1(7820.112313, p = 0.18). Thus, results fl@b]o

[0og and[6 §are inconclusive and more data is required for further investigaftoe.
other three diphthong$6 E [& $and[e ) showedsignificant differenes in the patterns

of spectral rate of change for each section of the diphthong.

3.4.2Duration

The mean duration of six diphthongs with standard deviation is givieabile 3.7. Figure
3.9 shows the mean duration in all contexts by the 22 spe&iguse 3.9 shows hat all
diphthongs have comparable duration; howejdedand[6 §are shorter than any other

diphthongs.

Statistical tests were once again performed using the same methodology as Section 2.4,

with duration as the dependent variable and using diphtimpnug data.
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Table 3.7: Mean duration in milliseconds of the diphthompgeduced by 11 male and 11
female speakensooled over contexts (standard deviation in parenthesis).

Vowel Gender Duration (SD)

6 e F 233 (41)

M 208(37)

6 a F 234 (52)

M 212 (37)

ed F 245 (65)

M 219 (55)

&0 F 235 (40)

M 223 (47)

oe F 243 (55)

M 227 (51)

a6 F 244 (48)

M 232 (39)

CP FS

o~ [ e
-~ e _
0 100 200 300 0 100 200 300

Duration (ms)

Figure 3.9: Mean duration of the six Punjabirdu diphthongs in eaatontext (CP, FS)
for each gender, across 22 speakers (11 males and 11 females). Error bars represent +/
SD.
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The results revealed a significant main effect of Vowel (F(5,1285.02) = 8.26, p <0.0001),
a significant main effect of Context (F(1,1285.04) 423, p < 0.0001), and a non
significant main effect of Gender (F(1,22.01) = 2.34, p = 0.13). In addition, the results
showed a significant interaction between Context x Vowel (F(5,1285.02) = 18.35, p <
0.0001). The random effect of Speaker was alsd sfgn c?@)=t551(92; p < 0.0001).
However, Gender Vowel interaction (F(5,1285.15) = 1.90, p = 0.09), Context x Gender
interaction (F(5,1285.02) = 18.35, p < 0.0001), and a e Context x Gender x
Vowel interaction (F(5,1284.91) = 2.15, p005) were not significant. Nesignificant
threeway interactions suggest that males and females responded to the changing context

in the same manner.

The duration of diphthongs was found to be longer in CP than FS, which is backed up by
the significant #ect of context.Figure 3.9 shows the mean duration of the six

diphthongs.

The pairwise comparisons showed that in CP context the following diphthongs
significantly differ in duration:[0 Pis different tharfe P(t(1296.12) =8.131, p <0.01),

[od (t(1296.25) =3.847, p <0.01), an@id ¢ (t(1296.10) =3.650, p <0.01). [e Pis
different than[®]d(t(1296.13) =5.148, p <0.01)pg (t(1296.26) =4.160, pG01), and

[& $(t(1296.12) =4.497, p <0.01).

The pairwise comparisons showed that in FS context the following diphthongs
significantly differ in duration[6d]/ is different tharjd §(t(1296.10) =4.758, p <0.01).
[e Pis shorter thafiod (t(1296.10) =5.666 , p <0.01), anfl $ (t(1296.10) =6.914, p

<0.01).
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3.4.2.1 F2Transition Duration
In addition, F2 transition duration percentage was calculated from the ratio between the

transition duration and total duration of each diphthong:

Transtion duration percentage (TD%)—= p T

In order to calculate the transition duration, an interval was inserted in Praat, such that
the transition began where the steathte of the first vowel started to change and ended

where the steady state of the second vowel began.

The mean duration of the onset, transition and offset and transition duration percentages
are given inTable 3.8. These percentages suggest that F2 transition duration occupies
almost 30% of the total duration of each diphthong. The results show that F2 transition
duration covers 33% fdi and 31% fof6 § which is shorter than the F2 transition
duration of[6 E(60%) and[6 § (73%) diphthongs in English (cf. Lindau, Norlin, and

Svantesson, 1990).

As shown inTable 3.8, the duration of the first component tends to be slightly shorter
than the second component, and the transition duration tends to be shorter than the second
vowel but comparable with the first vowel. Pairwise gust Tukeytest showed that the

onset duration ifd § was significantly different than offset (t(2570.03) = 19.31, p <
0.0001). For other diphthongs the difference was not significant. Therefore, contrary to
Wagqar and Wagar (2002), omlide is not always shortehan oftglide for all six

diphthongs.

Literature on Urdu vowels disagrees on the duration of first and second vowel in the
diphthongs. The present study shows, however, that the difference in duration between

first and second vowel is not significant.
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Table 3.8: Mean duration in milliseconds of first and second vowel and transition
duration, and transition duration percentages for the six diphthongs across all speakers
and both contexts (standard deviatiopanenthesis)

Vowel Vowel 1 Transition Vowel 2 Transition (%)
0e 68 (15) 72 (17) 80 (22) 33
6 Q 73 (16) 68 (18) 81 (23) 31
e 0 76 (24) 70 (22) 86 (31) 30
@O0 82 (18) 67 (17) 80 (19) 29
oe 75 (19) 79 (22) 81 (27) 33
ao 74 (17) 73 (19) 91 (23) 31

3.4.22 Diphthong vs.MonophthongDuration Comparison
The mean duration of diphthongs versus the summed duration of the corresponding onset
and offset monophthongs is given Table 3.9. The total duration of two separate

monophthongs appears to be longer than the duration of diphthongs.

Statistical tests were once again performed using the same methodology as Sedtion 2.4
with duration as the dependent variable, and diphthongs and summed monophthong pairs

as input.

The formula as entered into R was thus

Duration ~ (Vowel/Mono.vs.diph) * Gender * Context + (1 | Speaker)

Stimulus Vowel (here Vowel refers to diphthongsvesl as summed monophthong
pairs), Gender and Context were fixed effects and Subject was a random factor. In
contrast to the previous model, the new binary effect Mono.vs.diph was added to

disambiguate the diphthongs and summed monophthong pairs.

As disassed in Section 2.4.4, theerTesd s f ustepwiad used to reduce the madel

The results revealed a significant fomay interaction Vowel x Mono.vs.diph x Gender
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x Context (F(6, 3682.0) = 4.3714, p <0.000i¢aning thathe model could not be

reducel.

Table 3.9: Mean duration (ms) of diphthongs and sum of two monophthongs

(onset+offset)
Diphthong Duration Monophthong Duration Monophthong Duration Total
1 2

0e 220 0'E 190 e E 147 337
6 Q 223 0 E 190 oE 174 365
e o 232 e E 147 0E 190 337
@0 229 i E 142 0 E 190 332
oe 235 o'E 174 e E 147 321
a6 238 u: 140 0E 190 330

The pairwise comparisons of each diphthong with the sum of two respective
monophthongs showed that the total duration of each monophthongigmifscantly
shorter than the total duration of two individual monophthongs. The output of the pairwise

differences of contrast is givenTrable 3.10

Table 3.10: Pairwise comparison of mean duration of diphthong with naesation of
two monophthongs.

Diphthong vs. monophthongs duratio t-test
6e HeE 6 t(3728.58 =-30.295 p <0.0001
64 &SE 6 t(3728.58 =-39.485 p <0.0001
ed BEE e t(3728.58 = -26.587 p <0.0001
wd BOE O t(3728.58 = -25.085 p <0.0001
oe vs cEeE t(3728.58 =-21.075 p <0.0001
a6 uEsE t(3728.58 =-43.708 p <0.0001
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The mean duration of diphthongs is below 250ms. These findings are partially in line with
the results reported by Khurshid, Usman and Butt (2003). They reported that the duration
of some diphthongs was below 150 ms, which is shorter than the duratiolorg a
monophthong. The results from the present study show that the total duration of a

diphthong is shorter than two monophthongs but longer than one long monophthong.

3.5 Discussion and Conclusion

Diphthongs are not distinct with regard to duration. Theeb and offset points of
diphthongs are distinct from the pure monophthongs. The steady decrease in F1 closing
diphthongs and steady increase in F1 of centering diphthongs showed that Urdu
diphthongs can be divided into closing and centering categohescldsing diphthongs

have offset points in front close and back close regions; however, these points are distinct
from the monophthongs in those regions. Centering diphthongs do not share the same
offset point; as a resuliw]cand[e Phave offsets intte front central fairly open region,

and the offset point dft $is further retracted and slightly more open. Trajectory length
and vowel section length spectral rate of change showed the internal structure of each
diphthong across both contexts and gesdEhe spectral peaks (as showfigure 3.8)

showed that the duration of the first vowel in the diphthong is not always shorter than the
second vowel, since in some diphthongs the spectral peak was shown a662%or

60% 70% which suggests that the first component in the diphthong was loageihth
second component. These findings contradict the claims of Wagar and Waqar (2002)

who reported that the second element is longer.

Diphthong trajectories were shown graphically overlaid on the relevant monophthongs,
and show a probable correlatiorhe mean F1 and F2 of these diphthongs before and
after transition was extracted and compared with the mean F1 and F2 of the relevant

monophthongs. Trajectory length (4§ and vowel section length (V&k) rate of

106



change were also calculated and analgsaiistically. The spectral rate of change showed
that all diphthongs had spectral peaks in different sections of the vowels, which suggest

that these diphthongs differ from each other with regard to transition behaviour.

Phonetically, however, these Urdacalic sequences do not behave like diphthongs. The
results show that these diphthongs (voeséquences) are shorter than two
monophthongs together, but longer than a long monophthong, which suggests that a time
slot is not deleted as claimed by Wagad Wagqgar (208). All six diphthongs are distinct

from each other at the onset (20%) and offset with regard to F1 and F2, and first and
second vocalic segments in these vewlel sequences are also distinct from pure

monophthongs in quality.

The time spat in the transition, and the duration at the onset and offset, are all of similar
magnitude, each occupying approximately 1/3 of the total sequence, which suggests that
Urdu does not have rising diphthongs as claimed by Wagar and WagarZ20QUrdé

has rising diphthongs (second vowel 1is of

This result is markedly different from English where transition duration can be very high,
e.g., 60% fofa]@nd 73% fofa fi(Lindauet al, 1990). Lindaet al.(1990) also reported

that in Chinese 4650% of the diphthong duration is covered by transition, and in Arabic
and Hausa for the same two vowels it is betwee2@b. They concluded that the
transition duration for each diphthong is language specific and depends on the Euclidean
distancebetween the first and second vowel in the diphthongs. The languages with larger
vowel inventories (such as English) show larger transition duration as compared to
languages with smaller vowel inventories (such as Arabic). Thus, according to eindau

al. (1990) transition duration appears to be distinct across diphthongs as well as

languages.
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Overall, the results show that thekphthongs arpronounced as two vowels with almost
equal duration by Punjattirdu speakers. In addition, the shorter transition duration
suggests that these are vowels in hiatus and not diphthongs (in line with (Quilis, 1981
cited in Aguilar, 199:72, as discussed Sewxt 3.1.2). The only possible reason to treat
these vowelowel sequences as diphthongs could be that the total duration of each
diphthong is less than the duration of two monophthongs. Literature on Urdu phonology
unanimously reports that onsetless sy#ab except for word initial position, are not
allowed in Urdu. If we divide the words, e[g. 6] and[boe] into two syllables such as

/| p 6. e l.el,ave dre |éfthwith an onsetlesglable, which is not permitted in Urdu

and violates the onsetless syllable structure rule (see Section 3.1.1). The stimuli used here
were all considered monosyllabic words, therefore the effects of stress on the quality of
these vowels cannot be accaeohfor. In future it will be interesting to see the qualities

of these diphthongs, or vowels in hiatus, in disyllabic and multisyllabic words, with
stressed and unstressed syllables. Future perception and syllable identification tests will

also help to béer establish the status of these diphthongs.
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Chapter 4

Second Language Perception
Rationale
This chapter is focussed on the perception of SSBE vowels by Ruhjhbispeakers.
The previous chapters investigated the acoustic and phonetic properties ebleds.
This was necessary in order to formulate hypotheses and investigate the predictions of L2
perception models, such as Perceptual Assimilation Model (PAM; Best, 1995}/ PAM
(Best and Tyler, 2007)Second Language Linguistic Perception model (L2(LR)P;
Escudero, 20059nd Speech Learning Model (SLM; Flege, 1995), as discussed in more
detail in Section 4.2. Besides other factors, such as age of learning and exposure to L2,
these models emphasize the relationship (e.g. similarities and differ&etesen the
L1 and L2 phonetic and phonological inventories. Therefore, it was crucial to understand
the Urdu vowel system in order to better understand the perception of English vowels by

native speakers of Urdu.

As discussed briefly in Section 1.3, piée English being the official language in
Pakistan, there is not a single study which has investigated the perception of Standard
Southern British English (SSBE) vowels by these speakers. The context in Pakistan is
very different from most of the studiesported in L2 perception literature for a number

of reasons: Pakistan is a multilingual country where most of the population speaks more
than two languages; English is a lingua franca in higher education and bureaucracy, and
is even the language of tleenstitution, so it is not a foreign language; and the input
learners receive is far from native except for some very prestigious English training
institutions where BBC recordings are used for listening and speaking. Despite the
multilingual context, Paktans strives to speak Standard Southern British English
(SSBE). IELTS and other English language tests as a requirement for entry into national

and international institutions are another reason to learn Standard British English. With
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regard to RceivedPronunciation (RPand General American models of standard English

varieties, Kachru (1992:50) rightly stated that

i N enative speakers of English often aim at close approximation of these models
(i.,e. RPandGeneral American (GA)even at the risk of sowdling affected. The

works of Daniel Jones and John Isenyon encouraged such attempts. What
Jonesd outline of English Phonetics (

(1956) did forR P, KesAmemibcan Pronunciation dic

The limited availableiterature on Pakistani English is discussed in further detail in
section 4.1. There is a gap in L2 perception literature for multilingual speakers with very
little input of native L2, i.e. English in this case. The present study was designed to test
the pedictions and hypotheses proposed by L2 perception theories in a multilingual
context, i.e. Pakistan. The main question to be addressed is whether L2 perception models
are applicable to multilingual speakers in a multilingual context, and findings are
disaussed inChapger 5and Chapter 6 A brief overview of the L2 vowel perception
literature is discussed in section 4.2 followed by the research questions and predictions
for the present study. However, before that a brief ogenof Pakistani English, and

how it is distinct from Indian English, is presented.

4.1. Pakistani English (PE)

As discussed in Section 1.3, English is the official language in Pakistan, Urdu is the
nationallanguage, and six major regional languagespo&en in the country. However

due to the historically unstable political situation and dual education and language
policies of the government, defining the status of English in Pakistan is not easy. Since
the British colonial period (until 1947), Englislas been the official language, as it was

considered a neutral language for muitguistic and multiethnic Pakistan and India
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English in Pakistan is considered a tool for so@abnomi¢ individual and national
development. According to Rahman (801 1 0) , AEnglish is very
Pakistani students and their parents and
to investigate student attitudes and beliefs about the English language and its role and
status in Pakistan. Mahboob reportdwitt most participants defined English as an
international and global language, a medium of communication with foreign countries, a
tool to enhance knowledge, learn new scientific discoveries, and a key to a bright and
successful future career; one particip t simply wrote, i No E

(2002:31).

Shamim (2008) reported the poor quality and outdated approaches to teaching English in
government schools, where the focus is on grammar and translation into local languages
or Urdu. English in Pakistais heavily influenced by local languages. Some literature
categorises English spoken in Pakistan as a distinct variety of English; however, there is
very little literature on this point. Prior to Rahman (2015:24) the only available literature
was from 189: ...if 1989, the first printed version of the monograph was intended to fill

the gap in knowledge about Pakistani Engl

Rahman (2015), in his revised monograph of Pakistani English (PE), reported that before
1984, the term Pakistani English was redstent, and it was assumed that educated
Pakistanis spoke standard British Engl{gfough there is no evidence to support this)

any deviations in spoken or written English were considered mistakes and avoided at alll
cost. This prejudice against PHIstbntinues. Rahman (2015:2P) further reports that

there are four subsarieties of English spoken in Pakistan: émglicizedvariety which is
identical to RP except for some phonetic and phonological features; this variety is mainly
spoken by highlyeducated and westernised families; #ueolect the variety used by

upper middle class who studied in elitist Englieedium schools or had exposure to RP

111



later; themesolectised by most Pakistanis who studied in Ungledium schools and had
no exposure to the standard British Englishjghsilecti . . . used by cl er k:

and typists etc who have not had much education. This kind of English is full of

bureaucraticclichés a n d i s the | east intelligible
2015:22) He furt her argues that Ai...the idea
features of English are taken as defici el

Rahman (205), these subarieties of English in Pakistan reflect the class structure,

where the influence of first languages is at a minimum in the Anglicized variety.

Rahman (2015:242) listed the phonological and phonetic features of the four sub
varieties of PhistantEnglish and concluded that although English spoken in Pakistan is
different from region to region (with regard to both the linguistic and social background
of the speakers) as well as from Indian English, Pakistani Urdu and Punjabi speakers of

English share some phonological features with the English spoken in North India.

In his description of Pakistani EnglisRahman (2015) did not report any acoustic and
phonetic analysis of these varieties and based his descriptiparsonal observations
andwritten scriptsfromnews paper s, magazi mes land sotnhoe
how he identified the social class of the writer, and he did not provide any information
about the newspapers and magazines. This information would have been helpdul, sin
according to Baumgardner (1990:60) dATher
in Pakistan, 35 weekly publications, 33 f
A brief overview of the limited available literature on the phonetics and pbgyof

Pakistani English is given below.

4.1.1 Literature on Pakistani English (PE)
Kachru called Asian English fia transpl an

divides the English language in three circles: inner circle (Australia, New Zealhah
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English is used as a first language, outer circle (Pakistan, India, Bangladesh, Malaysia,
Singapore and Philippines), where Englis
language, and expanding circle (Bhutan, Brunei, China, Fiji, Hong Klowignesia,

Japan Maldives, Myanmar, Nepal, Thailand, South Korea) where English is used as a

foreign language.

f...the input that English language learners received in South Asia wastios

and local. There was relatively little contact with nativeletses of English in

India, and after independence, this contact was further reduced. These factors have
contributed to the institutionalization and evolution of South Asian English as a

di sti nct boabandcAhmar, B004;1008)h

According to Mahbob and Ahmar (2004), PE is considered heterogeneous for a number
of reasons: socieconomic, geographic, educational and linguistic background of
speakers. For example, Punjabi and Urdu speakers insert different vowels at different
positions in English wolthat have consonant clusters that are not permitted in Urdu
or/and Punjabi; for examplstartis pronounced differently by native speakers of Punjabi

and Urdu, i.e. [sDtOoErt] and [ wstOoErt],

Mahboob and Ahmar, (2004:1005) stated that
on the production of consonant sounds. &mample,Punjabi speakers replace English

A with /j/ or /d JAThey further claimed that since Pakistan is a multilingual country
speakers with different linguistic backgrounds will probably speak English differently;
hence the findings from their report cannot be generalised. Their claims are made without
any acoustic investigation on the production of English consonants. Fidedietview

of corpusbasedanalysis of Pakistani English see Mahmood (2009).

According to Bolton (2008), Asian Englishes at a phonological level demonstrate a lack

of distinction between vowel contrastsuch as long and short, high and low vowels
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and replacement of diphthongs with monophthongs. However, studies on PE show a
distinction between short and long vowels (Sheikh, 2012; Bilal et al., 201d.a011b

Raza, 2008). Some diphthongs are pronounced as monophthong®dllahnil Ahmar,
2004;Rahman, 199). Khan (2012) reviewed the limited available literature on Pakistani
English and highlighted the fact that studies on Pakistani English are mainly based on its
comparison with British and American English. Therefore, these studies reflect the

English in Pakistan from an elitist perspective.

Mahboob and Ahmar (2004) collected data from six educated speake33 (@ars old),

four females and two males, from Karachi who spoke Urdu as their first language. They
used the Sheffield set for recandiand reported a phonological description of Pakistani
English. They did not report any acoustic or statistical analysis. They classify the vowel
realisation of PakE (Pakistani EnglisHPE) by these native speakers of Urdu into three
groups: (1a) vowelthat are close to RP; (1b) vowels which are different from RP; (2a)
vowels with no inteispeaker variation; (2b) vowels with intepeaker variationThis
classification of vowels is shown in Table 4.1 and Table 4.2 (after Mahboob and Ahmar,

2004:10031019.

They reported that most of the monophthongs and diphthongs are close to RP. However,
in disyllabic words, where the second syllable is usually unstressed and its vowel is
reduced to / b/, the native speakevwwelsof Ut

as full vowels.

For monophthongs, the variation is between tense and lax vowels, while for diphthongs
the variation is between monophthongs and diphthongs. According to Rahman (1991),
monophthongisation of RP diphthongs is a common charactedd®E,cespecially the
monopht hongi sation of [ ed®/ to [/ eE/ and

di phthongs vary in their point of start

114



/ ep/, SQUARE: /[/ep/ is pRBb:nolujnce/d ias @ rodx o
or [/ eOE/ . Overall, their description of
Pakistani English (Bilal et al., 2011a, 2011b and 2011c; Rahman, 1997). In addition, the
monopthognisation of RP diphthongs coutlli®ecause these diphthongs do not exist in

the Urdu vowel inventory (see production experiments in Chapters 2 and 3 of this thesis

for details).

Table 4.1: List of English vowels similar to RP and showing no variation among
Palkistani speakers (after Mahboob and Ahmar, 2004 -1(@1B)

Lexical item PakE (PE) RP
Monophthongs

KIT @ @
HAPPY @ @
THOUGHT OE OE
NORTH OE O'E
FORCE OE OE
PALM 0 E 0'E
START 0 E 0E
DRESS e e
TRAP a&e e&e
STRUT A A
FLEECE i 'E I E
GOOSE u'E u'E
Diphthongs

PRICE a am
CHOICE Ow oW
MOUTH ad ad
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Table 4.2: List of English vowels showing variation among Pakistani speakers (after
Mahboob and Ahmar, 2004:100809)

Lexical item PakE (PE) RP
Monophthongs
FOOT a ufE &
BATH 6 By 8 E
CLOTH OO E 0
Diphthongs
FACE e Bmd ew
GOAT 0 ‘B4 D Q
GOAL o B D &
NEAR W @B P WD
SQUARE e Do [0 e
CURE i Gjoe Q@E j @o

Raza (2008) gave a descriptionRdkistani English based on his auditory observations

of the utterances of 20 speakers, five speakers from four different L1 backgrounds: Urdu,
Punjabi, Sindhi, and Pashto. He did not report any acoustic or phonetic analysis. He
reported t haarepRmunted as/edin@E, dhadtPd/ , [/ e/ and
much |l onger in PE. RP /[/6/, [ OE/ and [/ bpdl/
often pronounceds p] or [a] depending on the social and educational background of the
speakers. FurtheRaza also reportetthat inP E , RP /OE/ is realise
central vowel [Hbowever be didadt previdetapycacoustic e\RdEnce

to support this cl ai m./isHeguedly semaced wifthaar t e d
combination of a short viostaeckfit/ oy iasn dp rao ndc

as [tdae]odo (Raza, 2008:107). This is an i
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other study. Thi s[tpdaea]uncd wltd ome odu d ttogy ia

however acoustic and phonetic evidence is required to establish this claim.

In another impressionistic study, Sheikh (2012) collected data from 50 participants from
13 colleges and universities in Lahoréneestigate PE vowels. Thus, unlike Raza (2008),

her data were based on Punjabi speakers of English. Like many other studies, she only
reported results based on a questionnaire and auditory observations of pronunciation of
individual words from a list. I5e r e p o r t/g/@/ andliuaviowels i PE arel the

same as in RP. She further reported that participants made the following vowel

Ssubstitutions: /el with [P]; /| 6/ and [ OFE
reported by Sheikh (2012ye notclearFor i nst anc e, she report
/| woOme a $ pronounced as [ &] . Thi s vowel

orthography, as participants were asked to read words fromteohetver Sheikh (2012)

did not discuss the infence of orthography on the production of English vowels.

The abovementioned studies discussed the whole vowel inventory of PE. However, the
reported features of PE lack acoustic analysis in order to determine how similar the
vowels of PE are to those &P. Recently, studies on Pakistani English have been
conducted with a focus on front, central and back vowels. These studies present some
acoustic and phonetic analysis with a focus on comparison with British and American
English (Bilal et al., 2014, 2011b and 2011g Hassan and Imtiaz, 2015; Farooq and

Mahmood, 2017) and are discussed below in turn.

4.1.1.1 Front Vowels in PE

Bilal et al. (2011aand 2011p pr esent ed an acoustic /analy
Iy /el and/ee/ of PE with refere@cto RP and AmE (American English) vowels. They
collected data from 60 participants (30 males and 30 females) who were fluent in English

and spoke Punjabi as their first language. They recorded these front vowels in three
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different contexts (i.e. hvd, sVipVt) and compared the acoustic properties with RP and

American English vowels.

Bilal et al. (2011aand 2011b reported the following: (1) PE speakers distinguished
bet ween /i E/ and [ ®/ ; however, their vow
spealers, (2) /el and /ae/ appeared less distinct when spoken by PE speakers as opposed
to RP speakers, who produced /e/ as a alusefront vowel and /se/ as an operid
front vowel , (3) there were fewer differ
producedas more raised and fronted by AmE speakers than by PE speakers, (4) there
were significant differences in male and female productions, but these differences could
be due to male speakers having more exposure to RP and AmE than female speakers.
They conclued by saying that both RP and AmE, as well as local languages, have great
influence on PEHowever they did not report any statistical tests. Their results are based

on average formant frequencies which are giverainle 4.3.

Table 4.3: Formant frequencies of PE front vowéddter Bilal et al. 2011a:2224)

Male Female

All contextshVvd, sVt, pVt

Vowel F1 F2 F1 F2
[i'E] 374 2255 433 2724
[ &] 426 2031 509 2419
[e] 591 1790 716 2028
[e] 632 1773 751 1870

Table 4.3 shows thatin PE'E/ and [/ &/ are distinct vowel

with regard to F1. This contrasts with other literature on Asian Englishes such as
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Singaporean, Malaysiana, Indian English (Deterding, 2007; Kachru, 2005), which claims
that speakers of AgiaEnglishes do not maintain the distinction between these tense and
lax vowels. The formant frequencies reported by Bilal et al. (2011a and 2011b) are
comparable with Hawkins and Midgley (20
substantially higher, @hF2 for /ae/ is substantially lower than the formant frequencies of

RP monophthongs reported by Hawkins and Midgley (2005).

4.1.1.2 Central Vowels in PE

Bilaletal. (201t) i nvestigated the status of thre
PE. They ollected data from 20 speakers (10 males and 10 females) who were
undergraduate students at the University of Sargodha and spoke Punjabi as their first
language. The stimuli were three words per vowel Ad. [ bhstumi punt  mathler

ovenfamous pkirtBpurthurtt They reported that PE has

[ A], where these two phonemes are distinc
[ A] (p < 0.01). [ A] i's slightl yisedander ed
retracted.

In addition, Bilal et al. (201d) reported that Pakistani speakers of English do not

di fferentiate between [ D] and [ 0E], and
difference is nossignificant. They concluded that Pakistani Engliskesinot distinguish
betweent/ and [/ 0 E/ . They further cl ai med t
di fference between [ D] and [ A] is only ¢
gender has nesignificant effect. Their findings were in linetwiMahmood et al. (2011),

who investigated the phonological adaptation of English loanwords in Punjabi, and
reported that RP [ 0E] ismokenlyfunjhi speakefe i n |
average formant frequencies of PE central vowels, astegpoy Bilal et al. (201d), are

given inTable 4 4.
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Table 4.4: Formant frequencies of PE central vowgifter Bilal et al, 2011b:810)

Male Female
Vowel F1 F2 F1 F2
[ D] 514 1365 654 1624
[ 0 E] 537 1396 678 1610
[ A] 626 1473 805 1696
4.1.1.3 BackVowels in PE
Hassan and Imtiaz (2015) investigated t he

data in two contexts, hvd and kvd, spoken by 20 students (10 males and 10 females)
from Government College University, Faisalabad who speak Punjabi as their first
language. They reported that Pakistani speakers of English do not differentiate between
RP/6/ and/O/'with regard to F1/F2Hence in PE these two vowels are considered a single
phoneme. They did not report any temporal differences between these two Vdegls.

also did not report any statistical analysis, and based their arguments on the average F1
and F2 valueas shown infable 4.5. They concluded that for bott/ and/O/B-1 and

F2 are not different in either context, specifically hvd (hod, horde) and kVd (cod, cawed).

Despite the lack of statistical analysis, these results are in line with Raza (2008) who
reported that Englisié/ and /O/Ere found in the speech of very few Pakistanis,
specifically those who either have been educated or raised in the inner ciEdglisf
speakingcountries. Otherwise, most Pakistani speakers replace Enhylishd/O/Rith

[ o E] . Fey the studeatsnfpoin rural areas or suburbs of big cities, like Karachi,
replace/6/ and/O/'&vi t h [ 6 E] (Raza, 2008) . Thus, P
i nfl uenced by -eeonomip drghisdct gesgraphioat, iarml educational

background.
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Table 4.5. Average Formant frequencies of PE back voWaiter Hassan and Imtiaz
2015:29)

Male Female
Vowel (hvd) F1 F2 F1 F2
[ 0] 521 1051 704 1221
[ OE] 574 1034 646 1164
Vowel (kVd)
[ 0] 557 976 682 1169
[ OE] 586 1013 655 1170

4.1.1.4 Diphthongs in PE

Faroog and Mahmood (2017) investigated the acoustic behaviour of RP diphthongs in
Pakistani English. They collected data from 30 educated Pakistanis (12 males and 18
females). Their results are basedpmrceptual identification of syllables and acoustic

i nvestigation of F1, F2 and duration. The
pronounced as the monophthong [o0], and R
/lel.HoweverRP [/ &b/ amadt h empr/omeumrced as [ eD] . I
ep/ and [/ O/ showed comparable features
word medial position. It is not clear if this applies only to diphthongs found in
monosyllabic words consisting ofctosed syllable, or also in multisyllabic words. They
further reported that RP /O&/ had two di
i . e. [ Oe] or [dae]. Overall, their findi
Raza, 2008; Mahboolmd Ahmar, 2004Rahman, 1991 However, there are two main
problems with this study: firstly, they did not provide any information on the linguistic
background of the speakers, hence it is not clear if these findings can be generalised across

speakers of &kistani English with different L1s; secondly, their results are based on
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descriptive statistics of extracted formant frequencies and lack statistical significance

tests to support their claims.

Overall, the literature on Pakistani English tends to agneb® sebf vowels However

due to a lack of comprehensive analysis and standard experimental designs, these studies
are not easy to compare to each other. Some of these studies included speakers with
different L1s (Rahman, 2015; Raza, 2008), but the ntgjof the studies are based on
speakers from a single city, specifically Karachi (Mahboob and Ahmar, 2004), Lahore
(Sheikh, 2012), Sargodha (Bilal et,&011a2011band 2011}, and Faisalabad (Hassan

and Imtiaz, 2015). Therefore, the findings fromsthestudies cannot be conclusively
generalised as Pakistani English. Most of these studies also report that the social and
educational background of the speaker, along with linguistic background, has a strong

influence on the production of English in Paiis{Raza, 2008; Rahman, 199

Theabovementionedstudies on Pakistani English claimed that the features of Pakistani
English are different from the English spoken in Ind#@wever previous studies on
Indian English and Asian Englishes do not draw tlistinction (Kachru, 1998;
Deterding, 2007; Bolton, 2008)-or a comparison of Indian English vowels with the
above discussed vowels of Pakistani English vowels see Gargesh (2006 and 2004:994
997); Maxwell and Fletcher (2009 and 2010). Overall, the comfeatures between
Pakistani and Indian English are the confusion with central vowels and
monophthongisation of some diphthongs. Tense and lax vowels are reported to be
problematic in Indian English; however, literature on Pakistani English reported the
cortrary. Lastly, the extensive literature on Indian English shows that this variety of
English is well researched and documented as compared to Pakistani English. Knowing

how IE and PE varieties relate to esn@other will help us in the following sectionsevh
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we wish to interpret the perceptual assimilation patterns of SSBE vowels by Purgabi

speakers.

As discussed earlier, there is no study on the perception of StaBdatigernBritish
English (SSBE) vowels by Punjabirdu speakers, however similaudtes on different
languages have been performed. A brief overview of the literature on the perception of

second language vowels is presented in the next section.

4.2 Second Language Perception

As discussed in the previous section, English spoken intBakstares some features
with Indian English, but this variety is highly influenced by local languages. Studies on
second | anguage acquisition report t hat
learnersspeak [2 with a strong foreign accenSgovel, 1969; Patkowski, 10pQ
According to the Critical Period Hypothesis (CPH) as proposed by Lenneberg (1967),
maturation of neurobiological system hinders L2 acquisition like the first language (L1).
However, the CPH has been challenged by otheatiiez on L2 speech perception and
production, especially with regard to the period of learning (i.e. the number of years) and
the exposure to native input (Flege, Munro and MacKay, 1995; Flege, 2009). In addition,
research has shown that length of resideincan L2 speaking country (if applicable),
motivation for L2 learning, general language learning aptitude, and everyday use of L1,

also contribute to the mastery of L2 (Piskey, MacKay and Flege, 2001).

