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Abstract

The research area of phonological study of Schwa /of in
Punjabi is a need of linguistic survey of Punjabi language.
Punjabi is tonal language in which schwa occurs in only
word-initial and word-medial. Word-initial schwa is found in
frequent use. The word-medial schwa is generally used
functionally to break the consonant clusters and is not
represented orthographically. It also acts as tone bearing unit
(TBU) in many tonal words. It may be nasalized also.
Consonantal release vowel Schwa is observed in isolated
words with closed-syllable ending. Thus schwa may have
different acoustic properties in these contexts.

The study of first two formants also helps in measuring the
acoustic properties of vowels , thus the spectrographic study
of schwa needs to be carried out for which the F1 variations
and acoustic space in terms of F1 & F2 will be examined by
recording speech data of 10 native Punjabi speakers. The
investigation of said work is based on the words containing
schwa in different positions and phonetic coverage of various
contexts. The co-articulation effects on variability of schwa
will be reported.

Index terms: Tonemes, Punjabi, Schwa /a/, Indo-Aryan,
Pitch, Fundamental Frequencies, Formants(F1 & F2), Tone
Bearing Unit (TBU), ITU, Speech, TTS, Acoustics, Prosody,
Length, Geminated, Release vowel, Burst Energy, Cardinal
vowel chart.

1. Introduction

In linguistics, particularly phonetics and phonology, schwa is
the mid-central vowel sound amidst the vowel chart, signified
by the IPA sound /o/. It was first utilized in English texts
between 1890 and 1895. The schwa has been the subject of
much research by phonologists yet substantially less
consideration has been dedicated to study of the phonetic
attributes of schwa vowel. Punjabi is a tonal language
wherein schwa is a short neutral vowel sound, and like
every single other vowel, its exact quality changes depending
upon the adjacent consonants. In Punjabi, schwa also occurs
in geminated words i.e long or doubled consonants occur
frequently in Punjabi Lexicon. Schwa is not represented
orthographically in word-medial position however it is
phonetically realized. In some words, it also acts as tone
bearing unit(TBU) or is nasalized and at other times, it is also
required to break a consonant cluster. A kind of consonantal
release at the end of the words ending in closed syllable is
observed which is schwa vowel and is termed as release
vowel(RV).

The cardinal vowels of Punjabi as given below describe
schwa as a mid-central vowel. On the basis of part of the
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tongue used in the process of articulation, vowels are
classified as front vowels, central vowels and back
vowels. On the basis of height of the tongue in the
articulation of vowels, the vowels have been classified as
high and low vowels. The long vowels are considered as
tense vowel & short vowels as lax. /o/ being short vowel

is a lax vow.
Punjabi Vowels
Front Back
Unrounde rounded
High wg
ilised
0o entri
0 e wme
A\
Mfd
]2 18
o]
Low 6] w
Bl
Figure 1: Cardinal vowel chart
The following examples corroborate the above:
(i) Word-initial schwa or inherent schwa in a

consonant cluster(CC) and schwa as a tone bearing unit:
eq: : WHG(/osan/(V.CVC)), A (/kasok/(CV.CVC)),

HIA (/sorak/(CV.CVC))

(i) Schwa with nasalization
e.9.93=(/robana/(CV.CV.CV)), gH3(/bosat/(CV.CVC))

(iii) Schwa associated with geminated consonant as onset
e.g. Lt ( pid3dzena/(CV.CCV.CV)),

g% (/budsdzona/(CV.CCV.CV))
(iv) Schwa as Release vowel: Schwa doesn’t occur in
word-final position (Panday Pramod [2014]) however it is

observed as consonantal release in words ending with
closed syllable
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e.g. $T9 (/tfadzoro/(CV.CVC.V(release vowel)), ImEe

(/guddane /(CV.CVC.V(release vowel))) , Bae(/ tokkenoa
/(CV.CCVC.V(release vowel)))

2. Objective

The aim of this paper is to interpret the quality of “Schwa”
vowel through phonetic investigations based on word
analysis. The contextual variation of phonetic occurrence of
schwa in the different phonological settings as explained
above is to be examined. The ten speakers from Malwai
region will be used as informants. The variations in quality of
schwa as observed from first formant, acoustic space and
Release burst energy in various contexts will be reported.

3. Methodology

The list of phonetically balanced words was collated for this
experimental analysis. Phoneme level annotation of the data
was done based on auditory perception. Data was tabulated
and presented. Analysis of vowel quality was carried out.

3.1 Collection of data
The word lists were prepared using available published

dictionary from authentic sources such as Punjabi-English
Dictionary, Punjabi University [2011]. The word selection
was done based on the criteria of occurrence of /o/ as
discussed in the section 1.

