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1. INTRODUCTION
1.1 The Arabic language and the Egyptian Arabic dialect.

The term Arabic covers a large spectrum of linguistic variation
within a vast area in North Africa and West Asia. The Qur?an and the
form of Arabic it represents, manifested in a vast and diverse litera-
ture, has always been the object of an intense linguistic interest, first
of all from Arab scholars of course, but socon enough from many others
of different nationalities. The linguistic interest in Arabic is thus by
no means a modern phenomenon, but dates back to the Holy Book itself
and the work to edit an authorized version of it under the third Caliph
SUthman (644-56). Soon thereafter a number of sciences related to the
Qur?dn flourished. They included grammar, lexicography and others
intended to preserve and enhance the understanding of the message of
the Qur?an. Later incentives to linguistic studies during the
establishment of the vast empire were of & political, administrative
and commercial kind.

This formidable work of transforming the spoken language of
mostly nomadic tribes in the Arabian peninsula into the written and
spoken means of communication from the Pyrenees to Persia and beyond
was mainly performed during the first centuries of Islam. The period
from the 7th to the 10th century can be regarded as & golden age of
Arabic linguistic science. For a more detailed survey of this period, see
Chejhe (1969). The outcome of this activity came to prescribe, up to the
present day, how pure Arabic, "fush&", should be spoken and written.
This kind of Arabic is still the current means of communication all over
the Arab world and is the prestigious form of the language necessary to
know for anyone who wants to study the rich cultural heritage of the
Islamic world. It is grammatically intact, but has undergone an
enormous expansion in its vocabulary during the last century, and has
been influenced by the introduction of modern science, European
literary genres and journalism (Monteil 1960, Hamzaoui 1965,
Stetkevych 1970, Kropfitsch 1978). A current English term for today's
fush& is (Modern) Standard Arabic.

It should also be remembered that Arabic is the holy language of
all Moslems, regardless of nationality. [t has further had an enormous
impact on the languages of countries which once belonged to the Arab
empire or otherwise have been in close contact with it. Persian is one
example of a language which has incorporated large parts of the Arabic
vocabulary. Swahili is a Bantu language which has borrowed heavily
from Arabic during centuries of commercial contacts.

The Arabic language and its literature has been studied for
centuries in Europe and has lately received an intensified interest.

Beside the fush@, however, there have always existed a large
number of vernaculars, differing on all levels of grammaticel structure
between themselves to the point of mutual unintelligibility in the
extreme cases, and vis-a-vis fushd. Descriptions of the so called
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diglossia are found in e.g. Altoma (1969), Diem (1974) and Talmoudi
(1984). These vernaculars, or dialects, are the true mother tongues of
all Arabs. They are spoken forms of Arabic only, and have with few
exceptions, mostly dating from modern times, never been used for
written communication. They have little prestige in comparison with
fusha@ and are often considered to be degenerate and corrupt forms of
Arabic by literate and illiterate speakers alike. Diem (1974:3f.) gives a
long 1ist of Arabic pejoratives, which label the dialects as inferior
forms of speech in comparison to fush& They have therefore been and
are still the object of numerous attempts to “correct” them. There are
for example an impressive number of works intended for mass circula-
tion and dedicated to the eradication of words and grammatical con-
structions considered to be irreconcilable with fusha, (Diem 1974:6).
While the linguistic interest in the Arab world is mainly focussed on
fush& and the classical literature, a 1ot of work on the diaslects by
native speakers have been done abroad.

For a linguist these dialects are attractive and fascinating from
several points of view. From a linguistic point of view they are full-
fledged languages and of course in no way less sujtable than fushd to
serve as a means of communication. They are highly living, giving direct
access to a speech community, to its literate and illiterate members
alike.

The Arabic diaslects are usualiy divided into an Eastern and a
Western group. This partition was originally done by Arab scholars in
the Middle Ages, who noted the linguistic differences between East and
West and the affinities between the dialects in these parts of the
empire. As early as the ninth century the geographer al-MugaddasT
remarked that Western dialects were not easily understood by an Arab
from the East (Bakalla 1984;89). The differences are found on al] levels:
phonetically, morphologically, syntactically and lexically. As an
example one can mention the common phenomenon of reduction of short
vowels in the Maghrib, an area including Morocco, Algeria and Tunisia.
Short /a/ and /i/ have merged into /8/, and most dialects thus have
only two short vowels. Short vowels in open syllables have been com-
ptetely Tost. Willms (1972) reckons with only one short vowel: /o/.
Syllable structures and stress patterns have been greatly affected in
the process. The Western dislects have also borrowed heavily from sur-
rounding Berber languages, as well as from French and Spanish during
the last century. One detailed introduction to this dialectal area is
Harrell (1962), who describes Moroccan Arabic. Assad (1978) gives a
still more detailed description of the city dialect of Tetuan.

A survey of the dialects of the Arebian peninsula is found in
Johnstone (1967). For some Bedouin dialects, see Palva (1980, 1986).

In the modern Arab world the Egyptian dialect, or more precisely,
the dialect of the capital city Cairo, has a special position among the
vernaculars. It is generally accepted, both in East and West, as a more
prestigious dialect than the others (Fischer-Jastrow 1980;20,22). This
linguistic importance of Egypt has an historical explanation. Cairo has

2



since its foundation in the tenth century, been one of the great cities in
the Arab world and from the very beginning it has been an outstanding
center of islamic learning, attracting large numbers of students. The
importance of Egypt and its dialect has been even more pronounced in
modern times. One third of all speakers of Arabic live in Egypt. The
country has long been a leading Arab nation in the political, military
and educational fields. Its voice is widely heard nowadays in many
ways; through broadcasting, a flourishing film industry exporting its
popular products in the Egyptian dialect and through the presence of
hundreds of thousands of guest workers of all professions in other Arab
countries. It is also attracting more Arab students and visitors from
abroad then ever before.

1.2. The phonological system of Egyptian Arabic.
1.2.1. Vowels and diphthongs.

The aim of this investigation is to provide a phonetic description
of the vowel system of Egyptian Arabic. Like all Semitic languages it
has relatively few vowels, but offers nevertheless & number of
interesting phonetic and phonological problems, some due to the much
discussed phenomenon of emphasis. There has so far been a general
agreement on the inventory of vowel phonemes in Egyptian Arabic, the
main peculiarity of which is the asymmetrical absence of short mid
vowels. The long vowels form a five vowel system, which is a shared
phonological property of all dialects east of Libya (Jastrow-Fischer
1980,56).

long vowels short vowels
ii uu i u
ee 00 a

aa

According to some descriptions, for example Abdel-Massih
(1975;21) there are also short mid vowels, /e/ and /o/, but according
to other sources, for example Fischer-Jastrow (1980;53), the system
comprises only the three short vowels listed above. This problem will
be discussed in chapter 6.

As will be shown below it is'possible to find minimal pairs that
demonstrate the opposition between all long vowels. Some contrasts
are rarely used, however, and minimal pairs are difficult to find. The
contrast /ii/:/ee/ is not very common and the opposition /uu/:/00/
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seems to be even more rare. A few examples exist. /ii/ contrasts with
/ee/ in /diin/, 'religion’ and /deen/, 'debt’. /uu/ contrasts with /oo/ in
/moot/, ‘death’ and /muut/, 'diel".

The opposition /ii/:/ee/ has an important morphological function
in differentiating the masculine dual ending /-een/ from the masculine
plural ending /-iin/. Considering the fact that the overwhelming majo-
rity of nouns and adjectives takes broken plural forms and plural for-
mation by suffixes is relatively scarce, the contrast is seldom used.

Opposition between short vowels is in some cases hard to find.
Contrast between /i/ and /u/ is for example rare. Woidich (1980) gives
a few examples: /?ulla/, ‘'water jar contrasts with /?illa/, 'lack’, and
/gumaal/, ‘beautiful’, pl.,, contrasts with /gimaal/, ‘camels’.

The Tong mid-vowels have developed historically from sequences
of vowel + glide: ay>ee and aw>oo, (Fischer-Jastrow 1980;53). Examples
of this process are /gayf/>/seef/, 'summer’, /xayr/>/xeer/, 'goodness’
/lawn/>/1oon/, 'colour’ and /fawqa/>/foo?/,'above’.

Egyptian Arabic also has three diphthongs, [iw], [aw] and [ay] &s in
/yiwsgil/, ‘he arrives’, /layla/, proper name, and /dawfa/, ‘noise’.

These diphthongs are found in a number of isolated words, partly
from Standard Arabic. In most cases they are found in conjugated forms
of the verb, as in passive participles of weak verbs like /mawguud/, of
/wagad /, 'to find’, or active participles femininum singular of hollow
verbs like /fayla/, of /faal/, 'to carry’, or in present tense forms of
weak verbs, like /yiwsil/, of /wisil/, 'to arrive',

The following minimal sets illustrate the phonemic status of long
and short vowels:

’

saar 'to walk' sarr 'to please’
seer ‘belt’ sirr ‘'secret’
suur ‘'wall’ surr ‘pleasel’
joon ‘colour’

liin ‘softness’

beed ‘eggs’

biid ‘white' pl.

soom ‘fast’

suum ‘fastl



1.2.2. Consonants.

The consonant system is as follows:

labial dental palatal velar uvular pharyngeal glottal

b t d k g g ?
f s z Il X ¥ h ¢ h
t d
$ Z
m n
1
r
w y

The consonant system shows a humber of interesting characteris-
tics. One of them is the presence of emphatic consonants (see chapter 3
for discussion of emphasis). Emphasis is denoted in the text by the
symbol _ (dot) under the consonants in question. Vowels in emphatic
environment are also denoted by the same symbol on the formant charts
in chapter 5 on vowel quality.

The primary place of articulation of the emphatic consonants is
sometimes described as dental, sometimes as alveolar. Since a pha-
ryngeal constriction is one articulatory correlate of emphasis it is pos-
sible that a certain retraction of the apex of the tongue follows.
Gairdner (1925; 15ff.) classifies the emphatic consonants as alveolars,
as does Abdel-Massih (1975;2). Harrell (1957;70) who paid special
attention to the question found no tongue retraction during their
articulation and consequently classifies them as dentals.

None used any experimental methods to decide the matter,

Margais (1948;10f) used palatograms and X-ray pictures for a
study of an Algerian dialect. The palatograms show a tongue retraction
for emphatic /t/ of about 8 millimeters, which makes it alveolar. The
tracings of the tongue, based on X-ray pictures, also show tongue
retraction for emphatics.

Ghazeli (1977;76) found a practically identical vocal tract con-
figuration for plain and emphatic consonant pairs on X-ray pictures
regarding the primary place of articulation. He could notice a slight
difference in the position of the apex of the tongue which was usually a
little more retracted for the emphatics. He could not connect this small
difference in articutation with any noticable acoustic consequences.

In view of the lack of experimental dats for Egyptian Arabic the
emphatics are listed here as dentals according to Harrell.
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There is an unusually large number of fricatives (Norlin 1983) and
the back places of articulation are used extensively. A bilabial
voiceless stop is absent.

1.3. Syllables and syllable structures.

The syllable structures are limited in number and restricted to
five different types: CV, CVC, CVV, CVVC and CVCC.

Further restrictions apply to the syllables in that the last two
types only can occur in word final position {(including monosyllables).
No sylleble can begin with a vowel and no syilable can begin with more
than one consonant. Consonant clusters with more than two consonants
are not allowed. To prevent clusters of three consonants at for example
a word boundary, usually a short [i], or in some cases [a] or [u], is in-
serted, as in [giddina], ‘our grandfather’, from /gidd/, 'grendfather' and
/na/, pronominal suffix, first person plural, [bintshal, ‘her girl’, from
/bint/, 'girl’ and /ha/, pronominal suffix, third person femininum
singular and [katabtuhum], ‘| wrote them’, from /kataba/, 'to write' and
/hum/, pronominal suffix, third person masculinum plural.

Detailed phonological studies of syllable structures in Egyptian
Arabic are found in for example Broselow (1976) and Selkirk (1981).

1.4. Stress

The position of stress within a word is predictable, as it depends
on the syllabic structure of the word.

1. The following syllable types are always stressed when they
occur in a word: CVV, CYVC and CVCC.

2. 1f & word contains or ends in a syllable sequence CVCVCV(C),
the stress falls on the antepenultima.

3. In all other cases the stress falls on the penultima.

Examples:

1. 2.
‘faalu ‘they carried ‘sufara ‘ambassadors’
fa'luu ‘they carried it’ ‘talaba ‘students’
ka‘tabt I wrote' ‘masalan  'for example'

mak'tuub ‘written’

?is'tahsin 'to approve of’
muh'taram ‘respected’



A word cannot have more than one long syllable. If for various
morphological reasons, for example affixation of personal pronouns, a
word comes to contain two long syllables, the vowel of the first one is
shortened and the stress is shifted as in the previous examples:
/'faslu/, 'they carried’, and /fa'luu/, ‘they carried it". Further examples
of this process will be given in the following chapters. A detailed
description of shortening of long vowels and lenghtening of short ones
is given by Aboul-Fetouh (1969; 15f)).

1.5. Outline of thesis

The scope of this research is a phonetic investigation of emphasis
and the vowel system in Egyptian Arabic.

The comparatively few vowels look rather uncomplicated on a
phonological chart. However, as often is the case in languages with few
vowel phonemes, the vowels display allophonic variations within rather
wide limits. A strongly contributing factor to the different vowel qua-
lities is the existence of emphasis, a phenomenon which is described as
a process of velarization or pharyngealization in the literature, Occur-
rence of a vowel adjacent to one of the emphatic consonants influences
its quality, in some cases to a very large extent.

Emphasis cannot be studied in a meaningful way as an isolated
property of vowels. A general survey of emphasis will be given in
chapter 3 after a presentation of material and informants in chapter 2.

Two plain and emphatic consonant segments will be treated and
compared in chapter 4, where a method for investigating the spectral
properties of fricetives will be presented. The spectral characteristics
of /s/ and /s/ and their voiced counterparts will be demonstrated.
Other attempts to distinguish between plain and emphatic sibilants
with different experimental methods will be discussed.

Chapter 5 is a treatment of vowel guality in piain and emphatic
environment. The vowels will be presented in formant charts where
their respective position in the acoustic space is demonstrated and the
altophonic variation visible. The acoustic data obtained in this investi-
gation will be compared with similer data from other Arabic dialects
and interdialectal differences will be discussed.

Chapter 6 is & treatment of foermant transitions, and their
importance as a differentiating factor between plain and emphatic
vowels in particular. The contributions of formant onset frequencies
and formant center frequencies will be discussed.

Data from other Arabic dialects will be presented and the degree
of prominence of emphasis in different dialects will be discussed.

The short vowels [e] and [o] will be investigated acoustically and
their debated phonemic status will be discussed.
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The special place of long /aa/ and short /a/ in the vowel system
with regard to their very large variation in quality will be treated and
the question of a possible phoneme split will be discussed.

Chapter 7 will deal with acoustic-articulatory relationships by
introducing a model of the vocal tract. By manipulating its parameters
acoustic data for velarized and pharyngealized configurations are
predicted and will be compared with measured data obtained from the
informants of this study.

Existing X-ray studies of various Arabic dialects will be compared
with the predictions of the model.

Chapter 8, finally, is a treatment of durational properties of
vowels and intervocalic consonants. The phonological implications of
durational differences will be discussed and compared with other
languages. Phenomena as intrinsic length and duration as related to
following consonants will be discussed.



2. MATERIAL, INFORMANTS, METHODS.
2.1. Data set.

The data set illustrating plain and emphatic sibilants and vowels
was selected from mostly real monosyllabic and disyliabic words. A
minimum of trisyllabic words were included in the material to cover
phonological and phonetic contexts not represented in the other words
due to phonotactic restrictions of the language. In a few cases artifi-
cial words were incorporated to ensure identical phonological sur-
roundings for all vowels. No informant rejected them or had any
difficulty in producing them. Words including the long vowels /aa, ee,
ii, oo, uu/ and the short vowels /a, i, u/ were recorded in syllables
representing four phonological contexts. These phonological contexts
are: CVVC, CVVC, CVVC, CVYVC and CVC, GVC, CVG and CVG. These
contexts makes a comparison possible between words in plain and
emphatic contexts. To investigate the possibility of different formant
patterns in CYVC and CVC syllables as compared to the other emphatic
environments, two informants recorded long and short vowels in these
surroundings. Measurements and auditory checks showed that vowels in
these types of emphatic syliables are not different from vowels in
other emphatic envirochments. Emphasis is thus found to spread to the
left as well as to the right of the emphatic consonants in Egyptian
Arabic. This finding is in agreement with Card's (1983:49) results,
obtained from Palestinian Arabic.

Additional material from more informants of CVVC and CVC syl-
lables was therefore not considered necessary and the acquired samples
were not further considered in the investigation.

The appropriate test words are given in each chapter together
with details on the number of syllables in the testwords, stress etc.

The vowels are preceded and followed by dental consonants in
order to minimize movements of the formants due to coarticulation.
Long /ee/ and /00/ do not occur in long syllables surrounded by em-
phatic consonants and are therefore not represented in this context in
the data.

All words are set in a sentence frame: 7uing . kamaan, (we said
__ again), thus avoiding the usual wordlist intonation of isolated items.

A word list containing all words used for the recordings is given
in Appendix 1.

2.2. Iinformants.

Nine male, hative speakers from Cairo, aged 25 to 53, were
informants. Most of them have an academic education. A few were
somewhat hesitant to record the material speaking Egyptian Arabic and
would probably rather have preferred fusha.
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The speakers recorded the sentences to give six tokens of each
utterance. The first token of the six was not used in the investigation.

The test material was written on cards in Arabic orthography and
read in random order. The informants were instructed to read at normal,
conversational speed.