The studies on mul t i laéguisiionaflathediadgudge (L3ln g u a |
report that both L1 and L2 affect the acquisition of L3 (Hammarberg and Hammarberg,
2009; Hammarberg, 2014; | a ma , et al ., 2010; Li pi Eska
perception and production of L2, the researmthitngual language acquisition proposed

three different models: (anitary system (i.e. a single system develops into two separate

systems) (b) dual system (i.ebilingual children develop two separate systems which do
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not interact), and (dnterdep@&dencesystem, which is further subdivided irttansfer,
deceleratiorandaccelerationand relates to the interactibetween L1 and L2 (Paradise

and Genesee, 1996 cited in Fabi@mith and Goldstein, 2010:160). The interaction
between the two languagekbilinguallearners enhancdise learning process for certain
aspects, e.g. acquisition of phonetically similar sounds, but slows the learning of certain
linguistic features, e.g. phonology. Thus, the interaction between L1 and L2 results in
errors in poduction as compared to monolinguals of a similar age group (see Fabiano

Smith and Goldstein, 2010 for review).

There is substantial research available on the perception and production of L2 (Fox, Flege
and Munro, 1995; see Flege, 2003 for review); hawreery little is known how a target
language is perceived by multilingual speakers. Early research on L2 speech focussed on
production only; however recent research has also focussed on the perception of L2
speech (e.g. Colantoni, Steele and Escuderd)20he errors in L2 speech production

are believed to be based on the errors in perception of those segments (Strange, 1995). A
number of theoretical models have been proposed and tested to investigate how L2
learners perceive and produce speech sounds\@wels and consonants). A brief
overview of the main competing models on second language perception is pr@sented

the next section

4.2.1 Second Language Perception Models

4.2.1.1 Native Language Magnet

For instance, the Native Language Magnet m@dahl, 1993) focuses on the role and
influence of L1 on the perception and production of L2. According to Kuhl (1991)
Aperceptual magnet effectd is a phenomen
alters phonetic perception. This model suggests thaisexe to a language at an early

age (i.e. between 6 and 12 months) results in language specific perceptual sensitives
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(Kuhl, 2000) and these sensitives alter the perception of subsequent sounds. In other
words, the language specific perceptual sensitivitiers the perceptual sensitivity to
nornative phonemes, especially in adulthood (Iverson et al., 2003). This model has been
challenged by research (e.g., Lively and Pisoni, 1997; Lotto, Kluender and Holt, 1998;
Frieda et al., 1999), and as the focushef present study is on L2 speech perception by

adults, this model will not be explored further.

4.2.1.2 Speech Learning Model (SLM)

The Speech Learning Model (SLM) (Flege, 1995; 2002) focusses on how L2 learners
perceive and produce L2 segments. Shidposes that L2 speech production is highly
influenced by L2 speech perception. SLM also proposes that it is hard to formulate new
categories for L2 sounds if they are very close to L1 sounds, and as a result these
categories will be more difficult to agge. Therefore, for dissimilar sounds new
categories will be formedHowever,the similar sounds will be subsumed under the
relevant L1 category. As a result, this single category formation creates difficulty for L2

learners when they cannot detect the phonetic differences between two L2 phonemes.

4.2.1.3 Perceptual Assimilation Mdel (PAM)

The Perceptual AssimilatiotModel (PAM) (Best, 1994, 1995) was designed to
investigate how naive listeners assimilate and/or discriminate unfamilianatwve
contrasts. Best and Tyler (2007) proposed an extension of PAM;[EAkb investigate

how L2 learners will discriminate nemative contrasts. This model has been divided into
three sections (Best and Tyler, 2007): (1) the L2 contrasts, which are assimilated to the
same L1 categorysinglecategorypattern- SC), are predicted to be very fttfilt to
differentiate; (2) L2 contrasts, which are assimilated to two different L1 segniwots (
categorypattern- TC), are predicted to be very easy to differentiate and assimilate; (3)

L2 contrasts, which are assimilated to the same category, caiffdrerdiated and
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assimilated very easily depending on the rateatégorygoodnes$CG). The higher CG

rating will indicate which L2 phoneme was perceived as a better example of an L1
phoneme, whereas a lower CG rating will show the reverse. In add®#ovi, predicts

that given an L2 contrast pair, if one of the L2 phones is distinct from any L1 phoneme,
then they are treated &incategorisedCategorised(UC); and if two L2 phones are
perceived as noise and so0 notunmcsastieng draitsea
or A unas dUncategbrsdalln@iegorised-UU) (Best, 1995; Strange 189

Guchiliakaya, 2007; Tyler et al., 2014).

According to Best and Strange (1992), the perception of vowels and consonants remains
flexible even after the criticaderiod. PAM (Best, 1995; PANI2; Best and Tyler, 2007)

and SLM (Flege, 1995) are two competing models in the literature on L2 perception.
These models agree that the degree of difficulty in the perception and production of L2
segments varies dependingtbeir resemblance with L1 phonemes (SLM) or how those

L2 segments are assimilated to L1 phonemes.

4.2.1.4 Second Language Linguistic Perception Model (L2LP)

More recently, the Second Language Linguistic Perception model (L2LP) has been
proposed (L2LP: Esdero, 2005), and predicts the difficulties faced by L2 learners based

on the acoustic similarities and differences between L1 and L2. According to L2LP, cross
language acoustic similarities between L1 and L2 vowels can help to predict the
assimilation, ceegorisation and discrimination patterns of L2 vowels. L2LP was mainly
Afdesigned to account f o-mativel spebkersiofl vagying v ar
profi ci encgtal 2016:44). xnpredictions are similar to PAM, especially

with regard tosinglecategory (SC) andtwo-category (TC) assimilation patterns. In
addition, like SLM, L2LP predicts crodanguage categorisation based on acoustic

properties of L1 and L2 vowel8s briefly discussed in Section 1.4.hesimilarandnew
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scenariofeatues of L2LPareexplored in the present study under the umbrella of PAM
(two-categoryandsinglecategory and SLM, since L2LP shares predictions with PAM

and the role of L1 acoustic properties with SLM.

4.2.1.5 SLM and PAMi Similarities and Differences

Although SLM was developed to investigate the perceived similarities and differences
between individual L2 phones and L1 phonemes, and PAM was developed to investigate
the perceptual assimilation and identification of L2 contrasts, SLM and PAM agree on
thenotion that accuracy in the production of L2 sounds is based on the perception of L2
sounds. In other words, L2 perceptual errors lead to inaccurate L2 productions. PAM and
SLM also agree on the notion of t hat f
throughout | ifeo (Best and Tyl er, 2007 : 24
categories exist in the same phonological space, therefore, the two systems interact and
as a result L2 learners cannot achieve monolintikmlperformance (Colantoni, et al.

2015). However, these models differ in their predictions of perception of L2 segments.

The differences betwed®PAM andSLM are givenn Table 4.6and the common features

in PAM and SLM are givem Table 4.7

Table 4.6: The differences between SLM and PAM

PAM SLM

PAM tests the perceptual assimilati SLM focuses on the individual phones

patterns of pairs of L2 phones to |

phonemes

According t o P A M SLM proposes that phonetically releve

articulatorygestures (tongue position, voc features (phonetic categories) are stc

tract, manner of articulation, i.e. fricativ in the longterm memory and aresed for

lateral) play an important role in tr cross language perception of |

perception of L2 sounds segments

PAM-L2 tests inexperienced L2 learners SLM tests the effects of experience
L2 learning, so in practice SLM tests a
compares both experienced a
inexperienced L2 learners

PAM predicts L2 difficulty based on SLM predicts difficulty with regard tc

perceptual assimilation of L2 contrasts acoustic comparisons between L1 and

native language phonemes
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Table 4.7: The common features in SLM and PAM

PAM

SLM

Commonfeatures

SingleCategory  Perceptual

If two L2 phonemes are heard as similar to one

(SC)assimilation equivalence phoneme, this will be SC, according to PAM;

Two-Category
(TC) assimilation

Uncategorised
Uncategorised
(VL)

L1-L2
phonetic
similarity

New
category
formation

new category will be formed according to SLM.

If two L2 phonemes are perceived as similar to-
L1 phonemes (as opposed to a single L1 phone
this will result in TC according to PAM; listene
will be able to detdcthe phonetic difference
between the L1 and L2 sounds, according to SI

This means that these phonemes will

discriminated easily according to PAM, for tf
new phoneme a new category will be form
according to SLM, since it is absent from the L:

Previous studies on SLM and PAM mainly focussed on the perception of English vowels

as a foreign or second language, with some exceptions, e.g. French vowels (Levy and

Strange, 2008) and Norwegian, French and Thai vowels (Tyler et al., Z0&4g models

have proposed a number of hypotheses as discussed above, and a number of studies have

been conducted to test these hypotheses for the perception of vowels. In the next section,

a survey of these studies is presented for each model.

4.2.2 StudiesTestingSLM

4.2.2.1 New Categoryrormation and Position-Sensitive Allophones

FIl egeds

SLM (1987, 1995) proposes that

between L1 and L2 segments that results in better perception and production of L2. With

regard to thdormation of new categories for L2 segments that are not present in L1,

according to SLM it is easier for native English speakers learning French to perceive and

produce the French vowel /y/ more accurately and easily than /u/, which can be easily

confusel (equatedl

wi t h

t

he English vowel [ u'E/

(FI

from L2 are easier to perceive and produce than those that are phonetically close to the

L1 sounds. "The greater the perceived phonetic dissimilarity between an L2 sound and
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the closest L1 sound, the more likely it is that phonetic differences between the sounds

will be discerned" (Flege, 1995:239).

In order to support this hypothesis, Aoyama et al. (2004) conducted perception and
production experiments to investigate Native panese speakersd per
and / €/, where English /[/€¢/ is considered
than English /I/. Their longitudinal study was conducted on both young and adult learners
of English. Their findings supptad the hypothesis that it was easier for Japanese learners
to perceive and produce English [ €/, whic
to English [17/. Further, their findings

improvedfora gl i sh [ &/ .

Previous research has also shown that due to phonetic category assimilation or
dissimilation, the vowels produced by bilinguals and monolinguals differ in their spectral
and/or temporal quality. For example, Flege, Schirru, and MacKay (2083tigated

the production of Eng]l-Emglshbiliegdals. They finflirgsi r g 1
showed that early bilinguals, with low use of L1, established new categories for L2
segments; however late bilinguals, both with low and high use ofmetged the L2
phoneme with an existing L1 phoneme. Thu:
movement by late bilingual Italian speakers of English than native English speakers
early bilinguals produced EngnnatwehEndlishw/ w
speakers. This study showed that early Itakaglish bilinguals formed a new category

for English /ew/, which was not only dif
These findings supported the hypothesis that L1 and L2gpicasystems interact either

by new category formation or merging two (L1 and L2) categories.

Further, SLM proposes that the position of an L2 segment in a wositipnsensitive

allophone$ plays an important role in the perception and production ostdgment. For
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instance, Flege, Tagaki, and Mann (1996) found that Japapes&ers of English
perceive English [ &1 better than Engl i st
suggests that formation of a new or similar category for an L2 segtapahds on the

level of positionsensitive allophone. English /I/ is considered to be closer to Japanese /r/
Hence Japanese speakers distinguish Engl.]
L1, and can establish a new category for this sound. AccordiSbefmion andtrange

(1982), Japanese peaker s of English perceivnal Engl
position than word initial ppos#iont sensitive wh |

allophonehypothesis.

4.2.22 Effects of Experience andexposure to L2

Some L2 perception studies report that linguistic experience not only influences the
perceptbn of L2 sounds but also of L1 sounds (Flege etl8P4; Boomershine, 2013)

and leads to the development of an interlanguage phonological space, so that bilinguals

do not perform like monolinguals of either language.

SLM also emphasises the effects andelation between age of learning, exposure to L2

and the use of (see Flege, Bohn, and Jang, 1997; Flege et al. 1998; Flege, Schirru, and
MacKay, 2003 for detailsHowever, these factors are not relevant to the present study
and cannot be tested dinetfollowing reasons: learners start learning L2 (English in this
case) from a very early age; learners are multilingual (they speak at least three languages)
and are fluent in all; and the input they receive is far from native except for British and

American cinema and television.

Previous studies have also shown the effects of proficiency on the perception of L2
vowels and suggesdithat increased L2 proficiency causes the modifications in the vowel
spaceFox et al. (1995) investigated the perceptosadven Engl i sh vowel

/o/, [ pl, | A/, and [/ 6/, and three Spanis
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and SpanisihEnglish bilinguals. Their multidimensional analysis showed three
dimensional patterns of identification of the \ala by English monolinguals (vowel
height correlated with duration, which highlighted the langtiggendent sensitivity to

this phonetic feature; front/back; and centralhgentral) and twalimensional
identification patterns by Spaniginglish bilinguas. Further, their results showed that

the performance of Spanisinglish bilinguals was similar to native speakers of English,

as compared to the Spanish speakers who were not proficient in English and so confused
the vowels. This led the authors to comiguhat with the increase in L2 proficiency,
identification of vowels is altered due to the modifications in the vowel space. However,

it has not been tested if this sensitivity to the correlation between vowel height and

duration can be seen in multilingluspeakers of English.

With regard to L2 experience, Bohn and Flege (1990) investigated the identification and
di scrimination of four American Engli sh
speakers of German. Based on perceptual similarities lfwice drawn by comparing
spectral and tempor al properties) betwee]
absence of /ae/ from the German vowel inventory, the identification (labelling) task
yielded the predicted r et®expdcted Gerfan vowel/ ar
categories with a strong goodness of judgment ranking (on a scal®)oHbwever

|l i steners were not very <confident when
categories. According to Bohn and Felge (1990:310), this could ke thuefact that AE

/| 0/ and [/ P/ fAdo not have <clear counterpa
comparison between AE and German vowels, they concluded that spectral cues were
significant i n i dheweteidlraticnaues were significart for/thea n d
identification of /uo/, and the results f

have a corresponding vowel category in their L1. Therefore, AE vowel /ae/ was classed
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as new for native speakers of GermAccording to SLM a new phonetic category will

be established for this vowel.

In the second part of this study, Bohn and Flege (1990) conducted a discrimination
experiment of the continuaeat bit /i/-/ @/ betbat v/a/, differing in both spectral

quality and duration. Their results showed that both experienced and inexperienced

|l i stenersd performance was comparabl e for
(il- &1 ) in AE and Ger man. Both experience
temporal cues, thus L2 experience was not significant. However, experienced learners
performed better, and relied more on spectral than temporal cues, for the discrimination
of t-leed cortrast. This suggested that experience with L2 can lead to-lilative
performance. They concluded that experience with L2 plays an important role for the
perception of vowels that are absent from L1. This wasnémrmativestudy. However,

it is not made clear why experience with L2 did not affect the perceptiol/ofii/ .

Bohn and Flege (1992), further investigated the effects of experience on the production
of English vowels by native speakers of German with varying experience of English.
Acoustic comparisons of/ phducedbyp Genhas (bith i / |,
experienced and inexperienced) and English speakers confirmed their hypothesis that L2
experience affects the production of new vowels and does not affect the production of L2
vowels that are similar to L1 vowels. However, their perception tests foretherowel

/el did not support this hypothesis.

4.2.23 Role of L1 in L2 Perception

The L2 perception studies show that the perceived relation between L1 and L2 vowels,
and experience and exposure to L2, plays an important role in the accurate production
and perception of L2 vowels$:lege, Bohn, and Jang (1997) investigated the role of L1

and experience on the production and perception AE vowels by experienced and
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inexperienced nonative speakers from four different linguistic backgrounds: German,
Korean,Mandarin and Spanish. Similar to Bohn and Flege (1990), the perception tests
consisted of an identification task of synthetic continubedii bit /i/-/ @&/ beebatd v /

/eel, differing in both spectral quality and duration. Their predictions for perneptio

these contrasts were based on the acoustic analysis of the similarities and differences
between L1 and L2 vowels, i.e. German, Korean, Mandarin, Spanish and English vowels.
Their findings supported the hypothesis that the production of L2 vowel stsndiepends

on the perception of those segments. However, they found that the production and
perception ofbeat bit /i/-/ @/ vowel s did not di ffer b
inexperienced native Spanish speakers. In their production, there was vespéititeal
difference between the two vowels; however, in their perception they showed the
identification and reliance on spectral
and production did not match. They concluded that the perceived relation hétivered

L2 vowels, and experience and exposure to L2, plays an important role in the accurate
production and perception of L2 vowels. However, they did not explain all vésze

the perception and production of AE vowels did not differ between experteaad

inexperienced speakers of English.

4.2.2.4 Effects of Age of Learning (Early vs Late)

According to FlegeMacKay and Meador (1999), early exposure to L2 results in better
perception and production of L2 sounds. Flege é1209) investigated the categorical
discrimination of English and Italian vowels in three different sets as follows: English
vowel pairs fil-/ &/-/, & ll-u Al B/-/ Ahd oéHé English and one
leet a | -[al, LI and /elle/; Italian vowel pairs /dlo/, /etlal and /Wli/). Their
participants were highly experienced Italianglish bilinguals and theyere divided into

four groups based on their Age of Arrival (AoA) in Canada. Their results showed that

native Italian speakers who started to learn English early discriminated English vowels
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better than | ate | ear ner s erienGedl anrtheiyL2 mayl i n g
perceive L2 vowels in a nativeli ke fashi.
them to conclude that early bilinguals might have established phonetic categories (Flege,
1995) for English vowel scur indthlian.aHedce thel / W
discrimination patterns for English-fil &/ drmd /we/lr e di fferent b
(AoA) bilinguals and late bilinguals. From the production experiment, Flege et al. (1999)
found that late Italian learners of English neligead the differences between low and

mid-c ent r al English vowels such as [/ b/, [ 0l
task for vowel contrasts /&&/a /-, a I-@/ | @&4heal, the [Até bilingual group scored

less than native speakers of Hslyl Overall, this study supported two SLM hypotheses,

i.e. category formation by early learners of L2, and accurate production of L2 depends on
the accurate perception of L2. However, later studies (Flege and MacKay, 2004) have
shown that nativdike pereption does not guarantee natlikee production of L2

segments.

In an earlier studyFlege et al. (1998) found thtiireeyearexposure to native English

input affected the perception of English consonants by native Japanese speakers.
Experienced Japanese speakers performed better than inexperienced speakers for the
discrimination of consonant contrast8:/l/, /si-/ d / -[v/, and#&-/w/; however,there

was no difference in their performance for the identification of vowel contrasts:dul |

| /Al ;1 0O e wlaww/d. /Tih/i s suggests that percei\
Japanese consonants may change with experi@nd exposure, but perceived relations

between English and Japanese vowels remains unaffected.

Previous studies have supported SLM hypothesis that children are good at category
establishment, since they can detect the phonetic and acoustic differanmeEntel and

L2. Baker et al. (2002) investigated the identification of eight English vowels, d/-
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| &ldet! va/lnd-Al 6by Korean speakers. According
in Baker et al., 2002:3), these pairs of vowels are densdl to be difficult to discriminate

and easily confused by Korean speakers in perception and productionlabigssge
identification tests were carried out with adults-@2years old) and children-@years

old), all monolingual Korean speakers wive been living in the US for a year or less.

The English vowels were embedded in three different contexts: /bVt/, InVt/ and /hvd/.
The listeners had to pick one of the 10 standard Korean vowels and ratgopomgscale

how similar that sound was taggaven Korean vowel. The results showed that assimilation
patterns for English vowels were similar for both adults and children. For example:
English/it/ &/ wer e matched to -Kofreaar eomai ched
/ul; English /el 0/ nrwaetrceched t o Korean [/ 0/ and /[ el
vowel s for thempA/ wedeEmgtchbd/ b two se
and / A/ respectively. The only differenc
adultsand childrenyas t he goodness rating, where cl
than adults, which suggests that they did not consider English vowels good examples of
native Korean vowels. This finding supports the SLM hypothesis that children are good

at category dablishment, since they can detect the phonetic and acoustic differences
between L1 and L2, and as a result perform better (more Ak&yen perception and
production of L2 vowels. Overall, this study suggests that adult/late learners are unlikely

to establish new categories for L2 once their L1 phonological system is fully developed.
Further, their results showed that L2 e
perception and production of only those vowels that arecnofusing and similar tol

vowels.

In order to answer the question of whether early L2 learners can perceive L2 vowels like
native speakers of that L2, Flege and MacKay (2004) investigated the perception of six

Engl i sh -N&Ae/bndiU-Il &/ by nat ilianagrogmpeddy lealy s o f
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(child) vs. late (adult) learners, age of arrival in Canada (AoA), length of residence (LOR)

in Canada, and regular use of L1 (ltalian). Their findings showed that though early
learners were better in their discrimination and gatfoa, some adult learners also
perceived the contrasts accurately. Despite this, their findings broadly supported the SLM
hypothesis that | ate | earnersé percepti ol
They showed that experience and exposute? can help to establish new categories for

L2 vowels, as this ability remains intact throughout life (Flege, 1995). Interestingly, some

of their findings from early learners of L2, who used L1 more often than L2, were not as
predicted and they conclad that learning an L2 at a young age does not guarantee
nativelike competence in L2. Similar to previous studies, this study did not answer why
age (child vs adult) and experience (exp

L2 vowels but not otérs.

Contrary to the abovmentioned studies, Jia et al. (B)@eported that experienced adult

L2 learners perform better than young L2 learners. They reported that the amount of L2
exposure and age (young vs. adult learners) has a strong effect per¢bption and
production of L2 vowels. In particular, their findings suggested that in anative

context with nomative input of L2, adult learners have an advantage in accurately
perceiving and producing L2 soundsn Chi n a, par t osaretpmative s 6 |
input A éan older chronological age predicted a significantly higher discrimination
accuracy of all vowel <contrasts and high
(Jia et al., 206:127). This contradicts the SLM hypothesis thatdreih are better at
perceiving and producing L2 vowels because their L1 phonetic system is not fully

developed (Baker et al., 2002).

Individual differences in vowel perception were highlighted Wang (2006)who

investigated the perceptual assimilationtgrais of Mandarin speakers living in Canada
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for six English vowels, i/ &/-/, & // ud/nid/ ,/ PWwi t h t empor al and
synthetic manipulation. The results showed that Mandarin speakers used duration cues
more so than spectral cues foetEnglish vowel pair Al dHence their assimilation
patterns were not natiMéke. In addition, the results from individual listeners showed
different strategies for discrimination/identification, and that most of the listeners did not
manage to identify English vowels #ef0 / fdmd /ass t wo di stinct
somewhat similar to how native speakers of American English integrated both spectral
and durati on c u e-0/insynthetid €imuli,iwheyeashatieerspedkers O/
of French used only spectral cues deritify these two vowels (Gottfried and Beddor,

1988).

Gottfried and Beddor, (1988) investigated the perception of Freneh@/ v owel s i |
/ kOt [, with tempor al and spectral vari at
consisted of a groupf native French speakers and two groups of American English
speakers, one that studied French and another that did not study French. Their results
showed that French native speakers did not pay attention to the temporal cues in both
categorisation and aajory rating taskdHowever native speakers of American English
integrated spectral and temporal information in order to categorise the two vowels. This

led them to conclude that

A Pl erceptual integration of thel acou
contrast does not simply follow from experience with that contrast. Rather,
perceptual integration depends on the extent to which the acoustic properties
correlate within the broader context

Beddor, 1988:63).

Although experience and exposure to L2 (early versus late) is considered an important

factor in the perception of L2, the relationship between temporal and spectral cues and
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the phonological system of ldalsoplays a significant role in the perception of lduiads.
This could explain why experience does not affect the perception of certain L2 sounds

(Flege and MacKay, 2004).

All the above studies are based on monolingual L2 learners who receive native input at
some point in their life. None of these studieasidered L2 learners who start learning

English at a very young age, but do not receive native eyugpt for Jia et al. (26{.

In the past three decades, the research on SLM has focussed on the rpéxpétiénce,
exposure to L2, and age of leargi The studies on SLM showed that accurate perception
and proficiency do not guarantee accurate production. These studies lack investigation of
individual variations in speech perception and production in order to answer why age,

experience and exposuelt2 do not affect perception and production in some cases.

4.2.3 StudiesTesting PAM and L2LP

Best s Perceptual Assimilati on Mo daad ( PA
Tyler, 2007) predicts thatan2 | i st ener 6 s di s @atvermoumdat i o n
depends on the perceived relation of these-maiive sounds to those in their first

language. This suggests that L1 greatly influences the perception and production of L2.

A number of studies have been conducted to test these PAM predictimsver, most

of those studies investigated the perceptual assimilation and discrimination of L2
consonants. More recently, PAM predictions have been tested on the perceptual
assimilation of L2 vowels (Faris et al., 2016; Tyler et al., 2014; Bundgsiaiden et al.,

2011; Escudero and Williams, 2011; Gilichinskaya and Strange, 2010; Levy and Strange,

2008; Strange et al., 2004; Strange et al., 2005).

Tyler et al. (2014) extended PAM predictions to test the categorisation and assimilation

patterns of nomative vowel contrasts by native speakers of American English. The six
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vowel contrasts were chosen from three different languages, i.e. Norwegian, French and
Thai, and listeners were not told about these languages. They employed two tasks, AXB
discriminationand categorical assimilation followed by goodness rating judgement on a
1-5-point scale. The analysis of individual participant assimilation patterns revealed SC,
TC, CG, UC and UU patterns. The results from the AXB discrimination task supported
the PAM pedictions that, for UC and TC contrasts, discrimination performance was
excellent. They further concluded that assimilation patterns and types vary across
individuals. Even though the UU assimilation pattern showed excellent discrimination,

they did not aalyse these patterns further.

Pol ka and Bohnos (1996) i nvestigation
discrimination and identification of two vowel contrastsi// showed category
goodness assimilation as Germaii /fg/were assimilated to Engligt/. They found that
discrimination patterns showed accurate discrimination, however assimilation patterns
showed that English monolinguals matched the Germéy/ub English /u/, where
German /u/ got higher ratings (mean 3.89) than German /y/ (m8anA2cording to

PAM, this is an example of CG where one segment is a good exemplar of a native
category and the other a poor exemplar; hence discrimination should be easy, as indeed

was shown in the discrimination task.

BundgaareNielsen et al. (2011)nvestigated the assimilation patterns for the whole
vowel inventory (18 vowels) of Australian English in two contexts, (sentence and
citation) to Japanese vowel categories (both mooneaic and bimoraic) by 31 Japanese
learners of Australian English. Theteners were divided into two groups based on their
vocabulary size in L2 (high vs. low). After the mapping of each vowel they also rated its
goodness on a-7-point scale. Overall, their results did not show any difference in the

assimilation patterns isentence and citation context, which meant the learners were
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sensitive to both spectral and temporal information in both contexts. However, the higher
mean goodness in the sentence context suggested that Japanese listeners were sensitive
to temporal infomation (vowel duration) as they are sensitive to duration in their L1. The
assimilation patterns were also similar across the two (high vs. low) vocabulary groups,
however learners differed in their assimilation patterns, especially in the consistency of

mapping L2 vowels to L1 categories.

Their findings show that | arger vocabul

a)

vowels. Overall, these results showed the influence of L1 and vocabulary size. These
findings supported the PAN2 hypothesis that Erger vocabulary sizeephonologises

the L1 system, as learners integrate L2 phones into the existing L1 phonological system
(BundgaareNielsen et al., 2011 he results from this study also showed that, apart from
consistency, the vocabulary size didt ii@ave a significant effect on the assimilation
patterns. Thus, it is not clear if this means vocabulary size affects the perception of L2
vowels, or just refines the perception because they are advanced learners and/or have
more exposure to the L2. Thesas mi | ati on of Australian En:¢

/| e®w/ and /eE/ indicates their phonetic al

4.2.3.1 Uncategorised or MultipleCategory Assimilation Patterns

Escudero and Boersma (2002) showed that Dutch learners of Spanishmsittgale

category assimilatiof MCA) patterns, whi c lperceggionmbdeect e
(Escudero and Boersma 2001). The same setof vowelsqdi/ ) was percei Ve
when presented as Spanish or Dutch vowels, and the assimilation/identification patterns
were different when they were perceived as Spanish or Dutch vowels. As they predicted,
various token of Spanish [ e/ anetthéywdre wer e
told that they were |listening to Dutch voc

they were told that they were listening to Spanish. The experience of L2 affected the
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overall perception resulting in fewer errors. They also repdhatiother than SC and

TC, MCA also poses some problems for L2 learning and accurate
assimilation/ categorisation of L2 segmen
perception mod€Escudero and Boersma 2001) can be helpful to dispose of the L1
categoies that do not exist in L2, and as a result improve their perception and production

of L2. This study is based on the perception of an L2 with fewer voweid_tharhey

did not consider if MCA patterns can be observed if L2 and L1 have a similar namber

vowels.

In a more recent study, Faris, Best and Tyler (2016) investigated the uncategorised
assimilation patterns for Australian English vowels by Egyptian Arabic speakers in
Egypt. They found evidence fdispersedL2 phone is assimilated to a largenmber of

L1 phones)focalised(L2 phone is assimilated to one L1 phone but below (50%) the
threshold for it to be categorised); addstered(L2 phone is assimilated to a small
number of L1 phones) patterns of uncategorised assimilation. They repaitixttiised

and clustered patterns of uncategorised assimilation suggest that listeners were sensitive
to the phonetic details that are distinct in the L1 phonology. However, in dispersed
patterns of uncategorised assimilation, listeners paid attentigrtamphonetic details.

Faris et al. (2016) further reported that the degree of perceptual overlap (partial or full
overlap) can determine the difficulty in discrimination of L2 vowels. They additionally
predict that thefocalisedfocaliseduncategorised antrasts will be relatively easy to
discriminate, whereadisburseddispersedcontrasts will be the most difficult. However,

they did not test these contrasts in this study. This was the first study to analyse and define
the nature of uncategorised assation patternsHowever, it is not clear if these
uncategorised patterns will result in the formation of new categories for L2 and/or result

in the expansion of the L1 phonological and phonetic system.
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4.2.3.2 Effects oAcoustic andPhonetic Similarities between L1 and L2

A number of studies have been conducted to investigate the effects of acoustic and
perceptual similarities of crodsguistic phonemes, i.e. vowels and consonants (Elvin et
al., 2014, Escudero et al., 2014; Escudero and Williams, 2@&tupEro and Chladkova,
2010; Gilichinskaya and Strange, 2010; Escudero, Benders, and Lipski, 2009; Strange et
al., 2004; Strange et al2005; Escudero and Boersma, 2002). Although, according to
Strange et al. (2004), acoustic similarity does not predicigptual assimilation patterns,
these studies suggest that acoustic and phonetic similarities between L1 and L2 can

predict the patterns of perceptual assimilation by L2 learners.

In a recent study Elvin et al. (2014) and Escudero et al. (2014) repbatiedcoustic
similarities between L1 and L2 are better predictors of both the assimilation patterns and
discrimination difficulties faced by L2 learners. Elvin et al. (2014) investigated if the
vowel inventory size and acoustic properties (i.e. simigariand differences) between
Australian English (12 monophthongs), Iberian Spanish (5 monophthongs) and Brazilian
Portuguese (7 monophthongs) can help to predict the difficulties faced by Australian and
Iberian Spanish learners of Brazilian Portuguese.irTiesults showed that Iberian
Spanish learners of Brazilian Portuguese outperformed Australian English learners of
Brazilian Portuguese, which suggested that vowel inventory size wasigroficant;
however, acoustic similarities between Iberian Spaaisth Brazilian Portuguese were

good predictors.

Escudero et al. (2014) investigated the assimilation patterns of Southern British English
(SBE) vowels by 12 male speakers of Salento Italian (SI) who learned English as a foreign
language at school. Escudero et al. (2014) compared these assimilatioms paite

Peruvian Spanish learners of Southern British English. Despite the fact that both Salento

Italian and Peruvian Spanish have a fisvel system, their assimilation patterns of
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Southern British English vowels were quite different. Therefore, Escwateal. (2014)
concluded that crodanguage acoustic similarities between L1 and L2 can predict the
assimilation patterns of L2 learners as well the difficulties faced by them. For example,
they reported that i dent i wuceessfully gredictedlthate s f
SBE / ®/ was assimilated to SI [il, and

predicted that SBE [/ OE/ was assimilated 1

Research shows that acoustic similarities between L1 and L2 can help to predict the
patternsof assimilation For instanceEscudero and Williams (2011) investigated the
perceptual assimilation patterns of Dutch vowels by naive Spanish speakers (20 males
and 20 females), and they found that there were more siatggory (SC) assimilation
pattens than twecategory (TC). They concluded that the acoustic similarity between
Dutch and Spanish vowels helped to predict the possible assimilation patterns. Due to
there being far fewer Spanish vowels (5 monophthongs) as compared to Dutch (12
monophthong) it was predicted that there will be more SC patterns. They did not test the
category goodness rating to see if these patterns were representative of good or bad

exemplars of L1.

Similarly, in an earlier studykEscudero and Chladkova (2010) investigaBmhnish

|l i stenersd (20 males and 20 femal es) pe
Southern British English vowels in a synthetic stimulus of 9 English monophthongs. As
they predicted, Spanish listeners showed perceptual assimilation patternsbdésed o
acoustic/spectral similarity between the vowels of Spanish and the particular variety of
English, and thus their assimilation patterns for the two varieties of English differed. This
study supported L2LP predictions. However, they did not investitpeeffects of

temporal differences between vowels across languages.
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English tense and lax vowels have proven quite difficult for L2 learners of other
languages, as shown in a number of studies (Flege et al., 1998; Flege et al., 1999; Baker
et al., 2002;Escudero and Boersma, 2002; Escudero, 2005; Escudero and Chladkova,
2010; Escudero et al.,, 2014ilichinskaya and Strange (2010) investigated the
perceptual assimilation of 8 American En
and /uE/ in disyllables /Vpb/ by 19 Russ
speakers assimilated AE vowels basedtheir acoustic similarity with the respective
Russian voweldHowever, the rest of the vowels were not assimilated consistently. Their
findings al s/ob/s hagnikd d/ wich/@&t t/h®/ most di ffic
AE { ®El werssdurna@aatg@ori sddd/ vamét e ausikdwe &E/ t
categoy assimilation patterns. Based on these patterns they predicted that English tense
and lax vowels will be easier for Russian speakers to perceive and prodiscehows

that L1 plays aignificant role in the perception of L2 sounds.