3.2 Informants

The informants were selected from region of Punjab where
Malwai dialect is spoken. The numbers of informants used
are 4 male and 6 female between 25-40 age groups. Each
informant recorded the entire set of words thrice.

3.3 Recording specification

For the recording of the Punjabi speech data, standardized
procedure for speech corpora development based on the ITU
(International Telecommunication Union) recommendations
has been adopted. The recording of the word list has been
done in standard recording environment having SNR>=45dB.
The recording format is 16 bit, PCM, Mono and sampling
rate is 48 KHz and the speech rate is medium with neutral
emotion.

3.4 Speech analysis Tool- PRAAT

The annotation of the recorded speech data has been carried
out using the PRAAT software since it is a very flexible tool
to do speech analysis. The middle sample was selected for
analysis for capturing the exact pronunciation. The
spectrographic analysis of all the male & female samples was
carried out and phoneme level annotation was done. First two
formants (F1 & F2), Intensity & duration of the vowel were

recorded for each word by using PRAAT software.
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4. Analysis
4.1 Variation in Schwa Quality in

languages

Indo-European

Den Siliverman [2009], discussed the origins of schwa and
variation in its phonetic properties based on co-articulatory
influence of flanking consonants. He has concluded.

e Schwa is short in duration and seems to have a mid-
centralizing-tendency.

o Phonologically it is a featureless vowel; however it is a
candidate for epenthesis.

e Some schwas may have their origins in the audible
release of a consonant when this consonant is followed
by another consonant.

e Release into schwa phenomena has been explained in
which C1 may be released into a light vowel before the
C2 construction is fully achieve

According to [Flemming , 2007], F2 varies more that F1
probably due to the fact that associated consonants
necessarily involve a mouth closing/ jaw raising gesturing
thus lowering F1

4.2 Acoustic parameters

The paper attempts the following parameters to describe the
schwa quality:

. Formants F1, F2

. Acoustic space in terms of F1 and F2

. Burst Energy(BE)

The acoustic space is calculated in order to determine the
tongue position involved in articulation. The few examples of
different categories with F1 , F2-F1 and burst energy values
have been recorded. The highlighted schwa in the below
tables are consider for analysis. Burst energy i.e. (Intensity *
Duration) of schwa vowel was recorded to determine the
quality of a vowel viz lax/tense.

() Schwa as a pure vowel or inherent in a
consonant cluster(CC) and schwa as a tone

bearing unit

Table 1: Schwa : pure vowel or inherent

Burst
Words F1 F2-F1 Energy
IHE /hasab/ 669.50 836.00 7.62
IAH /hasab/ 606.10 900.60 9.18
A /kasak/ 594.25 786.50 7.58
A [kasak/ 590.75 81570  8.29
HIH /sarab/ 626.10 939.10 9.04




HIH /sarab/ 50950 96070  8.27 = fbadua 47133  888.00  10.44

A [sopakl 61400 99590  9.06 I /robanal 58510  947.10 1245
A [sapak! 6105 0 107430 6.22 MBI T foderal 49140 110350 8.93
HITo [fagen/ 573.40 1111.60 8.39 Average 534.99 967.20 12.36
HATS [fagan/
rre [Sokot! S77.70 106240 837 Based on the above data the range of F1 lies between approx
RS Isokat 58220 105100 7.75 450-650 and F2-F1 between 700-1100.
SH3 [basat/ 49250 103490 6.21
WHS/osan/ 625.10 90130 6.6l (iii) Schwa associated with geminated consonant
. ' ' ' as onset
WHIS fomir/ 63422  780.00 7.5
WSH /aphim/ 649.33 591.50 7.49 Table 3: Schwa : geminated consonant
e [onak/ 71122 81556  4.76 Burst
WIfSWTH fabias/ 637.00  669.90 6.08 Words ; = F2-Fl Energy
WS fakall I fbodsdsona/ 51099 1351.00 5.61
660.00  824.00 6.17 N .
iy fIsE Indsdsonal 50470 1396.90 5.48
WET fariad/ : : :
665.10  893.80  3.89 5= /o
M prdsdsonal 49310 143430 6.15
g [otfokk/ : : :
603.80  1097.50 10.42 y .
Mgl atfo 751.80 927.00 9.32 . .
E——— S /ddor / 62440  1104.60 9.45
- o 81430 057.89 9.6 A 539.42 1244.16 6.34
. . verage . . .
ST /okkan/ 68330 98250 4.82
4T /tfogy/ 748.10 93840  12.08 Based on the above data the range of F1 lies between approx
B /labbanal 655.30 84540  4.20 500-650 and F2-F1 between 900-1450.
E[uﬁ fbaggi/ 584.20 87367  4.87 (iv) Schwa as Release vowel
WS foggel 62080  927.10 7.4
B gT/ksllukara/ 654.60 90640  5.05 Table 4: Schwa: release vowels as highlighted
WA kessa | Burst
592 970 537 Words F1 F2-F1 Energy
Average 637.93 89984 7.3 W Koral 52342 115199 1252
Based on the above data the range of F1 lies between approx T9T /tfoggol 515.51 1071.14 13.39
500-800 and F2-F1 between 600-1100.
5 Itfugra/ 549.13 969.48  11.84
(D) Nasalised schwa SHI/tfadsera/  539.99 114214 817
Table 2: Schwa - Nasalised SIE/ tokkonpa /| 556.94 1049.66 10.33
Burst & /tanal 556.42 1042.37 13.21
Words F1 F2-F1 Ener: .
o gy T ffogal 554.08 112748 13.36
" >4L30 - 95690 1759 WEWF/onkoya/  565.48 1129.04 7.94
2 ~ ankara . . .
s3] basat/ 560.80 94510  16.91 T
Herel srkot / 55310 90410 1176 WS fotfokka/  518.20 102140 11.78
nigE sgur/ 49978 77463 1185 ¥ fadsel 43698 1329.87 10.62
T tada / 47650 108070 1515 % /bodsa/ 451.06 123661 12.81
s/ tn/ .
) on 819.10 73150  11.45 2 /dugo/ 564.83 1037.73  12.36
HEE /sadona / ~
o 52200 113170 1176 37y ffage/ 517.84 1051.04 11.19
F ol 45367 100310 8.99 Wy /pig/ 490.42 1098.24 10.95
T = A 109 . . .
91T [gadala/ 475.80 114010 11.07 P19
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8w Tugo / 597.81 880.13  13.64
HYW /mago/ 535.37 101025 11.65
- skl 471.43 987.69  11.27
ludzebuga/