2.3. Methods.

The recording was made in the sound-proof studio of the
Phonetics Department in Lund. Analysis was made from oscillomink
wave-form and broad-band spectrograms from a digital spectrograph.

Paired t-tests were used to establish the level of significance of
differences between sets of vowels and consonants when they could be
supposed to have linguistic importance.

The measurements are Tisted in Tables 1-5, together with means,
standard deviations and results of t-~tests. Gaps in the columns depend
on production errors or unmeasurable formants, particularly F3 of /uu/,
/u/ and /o00/.
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3. EMPHASIS
3.1. Nature of emphasis and its treatment in literature.

Inh order to optimize the number of phonemic oppositions,
different languages use different strategies. Some of these strategies
can be grouped under the label secondary articulations. Labialization
and palatalization are for example well known phenomena. All variants
of Arabic make use of a rarer form of secondary articulation, the exact
nature of which has been the subject of much discussion. A widely used
term for it is emphasis, which will be used in this investigation.
Emphasis in both its acoustic and articulatory aspects caught the
attention of the early Arab grammarians. That it is still considered a
very characteristic feature by native speakers is revealed by one of the
descriptive names Arabs have for their language. It is often called
"luyat aqdad’, the language of ¢&d, the name of one of the four emphatic
consonants. The Arabic-speaking peoples are also called '7ahl adq&d’,
the people of dad, because of this peculiar sound.

Not only Arabic, but all Semitic languages have or heve had a
series of emphatic sounds. Leslau (1957,325) distinguishes between
two types of emphasis and discusses them and their place in Proto-
Semitic. Emphasis is realized differently in Arabic and the Ethiopian
languages of today. Arabic represents the velarized and pharyngealized
type (Leslau mentions both articulations), whereas Ethiopian languages
represent the ejective type. Opinions are divided on which type is
Proto-Semitic. According to Leslau the ejective dental stops in Ethiopia
are an influence from Cushitic languages, and he regards the Arabic
type of emphasis as a Proto-Semitic heritage. For a recent phonetic
comparison between emphatic dental voiceless stops in Arabic and
ejective dental stops in Tigrinys, see Fre Woldu (1986).

Emphasis has traditionally, particularly by Arab grammarians,
been regarded as a feature inherent in the emphatic consonants, which
form an extra series of voiceless and voiced stops and sibilants,
phonemically distinct from their plain counterparts. In the Arabic
alphabet they are represented by distinct graphemes.

The following minimal pairs with plain and emphatic consonants
in initial and final position demonstrate the phonemic contrast between
them in Egyptian Arabic. Minimal sets with the consonant pairs in
medial position also exist.

initial position:

tiin ‘figs’ tiin ‘mud’

darb lane’ darb ‘'striking’
seef 'sword’ seef ‘summer”
zZuhuur ‘flowers' zuhuur '‘appearance’
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final position:

baat 'to pass the night’ baat ‘armpit’

xadd ‘cheek’ xadd 'to shake’
mass to touch’ mass to suck’

baaz ‘falcon’ baaz ‘to be spoiled

The descriptions of emphatic consonants are not always very
precise, as the one by Jomier (1964) who describes an emphatic /d/ as
‘un peu comme le 'dang’ sonore et prolongé, qui veut imiter le son d'un
cloche de cathedral” There has, however, been general agreement since
the early days of the development of linguistics in the Islamic world
that the so called emphatic consonants are produced by a secondary
articulation with a distinctive function, consisting of & constriction
somewhere in the back of the vocal tract, in addition to a primary
dental/alveolar place of articulation. Sibawaihi (8th century) singles
out the emphatic consonants in the phonetic description of Arabic in
his 'al-Kitab’, one of the foundations of classical Arabic linguistics
(Bakalla 1984,34). There he ascribes articulatory gestures to them
which are not a shared property by all back vowels, but peculiar to the
emphatics as a class (Giannini, Pettorino 1982). Even if many scholars
have found it difficult to pinpoint the exact meaning of his terminology
and get & clear picture of his description, (e.g. Cantineau 1960), or
simply dismiss them as confusing (e.g. Margais 1948), many agree that
the term velar seems to suit what he says about where the constriction
occurs (Fleisch 1961;224, Giannini-Pettorino 1982, Bakalla, op. cit.).
Modern investigators all agree with Sibawaihi on the existence of a
secondary articulation causing the characteristic phenomenon of
emphasis, whether they base their opinion on experimental studies or
not, for example Harrell (1957), Tomiche (1964), Jastrow-Fischer
(1980) in addition to those mentioned above.

The precise location of the secondary constriction in the emphatic
consonants has been the subject of some argument, however. If one
looks at the modern literature, ranging from teaching material, with
often detailed descriptions of articulation with the ambition to
elucidate this rare phenomenon and facilitate a correct pronunciation of
it, to more scholarly presentations of Arabic and Semitic languages,
one quickly finds that it is most often described as velar in the
tradition of the ancient grammarians, both by native speakers of Arabic
and others. As Obrecht (1968;20) says about the emphatic consonants:
“..rather uniformly referred to as the velarized consonants.” This is the
case in Mattsson (1910), Gairdner (1925), E1-Hajjé (1954), Cantineau
(1960), Tomiche (1964), Nasr (1966), Ziadeh-Winder (1966), Abboud et
al. (1968), Moscati et al. (1969), Beeston (1970), Fischer-Jastrow
(1980). Sometimes it is described as pharyngeal as by Al-Ani
(1970;44), Prasse (1971;IX), Talmoudi (1980:45), and sometimes as
both as by Leslau (1957) and Abdel-Massih (1975). Mitchell (1978) does
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not mention any constriction of any kind at a secondary point of
articulation when he gives instructions about the pronunciation of the
emphatic consonants,

On the whole it is not clear from the literature whether the
choice is between these two alternative constrictions, orif both occur.
Since emphasis is not only related to the emphatic consonants, but has
an effect on adjacent vowel sounds as well, it is a possible hypothesis
that different constriction locations can apply for a consonant and &
following vowel, depending on what articulatory gestures are best for
an economic coarticulation,

The modern dialects show a wide spectrum of phonemic contrasts
in their segments, both among themselves and vis-a-vis Standard
Arabic. It should by no means be impossible that emphasis, although
certainly a universal phenomenon in all forms of Arabic, might be
realised in different ways and degrees in different dialects (Fleisch
1961;224.), thus yielding different acoustic results or even that it is
disappearing as a distinctive feature in some cases, at least in some
phonetic contexts. It has undergone changes in the historical
development of the dialect. /d/ remains in Egyptian Arabic as a shared
phoneme with Standard Arabic, but has in many words developed into
/z/. Just as changes in the phonemic inventories has occurred, it is
quite possible that articulatory gestures connected with emphasis aiso
have changed. Further, it appears that emphasis is not a completely
rule-governed feature within the linguistic system only. Emphasis also
seems to have paralinguistic functions and can even be related to sex
(Kahn 1975). More puzzling is that its distinctive function maybe is not
always so important as it is generally supposed to be. According to one
informant in the present investigation at least some of the minimal
pairs used to illustrate the opposition between plain and emphatic
words can be heard in Cairo in free variation and that the difference is
not clearly upheld even in other cases.

A number of valuable works have been published on other dialects
than Egyptian Arabic. These will be compared with the findings of the
present investigation to give a more complete picture of this
phenomenon in the Arabic speaking area.

Granted that the view on emphasis as an inherent feature of the
consonants is correct, emphasis causes each vowel to have two
allophones, one "emphatic” when preceded or followed by an emphatic
consonant, and a “plain” allophone, found in other environments. The
difference in vowel quality beteen plain and emphatic allophones is
large for some vowels, but small for others (see chapter 5 on vowel
quality).

Emphasis as a phonetic phenomenon is not restricted to the consonantal
segment alone, but expands over a larger domain, at least a syllable
(Harrell 1957, Fleisch 1961). Not only is vowel quality affected within
wide limits, but also consonant to vowel and vowel to consonant
formant transitions show a great variety in degree, from large
differences to such small changes that their perceptual significance
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can be doubted. The articulatory correlates of these acoustic phenomena
have been much discussed on the basis of results obtained by various
techniques, e.g. X-ray pictures (Ali-Daniloff 1972, Ghazeli 1977,
Giannini-Pettorino 1982, Wood 1982), electromyographic investigations
(Kuriyagawa et al. 1986), tracings of lip-rounding and protrusion (Adem
1983). These correlates have been interpreted in various ways in the
literature.

In this investigation the influence of emphasis on vowel duration,
formant frequencies and formant transitions is described. Furthermore,
a vocal tract model developed by Peter Ladefoged is used. Within this
model the effects of different types of secondary articulation can be
predicted, and these predictions are compared to the actual data
obtained for Egyptian Arabic emphatic vowels in order to see which
kind of secondary articulation gives the best fit.

Although the main point of interest in the present investigation is
the vowel system, it is necessary in this context to deal with the
nature of emphatic consonants, since vowels cannot be described
without consideration of contiguous emphatic consonants because
emphasis is never confined to a single segment. Here the treatment of
emphatic consonants will be restricted to /s/ and /z/, since these
sibilants are part of the phonological contexts, which form the object
of the present research. These sibilants could further be expected to
display interesting spectral characteristics that stop consonants do not
have. The emphatic stop consonants can also be expected to show the
same transitional characteristics between C and V as the sibilants and
would most likely not give additional information bearing on the
subject.

3.2. Review of the interpretation of emphasis.

Different approaches have been suggested for analyzing emphasis
on the phonological Tevel. Not everybody dealing with the problem has an
optimistic view of finding a solution to the intricate questions which
are connected with this feature in an abstract analysis. According to
Drozdik (1973) the prevailing state of affairs is "that the problem of
whether emphasis is a distinctive feature of consonants or that of
vowels has not been satisfactorily solved.” He is not even certain that
it is possible to present a solution. He adds that the problem is "crucial
and apparently unsolvable.”

Drozdik’s statement of the problem in this way indicates in fact
one of the main alternatives in the suggested analyses, namely the
treatment of emphasis as a phenomenon on the segmental lTevel. With all
its variations this approach can be said to be & development of the
classical tradition. Those who argue for a segmental analysis regard
emphasis as an inherent feature of a segment, but not necessarily of
the emphatic consonants, as the Arasb grammarians would have said,
even if the majority of investigators seem to do so (Drozdik 1973). One
Egyptian dialect (Khalafallah 1969) has been described as having
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emphatic vowels with emphasis as & redundant feature of the
consonants.

Those who argue for the segmental analysis, thus mostly regard
emphasis as an inherent feature of the emphatic consonants, the
influence of which spreads to adjacent segments due to coarticulation.
with various suggested modifications this interpretation can be said to
be in line with the classical tradition. The direction of emphatic
influence, whether to the right or left, its range of spread, syllabic,
polysyllabic or comprising whole words, and its degree, articulatory
and acoustically, are factors subject to variation between different
dialects.

In view of the difficulties to define the feature emphasis in
segmental terms as belonging to either consonants or vowels the other
alternative interprets emphasis as a prosodic feature. Among those,
who argue for this approach are Harrell (1957) and Lehn (1963). For this
approach it is a primary concern to define the domain of emphasis. Both
regard the syllable as its minimal domain. Card (1983;80) rejects the
prosodic analysis. She advocates a modified traditional analysis and
regards emphasis as spreading throughout a whole word from a
phonologically emphatic segment. This spread can be prevented under
certain circumstances in Palestinian Arabic which she investigated, for
example by high front consonants or vowels having a high F2.

The phonological interpretation of emphasis is mainly outside the
scope of this investigation which aims at an analysis on the phonetic
level of the vowel system where emphasis will be treated in different
aspects.
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4. PLAIN AND EMPHATIC SIBILANTS

Arab grammarians have traditionally assigned the distinctive
feature of emphasis to consonantal segments, although emphasis has
been shown always to have a larger domain than one segment. Their
analysis has found its expression in giving the emphatic consonants
distinctive graphemes in the alphabet.

The following analysis is an investigation of the plain and
emphatic sibilants of Egyptien Arabic, the voiceless /s/ and /s/ on the
one hand, and the voiced counterparts /z/ and /z/ on the other.
Unfortunately, the acoustic properties of fricatives are difficult to
describe. As Hughes and Halle (1956) found, the acoustic structure of
fricatives varies within wide 1imits between individuals. This is stated
once more by Ladefoged and Maddieson (1986;59), who add that it is
still not known with any certainty what is constant, nor what is lin-
guistically and perceptually most relevant. They assume that important
factors, especially for sibilants, are the overall intensity, the frequen-
¢y of the Tower cut off point in the spectrum, the center of gravity and
dispersion of the spectral components above a certain threshold. These
parameters are described in the present investigation and makes it
possible to compare the pairs of plain and emphatic sibilants within
each other and give a picture of their position within the fricative
space of Egyptian Arabic.

4.1, Procedure

The investigation of the spectral properties of plain and emphatic
sibilants is based on six informants. A1l Eguptian Arabic fricatives have
been described elsewhere (Norlin 1983) and in this investigation only
the plain and emphatic sibilants will be presented.

The word-list regarding this particular subset of the data was
read twice by each speaker. The analysis was made from the second
reading. The sibilants were all pronounced in real words in word-initial
position in the same carrier sentence as the rest of the material,
preceded by short /a/ and followed by long /aa/, (..a-Caa). The
following test words were used for the experiment:

saadis  'sixth’ saadi? just’
zaakir  'mentioning’ zaalim  ‘tyrant’

Using the |LS program package, fast Fourier transform (FFT)
spectra were made from a sample of the duration 26.5 milliseconds
taken after the first third of the sibilant. The sampling frequency was
10 kHz, but by running the tape at half speed when sampling, it was
increased to 20 kHz. These FFT spectra were converted to critical band
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spectra according to the method described by Schroeder et al. (1979).
This method gives a more correct representation of the spectrum
according to wheat is known about the peripheral auditory system of
man. The critical band spectra were measured twice with an interval of
three months. The result of the second measurement was practically
the same as at the first one.

Schroeder defines the critical bands by the formula:

f, =650 sinh (n/7).

f, stands for the upper limit of band n.

The spectrum can thus be described as consisting of 24 bands
with bandwidths of about 100 Hz below 500 Hz and of approximately
1/6 of the center frequency above 1000 Hz. The following critical
bands have been computed by the above formula:

n T n n
1 93 13 2031
2 188 14 2357
3 287 15 2732
4 392 16 3136
5 505 17 3658
6 628 18 4228
7 764 19 4884
8 915 20 5640
9 1086 21 6512
10 1278 22 7516
11 1497 23 8674
12 1746 24 10010

The mean level in dB within each critical band was calculated. The
spectra were then redrawn as histograms with each critical band
represented as a bar with constant breadth and with the base-line at
-30 dB. In this way the spectra are remodelled to an auditorily more
correct form, since each critical band equals the same distance (1.5
mm) on the basilar membrane, or 1200 primary nerve fibers (Schroeder
et al. 1979).

The low freguencies in band 1 cannot be measured with any
exactitude by this method. Consequently only bands 2-24 were
considered in the investigation.

The critical band spectra have been analyzed in terms of the
spectral center of gravity and dispersion, as well as the mean intensity
level in dB. For this purpose the following formulas were used, quoted
from Svantesson (1986):
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24

center of gravity: m= Z n* 10 &n /10) /F
n=2
24
dispersion: s= (2 (n-m)2* 10 Kn/10) / Fyi/2
h=2
mean intensity level: %= 10 log (F/23)
24
where F =32 10 &n10)
n=2

and x ,, is the mean level in dB in band n, as estimated from the
FFT spectra.

The center of gravity is a measure of the overall pitch level of the
spectrum, i.e. a lower center of gravity means a lower overall pitch. The
dispersion can be considered as a measure of its flatness, i.e. a larger
dispersion means a flatter spectrum.

Duplex oscillograms along with intensity and FO curves were used
for analyzing non-spectral properties of plain and emphatic sibilants,
Spectrograms were also inspected for cues for this difference.

4.2. Results.

Table 1 gives the center of gravity of the critical band spectra,
measured in critical band units and also given in Hz, the dispersion and
the meean intensity level (dB). The mean intensity level is given as
deviations from the average for each series of all Egyptian Arabic
fricatives read on the same occasion. This makes them roughty com-~
parable also between other speakers.

The acoustic parameters of the sibilants are displayed in figures
1-6. Figures 1 and 2 show their position within the fricative space.

In figure 1 the center of gravity for each fricative is plotted
against the dispersion, thus representing the fricative space of
Egyptian Arabic in a way which enables comparison with other
languages. Figure 1 gives the mean values of the six speakers. in figure
2 the fricative space is represented in another form. The center of
gravity is plotted against the mean intensity level over the critical
bands. Figure 2 gives the mean values of the six speakers. In figures |
and 2 the fricatives are kept rather well apart, even if the distance
between /s/ and /s/ on the one hand, and /z/ and /z/ on the other, is
rather small. There is overlapping between individual speakers and par-
ticularly between occurrences of /s/ and /z/ and their emphatic
counterparts, which for one speaker even have the opposite position as
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indicated by the mean values in the figures. One must therefore suppose
that perception of fricatives involves normalization between different
speakers.

Figures 3-6 show critical band spectra of the sibilants. /s/ and
/s/ are characterized by a sharp peak in the higher frequency ranges,
band 21-23 (6500-8500 Hz), and an abrupt fall towards the lower
ranges. Figures 3 and 4 shows that the peak of /s/ is somewhat broader
than that of /s/. For the sake of illustrating this, the histograms in the
figures show the production of speaker 6, as he makes a rather large
spectral distinction between /s/ and /s/. For other speakers it is
difficult to see the difference in histograms, but the difference can be
detected by measuring the spectra, as is shown in Table {1,

Table 1 shows that/s/ has its center of gravity in lower fre-
guency ranges than /s/, with one exception, speaker 1. It also has &
greater dispersion. The difference is not excessively large, but signifi-
cant (p<0.01) and corresponds well to the slight, but quite noticeable
audible difference of these sounds in that /s/ does not have the same
high pitched quality as /s/.