Previous studies have also shown thdth regard to the native language, both
monolingual and bilingual learners vary in their reliance on spectral and temporal cues
for the perception of L2 vowels$:or exanple, Escudero, Benders, and Lipski (2009)

i nvestigated the use of spectral and t emj
/| a’'El contrast. T menolinduals¢. leDutgh (3l apdd. tGedfmanl i st €
(31), bilingualsL1-SpanishandL2-Dutch (38), were presented with synthetic stimuli of

the Dutch vowel contrast in an XAB task. Their findings showed liieigual (L1-
SpanistandL2-Dutch) listeners rely more heavily damporathanspectral cuesOn the

other handthoughL1l Germanlisteners showed more reliance on spectral than on
temporal cues, L-German listeners were not accurate in their categorisation of the Dutch
contrast. Overall, L4Spanishand L2-Dutch, with high or intermediate proficiency of

Dutch, categorised the vowatsrrectly as compared to L1 German, who did not have

any experience/knowledge of Dutch. Hence experience of L2 affects categorisation; at
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the same time, the role of L1 cannot be neglected since it alters the perception patterns,
i.e. paying more attentiaio temporal (Spanish listeners) or spectral (Dutch and German

listeners) cues.

4.2.3.3 Effects of Experience an@onsonantalContext

Strange et al. (2001) investigated the effects of consonantal context on the perception of
11 AE vowels by 24 Japanesedisers. 11 AE vowels in six syllabic contextsb/bo-p,

d-d, dt, g-g, gk/ were embedded in carrier sentences produced by four AE speakers.
Japanese listeners mapped these to 18 Japanese categories and rated the category
goodness on a sewpoint scaleStrange et al. (2001) found that patterns of spectral and
temporal assimilation were affected by the consonantal context, which further showed the
difficulty to identify and discriminate AE vowels by Japanese speakers. For example, the
precedingvoicedandoi cel ess consonant affected t he
and [ uE/l . I n addition, the effects of c

assimilation patterns of AE vowels [ ®/, |

Levy and Strange (2008) investigated #ffects of experience and consonantal contexts

on the perception of French vowels /u/l, |/
English who were divided into two groups based on their experience of French, such as
experienced vs. inexperiencdtkperienced listeners studied French from the age of 13

and inexperienced listeners did not study/learn French at all. The French vowels were
presented in disyllables in two contexts: /rabVp/ and /rabVt/. Their results from an AXB
task showed that expenieed AE listeners performed better fof/§il, /u/-/ Tahdly/-/ T [/

vowel contrasts than inexperienced listeners. However, both groups did not differ on the
discrimination of /ufly/. Overall, consonantal context did not show any effect on the
discrimination of experienced listeners; however inexperienced listesdosmed better

in the bilabial context. In addition, the effects of consonantal context were quite
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prominent. The inexperienced group confusedy/iin the bilabial context and Afy/ in

the alveolar context; however experienced listeners confugég fm both contexts.
Although they concluded that naive listeners show different perceptual patterns in
different consonantal context, for segments of an unfamiliar language, they did not

investigate how these discrimination patterns can be assimitatdddvowels.

In addition to acoustic similarities and differences, exposure to L2, experience and
vocabulary size, a more recent study has found that L2 proficiency plays an important
role in the perception and production of L2 vowels and consonantss BradrAlshangiti
(2018) investigated the perception and production of British English consonants and
vowels by native speakers of Arabic with varying fluency in English. Their results
showed that participants with higher proficiency levels showed legsudtijfwith British

English vowels compared to the participants with low proficiency in English. However,
in both groups6 participants found [ &/,
accurate identification. In addition, all participants found tbllowing contrasts most
confusihalgl;ed WA/ vaBWID d 6/ Al t hough the par
started to learn English in Saudi Arabia, most of them had exposure to native British

English for three years, on average.

4.3 Sumnary

Previous esearch has shown that that the L1 vowel inventory, age of learning, experience
and exposure to L2, and the acoustic and phonetic similarities between L1 and L2, affect
the perception and identification/discrimination of L2 vowels. A numlbehe&oretical

models have been proposed and tested to investigate how L2 learners perceive and
produce speech sounds (i.e. vowels and consonants): the Native Language Magnet model

(Kuhl, 1993; 2000), the Speech Learning Model (Flege, 192982), the Pergual
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Assimilation Model (PAM; Best, 1994, 1995; PAM; Best and Tyler, 2007), and

Second language Linguistic Perception model (L2LP: Escudero, 2005).

According to Best and Strange (1997) and Flege et aB7(1P0%), the perceived
similarities betweeh1 and L2 segments affect the perception of L2 segmesisdar,
identicalor new Most recent studies support the second language Linguistic Perception
model (L2LP: Escudero, 2005), which states that elarsguage acoustic similarities
between L1 and.2 vowels can help to predict the assimilation, categorisation and
discrimination patterns of L2 vowels. A number of the abmentioned studies have

been conducted on listeners whose native language has fewer vowels (i.e. Spanish, Italian,
Arabic, Russia, French) as compared to L2, and in most cases L2 was American English,

British English and Australian English.

Investigation of the perception of English vowels by German, Norwegian, Spanish and
French speakers showed that a larger L1 inventory makasidr to perceive L2 vowels
accurately. Studies on L2 perception and production further showed that learners from
different linguistic backgrounds demonstrated similar patterns of assimilation and used
spectral and temporal cues in their identificatio assimilation of L2 vowels. Some
studies reported that L2 vowel inventories that are smaller than L1 result in multiple
category assimilation patterns (EscuderoBaodrsma2004), and L2 inventories that are
larger than L1 result in uncategorisedcatgorised assimilation patterns (Farisagt

2016). However, none of the aforementioned models were designed to specifically
address the performance of early fluent multilingual learners of English, who have no
exposure to native input except for media @m films). In the present study, the tests
are mainly based on the predictions of SLM, PAM and Pi&VIWith regard to acoustic

similarities between Urdu and SSBE, the predictions of L2LP are also tested.
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4.4 Present Study

The present study investigatdte perceptual assimilation of SSBE vowels by Punjabi
Urdu speakers who learn English at school. Therefore, as opposed to previous studies
(Strange et al., 2007; Gilichinskaya and Strange, 2B&€jdero and Chladkova, 2010

the listeners were not naive mexperienced learners of SSBE; however, the English
language they learn is Pakistani English (PE) spoken in Punjab, Pakistan (as discussed in
Section 4.1.1), which has very little to do with SSBE. According to L2 speech learning
theories, L2 learners d¢a difficulties in the perception and production of L2 segments
(i.e. vowels and consonants) which are either new (do not occur in their L1) or are very
close (phonetically) to L1 segments. This study intended to investigate if the predictions
of PAM, L2LP and SLM are applicable to the perception of SSBE vowels where L2
(English) is learnt from a very young age in aimative context and used as lingua franca

in everyday life Hence the L2 users are not inexperienced learners.

In summary, very little is kown about how native Punjabirdu speakers perceive and
process Standard Southern British English (SSBE) vowels, and this study hopes to begin
to shed light on this research question. This will be the first study of its kind to investigate
the perceptionfoSSBE vowels by native speakers of Punjdhilu. In Pakistan, almost
everyone is multilingual, and at least bilingual. Previous studies on multilingual and
bilingual | earner s0 ac qnyreport that atmougb both&l t h i
and L2 aféct the acquisition of L3, it is mainly the dominant language (L2) that interferes
with the learning of L3 (Hammarberg and Hammarberg, 2009; Llama.,e2(dl0;
Hammarberg, 2014t i pi &Es k a, 2017) . Therefore, t he
investigate the perception of SSBE vowels after the investigation of the Urdu vowel
system as spoken in Punjab, Pakistan (i.e. the Urdu spoken by Punjabi L1 speakers).
Based on the second language perception models and literature review, the predictions

for the present study were as follows:
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4.4.1 General Predictions: According to SLM

1 Due toequivalence classificatio(Flege, 1995), Punjaiirdu speakers will not
establish separate categories for English monophthongs that are found in the same
phonologicalacoustic space as a monophthong in Urdu, for examhpielE/WY, | &/
/| A/ and /6/. As a result, the speaker
be very accurate because they will be collapsed with the similar L1 segments.

1 PunjabiUrdu listeners willbe able to establish new phonetic categories for
English monophthongs and diphthongs that do not have a counterpart in Urdu
phonol ogical and phonetic system, for

1 PunjabiUrdu listeners will be able to discern thbonetic differences between
English and Urdu monophthongs and diphthongs, and will be able to establish

new phonetic categories for them.

4.4.2 General Predictions: According to PAM and L2LP
Based on an acoustic comparison of SSBE and Puddjalu vowel ystem, we can

predict the following patterns of assimilation:

1 Given the number of Urdu vowels there will be more patternswforcategory
(TC) assimilation of SSBE vowels.

1 Due to the croskanguage acoustic/perceived similarity (EscuderoBoersma
2005; Flege, Munro and Fox, 1994) there will be s@imglecategory(SC)
assimilation plaR/t;e AlhB'B/adl/ B8dEEN de)/t her e
vowel in the Urdwowel inventory in the corresponding vowel space, i.e. open
mid front, central, and opemid back, respectively.

1 There will be fewerategorygoodnes¢CG) assimilation patterns.

1 There will be moreuncategoriseduincategorised(UU) assimilation patterns,

especially for English front vowels /[0
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4.4.3 Broad Research Questions

O«

Which dimensions Punjafiirdu listeners use to classify the 19 SSBE vowels?

O«

How do PunjablUrdu listeners perceptually assimilate the 19 S8&kels to the

Urdu vowels?

0 How do PunjabiUrdu listeners perceptually assimilate the long and short SSBE
vowels to Urdu long and short vowels?

0 To what extent do the perceptual assimilation patterns differ for the 19 SSBE
vowels produced and presentedwo different contexts, i.e. disyllabievbavs.
monosyllabicoVd?

0 To what extent do the perceptual assimilation and free classification patterns

differ for the 19 SSBE vowels produced and presented in different contexts, i.e.

disyllabichVbavs. monosykbicbVdandhVd?

In order to answer these questions, a cltasguage perceptual assimilation experiment
and a free classification experiment was conducted. Chapter 5 reports on the perceptual
assimilation of SSBE vowel€hapter 6 reports on the free classification of the same 19
SSBE vowels. The reasons for selecting two different types of experiments and three

different contexts are further discussed in the following chapters (Chapters 5 and 6)
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Chapter 5

Perceptual Assimilation of SSBE vowels
This chapter reports on an experiment investigating the percept®tandardouthern
British English (SSBE) vowels by Punjardu speakers from Punjab, Pakistés.
discussed in Section 1.3 and 4.1, Recememhunciation (RP) is the standasatiety of
Englishtaughtin Pakistan. In the present styd®P vowel symbolsareused as reported
by Hawkins and Midgley (2005)however, the stimuli were recorded from SSBE
speakers as discussed in Section 5.2The Crosslanguage mapping and category
goodness rating task is reported in the literature as the most reliable method of
investigating the perceived relation between L1 and L2 vowels (Best, 1995; Flege, Bohn
and Jang, 1997; Ingram and Park, 1997; Schmid#)198 a crosdanguage mapping
task, L2 learners who are phonetically untrained, assimilate multiple natural tokens of L2
vowels to the given L1 categories. After the mapping of L2 vowels to the given L1
categories, they rate the category goodness afalwewels on how similar or dissimilar
the L2 vowel is from those in L1. These goodness ratings (usually fronstrange et
al., 19®) then show which L2 vowels were considered good or bad examples for L1
vowels. If multiple vowels are mapped to a certhl category, it is labelled as single
category assimilation, and category goodness ratings show which one of those L2 vowels
were perceived as the best example of or closest to the L1 category. If two L2 vowels are
mapped to two separate L1 categoriésse are labelled as twoategory assimilation
(Flege, 1995; Best, 1995; Flege et al., 1997; Ingram and Park, 1997; Best and Tyler,

2007).

Given the status and role of English in Pakistan (as discussed Chapters 1 and 4), this study

investigated if the prections of SLM and PAM models (see Chapter 4) are applicable to
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the perception of SSBE vowels, where L2 (English) is learnt from a very young age in a
nornative context and used as lingua franca in everyday life. Hence the L2 speakers are
not inexperiencg learners. Since there is no literature investigating the perception of
SSBE vowels by Punjathirdu speakers, this study employed perceptual assimilation and
goodness rating task ftine SSBE vowels (11 monophthongs and 8 diphthongs). Such a
crosslanguag@ mapping task is ideal for examining the perceptual phonetic distance
between L1 phonemes and L2 phones (Best, Faber and Levitt, 1996) and predicting the
difficulties in the discrimination of L2 phones. The main objective of this experiment was

to addresshe following research questions:

a) How do PunjabUrdu speakers perceptually assimilate the SSBE vowels; i.e. is it
spectral or temporal information they are sensitive to, or both?

b) What are the most confusing English vowels for Purjibiu listeners, which
lead to either mispronunciatiam a strong accent while speaking English?

c) Which English vowels are perceptually assimilated with which Urdu vowels?

d) To what extent perceptual assimilation is influenced by a cobétamiliar to
the participants as a word of English (ébgd) vs. an unfamiliar contextVba

(e.g.hubg?

5.1 Predictions

According to SLM PAM and L2LP the phonetic resemblance between L1 and L2 plays
an important role in the perception and production of L2 sounds. Therefore, the
predictions for the present siyiare based on the acoustic comparison of Urdu vowels
(as reported iChapter 2andChapter 3 with SSBE vowels as reported by Hawkins and
Midgley (2005). They reported formant frequencies of received pronunciation (RP)

monophthongs by four different age groupgyure 5.1 shows the mean frequencies of
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the first two formants in F1/F2 vowel space for SSBE voydmswnkins and Midgley

2005) and Urdu vowels.

5.1.1 Acoustic Similarities between RP and Urd(Predictions according to L2LP)

According to L2LP (as discussed in Section 4.3), based on the acoustic similarities and
differences between Urdu and SSBE, the following predictions can be made. From the
visual inspection and acoustic measurements, itocan pr edi ct ed t hat &
confused with Urduow /wi/l lanbde /aesB/i,mialnadt eSdS BtE
/ 0/ is higher than Urdu /O0OE/; however, F

English /ae/ suggests that it may berassil at ed t o Urdu [/ 0'E/ .

F2 (Hz)
3000 2500 2000 1500 1000 500

| | | | - 200

300

fat

400
} — 500

600

Q‘r

F1 (Hz)

700

800

& Hawkins & Midgley (2005) 900

Urdu
1000

Figure 5.1: Mean frequencies of the 11 RP monophthongs as reported by Hawkins and
Midgley (2005) and 9 Urdu monophthongs on F1/F2 vowel space

Further, SSBE [ Al appears to be acoustic

predicted that SSBE [ A/ wi || be mapped
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appears to be quite different fromrdWr du
/| 6/ . The perceptual assimilation of this
acoustic measurementdowever, it seems that Punjdbrdu speakers will find this

vowel difficult to assimilate to the Urdu vowel categories.

Urdu / oE/ et eesnsbmewmi ddl. ldence ft caists PrEdictedO E/
that those two back SSBE vowels will be assimilated to this one Urdu back vowel. SSBE
/| uE/ and [/ &/ are quite front i n the Vvowe
regardto Flitan be predicted that English [ u'E/
and /&l : however, F2 of English [ uEl is

to predict whether Punjatirdu speakers can identify these two vowels as distinct or not.

5.1.2 Predictions: According to PAM

As discussed in Section 4.4.2, according to PAM, it can be predicted that there will be
someTwo-Category(TC) and moreSingleCategory(SC) (Best, 1995; Best and Tyler,
2007) assimilation patterns for SSBE vowels by Purjalu speakers. For example, as
noted in Section 4.4.2, there will b8ingleCategory (SC) assimilation patterns,
especially/ Bloyg AIBEBBEBA/ b EiEDNlytoheevowel in the Urdu
vowel inventory in the corresponding vowel space, i.e. apehfront, central, and open

mid back. In addition, there will be few€ategoryGoodnes$CG) assimilation patterns,

and there will be mordUncategorisedJncategoised (UU) assimilation patterns,

especially for English front vowels [0/

5.1.3 Predictions: According to SLM

As discussed in Section 4.4.1, according to the Seiliivalence classification
hypothesis, Punf@-Urdu speakers will not establish separate categories for English
monophthongs that are found in the same
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[ Abiol , 1 &Mhd [/ &EL, As a result, the speaker
be very accurate because the vowels will be collapsed with similar L1 phonemes.
However, with experience and exposure, Puri#oiu listeners will be able to discern

the phonetic differences between English and Urdu monophthongs and diphthongs, and
will be alde to establish new phonetic categories for them. Lastly, Pudjahi listeners

will be able to establish new phonetic categories for English monophthongs and
diphthongs that do not have a counterpart in Urdu phonological and phonetic system, i.e.

leel,/ 'BI O'E/and diphuh@nls.

This chapter presents the perceptual assimilation experiment in two cob¥écnd
hVba(for an explanation, see below). Auditory free classification in a third comiégt,

is presented in Chapter 6. Previous researolwstihat the consonantal context has an
effect on the quality of vowels (Hillenbrand et al., 2001), and variations in the phonetic
context due to the neighbouring consonantal context also affects-lamgssge
perceptual assimilation patterns (Strangalet2004; Bohn and Steinlen, 2003; Strange

et al., 2001). Three different consonantal contexts were chosen for the present study.

Monosyllabic words in bVd and hVebntexts were chosen for two reasons. Firstly, the
vowels in these two contexts are ndeafed by the neighbouring consonants, and as a
result the coarticulation effects are factored out (Ferrag and Pellegrino, 2010; Hawkins
and Midgley, 2005; Deterding, 1997; Wells,829. Secondly, to test if the familiarity

with the target language affe¢ts st ener sé6 perception. I n ad
SSBE vowels in a bVd context was to make them appear very different than those in a
hVba context, which aidsinthecrdésss nguage assi mil ation tas
the hVba context arfom a foreign language, whereas bVvd context vowels are from

SSBE.
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Nonce disyllabic words using hVies a context were created to test if the (perceived)

|l ack of familiarity with the target | ang
to vowelsin an unfamiliar context results in better identification of phonological and
phonetic details and hence better perception. Best et al. (1988) reported that American
English monolinguals identified the isiZulu click consonants as nonspeech because clicks
are not found in American English; however, they discriminated the minimal contrasts
very well. Therefore, following Strange et al. (1998) the 19 SSBE vowels are embedded
in nonsense disyllabic words so that listeners could attend to the vowels without any

perceptual effects due to experience of English.

5.2 Experiment Design

5.2.1 Participants

In the perceptual assimilation and goodness rating experiments, 70 (24 male and 46
female) listeners from Lahore participated. Fesity undergraduate students imeir
second and third year, and 24 MA students took part in the experiment. They were
studying either in the department of English Language and Literature or Mass
Communication at the University of the Punjab, Lahore, Pakistan. Their age ranged from
18 to2 5. I n order to obtain i nformati on
background as well as proficiency in English language (independent of their perceptual

abilities), two online surveys were conducted via Google forms (Rehman, 2016).

Prior to thelistening tasks participants were sent emails containing links to two online
forms that were prepared with Google forms. Firstly, participants were given a test to
assess their level of Englistthe English Language Proficiency Test (ELR This was
adgpted fromCambridge Assessment Engli@AE, 2016) C1 advanced levedading

and use of English testecondly, participants were given the Language Experience and

Proficiency Questionnaire (LEAR) adapted from Marian, Blumenfeld and
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Kaushanskay&007) to get their essential linguistic and social backgro®aditicipants

filled in the forms online in English. These tests were prepared to assess pastiéipant
proficiency in English language and educational, linguistic, social and regional
background. Thecores from ELFT ranged from 11% to 87% with a median 8#3and

a mean of 38%. These scores showed that participants varied in their ability, from lower

intermediate to advanced level of competence in English.

LEAP-Q had four main section®ersonal inbrmation Linguistic backgroundEnglish
language acquisitionand Social backgroundAccording to LEARQ, 56 (76%) of
participants speak 3 languages. Further, 41 (55.4%) participants reported Urdu as their
first language and 28 (37.8%) reported Punjabihag first language. Among all the
participants, 21.6% reported Punjabi as their second language, 37.8% reported Urdu as
their second language, and 39.2% reported English as their second language. Most
participants reported that they use Urdu (55.4%)Rungjabi (37.8%) at home and Urdu
(74.3%) and English (20.3%) for communication with friends at school, college and

university.

Most participants reported that they began to learn English from primary school (51.4%),
some at the age of 4 (21.6%) andw feegan to learn English in middle school (12.2%).
The majority of the participants attended private schools (73%). In their respective
primary schools, 47.3% reported the medium of instruction as English and 50% reported
the medium of instruction as Urdwith regard to their proficiency in speaking English

(as shown inFigure 5.2) and understanding spoken English, more than 70% of
participants reportednaintermediate to high level {B) on the scale, 16% participants

reported a higher level {80), and less than 10% reported a low proficiency level.

More than 50% of participants reported an extensive exposure to English language and

culture through TVyradio, social media and social interactions, readings and English
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language courses. Almost 60% of participants reported a higher percentage of foreign
accent in their spoken English. More than 60% of participants reported that they grew up
in urban (i.e. scially and economically developed) towns. In addition, none of the
participants have been abroad except two, a male who had visited China for an arts
festival, and a female who spent her summer holidays in the Middle East. Three
participants reported heag impairment, and data from those participants was not
included in the final analysis. The overall responses to each section of QEA&given

in Appendix 5A

4. On a scale from zero to ten, please select your level of proficiency in
speaking English.

74 responses

20

10 8 (10.8%)

5 (6.8%)

2 (2.7%)

1(1.4%) 0 (0%) 0 (0‘%) 0 (0%)

o | |
0 1 2 3 4 5 6 7 8 9 10

Figure 5.2 Par t i creporéed level®f peofcierfcy in speaking English (from
LEAP-Q)

As the participants took part in more than @axperiment (see Chapter 6), they each
attended two sessions, on two different days. Each participant was given a reward in cash
(equivalent to 7.50 GBP) in Pakistani rupees for their participation. Experiments were
conducted at the University of the Punjabhore, Pakistan from #ugust 2016 to 20

September 2016.
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5.2.2 Stimuli

The perceptual assimilation and category goodness experiment was based on 19 SSBE
vowel s, 11  mio/idaoyh ked, B EEMWQ/S/E/S],iI/CEE/A/ and L 'E/ and
di pht higetydshld/@addOldip fand/a d/ , i n the contexts
is, English minimal pairs were constructed in two contexts: bvd (19 véwlkpeakers

3 3 repetitions = 114) + hVba (19 vowél® speakerd 3 repetitions Z114).Table 5.1

lists the English words and nonsense words that were used for thdatmsage

assimilationandgoodness rating task.

Table 5.1: Test words in bVd and hVba context

Test words in bvd Test words in hVba Lexical Set
context context
bead heba FLEECE
bid hiba KIT
bed heba DRESS
bad haba TRAP
bard harba START
bod(y) hoba LOT
bawd horba FORCE
budd(hist) hooba FOOT
booed whooba GOOSE
bud huba STRUT
bird hurba NURSE
bayed haba FACE
bide hiba PRICE
boyd hoiba CHOICE
bode hoeba GOAT
bowed howba MOUTH
bared hareba SQUARE
beard heerba NEAR
boored hureba CURE
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Two talkers (a male in his late 20s and a female in her late 30s), who spoke Standard
Southern British English as a native language, recorded the set of English and nonsense
words. These words were shown on a PowerPoint slide one at a time, and talkers could
see the lexical sets parallel to the target word for ease of pronunciation.rithle\sgre
produced in citation forpmandthe talkers were instructed to pronounce these words in a
normal tone, and to stress both syllables in the disyllabic words of the hVba context (i.e.

the final vowel was pronounacedo/as [/ 6/ r af

Following Strange et al. (1998), a CVCV structure for nonsense words, with the final
syllable stressed, were used so that the utterance conformed to the Urdu CV phonotactic
structure, where word final mofraoraic syllables are not allowed (s®edion 3.1.1)for

Urdu syllable structure and constraints). As a result, it was easier to tell participants that
the final syll able was / b6/ in all the w
syllable. In addition, having a full vowel at thedenf each word ensured that participants

did not suspect that these vowels were from English. Each speaker produced three
randomized blocks of stimuli. They were asked to repeat an utterance immediately if they
mispronounce it (in their own or the experme er 6 s judgment ) . Th e
tokens across two contexts was 228 (2 talkers x 19 vowels x 2 context types x 3

repetitions).

The test words were recorded in .wav format using a Zoom Handy Recorder H4N with
sample settings of 45.1 kHizgitization and 1&bit quantization. In order to keep the data

anonymous, the recordings were coded such that no personally identifiable information
was given. Data were stored on a personal laptop, as well as off site in private cloud

storage (Dropbox @ahMega) and secure University of Kent server.

SSBE vowels in the present stimuli were compared with the RP monophthongs reported

by Hawkins and Midgley (2005). This comparison was considered necessary to ensure
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that talkers in the present study producesséhvowels in the standard dialect (SSBE).
This standard dialect (as discussed in Section 4.1) was set as a requirement for the current

perception experiments by the author.

5.2.3 Acoustic Analysis of Stimuli

Acoustic measurements were made using Praatrder to insert the intervals, the

following spectrogram settings were used:

0 Female speaker: View range (Hz): 5500.0, Dynamic range (dB): 70.0, Maximum

formant (Hz): 5500, Maximum number of formants: 4.

0 Male speaker: View range (Hz): 5000.0, Dynamic eafdB): 70.0, Maximum

formant (Hz): 5000, Maximum number of formants: 5.

Unless specified otherwise, all settings were left as the default for Praat version 6.0.15.
Praat scripts (seppendix 5B were used to measure the duration of the monophthongs
and the frequency of the first, second and third formant of the monophthongs in three
positions: at vowel onset (+10ms), at the middldefvowel, and at vowel offsetlOms).

For diphthongs, the mean frequencies of the first two formants were meadtheeseaten

equidistant points i.n time i.e. 20%, 30%,

Mean acoustic measurements across the six tokens of each monophthong mdbVvd a
hVba contexts are given #ppendix 5C Figure 5.3 shows the mean frequencies of the
first two formants in F1/F2 vowel space for SSBE vowels (produced by a male and female
native speaker in a bvVd and hVba context in citation form) and RP vowels produced by
a group of male speakers (26 yearsold)asrepr t ed i n Hawki ns and
Hawkins and Midgley (2005) reported formant frequencies of RP monophthongs by four
different age groups, i.e. ZZb, 3540, 5055 and 65+ years. The vowels produced by the
speakers used for the present study are ammsistically similar to their youngest group
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(i.e. 2025). The mean frequencies of the first two formants of each vowel are presented

in Figure 5.3.

F2 (Hz) F2 (Hz)
3000 2000 1500 1000 500 3000 2000 1500 1000 500

200 . 200
~ 300 300
~ 400 400

~ 500 500

F1 (Hz)

~ 600 600

F1 (Hz)

700 700
800 800

900 . 900

ssBE
1000 1000

Figure 5.3: Mean F1/F2 frequencies of the 11 SSBE vowels in bVd (left) and hVba (right)
context s, superi mposed with RP monopht ho
youngest age group.

The stimuli used for the croganguage assimilation experiment are very similar to the
RP monophthongs reported by Hawkins and Midgley (269Shown in Figure 5.3he
stimuli in both contexts are comparable to other studies on SSBE vowels (Deterding,

2007; Ferragne and Pellegrino, 20HXscudero et al., 20)4

5.3. Procedures

5.3.1 Listening task

Crosslanguage perceptual assimilation and goodness rating tasks were conducted, using
the Multiple Forced Choice (MFC) experiment function in P(Baersma and Weenink,

2016) for stimulus presentation and response acquisition, on desktop computers. For each
of the 19 SSBE vowels, 23 Urdu words were displayed on the computer screen as
potential responses. These response alternatives were sele@ddbas preliminary
acoustic and phonetic analysis of Urdu vowels (both monophthongs and diphthongs) as
presented in Chapters 2 and 3. The 23 response alternatives were monosyllabic Urdu
words, written in Persérabic script in Nastaligue style, containindpe nine

monophthongs and six diphthongs. The 23 Urdu words covered the 15 Urdu vowels. An
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open syllabic (CVV) word was ug/gandadlor t
diphthongs. The remaining Urdu words were monosyllabic in closed syllables, CVC or
CVVC. Keeping in view the issue of homographic ambiguity that was observed in the
production experiment (as discussetpage 29 Section 2.3.1.2)here were additional
words for some Urdu vowel cadltbaor [fibded T he
and[ k 0 d e b forithe Urdu voweld. There were two words for diphthong /oe/, [koe]

fianyd0 and tfsbwe] t wWo words for dmpmppanidorndgul

foffspringd ; and t wo wo stangachf am dif delEé®e[Ep e Ea] 0

I n addition to 23on®e svasn sad sal tga rvreant iavwse sa,n
was provided for determining whether any of the English vowels were judged to fall
outside the bounds of the Urdu vowel system (cf. Butcher, 1976 cited in FI&de70S).

Butcher (1976) gave this option to French and English listeners to identify a set of cardinal
vowels that were different from their L1 vowels. His findings showed that English
speakers used the option fAnonealyfonfrante of t
rounded and nasalised vowels that are not found in English. The list of response categories
for 15 Urdu vowels is given ifiable 5.2. Note the vowels with more than one response

category are in bold.

All participants were tested in a quiet, sotattenuated room in the Department of
English Language and Literature and in a computer lab in the Institute of Communication
Studies at the Uwersity of the Punjab, Lahore, Pakistan. The participants were given
access to a computer (laptop) and Sennheiser HD 650 headphones and were asked to
listen to a set of English sounds, choose one of the given Urdu words that may contain
that sound, andtae t he Urdu wordds category -goodr
point scale, from 1, not Urdu like, to 7, Urdu like (Strange et al., 1998; Bundgaard

Nielsen, Best and Tyler, 2011; Tyler et, &014; Faris, Best and Tyler, 2016). Stimuli
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were presented ath e p ar t i-seleciechcorhfd@rtable siseehirfg level (which was

then maintained throughout the experiment).

Table 5.2: Urdu vowels and response categories for the perceptual assimilation

Urdu vowel Urdu Response categes andjlosses

i E d AU’y + victory

) zdbCc Y stubborn

e E b Qe«C'Ydh  secret p e/Eyi_ stomach

0 'E k @&y L prison s (KB tolerate

6 'E b&@EN= after

oE r oEi p stop db ®&p two p dEH_ plant
a b d'Q@ C 2 Wednesday

u'E k WiEHt jump p WCEH_ offspring

0 b dC > bad boPD- ice k 0 K2LU debt
&b d Apt  lived

e 0 g efoy . went

a o dd 6 F K prayer

0e pOfF__  gained

oe boep H 3 sowed koec C H any

6 & pOYF_  gain
None hyvx ¢ None

The participants were tested individually. A trial session to familiarise the participants
with the task consisted of nine random stimuli in succession. Before the trial session, the
participants were asked to read all the Urdu key words aloud to makéauthey had

the appropriate vowels in mind whilst completing the perceptual assimilation task. They

heard each English vowel over headphones and were asked to judge to which Urdu vowel
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it was most similar by selecting one of the 23 response alteraginesented on a
computer screen, or Anoneo if they thoug

any Urdu vowel, as shown Figure 5.4 andFigure 5.5.
Screen 1 Screen 2 (19)

- g |
S [ | o> [ [ 2 [ 208 [ o [ovier

e

Screen 3 Screen 4

Screen 5 Screen 6 (1114)

=T N I I M VR v

Last screen

Figure 5.4: Screenshots from the crelemguage perceptual assimilation experiment

(bvd)
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Screen 1 Screen 2 (19)

Sy | | 2 | do | 25 202 [n [se

b

Screen 3 ] Screen 4

Screen 5 Screen 6 (1114)
=T N N I = T ) e

Last screen

Figure 5.5: Screenshots from the crealssiguage perceptual assimilation experiment

(hVba)

Note that the instructions in theigures areslightly different (i.e.Screen 1) because in
Figure 5.4 the stimuli are presented asEhglish sounds and in Figure 5.5 the stimuli

are presented as words from an unknown foreign language.

166



Foll owing the participantdés response, t h
instance of the chosen response alternative on a scale fromdnidthe endpoints were

| abel | ed-l ialse 6666 U(r d)u -l ainkde 6@06 n(olt) UrSdtur ange e
response was submitted for categorisation, they were not allowed to change it. The next
stimulus was presented after the rating response wapleta Thus, all testing was
participantpaced. Each stimulus was played after a 0.5 second silence followed by a 0.5
secondong beep followed by 0.5 second silence. Participants could replay the sound up

to two more times if they wished. They were gisompted to take a short break after

every 19 stimuli.

There were two testing sessions, one for each context, bvVd and mkbaorder of
presentation was counterbalanced across participants, and sessions were conducted on
two separate days to minimize the riskpafticipantdoecoming aware that both contexts
contain target vowels from the same language (i.e. English).dmaf questioning after

each experiment only one participant reported that the words in both contexts contained
English vowels. Within a session the stimuli were fulpdomised, such that tokens

from different vowels, speakers and repetitions were pregdem random order.