Average 526.17 107860 1159

Based on the above data the range of F1 lies between approx
450-650 and F2-F1 between 800-1200.

5. Discussion

Based on the above findings, the acoustic space is depicted in
the below graph(Fig 2) for various phonological settings.

800 750 700 650 600 550 500 450 400
SR . . 600

700

800

Schwa as a pure vowel or inherentin a
900 consonant cluster{CC)

A A Nasali
1000 Masalised schwa

1100 # Schwa associated with geminated
consanant as onset

1200w Schwa a5 release vowe|

1300

F2-F1
1400

1500

1600

Figure 2: Acoustic space values of schwa
The variations as observed from above data analysis are

reported below with reference to pure vowel /of
characteristics:

Table 5: Results finding

5.3 Schwa

Average(F1=539.42,

associated F2-F1=1244.16, BE=6.34
with Duration-.09)

geminated F1 ranges show the tongue
consonant as height shifted upward and
onset increase in F2-F1 shows that

Sr. Categories
No

Findings

51 Schwa as a Average(F1=637.93,
pure vowel or F2-
inherent in a F1=899.84,BE=7.30,Duration-
consonant A1)
cluster(CC) F1 and F2-F1 lie in normal
range, schwa being Mid-central
5.2 Nasalised Average(F1= 534.99,
schwa F2-
F1=967.20,BE=12.36,Duration-
.18)
The tongue position goes still
higher as F1 reduces further as
compared to schwa as at sr. no.
2 as observed in the Fig 1.

schwa is being articulated with
tongue shifting backwards from
the mid-position

5.4 Schwa as Average(F1=526.17,

release F2-F1=1078.60,BE=11.59 ,

vowel(RV) Duration-.17)
The F1 value of release vowel
is comparable to nasalized
schwa. The F2-F1 value
corroborated ~ with  tongue
shifted backwards from central
position as in the case of Schwa
associated  with  geminated
consonant

The variability in the phonetic realisation of schwa is evident
from figl. The arrow depicting increase in values of F2-F1
indicates the tendency of /o/ from central to back position due
to co-articulation variations. The maximum value of F2-F1 is
observed in case of /o/ associated with geminated consonant
as onset, which could be phonetically represented by /a/,

which is open-mid near back unrounded vowel e.g. fSHET
pidsdzana/, E8E/bodzdsanal. According to the table 5, the

burst energy of nasalized and release vowel is 60-70%
higher, hence these schwas are comparatively tenser though
they still would be considered as a short vowel. This vowel
/al can be considered as reduced /of as is observed from
duration parameter.

6. Conclusion
In view of the above, the cardinal vowel chart as discussed
in section 1 can be represented as:

Punjabi Vowels
Front Back
Unrounde rounded
High - e
& entrilised
@ mfe \ﬁ\\\ g
>
@
i \ [/a1
[e]2 o] &
[
Low [E] w
[a]

Figure 3: Proposed Cardinal Vowel chart —Punjabi
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