/z/ and /z/ both have a substantial peak of energy in the bands 3-
6, in addition to the high frequency peaks of /s/ and /s/ as can be seen
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by comparing the histograms of figures S and 6. The former pair has
lower intensity. The peeks in the lower bands depend on voicing. The
concentration of energy in both ends of the spectrum, together with a
cut in the top frequency range as compared to /s/ and /s/ make their
centers of gravity lower than that of their voiceless counterparts.
Because of the energy peak in the lower bands there is a strong ten-
dency for /z/ and /z/ to have greater dispersion than /s/ and /s/. For
speakers 4 and 5 the relationship between center of gravity and disper-
sion of /2/ and /z/ is reversed as compared to all others.

The difference between center of gravity in critical band spectra
is the only quantitative measure found in this investigation, which
differentiates between plain and emphatic sibilants. Inspections of
intensity and wave-form on mingograms have not revealed any obvious
differences between these sounds, nor can any difference be seen on
spectrograms.
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4.3. Discussion.

Nartey (1982) investigated the spectral properties of Egyptian
Arabic fricatives in an intra- and interlinguistic investigation. His
method made use of critical band spectra in a way similar to the one in
the present research, which makes the results comparable.

In Nartey's investigation plain and emphatic voiceless sibilants
were recorded in monosyllabic nonsense words preceding and following
/a, i, u/, which were set in a sentence frame. In the comparison
between /s/ and /s/, Nartey found a spectral peak for one of the lower
critical bands of /s/ and related its presence to a possible additional
pharyngeal source.

By superimposing the critical band spectra of /s/ and /g/ for each
vowel context, it is clear that there is a shift of acoustic energy from
higher to lower frequency ranges for /s/ as compared with /s/. This is
particutarly obvious when the sibilants surround /a/ and /i/. The dif-
ference between /s/ and /s/ surrounding /u/ was found to be very
small.

This small, and maybe nonsignificant difference between the con-
sonants in the context of /u/, is parallel to the relatively small dif-
ferences in frequency for the vowel /u/ in plain and emphatic contexts,
which was found in the present investigation. The properties of vowels,
regarding center and onset frequencies, will be treated in chapters 5
and 6.

The results of the present research thus confirm the findings of
Nartey, concerning the existence of measurable differences betweeen
plain and emphatic sibilants in Egyptian Arabic, although this inves-
tigation was performed with only one vowel context.

In most cases it seems to be impossible to find any information
on spectrograms that could distinguish between /s/ and /s/. Al-Ani
(1970;46f.) claims to have been able to separate /s/ and /s/ on
spectrograms. The lower cut off point in the spectrum for /s/ was
approximately at 3000 Hz, and around 2750 Hz for /s/.

Obrecht (1968:34) could distinguish /s/ and /s/ from /{/ on spec-
trograms, but nothing that singled out /s/ from /s/.

In the investigation of Giannini and Pettorino (1982) the authors
came to the same negative results at inspection of spectrograms and
mingograms, as no properties of emphatic sibilants were detected,
which distinguish them from plain ones.

Card (1983) also looked for cues for emphasis on spectrograms,
but found it impossible to correlate emphasis with the bottom cut off
frequency. Sometimes /s/ showed friction all the way through the
spectrum, while /s/ only had friction in the higher regions. Kahn (1975)
also found that /s/ could have friction at higher frequencies than /s/ on
spectrograms.

Although spectrograms in principle give the same information as
critical band spectra, they obviously do not give enough details to make
it possible to differentiate between plain and emphatic sibilants.
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Fre Woldu (1981) investigated also some non-spectral properties
of emphatic and non-emphatic consonants in speakers from Algeria and
Tunisia. Here reference is made only to the results concerning the
sibilants. Measurements of the intraoral air pressure showed that
speakers differed in their absolute values of the pressure, but the mag-
nitude of difference between emphatics and non-emphatics proved to be
the same for each speaker. Peak intraoral air pressure in H,0 was iden-
tical for /s/ and /s/ and thus does not give any cue to the differentia-
tion between them.

Subsequent experiments with a photoelectric glottograph yielded
the same negative results. No systematic distinction could be seen
between the glottal opening for any plain and emphatic obstruents.

Analysis of computer analyzed fundamental frequency curves
showed that there are no significant differences in FO in the vowels
following plain and emphatic consonants.

The perceptual importance of the existing differences between
voiced and voiceless plain and emphatic sibilants respectively is
difficult to decide. Perceptual tests are few. The notorious difficulty
for non-Arabs to distinguish between them in pronunciation and percep-
tion when learning Arabic has probably its explanation in the phonemic
categorization in Arabic, where the untrained ear only can hear allo-
phonic variation. It is still not clear, however, whether an Arab can
differentiate between plain and emphatic sibilants on the difference in
the noise spectrum alone. Obrecht (1968;35) found that this is impos-
sible with /s/ and /s/ without transitional information in a vowel
segment.
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5. VOWEL QUALITY
In this chapter the quality of plain and emphatic long and short
vowels will be described and compared. Data from other Arabic dialects
will be presented and compared with the results.

5.1. Procedure

The following set of words was used for measuring formants in
their center frequencies:

long vowels: short vowels:
saad ‘govern’ sadd ‘close’
zeet oil’ zetha ‘her oil’
siid Tord’ sitt ady’
looz ‘almonds’ lozha ‘her almonds’
suud ‘black’ (p1.) sudd ‘closel’
saad 'to hunt’ sadd to prevent’
seed ‘hunting’
siit ‘reputation’ sitt artificial word
soot 'voice'
suud artificial word sudd ‘preventl’
Tisaas ‘punishment’ Tisasha ‘her stories’
taxsiis ‘specialization’ 7asisha ‘'he punished her”
maxsuus  ‘special’ fususha ‘her coccyx’

wWhen possible, monosyllabic words were selected for formant
measurements. In the instances where phonological restrictions of the
language made this impossible, disyllabic and trisyliabic words were
chosen. Vowels in CVV(C environment are represented in disyllabic
words since vowels do not occur in monosyllables in this context. Short
vowels in CVC context are represented in trisyliabic words, formed by
adding personal pronoun suffixes to a disyllabic noun or verb. This
makes the stress fall on the second syllable containing the investigated
vowel.

In all cases the stress is on the syllable with the investigated
vowel.

Formant frequencies were measured from a steady state portion
of the vowel. The center frequencies of the first three formants of the
five tokens of the investigated vowels were traced and superimposed on
each other to get an idea of the variation within each speaker. Within
each speaker the variation of F1 and F2 proved to be very small, around
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25 Hz, and can in all cases be considered to be within the measurement
error. F3 showed a slightly greater variation. Because of the within-
speaker consistency of formant frequencies only three tokens from each
speaker were selected for analysis, except for /uu/, where five tokens
were messured due to weak higher formant patterns in some cases. The
measurements were checked again eight months later and proved to be
consistent.

The Tong and short vowels were all found to be monophthongs
(with the possible exception of [e] and [o], to be discussed later). Mean
formant values representing each vowel of each speaker were calcu-
lated. These are listed in Table 5:1-10. A lab computer program,
developed by Ladefoged (1985), was used to plot the values of F1
against F2 and F1 against F3 in Hz on a mel scale. Furthermore, the
program draws 95 % tolerance areas, i.e. ellipses that have centers on
the mean formant frequency for each vowel and axes that are oriented
along the principal components of the formant distributions for each
vowel, and on the average encompass 958 of the values in each cluster
(Disner 1982).

The plots are given in Figures 7-16.

Some difficulties were found with some speakers to measure the
center frequency of F2 and F3 for long plain and emphatic /uu/ and in
some cases /00/ because of weak or non-existing formant patterns on
the spectrograms. These cases with unmeasurable formants have been
neglected in the investigation and are indicated by empty spaces in
Tables 5:5,6,9 and10.

5.2. Results and discussion.
5.2.1. Long plain vowels.

Figure 7 is a formant chart of the five Tong, plain vowels. They
form well separated clusters, except for long /ii/ and /ee/, where some
stight overlapping occurs. In comparison with the other vowels on the
chart, long /aa/ has a great variation in frequency in the F1 dimension.
F1 varies within roughly 225 Hz, from 500 Hz to 725 Hz. In comparison
with /aa/, the other vowels have much smaller variation in the F1
dimension, ranging between 70 and 100 Hz. In the F2 dimension long
/aa/ has freguency variations within the same range as in F1, roughly
230 Hz. The other vowels have greater dispersion in frequency in F2
than in F1. The most notable ones are /ii/, which has mean F2 values
from 2085 Hz to 2685 Hz, & range of 600 Hz, and long /ee/, whose F2
varies from 1900 Hz to 2415 Hz, a range of 515 Hz. These variations are
reflected in the orientation of the ellipses on the chart, but one has to
keep in mind that the mel scale expands F1 compared to F2.
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Figure 7. Long, plain vowels.

5.2.2. Short plain vowels.

Figure 8 shows the plain short vowels, except fe] and [o]. Like the
long vowels they form well defined and separate clusters with no over-
lapping. As is the case with long /aa/, short /a/ shows great variation
inF1.

Figure 9@ shows the plain short vowels, including [e] and [o], whose
phonemic status has been the subject of some discussion in the litera-
ture (see Introduction and chapter 6). These vowels appear as the result
of phonological processes, which shorten the long vowels /ee/ and /00/.
Short [e] shows a practically complete overlapping with short [i]. Paired
t-tests (Table 5:8) confirm that formant differences are nonsignificant
in F1 and F2 as well as in F3. The ellipses of [o] and [u] do not overlap
completely, but paired t-tests (Table 5:10) nevertheless show that
differences are nonsignificant for all formants, as is the case with [e]
and [i].
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5.2.3. Emphatic vowels.

The picture of the Tong and short emphatic vowels is a bit more
complicated. Since long /ee/ and /00/ do not occur between emphatic
consonants, some gaps necessarily must occur. The emphatic long
vowels /aa, ii, uu/, and their short counterparts, were investigated in
two phonological contexts, C.___C, and C—_C. Comparisons by paired t-
tests do not show any significant differences between fong vowels in
these two environments, in either the onset or the steady state portion
of F1 or F2. The only exception is /uu/, which does not display any dif -
ferences between formants in the onset, (for onset frequencies, see the
following chapter), but shows a significant difference in F2 of the cen-
ter frequency, (p<0.01), Table 5:5. Repeated and careful measurements
consistently gave this unexpected result. F1 and F3 of the steady state
do not differ, on the other hand. With the exception of /uu/, the long
vowels have not been treated separately in the two emphatic contexts,
but have been collapsed and the ellipses on the formant charts thus
represent 18 tokens. Emphatic /uu/ is represented by two ellipses, one
for each phonological context. Long /ee/ and /00/, which do not occur in
CVVC or CV( sylitables, are investigated in emphatic environment in
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Figure 9. Plain short vowels, including [e] and [o].

CVVC and CVC syllables only. The ellipses of these vowels thus repre-
sent nine tokens.

None of the three short vowels differs significantly in the two
emphatic contexts, with the exception of /i/ where F1 has a low signi-
ficant difference, (t=2.644, p<0.05, 6 df). Due to an accident in the
recording of the material, two informants are not represented. The
significance level must be considered too low to allow far-reaching
conclusions regarding the consistency of the language on this point. All
tokens of short /i/, i.e. from both emphatic contexts, have therefore
been collapsed into one ellipse. The other short vowels have likewise
been collapsed into one single ellipse for each vowel.

Figure 10 shows the long, emphatic vowels. They form five
clusters, but not quite so well separated as the plain ones. /ii/ and /ee/
show a greater overlapping than their plain counterparts, and /uu/ and
/oo/ overlap to a certain extent, whereas their plain counterparts are
well separated. There is in other words an approachment between high
and mid vowels in the F1 dimension in emphatic environment. Long /uu/
in the CVVC context shows the same characteristics as other emphatic
yowels compared with plain ones, with a slightly raised F1, lowered F2
and rajsed F3. Long /uu/ in CYVC context shows the same changes in F1
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Figure 10. Long emphatic vowels.

and F3, but F2 remains on the same level as in plain context. Thus long
/uu/ in the two emphatic surroundings shows differences in F2 only.

Figure 11 shows the three short emphatic vowels forming well
separated clusters with no cverlapping.

5.2.4. Long and short plain vowels.

Figure 12 shows the plain long and short vowels plotted on the
same formant chart. Long /1i/ and /uu/ ere outside their short counter-
parts in the acoustic space, as long vowels are in many other languages,
for example in Czech and Swedish (Garding 1974:29) and Hsusa (Lindau
1985). Short /i/ and /u/ are centralized, /i/ being lower and further
back than /ii/, and /u/ being lower and more front than /uu/. Short /a/
is not centralized as the other short vowels compared with long /aa/.
The difference in F1 is nonsignificant and there is thus no difference in
vowel height. A centralized short /a/ could have been expected, since
this is a common tendency. Short /a/ is not always centralized,
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Figure 11. Short emphatic vowels.

however. |t is in Czech, for example, but in Swedish, Serbo-Croatian and
other languages long /aa/ is lower than short /a/ (Garding op.cit.). In
Eguptian Arabic there is no difference at all. /sa/ and /a/ differ
significantly in F2 only (p<0.01), short /a/ being further back.

5.2.5. Long and short emphatic vowels.

Figure 13 shows the long and short emphatic vowels. As noted
above, short [e] and [o0] are not investigated in emphatic environments
and therefore not included in the charts. The chart shows that high,
short vowels are centralized in the same way as the corresponding
plain ones. /i/ is lower and further back than /ii/, /u/ is lower and
more front than /uu/. Emphatic /aa/ and /a/ overiap even more than the
corresponding plain vowels The difference in F1 is nonsignificant and
the significance level of the difference in F2 is low (p<0.05). Thus the
vowel quality of emphatic /aa/ and /a/ is very much the same.
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Figure 12. Plain long and short vowels.

5.2.6. Comparison between plain and emphatic vowels.
Mean vealues of center frequencies in plain and emphatic

environment together with the difference between the two sets were
calulated are Tisted in the following table:
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plain emphatic  diff.(emph.-plain)

/sa/ F1 585 620 35
F2 1780 1085 -695
F3 2625 2650 25
/ee/ F1 385 410 25 |
F2 2215 2100 -115 §
F3 2800 2735 65
/il F1 295 325 30
F2 2365 2220 -145
F3 3070 2810 -260
/00/ F1 405 400 -5
F2 880 845 -35
F3 2415 2665 250
/uu/ F1 305 330 25

F2 790  GVVC: 765 CVVC:-25
CYVG: 795 CVYVG 5

F3 2375 2640 265
/a/  F1 615 630 15
F2 1585 1165 -420
F3 2615 2660 45
/17 F1 435 450 15
F2 1915 1485 -430
F3 2610 2595 -15
/u/ FA 415 450 35
F2 1120 955 -165
F3 2430 2485 55

Table 5-A. Formant center frequencies for nine speakers in
plain and emphatic environments and the difference
between the two contexts.

Two-tailed t-tests, Table 5, were used to test whether there
were any significant differences in vowel quality, measured as the
center frequency of the formants, in different emphatic environments,
i.e. CYVC and CVVC. In addition, t-tests were used to find whether there
were any significant differences in vowel quality between plain vowels
and the two emphatic environments, respectively. The difference be-
tween long and short vowels within each phonological context was also
investigated by two-tailed t-tests, when overlapping ellipses on the
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Figure 13. Emphatic Tong and short vowels.

acoustic charts did not show & separation wide enough to decide the
matter by eye.

Long plain and emphatic vowels are shown in two separsate figures
for the sake of clearness.

5.2.7. Long plain and emphatic vowels.

Figure 14 compares the long plain and emphatic vowels /aa, ii,
uu/. The picure of acoustic parameters differentiating the two sets of
vowels is quite complicated and includes differences in vowel quality
or formant transition onset or a combination of both. This question will
be treated in chapter 6 on formant transtions. The shift from plain to
emphatic /aa/ alters the vowel quality drastically, however, and is
most easily detected auditorily, even by an untrained ear.

Figure 15 shows all plain and emphatic long vowels, including
/ee/ and /oo/. Due to limitations in the amount of data accepted by the
computer program the emphatic vowels are restricted to the CVVC type
of syllable.
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Figure 14. Long plain and emphatic vowels.

There is a considerable overlapping between the plain and
emphatic allophones of front and back mid vowels. Long /ee/, however,
shows significant differences in both F1 and F2, (p<0.01, Table 5:7).
Long /00/ has nonsignificant differences in both F1 and F2 and & low
significant difference in F3, (p<0.05) and thus has the same quality in
plain and emphatic environment.

The t-tests show that the vowel sets differ in degrees of
significance. Regarding vowel quality Tong /aa/ has & highly significant
difference between plain and emphatic contexts, long /ee, ii/ have a
less prominent degree, whereas long /00, uu/ have none or a small one.
The smaller differences in vowel quality are compensated for by
increased differences in transition onsets. The infiuence of emphasis on
the quality of the long vowels seems to be related to the features high-
low and front-back, so that high vowels are affected less than low
vowels, and front vowels more than back vowels.
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Figure 15. A1l long, plain and emphatic vowels.

Dotted ellipses=emphatic vowels.