For one session, bVd participants completed a total of six judgments on each vowel (2
talkers® 3 repetitions) for a total of 114 stimuli (2 talkérS repetitions 19 vowels).
Similarly, for the other session, hVba participants cletenl a total of six judgments on
each vowel (2 talkers 3 repetitions) for a total of 114 stimuli (2 talkér8 repetitions

19 vowels). Total testing time for each session ranged from 45 minutes to 2 hours, with

short breaks, if desired.
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5.4 Data Aralysis

5.4.1 Assimilation Criterion for Categorisation

The fraction of opportunities where a given SSBE vowel is assimilated to a particular
Urdu vowel used as the criterion for an SSBE vowel to be considered categorised was
defined as 70% or above (cfyl€r et al, 2014). In previous studies different criteria have
been employed depending on the number of response categories or complexity of the task
(Faris et al., 2016; Antoniou, Tyler and Best, 2012). A 70% criterion is neither a lenient
50%, nor stringent 90% thaxpects native like performance and in some cases might be
too difficult even for native speakers (Bundgablidisenet al 2011; Bundgaartlielsen

et al, 2008). Given the nature of the task and response categories it was decided that a
70% criterion fo bvd and a 50% criterion for hVba will be appropriate for the

assimilation and categorisation of the 19 SSBE vowels (Faris et al., 2016).

The number of times each Urdu vowel was selected and the median ratings they were
given was computed for each SSBEweb and converted to percentages of total
opportunities. The percentages of the first three (or five, for some of the stimuli in hVba
context) most frequent responses in the bVd and ledbéexts are given in Table6b.

and Table ¥, respectively. The meai goodness rating summed and averaged across all

listeners for that stimulus is also given in parentheses.

Categorised responses were defined as those where participants selected a particular Urdu
vowel in response to a given SSBE vowel more frequehdiy chance. Uncategorised
responses were defined as those where participants selected multiple Urdu response
vowels more often than chance. In order to differentiate categorised and uncategorized
responses;tests were conducted comparing the mean pecegagorisation of an SSBE

vowel with each Urdu vowel response option against a chance score of 7%, a value that

takes into account the 15 possible Urdu vowel categories.

168



5.4.2 Statistical Analysis

In order to investigate the effects of proficiency oe prerception of SSBE vowels, the
listeners were divided into two groups, i.e. high proficiency (advanced learners) and low

proficiency (noradvanced learners).

The data were divided into two groups based onraélig proficiencieqplease see
Appendix A), i.e. the median selfatings ranged from 2.5 to Harosgarticipantswith

an overall median rating of 7. Based on this median rating, participants were assigned to
either theadvanced groupf their median rating was higher than or equal to theiamed
(N=34), orto theintermediategroup if their rating was lower than the median (N=32).
Data from fourof the 70participantsverenot included in the analysi$wo participants

did not complete the online questionnaire, and two participants e s \pece hostdries

to hardware failureHence the results are based on the data collected from 66 participants.

In order to analyse the effects of context and proficiency on the assimilation of SSBE
vowels by PunjabUrdu speakers, thessimilation frequencies and goodness ratings were

combined and a fit index was calculated for each of the 19 SSBE vowels to the Urdu
vowels by multiplying the proportion of the assimilation frequency and mean goodness

ratings (Guion et al. 2000; IversondaEvans 2007).

Further the fit indexes calculated for the 19 SSBE vowels were analysed statistically.

The methods for statistical analysis were similar to the one discussed in Section 2.4.4.

5.5 Results
For the mean percent categorization of a given SSBE vowel to an Urdu response vowel,
a significant pvalue (p < 0.001) indicates that a specific Urdu vowel was selected

significantly more often than chance.
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Table 53 and Table %l show the Urdu vowels wbin were perceived to libeclosest to
the English vowelsn bVd and hVba context respectivelfhe mean assimilation

frequencies above 30% are presentdti@setables.

As shown in Table B, SSBE /i E/l and [/ b/ weH®avevatapped
therest of the SSBE monophthongs and diphthongs were assimilated to one Urdu vowel.
The proportion of assimilation to a particular Urdu vowel was weighted by the mean
goodness rating for stimuli receiving that identification. For exan$ole,B E / mo&/ wa s
frequentyas si mi | ated to two Urdu vowels, [i E/
both Urdu response vowels.he proportion of /i E/l assi mi
the mean goodness rating for tha&29. Th&/ r e
proportion of [/ eE/ assimilation (0.39) w:
/| e E/ response (4.8). Thhies fyieli chedde xa f foirt
obtained by multiplying the proportion of the highest frequencg3j0by the goodness
rating of that assimilation (5.4). This

I 8681 .

As shownin Table3, only three SSBE vowels (dipht
highest proportion of assimilation #0%) asthey were consistently assimilated to one

Urdu vowel. SSBE / ®p/ and /e®w/ were assi
SSBE/ atdas assimilated to Urdu diphthong [/ ¢
and /a®w/ received t ofassimilation(60%0). Rastpfithe SSBEp r o |
vowels were assimilated to particular Urdu vowels less than 60%, and 8&BB/d / & b /

were not assimilated consistently to any Urdu vawdéncethese arenot included in

Table 53.
In hVba context only one S8 v owe | /] ad/ received the hi
assimilation, and only two SSBE vowel s,
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proportion (> 60%) of assimilation. Rest of the SSBE vowels were assimilated to a
number of Urdu vowels and the mostduent responses received the proportion less than

50%.

Table 5.3: Fit indexes calculated for SSBE vowels in terms of Urdu vowels in bVd context.
Following Guion et al (2000) only identifications that were more than 30% ateléttl

Stimulus vowel Response vowe Frequency Goodness Proportion Fit Index

i E i E 196 5.5 0.52 2.9

e E 148 4.8 0.39 1.9
) e E 204 5.3 0.54 2.9
0 e E 200 4.8 0.53 2.6
® UE 118 5.3 0.31 1.7

e E 120 4.4 0.32 1.4
6 E 6 E 120 5.5 0.32 1.8
6 oE 170 5.2 0.45 2.3
CE oE 240 5.2 0.64 3.3"
a a 149 5.5 0.39 2.2
u'E u'E 150 5.4 0.40 2.2
A 0 164 5.4 0.44 2.4
WD e E 271 5.2 0.72 3.7
e UE 150 5.4 0.40 2.2
en e E 172 4.6 0.46 2.1
ek e E 286 5.2 0.76 4.0
a) 6e 261 5.4 0.69 3.8"
o oe 202 5.2 0.53 2.8
D & o E 134 4.8 0.36 1.7
aQt 6 Q 277 5.4 0.73 3.9

Table 5.4: Fit indexes calculated for SSBE vowels in terms of Urdu vowels in lighgext.
Following Guion et al (2000) only identifications that were more than 30% are included.
Stimulus vowel Response vowe Frequency Goodness Proportion Fit Index

i E i E 178.00 5.3 0.48 2.5
) e E 139.00 5.2 0.37 1.9
0 e E 148.00 4.9 0.40 1.9

UE 111.00 5.1 0.30 1.5
0 oE 224.00 5.2 0.60 3.1"
CE oE 237.00 5.2 0.64 3.3
a o E 118.00 5.0 0.32 1.6

u'E 112.00 5.1 0.30 1.5
u'E u'E 126.00 4.8 0.34 1.6
QD e E 139.00 4.9 0.37 1.8
e e E 133.00 4.9 0.36 1.8
e e E 172.00 4.9 0.46 2.3
a0 6e 209.00 5.5 0.56 3.1
(OJA oe 221.00 5.3 0.59 3.2
a0 6 & 261.00 5.6 0.70 3.9
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SSBE/ad/ 6 'E/ [//8Ao/// HaleFs not assimilated consistently to any Urdu vowel
and their highest proportion of assimilation was less than. 3@8ace these are not

included inTable 54.

As discussed above and shown in Tabl e 5.
multiplying the proportion of the highest frequency (0.48) by the goodness rating of that
assimilation (5.3). This resulted in a fitindex of 25for SSBE//i t o Ur du [/ i E/
the fit index for SSBE /ad/ was obtaineod
frequency (0.70) by the goodness rating of that assimilation (5.6). This resulted in a fit

index of 3.9 for SSBE /ad/ to Urdu [/6al.

The fitindexes in both contexts (bVd and hVba) spanned a wide range. For example, in
bVd context, the fit indexes ranged from a low value of 1.4 (the fit of SSBE /ae/ to Urdu

/| eE/') to a high value of 4.0 (the ftit of
i ndexes ranged from a | ow value of 1.5 (
of 3.9 (the fit of SSBE /ad/ to Urdu /6a
(the most frequently chosen response) suggests that those vowels wevepasgood
examples or very similar to Urdu vowels, and the lower fit index suggests that those

vowels were perceived as poor examples of Urdu vowels.

To further analyse the effects of context and proficiency on the assimilation patterns of
SSBE vowelsd Urdu vowels by Punjabi Urdu speakers, the fit indexes, calculated for
the 19 SSBE vowels were analysed statistically. The methods for statistical analysis were

similarto the one discussed in Section 2.4.4.

The formula as entered into R was thus

Fit index~ StimulusVowel*Context*Proficiency*(1[Subject)

Stimulus Vowel, Context and Proficiency were fixed effects and Subject was a random
factor.
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The ANOVA significance testshowed a significant main effect of Vow§F(18,

194008)=19.8 p <0.00) and Context (F(1, 1961.23)=100.6, p <0.001), and interaction

between Vowel Context (F(18, 1940.08)=3.5, p <0.001), butsmgnificant effect of

Proficiency (F(1, 55.04)=1.9; p 6.17), and nossignificant interaction between Vowel
Proficiency (F(8, 1940.08=3.5,p = 021), Context Proficiency(F(1, 1961.23)=2.5,

p = 0.11), and nonsignificant threeway interaction between Vowel Context

Proficiency(F(18, 1940.08)=0,% = 0.48).

As proficiency was not found to have a significant effect on the assimilation patterns of
SSBE vowels to Urdu vowelshe reduced model afterimlinating the norsignificant
effects (i.e. Proficiency) was used for paiilse comparisons to analyse the effects of

context on the assimilation patterns for SSBE vowels in two contexts, bVd and hVba.

The formula as entered into R was thus

Fit index ~ Simulus Vowel*Context*(1|Subject)

The results showed that five SSBE vowaiffered in their fit to Urdu response vowels
with regard to the contexfs shown in Table 5,SSBE( / i E/ [ &/ [ u'E/l | &

in bVd context with a higher fit indexan hVba context.

For the rest of the SSBE vowels, context was not found to have a significant effect on
their fit to the Urdu response vowels. Overall, the SSBE vowels fitted well to Urdu vowels

in bVd context; however, in some cases the fit index wasich across two contexts.

For example, SSBE /ada/ fitted equally wel
(fit index = 3.9). Another exampl e, SSBE

index = 3.3) and hVba (fit index = 3.3).
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Tale 5.5: Pairwise comparisons of fit indexes for SSBE vowels to Urdu vowels in bvd and
hVba context

Stimulus Response Fit Index Fit Index t test
vowel vowel bvd hVba
i E i E 2.9 2.5 t(1978.35)= 3.836, p < 0.001
& e E 2.9 1.9 t(1978.35)=4.982 p < 0.001
uE uE 2.2 1.6 t(1978.35)=4.408 p < 0.001
6D e E 3.7 1.8 t(1978.35)= 5.040, p < 0.001
e ® e E 4.0 2.3 t(1978.35)=5.066, p < 0.001

As the above discussed results showed that proficiency did not have any effect on the
assimilation of Urdu vowels, the data were pooled over categories of proficiency and
assimilation patternsom the bVd and hVba context atiscussedh turnin further detail

in the following sections.

5.6 Results in bvd Context

Considering the 70% or above criterion of vowel assimilation for categorisation, it can be
seeninfable5.66 hat only three SSBE diphthongs (
Udur esponse vowels in 70% of opportunitie
were assimilateand oSYBHEHU/ avd/we(73BE/was as
The mean goodness rating for thesad/vobued,s
which suggests that listeners found these vowels good exemplars of the chosen Urdu
vowels. The rest of the 16 SSBE vowels were assimilated to Urdu vowels with a

percentage dd0% or below.

Considering the 50% or above criterion of vowel assinoitator categorisation (Faret
al., 2016), itcanbe seenin Tablé 5.h at SSBE vwwel OE/ i, EI a ol &
assimilated to Urdu response vowels i n 5

54%,00 51%, [/ OE/ n® 4POw/I a®8 %69% Bh a d&odne
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to 5.5. SSBE /i E/l M&BBEadOENi | dtaegod ,t anldr d |
Urdu vowels /oE/, |/ 6w/ and [/ O/, respect
assimilatedtothe ame Ur du vowel /[ eE/. The rest of
to Urdu vowels in below 50% of opportunitieblence, they can be considered
uncategorised However, the goodness ratings show that listeners were aware of the

similarities ordifferences of the stimulus with their chosen Urdu response vowel.

In order to see categorised/uncategorised patterns of perceptual assimilation of SSBE
vowels to Urdu vowels, it is important to see which Urdu response vowels were chosen
for each SSBE stimulus vowel. Thus, overall assimilation patterns for SSBE frdraj cen

and back vowels arbased on the total frequencies for each SSBE vowel across all
participants, i.e. & (participants) x 6 (opportunities for each SSBE vowel (3 tokens for
female and 3 tokens for male speakeBp8§anddiscussed below. The least welatched

SSBE monophthongs and diphthongs are shoviguare 5.6 andFigure 5.7.

5.6.1 Assimilation Pattedfsandfeedr SSBE Fr o
As shown inFigure 5.6 andTable 5.6
SSBE/E/ was assimilated to Urdu /i E/l (5
SSBE / &/ was assimilated to Urdu [/ eE/
Urdu vowel [0/ (10%; 4.7);
SSBELY was assimilated t oERNHMB);dneélEdu ( 51
16/ (10%; 4.8);
SSBE / P/ was assimilat edB1%5.3),amdWrdd e E/
| E/l (18%; 5. 3).
Overall, it can be seen in Figure 5.6 anit
leel were most often assimmit ed t o the Urdu vowel / e ElI v

from 4.5 t0 5.3.
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5.6.2 Assimilation Patterns for SSBE Central Vowels and OE /
As shown inTable 5.6
SSBE centralmid ow vowel [/ A/ was assimilated

(17%: 5.0), and Urdu /oE/l (7% 4.8),

SSBEcentralmihi gh vowel [/ OE/ was assimilate
/| 6/ (15%:d&./49E/ ahd4%dWr 4.6), well bel c
300 -
= :
> 200~ £8
c
0]
s -
9 elg:
L 44 53

e:
5.3
e
(&) 54
5.5
€ qa:
100 - 48 52 u: .
II I | I | 4-8 ]
49 5
. I I
0, I
e (3 3: I
Figure 5.6: Thefrequencyand mean goodness rating fioe two most frequent responses

to each othesix least welmatched SSBE monophthongs in the bVd contdaimum
possible frequency N = 396.

Stimulus

5.6.3 Assimilation Patterns for SSBE Back Vowel®/E/ , [ 6/, [ OE/l , [ &/
As shown inTable 5.6
SSBE / 6E/ was assimil at/eodE/t of( WUX%W;u 4 .69/
[ 64/ (18%; 4.7).
SSBE / 6/ was assimilated to Urdu [/ o'E/

vowel [/ a/ (10%, 5.5).
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SSBE / OE/ was assimilated to Urdu [/ o'E/
I &l (4%, 4.7).
SSBE / &/ was assimilated to Urdu [/ a/
] 6/ (13%; 5.4).
SSBE vowel /[/UuE/ was assimilaEed(26%Ur

and Urdu [/ &/ (14%:; 4.9).

5.6.4 Assimilation Patterns for SSBE Diphthongsi#/p/ed/, /& band b &
As shown inFigure 5.7 andTable 5.6
SSBE / &b/ was assimilated to Urdu /eE
(3%; 3.3).
SSBE / ep/ was assimilated OWHEOWS4)and / e E/
Urdu vowel [ O6EI/l (7%; 5.4).
SSBE /abp/ was assimil eaetBEd (t1® %o mMe 2()25¢
(9%: 4.6).
SSBE diphthong /Dpd&d/ was assimilated t
4.6) and Urdu /uE/ (11%; 4.5).
5.6.5 Assimilation Patterns for SSBE Dipl
A shown inFigure 5.8 and Table 5.6:
1 SSBE / e®d/ was assimil at &t5%; 54) ahddone / e E
(6%; 1.4).
1 SSBE / ad/ waldr assvoweélat eddt o( 69%; 5. 4
4.1) and Urdu vowel [6d&/ (5% 4.5).
f SSBE / O/ was assimilated to Urdu [/ oe/
(6%; 1.4).
SSBE /ad/ was assimilated to Uraddu / 60a/

/| o' El (8%; 4. 4) .
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Table 5.6: Mean percent categorizatiand goodness ratings in parenthesisSSBE vowelsn a bVd contexby PunjabiUrdu speakers with Punjabi
Urdu vowel response categories.

Stimuli bvd PunjabiUrdu vowels (three most frequent percentage
iT® e E OE 6 E O'E & u'E o) ©00 edds obe oe 6 & None
i E 52 (5.5)" 39 (4.8) 3(1.6)
) 18(4.9) 54 (5.3) 10 (4.7)
0 51 (4.8) 26(4.8) 10 (4.8)
Categorised OE 64 (5.1) 4(4.7) 27(5.0
WD 71 (5.2) 3 7 (1.1)
(3.3)
em 75(5.2) 6(5.4) 6 (1.4)
a® 12 (4.1) 69 (5.4) 5(.5) 5(1.2)
o® 16 (5.8) 53 (5.2) 6 (1.4)
ad 8 (4.4) 9(3.8) 73 (5.4)
6} 40 (5.2) 10 (5.5) 24 (4.8)
Focalised & 17 (5.0) 40 (5.5) 13 (5.4)
u'E 26 (5.1) 14 (4.9) 40 (5.5)
A 17 (5.0) 7 (4.8) 44 (5.4)
® 30 (4.5) 31(5.3) 18(5.3)
6E 32(5.5) 19(4.9) 18 (4.7)
0E 14 (4.6) 25 (5.2) 15 (5.4)
Clustered eno 45 (4.6) 40(5.4) 7(5.4)
D & 32 (4.9) 11 (4.5) 13 (4.6)
Dispersed do 19 (4.2) 9 (4.6) 25
(1.6)

* Numbers in boldface present the mean percentages and goodness ratings for 70% criterion of categorised assimilation
™ Numbers in boldface and italics present the mean percentages and goodness ratings for 50% criterionsefzastsigulation.
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Figure 5.7: The frequency and mean goodness rating for the two most frequent responses
to each of the four least wathatched SSBE diphthongs in the bVd context. Maximum
possible frequency N = 396.
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Figure 5.8: The frequency and mean goodness rating for the two most frequent responses
to each of the four most wathatched SSBE diphthongs in the bVd context. Maximum
possible frequency N = 396.
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Since 10 out of 19 of the SSBE vowels in the bVd context were assictht@imultiple
Urdu vowels, this type of assimilation can be considétalliple Category Assimilation
(MCA; Escudero and Boersma, 2002)brcategorisedssimilation (Faris et al., 2016),

and discussed further in the next section.

5.6.6 Uncategorised Assiilation Patterns in bvd

As discussed in Section 4.2.3.1, accordi
phones are operationally deyned as those
category above a pr edeyfore, the assinilaienipaitérsin( e . ¢
the present study can be considaradategorisedThese are further separated into three
types, as discussed by Faris et al. (2016d®aliseduncategorised, where a noative
phoneme is usually mapped to a single pione, but at a frequency below the
categorisation threshold (i.e. 50% in this caskjstereduncategorised, where the ron

native phone is assimilated to a small set of L1 categoriesjisperseeuncategorised,

where a nomative phoneme is assimildtéo multiple L1 categories randomly because

none of the L1 categories are similar (i.e. share phonetic or phonological similarity) to

the nonnative phoneme.

In the present study a number of SSBE vowels were assimilated to multiple Urdu vowels.
The focalised clusteredand dispersedassimilation patterns in the bVd context can be

seen inTable56 However, the SSBE /i El/l, [ &/, |0
categorised as they were consistently assimilated to an Urdu vowel at predefined
tr eshold 50% or above. SSBE [/ &/ ,.Hdwever, [/ ®D
SSBE /i E/l, |/ OE/, [/ a®/, [/ O®d/ and [ adqal/ wer
respectivel y. S S B E fotatisedas thHese wermostly d&similatedd /A

to Urdu vowels /[/oE/l, [ &/, [ uEl/l and [ &/, |
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SSBE [/ b/, | 6 'E/ clustereddg theyavarel mappedtd a numbrereof Urdu
vowel s. SSBE [ dspetsedss thdy appéaptd bewassimitated to multiple

L1 categories randomly.

5.6.7 Summary and Discussion of bVd Results

According to the Perceptual Assimilation Model (PAM: Best, 199k gleCategory

(SC) assimilation patterns can be seen herei Fors t an c e, SSBH, /alowe | s
/| E/, [ ®pl/, [/ebol, [a&abol/, [ edl and [ ad®dl we
frequency and median goodness ratings. I
/| A/, [ &b/, [/ Owkre/ aé&bi mnldat/eadd to one Ur

frequency and median ratings.

TwoCategory( TC) assimilation patterns can be
were assimilated to Urdu /i E/l (52%E/5ahd
/| &/ were assimilated to Urdu [/ uE/l (40 %;
and /0OE/ were assimilated to Urdu [/06/ (4:¢
some of these vowels were assimilated less frequently than theri@d6 for a vowel

to be considered as categorised. Therefore, these findings were further analysed as

uncategoriseéssimilations and discussed in Section 5.6.7.

In the next section, predictions are discussed based on acoustic/phonetic and phonological

similarities and differences between SSBE and Pujathii vowels.
5.6.7.1 Comparison with predictions of PAM, L2LP and SLM

Monophthongs
Based on acoustic comparison (see Sections 5.1.1, 5.1.2 and 5.1.3)., it was predicted that
there will be som@wo-Category(TC) and moresingleCategory(SC) (Best, 1995; Best

and Tyler, 2007) assimilation patterns for SSBE vowels by Pubjathi speakers. These
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predictions were supported to some extent. For example, from the visual inspection and
acoustic measuremenist was predicted that SSBE [/ @/

/| e El . SSBE [/ 0/ wi b/E bW@r s sh onE/N altieels t ®0 rde \
SSBE [ OE/ and [/ 0/ ; hence it was predict
assimilated to tis Urdu back vowel. The results showed these pattétesce these

predictions were correct.

Based on the acoustic measurement (F1 for SSBE /ee/ is higher tharoJEEQ for
SSBE /ee/ is lower than Urdu /Gt was predicted that SSBE /ee/ may be asaieul to
Ur d u. HoweVErthe results show that /ae/ was mapped to three different Urdu vowel

categories with mean goodna&fEs(Bating. 8j) ,

(18%; 5. 3). 't was predictey sihmitl &SBtEo / U
but the assimilation patterns show that ¢
a higher percentagélo we v e r |, SSBE /0OE/ was often ma

goodness rating of 5.2 (25%). These findings suggest that acoustic measurements cannot
always predict the perceptual assimilation patterns (cf. Strange et al., 2004; Nishi et al.,

2008; Escuderdsimon and Mitterer, 2012).

Since F1 of SSBE /uE/ and /[/a/ is quite f
and /a&a/, it was predicted that SSBE [/ u'E/
However, F2 of SSBE /uu#/u'H/s, nwncdh shoi g he rwat
whether PunjabUrdu speakers/listeners can identify these vowels as distinct or not. The
results show that Punjabirdu speakers/listeners identified these two vowels as distinct
and assimil at etdo SWBrBdEu //uiEE/ a(n4do %:&a/5. 5) and
However, there was a slight overlap (14%, see Sect®)ifids.the perceptual assimilation

of SSBE /uE/ and / &/, since they were b«

overlap scores (cklege and MacKay, 2004) are discussed in Secti&n 5.
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Diphthongs

Based on the acoustic measurements of SSBE and Urdu vowels, it was predicted that for
SSBE diphthongs [ ed®/ and [/ bal/ partici pe
diphthongs are notound in the Urdu vowel inventory. Contrary to this prediction,
PunjabiUr du speakers/ |l isteners assimilated S
SSBE / pd/ was assimilated to Urdu [/ oEl (7
This assimilabn patterns shows that Punjallidu speakers/listeners focussed on the
first element in the /ed/ diphthong and
these to the respective Urdu counterpart s
PujabirUr du speakers/ |l isteners did not show
/| O®/ , .&ende, theyamapped these three diphthongs to the expected Urdu

diphthongd 6 e/ (69%; 5.4), [/ oel (53%;, 5.2), an

The assimilatopat t erns f or SSBE diphthongs [/ @b/
was expected that these vowels will be assimilated to respectivedijralinongs i.e.

/| @6/, [ ed/ and /ad6/. However, SSBE [/ ®bp/ v
wasassi milated to Urdu /e®E/l (45%; 4.6) and

to finoned (25%; 1.6).

SSBE /ebp/ was assi mil at ew/R0% 5.4,ohidnsuygesisu / e
a CategoryGoodnesgCG) assimilation pattern. With reghto mean goodness rating,
IO/E (5.4) is a better Urdu exemplar for S

and/or discrimination experiments can establish if these predictions will bear out.

5.7 Results in hVba Context
Considering 50% or abowas the criterion of vowel assimilation for categorisation, it can
be seenimable5a hat only five SSBE vowels, thre

la®dl/, [ 0d/, [/ adl/), were assimilated to U
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| OE/ 5( 64 %,were assimilat,&S®&BtEo / dmwdu wias E/asa
Urdu / 6e/,S8BBE% O&/ 6)59%; 5. 3) ,amads (SIBE mid
( 70 %; 5.6) was assimilated to Urdu [/ 64a&/.
quite high, i.e./O0B/ 5533, ah®E/ abl15. 6adwh
found these vowels good exemplars of the chosen Urdu vowels. The renidiSiS@E

vowels were assimilated to multiple Urdu vowels with a percentage bel®y tiéhce

can be considerathcategorisedHowever, the goodness ratings show that listeners were
aware of the similarities or differences of the stimulus with their chosen Urdu response

vowel.

As discussed in Section 5.5, statistical tests showed a sayri@ effect of context on the
patterns of perceptual assimilation. Once again, in order to see categorised/uncategorised
patterns of perceptual assimilation of SSBE vowels to Urdu vowels, it is important to see
which Urdu response vowels were chosen smmheSSBE stimulus vowel. Thus, overall
assimilation pattern@s discussed above in Section 508)SSBE front, central and back
vowels are discussed below. The least well matched SSBE monophthongs and diphthongs

are shown irFigure 5.9 andFigure 5.10respectively.

5.7.1 Assimilation Pattedfsandfemdr SSBE Fr o

As shown inFigure 5.9 andTable 5.7
SSBE /i E/ was assimilated to Urdu /i E
SSBE / &/ was assimilated to Urdu [/ eE/
(12%; 4.7), and Urdu [/ &b/ (11%; 4.1).
SSBElY was assimilated to /WE5Y.eE/ (40
SSBE /ee/ was assimilated to multiple Urdu vowels; however, the two most
frequently chosen Urdu response categ

5.0). These small percentages shoat this vowel was confused with a number
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of Urdu vowels. The five most frequently chosen Urdu vowel categories are

shown inTable 5.7

300 -

N

o

o
I

Frequency

e 3 3: I U /\
Stimulus

Figure 5.9: The frequency and mean goodness rating for the two most frequent responses
to each of the six least wathatched SSBE monophthongs in the hVba context. Maximum
possible frequency N = 396.

Overall, SSBE f r Owdremosiofteal sssi/mi'HB/at & do/t oa nlr
with a goodness rating ranging from 4.9 to 5.1 SSBE /se/ was assimilated to multiple Urdu
vowels, with the most frequently chosen category as Urduvoveew el s equence
can be concluded that since the stimuli were apss words in disyllabic form, and
participants were told untruthfully that these words were from a different language and
not English, they did not use the same strategies to categorise these vowels that they used

in the bVdcontext.

5.7.2 Assimilation Ratterns for SSBE Central Vowels A and OE /

As shown inTable 5.7
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SSBE centralmid ow vowel /| A/ was assimilated

never with Urdu /06/. As shown in Tabl

vowelv owel sequence /Wodd/u (volwe:l 5.62E/ (14

other vowels.

SSBEcentralmihi gh vowel [/ OE/ was assimilate

vowelv owel sequence /6a/ (16%: 5.1) and
These results show that in hVba context Purj#ioiu speakers/listeners found these two
central vowels very difficult as compared to the ones they heard in bVd context, where

they categorised / A/ with Urdu /[/o/.

5.7.3 Assimilation Patterns for SSBE Back Voels 6 'E/ , [ 6/, [ OE/ , [ &/
As shown inTable 5.7
SSBE /O6E/ was assimilated to Urdu /[ 06°¢
multiple other vowels.
SSBE / 6/ was assimilated to Urdu [/ o'E/
SSBE |/ ®%¢i mhbated to Urdu /oE/l (64%; E
loel (9%; 5.3).
SSBE / &/ was assimilated to Urdu [/ u'E/
/| 86/ (8%, 5.0).
SSBE /uE/ was assimilated to Ududoe/ / u'E/

(9%; 4.9), and Urdu /a6/ (7% 4.7).

These results show that in the hVbantext PunjabUrdu speakers/listeners did not
categorise SSBE / &/ and /uE/ as distinct

Urdu that were matched in the bVd context.

5.7.4 Assimilation Patterns for SSBE Diphthongsié/p/ed/, /& band b &

As shown inFigure 5.10andTable 5.7
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SSBE / &b/ was assimilated to Urdu [/ eE
some other Urdu vowels.
SSBE waesbp/assi mil ated to Ur diR4%biweahnd / e E.
Urdu /eo / (9%, 3.9).
SSBE /dp/ was assimilated to none (2109
(11%; 4.4).
5.7.5 Assimilation Patterns for SSBE Diphthongs (& /ach /Olcand /ad/
As shownFigure 5.11 and Table 5.7:
SSBE /e®w/ was assimilated to Urdu [/ e'E
(8%; 4.8), and none (9%; 1.3).
SSBE / a®w/ was assimilated to Urdu /[ 6e/
/[ 6al/ (9%; 5.0).
SSBE / O®w/ was assimilated to Urdu /[ oe/
SSBE /pd/ was assi mi8)Umduma (15% 4.8)and Wrdu/ o E/
/| 64/ (15%; 4.5).
SSBE /ad/ was assimilated to Urdu [/ 64a/
/| o El (5%; 3.7).
Since most of the SSBE vowels were assimilated to multiple Urdu vowels, this type of
assimilation can be ceideredMultiple Category AssimilatiofMCA; Escudero and

Boersma, 2002) arncategorisecssimilation (Faris et al., 2016).

5.7.6 Uncategorised Assimilation Patterns in hVba Context

With regard to the uncategorised assimilation pattermsasissed in section 5.6, it can

be seen in Table 5. 6 t hwetecak§oBsEd ahd agsimjlated 6 / |,
to Urdu vowels /i E/, [ o0oElIl, | 0EI, | 06el, [|c

threshold.
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Stimulus

Figure 5.10: The frequency and mean goodness rating for the two most frequent
responses to each of the four least waditched SSBE diphthongs in the hVba context.
Maximum possible frequency N = 396.

300 -
ao
56
oe
53
§~ 200 - e:
S 49
S
o
[0
—
L
100 -
. none 4.8
0‘ 1-3 .
~ ]

aI ao el oI
Stimulus
Figure 5.11: The frequency and mean goodness rating for the two most frequent

responses to each of the four most wedliiched SSBE diphthongs in the hVba context.
Maximum possible frequency N = 396.
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Table 5.7: Mean percent categorization, with goodness ratings in parenthesis, of SSBE vowels in a hVba context HyrBurgpbakers with Punjahirdu vowel

response categories.

hVba PunjabiUrdu vowels (three ngi frequent percentages)
i E ) e E 0E 6 E O'E & uE 0 ©o ed ao 6e oe 64 None

i 'E 48(5.3) 15 (5.1) 9 (5.7)

0 60 (5.3)" 8 (4.7) 7(5.2) 7@4.7)
Categorised O'E 64 (5.1) 11 (4.6) 9 (5.3)

am 56 (5.6) 9(4.9) 9(5.0) 5(1.0)

0w 10 (5.0) 5 (4.5) 59 (5.3)

ad 5(3.7) 5(5.2) 70 (5.6)

WO* 12 (4.7) 6 (5.4) 34(5.1) 11 (4.1) 8 (1.9)

0 40 (4.9) 30(5.1) 5(1.2)
Focalised e @ 45(4.9) 8 (4.4) 8 (4.8) 9(1.3)

a 29 (5.0) 30 (5.0) 8 (5.0)

u'E 19 (4.8) 34 (4.8) 7(4.7) 9 (4.9)

@D 35 (4.8) 8(4.1) 174.7) 11 (2.0)
Clustered e D 31(4.8) 24(5.1) 9(3.9) 8 (1.6)

&e* 16 (5.0) 11 (4.1) 9(5.0) 10(5.4) 23 (5.3)

6 E* 13 (4.9) 10 (4.7) 10 (5.1) 28 (56.2) 7(1.1)

A 14 (5.1) 11(3.8) 10(4.8) 7(5.2) 21 (5.2)

0E 17 (5.1) 11 (4.3) 16 (5.1)
Dispersed D & 21 (4.8) 11 (4.6) 15 (4.8) 15 (4.5)

do 13 (4.9) 11 (4.4) 21 (1.5)

* Five largest percentages shown, since the distribution reveals these stimuli were assimilated to multipleéichtegories.
™ Numbers in boldface and italics present the mean percentages and goodness ratings for 50% criterion of categorised assimilati
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SSBE [/ @/, |/ fodalisedas thesé wede/consistentlg assimilated td Ur / e E/
but below the predefined 50% t kluseeda® | d .
they were mapped to a number of Urdu vowe

disperseds they appear to be assimilated to multiple Urdu catega@arelomly.