5.2.8. Short plain and emphatic vowels.

Figure 16 finally, compares the short plain and emphatic vowels,
The two vowel sets are clearly separated from each other with very
little overlapping, imcontrast to their long counterparts. All emphatic
short vowels are considerably further back in F2, where the difference
is highly significant, (p<0.001) for all vowels. Short emphatic /i/ and
/u/ differ sligthly in F1 from the plain counterparts, (p<0.05), whereas
emphatic /a/ does not show a significant difference from plain /a/. The
distinction between plain and emphatic contexts is thus upheld clearer
between the short vowel sets than between the long ones. One possible
explanation for this can be that the distinctive feature for emphasis is
primarily a consonantal property as has been shown in the section on
sibilants. During the articulation of & long vowel the coarticulatory
influence of an emphatic consonant on an adjacent vowel has time to
decresse. The vowel consequently approaches formant values, which are
near those targets, which are typical for plain vowels. in the case of
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Figure 16. Short plain and emphatic vowels.

short vowels this cannot happen, because during its short time span of
articulation the coarticulatory effect of emphasis remains through the
vowel, which thus cannot reach its target value.

5.2.9. Comparison between vowel quality in Egyptian
Arabic and some other dialects.

Although available data onh formant frequency values from
different Arabic dialects are not immediately comparable because of
the widely differing sets of test material, which are structured to fit
different aims, it is nevertheless possible to make rough comparisons
and get some idea of dialectal variations. The present investigation
does not cover cases where emphasis occur secondarily, and all vowels
are set in a dental/alveclar context to minimize formant movements.
This is not the case in Card (1983), who investigated emphasis in all
its manifestations in Palestinian Arabic and where the consonantal
contexts influences formant frequencies. Card presents mean center
frequencies for each onhe of four speakers in her Tables 1-6 (pp. 37-42).
Computing the mean value of each vowel for these speakers makes her
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results comparable with the present study. The following table shows
the F2 drop in emphatic environment for Palestinian and Egyptian
Arabic.

Palestinian Arabic Egyptian Arabic

/aa/ -345 ~695
/ii/ -85 -145
/uu/ -50 -25 cvvCe
/a/ -300 -420
/i/ ~-305 -430
/u/ -285 -165

Table 5-B. F2 drop in emphatic environment in Palestinian and
Egyptian Arabic for long and short vowels.

The comparison shows that emphasis affects the quality of most
Egyptian Arabic vowels to a much larger degree than is the case in
Palestinian Arabic. The only exceptions are long /uu/ and short /u/
where Palestinian Arabic has larger drops in F2 tha Egyptian Arabic,
The difference is small for the long vowel, but considerably greater for
the short one.

The large differences between Palestinian Arabic and Egyptian
Arabic might seem surprising, but the large drop in F2 center frequen-
cies appears to be a characteristic property of Eguptian Arabic. Ghazeli
(1977,61) lists center frequencies for /aa/ for a number of dialects,
mostly North African, but also for Cairene and Jordanian Arabic. The
drop in F2 for Egyptian Arabic is 650 Hz, close to the average in this in-
vestigation. The drop in F2 for Jordanian Arabic, which is linguistically
close to Palestinian Arabic, is 300 Hz, the same value as found by Card.
Only one other dialect, in southern Tunisia, mentioned by Ghazeli
(op.cit) has a slightly larger drop in F2 than Egyptian Arabic. The others
drop only by 250-450Hz.

Obrecht (1968;28f.) has date on center frequencies for one
speaker of Lebanese Arabic. In some words in his material the con-
sonantal context is not dental/alveolar, which makes an immediate
comparison with Egyptian Arabic difficult in some cases, but the ten-
dency is quite clear. Vowel quality is very little altered in emphatic
environment as compared with plain surroundings. The expected drop in
F2 center frequency is small or non-existent for all long and short
vowels, except for /aa/ and /a/. For /ii/ end /i/, for example, there is
no difference at all, whereas there is & drop for both in Egyptian Arabic,
the drop for /a/ being quite large.

The Tow vowels /aa/ and /a/ are the only ones, which are sub-
stantially altered in their whole length in emphatic environment in
Lebanese Arabic. The degree of lowering differs somewhat from
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Egyptian Arabic. For long /aa/ the drop, measured between labial con-
sonants, is 950 Hz, which is more than in Egyptian Arabic. The F2 drop
for short /a/, measured between dentals, is 300 Hz, which is less than
in Egyptian Arabic.

Giannini~Pettorino (1982) investigated !raqi Arabic. The data are
based onh one informant only. Formant frequencies are not listed in
tables, but it is obvious from the figures that lraqi Arabic display both
differences and similarities compared to Egyptian Arabic. The long
vowels do not seem to differ much between plain and emphsatic
environment in Iragi Arabic. Emphatic long /aa/ is roughly 200 Hz lower
in F2, which is close to what Ghazeli {op.cit.) reports for the same
dialect. Emphatic long /ii/ is about 150 Hz ltower in F2. This drop is the
same as in Egyptian Arabic. F2 drops very little for emphatic /uu/ as it
does in Egyptian Arabic.

The differences in F1 between plain and emphatic environment are
very small for all long vowels in Iragi Arabic, as they are in Egyptian
Arabic, but show the same tendency to rise slightly.

The only large difference between long vowels in the two dialects
are the /sa/ qualities in plain and emphatic environment where
Egyptian Arabic has much lower center frequency.

The differences between plain and emphatic short vowels are
much greater in Iragi Arabic, as it is in Egyptian Arabic. The
differences in frequency are very much the same for the two dialects,
except that F1 seems to rise more for emphatic /i/ and /u/ in lragi
Arabic and that F2 drops considerably more in Egyptian Arabic for
emphatic /a/.

Al-Ani (1970) investigated the acoustic properties in what
appears to be Standard Arabic according to the phoneme chart. The
informants were lraqis, and for some contexts two Jordanians, but the
chart (op.cit. 29) does not contain any typical consonant phonemes for
these dialects. The speakers’ underiying dialect is clearly at work how -
ever. The formant charts reveal more about the acoustic properties of
Iragi and Jordanian Arabic than any supposed standard form of the
language. They can therefore be used for interdialectal comparisons.

The relatively small drop in F2 for vowels in emphatic environ-
ment in Iraqi Arabic, as reported by Ghazeli (op.cit.;61) and Giannini-
Pettorino (op.cit.;figs. 6-8) ought to result in considerable overlapping
between plain and emphatic vowels, particularly for /aa/ and /a/ in Al-
Ani’'s investigation. This is also the case. There is possibly a greater
difference between plain and emphatic /ii/ than in the other studies.

As expected, the short vowels show greater differences between
plain and emphatic surroundings than the long ones, except that the two
sets of /a/ are closer than in Egyptian Arabic.

Available data make a comparison between Egyptian Arabic and
other dialects very selective. Data exist for /aa/ and /a/ for a com-
paratively large number of dialects, but based on few spesakers. |t is
obvious that Egyptian Arabic makes an unusually large difference in
quality for these low vowels in plain and emphatic contexts.
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For the rest of the vowels the data available for comparison are
limited. The differences between Iraqi and Eqyptian Arabic do not seem
to be very large. In comparison with Palestinian Arabic, emphatic
vowels in Egyptian Arabic are characterized by & more pronounced drop
inF2.
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6. FORMANT TRANSITIONS

Formant transitions have been shown to have a crucial importance
in the decoding of the speech signal. Their acoustic structure gives
information not only of the vowel itself, but are cues to the correct
identification of adjacent consonants. [t has become clear through
perceptual tests that listerners can identify different consonants de-
pending on the formant transitions alone, even if no consonantal seg-
ment is present in the speech signal (Delattre et al. 1955, Denes and
Pinson 1973;174f.).

Formant transitions have long been recognized to be highly impor-
tant in connexion with emphasis in Arabic. Several studies, for example
Ghazeli (1977) and Card (1983), to name some of the latest, have shown
the characteristic patterns, particularly the large drop in F2 onset fre-
quency. Emphasis has also been studied in experiments with perceptual
tests, based on synthetic speech (Obrecht 1968).

Thus, since not only steady state properties of vowels are known
to play a perceptual role, long and short vowels were measured also in
their onset frequencies. The relevance of the differences in the onsets
versus center frequencies between the sets of plain and emphatic
vowels will be discussed. The importance of formant transitions for the
short vowels [e] and [o] will be treated in connexion with a discussion
of their phonemic status.

Some differences between Arabic dialects on the segmental level
are easily detected at an auditive comparison between different vowel
sounds. One can suppose that part of this variation depends not only on
vowel quality, but also on formant transitions. A comparison will be
made between Egyptian Arabic and other dialects for which data are
available.

6.1. Procedure.
The following set of test words was used for measuring formants

in their onset and center frequencies, i.e. the characteristics of
formant transitions between consonant and vowel.
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long vowels: short vowels:

saad ‘govern’ sadd ‘close’

zeet ‘oil’ zetha ‘her oil’

siid Tord’ sitt Tady’

looz ‘almonds’ lozha ‘her almonds’
suud ‘black’ (pl.) sudd ‘closel’

saad to hunt’ sadd ‘to prevent’
seed ‘hunting’

siit ‘reputation’ sitt artificial word
soot 'voice’

suud artificial word sudd ‘preventt
7isaas ‘punishment’ Tisasha ‘her stories’
taxsiis ‘specialization’ 7asisha 'he punished her’
maxsuus  ‘special’ Sususha ‘her coccyx’

To investigate in what contexts and to what degree formant
transitions are a factor in the differentiation between plain and
emphatic vowels in Egyptian Arabic, transitions of long and short
vowels were measured in syllables of the three phonological structures
mentioned previously, namely CVVC, CVVC, CVVC and their short
counterparts. Measurements were made on the same three spectro-
grams, which were used for the investigation of vowel quality. The
starting point of the transitions, considered to be the onset frequency
of the formants in the beginning of the vocalic segment, was measured
and mean values calculated. The mean values of formant onsets and
mean center frequencies are shown for nine speakers for long and short
vowels in figures 17 and 18. The onset and center frequencies of each
vowel are connected and thus show the direction of formant movement.
Transitions are measured in initial position only, between C and V.
Transitions between V and C were not measured, since they were ex-
pected to show the same characteristic patterns as in initial position.

Onset frequencies and mean values for nine speakers are listed in
Table 4.

Paired t-tests were used to establish the difference between the
transitions of plain and emphatic vowels. The results are also listed in
Table 4.
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Figure 17.Formant transitions of long vowels in plain
and emphatic environments.
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6.2. Results and discussion.

6.2.1. Shared traits in onset frequency between long and
short vowels.

Table 6-A reveals some common traits of formant onsets, which
distinguish Tong as well as short emphatic vowels from plain ones. With
two exceptions, all onset frequencies show the same general pattern.
The large decrease of F2 in emphatic vowels is always highly sig-
nificant for long as well as short vowels and is the most conspicuous
acoustic property of emphasis. F1 and F3 rise very moderately, except
for /uu/ and /oo/, which show & larger increase in F3. Long /00/ and
short /a/ deviate a little from the general pattern. /oo/ has a very
small decrease in F1 and /a/ shows no difference at all between onsets
in plain and emphatic environments.

6.2.2. Long vowels.

The two sets of long /aa/ behave in an exceptional way compared
with the other long vowels, because of the distinct qualities of plain
and emphatic /aa/ as can be seen in Table 6-A. The inter-speaker
variation for F1 and F2 appears to be very small. Onset F2 of emphatic
/aa/ undergoes very large changes in comparison with plain /aa/. Where
F2 of plain /aa/ starts at around 1750 Hz, F2 of emphatic /aa/ is very
much lowered and starts under 1200 Hz, a difference of nearly 600 Hz
at the onset. The center frequencies of the vowels are even more diffe-
rent, (cf. preceding chapter). Where the formant of plain /aa/ is rising
from the onset to a steady state at around 1800 Hz, the frequency of
emphatic /ea/ drops from the onset by up to 150 Hz and the center
frequency is for all informants around 1050 Hz. This steady state
frequency is nearly 700 Hz lower than for plain /aa/ on the average,

The onset frequency of F1 is also significantly different between
the two sets. The difference is not very large, however, emphatic
vowels being 53 Hz higher on the average.

Several speakers have a very high F3 for /aa/ in emphatic en-
vironment, between 2800 and 3000 Hz. This is considerably more than
the average for all speakers. The mean onset frequency is 2630 Hz for
all nine speakers in plain environment. In emphatic environment the
mean onset frequency rises by an average of 350 Hz for three speakers
to a mean of 2880 Hz, whereas it drops slightly for the remaining six
speakers in the same environment. The pattern was found to be con-
sistent in all tokens of long as well as short vowels of the concerned
speakers. The difference between plain and emphatic vowels in F3 is
not significant, however.

The two sets of long /ee/ differ significantly for both F1 and F2.
The changes in F2 for emphatic long /ee/ are not as great as for long
/aa/. F2 of plain /ee/ has an onset where the speakers are close
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/aa/ F1i
F2
F3

/ee/ Fi
F2
F3

i/ F1
F2
F3

/00/ F1
F2
F3

/uu/ F1
F2
F3

/a/  Ff
F2
F3

/i/ F1
F2
F3

/u/ F1
F2
F3

Table 6-A Mean onset frequencies of plain and emphatic long
and short vowels. Emphatic means are based on the

plain

495
1750
2630

350
1900
2640

300
2225
2945

420
1320
2360

355
1145
2370

575
1595
2605

415
1875
2615

405
1185
2420

emphatic

550
1160
2665

415
1660
2675

340
1870
2665

405
985
2630

365
935
2635

575
1170
2655

435
1445
2595

425
990
2495

diff. (emph. - plain)

55
-590
35

65
-240
35

40
-355
280

-15
-335
270

10
=210
265

0
-425
50

20
~430
20

20
-195
75

collapsed values of CVVC and CVVC.

together at around 1900 Hz. This frequency drops by slightly less than
250 Hz on the average in emphatic environment. F1 is around 60 Hz
higher in emphatic surroundings, whereas F3 shows & very small and

nonsignificant rise,

Long /ii/ differs significantly between plain and emphatic sur-
roundings in F1 as well as F2 and F3. The F1 onset is higher for em-
phatic /ii/, rising about 40 Hz. The F2 onset drops by around 350 Hz on
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the average. The F3 onset drops by circa 280 Hz on the average. The dif-
ference is significant.

The formant onsets for plain and emphatic long /06/ show no
significant differences in F1 and F3, even if the average F3 onset is
higher for emphatic vowels by around 270 Hz. It is highly different in
F2, which drops for emphatic vowels by an average of 335 Hz. As in the
case of emphatic /aa/, F2 drops from the onset to the center frequency
of the vowe]l, instead of rising as it does for /ee/ and /ii/.

For long /uu/ all three formant onsets are significantly different
in emphatic environment. The rise of the emphatic F1 onset is small and
of a low signhificance level as are F3 onsets. The emphatic F2 onset
drops, by an average of little more than 200 Hz. F1 and F2 both drop
towards the center frequency of the vowel.

6.2.3. Short vowels.

As might be expected the short vowels follow essentially the
same pattern as the long ones. Short emphatic /a/ and /i/ both have a
large and highly significant drop in the F2 onset when compared to plain
/a/ and /i/, whereas the differences in F1 and F3 are small and non-
significant for both vowels.

The three speakers, mentioned in the previous section, having a
considerably raised F3 in onset in emphatic environment, consistently
produce the same pattern for short /a/.

The difference in onset is considerably larger for short /i/ than it
is for long /ii/.

For short /u/ the difference in F2 onset is much smaller than for
the other short vowels and of a lower sighificance level.

6.2.4. The phonetic and phonemic status of [e] and [o].

Short /i,a,u/ are undisputedly regarded as phonemes in all phono-
logical analyses of Egyptian Arabic. The treatment of short [e] and [o]
differs. They are generally not treated as phonemes in descriptions of
the phonological system of the language. In most cases they are not
even mentioned (e.g. Woidich 1980;207) or when they are, they are de-
scribed as allophones of /i/ and /u/ (Birkeland 1952:48). Their phonetic
qualities do not seem to have been investigated. Jomier (1964:3) does
not make a phonemic analysis, but describes five different short
vowels, [i,e,a,0,ul. He does not define very clearly under what circum-
stances [e] and [o] occur and concludes the description by giving the
advice "se laisser guider par l'oreille”. Mitchell (1978;9f) reckons with
five short vowels, but does not discuss their phonemic status. Abdel-
Massih (1975:21) also mentions five vowels , but lists them in the in-
ventory of short vowel phonemes, thus beihg one of the few to include a
series of short mid vawel phonemes. Although the occurrence of short
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[el and [o] may be said to be common in the language it seems difficult
to define distributional rules. He also states, however, that the occur-
rence of short [e] and [o] in contrastive positions is not very common
and that it is difficult to discriminate between [i] : [e], and [u] : [0], for
non-native speakers.

There are very few minimal pairs where [e] can be said to con-
trast with [i] and [o] with [u], but Abdel-Massih (op.cit.) gives a couple
of minimal pairs to demonstrate the opposition. Words with short [e]
and [o] are obtained by morphological processes, adding pronominal suf-
fixes to verbs and nouns with long /ee/ and /oo/ vowels, respectively.
By way of this process the long vowel is automatically shortened. For
example /betna/, 'our house’, from /beet/, 'house’ contrasts with
/bitna/, ‘'we spent the night’, from /baat/, 'to spend the night', a verb
with a short [i] vowel in this particular form of the past tense. In his
second example, the same morphological process shortens the long /o00/
of anoun of Turkish origin, /?7o0da/, ‘room’. Due to further phonolegical
processes this affixation gives the form /?0tti/, 'my room’, which is in
contrast with /7utti/, 'my cat’, from /utta/, ‘cat".

Short [e] and [o] thus seem to appear in contrastive position only
in words where long /ee/ and /00/ have been shortened in morphological
processes. These cases are consequently quite rare.