5.7.7 Summary and Discussion of hVba Context

In agreement with the Perceptual Assimilation Model (PAM: Best, 199&),Category

(TC) assimilation patterns can be seen f
/| 6 &/ QiyeCalegory( SC) assimilation can be seen
/| dp/ and /e®/, as these were assimilated

~

/| OEl/, [/ &/, [ uEl, [O&d/, [Ipdl/ and [/ adl/ wer
In addition,Two-Category(TC) assimilation patterns can be seen here for the following:

SSBE /i E/ and [/ ®/ were assimilated to Ur
34 %; 5.1) respectively; and SSB®4%, 48t/ an

and / &/ (30%;, 5.0) respectively.

SingleCategory( SC) assimil ation patterns can be
and 0/ were assimilated to the same Urdu
respectivelyand SSBE / A/s sainndi |/abtE/d weo et hae s a me

5.1) and (17%; 5.1) respectively.

5.7.7.1 Comparison with Predictions of PAM, L2LP and SLM

Based on acoustic comparison of SSBE and Urdu vowels (see Sections 5.1.1, 5.1.2 and
5.1.3), it was predicted that thewall be someTwo-Category(TC) and moreSingle
Category(SC) (Best, 1995; Best and Tyler, 2007) assimilation patterns for SSBE vowels
by PunjabiUrdu speakers/listeners. These predictions were supported to some extent and

patterns of assimilation were slar to those in the bVd context, with a few exceptions.
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For exampl e, it was predicted that SSBE
acoustically similar. The assimilation p
mapped t oithdmedan gobdneRd ratimg of 5.1. However, in the bVd context the
SSBE / A/ was not assimilated to thed acou
These findings suggest that acoustic measurements can help to predict the perceptual
assimilation patterns in some contexts (i.e. hv¥bahen listener is unaware of the
language) but not others (i.e. bVYavhen listener is aware of the language) (cfasge

et al., 2004; Nishi et al., 2008; Escudero et al., 2012).

In addition, unlike the assimilation patterns observed in the dividext, PunjabUrdu

speakers/listeners did not identify SSBE
and UeaHut 6uE/ (34%;, 4.8) and (30%; 5.0),
overlap for the perceptual assimilation

4.8) and (29%; 5.0), as they were both al

For SSBE diphthorgy the assimilation patterns were similar to those in the bVd context,
though had lower assimilation percentage, since SSBE vowels were more difficult to
perceive in a hVba context and so confus
/| O®/ aned maapdp/e dwetro t he expected Urdu resp
(59%; 5.3), and /6a/ (70; 5.6), respecti

the SSBE diphthongs /a®/, [/ Ow/, and [ aaql

in the hVba context and are comparable to those in the bVd context.

I n addition, the assimilation patv/dins of
5.1) can be considerechtegorygoodnesgCG) assimilation, whered/,Ewith higher
meangoodres rating (5. 1), i s probably a bett
/| e El , with slightly | ower mean goodness

/| ebp/ was al so o0b s doweverdhe meandgobdeesdrafings arechightere x t
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forUrdu / eE/ (4.8 Eah8. Lpwen fbe bwWHa t han
4.6 and V/'B.4). Future production and/or discrimination experiments can establish if

these predictions will bear out. The classification overlap scores are diddiesw.

5.8 ClassificationOverlap Scores in bVd and hVba

In order to see which SSBE vowels were the most confusing and/or difficult to perceive
for PunjabiUrdu speakers/listeners, the scores for classification overlap are computed
(cf. Flege and MacKgy004) and a comparison of the classification overlap scores across

both contexts (i.e. bVd and hVba) is givenTible 5.8.

Table 5.8: The classification overlagcorespercentages for SSBE vowels in b¥dd
hVba context (cf. Flege and MacKay, 2004)

bvd hVba

Stimuli Response Overlap Stimuli Response Overlap
I dD/ /I eEl 51% I v EY/ /i El 12%
| dakl /I e’El 30% YN I eEl 34%
I Bl & /I e’El 54% leeH 6 'E /I 6 E/ 13%
I dle® /I eEl 51% I dl ® I eEl 34%
JREAY ()] /I eEl 54% I dle® I eEl 40%
I ¥ /wp /I eEl 51% I & Idp I eEl 34%
leH e @ /I eEl 30% /| ¥ /wp I eEl 35%
/| ¥lep /I eEl 45% | &/l b | e E/ 31%
leeH @D /I eEl 30% /| ¥lep | e E/ 31%
/| &k b /I eEl 45% /| A/OE | 6 E/ 14%
leell e D | e El 30% /| AIDE /| 6 &/ 16%
| B/'RY'E /I 6 'EIl 25% /| AJ/OE /| ep/ 11%
A WAV = / 6/ 15% /| §/0OE /I 0o 'El 60%
/| §/0E /| o El 40% | &/u’E / u'E/l 30%
| &/u’E /| o E/ 17% | &/u’E /| o El 19%
/| &/u'E I &l 14%
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An overlap below 25% suggests that discrimination of these contrasts will be relatively
easy for PunjabUrdu speakers/listeners. On the other hand, a high classification overlap
suggests that discrimination of those contrasts will be poor (Best, 198betair, 2016).

I n bVd context, very little classi-/ffalcat.i
(14%) -ad@&/ / AL5 %) . However, no cl assificeae
contr-aedt . /i Eh the hVba conBextiSSB&asE/ &armrer |
matched to three different Urdu vowels with different frequencies, but never with Urdu

/| 6/ . Thi s s h-tndus spebdera/listenétau foynda thhese vowels the most

confusing.

The selection of categories (response vowels) in alyvidispersednanner, with little

overlap but a lot of categories in hVba, suggest that listeners can establish new categories
for these vowels (Flege, 1995). However, the current study is limited as there are no
discrimination or production data to test$le predictions. Theskspersedategorisation

results are in line with PAML.2 (Best and Tyler, 2007) and SLM (Flege, 1995)
predictions that new phonological categories will be established for these highly
confusedtispersed assimilations because there llwbe no interference from L1
attunement. In additiordisperseca s si mi | ati on patterns sugg

detectclearhighen r der phonol ogi cal <category invar

The effect of context was found to be significastdiscussed in Section 5.5. As shown

in Figure 5.12, the mean duration for SSBE monophthongs in monosyllabic bvd vs.
disyllabic hVba appears to be significantly different and could be the reason for variations
in the patterns of perceptual assgaton. However, the differences in mean duration for

SSBE diphthongs (as shownhigure 5.13), in monosyllabic bVvd vs. disyllabic hVba,

193



did not affectthe patterns of perceptual assimilation, in particular for SSBE diphthongs

/l a®/, [ adl/ and [/ O0d/ (see Sections 5.6.5 ;

& uE A OE

400
350
300
25
20
15
10

5

O O O o o o

OE O
mbVd mhVba

Figure 5.12. Mean duration (ms) for SSBE monophthonga bVd and hVbacontext

aa eD QD

mbVd = hVba

400
350
30
25
20
15
10

5

©O O O o o o o

Figure 5.13: Mean duration (ms) for SSBE diphthongsibvd and hVbacontext
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The above discussed results are partially in line with the impressionistic description of
Pakistani English (PE; as discussedSaction4.1). Accoding to the literature, in
Pakistani English speakers make a distinction between both front and back tense and lax
vowel s -/(G/. ealndd/ )/ B(Ehei kh, 2 Oahd22011tBviahbaob e t
and Ahmar, 2004; Raza, 2008; Rahman 1997 and 2Blbwjever, the results from the
present study only show this in the b¥antext. With regard to SSBE back and central
vowels and diphthongs, the results are comparable to previous impressionistic and
acoustic descriptions of PE (Hassan and Imtiaz, 201%] Bilal, 201&;, Raza, 2008;
Rahman, 1997 and 2015). Inthe hvba nt e x t for SSBE 4 éhse
and-/aUB/, and for the remaining SSBE vowe
with the description of Asian Englishes (Bolto®03; Deterding, 2007; Kachru, 2005)

and Indian English (Maxwell and Fletcher, 202010; Gargesh, 2004).

5.9 Conclusion

The results show that in the hVbantext listeners were very confusethey confused

all the SSBE vowels with multiple Urdu v
in this context than in the bVd context. There are two possible reasons for that. Punjabi
Urdu speakers/listeners wemdd that these words/sounds are not from English but from

a different European language that they do not know. This was done intentionally to see

if their perceptual assimilation patterns vary if they can or cannot recognise the vowels

as English.

Another possible explanation is due to the SSBE vowels being embedded in disyllabic
words. Even though participants were given clear instructions and a practice session to
emphasise that they should attend to the first vowel in these words, it is possivlesthat

listening to the 114 tokens their focus shifted. In the hVVba context they even confused

SSBE monophthongs with Urdu vowelo wel sequences, such as
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Urdu /6a&/ (23%; 5.3) and (28%; 5.R0)/[d6n0éks,

(21%; 5.2) and (16%; 5.1), respectively

Assimilation of SSBE vowels to multiple Urdu vowel categories shows that listeners were
not sensitive to the phonetic similarity of these SSBE vowels to the phonological
categories of Urdu (i.e. vowels). Tleéore, it can be predicted that this insensitivity to
the phonetic similarity of SSBE vowels to Urdu phonological categories will result in
poor discrimination of these vowels by Punjabidu speakers/listeners (Faris et al.,
2016). These experiments fosad on the perceptual assimilation patterns for SSBE
vowels individually and not in contrasting pairs and so testing these predictions is left for

future work.

The twocategory assimilation patterns here suggest that listeners were sensitive to
phonetic d&ils with regard to L1 phonological categoriéowever the multiple

category assimilation patterns show that listeners paid attention only to the phonetic
details. In future it would be better to do the same experiments with nonsense words
monosyllabic,to eliminate the effect of the syllabic context as a potential source of
confusion. In addition, it would also be better to run the same tests with the response
categories from Punjabi in order to see

perception ofin L2/foreign language.

PunjabiUr du speakersdéd superior perception of
contexts, suggests that these diphthongs are found in Urdu. They were each matched to
the phonetic and phonological properties of Urdu phasenHowever, their high
percentage of assimilation of SSBE / e/
the first part of this vowel. This diphthong does not exist in Urdu, so they did not have a
counterpart to match with and confused this withanaphthong. Some of the patterns

suggest that Punjalirdu speakers were sensitive to duration, for example they identified
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/i:l correctly, but some of the findings (e.g. the assimilation patterns of SSBE central

vowels) suggest that they were sensitivedth F1 and F2 especially F2.

To conclude, overall the results show quite similar patterns of perceptual assimilation
across both contexts; however, the biggest difference is in the percentage categorisation.
In the bVd context, listeners chose fewespense categories with a higher percentage.

In the hVba context listeners chose multiple response categories which resulted in overall
lower percentages (s@able 5.6andTable 5.7. The different assimilation patterns were

found for the following vowelé both contexts:

The assimilation patterns for SSBE /ae/ were significantly different across the two

contexts.

I n the bVd context, SSBE [/ b/ was/F18s i mi |
5.3), and Urdu vowel [/ 6 ESSBE /é&eBnis assimilaBedito | n
mul tiple Urdu vowel s; however, the two m
( 23 %; 5. 3) and [/ 06°E/ (16 %; 5.0). These s
confused with a number of Urdu vowels, and the five most fretyuehosen Urdu vowel

categories are shown Trable 57.

Assimilation patterns for SSBE centr al v
both contexts: In the bVd context, SSBE central-mid w v o we | /| Al was

Urdu [/ o6/ (446%E/ 5(.147)%: Wr.dou) , and some- ot he

high vowel /JOE/ was assimilated to Urdu
/l eEl (14%: 4.6). On the other -hawdyowael t|
and central michigh v owe | /| OE/ were confused with
mapped to Urdu /0/. These r es ulrdusfsteselsow t

found these two central vowels very difficult as compared to the ones they heard in the

bvd context, whex t hey categorised [/ A/ with Urdu
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Among SSBE back vowels, in bVd context,6 ¢
5.5); however, in the hVba context SSBE
Ur du [/ 640) and riuBigle other vowels. In addition, in the bVd context, SSBE

/| &/ and [/ uE/ were mapped to Urdu [/.4/ (4
However, in the hVba context, both SSBE /
t o Ur dspectivelyEheserresults show thaclusion of nonce word finl/ in SSBE

stimuli did not affect the perception of this vowel in bVd context.

These results show that in the h\dmmtext PunjabUr du speaker s found
confusing and mapped it to an Urdu vowelvel sequence. Similarly, listeners did not
categorise SSBE / &/ and /uE/ as distinct
have their counterparts in Urdilhough listeners did detect this distinction in the bvd
context. The assimilation patterns for other monophthongs and diphthongs were quite
similar across both contexts, as shown in TalBeabd Table . Lastly, the percentage
classification overlagsee Section 5.83uggests that discrimination will be easier for the
vowels in the hVba context, and new categories can be established for the dispersed
uncategorised SSBE vowels (Faris et al., 2016; Flege, 1995); however only future
discrimination and pragttion experiments can verify these predictions. That is, it would

be interesting to investigate whether the relative discrimination of the SSBE contrasts is
consistent with PAMG6s predictions, and a
be formed forthe SSBE vowels that are different phonetically from the closest Urdu

vowels.

As discussed irSection4.4.3 an auditory free classification experiment was also
conducted to investigate the perceptual similarity spaces for 19 SSBésvioma hvd
context. The experiment design and results are discussed in the following chapter

(Chapter .
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Chapter 6

Auditory Free Classification
This chapter reports on the auditory free classification of SSBE vowels by Rungabi
speakers. This study was used in order to mitigate the effects of association of oral stimuli
with the written (orthographic) words (as can be seen in daoggiage peeptual
assimilation tasks) and also to investigate the perceptual similarity of SSBE vowels to
each other. Free classification provides listeners with the freedom to classify the stimuli
without the limitations of experimentelefined category labels specific dimensions of
contrasts such as short vs. long. Contrary to traditional perceptual assimilation,
categorization and discrimination experiments, auditory free classification is more
flexible and effective as it allows the participants to categtimsetimuli (here, vowels)
in high-dimensional space (Clopper, 2008). As a result, the experimenter can explore
these categorisation strategies to better understand the perceptual dimensions and

similarity across stimuli.

AFree cl| as s i fexperiménieraoexpéote theocoraplex ilteraction of
perceptual cues to linguistic and indexical categories without requiring any priori
judgments of what the relevant acougilwnetic cues or their weightings might

bed (Clopper, 2008:575).

The free clasfication paradigm has proved popular in psychology and, more recently, in
sociephonetics; e.g. Clopper and Pisoni (2007) employed it for the perceptual
classification of regional dialects; Bradlow et al. (2010) employed it for the perceptual
classification of different languages based on their phonetic similarity or dissimilarity;
Atagi and Bent (2013) employed it to investigate the perception chatwve speech.
Clopper and Pisoni (2007) and Atagid Beni{2013) used sentences as stimuli. Bradlow

etal (2010) wused a sample of recording of
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Dutch, Korean, Mandarin and Turkish, available from the website of the International

Phonetic Association (IPA).

In the present study, 19 SSBE vowels were used in /hMuext so the participants
heard words in isolation. The main objective of this study was to investigate the following

research questions:

a) Is the perceptual distance between SSBE vowels comparable with and predictable

from crosslanguage perceptual assiatibn patterns as observedGhapter 5?

b) What acoustic dimensions do listeners pay most attention to: F1, F2, formant

movement (diphthongization), or duration?

c) What is the role of the Urdu vowel system in determining the perceptual similarity

of SSBE vowed?

6.1 Predictions

As discussed above, the specific patterns for auditory free classification (i.e. the clustering
patterns for the SSBE vowels) cannot be predicted or predeiased on thgeneral
predictions as discussed in Section 4.5fardings from the multiple forced choiazoss
languagessimilation and goodness rating task in a bVd context, reporgsttion5.6,

the following broader predictions can be made. Firstly, participants will be able to
differentiate between short and long voweBecondly, participants will be able to
differentiate the central vowels from front and back vowels. Thirdly, participants will be

able to differentiate monophthongs from diphthongs.

6.2 Experiment Design

6.2.1. Participants

The participants wharticipated in the perceptual assimilation task, as discussed in

Section 22, also participated in the free classification task. The order of the tasks was
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counterbalanced across all participants and sessions were conducted on two separate days.
This meas that some of the participants took part in the free classification task before
the perceptual assimilation and category goodness rating task and vice versa. Due to
hardware failure, data from two participants could not be retrieved for the free

classifiation taskHence the results are based on the data collected from 68 participants.
6.2.2. Stimuli

The talkers were the same who recorded stimuli for the perceptual assimilation task
(Chapter 5)i.e. two talkers (a male and a female, age rang852ind35-45) who spoke
Standard Southern British English as a native language. Each talker produced three
randomi zed blocks of the 19 SSBE vowel s,
/| 6/, [ 6/, [ OE/l, [d&/l, mhd //adkl, amad/g, di @d
hVd context. The recording procedures were identical to the ones discussed in Section
5.2.2. One token was selected for each vowel from each talker, i.e. one from the male
talker and one from the female talkerfr three repetitions of each SSBE vowel in a

hvd context. The test words are giverTiable 6.1.

6.3 Acoustic Analysis ofStimuli

The methods for the formant extraction, and acoustic comparisons of SSBE vowels with
RP vowels reported by Hawkins and Midgley (2005), were the same as d@énss
Section 52.3. The mean formant frequencies of the first two formantglateed in F1/F2

vowel space irFigure 6.1, for both SSBE vowels in a hVdontextand RP vowels
produced by a group of male speakers-Z80years old) as reported in Hawkins and
Midgley (2005).The stimuli used for the free classification experiment in a hvVd context
appear to be more similar to the RP vowels (as reported iniHaakd Midgley (2005))

than those in the bVd and hVba context (see Secti8)5.Hawkins and Midgley (2005)

reported the formant frequencies of the 11 RP monophthongs in a hvVd context, which
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explains why the stimuli in the hvVd context are a closer matbk. mean F1 and F2

frequencies and duration in the hVd context are givékpimendix 6A

Table 6.1: Test wordqafter Ferragne and Pellegrir010)

Test word Lexical set
heed FLEECE
hid KIT
head DRESS
had TRAP
hard START
hod LOT
hoard FORCE
hood FOOT
whood GOOSE
Hudd STRUT
heard NURSE
hade FACE
hide PRICE
hoid CHOICE
hoed GOAT
howd MOUTH
hared SQUARE
heered NEAR
hured CURE
F2 (Hz)
3000 2000 1500 1000 500
: : 200
300
400
500
N
600 §
L
700
800
900
I Hawkins & Midgley (2005)
SSBE
1000

Figure 6.1: Mean frequencies of the 11 SSBE monophthongs in achwiéxt along with

RP from Hawkins
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6.4. Procedures

6.4.1 ListeningTask - Auditory Free Classification

For the experiment, the stimuli were presented in PowerPoint with the interactive Drag
and Drop AddIn (PPTAIchemy, 2016). All participants were tested in a quiet, sound
attenuated room in the Department of English Language and Literature and in a computer
lab in the Institute of Communication Studies at the University of the Punjab, Lahore,
Pakistan. The participants were given access to a computer (laptop) and Sennheiser HD
650 headphones to listen to a set of English sounds in a hvVd context. The caaneater
initially shows the instructions for the free classification task, as shofsigume 6.2. On

clicking to move to the next page, the participants were presented with 3®llight
squares with coded labels, each representing a sawradged in three columns on the

left, plus a 1 10 cell grid in grey on the right, as showrFigure 6.3.

Screen 1

CIaSS|f|cat|on Task

A lnthenextsilde youwnlsee

; a number of filled boxes on ] ‘

- the left and empty boxes on =~ = =
the nght Slmllal’ to the box :

' 'here : -

| 2 | C|ICk ona flled box to Ilsten
... foaword .

' 3. 'Group the similar soundlng

words by drag and drop ; B o v R, TR
- Your screen should f‘:
eventually look somethlng ‘_> T TR
' 'Iake thls — O |

Figure 6.2: Screenshot from the auditory frdassification
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Screen 2

Figure 6.3: Screenshot from the auditory free classification

The participants could listen to each sound file by clicking on the blue square once with
the right mouse button. They could move and drag the-ltilyig squares around the
screen once clicked. The participants were asked to group the similar soundiagpyvord

drag and drop. They were reminded to focus on the vowels only, as the initial and final
consonants are the same across all 38 tokens, i.e. hvd. The listeners were allowed to make
as many groups as they wished with as many words as they thought exdrsianiar

vowels. They were not required to put the same number of words in each group and they
could listen and move the words around as many times as they wished. There was no
time-limit set for this procedure. The participants were asked to inforrxjherimenter

when they were finished. Typically, participants spen2@5minutes to complete the

task; however, a couple of the participants took up to 60 minutes on the task.

6.5 Analysis

The first step was to arrange the data in square similaritproximity matrices

(Wickelmaier, 2003). The proximity matrices encode the dissimilarity between any two
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points. To this end, the groups created by each participant were converted into
(symmetric) 38 by 38 matrices (19 SSBE vowel® talkers, a male and feie = 38),

where each row/column represents a vowel, and each cell encodes the proximity of the
row vowel to the column vowel. As shown Trable 6.2, for each participant a 1 was

placed in each cell that corresponds to a pair of vowel tokens that were grouped together.
All other cells were set to zero (s@ppendix @ for an example). The overall proximity
matrix is then the sum of all t hAppandixdi vi d

6C.

Statistical analysis is based on this aggregate similarity matrix using Hierarchical Cluster
Analysis (HCA) and Multidimensional ScalinMDS) analysis, which was conducted
using R (R Core team, 2018) wigoMDSfunction from theMASSpackaggVenables

and Ripley, 2002). Hierarchical clustering employs an iterative pairwise distance
calculation, joining the two most similar objects (i.e. sounds in this case) at each iteration.
The clusters form a tree pattern, highlighting the most similarctshj@radlow et al.,
2010) Following Clopper and Bradlow (2009), the relationship between acoustic

properties of the stimulus materials and perceptual structure (i.e. clusters) was explored.

MDS is a multivariate data analysis apprioghat builds a map from distances, projecting
points into a space in two, three or more dimensions. This representation of distances
between objects can help to identify underlying dimensions, such as the perceptual
similarity space in the present studiy.three or fewer dimensions, MDS also has the
advantage of providing a visual representation, highlighting perceptual clusters. The
number or nature of perceptual dimensions are not predefined prior to the MDS analysis

(Fox, 1983:27).

205



Table 6.2: Matrix representation of clustered pairs for one participant. Empty cells represent zeros.
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Fox (1983) reported forsimensional scaling for the perceptual structure of 15 American
English vowels; however, the data were not collected via adssification task.
Listeners had to listen to pairs of vowels in a hvVd context and rate their similarity on a
nine-point scale.The present study is different from Fox (1983) in both design and
stimuli. The tokens were not played in pairs to make judgsnen a scale. Fox (1983)
reported the findings from volunteers who spoke the Midwestern dialect of American
English. Despite the differences in experiment paradigms, Fox (1983) presented an
interesting analysis of perceptual correlations and acousiatste using MDS analysis,

which inspired the analysis in the present study (see Sec@id. 6.

6.6 Results

6.6.1 Hierarchical Clustering Analysis

The number of clusters across participants ranged from 4 to 22 with a median 11 and
mean 12. The sizes ofusters (the number of vowels in each cluster) per group ranged

from 1 to 15 per group with a median of 2 and mean 3 as shovable 6.3.

Table 6.3: Summary of number of clusters and sizes of clusters
Min. 1stQu. Median Mean 3rd Qu. Max

Number of clusters 4 8 11 12 16 22

Sizes of clusters 1 2 2 3 4 15

The similarity matrix was submitted to the R functioriustusingcomplete linkagéR

Core Team, 2018) <clustering criteria, wh
two groups as the distance between their two fardgesstt members. This methadually
yields clusters that are well separated
2017:4453). The dendrogram produced from this analysis is shown in Figure 6.4. In a

dendrogram each branching point (horizontal line) is called a clade and thenitha
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points (individual vowels, in this case) are called leaves. Each clade can have zero or
multiple branches, though when plotting the results of hierarchical clustering as employed

here, each clade will only ever have two branches. The arrangembatledtes shows

those that are most similar to each other. The height of the clades indicates how similar
the leaves or groups that branch off from the clade are from each other: the greater the

height, the greater the differen@&heaton College Massacleits, 2016)

TheComplete Linkagenethod was used because it has the laoggdtenetic correlation
coefficient{goodness of fit), i.60.85 for monophthongs and diphthongs together and 0.92

for only monophthongs. Other methods had lower than ©@offhendt correlation
coefficient Thi s goodness of fit measure i s bas
original di stances and those that result
Software, 2017:448), that is, it is a measure of how wéletdendrogrammatic distance
correlates with the source similarity matrix To@phenetic correlation coefficiemias

calculated using theophenetidunction of thestatspackage in R (R Core Team, 2018).

The clustering solutions were obtained for monophgisoand diphthongs combined, as
well as separately, as showrFigure 6.4, Figure 6.5 andFigure 6.6. In the dendrogram

in Figure 6 4, the perceptual similarity is indexed by the least number of vertical branches
connecting any two nodes. The horizontal distance is not relevant. The clustering analysis
revealed two main clusters, correspondingrémt and back vowels. These two main
clusters are further subdivided into three-siusters, which can correspond tolifgont,
high-mid front, and back vowels. The third saloster is further subdivided into two sub

clusters that correspond to high back vo

Il nterestingly, some of the digrhd h/o@d/s; weer
and /do/. However, /e®/, [/ epl/ and [/ bpd/ w

can be seen from the dendrogranFigure 64t hat /[ ad&/ , [ ad/ , [ O®/
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cluster interpreted as back, and the ot hi
main cluster interpreted as front. A more detadedlysis for monophthongs, followed

by diphthongs, is given in the following sections.

o ' —
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Figure 6.4: Dendrogram of the hierarchical clustering of monophthongs and diphthongs

6.6.1.1 Monophthongs

The clusters shown iRigure 6.4 andFigure 6.5 can be interpreted as follows:

SSBE monophthongs /i :/ and [/ w/ were gr o
grouped together. This suggests that listeners paid attention to spectral paes;ular

F2, since these front and back vowels are grouped in two different clusters. However,
participants did not respond to temporal cues; hence long and short vowels are grouped
together. SSBE monopht hongs /etcéivedhas ohuch b/
more similar to each ot her Rigora®4andRiguse ar e
6.5al so shows that [A/, [O6E/I, [ OE/l and [ 0/
/| 6/ are perceptually closest, and [/ A/ an:
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Figure 6.5: Dendrogram of the hierarchical clustering of monophthongs

6.6.1.2 Diphthongs

The clustering solution with all 19 SSBE vowels (i.e. including diphthongs), as shown in
Figure 6.4, shows similar patterns of perceptual similarity. In order to test if the presence

or absence of diphthongs affect the perceptual space, future experiments can be designed
to run separate tests foromophthongs and diphthongs. The present work suggests that
the presence and absence of diphthongs does not influence the perceptual
similarity/dissimilarity structure of monophthongs, as can be seenFigure 6.4 and

Figure 6.5. However,Figure 6.6 shows a different clustering pattern for diphthongs. It
must be noted that the in the present study, both monophthongs and diphthongs were

presented together to the listeners, and so probafitlenced the clustering choices.

As shown irFigure66, SSBE di phthong /a®/, [ Ow/, /D
cluster. Howkevaere mawé sinmi l/OW to each o

were added to the cluster | ater. Al t houg
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cluster, [/ abp/ an dclustedbant appearrtarbe moressenaato eathe s

ot her tthan/ € ®/®/ wihsi c h-clisterr anshown digsess6.o0nd s uk

Thus Figure 6.6 shows a different clustering solution for diphthongs alone than for the
diphthongs and monophthongs together, showkignre 6.4. SSBE di pht hon;
/| O®w/ were grouped in the same cluster an
of that same cluster; however, they were more similar to each other than any other
member of this gnao p . /i El, | &/ and [/ ew/ were gro
more similar to each other than /i E/, wh

grouped with monophthongs /uE/ and [/ &/ b

thesetwaononop ht hongs. [/ ebp/ was grouped with
to be perceived as more similar to [0/ t|
o
mi
™
o
oi
™
@ o
c 9 7
0
k7
a o
o o]
~— © 8
o | A © ® i
(9]
0] 4]
= o]
oi

Figure 6.6: Dendrogram of the hierarchicaustering of diphthongs
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In order to explore the relationship between acoustic properties (F1, F2 and duration) of
stimuli and the perceptual clusters;aneralised Linear Mod€GLM) model was fitted

and analysed using tiggm function of thestatspackage in R (R Core Team, 2018).

For each cluster, the three acoustic measures F1, F2, Duration, and talker Gender were
entered as independent variables, and the cluster membership (Front or Back) for each
vowel as the dependent variable (1 for members dodbnmembers). In terms of an

R formula we have
Front ~ F1 + F2 + Duration + Gender

The model was thus configured with a binomial error distribution and a logit link function

in R (R Core Team, 2018).

Type Il ANOVA tests were performed on the Glbdel in R (R Core Team, 2018).
The results revealed that F2 was a significant predictor of membership for each vowel in
both front and back clustersef((1) = 14.7424p < 0.0001). The other two acoustic
measures (i.e. F1 and Duration) and Gender wetesignificant Hence these results
suggest that listeners were more sensitive to F2 than F1 and duration to make their

classification judgments.

6.6.2 Multidimensional Scaling Analysis

MDS analysis was also carried out to investigate the perceptual giynifithe SSBE
vowels. A 19 by 19 matrix for all listeners was submitteistMDSfrom the MASS
package of R (Venables and Ripley, 2002) for MDS analysis, as discussed in Section 6.5.
A two-dimensional analysis (eventually interpreted as front/back agtdldw) was
selected for monophthongs. There were two reasons for the selection of-a two
dimensional space: the two dimensions were highly interpretabtk thestresswas

significantly reduced from the onéo two-dimensional solution, but the reduction
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stress from tweto threedimensional solutions was relatively small, and smaller still as
we increase the number of dimensions. This stress value gives a geoidfiestatistic
for MDS analysis (Kruskal, 1964), which is based on the differenceeeetvactual

distances and their predicted values.

A screeplot shows the stress valuesgenvaluesSmith, 2002) on the-gxis and the
number of dimensions on theaxis. The point where the slope of the curve starts

l evel |l i ng of fthe(elbdvds)Elopken @8nindiaases thie number of
dimensions that should be used to analyse the given data set. This stress value in the
present study was calculated for the monophthongs and diphthongs combined as well as
separately. Ascreeplot of thestressvalues obtained for each of the four MDS solutions

for monophthongs and diphthongs combined is showrFigure 6.7, and for
monophthongs and diphthongs separately is showhigare 6.8 and Figure 6.9

respectively.

40

35

30

stress.

25

20
/

/

Index

Figure 6.7: Scree plot showing the stress for each MDS solution from one to four
dimensions for monophthongs and diphthongs combined
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Figure 6.8: Scree plot showing the stress for each MDS solution from one to six
dimensions for monophthongs
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Figure 6.9: Scree plot showing the stress for each MDS solution from one to four
dimensions for ghhthongs
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The scree plot for diphthongs suggest that a-ftmnmensional solution should be chosen
to interpret the underlying factors for perceptual classification of diphthétaygever,
a fourdimensional solution was not obtained in the present stuzhulke dimension four

was uninterpretable with regard to any standard linguistic interprefafidrox, 1983)

As shown inFigure 6.10, Figure 6.11 andFigure 6.12, the first dimension athe two
dimensional solution separates thigh-front from nonhigh frontvowels. The second
dimension separates thggh-backvowels fromlow-backvowels. The two central vowels

are also separated and grouped themonhighe se t
frontvowels;y and / P/ ; and [/ AWhi gl lpaokpedwel $ h
/ 6 [& this twadimensional spacd-i{gure 6.10), the diphthongs are also grouped with

front and back monophthongs as shown in hierarchical clustefiggiré 6.4). As

suggested by thecreeplot, a treedimensional solution for diphthongs is presented in

Figure 6.13.
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Figure 6.10: Two-dimensional MDS ofperceptual similarity for monophthongs and
diphthongs
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Figure 6.11: Two-dimensional MDS of perceptual similarity for monophthongs
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Figure 6.12 Two-dimensional MDS of perceptusimilarity for diphthongs
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Figure 6.13: Threedimensional MDS of perceptual similarity for diphthongs

A threedimensional solution for diphthongs, as showhRigure 6.13, can be interpreted

as follows:

Dimension 1 in zy plane, have diphthongs wittlosemid front vowels as onset and
centr al vowel s as of fset :-yplape haye diphehangs an
with closemid front vowels as offset and back vowels @sset / a @/ and [/
dimension 3 in xz plane, have diphthongs with back arehtral vowels as onset and

of fset: [/ &o/, [/ pd&/ and [ adl. Therefore,
front/central, second dimension can be interpreted as back/low, and third dimension can
be interpreted as back/high or back/cenfrhlrd dimensbn can also be interpreted as an
extension of second dimension because the diphthongs in these two dimensions have low

and high back vowels as well as front and central vowels as offset and onset respectively.