To find suitable words to investigate the acoustic properties of
[e] and [o] and compare them with short [i] and [u], the same procedure
as in Abdel-Massih's examples was resorted to, since words forming
minimal pairs in other ways were not found. The monosyliabic test
words with long /ee/ and /00/ had personal pronoun suffixes added to
them, thus forming disyllabic words where the long vowels are short-
ened before two following consonants. This is according to the rule
mentioned in the Introduction, which says that & long vowel cannot pre-
cede two consonants. [e] and [o] were only investigated in plain environ-
ment, disregarding the emphatic phonological contexts,

Birkeland (1952) states that it is very difficult to define the
quality of /i/ in many cases, particulariy in unstressed closed syl-
lables. The sound could often be transcribed with any of the symbols [i]
and [e]. The same state prevails concerning [u] and [o]. It would make no
difference to pronounce the word for ‘mother’ as [Tumm] or [?Pomm] This
investigation does not show, however, that there is any greater varia-
tion in these two vowels than in the other vowels.

There is obviously a clear acoustic difference between [i] : [e] and
[ul : [o], consisting in highly significant differences in formant onset
frequencies. The most important differences are in F2 where [0] has a
higher onset frequency than [u] by an average of 100 Hz (p<0.01). Short
[e] has a Tower onset than [i] by an average of 105 Hz (p<0.01). It is also
possible to list at least a limited number of minimal pairs where this
difference signifies a differentiation in meaning. The ecoustic dif-
ference is unusual, however, since it depends on onset frequencies only,
and not of center formant frequencies of the vowels. According to their
phonetic structure they could rather be analyzed as diphthongs and be
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phonetically transcribed [¢i] and [ou]. [¢i] has the onset frequency of [e],

but reaches the center frequency of [il. [ou] has the onset frequency of
(o], but drops to the center frequency of [u].

In spite of the fact that [e] is phonetically different from [i], and
o] from [u], it is difficult to accept the conclusion of Abdel-Massih and
others that the short mid vowels ought to be analyzed as phonemes, or
that only [o] has to, according to Gamal-Eldin. As Birkeland (op.cit.;47)
and Drozdik (1973) point out, the reason for this is that [e] does not
contrast with [eel, and [o] does not contrast with [0o]. The long vowels
occur only in open syllables or before one consonant. On the other hand,
the short vowels [e] and [o] are found only as the result of morpho-
phonological rules, by which [ee] and [oo] are shortened before con-
sonantal clusters or otherwise occur in unstressed syllables. This pro-
cess is thus conditioned by syllabic structure and stress patterns and
is entirely predictable. Consequently, short [e] is better analyzed as an
allophone of /ee/ and short [o] as an allophone of /oo/. This analysis has
also been proposed by Wise (1975).

The conclusion must be that short [e] and [o], while distinct from
[i] and [u], are not phonemes in Egyptian Arabic, and that the language
does not possess a set of short mid vowels in correspondence to the
long ones.

This investigation shows, however, that [e] and [o] are phonetic-
ally distinct from [i] and [u], showing significantly different transition
patterns, as compared to the latter pair. Thus, on the phonetic, but not
on the phonemic level, there are five short vowels in Egyptian Arabic.

6.2.5. Treatment of short vowels in Egyptian dialects.

A developement of short mid vowel phonemes in Egyptisn Arabic
in contrast to Standard Arabic and the western dialects would not be
unique or impossible. According to available investigations many dia-
lects in the eastern dialect area have added new short vowel phonemes
to the classical three vowel system. This seems to be the fact within
Egypt itself. Khalafallah (1969) identifies a linguistic area with sub-
divisions in the Nile Valley stretching from the south of Cairo to
Aswan, a distance of about 900 kilometers, where the inhabitants share
many dialectal traits. One of them is said to be the use of five short
phonemic vowels.

Omar (1973) investigated a dialect in Upper Egypt in an area
which belongs to the northern main subdivision of southern Egyptian
dialects in Khallafallah (1969). She lists six long vowel phohemes
(op.cit. 28f.), splitting /aa/ in the present investigation into two
phonemes: /ee/ and /aa/. There are also six short vowel phonemes,
each one correspanding to a long one. The phonemic status of {e] and [o]
is expressly stated in opposition to an interpretation of them as
allophones of /i/ and /u/. Despite numerous examples of vowel distri-
bution it is difficult to appraise the phonemic function of the vowel
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qualities in the examples given, since they are not presented in minimal
pairs or according to the distribution method. The influence of emphasis
on vowel quality and the phonological consequences is not discussed.

Gamal-Eldin (1967;11) is of the opinion that not only southern
dialects in Egypt has increased the number of short vowel phonemes as
compared to the classical system. Without going into details, he
suggests an analysis of the short vowels of Egyptian Arabic, understood
to be the dialect of Cairo, into a four vowel system. He classifies [e] as
a phoneme, but not [o].

The treatment of the short vowels in the dialect based on the
speech of Ceiro has differed with different investigators and their
methods of analysis. The reason is probably the existence of a variety
of phonetically different short vowel sounds, which is not uncommon in
languages with limited vowel inventories, and the existence of
seemingly minimal pairs, which appear to exhibit phonemic opposition.
It has been found difficult to formulate distributional rules for the
allophones, ("se laisse guider par l'oreille”), at the same time as
minimal pairs with phonetic opposition have proved to be rare and
appearing in rather restricted contexts.

Spitta-Bey (1880) mixes what nowadays would be divided into
phonemic and phonetic analysis, but so far as it is possible to make this
division of his treatment of short vowels, he seems to identify five
long and three short vowels, which are described in a rather large
number of context dependent allophonic variations.

Harrell (1957) identifies five long vowels and three short ones,
the same as in this investigation. In addition he reckons with two short
epenthetic vowel phonemes, /e/ and /o/, together with a voiceless
intercostal syliable pulse, symbolized /-/. The last phoneme seems to
be a tentative innovation on which no insistence is made. As regards the
phonemic status of /e/ and /0/, it has been refuted by Blanc (1959) in
his review of Harrell's book. A possible contrast, set up by Blanc,
between for example /fuftemi:n/, 'whom did you see’, m.s., and /fufti
mimn/, ‘'whom did you see’, f.s., does not necessarily have to be analyzed
as a phonemic distinction, as the epenthetic vowel /e/ in the first
example does not differ from unstressed /i/ in medial position in a
word like /muslimi:n/, ‘Muslims’.

in a later book by Harrell et al. (1963), short /e/ and /o/ are
removed from the presentation of the phoneme inventory, leaving /a,i,u/
as the only short vowel phonemes.

6.2.6. Short vowels in some other Arabic dialects.

A comparison between studies of Egyptian Arabic and other
dialects in the eastern dialect area shows that the phonemic analysis
of the short vowels often is uncertain and surrounded by guarded
arguments. It seems as if the short vowel system is in a flux and that
phonemic oppositions are under development and not yet quite estab-
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lished. Another explanation of the vagueness might be the weakness in
many presentations of the various phonological vowel systems insofar
that they seldom go neither into phonetic details nor present examples
of minimal pairs where the contrastive function of the phonemes is
obvious. As a result the same dialect can be said to have a different
number of short vowels, depending on the author.

Many dialects in neighbouring countries seem to have developed
more short vowels than the classical three. Card (1983) identifies five
short vowel phonemes in her investigation of the Palestinian dialect,
but does not go into details. Rice and Said (1960:XX) &lso recognize five
short vowels in the same dialect. None presents minimal pairs.

Cowell (1964;9f.) finds six short vowels in the variety of Syrian
Arabic he describes. His aim is a description of the languege of edu-
cated city-dwelling Syrians, particularly the natives of Damascus. He
includes /a/ in the phonemic inventory in addition to /e/ and /o/. Since
dialectal variation can be considerable within a rather restricted area,
he underlines that five vowels exist, with the exclusion of [e], parti-
cularly in Lebanon and Palestine, and that its functional autonomy is
marginal, even where it exists (op.cit.;13), and that the classical three
vowel system is found in some cases. Unfortunately, examples in the
form of minimal pairs are missing.

In contrast to Cowell, Grotzfeld (1965) finds only three short
vowels, /a,e,0/, in the Syrien dialect, where the symbols /e/ and /o/
seem to capture a development to a more centralized position in the
vowel space.

In his grammar of Iragi Arabic, Erwin (1963:17f.) reckons with a
four vowel system, /i,a,o,u/. The development of an /o/ phoneme could
be the outcome of a parallel development as compared with Egyptian
Arabic where the acoustic differences between [o] and {u] are greater
than between [i] and [el.

Palva (1976;14f.) investigated a Bedouin dialect in Jordan and
found, not surprisingly, that the phonemic status of the short vowels is
problematic. In his transcription he indicates six different vowel
gualities, but analyzes the system to have four phonemes.

In an earlier work on Galilean Arabic, Palva (1966) found the
classical short vowel system retained, showing the three short vowel
phonemes /a,i,u/.

6.2.7. Onset frequency in other Arabic dialects.

Comparable onset data for Lebanese Arabic from Obrecht
(1968;24f.) are available for /aa/ and /ii/, pronounced after dental
consonants. The F2 onset drop for /aa/ in emphatic environment is 450
Hz, which is less than in Egyptian Arabic. The F2 onset drop for /ii/,
600 Hz, is larger, however.

Vowels in Lebanese Arabic, except /aa/ and /a/ seem to signal
emphasis in the formant transitions, while the center frequencies reach
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a standard level, which is roughly the same in plain and emphatic
context. Egyptian Arabic on the other hand generally displays differen-
ces in both onset and center frequencies.

Jiha (1964;123) makes a qualitative evaluation of emphasis in the
Lebanese dialect of Bismissin. He states that its presence is noticeable
mainly in /aa/ and /a/ vowels. This is in accord with Obrecht's results,
which show that only /aa/ and /a/ are altered throughout in their
acoustic structure in emphatic environment and thus should display the
contrast more audibly.

Ghazeli (op.cit. 78) lists F2 onset frequencies for short yvowels in
plain and emphatic environment. His values are pooled data from twelve
subjects of seven nationalities. The majority of the speakers came
from Algeria, Libya and Tunisia. Thus it is impossible to get an idea of
dialectal veriation. The tendency is clear, however. The drop in F2 is
very large. The onset frequencies in emphatic environment are roughly
the same as in Egyptian Arabic, whereas onset freguencies in plain
environment are higher. The gap between plain and emphatic onset fre-
quencies are therefore even larger in Ghazeli's investigation than in the
present one.

Fre Woldu (1981) investigated formant onset frequencies after
plain and emphatic dental stops, in addition to the study of non-
spectral properties of the two consonant sets, referred to in chapter
4.3. In the acoustic investigation seven speakers came from Algeria,
Morocco and Tunisia and one from Sudan. The results show that F1 rises,
as in Egyptian Arabic, but considerably more. The rise is 150 Hz for /i/
and /u/ and 100 Hz for /a/. In Egyptian Arabic F1 rises by more than 50
Hz in only two cases, /aa/ and /ee/.

The F2 drop after emphatic stops is very large for all vowels, as
much as 800 Hz for /i/ and 600 Hz for /&/ and /u/. These differences
are even larger than what has been measured for Egyptian Arabic, for
/i/ and /u/ much more, but the findings are consistent with Ghazeli
(op.cit.) who also found larger differences in onset frequencies after
emphatic consonants than is the case in Egyptian Arabic.

Fre Woldu also measured F3 in onset. Instead of a slight rise in
frequency after emphatic consonants there is a drop by 100 Hz for /u/,
200 Hz for /i/ &nd a very large one by 800 Hz for /a/. This drop in F3
for all vowels is contrary to Egyptian Arabic where al1 vowels, long and
short, has a higher F3 in emphatic environment, and where some
speakers even have a remarkable rise in F3 for /aa/ and /a/.

Judging from the available material on formant frequencies in
different Arabic dialects, it seems as if the dialects in Africa make a
large difference between plain and emphatic vowels, the dialects in the
Maghrib even more so than in Egypt. The differences are far less pro-
nounced in what has been found in investigations of Iragi and
Palestinian Arabic.

Giannini-Pettorino (op.cit. fig 8) show the onset frequencies for
short vowels in Iraqi Arabic. Since their object is to show the locus of
the converging formants they do not have tables of onset frequencies. It
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is evident, however, from the figure that the gap in onset between plain
and emphatic vowels is rather large also for Iragi Arabic.

Al-Ani and El-Dalee (1984) report formant frequencies for
another Egyptian dialect. They present data for one speaker from
Alexandria. The same general‘pattern is visible here, but the drop in F2
steady state frequency is much targer than it is for Cairo speakers. It
amounts to roughly 400 Hz instead of 145 Hz in this material. The drop
for /ea/ is about the same in both dialects and the difference for /uu/
in plain and emphatic environment is also nonsignificant.

6.2.8. The importance of onset frequency and center
frequency for emphasis.

As has been shown in the previous section, other investigations of
various Arabic dialects show that formant transitions of sometimes
drastic ranges occur after emphatic consonants in comparison to tran-
sitions after plain consonants. The perceptual importance of these
transitions have also been tested (Obrecht 1968). Their function as a
major cue for emphasis in the syllable context is well established.
Egyptian Arabic is no exception to the general pattern in this regard
among its sister dialects, but shows some characteristic variations on
the theme. Table 6-B lists changes in frequencies in plain and emphatic
environment and gives a picture of the differences in the acoustic
structure of the two vowel sets.

It is obvious from this table that the greatest changes in the
acoustic structure of vowels affect the formant transitions when going
from plain to emphatic environment. The particular quality of vowels in
Egyptian Arabic is a combination of onset and center frequencies. Both
are lower in this dialect in emphatic surrounding than in other dialects
for which data are available.

F2 is without question the most important single cue for em-
phasis. F1 seems to have an importance for distinguishing back places
of articulation. El-Halees (1985) performed perceptual tests to com-
pare the results with the predictions of Stevens and Klatt's (1969)
model of relationships between area functions of the vocal tract and
formant structures. Arabic has several back places of articulation as
can be seen on the consonant chart in the Introduction. Ei-Halees found
that a step-wise rising F1 in the synthezised test words caused the
test subjects to meke a distinction in a discrete manner between uvular
and pharyngeal sounds, connecting the higher F1 with the more back
place of articulation. F1 therefore makes a contribution to the emphatic
sounhds, but does not seem to be immediately related to the feature
emphasis.

El-Halees's investigation deals with Jordanian Arabic. It is
difficult to decide the importance of F1 in Egyptian Arabic due to the
honsignificant or low level significance in the rise of F1 in emphatic
environment as compared with the plain counterpart.
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onset steady state

/aa/ F1 55 35
F2 -590 -695

F3 35 25
/ee/ Fi 65 25
F2 -240 -115

F3 35 65

/ii/  F1 40 30
F2 -355 -145

F3 280 ~-260
/00/ F1 -15 -5
F2 -335 -35

F3 270 250
/uu/ Fi 10 25
F2 -210 CvvC -25
CVWWC 5

F3 265 265

/a/  F1 - 15
F2 -425 -420

F3 50 45

/i/ F1 20 15
F2 -430 -4320

F3 20 -15

/u/  F1 20 35
F2 ~-195 -165

F3 75 55

Table 6-B. Differences in onset and center frequencies between
plain and emphatic environment.

The importance of F3 in the plain-emphatic distinction is also
difficult to assess. Few investigations report data on F3, although
existing data indicate the same slight rise as in Egyptian Arabic. The
contribution of this formant to the auditive impression is not known,
due to the lack of perceptual tests. [t is 1ikely that its importance is
rather small and negligable in most cases. The rise in F3 frequency is
mostly very moderate and often nonsignificant or of a low significance
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level. The amplitude fo F3 is often very weak for mid and high back
vowels as can be seen oh spectrograms.

Al-Ani and El-Dalee (1984) indicate that F3 is used as a separate
acoustic parameter for distinguishing some phonemes in Arabic. They do
not say what phonemes, however, and do not give formant values for F3
or refer to any perceptual tests.

Available tracings of X-ray studies of Egyptian Arabic (Wood
1982) do not make it possible to compare the extent of the secondary
back constriction for long and short vowel in emphatic environment
during their articulation and the changes that must occur when going
from an emphatic consonant to a following vowel. The acoustic results,
however, suggest that the secondary constriction connected with an
emphatic consonant rapidly decreases during a following vowel, but
without disappearing altogether. An indication of this is that all long
vowels, except /aa/ get very close to the frequency level of the steady
state portion of the plain vowels. The great difference between plain
and emphatic vowels are in the onset frequencies whereas the direction
the transitions are going towards a target which in most cases
differentiates very little between plain and emphatic environments. The
differences between plain and emphatic vowels in the center frequency
are so small for high and mid vowels that their perceptual importance
in many cases can be doubted.

The short vowels, however, have a greater quality difference than
the long ones, as is shown by their large differences in center
frequencies, in addition to the large differences in onset frequencies.
This seems natural considering their comparatively short time of
articulation. During a short time span the constriction in the pharynx
cannot be expected to decrease to the same degree as is the case with
the long vowels which are about twice as long. It is thus not possible
for emphatic short vowel to reach or approach the target values for
plain short vowels as the emphatic long ones approach the target of the
plain counterparts.

6.2.9. Long /aa/ and short /a/.

As was stated in the Introduction Egyptian Arabic is traditionally
analyzed as having five long and three short vowels. The low vowels
/aa/ and /a/ then both occur as front and back allophones. Next to an
emphatic consonant the back allophone [a] always occur. The emphatic
consonant conditions the gquality of the vowel and the front allophone
[e2] can consequently not be found adjacent to & consonant of this class.

[f the occurrence of [ee] and [a] had been completely regular and in
complementary distribution there would be a clear case of a singel /aa/
phoneme and a short counterpart both having front and back aliophones
occurring in plain and emphatic environments. [a] would then occur only
with emphatic consonants and [ee] in all other cases. This is not so,
however. There is no obstacle for [a] to cccur together with most, if not
all other consonants in the language. Ghazeli (1977;133) who
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investigated a rather large number of dialects, including Egyptian
Arabic, also found that back [a] occurs quite independently of emphatic
conschants. The occurrence of [a] in combination with other consonants
than the four which traditionally have been classified as emphatics, has
led many to suggest that Eqyptian Arabic, as well as other dialects, has
a number of additional emphatic consonants. According to Abdel-Massih
(1975;6) there are two other emphatic consonents, /1/ and /r/ in
addition to plain /1/ and /r/. /b/ has also been suggested as an
emphatic phoneme in Egyptian Arabic and Ghazeli (op.cit.;135) lists /b,
m, 1, f, g, n, k/ as having been proposed to have emphatic phonemic
counterparts, although he does not mention if this applies to all
dialects he investigated or only some of them.