Al t hough [/ &b/ and dimensionstheyappéaoto be duité distincti f f

from the other members in their respectiimensions Therefore, it was necessary to
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compute the MDS coordinates ftire SSBE diphthongs ithreedimensional space to
calculate the exact distances between tpatdongs in each dimension. These MDS
coordinates are shown Figure 6.14 and the list of coordinates for each diphthong is
given inAppendix6D. As shown inFigure 6.14, according to MDS coordinatestimree
dimensional space, the foling diphthongs can be grouped as they have coordinates in
the samequadrant hence can be considered more similar to each other than other

diphthongs

1 Firstquadrant! e o/ arefdund irethle same quadrant

f Second quadrant: &b /  arefdund iritie/same quadrant but they differ with
regard to yaxis coordinates

f Thirdquadrant/ b & / ane tbund ia the same quadrambweverthe x, y, z
coordinates for /[/aa/ are significant]|

1 Fourthquadrant/ a &/ a@enagprokir@edely in the same quadrant with regard
to x-axis coordinateshowever,the yaxis and zaxis coordinatesare very
different i.e. yaxisandza xi s ar e both negative and

axis is positive and-axis is negative fot a @/

These differences coordinates suggest that their representatiothrieedimensional

space (as shown Figure 6.13) is only partially correctFor example / @b/ and /[
found in two differentdimensiondn threedimensional spac@rigure 6.13). However
according to their x, y, z coordinatéas shown iffigure 6.14),/ &b/ arefalnd/ind b /

the same quadrant and appear to be (perceivetipes similar to each other than any

other diphthongs-urther, these findings can be interpreted thatdiphthogs in these
dimensiongquadrantsysuggest that listeners paid more attentiothtoonset vowel in

the first quadrant however, they focused on tloéfset vowel inthe second third and

fourth quadrant
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Figure 6.14: MDS coordinates for each SSBE diphthong in thil@eensional space

Quantitatively, acoustic properties can be compared to the output of the MDS analysis,
to establish a link between perceptual classification and physical attributes of the vowels.
Pearsonds r test for correlatioastmuus per
vowels against each dimension of the MDS analysis. The significance level of the
correlations was then determined by calculatingtheatl ue f r o walleeThis s on o6

was performed using tle®r.testfunction in thestatspackage of R (R CerTeam, 2018)

The monophthongs examined in isolation reveal a significant correlation between
Dimension 1 and F2 (¢8.872, t(9)=5.346, p < 0.001), and Dimension 2 and F1 (r=0.876,
t(9)=5.438, p < 0.001). F3 was not found to be significantly correlatéu any
dimension. The effect of duration was also not significant. This establishes a clear
guantitative link between subjective classification by listeners and the objective acoustic

properties of the vowels. We conclude that the listeners groupedsvextielsimilar F1
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and F2 or F2 only properties, with no re

2-dimensional MDS are given ifiable 6.4.

Table 6.4: Pear sonds -dimensioeal MDS foomomsophthongs 2

F1 F2 F3 Duration
Dimension 1 0.03 -0.87 -0.23 0.13
Dimension 2 0.88 -0.54 0.01 -0.22

The diphthongs examined in isolation with regard to tolie®ensions reveal a significant
correlation between Dimension 1 and F2 onseD(854, t(6)=7.8057, p < 0.001), and a

very weak correlation between Dimension 2 and F2 offse0.489, t(9)=1.378, p =

0.2), and Dimension 3 and F2 offset 0620, t(9)=1.9384, p = 0.1). No other
significant correlations were found. In particular, the effect of duration was not
significant. These results suggest that listeners were more sensitive to F2 andnset
offset and perceived diphthongs similar to each other with regard to F2 onset and F2
offset. In addition, F3 was not found to be significantly correlated with any dimension.

T he P e eorredatondors3-dimensional MDS are given ifable 6.5.

Table 6.5: Pear sonds -dimensioeal MDS forodipighorige r 3

F1 onset F1 offset F2 onset F2 offset F3 onset F3 offset Duration

Dimension1 0.54 -0.25 -0.95 -0.16 0.14 -0.02 0.69
Dimension 2 -0.39 -0.22 0.01 -0.49 -0.48 -0.53 -0.16

Dimension 3  0.43 0.40 0.07 -0.62 -0.31 -0.15 -0.29

6.7 Summary and Discussion

In this experiment, the listeners exhibited a range of free classification strategies. Some
listeners created very few groups, while other created as many as 19 groups. The number
of groups ranged from 4 to 22 with a median 11 and mean 12, and the sizesps

ranged from 1 to 15 vowels per group with a median of 2 and mean of 6. These results
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show that by using a free classification task listener can make a relatively large number

of fine distinctions based on the given set of words carrying the tayged sounds.

Despite the fingrained classifications made by individual participants, the clustering
analysis of the aggregate data revealed just four overriding categories in the identification
and grouping of the vowels: front, back, high and-hgh. Ho we v er , t he |
central vowel space is empty. The classification of SSBE vowels into front and back
clusters is also reported by Evans and Alshangiti (2018) for Arabic learners of English
with high proficiency in English. However, the further salbsters they reported are very

different from the ones found in the present study.

These four broad perceptual categories correspond directly to the perceptual categories
revealed by MDS analysis. Overall, the perceived distribution of SSBE monophthongs
showed by the MDS solution is similar to their distribution in acoustic space, except for
the two central vowel s: [ 0 Enidfrorawwgsegandc e i v ¢

/| A/ was percei vedmdBackmaovele si mi |l ar to opei

The MDS analysislao revealed several novel findings. When the perceptual distances
between the SSBE vowels were plotted in a-tlimensional space for monophthongs,

the dimensions that emerged corresponded to the vowel space in four categories: front,

back, high, low. Théwo-d i me nsi on al MDS al so reveal s t
the front norhigh vowels, i.eed and [/ b/ ; and / A/ w-high gr ou
vowel s, i . e. I 61, /| OE/ and [ 6E/ . The MD

dimensions, arpartially norconclusive as dimension 3 did not show any relation to the
given acoustic measures of diphthongs; except that the back dimension was split into two,
which was interpreted as low back and high b&twever, the interpretation of three
dimensonal space with regard to X, y, z coordinates clarified the ambiguity and showed

that PunjabiUrdu speakerBstenersfocused on the onset vowel in first quadrant and
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offset vowel in the second, third and fourth quadrant. These findings were backed up by
Pearsonés r test for correlation which w
stimulus vowels against each dimension of the MDS analysis as discussed in Section

6.6.2.

The results obtained from this free classification experiment look praysicause they

are consistent with previous research on the production of Pakistani EfRfE$hn

particular vowels(see Section 4.1.1)That is, these grouping patterns show some
similarities to those found in the PE production experiments presentddtiyoob and

Ahmar (2004)Bilal et al. (2011a2011band2011c), Raza, (2008) and Rahman (1991).

The results for front and Obaakddt)é naEde amal

in line with the impressionistic description of RS discusskin Chapter 4).

According to the literature, in Pakistani English speakers make a distinction between both
front and back ten$eé&/ amaddl)dx(Eoevek s, (20 le
2011a; Mahboob and Ahmar, 2004; Raza, 2008; Rahman d&8d 2015); however, the

results from the free classification task do not show this distinction. With regard to SSBE
back and central vowels, as well as diphthongs, the results are comparable to the
impressionistic and acoustic description of PE (Hassah Imtiaz, 2015; Bilal et al

2011c; Raza, 2008; Rahmaft991,1997 and 2015). Overall, the results from the free
classification task are in line with the description of Asian Englishes (Bolton, 2008;
Deterding, 2007; Kachru, 2005) and Indian EnglishaxMell and Fletcher, 2009 and

2010; Gargesh, 2004), with slight variations, in particular for central vowels.

These grouping patterns suggest t had I i s
influenced by their L1s vowel inventory, i.e. Punjabi andWirdthis case, even when
specific labels are not imposed on the task a priori by the experimenter (as in the multiple

forced choice experiments). In addition, the multidimensional scaling analysis of the
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classification data provided some insights into thlevant perceptual dimensions of

distinction between SSBE vowels by the listeners.

6.7.1 Comparison of theResults from two Tasks: Free Classification and Cross

L anguagePerceptual Assimilation

As discussed in Chapter 5, a crmsguage assimilationgk was designed to explore the
perceptual assimilation patterns of SSBE vowels in a bVd context by Puhgi
listeners. It was predicted that the results from the devggiage assimilation task will

be similar to that of the free classification tasg&cdssed in this chapter; however, the
findings from both contexts show some differences. A comparison of the findings from

these two experiments is discussed below.

6.7.1.1 Monophthongs
Firstly, in the crosganguage assimilation tadRunjabtUrdu listeners showed sensitivity
to both spectral and temporal cudswever, in the free classification task, listeners were

not sensitive to temporal cues.

The results showed thatinthecbiss nguage assimilation tas|
/| &, ahd / P/ were most often assimilated
ranging from4.5 to 5.3. The clustering and MDS solutions for the free classification task
showed similar results to the crdasiguage assimilation task for therftavowels. In the

crossl anguage assimilation task, S S4BFand P/ w
Urdu D /'E31%; 5.3). As can be seen in the dendrograigufe 6.4 andFigure 6.5), in

the free classification task, SSB# and /ze/ were grouped together and appeared to be

more similartoeacht her than [ 0'E/ whi ch was added

In the crosdanguage assimilation task, the SSBE centtakemid v o we | /| 0'E/
assimilated to Urdu /O6E/ (25%: 5.2), but
However, in the free clagigation task, SSBE centralpermidv o we | I Al and
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centralclosemidv owel [/ O0'E/ were grouped with back
the findings for the central vowels are quite different across both experiments.
Assimilation patterns fothe back vowels can be considered broadly similar across both
experiments. One contrasting result was that in the taoggiage assimilation task

| i steners identified SSBE [ &/ and [ uE/
corresponding Urdu vowels, wheas they failed to detect this temporal distinction in the

free classification task.

OE O OEO( uke A 0E
mbVvd mhvd

400
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25
20
15
10

5

© O O O O o

Figure 6.15: Mean duration (ms) for SSBE monophthonga bV/d and hVdcontext

Overall, for monophthongs the results from frelassification and crodanguage
assimilation tasks are comparabl e, excep
and centr al vowels: [ A/ and /O0OE/. We <can
cause for this. As can be seerfFigure 6.15 andFigure 6.16, the difference in mean
duration across both contexts (and hence, bothremeets) was not sufficient enough to

account for variations between the contexts.
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Figure 6.16: Mean duration (ms) for SSBE diphthongsibVd and hVdcontext
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6.7.1.2 Diphthongs
For diphthongs, the assimilatiopatterns are similar to some extent across both
experiments. Inthecrodsanguage assimilation task, SSI

to Urdu /eE/; SSBE / Q&b /fnomeatstsesondnosttb Uréuq u e n t

| e EIl . | n t hen task these diphth@rgys werei otustared avith the front
monophthongs. /e®&w/ was grouped wiFidure/ i E/
6.4 , n/d®d// ead/ were more similar to each ot

same cluster; anduiU/ em/d wWwas gwheumrpe d dwi/t hw:
than /ae/. These patterns show that listeners paid attention to the second element in these

diphthongs.

Inthe crosd anguage assimilation task, SSBE [/
however, in the free classification task, this diphthong was gdwpéh SSBE
monopht hongs / &/ and [/ u'E/l . I n the free ¢
and [/ ad/ were clustered together. For t |
attention to the second element. Since these diphthongs were gmilbatie back

vowels, the pattern suggests that listeners were more sensitive to F2 than F1.
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The assimilation patterns for diphthongs were quite different in both experiments. The
free classification of diphthongs appears to be slightly more complexe @if@gthongs

can be clustered in two di mensions, i .e.
split in two dimensions: high back and low back, as showingare 6.13and the accurate
position of these diphthosgin threedimensional space is best represented in four
quadrants as shown Figure 6.14. In addition, the sublusters in the dendrograms
(Figure 6.4 andFigure 6.6) show that listener®bcussed on the second element more
often. However, as discussed ab¢see Section 6.6.2)he MDSstressplot suggested a
four-dimensional solutiofor diphthongsbut the fourth dimension was not interpretable

with regard to any linguistic and acougtiopertiegcf. Fox, 1983)

6.8 Conclusion

The results showed that listeners clustered long and short vowels together. The cluster
distances suggest that the listeners found long and short vowel pairs very similar to each
other, but very distinct from o#hn vowels. Secondly, it was predicted that listeners will

be able to differentiate the central vowels from front and back vowels. The clustering and
MDS solution showed that | isteners confu
and back vowels, rpgctively. Thirdly, it was predicted that listeners will be able to
differentiate  monophthongs from diphthongs. The clustering solution showed that

| i steners indeed grouped /ad/, [/ ad®d/ and

grouped with mondputhongs.

We can conclude that crekmguage perceptual assimilation patterns cannot predict the
perceptual similarity between L2 vowels as perceived by L2 learners. For example, the
crossl anguage perceptual assi mi |l dsuggeststhatf S S
listeners found these vowels quite similar; however, in the free classification task

hierarchical clustering and MDS analysis showed that listeners found these vowels very
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different, and they grouped SSBE centtpermi d v owe | /céntralclase d S SE

mid vowel /[/OE/ with back and front vowel :
Similarly, in the cros¢ anguage perceptual assimilati
assi mil at eldowever, higrarchical dlustéing and MDS analysis showed that

/| &/ d@a/ndweree perceived more similar to eac
very different from [/ /. I n the free ¢l a
/ ebp/ than [ b/ and [/ 0E/, whi ch werwo- adde

di mensional space,-hil gh, wasd fbuhdiow.® bHeua

The patterns for individual perceptual similarity are not tested here and can be the focus
of future research. Variability in the individuaéqgeptual similarity and assimilation
patterns can be due to the individual [
language and influence of their L1s. In addition, in order to test if the presence or absence
of diphthongs affect perceptual id#ication and classification, future experiments can

be designed to run separate tests for monophthongs and diphthongs.
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Chapter 7

Discussion and Conclusion
The aim of this thesis was to investigate the acoustic and phonetic properties of Urdu
vowels as spoken in Punjab Pakistan and the perceptual assimilation of SSBE vowels by
PunjabiUrdu speakers.Chapter 1provided an overview of the thesis structure, layout
and research aims and objectives. In the first section of this thesis, the acoustic and
phonetic properties of Urdu monophthongs and diphthongs were investigated. This
acoustic and phonetic investigatifollowed by phonological interpretatiai Urdu aided
understanding of the crotsnguage perceptual assimilation and free classification of

SSBE vowels in the second section.

In this chapter, firstly a summary of the methods and results of the prodexperiments

are discussed. Secondly, the similarities and differences betweenlacrgsage
assimilation patterns of SSBE vowels across two different tasks are discussed, followed
by the comparison of findings with the impressionistic descriptiofakistani English.
Lastly, the implications of these findings with regard to how patterns of perceptual
assimilation and free classification may predict perceptual difficulties by SSBE learners
of English who speak Punjabi and Urdu as their first and selemguage, respectively.

Lastly, limitations of the present study and future work is discussed.

7.1 Urdu Monophthongs and Diphthongs
As discussed i€hapter 1keeping in view the effects of local languages, it was decided
to investigate the Urdu dialect as spoken in Punjab, Pakistan, in particular to establish the

following:

a) whether there is a consistent difference between short and long vowels in Urdu;

b) whether vowels, whose status has been disputed, differ in quality or length;

specifically, the front vowels [el, [/
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c) Whet her Urdu as spoken in Punjab, Pak.i

d) Whether Urdu as spokem Punjab, Pakistan has diphthongs.

In order to answer these questions, the acoustic data were collected from 22 speakers (11
males + 11 females) who speak Punjabi as their first language. The results, as discussed
in Chapter 2were based on F1 and F2 at steady state points, and F1 and F2 at seven
equidistant points, and duration. The results showed that Urdu has long and short vowels,
which differ both spectrally and temporally. The contradictory vowels in the literature
were further analysed, and the results s
overlap; however, these are distinct phonemes, especially with regdrdd BEuration.
Therefore, it was concluded that these two vowels differ temporally and spectrally. In
addition, the duration of /e/ suggests that it is not a short vowel. Phonologically, these
are two distinct phonemes, since they can be found in minimal pairs, for lexanes E ¢
fistomacldk amddigotbeatenup. | n addition, both of the
word initial and medial positions, for exampée ‘Efioned [/ 0 n dpeediisStomach |,

and/p ot beaten up . | n aElcdni bé foumahin mohgitabic open syllables,

such as/s é fEf r o/kméikto f 0 ; however, I w/ cannot be
syllables As discussed in Section 3.1Wrdu does not allow open light (momooraic)

syllables (Hussain, 1997). This suggests that Urdu has tahgheort vowels, where short

vowels are monanoraic and long vowels are-bioraic.

/ 0/ and [/ P/ are reported as distinct pho
2003; Saleem et al., 2002); however, the acoustic and phonetic analysis from the prese
study show thaf] and[ad do not differ spectrally or temporally. These vowels appear

in the opermid and closemid region of the vowel quadrilateral; hence it would be more

appropriate to transcribe this vowel as |
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in closed syllales, and in disyllabic or tsyllabic words in stressed open syllables, for

example”™ b 0 [igatf@6vE (hdd, where the first syllabl e

Despite the fact thdiQ-[o] are discussed in the literature as distinct phonemesei
present study these vowels showed substantial spectral and temporal overlap and
statistical analysis confirmed that these are not distinct phonemes in Urdu. Saleem et al.
(2002:3) has given a disyllabic near minimal pairo hiigoldo fotr o  sahdgbePhod
ftosow; however, the vowel sound in both of
does not change the meaning of the given words if pronounced with one or the other
sound. In addition, no data is offered to compare with the findingstfreqresent study.

It is hard to find minimal pairs in Urdu, which could essentially mean that the sounds that
occur at different positions in different words (initial, medial or final) are allophones with
slight variations of the same sound. Phonemic#tlgse two sounds do not contrast in
Urdu spoken by Punjatiirdu speakers, therefore it can be concludedaind[o] are

not distinct phonemes in Urdu phonetically or phonemically. It is quite possible that the
studies that report these two vowelsdaginct phonemes took their data from speakers

of Urdu with nonPunjabi L1. Therefore, further experiments with minimal pairs and
using speakers with different L1s (e.g. Sindhi, Balochi, Saraiki) can help to better

establish the quality and status of #anéso vowels in the Urdu vocalic inventory.

With regard to the central vowel, the results from ghesent study show thft] is an
allophonic realisation of the fairly open, central unrounded v@§elwhich has higher

F1 and lower F2 thafp]. It is quite possible that this central vowel is pronounced
differently by speakers of Urdu with a néunjabi L1.Although [p] and [A vowels
appear to be distinct phonetically with reference to duration, F1 and F2, phonologically
these two sounds are not disti{gee Section 2.6 for further detail$herefore, it can be

concluded thafp] and[A] are allophonic in Urdu whergy is a fairly open, central
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unrounded vowel with higher F1 and lower F2 tH@h and a more appropriate

transcription forthiw owel woul d be [/ 0/ .

For the front opemid vowels, ], [U] and[ad have been used for distinct vowels or as
allophones of the same vowel in different studies. For example: Saleem et al. (2002) states
that the soundg)] and[ag are allophones of the sarseund; Fatima and Aden (2003:74)

state thafy)] is a long andad is a short vowel or vice versa; Raza (2009) repdrieand

[ad as distinct vowels. However, neither Saleem et al. (2002) nor Fatima and Aden (2003)
and Raza (2009) have given enough evigdn support their claims. Kachru (1990) used

the symbol[(] for a frontopermid vowel in his impressionistic account of the Hindi

Urdu vocalic inventory; however, Hussain (1997) argued that the sound in Urdu is closer
to vowel [/ b/ mntstady[0]/[a) dnd[ad Were usel ia nepr mmima pairs
[pe]E& t ommpbalmiwi | | o vjbedd fr tee Of and theresalts show th@ad is

not distinct from[ad.

Another issue with the available literature was the lack of reliable information to compare
the results, . e. acoustic analysis and
background. As a result, there is no way to compare the results from tbatmesly

with the studies reported in the literature. The acoustic properties of Urdu vowels
(duration and F1 and F2 frequencies) reported by Hussain (1997) were compared with
the findings from the present study. As Hussain (1997) extracted those fralmes
stressed and unstressed syllables from disyllabic words from varying consonantal
contexts, the comparison is not very comprehensive. However, the results showed that
the vowel length contrasts and F1 and F2 values waréally comparable This
compaison confirmed the distinctions in both vowel spectral and temporal qualities that

are found in the present study.
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In summary, the analysis of formant frequencies and duration shows that Urdu has long
and short pairs. Long vowels are significantly loniipan short vowels and appear to be
more peripheral in quality than short vowels. In addition, short vowels do not occur in
open syllables (CV) in Urdu. Although literature reports on tense and lax vowels, we do

not have articulatory evidence to supportsinalaims here.

The research questions were answered as follows: (a) there is a consistent difference
bet ween short and |l ong vowels in Urdu;
quality and length and Urdu does not have /ee/; (c) back vpajelad[Q are not distinct

in quality, in particularspectrally and temporalifference does not show phonological
distinction (d) it seems that Urdu as spoken in Punjab, Pakistan has two central vowels,
[o] and[A], but[p] is only an allophonic realisai on of [/ A/ i n unstr
words and a more appropriat e t rNasalisedvowgist i on
were not analysed in this study, despite the data being collected. Therefore, future studies
will focus on the analysis of nalésed vowels and the allophonic statugopfin stressed

and unstressed multisyllabic words. Thus, Urdu as spoken in Punjab Pakistan has six long

vowel s: /i EIl , /| e EIl , /| 0El , /| 06 °El , /| o E/ and

Chapter 3provided an acoustic and phonetic investigation of six Urdu diphthongs.
Although the phonological status of diphthongs remains unclear, the results showed that
thes diphthongsare not distinct with regard to duration. The acoustic analysis showed
that phonetically these Urdu vocalic sequences partially (e.g. temporally) behave like
diphthongs. The results also showed that these vesmdjuences are shorter than two
monophthongs together, but longer than a long monophthong which suggests that a time
slot is not deleted as claimed by Wagar and Wagar2j2@0l six diphthongs were

distinct from each other at the onset (20%) and offset (80%) with regard to F1 and F2,

232



and the first and second components were also distinct from pure monophthongs in

quality.

Contrary to the assertion by Wagarand Waqarf20®0) t hat @A Ur du has
(second vowel i's of longer dur atedtoantheo, t |
duration of the onset, transition and offset are all similar, which suggests that Urdu does
not have rising diphthongs. The F2 transition occupies approximately 30% of the total
duration of each diphthong. This is markedly different from Ehglighere the transition
duration can be very high, e. getal, 190M.% f o
According to Lindauet al. (1990), transition duration appears to be distinct across
diphthongs as well as languages, for example, the transitor at i on of / ad

occupies 1820% in Arabic and Hausa, and-80% in Chinese.

Due to lack of enough phonetic evidence, we can conclude thaiptittongsdiscussed

above were pronounced as two vowels (vowels in hiatus) by PujdbispeakersThe

stimuli used here were all monosyllabic words in open syllables, therefore the effects of
stress (as discussed in Spanish; Aguilar, 1999) on the quality of these vowels cannot be

accounted for. Future work is therefore required to investigate tlet effstress.

The most compelling reason to treat these vewsglel sequences as diphthongs, other

than their duration, is that the literature on Urdu phonology unanimously reported that
onsetless syllables are not allowed in Urdu, except for word initial positiorefoherif

we divide the words, e.g. [/ p6e/ and [/ bQOel
left with an onsetless syllable which is not permitted in Urdu (see Section 3.1.1). In future,

it will be interesting to see the qualities of these thphgs in disyllabic and multisyllabic

words with stressed and unstressed syllables.

Another argument against these vocalic sequences being considered diphthongs regards

language games (Ohala, 1986). The author of this thesis, a native speaker of Urdu,
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consi dered that iif [/ pdbel/ can be broken do

can be played where the penultimate syllable is swapped by the antepenultimate syllable,

so /' p6.e/ will become /e.p6/. Hoseguenee , t
/| 6el/ is found in cl ospwdemesy!| It kel sy | @abc hii
/| mp.soel /. I f the | ast syllable in [/ mbp.s

this would violate the onsetless syllable structure rule$setdon 3.1.1). Such a syllable
structure would also sound incorrect to
is a diphthong. Therefore, future perception and syllable identification tests will help to

better establish the status of these ttiphgs.

In the present study, sidiphthongs (as discussed in Section 3,2\@hich were
considered close to SSBE diphthongs by the author, were investigated. They helped to
further understand the perceptual assimilation and free classification patt&88B
vowels as discussed in Chapters 5 and 6. The IPA symbols for these diphthongs were
chosen based on analysis of the acoustic and phonetic properties of Urdu vowels, as
discussed in Chapters 2 and 3. Therefore, these symbols do not match the dgphthong

reported in the Urdu literature.

The acoustic and phonetic investigation of Urdu vowels facilitated the prediofitimes
perceptual assimilatioand free classificatiomf the SSBE vowels as iChapter 4

Chager 5andChapter 6

7.2 Perceptual Assimilation of SSBE/owels

Crosslanguage perceptual assiatibn and free classification of 19 SSBE vowels were
tested in three different contexts: bvd, hvd, and hVba. These three different contexts
were used for different reasons. bVd and hVba contexts were used fotacrgpsage
mapping and goodness rating taswhere listeners had to match an SSBE vowels with

one of the given Urdu vowel categories (Urdu words carrying the Urdu vowels) and give
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a goodness rating on a scale from 1 (unlike to Urdu) to 7 (like Urdu) (Strange et al., 1998;
Faris et al., 2016). Ime bVd context, listeners were told that these are English words;
however, in the hVba context listeners were told that these words are from a different
European language, and they can learn more about that after they finish the experiment.
The use of norense words in a hVba context made it easier for listeners to believe that
this was not Engl i sh. The rationale beh
assimilation patterns are affected with regard to knowledge and familiarity of the target
langua@. As well as the expected effects of context and syllable structure on the quality
of vowels, the results did show a number of differences in the perceptual assimilation
patterns across both contexAs discussed in chapter 6, SSBE vowels in a hvVd contex
were used for a free classification task to test how learners perceive and group these
vowels when there is no categorisation or mapping to L1 vowels and no predefined

categories.

The results showed quite inconsistent patterns of perceptual assmdlatass bvd and

hVba contexts. In the bVd context, listeners chose fewer response categories, which
means those vowels were considered categorised. In the hVba context, listeners chose
multiple response categories, which means most vowels were considestdgorised.

The assimilation patterns for SSBE /ae/ were significantly different, inconsistent and very
complex across the two contexts: In the bVd context, SSBE /ae/ was assimilated to Urdu
vowel 9/E/ &fEd ,/ d E/ . | n t he BkiMiated tcrnuipledJsdd , S S
vowel s, with the two most frequently cho:c
sensitivity to temporal similarities and differences could be the reason for this perceptual
assimilation in the bvd context. However, irethVba context, listeners appeared to be
sensitive to F1, since F2 and duration of /ae/ in a hVba context are significantly different
from Urdu /O6E/. The categorised patterns

the hVba context suggest that fiiarity with the target language made listeners sensitive
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to both phonetic and phonological contrasts, especially with regard to L1. However,
unfamiliarity with L2 made listeners pay attention only to the phonetic details of the target
language. These fitings are neither supported by Perceptual Assimilation Model (PAM

L2; Best and Tyler, 2007) nor by Speech learning Model (SLM; Flege, 1995).

Assimilation patterns for SSBE centr al v

both contexts. In the bVdontext, SSBE centralpermi d v owe | /| Al was

Urdu [ o/, /| 0'E/ and some opsemed vowel s/ 0 &
assimilated to Urdu /O6E/, [0/ and [/ eEl . C
openmi d vowel /chosembddvowatr ADE/ were confu

vowel s, but never mapped thainthe WWha context,. Th
PunjabtUrdu listeners found these two central vowels very difficult as compared to the
bvd context, where they categorised [ A/
Thesedifferencesin the patterns of perceptual assatiibn of SSBE central vowels failed

to support L2LP predictions (see Section 5fdrithe predictions and Sections 5.6.2 and

5.7.2 for the findings from the bVd and hVba contexts respecjively

Faris et al. (2016) reported that Egyptian Arabic learniefaistralian English found the
centr al vowel / 0'E/ di fficult to percei Vve
Alshangiti (2018) reported that Saudi Arabian Arabic learners of SBBE with a higher
proficiency in Engl i sh dc odnifpunhstehdo ntgh e ecpe/n tw
They further reported that listeners with higher proficiency levels were able to detect
some of the differences of these two vowels to other vowels. In the present study, in the
bvVd context 1istentea sUracsws i wo Wealtse d/ 6SEB/B,E // G
the hVba context they confused this vowel with multiple Urdu vowels. This could be due
to the fact that Urdu does not have this

et al. (201t), Pakistani Bglish does not have /'Zowel. Therefore, the difficulty in the
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perception of this vowel could be due to the fact that Putjathil listeners did not have
a good match for this vowel available and so confused it with multiple other vowels,
especially inthe hVba contexiThese results support ihdLM and PAM predictions that
it will be easier to form a new category for SSBR)(E./M), and it will be easier to

discriminateS S B E (P/AM) Bécause this voweloes not have a counterpart in Urdu.

As discused in Section 5.9 assimilation patterns for SSBE back vowels were quite

different in both contexts, i.e@ n t he bvd context | 0 E/ W a ¢

however, in the hVba context [/ O0E/ was as
other vowe$. Furthey i n t he bVd context, SSBE [/ &/
and / u'E/ .Hoewepeat,i venl ¥t he hVba context, bo
to Urdu /uE/, as well as other vowel-s. Th

Udu speakers found SSBE / O6E/ most confus
participants did not categorise SSBE [/ &/
their counterparts in Urdu. Although participants did detect this distinctidmeitoVd
context, they failed to detect /| &/As and
discussedabove andn Section 5.9, these assimilation patterns in the bVd and hVba
context suggest that familiarity with the target language played an importamt tbée
perception of these vowel¥he assimilation patterns for other monophthongs, and all

diphthongs, were quite similar across both contexts.

In L2 perception literat r e , S-BBE a/did/E//cudE’t r asts have b
troublesome for second language learners (Evans and Alshangiti, 2018; Escudero and
Chigdkovg, 2010; Lengeris, 2009; Escudero, 2005). In addition, Evans and Alshangiti
(2018), in an investigen of perception and production of British English vowels and
consonants by Arabic learners of English with varying proficiency levels in English,

r epor t ealcontrhsawas fouad'to be most confusing by Arabic learners of English.
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Spanishisrepr t ed t-/dd/ | addkl /cuoBVt r ast s ; hence the
perceived as the single Spanish vowel /i/ and /u/ respectivelysdkivg, 2010;
Escudero, 2005). According to Holes (2004, cited in Evans and Alshangiti, 2018s 17),
opposedo UrduModern Standard Arabic does not have an /e/ vowel and has three tense
| ax paliir/sst all @ 'Eéuh &vans anl /Alshangiti (2018) reported SSBE
contrasts that were not found in Arabic were the most difficult for Arabic learners of
End i sh, dwdh adHo wedldulistengtsimthegresent study do have /

/ Océntrast and long and short vowels (see Sectionif7.their L1, but they failed to
detect these differences in the perception of SSBE vowels, especially odedntext.

Thus, the results from hVba context are in contrast with previous studies, which show
that L2 contrasts that are not found in L1 appear to be the most difficult to perceive by
L2 learners (Evans and Alshangiti, 2018; Escudero an@d&oNg, 2010; Escudero,

2005; Strange et al., 1998, 2001 and 2003).

Some of aPdA M gredietiorss were supported. The results showed some two
category (-M&)-/ U/i)EE a rcategodei/(BC)(lie. e / aebd )/ OFE
assimilation patterns (may in the bvd context), but many more uncategorized
uncategorized (UU) assimilation patterns (mainly in the hVba context). The
uncategorized assimilation patterns were further broken down into -wanee
uncategorized assimilation patterfecalized cluseredanddispersedFaris et al., 2016).
According to second language perception theories, listeners use botrained
phonetic details as well as abstract phonological categories (Best, 1995) in speech
perception. Unlikedispersedassimilation patters, where listeners are only sensitive to
phonetic information, thdocalized and clustered assimilation patterns suggest that
listeners were sensitive to some phonetic information ianadive phonemes (i.e. SSBE

vowels) that is phonologically meaningfualtheir L1 (i.e. PunjabUrdu vowel system).
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According to SLM and PAM.2, for clustered and focalized assimilations a new L2
category can be formed, if L2 contrasts do not overlap with any other L2 phqriemes
example, new categories might be formed fo SSBE f ocal i sed. / 0/
However, for SSBE [/ w/, /ol and [/ b/ new

substantial classification overlap between them.

According to PAM and PAM_2, nonoverlapping and partially overlapping phonemes

can be discriminated more accurately than completely overlapping phonemes. For
example, focalized assimilation of SSBE /
/i El a n ebverlampifg) su@gasts nthat these will be discriminated easily, as
comared to when two SSBE vowels /& [/ and
category /| e EI (compl et e o Vv elr2]| farpdispersetli o we v
assimilations new L2 phonological categories will be formed, because the dispersed
assimilation pattesiemerged due to the absence of similar phonological categories in the

|l i stenersd L1 phonological space. Lastly,
Section 58) suggest that discrimination will be easier for the vowels in a hVba context;

however future experiments are required to verify this prediction.

According to PAM, articulatory similarities between L1 and L2 phones play an important
role in the perception of L2 phones. Therefore, one possibility for the complete, partial or
high versusow overlap scores could be the shared articulgptignetic features between

the L2 phones (SSBE vowels) and L1 (Urdu vowels). For example, Faris et al (2018)
reported that lip rounding and tongue backness played a significant role in the accurate
discrimination oft h e Da ni s-/b/ contoast &yl morolingual Australian English
speakersin the present experimentihe degree of similarities and/or differences of
articulatoryphonetic features between the L2 phones (SSBE vowels) and L1 (Urdu

vowels), do not fully explain the assimilation patterfRer example, as discussed in
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Section 5.8, i/ b¥d onohtehkhbw An¥E/ oveux/l ap
show very little overlapFamiliarity (i.e. bVd context) and unfamiliarity €i. hVba
context) with L2 could be an important factor fineseanomalies in the perceptual

assimilation patterns.