It is obvious that long /aa/ and short /a/ are a special case in the
phonemic system of Egyptian Arabic. The ill~defined distribution of the
allophones of /aa, a/ and the remarkably large differences in quality in
front and back position have caused much confusion in defining their
status, as well as the number of emphatic consonants.

The occurrence of a back [a] has according to Ghazeli (op.cit.;134)
led to the conclusion that the adjscent consonant always must be
emphatic end that Arabic dialects show an increasing number of
emphatic consonants. This is because it is generally assumed that
Arabic has one low vowel phoneme only, the back allophone of which
occur exclusively adjacent to emphatic consonants. Ghazeli (op.cit.)
suggests, however, that the backing of certain or all consonants do not
necessarily imply that they are emphatic. The articulatory and acoustic
back properties which have been found in these consonants might just
as well depend on the fact that they are next to a back vowel phoneme,
[t is not self-evident that Egyptian Arabic and several other dialects
possess five long and three short vowel phonemes. There are strong
indications of a phoneme split which has affected the low vowel,
resulting in one front and one back Tow vowel.

Ghezeli points out a 1ot of inconveniences in attributing emphatic
status to a growing number of consonants. He underlines that the
emphatic consonants which he prefers to call pharyngesalized, have
common traits in the articulatory and acoustic fields which they share
as a class. All of them affect adjacent segments in a consistent way.
They can further occur in any vocalic environment without loss of their
phonemic status. Nohe of these characteristics are shared by other so
called emphatic or pharyngealized consonants. They have been
classified as such because they freely occur next to back [a] without
the presence of /{, ¢, 5, 2/ in the word exerting their backing influence.

That this is the case for Egyptian Arabic support Ghazeli's
analysis and makes it applicable also for this dialect. One well known
example of a minimal pair where /b/ is supposed to contrast with /b/
is [baabal, ‘dad’ or 'Pope’ and [beeesb], ‘door’. Similar pairs with other
consonants can also be found. This allegely emphatic /h/ and other
allegely emphatic consonants differ from /t, d, s, z/,however, in that
the former never remain back with any other vowel except [a], whereas
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the latter remain pharyngealized wherever they are found. It is
impossible to find sequencies of [bi, 1i, bu, lul etc., whereas words
containing sequencies of any vowel together with any of the emphatic
/%, d, s, z/ easily are found. No minimal pairs or near minimal pairs
containing other vowels than back [a] seem to have been accounted for
in any investigation of Arabic dialects and certainly not tfor Egyptian
Arabic.

The phonetic data in obtained in this investigation of Egyptian
Arabic also support Ghazeli's analysis of a split of the low vowel in
two phonemes in many dialects. The large difference in quality between
the front and back low vowels belong to these data. As has been shown
in the preceding chapters on vowel quality and formant transitions the
large differences in both onset and center frequencies between front
and back [e2] and [a] does not occur for the other long and short vowels
in plain and emphatic environment. This can be interpreted in the light
of the fact that acoustic analyses of vowel systems in different
languages show & strong tendency for vowels to be distributed in the
acoustic space in a way that facilitates maximal perceptual contrast
(Liljencrants, Lindblom 1972, Bannert, G°arding, wood 1979). It is
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Figure 19. Comparison between Egyptian Arabic and
Czech long vowels. Egyptian vowels within
circles.
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unlikely to find a language where the vowels are more or less grouped
together in a given section on a formant chart. Czech is a typical
example of a symmetric distribution of the vowels in the acoustic
space. It has five long vowel /aa, ee, i1, 00, uu/, as Egyptian Arabic and
also five corresponding short vowels. Figure 19 shows the Egyptian
Arabic and Czech Tong vowels, the Arabic Tow vowel represented by both
front [ee] and back [a]. The Czech data are from Wodarz (1970).

A comparison between the two languages shows that the Egyptian
vowels are not as regularly spaced as the Czech five vowels, if there is
only one low vowel in Egyptian Arabic. In that case it is found to be
very front, being half way between the Czech /aa/ and /ee/. This is due
to its formant structure, having a lower F1 and a higher F2 than Czech
/@a/. On the other hand it has a very back allophone which can only
occur next to emphatic consonants. /ii/ and /ee/ are much closer to
each other as are /uu/ and /oo/ in Egyptian Arabic as compared to
Czech.

IT Egyptian Arabic has only five long vowels the language displays
a rather asymmetric distribution of its vowels in the acoustic space. It
has three front vowels, high, mid and low and two back vowels, mid and
high, with & large empty area where a low back vowel could be
expected. Not all languages with a five vowel system can be supposed to
have a near perfect symmetry as Czech in its vowel space, but the
fronting of the /aa/ in Egyptian Arabic is unusually large if it is the
only vowel. .

There might be historical reasons for the large differences
between a front and back low vowel. Earlier stages of Arabic probably
had a central low vowel (Ghazeli, op.cit.;141). Tribal dialects in the
Arabian peninsula, Jordan and Iraq still have such a vowel, occurring in
context-free environments and further back next to emphatic
consonants. From Egypt end westwards we find the fronted /aa/ vowel,
varying in quality between [ee] and [£]. The polarization between the low
vowel qualities is quite understandable as a means of obtaining
maximal perceptual contrast between the vowels in the acoustic space.
Supposing that the back [a] in figure 19 is an independent phoneme and
not an allophone in emphatic environment, Egyptian Arabic has a
symmetric six vowel system, based on maximal perceptual contrast
with the vowels at roughly equal distances from each other.

As has been shown in the preceding chapters /sa/ has an acoustic
structure that sets it apart from the other Tong vowels. All long vowels
except /aa/ have center frequencies in emphatic surroundings that
approach the center frequencies of plain vowels. Long /aa/ is the only
vowel where the gap in the center frequency between plain and
emphatic environment is even larger than the difference in onset
frequency. This acoustic structure of back [a] is maintained also
together with other consonants than the four emphatics.

For the other long vowels the coarticulatory effects of adjacent
empahtic consonants diminish during the articulation of the vowel. The
acoustic structure of the other vowels shows that their comparatively
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small differences in plain and emphatic environment (for /oo/ it is even
honsignificant) are best regarded as allophonic variation. Obrecht’s
(1968;16) experiments with synthetic speech also support this view. By
manipulating formant transitions he found that it was possible to go
from formant values of plain high, front and back vowels and obtain
vowel qualities which were perceived as emphatic by the Iisteners.
This proved quite impossible for /aa/. A low front vowel used as a
starting point for manipulated formant transitions indicating an
increasing backing typical of emphatic environments was rejected as
was a back vowel with transitions indicating fronting. All attempts to
produce an acceptable vowel sound in this way were rejected by the
listeners.

The phonetic data obtained in this investigation thus support the
phonemic analysis proposed by Ghazeli for several dialects. Also
Egyptian Arabic seems to have six long vowels, of which there are two
low vowels, front and back with short counterparts.
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7. MODELLING OF THE VOCAL TRACT

As has beeh shown in the preceding chapters, the emphatic vowels
differ from the plain ones in a combination of different onset and cen-
ter frequencies, which gives them a characteristic acoustic structure.
The typical acoustic structure of emphatic vowels has been shown to
consist of a slightly raised F1, & greatly lowered F2 and & slightly
raised F3. These shifts in frequency can be found in varying degrees,
either in the onset or the center frequency, or in both, as is most
obviously the case with /aa/.

The guestion is what articulatory gesture or combination of ges-
tures could have produced these acoustic results. One way of answering
this question is to record utterances on an X-ray film. Experiments of
this kind are difficult to perform for several reasons. Nonetheless, data
from X-ray investigations with the specific aim of studying the arti-
culatory correlates of emphasis exist for some dialects. Available data
from Egyptian speakers are limited. Wood (1982) investigated vowel
articulations and includes tracings of tongue profiles for plain and
emphatic vowels, pronounced by a speaker from Cairo. Since the velum
and rear pharyngeal wall are not traced, it is impossible to see the
exact place of tongue retraction during emphatic vowels.

Al-Ani and E1-Dalee (1984) have X-ray tracings in their investi-
gation, but do not say in the section Methods whether they come from
the same speaker from Alexandria who also furnished the acoustic data,
or from some other informant.

On the other hand, the previous chapters on vowel quality and
formant transitions have demonstrated the acoustic similarities of the
feature emphasis in the compared dialects. Although they vary in degree
it is likely that the articulatory gestures are very much the same. The
published data from X-ray investigations show striking similarities in
the essential articulatory traits, although they represent the geo-
graphical end points in the Arabic linguistic spectrum. Egyptian Arabic
is probably not an exception and it is presumably safe to suppose that
the articulation of emphatic sounds does not differ from other dialects
except in details.

X-ray studies of the articulation of emphatic sounds were made
by Margais (1948) for the Algerian dialect of Djidjelli, Ali-Daniloff
(1972) for Iraqi Arabic, Ghazeli (1977) for Tunisian Arabic, Giannini-
Pettorino (1982) for Iragi Arabic, Wood (1982) for Egyptian (Cairo)
Arabic and Al-Ani and El-Dalee(1984) for Egyptian (Alexandria?)
Arabic.

In this chapter the results obtained by X-ray methods will be
compared with a model of the vocal tract. Acoustic data from the
present investigation will be compared with calculated date of the
model. Measured and calculated data will be compared with X-ray
tracings to give as a complete & picture as possible of the articulation
of emphatic sounds in Arabic. It will also help to clarify the question
whether the same articulatory gesture is involved in emphasis over a
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F1

616
638
649
649
660
671

682
693
704
704
715
726
726
726
715
671

649

Figure 20. Long /aa/ with calculated formant values
for increasing pharyngeal constriction.

F2 F3

1660 2700
1640 2680
1620 2660
1610 2640
1590 2630
1570 2620
1540 2620
1520 2590
1510 2590
1470 2570
1440 2540
1380 2540
1360 2520
1310 2530
1220 2500
1110 2500
1070 2480

whole range of different vernaculars or whether this feature could be
produced by different articulatory means. In particular this part of the
study aimed at a consideration of the acoustic consequencies of both &
velar and pharyngeal constriction as the place of secondary point of
articulation of emphatic sounds, due to the various suggestions as to
the location of it in the literature.

7.1. Procedure.

To investigate the relationship between formants and vocal tract
shape a model of the tract described by Ladefoged (1985) was used.

The model is designed to allow for linguistic significant move-
ments of the articulators. The vocal tract is thus drawn with a fixed
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FI F2 F3

616 1670 2710
605 1680 2710
616 1670 2710
616 1670 2690
605 1680 2700
594 1690 2680
605 1650 2720
584 1660 2730
583 1650 2730
572 1650 2740
550 1630 2760
550 1620 2770
528 1590 2820
484 1580 2810

Figure 21. Long /aa/ with calculated formant values
for increasing velar constriction.

part of the roof of the mouth and the back wall of the pharynx, and with
movable parts of the lips, tongue, jaw and larynx. The parameters used
for manipulation of the vocal tract shape are jaw opening, 1ip height,
l1ip protrusion, front raising, back raising, the latter two specifying the
tongue shape.

[n addition to these parameters there are two experimental
parameters included in the model, namely "velarization" and "pharyn-
gealization”. These latter parameters specify deviations of parts of the
tongue. Velarization permits manipulating the vocal tract shape to get
an increased constriction in the velar region. Pharyngealization in the
same way permits an increased constriction in the lower pharynx
around the epiglottis. If, for example, the pharyngealization parameter
is given a value of five to a given position of the tongue, five milli-
meters of additional tongue retraction is added in the pharynx.

62



Ft F2 F3

242 2040 3240
242 2050 3240
253 2040 3240
253 2030 3240
253 2030 3240
253 2030 3240
253 2010 3240
253 2010 3240
264 2000 3240
264 1970 3230
264 1940 3230
275 1940 3230
275 1900 3230
275 1850 3230
286 1820 3220
286 1790 3220
286 1750 3220

Figure 22. Long /ii/ with calculated formant values
for increasing pharyngeal constriction.

Mean formant frequencies of F1, F2 and F3 of each of the long
plain vowels /ii, uu, aa/ were used as input to a program that converts
vocal tract shapes to formant frequencies, using a variant of an
algorithm by Liljencrants and Fant (1975). The five basic parameters of
the movable articulators were manipulated to produce several vocal
tract shapes for each vowel, and the corresponding formant frequencies
were calculated. The vocal tract shape with the set of calculated
frequencies that best metched the measured formant frequencies was
then used to test the additional parameters of velarization and
pharyngealization for each vowel. To these parameters increasing
values were added, 1 millimeter at a time. The number of added con-
strictions for these parameters, shown in the figures 19-24, are the
maximum the model would accept, i.e. formant values for additional
constrictions could not be calculated by the model.
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F1 F2 F3

242 2050 3250
2642070 3170
2642110 3100
2752120 3010
286 2150 2930
286 2140 2930
297 2180 2770
297 2190 2730
297 2220 2690
275 2240 2580
275 2250 2520
286 2250 2510
231 2240 2400
2312220 2400

Figure 23. Long /ii/ with caicuiated formant values

for increasing velar constriction.

The directions of change of formant values were then drawn as

shown in the figures 25-28 on charts of F1-F2 and Fi1-F3 for both
measured and calculated frequencies. For the calculated frequencies
directions of change are indicated for both velar and pharyngeal con-
strictions between input values and the values of maximum constric-
tion, as well as the intermediate trajectories of change, indicated by
dotted lines.

7.2. Results.

Figure 25 shows the directions of change of F1-F2 from plain to
emphatic environment of the long vowels /ii/, /aa/ and /uu/ for
measured and calculated data. The latter have been calculated for both
velar and pharyngeal constrictions. Lines have been drawn from the
center of the ellipses, based on measured data, which encompass long
plain vowels to the center of the ellipses encompassing emphatic ones,
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F1 F2 F3

297 970 2680
297 960 2600
308 970 2570
308 970 2610
308 970 2580
308 970 2580
319 970 2520
330 970 2520
330 970 2460
341 970 2420
352 970 2370
352 970 2350
352 960 2310
363 970 2270
374 960 2230
374 960 2210
374 960 2150

Figure 24. lLong /uu/ with calculated formant values
for increasing pharyngeal constriction.

also displaying measured data. In the same way lines have been drawn
from plain to emphatic vowels, based on calculated values, showing the
results of velar and pharyngeeal constrictions. The dotted curved lines
beside the lihes for calculated data indicate the intermediate formant
values at increasingly narrowing constrictions,

7.2.1. Results for F1-F2.

A comparison between the directions of change from plain to
emphatic environment as based on the measured data and those
calculated by the model shows & very good correspondence between the
measured data and the calculated data derived from the simulsation of
the model of a pharyngeal constriction for the vowels /ii/ and /aa/,
Calculated data for a velar constriction do not fit measured data for
Fi1-F2 of these vowels at all.
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FI' F2 F3

286 970 2690
286 920 2760
286 890 2780
275 830 2830
264 750 2870

Figure 25. Long /uu/ with calculated formant values
for increasing velar constriction.

The interpretation of the results for /uu/ is a bit more compli-
cated, depending on the fact that this vowel has two significantly dif-
ferent allophones in the two emphatic syllable structures. In contrast
to /ii/ and /aa/, it is therefore not possible to collapse data into one
single ellipse for emphatic /uu/. The allophonic variations have to be
illustrated by three ellipses, one for plain /uu/ and two for the em-
phatic surroundings, since the directions of change from plain environ-
ment of the latter two differ from each other.

/uu/ in CVVC syllables conforms very well with the pattern of
/ii/ and /aa/ in emphatic environment and shows all the expected
characteristics for emphasis caused by a pharyngeal constriction with
a slightly rising F1, lowered F2 (t-value just under significance level)
and a rising F3. |t does not fit perfectly with the predictions of the
model, however, which suggests an unchanged F2 for emphatic /uu/, but
since the rising falls short of being significant the deviation from the
predictions of the model must be considered to be fairly unimportant.

/uu/ in CVVG syllables on the other hand fit altogether with
model data. F2 of calculated data does not show any sigh of the ususal
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U= o
ga=+
ii=n
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Figure 26. Formant chart of F1-F2 for /aa, ii, uu/ with

trajectories showing direction of change in

formant values from plain to emphatic

envirecnment.

measured data

calculated data for pharyngeal
constriction

calculated data for velar
constriction

intermediate formant values
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Figure 27. Formant chart of F1-F3 for /aa/ with
trajectories showing direction of change
in formant values from plain to emphatic
environment.
measured data
—————— calculated data for pharyngeal
constriction

——————————— calculated data for velar
constriction

------------------- intermediate formant values
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Figure 28. Formant chart of F1-F3 for /ii/ with
trajectories showing direction of change
in formant values from plain to emphatic
enviranment.

measured data

——————— calculated data for pharyngeal
constriction

————————————— calculated data for velar
constriction

...................... intermediate formant values
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Figure 29. Formant chart of F1-F3 for /uu/ with
trajectories showing direction of change
in formant values from plain to emphatic
environment.

measured data

——————— calculated data for pharyngeal
constriction

————————————— calculated data for velar
constriction

...................... intermediate values
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/uu/ in CVVC syllables on the other hand fit altogether with
model deta. F2 of calculated data does not show any sign of the usual
falling and is not significantly different from measured data, whereas
F1 and F3 show the same movements as /uu/ in CVVC syllables.