Quantitative analysis was conducted to explore the differences in goodness(Faings

et al. 2018)see Section 5.4nd 5.5for furtherdetails). Both quantitative analysasd
descriptive statistics of ratings given in the bVd context suggested that, for SSBE vowels,
listeners used the rating scale to indicate their sensitivity to somelangssgge spectral
differences. However, in tHe/ba context the ratings did not suggest sensitivity to €ross
language spectral differences, with some exceptions, for example the mean goodness
rating for S@®iBBR high® E/index af 8.3, See Bection 5.5 for further
details)\when it wasmapped to Urdu [/ oE/ and 4.6 whe
Overall, listeners performed as expected in the bVd cartiextever, their performance

was inconsistent in the hVba context, and the rating task did not provide any additional
information.Hence L2LP predictionsbased on acoustic similarities between SSBE and
Urdu vowel systemwere not correctThe above results suggest that not only the
consonantal context (in line with Levy, 2009) in which the SSBE vowels were produced
(e.g. monosyllabic vs.iglllabic, English words vs. nonsense words and bvd vs. hVba),
but also the familiarity with the target language (in line with Levy and Strange, 2007) had
significant effects on the perceptual assimilation of SSBE vowels by Runjab

speakers.

In addition, the results from the free classification task show that -lznoggage
perceptual assimilation patterns cannot predict the perceptual similarity between L2
vowels as perceived by L2 learners. For example, the -tangsage perceptual

assimila i on of SSBE central vowels [/ A/ and /
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listeners found these vowels quite simildowever, in the free classification task in hvd

context, hierarchical clustering and MDS analysis showed that listeners found these

vowels very different, grouping SSBE centcgdlenmi d v owe |l I Al and
closemi d vowel [/ OE/ with back and front vow
Similarly, SSBE / ®w/ and / U0/ were assi mi/l

contexts, which suggest that listeners found these vowels very similar; however,
hierarchi cal clustering and MDS anal ysi s
eah ot her than /i E/, which was added to t
di fferent from [/ &/ and was grouped with
to [/ ebpl/ t han [ P/ or [/ 0E/, whi crly, iniveor e ad
di mensional space -hidghwdbsméonshndnj nantde/ b,
low dimension. Thus, we can conclude that ctasguage perceptual assimilation
patterns cannot predict the perceptual similarity between L2 vowels asveerby L2

learners.

The results also suggest tltabsslanguage acoustic and phonetic properties of vowels
(spectral vs. temporal paramete&yrange, et al., 1998; L2LP: Escudero, 2005; Escudero

et al., 2014) cannot predict assimilation patterns tfey. For example, given that Urdu
distinguishes between short and long vowels, it was predicted that listeners will be able
to detect the temporal differences between SSBE tense and lax vbaeisver, the
results showed that listeners were more sepsib F1 and F2 than duration, across all
three contexts. In addition, the significant differences in temporal as well as spectral
properties of SSBE vowels in disyllabic and monosyllabic words suggest that these results
cannot be considered predictiveanbsslanguage speech perception in natural speaking

conditions.
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Anotherfactor for the differences in the assimilation patterns in bVd and hVba and hvd
context could be the nature of the tagRgange and Shafer, 2008e. crosdanguage
mapping verss free classification. Task involved listening to six repetitions of each

SSBE token in a familiar and unfamiliar context and mapping this to the closest Urdu
vowel andrating its goodness. Task 2 did not involve the comparison of SSBE vowels to
Urdu vowels or goodness ratingg he results suggest that in free classification task,
listeners paid more attention to the articulatory features as compared to tHamngosge
assimilation task.The presence of monophthongs and diphthongs could akee
influenced the perception of the®8BE vowels In addition, the presence mbncewords

in bvd and hvd context might have also influenced the perception of those vowels.
However, the results showed that in bVd context, the inclusion of a nonce word (e.g. the
SSBE vowel /| 4/ was embedded in a nonce w
this vowel as this vowel was mapped to it
In order to test the effects of theabovementionedfactors comprehensivelyfuture

studies can focus on the perception of monophthongs and diphthongs separately and with

and without the inclusion of nea words.

The questiomf whether PAM can be extended to multilingual learners of English cannot

be answered fiyl. Firstly, discrimination experiments are required to test the predictions
thatare derived from the croganguage assimilation task in this study. Secondly, a-cross

| anguage mapping task to | earnerso6 first
case) would also help to better understand the perception of SSBE vowels by-Punjabi
Urdu speakers. Thirdly, a comparison of the patterns of perceptual assimilation by
PunjabiUrdu speakers with Sindiurdu speakers or Balochlrdu speakers could also
provide more insights to better understand the applicability of PAM to multilingual

learners of English.
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As far as SLM is concerned, the effeof age and experience are not applicable (could
not be tested) in the present study because all the participanési 40 learn English at
the age of four or six. In addition, they received similar input for learning Engkesh
Section 1.3 and Section 4.1 for further detail$)erefore, in order to test the applicability
of SLM to multilingual learners of Englishwo types of groups are needed, i.e. Punrjabi
Urdu speakers who started to learn English at the age of 12 or later versus-Buohjabi
speakers who started to learn English at the age of 4 or so. Another experiment can test
the perceptual assimilation ofSBE vowels by Punjabdirdu speakers who received
native input versus Punjahirdu speakers who did notceive native input at all (i.e. the
participants in the present studffurther followup discrimination experiment will be
required to test the predions from the present study. With these additiexgleriments,

we could determine’hetherSLM and/orPAM could be extended to multilingual learners

of Englishor a new model would be required

However, based on thebove discusseksults from the perpdion experiments, some
predictions can be made, especially with regard to PAM and SLM. The implications of

those predictions for Pakistani English are discussed in the next section.

7.3 Implications for the Teaching of English in Pakistan

According to PM and PAML2 (Best, 1995; Best and Tyler, 2007), the following
predictions can be made about the perceptual difficulties faced by Rungablisteners

when learning SSBE. The perceptual assimilation patterns from both contexts suggest
that listeners werable to differentiate some of the SSBE vowels successfully; however,
they managed to categorise eight out of 19 SSBE vowels in bVd context and only four
out of 19 vowels in hVVba context more than 50% of the time. The rest of the vowels were
mapped to muiple Urdu vowels, and some of those showetstantiaklassification

overlap. According to PAM (Best, 1995) and PAM (Best and Tyler, 2007), the

243



classification overlagcoresas discussed in Sectior8%suggest that these vowel pairs

will be very difficult for PunjabiUrdu listeners to differentiate (discriminate), and
similarly these difficulties will occur in the production of these vowels (SLM, Flege,
1995). These results suggest that, exceptforSSBEE/ , [/ 0/, [ OE/ -5 [ a®
Urdu listeners will face difficulties in differentiating and producing SSBE vowels

accurately.

These predictions and findings are in line with the limited available literature on Pakistani
English (Faroog antMahmood, 2017; Hassan and Imtiaz, 2015; Sheikh, 2012; Bilal et

al., 2011a2011band2011¢ Raza, 2008; Mahboob and Ahmar, 2004; Rahman, 1991).

According to the |literature on Pakistani
as [e]; SaSBJE //pd&%/, alr@®E/often pronounced as
and educational background of t he speak:
replaced with a short vowel [ &d] and/ or [

/| OE/ @aerde troe ppbcer tmi ssing from PE. SSBE [/ OE/

Based on these findings and predictions, it can be proposed that training materials for
English language teachers, and teaching materials for English language learners in
Pakistan, candicus on identification patterns and pronunciation practices (listening and
speaking activities) for the SSBE vowels that are found to be most confusing for Punjabi
Urdu speakers (Derwing and Munro, 2005). According to SLM (Flege, 1995), exposure
tonativei nput woul d also increase | earnerso :
and as a result will improve their speaking and listening skills overall. Previous research
has shown that English | anguage teamhers
poor teaching and learning, and adopting a more student ceafgremhch (computer

assisted language learning) for perceptual training with synthetic speech stimuli can
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enhance the perception and produc+ iwénaaod

| tat/ (Wang and Munro, 2004).

For pedagogical purposes, English language teachers can be trained to focus not only on
the temporal but also on the spectral qualities of the SSBE vowels that are found to be
most confusing for Punjattirdu speakes. Studies on the perceptual and auditory
training for English vowels (Lengeris, 2018; Lengeris and Hazan, 2010; Lengeris, 2008
(Greek learners of English); Rato, 2014 (Portuguese learners of English); Alshangiti and
Evans, 2014 (Arabic learners of Englis Iverson et al.,, 2012 (French learners of
English); Iverson and Evans, 2009 (Spanish and German learners of English), (and
consonants (Bradlow et al., 1997, Japanese learners of English)) have shown that the
perception of L2 vowels significantly improveavith effective perceptual and auditory
training, which results in better identification, discrimination and production. Thus,
English language teachers can be trained to use perceptual and auditory training methods

for teaching of English in Pakistan.

7.4 Limitations and Future Work

For acoustic and phonetic investigation of Urdu vowels, firstly the data were analysed
only for monophthongs and six diphthongs. The data for nasalised vowels were collected,;
howeverthis was not analysed. Secondly, the dathe study were collected from highly
educated Punjaliirdu speakers who speak English fluently. Future research would focus
on PunjabiUrdu speakers with minimum exposure to English. Future research can also
focus on other dialects of Urdu (i.e. Urduokpn in other parts of the country with
different L1s, e.g. Saraiirdu speakers, Pashirdu speakers, and Sindbrdu
speakers). These credmlect comparisons of Urdu would help to define a standard Urdu
dialect, if possible. In addition, future stedi can use diphthongs in disyllabic or

multisyllabic words with stressed and unstressed syllables, to investigate any differences
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in the quality of these diphthongs. Future perception and syllable identification tests, from
native and nomative speakersyill also help to better establish the status of Urdu

diphthongs.

For the investigation of the perceptual assimilation of SSBE vowels there were a number
of limitations First of all, the crostanguage mapping, goodness rating and auditory free
classificdion experiments were not paired with discrimination and identification
experiments; hence the predictions based on PAM and SLM could not be tested. Future
studies would focus on discrimination and identification experiments followed by
production experim@s in order to test predictions based on the findings from the present
study. The perceptual assimilation of SSBE vowels by native SSBE speakers would
provide a useful basis for comparison with the perceptual assimilation patterns of non
native/second laguage learners (e.g. Punjdlidu speakers). This would aid
understanding of the role of crelssmguage similar and/or different phonetic and
phonological features in the perception and production of SSBE vdvise studies
should compare natural speewith citation speech to help investigate the predictions
proposed by second language perception and learning thedthesugh Urdu has short

and long vowels, the perceptual assimilation patterns from three contexts for short and
long vowels cannot beegeralised because the duration was significantly shorter in the
hVba context than the bVvdnd hVdcontext. Therefore, future studies can focus on
materials wher@oncewords are also monosyllabic, or the target vowels are extracted

from connected speector both types of context.

Pairing the current English perception experiments with English speech production
experiments will define how Punjabirdu speakers process second language sounds.

These findings will then be used to validate and expand onntuhreories of second

| anguage perception and acquisition, S uC
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FIl egeds Second Language Speech Learning
production experiments will also help to better define the acoustic andtpahproperties

of Pakistani English. Such studies will be fundamental for further research on various
aspects of Urdu and Pakistani English, and the findings will be helpful for future research

on teaching and learning of English in Pakistan.

Future research will also focus on acoustic and phonetic investigation of Urdu
consonants. Such research will allow to documfentthe first time, the sound patterns

of Urdu as spoken in Punjab, Pakistan, and will provide the first thorough treatment in
the literature of the Urdu sound system. As well as being the fundamental springboard to
spawn further research into Urdu, tidings will have immediate applications in speech

recognition and texto-speech softwar®r Urduandsecond language speech perception
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Appendix 2A

Blumenfeld, & Kaushanskaya (2007)he Language Experience and Proficiency Questionnaire (L@ARAssessing language
profiles in bilinguals and multilingualdournal of Speech Language and Hearing Researct4)50p. 940-967.

Language Experience and ProficiencQuestionnaire (LEAP-Q)
(adapted by Ishrat Rehman)

Last Name First Name ¢ 2RI &
Age range 18-24 2534 3544 4554 55-64
Name of Institutiof Gender | Femald | | Male[ ]

(1) Please list all the languages you knoverder of dominance

1 2 3 4 5 |

(2) Please list all the languages you knioverder of acquisition(your native language first):

1 E 3 4 5 |

(3) Please list what percentage of the time you atgrentlyandon averageexposed to each language.

(Your percentages should add up to 100%

List language here:

List percentage here:

(4) When choosing to read a text available in all your languages, in what percentage of cases would you
choose to read it in each of your languages? Assume that the original was written in another language,
which is unknown to you.

(Your percentages shouldadp to 100%

List language here

List percentage here:

(5) When choosing a language to speak with a person who is equally fluent in all your languages, what
percentage of time would you choose to speak each language? Please report percent of total time.

(Your percentages should add up to 100%

List language he

List percentage here:

(6) Please name the cultures with which you identify. On a scale from zero to ten, please rate the extent
to which you identify with each culture. (Examples of possible cultures include Punjabi, Sindhi, Balochi,
Saraiki, Pathn, Muslim, Christian, Hindu, Sdth):
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Culture:

0 1 3 4 5 9 10
No very low Moderate Complete
Identification identification identification
0 1 3 4 5 9 10
No very low Moderate Complete
Identification identification identification
0 1 3 4 5 9 10
No very low Moderate Complete
Identification identification identification
0 1 3 4 & 9 10
No very low Moderate Complete
Identification identification identification
0 1 4 5 6 8 9
No very low Moderate Complete
Identification identification identification
0 1 3 4 5 9 10
No very low oderati Complete
Identification identification identification
0 1 3 4 5 9 10
No very low Moderate Complete
Identification identification identification
0 1 3 4 5 9 10
No very low atdoder Complete
Identification identification identification

(7)How many years of formal education do you have?

Please check younighest education level:

287



[] Less than High School [[] Some College [] Masters
[ ] High School [] College [] Ph.D./M.D.JJ.D.
[ ] Professional Training [ ] Some Graduate School [ ] Other:

(8) Travel abroad, if applicable

If you have ever travelled to another country, please provide name of the country and date of travel and
reasons (e.gholiday, education etc) here.

(9) Have you ever had a vision problenh, hearing impairment ], language disability ], or learning
disability[_]? (Check all applicable). If yes, please explain (including any corrections):

Language Urdu, Punjabi, Saraiki, Sindhi, Pashto, Balochi, English
This is my (native/first second third fourth fifttgnguage.
All questions below refer to your knowledge drror! Reference source not found.

M! 3S 6KSYy @2dzXY

began acquiring became fluent began reading became fluent reading
Error! Reference source | in Error! Reference source | in Error! Reference in Error! Reference
not found. : not found. : source not found: source not found. :

(2) Please list the number of years and months you spent in each language environment:

Years Months

A country whereError! Reference source not founds spoken

A family whereError! Reference source not founds spoken

A stool and/or working environment wher&rror! Reference g
found. is spoken

(3) On a scale from zero to ten, please select ytewel of proficiengy in speaking,
understanding, and readingrror! Reference sourceat found. from the scroldown menus:

Speaking
0 1 2 3 4 5 6 8 7 9 10
None Verylow Low Fair  Slightly less Adequate Sligatisomd  Very good Excellent
Perfect

than adequate than adequate

Understanding spoken language

0 1 2 34 5 6 7 8 9 10
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None Verylow Low Fair  Slightly less Adequate Slightly more Good  Very good Excellent
Perfect

than adequate than adequate
Reading
0 1 2 3 4 5 6 8 7 9 10
None Verylow Low Fair  Slightly less Adequate Slightly more Good  Very good Excellent
Perfect
than adequate than adequate

(4)On a scale from zero to ten, please select how much the following factors contributed to you
learningError! Reference source not found.
Interacting with friends:

0 1 2 3 4 5 6 8 7 9 10
Not a Minimal Moderate Most
important

contributor contributor contributor

contributor
Interacting with family:

0 1 2 3 4 5 6 8 7 9 10

Not a Minimal Moderate Most

important

contributor contributor contributor
contributor

Reading:

0 1 2 3 4 5 6 7 8 9 10

Not a Minimal Moderate Most

important

contributor contributor contributor

contributor
Language tapes/selinstruction:

0 1 2 3 4 5 6 8 7 9 10

Not a Minimal Moderate Most

important

contributor contributor contributor
contributor

TV:

0 1 2 3 4 5 6 8 7 9 10

Not a Minimal Moderate Most

important

contributor contributor contributor
contributor

289



Listening to the radio:

0 1 2 3 4 5 6 8 7 9 10
Not a Minimal Moderate Most
important

contributor contributor contributor

contributor

(5) Please encircle to what extent you are currently exposedtmr! Reference source not foundn the
following contexts:
Interacting with friends:

0 1 2 3 4 5 6 8 7 9 10
Never Almost never Half of the time Always
Interacting with family:

0 1 2 3 4 5 6 8 7 9 10

Never Almost never Halfrokthe ti Always
Watching TV:

0 1 2 3 4 5 6 8 7 9 10

Never Almost never Half of the time Always

Listening to radio/music:

0 1 2 3 4 5 6 8 7 9 10

Never Almost never Halfrokthe ti Always
Reading:

0 1 2 3 4 5 6 8 7 9 10

Never Almost never Half of the time Always

Language lab/seHinstruction:

0 1 2 314 5 6 7 8 9 10
Never Almost never Half of the time Always

(6) In your perception, how much of a foreign accent do you have in this languaggrtor! Reference
source not found.  )?

0 1 2 3 4 5 6 8 7 9 10
None Almost very Light Some Moderate Cofesidt¢zaky very Extremely
Pervasive

none light avy hebey

(7)Please rate how frequently others idemntiyou as a nomative speaker based on yoaccentin this
languaggError! Reference source not found.

0 1 2 3 4 5 6 8 7 9 10
Never Almost never Halfrokthe ti Always
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Social Background:

Q1.What town you were raised in?

Q.2.0n a scale from zero to ten where would you place this town/city?

0 1 2 3 4 5 6 8 7 9 10
Rural/Village Quite far from the Quite close to the Urban/City
nearest city nearest city

Q.3 (a)Please put a largé - @n the rung where you think you stand at this time in your life,
relative to other people in your country.

Q.3 (b)Please put a largé - o the rung where you think you stand at this time in your
life, relative to other people in your community/village/town/city.
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Appendix 2B

Table 2B (i) Oral monophthongs in standard carrier phrases and full sentences

Phonetidranscription

Urdu sentence
Standard carrier phrase

Gloss

(CP)
Full sentence (FS)
/mOHBOb HEEWD 1 dig o Al wi-+4donscaey Huvt pfpPPHFR
/koi  g&€Qelgme/E imany hour s ] ] €
~ Pg,L PERD
/mOHB0 badlek b6 1 Ok ook c. HHuHvi. PPE
lie tobdhe/ ithis is s PV. @1
/mOHBO bda ek 5 1 Ok ook HHVt pF
/jb zomin roppbds soktdb ithis | and c c .
c3v h "3y
/MOHB0 pediek D 1 Gig oo HHvV! pF 2
/mire pe& mEdord hy il haveashet c
PV bpb h
/mOHB0 bUBlek b5 1 Gigy o ¢c. HHV! pF =
/i0 bUBIkS diAxEhy Aithiwiibow | PV U4spbh
/mOpB0 bodlor bAdlek bS r ¢, Huvt pf-
k ooy @/ Aithis is | PV opFt

lietobAdkd r @ h o/

/mOHBOb BEk 1D r g i HHvt pF? T
/hor o ned p b Ktlleb feveryone fo c .
ct Uny 2 ect
/moHBObG @ kb dy O HHvVt pF 7
6p kddsb6kEl nct fAhis turn is c
he/ PV O3¥r x Fft
/mOHB0 pCBlek 6 r Gl o HHVt pF
/juan ko pCEINY fihe is their c
PV bH_
/mMOHBOp ek b 1 Gl oot HHvt pF 3
[jOMupp WY Aihe i s my c
PV 4H.
/mOHBObad'Q 1 ke Glg o HHV! pF 2
b6p kd@ k® dAb fiyou shoul ¢ c
t W6 hQj el Wednesday PYyVFY F XF
/moHBOb W@ @k dikyD HHvt pF?3
g w/ Ahe i s a wi c .
NObadb W86V 6 h v PV wFpw 3
/mOHBO K welEk b5 r Ol oo HHV! pF 2
NOdive r  sdld ebu E Aihe jumped o c
. Fy. DbH!
/mOHBO'S tHEE b5 1 Gl oidh HHpF? " TF
fi0tomé ¢ thsiu Eh O/ At his cot s c
PV et 9HT
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Table 2B (ii) Nasal vowels in standard carrier phrases and sentences

Phonetic transcription Gloss Urdu sentence
Standard carrier phrase
(CP)
Full sentence (FS)
/MUOHBO bk bd 1 Gk i HHV! pF 2
lie mechdhty fishe is my ] c
o ~ _ PV Usz37
/MUOHBL pBEK bO 1 Gl oo HHvVvE pF 7
/etﬁ@&éd%lm Aikill two b ¢
stoneo OF ! M p
/mUOHB0 bog{ Uk bS - Ok ok ¢c. HHvVt! pF*=
/dbrd e kidd rbeglbdpld b Aa wall was Fy, FTp kCX
geod/ river bar
/mOHB0 pokjUk bd 1 kg oot nv 3_  PMFyvth:
Athis i s a c
nv 3__ Pry
/MUOHBO sDR{Uk b0 1 Ok i HHVt pF 2
Athis 1 s my ¢,
PV C3®
/mOHB0 btk b6 1 Gl iy HHVt pF?
c
/)0 ésko bb{E HY Athis is h PV 33y
/mOHBO OO kb Ay Ok HHvt pF?3 T
e
/dbrcd &e kidd r be|bGigldco
ged / Aa wall was Fy, FTpPp kKCx
river bar

293



Appendix 2C

Pronunciation mistakes (errors)in production recordings

FS1 R3 LS17 and NS17d is pronounced as
LS18_ bu:nd sounds like nasal b’ d
FS1 R5 FS5_R2
LS12_bu:nd sounds like a nasal LS5andNS5 fEd i s pronounce
FS2_R1 puEd
LS24 bi:tis pronounced as beet LS19 and NS19_d is pronounced as
FS2_R2 b d
LS5andNS5 ' @Ed i s pronounced L#%25 bitispronanced as baet
pu'Ed

LS25 bi:tis pronounced as beet
Note a little bit noise in the b&ground, rest
was all good, no mistakes except for the ones

mentioned above. FS5 R3
FS3 R1 LS30andNS30 &l i s pronounced a:
LS3 and NS3_pu:t is pronounced as FS5 R4
pCE t LS18andNS19 @Ed i s pronounc
LS15_ su:tis pronounced aGEst pu'Ed
LS17 and NS17_d is pronounced as FS5 R5
b’ d LS26and NS26 @Ed i s pronounc
LS21 and NS21 buEdhpuiBd pronounced
asiCEd h FS6_R1
FS3_R2 LS3 and NS3_ puEt is p
LS5and NS5_Ed i s pronourmp€Ed as
pu'Ed LS12 bu:nds pronounced as@E n d
FS3_R3 LS15 and NS15_ suEt i s
LS22andNS22_¢Ed i s pronowtEced as
pu'Ed LS24 bi:t IS pronounced as baet
LS28 6ep does not fol IRB&R2 k/ rat her
foll ows [ 0/ LS2 and NS2_ suEt is p
FS3_R4 SCE t
LS18andNS18 @Ed i s pr onoun c e HS1&G 4k is pronounced ast
pu'Ed LS19 and NS19 d id pronounced as
FS3_R5 b’ d
LS24_ pu:tis pronounced as0pt LS29 and NS29_ auEt i s
FS4 R1 pCE t
LS3 and NS3_ puEt i sFSRXonounced as
pCEt LS4 _ bi:tis pronounced as beet
LS7 0ebp is pronounced as kb0 and NS10_ puEt is
LS17 and NS17_d is pronounced as pCE t
b’ d LS17_ hk is pronounced asiix
LS25_ hk is pronounced asii LS20 and NS20_ suEt is
FS4 R2 SCE t
LS25 _bi Et is pronounS&E4 as bbt
LS19 and NS19_dl is pronounced as LS10 and NS10_ suEt is
b’ d sCEt
FS4 R3 FS6_R5
LS10_ puEt BEEtpronouncedS24 and Nfa&duncedas Et
LS30 and NS30_d is pronounced as pCEt
b LS27 and NS27_ suEt is
FS4 R4 SCEt
FS4 R5
LS21 and NS21_dl is pronounced as FS7_R1
b d LS3_ puEt i sCEpronounce
FS5 R1
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SCEt

FS7_R2

SCEt

b’ d

FS7 R3

FS7_R4

FS7_R5

pCEt

LS15 and NS15_ su'Et

LS24_bi:t is pronounced as baet
LS25 lak is pronounced asii

LS2 and iN@chouncediakt

i s |hS10and NSi7dlemds peosounced as
b d
LS21 and NS21_ bu:dh heavy noise in
the background
NS22_ heavy noise in the backgral
LS24_ Bi Et was pronoun
heavy noise in the background of NS24

LS3_  ku'Ed i sCBdr onounFS®WdR2as k

LS10_ hk is pronounced asil
LS19 and NS19 d is pronounced as

LS25_ bi:tis pronounced as beet

LS4_ biitis pronounced as baet
LS17_lk is pronounced asoli

LS19 and NS19_d was pronounced
as b’'d

NS20 sounds like nasabbEn d h 'H
however there is a lot of baby noise in the
background

LS29 and NS29_ puwas pronounced

as [CEt

LS20_ su'Etdas€Etpr on o uRSeR3

LS10 and NS10 puEt i s

LS10_ suEt i €tpronoulkted as s

LS15_ bi:tis pronounced as beet
LS20 pt i s pronounced

LS24 and NS24_ puEt

BS40_RB4 Et

i s pS5aM H85n heavy noisesin the
background

LS26 Ed i s pronounced as NP® BYSE inthe background
LS27_ suEt i €tpronou nee 4S1hand NS11_pu:tis pronounced as

LS30_ bi:tis pronouced as baet

FS8 bu:nd sounds like a nasal vowel.

FS9 R1_ Incomplete and most sounds are
incorrect

FS9 R2_Bu:nd sounds nasal here too.
Mispronounced bu:dh (As

bdd) and put¢ s p OEt ) and

FS9 R3 _sounded [kemhsal in

natural sentence and like non nasal in CP

Mispronounced pu:t (asGEt )

and tid

LS28 0ep foll owed
instead of kahunée
FS9 R4

P& followed ejk instead of
kahunéeé

LIS 0ep foll owed
of kahunteé

LS11 and 12 pu'Et
pronounced as@E t

NS23_ bu:nd sounds like
nasal vowel
FS9 R5

p
NS13_ heavy noise in the background

FS10_R5
LS24 and NS24 puis pronounced as
pCEt

FS11 _R1
bdd $29_ mpkh goynds like nasal
S30andNS30_@d i s pronounc

puEd (only mistake in whol
FS11_R2
Pronounced buEdh a,sEdL§§13‘Eq1'\l§55_'ﬁEd 'S pronounce
pu
ESL% R3
LS22 and NS22_ pEd i s
pu'Ed
LS27 and NS27_bdds pronounced as
bud
P RAnstead
LS18andNS18 @Ed i s pronounc
ipd Ed
LS25 and NS25 beed is pronounced as
bid
FS11_R5
LS20 and NS20_baed is pronounced as
bid

LS30_ pronounced as beet
instead of bi Et

LS12 and NS12_ bu:nd,
sounds like a nasal vowel

FS10_R1

LS3 is missingand NS3 was

LS26 and NS26_ pEd i s
pu'Ed

MS1_R1
LS2 and NS2_beet is pronounced as
bp t&

pronouncedas@et i nstead of pu Hp1_R2

bu:nd

Baby noise in the background
LS12 and NS12 sounds like a nasal
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LS29 and NS29_ beet is pronounced as

bp t®
MS1 R4

LS7 and NS7_ beet is pronounced as
bp td
MS1_R5

LS28 and NS28_ baet is pronounced as
bp td
MS2_R1

LS15 and NS15_ su'Et
SCEt

LS16_p ' nth isnphrono
Not &&dfCEd are missing (

sentences in this set of recording)

MS2_R2
LS4 p’'nth isntprono
LS19 0ep does not f ol
/k/ rather it follavs vowel (¥
LS23 biEt is pronou
MS2_R3
LS4_ biEt is pronou
LS18_ p’'nth istthpron
LS25_bpbPd is pronoun

LS26_0 edwes not follow consonant
/k/ rather it follows vowelW

MS2_R4

LS7 0ep does not foll
rather it follows vowel
MS2_R5

LS2 0ep does not foll
rather it follows vowel

LS19 and NS19 baed is pronounced as

bid
MS3_R1
LS3 and NS3 puEt is
pCEt
LS6 pt i s pronounced
LS8 NS8 bhaed is pronounced as b
LS15 and NS15 su'Et
sCEt
LS16 and NS16_ p’'nt
as @oth

LS24_bi Et isuWpronou
N o t é& I8 missing in this reording (there are

29 SENTENCES)
MS3_R2

LS2 and NS2_ suEt i
SCEt

LS4 and NS4_ p’'nth
pdath

LS18 and NS18 di is pronounced as
b’ d

LS24_ bi Et is prono

LS28 and NS28_ puEt
pCE t

N o t ¢ i& missing in this recording (there are
29 SENTENCES)
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MS3_R3
LS4 _biEt is pronounce
LS10_ puEt i LEtpronounc
LS18 and NS18_ p ' nth i
as path
LS21andNS21 @d i s pronounc
pu'Ed
LS26 and NS26_baed is pronounced as
bud
is pS2bbeondedsasot foll ow
/' k/ rather it follows Vvowe
unce S2aand NiS29_d is pronounced as
tbhhedr e are 28
N o t & & missing in this recording (there are
29 SENTENCES)
uMB8 &4l as p
l ow ¢®&dsamantNS1_p s8th is
pdth
ncedlL3sOebbbtdoes not foll ow
rather it follows vowel [

ncedlL&44bbPbi Et i s pronounc
0 Unc &3P6 amd NSR6_d is pronounced as

che'dd as bi Ed

N o t & & missing in this recording (there are

29 SENTENCES)

MS3_R5
ow clrnd9epnpadbebskhott/Kol |l ow
rather it follows vowelW

LS15 kit is pronounced aohbt
ow clo$zd namd MNM&K23 _
pdE® /
N o t & & missing in this recording (there are
29 SENTENCES)

puEt i s

MS4 R1
probh&@bcethi & i s
LS26_hk is pronounced asbh
aviS4_R2 Et
LS19 and NS19 d is pronounced as
ibs" dpronounced as
LS25_ bi Et is
hMS#A K3 pronounced
LS4 _ bi Et is
nMSé R4 as b
LS24
MS4_R5
LS30_

pro

pro
pron

b'd is dron

biEt is pro
sMSp Rbnounced as
LS2 and NS2_beet ronounced as
ibseit pr onounced as
LS3_ puEt i sCEpron
LS7_ noise in the background (at the
onset)
unc e tS9ad® % drdnauncrd asde
i s |©hS2b rbdin budhreisdaspirated
LS23 @& is pronounc
LS25 hk is pronounced asilx
MS5_R2

ed as



LS4 _p ' nth
LS11_HO i pronounced asdie
LS15 b d is
LS18 and NS18_ beet is pronounced as
bp td
LS24 baed is pronounced asdb
Note: fan noise in the background throughout
this recording
MS5_R3
L S4 _is pron@inced as beet
LS6_ BO i pronounced asie

i spmhr onouncedL&22_ku'Ed

fironounced

MS7_R2
4319 dand NS19_dl is pronounced as
b’ d

LS21 AND NS21 noise in the
background
MS7_R3

NS24 heavy noise in the background
MS7_R4

NS30_ heavy noise in the background
MS7_R5

LS28 6ep does not foll ow ®&82n sobaearasery heavy noise in
/' k/ rather it foll owsmsbaclkgiowed / 0/ and noi se
in the background (mobile ringtone) LS26 and NS26_@Ed i s pronounc
MS5 R4 pu'Ed
LS7 and NS7_ beet is pronounced as
bp t& MS8_R1
LS11 and NS11 puEt i s p L3nnusoundsdke aasal
pCE' t LS7_pronounced geas k®
LS15 and NS15_  bi Et i s h3S90HDdpronovactd aadsy
baet LS10_ b'nd sounds 1|i ke
LS26_ O i pronounced asdie in NS10
LS28 and NS28_bu:dh is pronounced LS12 and NS12_ sounds like nasal
with aspirated /b/ bu:nd
MS5_R5 LS19 sounds like nasal beend
LS5_ BO i pronounced asiie LS30and NS30 @Ed i s pronounc
LS16_ kit is pronounced aoht pu'Ed

LS18_ b’'d
LS24 and N $AdBncedasEt
pCE t

Note: this fifth recording was done extremely
fast.

i s dpronounMSB®2 as b
i s

pLS16_ b’ d
LS21 geis pronounced as ke

MS8_R3

LS4 _ bi:tis pronounced as beet

LS17 hk is pronounced ash

MS6_R1 NS2 pCEd is pronounced
LS17_ Bd i s pronounced MS3 R4’ d
LS21 and NS21 buEdh islLS2rSbBEmdnseuwnds | i ke
as lod LS5k is pronounced astk

LS24_ bi Et is

LS30_fCEd i s
MS6_R2

LS5 and NS5_'@E & pronounced as

pronounce iSlaand U5t ¢Ed
pronouncedpa&dpuEd

i s

LS23_ bu:nd sounds like nasal
MS8_R5

pu'Ed LS13_tk is pronounced asok
LS210ep does not follow clB26amNS6IEd i s pronounc
/' k/ rather it follows vewd&d / 0/
LS25_ biEt is pronounced as bbt
MS6_R3 MS9_RL
LS22 @Ed i s pronounce as LBAEd p ' nth is pronoun
LS28 0ep does not foll ow ¢91fanoMSA#h & ispronounced as
/' k/ rather it follows vowdl /[ 0/
MS6_R4 LS24 bi:tis pronounced as beet
LS8 0 e b mbifadlmv consonant /k/ LS25 ik is pronounced asok
rather it follows vowel MS9_R2
MS6_R5 LS6 and NS6_ bu:nd sounds like nasal
LS2 0ep does not follow consonant [ k/
rather it follows vowel MBYR3
LS18_b'd is @ronounced as b
NS1_ pnkh sounds nasal
MS7 R1 L S 3 _ istprorbunced asi
LS17 and NS17_di is pronounced as LS4_ bitis pronounced as baet
b’ d LS8_b’'nd sounds nasal
LS21 _ buEdh is proniREed in two

syllablesas®Ed h ‘@GEm dh ab
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MS9_R5 LS3 and NS3_pucEt
pCEt

LS9 and LS9 sa:nd sounds like nasal LS16 and NS16 _p ' nt

LS18_ b’ d is dpronounagggnthd as b
NS12_ bu:ndsounds nasal LS17 and NS17_di is pronounced as

MS10_R1 b’ d
NS16_p ' nth sounds | i ke DSiSsaddispronounced ass
NS26 ® End sounds | i ke nasal

MS10_R2

Clicking noise in the background
throughout the recording, however
there are no mispronunciations.

NS4_ p ' nth sounds I ike nasal
LS6 and NS6_ bu:ngounds like nasal
LS8 § End sounds | i ke nasal
LS28 and NS28_ baend sounds like
nasal
MS10_R3
LS10_pu:tis pronounced a€pt
LS9andNS9G&'End sounds | i ke nasal
NS15_ beend sounds like nasal
NS19_p ' nth sounds | ike nasal
MS10_R4

LS14 and NS14_baend suts like
nasal
LS23_ bu:nd sounds like nasal
MS10_RS5 (this fifth recording is done in
extreme rush) speaker spoke very fast))
LS20ep follow a vowel sound in CP
instead of a consonant /k
NS5 _BO s not fully pronounced.

NS9 §: nd sounds | i ke nasal
MS11_R1
LS3 and NS3 puEt is pronounced as
pCEt
LS25 hk is pronounced asoh
LS12 nas NS12_ bu:nd sounds like
nasal
MS11_R2

NS6_ bu:nd sounds like nasal
LS15 b'd is g@ronounced as b
LS23_ bu:dh sounds like bo:dh
MS11_R3
LS4 _ bi:tis pronounced as beet
LS10 and NS10_ pu:t is pronounced as

pCEt
LS22andNS22'¢ed i s pronounced as
pu'Ed
MS11 R4
LS15_bi:tis pronounced as beet
LS24 _b'd is @ronounced as b
LS23 and NS23_ bu:nd sounds like
nasal
MS11 R5

LS18_ _b’'d is g@ronounced as b
LS26and NS26 ¢Ed i s pronounced as
pu'Ed
LS12 and NS12_bu:nd sounds like
nasal
MS12_R1
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Appendix 2D

Table 2D (i): Total number of tokens per vowel by individual male (M) and female (F) speakers in CP and FS

Vowel i E ® e E U & 6E CE o a UuE D A 6 6a OO ®b e ab
Tokens 182 366 218 213 239 217 167 84 222 777 419 247 220 218 212 220 217 220
F 93 183 109 106 128 108 85 61 113 364 211 134 110 109 108 110 109 110
M 89 183 109 107 111 109 82 23 109 413 208 113 110 109 104 110 108 110
CP 80 180 108 103 136 110 83 50 109 379 211 121 111 108 103 109 107 110
FS 102 186 110 110 103 107 84 34 113 398 208 126 109 110 109 111 110 110
FS1 10 20 10 11 9 10 10 NA 10 40 20 10 10 10 10 10 10 10
FS2 8 20 10 8 14 10 8 NA 10 40 20 10 10 10 10 10 10 10
FS3 9 18 10 10 11 10 4 4 10 34 21 12 10 10 10 10 10 10
FS4 8 10 10 10 12 10 10 3 10 35 20 14 10 10 10 10 9 10
FS5 9 14 10 10 11 10 4 NA 10 39 20 17 10 10 10 10 10 10
FS6 8 16 10 10 12 10 10 18 10 22 26 12 10 10 10 10 10 10
FS7 5 15 9 10 15 10 9 10 10 29 12 12 10 10 10 10 10 10
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FS8

FS9

FS10

FS11

MS1

MS2

MS3

MS4

MS5

MS6

MS7

MS8

MS9

MS10

MS11

10

10

8

18

16

16

20

20

10

18

19

20

16

18

19

20

19

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

11

10

10

10

10

11

10

13

11

10

NA

12

14

14

11

10

11

12

10

11

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

NA

10

NA

10

10

10

10

NA

NA

11

NA

NA

NA

NA

10

13

10

10

10

10

10

10

10

10

10

10

10

10

30

26

29

40

40

38

29

40

34

37

38

40

40

39

38

20

18

24

10

20

20

15

20

18

20

15

20

20

20

20

10

13

14

10

10

10

15

10

10

14

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10
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Appendix 2E

Praat Script for Urdu monophthongs anddiphthongs

# TextGrid tier with intervals containing whole vowels.

vowel_tier =1

# TextGridtier with intervals containing initial+transition+final intervals of diphthongs.
diphthong_tier = 3

# Fraction along vowel duration to start taking samples (inclusive).
sample_start = 0.2

# Fraction along vowel duration to stop taking samples (inclusive).
sample_end =0.8

# Number of sample points to get formant values along vowel interval.
sample_count=7

# Formant resolution

time_step = 0.01

maximum_number_of formants =5

window_length = 0.025

preemphasis_from = 30

# Male

root$ = "/media/August 201Braat data/Male"

output$ = "/media/August 201Braat data/results/results_m.txt"
maximum_formant = 5000

@readVowels

# Female

root$ = "/media/August 201Braat data/Female"

output$ = "/medi/August 2016Praatdata/results/results_f.txt"
maximum_formant = 5500

@readVowels

procedure readVowels
printline
Create Strings as directory list... folders 'root$'
folder_count = Get numbef strings

fullpaths_count =0

for folder_num from 1 to folder_count
select Strings folders
folder$ = Get string... folder_num

Create Strings as file list... files 'root$'/'folder$'/*.wav

file_count = Get number of strings

for file_num from1 to file_count
file_name$ = Get string... file_num
fullpath$ = "'root$'/'folder$'/'file_name$™
fullpaths_count = fullpaths_count + 1
fullpaths$[fullpaths_count] = fullpath$
file_names$[fullpaths_count] = file_name$
printline 'fullpath$

endfor

select Strings files
Remove
endfor

select Strings folders
Remove
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resultline$ = "Subject Gender Repetition Vowel Duration”
for sample_num from 1 to sample_count

resultline$ = resultline$ + " F1 'sample_nunf2_'sample_num'
F3 'sample_num™
endfor
resultline$ = resultline$ + " diph_trans_start_time diph_trans_end_time

diph_trans_start F1 diph_trans_start F2 diph_trans_start F3
diph_trans_end_F1 diph_trans_end_F2 diph_trans_end_F3"
resultline$ = resultline$ newline$
fileappend "output$™ 'resultline$'
for fullpath_num from 1 to fullpaths_count

file_name$ = file_names$[fullpath_num]

fullpath$ = fullpaths$[fullpath_num]

textgrid$ = left$(fullpath$, length(fullpath$)) + ".TextGrid"

subjec$ = left$(file_name$, length(file_name¥)
repetition$ = mid$(file_name$, length(file_nameb)1)
gender$ = left$(file_name$, 1)

printline Processing 'subject$' (gender 'gender$’) repetition 'repetition$":
printline --'fullpath$'
printline --'textgrid$'

if fileReadable (textgrid$)

Read from file... ‘fullpath$'

soundname$ = selected$ ("Sound”, 1)

To Formant (burg)... time_step maximum_number_of_formants
maximum_formant window_length preemphasis_from

Read fronfile... ‘textgrid$'
interval_count = Get number of intervals... vowel_tier
for interval_num from 1 to interval_count
vowel$ = Get label of interval... vowel_tier interval_num
vowel$ = replace_regex$ (voweldn”, "™, 0)
vowel$ = replaceregex$ (vowel$,\t", ™, 0)
# Check if interval label is neampty (which we take to mean it
contains a vowel).
if vowel$ <> "
# Get the interval's start and end time (in milliseconds):
start = Get starting point... vowel_tier intervalim
end = Get end point... vowel_tier interval_num

# Duration (in seconds) of whole vowel interval.
duration = (end start)
duration_ms = duration*1000

# Add first few columns to the row that will be written to the
output text file.
resultline$ = "'subject$' 'gender$tepetition$'
'vowel$''duration_ms"

# Duration (in seconds) from first sample to last sample.
sampling_duration = duration * (sample_erghmple_start)
# Distance (in secondsgtween each sample.
sampling_delta = sampling_duration / (sample_ceunt

# Point in time to start sampling.

sampling_start = start + duration * sample_start

# Add remaining columns for samples along the vowel.
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sample_num

Linear
Linear
Linear

|f3|||

whole vowel.
diphthong_tier start
transition interval (if applicable).

interval_before_diph_transition

jumped to a different vowel
vowel), so just put some zeros.

0 0 0 0

interval along.

interval_before_diph_transition + 1

diph_transition_interval

DIPHTHONG IN ffile_name$' @ 'vowel$'

diphthong_tier diph_transitionnierval

diphthong_tier diph_transition_interval

(diph_transition_startstart) * 1000

(diph_transition_end start) * 1000

for sample_num from 0 to (sample_count
sample_time = sampling_start + sampling_delta *

# Get the formant values at the interval
select Formant 'soundname$'
fl = Get value at time... 1 sample_time Hertz
f2 = Get value at time... 2 sample_time Hertz
f3 = Get value at time... 3 sample_time Hertz
resultline$ = resultline$ + " 'f1' 'f2'
endfor
select TextGrid 'soundname$'
# Get interval in diphthonger corresponding to start time of
interval_before_diph_transition = Get interval at time...
# End time of above interval is start time of diphthong
diph_transition_start Get end point... diphthong_tier
if diph_transition_start > end
# If transition start is after vowel end, then we have
# (i.e. there was no diphthong transition for this
resultline$ = resultline$ + " 0 0
0 0"
else
# The diphthong transition interval is the next
diph_transition_interval =
# Assert that the interval contains some text.

diph$ = Get label of interval... diphthong_tier

diph$ = replace_regex$ (diphdn”, "™, 0)
diph$ = replace_regex$i@h$, "\r", ", 0)

if diph$ ="
printline ERROR- SHOULD BE

else
# Start of transition interval.
diph_transition_start = Get starting point...

# End of transition interval.
diph_transition_end = Get end point...

# Add transition times to row.
diph_transition_start ms =

diph_tmansition_end ms =
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'diph_transition_start_mstiph_transition_end_ms

(diph_transition_start start)/2

diph_transition_end)/2

Hertz Linear
Hertz Linear
Hertz Linear
to row.

f2' 3™

vowel.

Hertz Linear
Hertz Linear
Hertz Linear

vowel to row.

resultline$ = resultline$ + "

# Midpoint of diphthong's first vowel.
diph_begin_mid = start +

# Midpoint of diphthong's second vowel.
diph_end_mid = end(end-
select Formant 'soundname$'

# Get formants for diphthong's first vowel.
f1 = Get value at time... 1 dipbegin_mid

f2 = Get value at time... 2 diph_begin_mid
f3 = Get value at time... 3 diph_begin_mid
# Add formants for diphthong's first vowel

resultline$ = resultline$ + " 'f1'

# Get formants for diphthong's second
f1 = Get value at time... 1 diph_end_mid
f2 = Get value at time... 2 diph_end_mid
f3 = Get value at time... 3 diph_end_mid
# Add formants for diphthong's second
resultline$ = resultline$ + " 'f1'

endif
endif

# Save result to text file:
resultline$ = resultline$ + newline$
fileappend "output$™ 'resultlige
select TextGrid 'soundname$'

printline --'textgrid$' not found

'f2' 3"
endif
endfor
else
endif
endfor

endproc
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Appendix 2F

Table 2F (i): Mean formant frequencies with standard deviation for the first twoformants of 12 monophthongs at the seven equidistant points
in time i.e. 20% 30% é 80% in Hz.

Vowel 20% SD 30% SD 40% SD 50% SD 60% SD 70% SD 80% SD
i E 329 37 329 38 328 37 329 39 332 42 333 42 337 43

|
® 390 37 394 37 397 37 398 37 396 38 392 39 384 44
e E 411 35 411 37 412 39 413 41 415 41 417 41 415 41
0 555 70 586 79 600 84 608 88 611 92 601 95 578 90
& 561 67 593 74 610 84 621 92 620 104 608 109 571 99
F1 0 'E 652 96 678 110 694 112 702 110 709 111 703 109 663 99
CE 486 66 489 70 492 75 496 80 500 78 505 78 503 1
o] 491 84 496 92 499 97 501 98 502 101 510 101 512 98
a 398 36 400 38 403 40 407 40 407 41 405 41 400 45
u'E 377 56 374 64 373 48 371 a7 371 45 372 44 372 45
D 562 84 577 88 581 89 578 92 569 93 551 92 519 90
A 569 84 589 91 600 95 603 96 596 95 578 92 543 87
i E 2372 312 2395 316 2415 344 2439 326 2450 341 2451 333 2420 325
® 2061 276 2104 288 2137 293 2147 315 2167 300 2169 309 2155 320
e E 2151 307 2198 309 2222 314 2199 329 2199 315 2190 322 2171 308
0 1889 269 1908 247 1899 246 1888 246 1888 230 1882 224 1868 217
e 1856 288 1876 260 1871 256 1872 260 1879 239 1874 250 1862 247
F2 0E 1210 162 1216 156 1214 158 1218 162 1254 170 1322 174 1419 180
e 861 124 855 128 862 138 893 185 953 222 1017 169 1145 187
o] 949 259 928 234 933 239 941 229 950 174 1025 184 1135 183
a 974 158 993 165 1033 168 1090 163 1151 164 1209 181 1268 200
u'k 938 279 924 283 918 289 918 274 956 253 1017 256 1099 230
D 1636 236 1639 240 1639 245 1633 253 1643 243 1633 245 1609 234
A 1310 171 1356 178 1402 181 1453 178 1507 175 1542 175 1570 177
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Table 2F (ii): Mean formant frequencies with standard deviation for the first two formants of 12 monophthongs at the seven equidistapoints

in time i.e. 20% 30% é 80% in Lobanov normali sed

Vowel 20% SD 30% SD 40% SD 50% SD 60% SD 70% SD 80% SD

i E -1.35 0.30 -1.36 0.30 -1.36 0.29 -1.35 0.30 -1.33 0.32 -1.32 0.33 -1.29 0.35

[4) -0.83 0.30 -0.80 0.30 -0.78 0.30 -0.77 0.30 -0.78 0.30 -0.82 0.31 -0.88 0.34

e -0.66 0.23 -0.65 0.25 -0.65 0.27 -0.63 0.29 -0.62 0.28 -0.61 0.29 -0.63 0.29

0 0.54 0.47 0.78 0.48 0.90 0.50 0.97 0.53 0.98 0.56 0.90 0.60 0.71 0.60

a 0.56 0.44 0.81 0.42 0.94 0.46 1.01 0.47 0.99 0.54 0.89 0.60 0.59 0.56

F1 6 E 1.31 0.50 1.52 0.54 1.64 0.53 1.71 0.51 1.77 0.50 1.72 0.49 1.40 0.48
CE -0.02 0.48 0.01 0.52 0.03 0.55 0.06 0.58 0.09 0.57 0.13 0.54 0.10 0.51

) -0.18 0.46 -0.15 0.54 -0.13 0.55 -0.12 0.56 -0.11 0.58 -0.05 0.60 -0.03 0.57

& -0.76 0.26 -0.74 0.26 -0.72 0.26 -0.69 0.25 -0.69 0.25 -0.71 0.25 -0.76 0.27

u'E -0.95 0.44 -0.97 0.51 -0.99 0.35 -1.00 0.33 -1.00 0.31 -0.99 0.29 -0.99 0.30

D 0.58 0.54 0.70 0.55 0.74 0.56 0.71 0.59 0.63 0.60 0.48 0.61 0.22 0.62

A 0.62 0.49 0.77 0.53 0.86 0.56 0.89 0.55 0.83 0.54 0.68 0.52 0.39 0.47

i E 1.64 0.40 1.69 0.47 1.74 0.53 1.79 0.49 1.80 0.51 1.80 0.47 1.74 0.43

) 1.02 0.31 1.10 0.33 1.17 0.34 1.19 0.39 1.23 0.34 1.23 0.36 1.20 0.40

e 1.20 0.33 1.30 0.34 1.34 0.35 1.30 0.40 1.30 0.38 1.28 0.39 1.25 0.37

0 0.69 0.30 0.73 0.24 0.72 0.27 0.71 0.33 0.71 0.31 0.70 0.30 0.67 0.30

& 0.63 0.31 0.67 0.25 0.67 0.32 0.68 0.35 0.69 0.31 0.69 0.36 0.67 0.40

F2 6 E -0.61 0.20 -0.60 0.20 -0.60 0.22 -0.59 0.24 -0.52 0.24 -0.39 0.23 -0.20 0.22
CE -1.27 0.18 -1.29 0.18 -1.27 0.19 -1.21 0.29 -1.10 0.38 -0.98 0.22 -0.74 0.24

) -1.17 0.44 -1.20 0.39 -1.19 0.41 -1.18 0.39 -1.17 0.25 -1.03 0.27 -0.83 0.26

& -1.06 0.21 -1.03 0.21 -0.95 0.21 -0.84 0.20 -0.72 0.20 -0.61 0.24 -0.50 0.28

u'E -1.12 0.50 -1.15 0.51 -1.16 0.51 -1.16 0.47 -1.09 0.44 -0.96 0.44 -0.81 0.36

D 0.20 0.27 0.20 0.29 0.21 0.31 0.20 0.33 0.22 0.33 0.20 0.35 0.15 0.29

A -0.43 0.21 -0.34 0.22 -0.25 0.22 -0.16 0.21 -0.05 0.18 0.02 0.17 0.07 0.17
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Appendix 2G

Table 2G (i): Mean Frequencies of F1, F2 and F3 in hertz and standard deviation of 12 onalonophthongs at the vowel midpoint for female
and male speakers in Carrier Phrases (CP)

CP- Female speakers CPi Male speakers
Vowel F1 SD F2 SD F3 SD Duraton SD | F1 SD F2 SD F3 SD Duration  SD
i 'E 347 49 2661 361 3347 279 166 26 | 313 39 2315 156 2935 354 161 36
@ 421 52 2323 356 2918 252 92 21 | 386 22 1984 190 2568 204 84 11
e E 420 45 2466 290 2923 229 179 29 | 399 30 2050 199 2548 303 164 40
0 667 82 2046 242 2803 265 218 38 | 568 43 1758 138 2550 251 201 42
& 682 90 2025 239 2796 300 213 38 | 569 42 1740 171 2538 277 191 27
OE 785 100 1270 100 2792 402 224 36 | 649 66 1088 139 2618 247 200 40
CE 501 86 941 145 2972 296 200 37 | 471 68 812 110 2671 200 185 37
o] 501 100 931 162 2961 248 192 40 | 461 64 814 148 2682 154 168 29
a 429 46 1169 154 2939 202 100 20 | 402 31 980 105 2626 135 88 14
ukE 403 52 965 294 2918 219 164 38 | 355 32 775 133 2579 180 149 33
D 624 89 1780 207 2877 439 80 21 | 557 56 1473 177 2608 314 66 13
A 695 72 1556 126 2828 313 122 18 | 588 45 1312 119 2583 148 105 14
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Table 2G (ii) Mean Frequencies of F1, F2 and F3 in hertz and standard deviation of 12 oral monophthongs at the vowel midpoint for female
and male speakers irFull sentences (FS)

FS- Female speakers FS- Male speakers
Vowel F1 SD F2 SD F3 SD Duraton SD | F1 SD F2 SD F3 SD Duration  SD
i 'E 341 26 2552 369 3182 318 129 30 | 314 29 2238 133 2761 276 119 19
@ 399 31 2333 252 2857 197 75 24 | 386 28 1947 210 2525 190 68 12
e'E 418 51 2351 268 2804 210 129 24 | 416 31 1932 226 2345 233 116 23
0 637 110 2016 253 2796 270 161 26 | 564 54 1735 147 2513 217 149 25
a 662 92 2005 214 2803 243 167 18 | 550 39 1658 190 2474 223 153 20
O0E 752 118 1365 99 2809 372 172 39 | 622 46 1152 146 2600 210 164 47
CE 520 91 950 146 2946 328 168 26 | 489 66 864 268 2653 152 157 25
o] 518 115 976 181 2879 236 151 21 | 519 70 1084 488 2610 326 120 32
a 410 39 1196 135 2896 182 76 21 | 384 29 1006 134 2613 148 70 15
u'E 374 43 1055 283 2860 233 128 28 | 356 46 895 282 2593 219 121 21
D 600 111 1797 222 3020 293 81 22 | 529 70 1478 187 2606 270 65 14
A 603 94 1590 100 2920 255 77 24 | 512 48 1312 141 2637 193 68 21
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Appendix 3A

Table 3A(i): Mean formant frequencies with standard deviation for the first three formants of six diphthongs at the seven equidistanbmts in
time i.e. 20%, 30%¢é , 80% in Hertz pooled over speakers and contexts

20% SD 30% SD 40% SD 50% SD 60% SD 70% SD 80% SD

0e 704 122 711 129 673 115 612 100 553 83 511 76 476 69

o} 6( 646 97 640 95 616 89 581 74 543 66 507 61 475 59

e0 457 90 488 83 530 80 583 104 624 113 644 120 650 136

F1 WO 341 43 353 42 394 49 464 67 556 102 615 113 628 124
oe 428 46 440 52 448 54 449 53 441 50 435 46 428 50

6( 0 415 46 454 64 518 81 577 99 617 104 637 107 637 111

0e 1330 182 1447 184 1594 201 1770 231 1910 264 2021 201 2079 342

0 & 1137 140 1106 133 1065 124 1022 133 973 117 930 133 913 163

) 2117 280 2018 274 1947 221 1798 221 1687 189 1597 174 1559 171

F2 (Yo 2409 347 2414 311 2320 286 2075 266 1801 207 1620 173 1510 161
oe 955 172 1032 182 1225 238 1500 295 1772 326 1942 335 2046 321

a 0 1048 191 981 155 1015 137 1090 144 1145 140 1190 154 1236 162

0e 2642 315 2610 328 2597 323 2635 330 2654 285 2697 306 2700 309

o} 6( 2699 303 2718 293 2744 293 2774 300 2786 303 2789 298 2782 294

F3 €0 2745 302 2717 284 2692 291 2674 299 2667 303 2648 326 2681 323
0o 3012 408 2995 396 2843 341 2720 307 2696 323 2649 335 2643 351

oe 2723 232 2690 235 2630 241 2576 235 2570 259 2610 279 2644 289

5( o} 2720 241 2763 244 2780 276 2759 296 2738 295 2745 293 2740 287
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Table 3A (ii): Mean formant frequencies with standard deviation for the first two formants of six diphthongs at the seven equidistamoints in

time i.e. 20%, 30%, é ,80% in Lobanov normalised pooled over
Vowel 20% SD 30% SD 40% SD 50% SD 60% SD 70% SD 80% SD

0e 1.71 0.58 1.76 0.64 1.47 0.59 0.99 0.58 0.51 0.55 0.17 0.52 -0.11 0.50

6 a 1.26 0.46 1.22 0.48 1.03 0.47 0.76 0.45 0.45 0.44 0.16 0.43 -0.10 0.42

€0 -0.30 0.68 -0.04 0.62 0.31 0.56 0.74 0.73 1.05 0.70 1.20 0.70 1.24 0.81

F1 @O -1.28 0.34 -1.16 0.31 -0.82 0.33 -0.24 0.44 0.50 0.57 0.97 0.56 1.06 0.62

oe -0.52 0.33 -0.42 0.35 -0.35 0.35 -0.35 0.33 -041 0.32 -0.46 0.27 -0.52 0.31

a6 -0.62 0.34 -0.29 0.45 0.23 0.53 0.70 0.57 1.02 0.55 1.18 0.55 1.17 0.57

0e -0.38 0.26 -0.15 0.26 0.13 0.29 0.47 0.34 0.75 0.35 0.96 0.37 1.06 0.47

o] & -0.75 0.21 -0.81 0.21 -0.89 0.20 -0.97 0.24 -1.06 0.21 -1.14 0.25 -1.18 0.29

F2 €0 1.15 0.41 0.96 0.41 0.82 0.32 0.54 0.39 0.33 0.38 0.16 0.36 0.09 0.36

0o 1.72 0.51 1.73 0.40 1.54 0.35 1.08 041 0.56 0.37 0.20 0.30 -0.02 0.28

oe -1.10 0.30 -0.95 0.29 -0.58 0.37 -0.05 0.47 0.47 0.48 0.80 0.47 1.00 0.41

& 0 -0.92 0.28 -1.05 0.24 -0.98 0.22 -0.84 0.23 -0.74 0.22 -0.65 0.24 -0.56 0.25
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LEAP-Q - About personal and linguistic background

Appendix 5A

Table 5A (i): Responses to LEARQ (via Google forms)

[ > O . o = o = .
P =o ¢ o T o © ") k2] n S
poh 200 | 22% | 288 |28Y% |So¥q 598 | g.o3nl
TS S © Emg_ C = @ T3 90 QL £9a00 NEBO . @
< £ .3 2 a3 TS £ %> S o & SnER 8 Sc0c
=2 =38 | 833|332 |35% |22293323:)8%D2%8¢
o3 < > 58 | a>8 %38 S§387|wE8E | 5 83°8
Female 18-24 4 Urdu Punjabi Urdu English urdu,pushto,english and pujabi
Female 18-24 3 Punjabi Urdu Punjabi Urdu PUNJABI URDU ENGLISH
Male 18-24 4 Sariki Sariki Sariki Urdu SARIKI, PUNJABI, URDU,
ENGLISH, MEWATI,RANGRI
Male 18-24 3 Punjabi English Punjabi Urdu Punjabi,Urdu, English
Male 18-24 4 Mewati Urdu Mewati Urdu Mewati, Punjabi, Urdu and English.
Female 18-24 3 Urdu English Urdu English Urdu , English , Punjabi
Female 18-24 3 Urdu Urdu Urdu Urdu Urdu English punjabi
Female 18- 24 3 Punjabi English Urdu Urdu Urdu Punjabi English
Female 18- 24 3 Urdu English Urdu Urdu Urdu, English, Punjabi
Female 18- 24 3 Urdu English Urdu English Urdu , English , Punjabi
Female 18-24 3 Urdu Punjabi Urdu Urdu urdu punjabi English
Female 18-24 3 Urdu English Urdu Urdu English, Urdu, Punjabi
Female 18-24 2 Urdu English Urdu Urdu English, Urdu , Punjabi
Female 18-24 4 Punjabi Urdu Punjabi English Urdu,english,punjabi, and siraiki
Female 18-24 4 Punjabi Urdu Punjabi English Urdu, english,punjabi,and siraiki
Female 18-24 2 Urdu English Urdu Urdu Urdu, English
Female 18-24 3 Urdu English Urdu Urdu Urdu, English and Punjabi
Female 18-24 3 Punjabi Urdu Punjabi Urdu Urdu, English,punjabi
Female 18-24 3 Urdu English Urdu Urdu English, Urdu, Punjabi,Fay languaga
Female 18- 24 3 Hindko Urdu Urdu Urdu English, Urdu, Hindko
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Female 18-24 3 Urdu Punjabi Urdu English URDU PUNJABI ENGLIG
Female 18-24 3 Urdu Punjabi Urdu English ENGLISH, URDU,PUNJABI
Female 18-24 3 Urdu Punjabi Punjabi Urdu Urdu Punjabi English
Female 18-24 3 Punjabi Urdu Punjabi Urdu Urdu, english, punjabi
Female 18-24 3 Urdu English Urdu English english,urdu,punjabi
Female 18-24 3 Urdu Punjabi Punjabi English Punjabi, English, Urdu
Female 18-24 4 Urdu English Urdu Urdu English. Punjabi. Urdu
Female 18-24 3 Urdu English Urdu Urdu Urdu, English , Punjabi
Female 18-24 2 Urdu English Urdu Urdu URDU , ENGLISH
Female 18-24 4 Punjabi Urdu Urdu Urdu Urdu, English, PunjabRushto
Female 18-24 3 Urdu English Urdu Urdu urdu,english,punjabi
Female 18-24 3 Urdu Punjabi Punjabi Urdu english, urdu, punjabi
Female 18-24 2 Urdu English Urdu Urdu URDU, ENGLISH, PUNJABI,
ARABIC
Female 18-24 3 Punjabi Urdu Punjabi Urdu Punjabi Urdu English
Female 18-24 3 Sariki Urdu Urdu Urdu English, Urdu,Saraiki or punjabi
Female 18- 24 3 Urdu English Urdu Urdu Urdu English Punjabi
Female 18-24 3 Urdu Punjabi Urdu Punjabi Urdu, Punjabi, English
Female 18-24 3 Urdu Punjabi Urdu Urdu Urdu English Punjabi
Female 18-24 3 Urdu Punjabi Urdu Urdu Urdu, English & Punjabi
Female 18-24 3 Urdu English Punjabi Urdu Urdu english punjabi
Female 18-24 3 Urdu Punjabi Urdu Urdu Urdu PunjabEnglish
Female 18-24 3 Urdu Punjabi Urdu Urdu Urdu PunjabEnglish
Male 18-24 3 Punjabi Urdu Punjabi Punjabi Punjabi , Urdu , English
Male 18-24 3 Punjabi Urdu Punjabi Urdu English .urdu and pujabi
Female 18-24 3 Punjabi Urdu Urdu Urdu Urdu, English and Punjabi
Female 18-24 4 Punjabi Urdu Punjabi Urdu Punjabi, urdu, english, arabic
Male 18-24 3 Punjabi Urdu Punjabi Urdu English, Urdu, Punjabi.
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Male 18-24 2 Urdu English Urdu Urdu Urdu and english
Female 18-24 3 Punjabi Urdu Punjabi Urdu Punjabi, Urdu, English
Female 18-24 3 Urdu English Urdu Urdu Urdu, English, Punjabi
Female 18-24 3 Urdu English Urdu English urdu , english, punjabi
Female 18-24 3 Punjabi Urdu Punjabi Urdu Punjabi Urdu English

Male 18-24 5 mewati Urdu mewati Urdu mewati(a language derived from

and rahistani language), urdu, Punjabi
punjabi English, raghistani

Male 18-24 3 Urdu English Sariki Urdu Urdu , English , punjabi and sarakii

Male 18-24 3 Urdu English Punjabi Urdu Urdu, EnglishPunjabi

Male 18-24 3 Urdu Punjabi Urdu Urdu Urdu, Punjabi, English

Male 18-24 3 Punjabi Punjabi Punjabi Urdu punjabi

Male 18-24 3 Punjabi Urdu Punjabi English Punjabi, Urdu, English
Female 18- 24 2 Urdu English Urdu English english...urdu

Male 18-24 3 Punjabi Urdu Punjabi Urdu 1 punjabi

2 urdu
3 english

Male 18-24 3 Punjabi Urdu Punjabi Urdu PUNJABI,URDU,ENGLISH
Female 18-24 3 Punjabi English Punjabi Urdu Punjabi urdu english
Female 18- 24 2 Urdu English Urdu English english ..urdu
Female 18-24 3 Punjabi Urdu Punjabi Urdu Punjabi Urdu English
Female 18-24 3 Punjabi Urdu Punjabi Urdu Punjabi Urdu English
Female 18-24 4 Punjabi Urdu Punjabi Urdu Punjabi, Urdu, Arabic, English, Persia
Female 18-24 3 Urdu Punjabi Urdu Urdu Urdu Punjabi English

Male 18-24 3 Punjabi Urdu Punjabi English Punjabi urdu english

Male 18-24 3 Punjabi English Punjabi Punjabi Punjabi, Urdu,Enlish

Male 18-24 3 Urdu Punjabi Urdu Urdu Urdu Punjabi English

Male 18- 24 3 Urdu English Urdu Urdu English

Male 18-24 3 Punjabi Urdu urdu and urdu and Urdu,Punjabi and English

punjabi english
Male 18-24 3 Punjabi Urdu Urdu Urdu punjabi, urdu, english
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LEAP-Q- About Language Acquisition

1. What was your age when you began to learn English?

74 responses

@ from birth
@ primary school

@ Middle school
® 4 year
;é @ 12 year
‘ ® 3 years.

® in college
@ After 20

2. What type of primary school did you attend?

74 responses

@ Public/Government
® Private
@ APS

3. What was the medium of instruction in your primary school?

74 responses

@ English
@® Urdu
@ Punjabi
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4. On a scale from zero to ten, please select your level of proficiency in
speaking English.

74 responses

20
19](25%7,%
15 1685A5%) )
12 (16.2%)
0,
o 6 (10.8%) 9(12.2%)
5 (6,8%)
5
1(1.4%) 2 (2.7%)
i 0((\)%) 0(n|%) 0((‘)%)
0

0 1 2 3 4 5 6 7 8 9 10

5. On a scale from zero to ten, please select your level of proficiency in
understanding spoken English.

74 responses

30
22 (29.7%)
20
14 (18.9%)

10 (13.5%) 10 (13.5%) 11 (14.9%)

10
2 (2.7%)
D(Cll%) 0((\)%) 0(?%) o([‘)%)

0

0 1 2 3 4 5 6 7 8 9 10

6. On a scale from zero to ten, please select your level of proficiency in
reading English.

74 responses

20

14 (18.9%)
15 (18.9%)

0,
10 9(12.2%)

0 ((‘)%) 0 (l?%) 0 (o‘%)
0
0 1 2 3 4 5 6 7 8 9 10
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