7.2.2. Results for F3.

A comparison between measured and calculated data for F3 on
figures 26-28 shows that the fit is somewhat less striking than for the
lower formants, with no lines indicating change of direction running
parallel to each other, but the divergence shows different degrees
depending on the vowel. Long /ii/ shows & rather good fit between
mesasured data and calculated data for a pharyngeal constriction, both
having a rising F1 and falling F3, where a calculated velar constriction
has a falling F1, thus contradicting measured data. Even if the fall of F3
of the calculated pharyngeal constriction is small, it can be stated that
the model has predicted formant values for a pharyngeal constriction
for all formants which have proved consistent with measured data.

Long /aa/ also shows a fairly good agreement between measured
data and calculated data of a pharyngeal constriction, particularly if
one follows the dotted line indicating intermediate calculated formant
values until F1-F3 start falling. If the turning point is taken as the
most extreme constriction in the pharynx, and the end point of formant
changes, with the exclusion of the last three suggested lines of
constriction, the fit is quite good and would fit F2 very well too. Thus,
even for /aa/ the model data of a pharyngeal constriction are
consistent with measured data for all three formants.

On the other hand, /uu/ does not show a good agreement between
measured data and calculated data for any constriction. If anything,
calculated data seem to be in Tine with a velar constriction. Two facts
make it impossible to draw definite conclusions from available data
however. Firstly, as is well known, F3 is weak in high, back vowels and
often fails to show up on spectrograms altogether. This has also been
the fact in this investigation, and F3 is thus represented by fewer
informants than any other vowel. Secondly the model failed to yield a
F3 formant frequency low enough to correspond well to measured data
despite persistent attempts to manipulate the parameters. it is roughly
300 Hz higher than the average for the informants. If it had been
possible to start from lower model data of F3 the fit might have proved
to be better than is the case. Anyway it is probably not very important
to give a decisive answer to this point since the perceptual importance
of F3 for this vowel most likely is very small. A third reason for the
less than perfect fit between measured data and model data,
particularly for /uu/, is that the place of constriction in the pharynx of
the model is Tower than it is on tracings of X-ray pictures as will be
seen below.
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7.3. Comparison with X-ray data.

X-ray data from the dialects mentioned in the beginning of this
chapter all show remarkable similarities in the articulation of
emphatic sounds. All tracings of X-ray pictures show that the dorsum
and root of the tongue are the most important articulators, assuming a
characteristic shape. The root of the tongue moves backwards the
posterior wall of the upper pharynx at the same time as the anterior
part of the tongue has a depressed position, showing a concave profile,
In this way a cavity in front of the pharyngeal constriction is formed.
The retraction of the root of the tongue also seems to cause a certain
retraction of the apex of the tongue. The retraction is clearly
pharyngeal, not velar.

Several investigators have tried to assess the role of the
pharyngeal wall which could be supposed to play an active part in the
articulation of emphatic sounds. Marcais (1948) and Ali, Daniloff
(1972) found no signs of any contraction in the pharynx. The rear wall
had the same position during plain as well as during emphatic sounds.

Ali and Danileff (op.cit.) found a considerably lesser degree of
tounge retraction for vowels than for consonants on X-ray films. The
decreasing degree of pharyngeal constriction during vowel production
has been shown in Egyptian Arabic by the direction of formant
transitions, going towards a target which is close to or identical with
the target of plain vowels.

A comparison between measured formant values for Egyptian
Arabic, calculated formant data for velar and pharyngeal constrictions
obtained from a model of the vocal tract and data from X-ray
investigations, show that the articulatory gesture employed to produce
emphatic sounds is a pharyngeal constriction by the root of the tounge
in addition to the primary dental/alveolar place of articulation. The
term velarization as a description of the production of these sounds is
obviously misleading, but even pharyngealization can be said to give a
wrong idea about their pronunciation. As far as the pharynx is concerned
it does not play an active part as an articulator. It is the tongue which
by a backing movement causes the constriction, thus giving the vocal
tract the shape which has the acoustic properties associated with
emphatic sounds in Arabic.
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8. DURATION.

A shared phonological property between many languages of the
world is the use of the quantity feature. Its phonetic correlate is
generally considered to be a pattern of contrastive duration of
segments. These length differences are independentiy controllable
aspects of the speech event as described by Chomsky and Halle
(1968;297) and not connected with other causes, such as speech rate,
stress or interaction with adjacent consonants. Several investigations,
however, have shown that quantity often has more correlates than
length distinctions only (Maimberg 1944, Durand 1946). Swedish is for
example a well known case where vowel length and vowel quality are
closely related. English and German also display the same charac-
teristic connexion between length and quality. In other languages, as
Czech and Finnish, this correlation is much less prominent.

The investigation of duration in Egyptian Arabic aimed at giving
an answer to the problems indicated above, as well as to a number of
other specific questions, some related to emphasis. What are the
relstions between long and short vowels? Are there any durational
differences between plain and emphatic vowels? It is hot impossible to
expect this. Several hypotheses could be formulated as tentative expla-
nations to such a difference. As is evident on the formant charts in
chapter 5 on vowel quality, plain vowels are in several cases more
peripheral than emphatic ones. Plain vowels could then be supposed to
be of longer duration because of a longer way to their acoustic targets.
An opposite assumption would also be possible. Emphatic vowels might
be longer than plain ones because of their greater articulatory complex-
ity. Obrecht (1968) found that the time for formant transitions in
Arabic to reach a steady state exceeded the time needed in English by
20 milliseconds to secure a correct identification of a preceding conso-
nant. He suggests that the longer time span for formant transitions in
Arabic is necessary due to the larger number of oppositions among the
stops and a more complex articulation for the emphatics. Thus there are
two alternatives. Either the duration of the vowel is prolonged, result-
ing in a significant difference between plain and emphatic vowels, or is
the last part of the vowel articulated with greater speed to level out
the differences.

Further, if there are durational differences between plain and em-
phatic vowels, are they large enough to be considered as a possible
differentiating factor? would it then be worthwhile to go on testing
differences in length as a perceptual cue for emphasis?

Are there durational relations between vowels, which can be
considered to be connected with intrinsic length, as has been found in
many other languages. If so, do these then have the same patterns in
Egyptian Arabic as well? Does Egyptian Arabic show, as many other
languages do (Lehiste 1970), a compensatory relationship between
yowels and voicing in postvocalic consonants? What is the durational
relationship between long and short intervocalic stops?
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8.1. Procedure.

Productions from six speakers were used for measurements of
vowel duration. The test words were divided in two groups. Details are
given below in the presentation of each group. The data consist of the
five Tong and the three short vowels whose durations were measured in
milliseconds from oscillograms of the first, stressed syllable in disyl-
labic words, preceded by /f/, /s/ or /{/ and followed by /t/ and /d/.
The opposition plain-emphatic was investigated in monosyllabic words.
The oscillograms were produced at a speed of 250 mm/second to get as
detailed information as possible.

As mentioned ih the Introduction, Egyptian Arabic has the follow-
ing five types of syllables: CV, CVC, CVV, CVVC, CVYCC. The last two can
only occur in word final position, monosyllabic words included. CV and
CVC have an extremely limited occurrence as monosyllables and are
found mostly &s prepositions and pronominal suffixes, few in number
and phonologically and phonetically unsuitable for this investigation.

Long vowels in open and closed syllables cannot be compared
because of phonotactic restrictions. CVV does not occur in monosyllabic
words and cannot be compared with CVVC, which does. CVVCC syllables
do not occur as monosyllables, not even as syllables in polysyllabic
words, and cannot be compared with CYVC words. Therefore only long
vowels in open syllables have been measured and compared with short
vowels.

The two short syllables, open CV and closed CVC, can be compared
in disyllabic words and are represented in words of this structure in
the material together with long, open CVV, also in disyllabic words.

The limited number of syliable types occurring in Egyptian Arabic,
restrictions on their appearance as monosyllabics and their combina-
tion into polysyllabics, and the desire to have stress on the investigat-
ed syllable in all cases, have determined the choice of the following
sets of words as the most suitable for investigating duration.

The first set has been used in order to see whether there is &
passible durational difference between plain and emphatic vowels. It
has been recorded by eight speakers. Long and short vowels, except /ee/
and /00/, which were difficult to find in suitable minimal pairs, were
measured separately in plain and emphatic environments in monosyl-
labic words of the syllable structures CVVC and CVCC, forming the fol-
lowing minimal pairs:

saad to govern’ saad to hunt’

siit artificial word siit ‘reputation’
suud ‘black’ suud artificial word
sadd to close’ sadd ‘to prevent’
sitt Tady' sitt artificial word
sudd ‘closel’ sudd ‘prevent!’
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The second set has been used for investigating all other aspects
of duration and consists of the following words:

faatu ‘they passed’ [ita ‘winter’

saadu "they governed’ sidi artificial word
fattu ‘they cut’ fuuta ‘towel’

saddu ‘they closed’ suudu  ‘governl’

fata ‘to give a legal decision’ futtu ‘jumpl’

sada ‘warp' suddu ‘preventt’

siiti ‘my reputation’ futa artificial word
siidi ‘my lord’ suda artificial word
seeda ‘prey’ sooda  ‘black’

Durations of long and short vowels and of intervocalic long and
short stops were also measured. The duration of voiceless stops was
considered to be the occlusion plus the aspiration. The wave-form often
shows a few milliseconds of what appears to be pre-aspiration before
the complete closure of voiceless consonants following a vowel. This
short interval before the occlusion of the consonant has been regarded
as part of the vowel. The wave-form of voiced stops presented no prob-
lems in defining the boundary between the vowel and the occlusion of
the stop. Thus the duration of voiced stops is the occlusion. Mean values
for the three tokens of each vowel were calculated in each context for
each speaker as well as mean values of the duration of intervocalic
consonants in the same contexts.

Long /uu/ preceding the voiceless stop is measured before em-
phatic /t/, which unfortunately does not make the environment exactly
comparable to that of the other vowels.

The data are listed in Table 3:1-20.

Paired t-tests were used to determine the statistical signi-
ficance of durational differences between vowels in the syllable struc-
fures mentioned above.

8.2. Resuits and discussion.
8.2.1. Duration of plain versus emphatic vowels.

Vowel durations were first measured separateily in five tokens in
plain and emphatic surroundings to look for possible differences in
length. Paired t-tests show that vowel duration is not significantly
different between plain and emphatic long vowels, nor between plain
and emphatic short vowels in these environments. The results are sum-
marized in the following table:
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duration (ms)
plain emphatic t-value significance df

/aa/ 171 164 1.898 n.s. 7
/1i/ 147 140 0.753 n.s. 7
/uu/ 159 157 1.177 n.s. 7
/a/ 95 95 0.000 n.s. 7
/i/ 73 80 -2.206 n.s. 5
/u/ 85 80 1.971 n.s. 7

Table B8-A. Mean duration of long and short plain and emphatic
vowels in monosyllabic words.

As the results show, there is a slight tendency for plain vowels to
be longer than emphatic ones. This is most clearly seen in the long
vowels., As the paired t-tests show the difference is nonsignificant,
however. Differences in duration can conseguently not be considered to
be a differentiating factor for emphasis and it is therefore not neces-
sary to treat vowels &s belonging to two different groups in the
measurement of duration, depending on the presence or absence of
emphasis. As a consequence no perceptual tests, varying this factor,
were performed.

8.2.2. Long and short vowels.

Durational differences between long and short vowels vary within
rather wide limits in the languages of the world (Lehiste 1970). It can
be supposed that these variations in many cases reflect the role of
duration in different phonemic systems. The importance of duration as s
purely temporal feature can be more or less pronounced, since it can be
combined with other features in quite complicated relations. Vowel
tength can for example be related to different vowel qualities. This will
be treated in section 8.2.5. on intrinsic length. It can also be correlated
with the length of the following consonants according to regular
patterns (Lehiste 1970;20f). In English, phonemically short vowels are
quite freguently phonetically longer than phonemically long ones (Wiik
1965;113), and accordingly other perceptual cues than length have to be
used to distinguish between them. It is also possible, on the other hand,
that the temporal factor alone carries the information in languages
where differences in duration do not influence vowel guality in any
noticeable degree. There are also languages where listeners do not pay
attention to quality differences, but make the phonemic length distinc-
tion on the basis of the temporal factor alone, as in Finnish (Lehtonen
1970;87).

The mean durations of Egyptian Arabic vowels and intervocalic
dental consonants in the respective syllables are plotted in Figure 26
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and are also listed in Table 3:1-20. The mean values of vowel duration
and the V/VV ratio in percent are summarized in the following table:

Duration of Tong and short vowels (ms)
1. preceding /t/ 2. preceding /d/.

/aa/ 151 156
/ii/ 150 149
/uu/ 135 158
/ee/ - 160
/00/ - 158
/a/ 89 94
/i/ 78 82
/u/ 85 84

The V/VV ratio expressed as percentage:
1. preceding /t/ 2. preceding /d/ 3.collapsed values for
both environments

a/aa 59% 60% 60%
i/11 52% 55% 53%
u/uu 63% 53% S8%
Mean for all Tong vowels: 152 milliseconds.

Mean for all short vowels: 85 milliseconds.
V/VV ratio of all vowels: S56% or 1:1.8

Table 8-B. Mean duration of long and short vowels in disyllabic
words. V/VV ratio in percent.

8.2.3. Quantity in Egyptian Arabic and other languages.

It can be seen that Egyptian Arabic makes a clear durationa]
distinction between the two vowel lengths, long and short. The dif-
ference between long and short vowels is highly significant, and rather
large. The durations of short vowels are between 52 & and 63% of the
tong ones. The results show further that the occurrence of a short
vowel in an open or a closed syllable does not have any influence on its
length. The small differences are not significant according to paired t-
tests. For this reason the mean duration of each short vowel was cal-
culated on all vowels in both syllable contexts in the length relation-
ships expressed as percentage.

Differences in duration between long and short vowels are consi-
derable. A short vowel is in most cases less than 60% of a long one.
Length distinctions have a crucial importance in the morphophonemic
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system. This is particularly obvious in the verbal system, where diffe-
rences in length of vowels or consonants often are the only distinguish-
ing feature between the so called derived forms of the verb, the
function of which is to change the meaning of the verbal root into
various semantic categories. As anh example of distinctive length in
both vowels and consonants we have the triliteral root 7tY, which
forms the verbs /7ata%/, 'to cut’, /7atta%/, 'to cut to pjeces’, and
/7eatit/, 'to interrupt’. Stress is on the first syllable for all three
verbs. In the third form there is also a difference in the short vowel. A
minimal set with difference in vowel length only is /kafa/, 'to be
enough’, /kaffa/, 'to suffice' and /keafa/, ‘to recompense’. Here, stress
is also on the first syllable for all verbs. The large differences in both
vowel and consonant length in Egyptian Arabic, together with more or
less pronounced differences in quality between long and short vowels,
could be seen as a way of safe-guarding these semantic distinctions.

Port et al. (1980) found an even larger difference in Arabic in
minimal pairs where phonemic vowel length was the distinctive
feature. At neutral tempo the V/VV ratio was 1:2.3 and the ratio found
in the present study, 1:1.8, was found in fast speech.

Al-Ani (1970;75) reports data that seem to be derived from slow
speech. The relative difference between long and short vowels is quite
large, however, the long vowels being at least twice as long as the
short ones.

Obrecht (1968;29) found that long vowels are twice as long, or
slightly less, in Lebanese Arabic. This length relation applies also to
consonants.

The rather large durational differences in Egyptian Arabic are not
surprising considering the position of duration in the phonemic system
compared with other languages. Elert (1964:110) has made a classifica-
tion of languages into three groups depending on the position of
quantity in various phonemic systems. Group one consists of languages
where the stressed vowel alone has information about the quantity
distinction. Danish and German belong to this group. In the second group,
where Elert gives Czech, Finnish and Hungarian as examples, vowels and
consonants can appear independently in different quantity degrees.
Czech is not a very good example to include in this class, however,
since only vowels have this property. Consonants do not appear in con-
trastive quantity degrees (Ku€era 1961;24). The third group consists of
languages where at least stressed syllables display & regularity with
long vowels being followed by short consonants and short consonants by
long vowels. As examples of the last group we find [talian, Norwegian
and Swedish. By the regular correlation between adjacent vowels and
consonants the languages in the third group give information about
guantity over more than one segment.

Considering the position of quantity in the phonemic systems of
these classes it would seem plausible to suppose greater differences in
vowel duration in languages where the length distinction is carried by
only one sound segment, than in for example Swedish, where both the
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vowel and following consonant give information on gquantity. it would
also be natural to suppose that differences in duration are greater in
languages where the length distinction is based on durational differen-
ces only, rather than combined with differences in vowel quality
between long and short vowels.

An attempt to compare Egyptian Arabic with the groups defined
above shows that it does not fit immediately in any of the three classes
suggested by Elert, but is rather split between two of them depending
on the relation of vowel length and the number of subsequent conso-~
nants. From a superficial point of view Egyptian Arabic belongs to class
three in that a long vowel is alweays followed by a short consonant and
thus predictably conveys information on length over more than one seg-
ment. Egyptian Arabic also belongs to class two, however, in that &
short vowel can be followed by either a long or a short consonant
making the vowel the only segment that carries information on length
distinction in this case. The relative independence of C and V in Egypt-
ian Arabic suggests that a classification in group two is preferable.

Considering these facts one would suppose greater durational
differences in length relations in Egyptian Arabic than in Swedish
despite the regularity of Egyptian Arabic in length relations between
long vowels and the subsequent consonant. This is also the case. There
seems to be more than one reason for this. Firstly, short stressed
vowels carry the length distinction alone, since the following conso-
nant does not stand in a regular temporal relation to the preceding
vowel. Secondly, the difference in vowel quality between some pairs of
long and short vowels, particularly /aa/ and /a/ is not very great. This
can be seen on the formant charts 12 and 13 showing plain and emphatic
vowels in chapter 5 on vowel quality, where /ea/ and /a/ show con-
siderable overlapping. Vowel length without support from differences
in vowel guality as an additional perceptual cue, must be supposed to
require relatively larger durational differences. This can be seen from &
comparison between Swedish, English and Egyptian Arabic. Swedish,
which combines vowel length with a compensatory pattern of length in
the following consonant, in addition to rather large differences in
quality, has short vowels which vary from 62 % to 77 & of a long vowe]
according to Elert (1964). In English, with prominent quality diffe-
rences, which go together with length differences, a short vowel is on
the average 77 % of a long one (Wiik 1965;114). Egyptian Arabic short
vowels, on the other hand, are much shorter and vary betweeen 53 g and
60 & of the long ones, with an average of 56 &.

Languages in group two, according to Elert's classification, where
vowels and consonants occur independently of each other in different
lengths, could be expected to display rather large durational diffe-
rences. There are several examples of this in completely unrelated
languages. Abramson (1960) describes Thai, where vowels can occur as
double segments but not consonants. Long vowels were found to be
anything from 2 to 3.5 times as long as short ones. Even in running
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discourse, where there was no control of the phonemic environments of
the contrasts, the ratio was as high as 2.57, (op.cit.;133).

Hungarian short vowels vary between 55 & and 62 % of long ones
and are on the average 59 % of long ones or 1:1.7 (Magdics 1969;16),
which is very close to Egyptian Arabic values.

Finnish is another language where the phonemic quantity distinc-
tion is based on durational differences, excluding other phonetic
correlates. Lehtonen (1970) has shown that the difference between long
and short vowels in the first syllable in disyllabic words of the same
structure as in the present investigation is quite large, a short vowel
being 46 € of & long one, a ratio of 1:2.2, which confirms an earlier
investigation by Wiik (1965). The relation is the same in other words of
different syllable structures and length. As in Thai the ratio is main-
tained even in continuous speech. This ratio, where a long vowel is at
least twice as long as a short one, has had its distinctive temporal
function in the phonemic system confirmed in perceptual tests, where
listeners have been shown to use length, not vowel quality, as the deci-
sive cue of quantity (Lehtonen, op.cit.; 89).

Engstrand (1986) investigated duration in Czech, Finnish and
Swedish in relation to shifting sentence stress. Minimal pairs con-
trasting in quantity (e.g. [vi:la] versus [vila] in Czech and Swedish) were
recorded in a sentence frame permitting a systematic shift of stress on
the test words into focus and out of focus. The results show that
Swedish, with its correlation of guantity and quality, only makes the
durational distinction systematically in stressed position. In un-
stressed positions some speakers still do, whereas others fail to
distinguish between long and short vowels as well as long and short
consonants. There are obviously tendencies in Swedish that meet the
criteria for a classification in group one according to Elert.

Hadding-Koch and Abramson (1964) also found that the phonemic
length distinction in Swedish, although clearly a distinctive feature,
does not pervade the whole vowel system.

These tendencies are visible also in Dutch, which belongs to group
one according to Elert's classification. Engstrand’'s results confirm
Nooteboom's (1972;28f) findings for Dutch where the durational
distinctions are subject to weekening or neutralization due to shifting
stress and position.

In Czech (Engstrand, op.cit.) on the other hand, long vowels have
significantly longer duration than short ones under both conditions of
stress.

Finnish (Engstrand, op.cit.) also differentiates between long and
short vowels regardiess of the position of sentence stress. The
durational difference is significent for all speekers in the material.
Thus the length distinction is an invariant prosodic property of Finnish
with no sign of neutralization in the absence of stress,

Engstrand's findings thus fit well with the language classifica-
tion of Elert and the predictions about duration in different languages
one can make from it.
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Hausa, which is distantly related to Arabic, has recently had its
vowel system investigated by Lindau (1985) and shows another kind of
temporal difference compared with Egyptian Arabic. In Hausa the
durations of short vowels differ significantly between open and closed
syllables. This is in contrast to Egyptian Arabic, in which vowel length
does not differ in these types of syllables. A comparison between
Egyptian Arabic and Hausa shows that the length of short vowels in the
open syllable in Hausa corresponds to short vowel length in Egyptian
Arabic, even if it is somewhat shorter. A vowel in this type of syllable
is on the average 52 & of a long vowel in Hausa. A short vowel in closed
syllables is still shorter, only 45 % of a long one.

8.2.4. Duration depending on the following consonant.

An often encountered phenomenon is the compensatory relation
between voicing in a consonant and length in & preceding vowel. Vowels
are often shorter when they occur before voiceless consonants than
they are before voiced cnes. English is a language where this has been
extensively investigated. In English the durational gap is very large, as
demonstrated by Peterson and Lehiste (1960) among many others. They
report a ratio of roughly 2:3 referring to vowels preceding voiceless/
voiced consonants. This is clearly above the auditory threshold accord-
ing to Lehiste (1970). Wiik's research (1965) shows even larger diffe-
rences for English. He found that vowels are 82 & longer before a voiced
consonant. These differences are so large that they can serve as the
sole perceptual cue to the phonemic distinction between voiceless and
voiced consonants in English (Denes 1955). These large differences
seem to be a specific feature of English. Date for Swedish reported by
Elert (1964;134) show much smaller differences, Long vowels differ
based on the voiceless/voiced distinction, but at a low significance
level (p<0.05). Short vowels also differ, but with higher significance
(p<0.05).

Hungarian shows another picture where vowels behave differently
depending on length. According to the durational values of Magdics
(1969;16), long vowels in interconsonantal position differ significantly
depending on the following consonant (p<0.05), but the differences
between short vowels are non-significant.

The differences in Egyptian Arabic are consistently very small,
varying between one and seven milliseconds for both long and short
vowels.

Mean vowel duration in milliseconds and results of t-tests are
listed in the following table. Type of stop and its guantity is indicated
after the vowel. There are five degrees of freedom unless otherwise
stated.
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aa-t aa-d a-tt a-dd a-t a-d

151 156 88 g3 89 95
T-tests:
long /aa/ before /t/ and /d/: =-0.766 n.s.
short /a/ before /tt/ and /dd/: t==1.181 n.s.
short /a/ before /t/ and /d/: =-2.144 ns.

ji-t ii-d i-tt i-dd i-t i-d

150 149 77 80 79 84
T-tests:
fong /ii/ before /t/ and /d/: t= 0.301 ns.
short /i/ before /tt/ and /dd/: t= 0.789 nss.
short /i/ before /t/ and /d/ t= 1.742 ns.
uu-t uu-d u-tt u-dd u-t u-d

135 158 83 81 87 87
T-tests:
long /uu/ before /t{/ and /d/: t=3.242  p<0.05
short /u/ before /tt/ and /dd/: t=0.530 n.s.
short /u/ before /t/ and /d/: t=0.165 n.s.

ee-d 160 oo0-d 158

Table 8-C. Mean duration of long and short vowels preceding
voiceless and voiced stops.

The differences are far below the level of significance. Long /uu/
preceding /t/ is an exception here. Its mean value before /t{/ is 135
milliseconds, while /uu/ before /d/ is 158 milliseconds. Long /aa/ and
/1i/ preceding /t/ are 151 and 150 milliseconds, respectively, and are
not significantly distinct before /t/ and /d/. The difference between
/uu/ on the one hand and /aa, ii/ on the other in relation to the follow-
ing /t/, has a low significance level, 0.0 1¢p<0.05. A possible explana-
tion might be that /uu/ happens to be followed by an emphatic con-
sonant in the test~word, /fuuta/. Emphatic consonants are not found in
this position in other test-words. It cannot be established with
certainty whether its presence influences the length of the preceding
vowel or whether the shorter mean value of /uu/ is due to some other
factor.

The short vowels show unanimously the same pattern as long /aa/
and /ii/ in both environments. No short vowel differs in length depend-
ing on the voicing of the following consonant,

Port et al. (1980) performed an experiment to study compensatory
phenomenons in Arabic and Japanese. Two Egyptians, two Iragis and one
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Kuwaiti read the testwords /kateba/-/kadera/ and /kaataba/-
/kaadara/ in Standard Arabic as part of the test. Both long and short
vowels showed significantly lengthened duration when preceding a
voiced stop in slow, neutral and fast speech. The stops on the other
hand, did not show any significant durational differences in the three
tempos. These results totally contradict the findings of the present
investigation of both vowels and intervocalic stops.

The authors note that their results are at variance with another
investigation of the same type (Flege 1981), where tests with five
Saudi Arabians did not produce any significant durational differences in
monosyllabic words ending in /t/ and /d/. In another experiment on
Arabic-accented English (Port and Mitleb 1980) it was found that
Jordanians pronounced the vowel in CVC words in English, 1ike ‘bat’ and
‘bad’, with very small and nonsignificant durational differences. This
confirms results from informal tests in Lund on Jordanian Arabic,
which showed no significant differences in length in vowels preceding
voiced and voiceless stops (professor Eva Garding, personal com-
munication).

Port et al. suggest a difference in infiuence on a preceding vowel
in Arabic, depending on whether it is followed by &n intersyllabic stop
or a syllable-final stop in a CVC sylliable. The present research investi-
gated disyliabic words, where vowels preceding intersyllabic post-
stress stops as in Port et al. were measured, but they nevertheless
behave very differently from the trisyllabic words in the cited investi-
gation. It is difficult to assume that Standard Arabic or any dialect has
intraspecific rules for durational relationships between vowels and
consonants of the kind under discussion, based on the number of
syllables in the word. It is quite conceivable, however, that dialects
might differ in their timing strategies. Since experimental studies on
Arabic dialects still are limited this cannot be established with
certainty. The results in Port et al. may depend on the fact that the five
speakers represented three nationalities with rather marked dif-
ferences between their dialects. The speakers recorded the test
material in fushd, or Standard Arabic, and with the choice of test words
there would probably be little or no difference on the segmental level,
but it is possible that different temporal rules apply to respective dia-
lects, which influence the pronunciation of fusha@ and give the presented
results when results of measurements are pooled together. The
speakers may also have suppressed their temporal dialectal habits in
exchange for other durational relations typical for the formal Standard
Arabic.

Whatever the reasons for the results in Port et al. they confirm
the findings in the present research that a compensatory relationship
between vowels and consonants does not exist in the investigated
variants of Arabic. This problem is further discussed in section 8.2.6 on
duration of intervocalic consonants.

In the same study (Port et al.), Japanese was also investigated.
Dentals, including /t/ and /d/ were flanked by /a/ and /u/ in disyliabic
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words. The results show that Japanese, like English, displays a compen-
satory relationship between vowels and following consonants. /d/ is
consistently shorter than /t/ and vowels are significantly longer when
preceding /d/ than /t/ and thus show the complementary inverse
relationship between vowel duration and consonant voicing. There is
even evidence of compensatory effects on both adjacent vowels depend-
ing on the duration of the intervocalic stop.

As has been mentioned above there are also differences in tem-
poral patterns between syllable types with identical consonantal en-
vironments where long vowels display durational compensation, where-
as short vowels do not, like in Hungarian. Hausa is another language
displaying this picture (Lindau 1985). Egyptian Arabic on the other hand,
does not show any differences in either long or short vowels.

A comparison between Egyptian Arabic and other languages show
that timing strategies for vowels preceding stops vary within wide
limits. The complementary effects on adjacent vowels and stops in
English and other languages, depending on voicing in the following
consonant, have led to the proposal, for example by Chomsky and Halle
(1968), that this phenomenon is universal. Egyptian Arabic and some of
the compared languages do not support this hypothesis.

The picture is much more complicated. We find languages like
English with very obvious and large compensatory relations. Other
languages do not have the same large differences, but show the same
tendency, like Swedish and Japanese. Some languages show compen-
satory relations in long syliables, but not in short ones, like Hausa and
Hunhgarian. Egyptian Arabic does not show compensatory relations in
neither long nor short syliables.

The concept of compensatory relations between vowels and
voicing in post-vocalic consonants has been critically examined.
Lehtonen (1970:79) performed experiments for Finnish with inter-
vocalic /t/ and /d/ in nonsense words and a few real words. He found
that a voiced stop has a slight lengthening effect on the preceding
vowel He does not interpret these relations as a necessary consequence
of voicing. The same tendency can be found together with other con-
sonants which influence the duration of the preceding vowel according
to their own intrinsic length. The shorter the intrinsic length of a con-
sonant, the shorter the preceding vowel tends to be, and vice versa.

Vowel length has not been found to be related to differences in
duration in consonants although /t/ is significantly shorter than /d/ in
Egyptian Arabic. The lengthening of vowels preceding voiced consonants
could be a natural consequence of the physiologically conditioned
consonant relationship (see 8.2.6). Even Egyptian Arabic shows the same
tendency, even if it is very small and nonsignificant. This tendency can
be used for linguistic purposes, as in English, where the differences in
vowel length are increased to serve as a cue for voicing. Egyptian
Arabic on the other hand does not make use of this natural tendency,
which is kept within the time boundaries set by the articulatory pro-
cess. The phonemic length distinction in Egyptian Arabic is used to
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create oppositions on another level in the morphophonemic system than
in English and other languages exhibiting the compensatory phenomenon.
A compensatory relationship depending on voicing in a following con-
sonant might compete with length distinctions signalling different verb
categories, for example.

The prominent compensatory relationship between vowels and
voicing in postvocalic consonants in for example English and to a lesser
degree in Swedish on the one hand, and the partial or non-existing
compensation as in Hausa and Egyptian Arabic support the view that
rules for durational patterning are language-specific,

8.2.5. Intrinsic length.

A phenomenon in many languages is the existence of systematic
differences in duration between different vowels in identical surround-
ings. These properties of the vowels have been related to their phonetic
guality and are generally referred to as intrinsic length. Lehiste
(1970:18) reports a number of investigations where vowel duration has
been found to correlate with the dimension high-Tow in such & way that
high vowels are shorter than low vowels. According to these data long
/11/ should be expected to be shorter than long /uu/, which is shorter
than Tong /aa/. The pattern is the same for short vowels as well.

Intrinsic vowel length can be correlated to physiological proper-
ties of the speech production mechanism. Lindblom (1967) has shown
with his model of lip-mandible coordination that low vowels are longer
than high vowels due to the large mandibular movements for low
vowels. The off-glide gesture of the mandible after a low vowel into &
following consonant also progresses so slowly that there is a delay be-
fore the articulators are able to come in contact and produce the
consonant.

The same relationships have been reported for a number of un-
related languages, such as Hungarian (Magdics 1969), English (Peterson
and Lehiste 1962) and Thai (Abramson 1960), to name but a few inves-
tigations. The following mean durations in milliseconds from Elert
(1964:123) show intrinsic length relations between Swedish vowels,
measured before /t/ and /s/. They are fairly representative for other
languages where the same relations occur.

long vowels short vowels

/iyol 140 95
/eua/ 155 103
/86 a/ 164 111
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One can ask if the known data are so uniform that it is possible to
establish the characteristic pattern of intrinsic length as a universal
feature.

In Egyptian Arabic all long vowels vary within very narrow limits,
with mean values from 149 to 160 milliseconds, with the exception of
/uu/ preceding /t/, which is somewhat shorter than the others, but
with a low significance level, (p<0.05) when compared with /uu/
preceding /d/. This is obvious in figure 26 where all long vowels can be
seen to have a very uniform duration over the whole range of different
qualities. Since long /ii/ and /aa/ do not differ in length whether
preceding a voiced or a voiceless stop, and /uu/ differs only at a low
level of significance, durations for each long vowel, regardliess of the
type of the postvocalic consonant, have been collapsed and counted in
the same group. The same procedure has been performed with regard to
the short vowels for the same reasons. Paired t-tests were then
performed between long and short vowels respectively, in all possible
combinations. Long vowels do not in any case reveal sighificant dura-
tional differences which can be attributed to intrinsic length. The dura-
tional means and the results of paired t-tests for the long vowels are
given in the following table:
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Means:

/aa/ before /t/: 151 ms.
/aa/ before /d/: 156 ms.
collapsed: 153 ms.

/ii/ before /t/: 150 ms.
/ii/ before /d/: 149 ms.
collapsed: 150 ms.

/uu/ before /t/: 135 ms.
/uu/ before /d/: 158 ms.

collapsed: 146 ms.
T-tests:

aa/ii t= 0.698 ns. 11 df
aa/uu t= 1.099 ns. 11 df
aa/ee t= 0509 ns. 5df
aa/00 t= 0.272 ns. 5df
ii/uu t= 0672 ns. 11 df
ii/ee t=-2.569 n.s. 5 df
ii/o0 t= 1.967 ns. 5 df
uu/ee t= 0.452 ns. 5df
uu/oo t=z 0.034 ns. 5df
ee/o00 t= 0934 ns. 5df

Table 8-D. Mean duration of long vowels preceding voiceless and
voiced stops. Comparison between long vowels by
paired t-tests.

Contrary to the long vowels, the short vowels all show the
expected differences according to the relations as described by Lehiste
(op.cit.). /i/ is shorter than /u/, which is shorter than /a/, which is the
longest of the short vowels. Mean values of short vowels are given in
the following table:
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preceding /t/ preceding /d/ collapsed

/a/ 89 ms. 94 ms. 92 ms.
/i/ 78 ms. 82 ms. 80 ms.
/u/ 85 ms. 84 ms. 85 ms.
a/i 1=6.292 p<0.001 23 df
a/u  t=2.649 p<0.05 20 df
u/i t=3.079 p<0.01 20 df

Table B8-E.Mean duration of short vowels preceding voiceless
and voiced stops. Comparison between short vowels
by paired t-tests.

It could also have been expected, according to Lehiste's data
(op.cit.:18), that /aa/ should have & longer duration in a plain environ-
ment, where it is mostly realized as [#&:], than in an emphatic environ-
ment, where it is mostly realized as [a:]. T-tests, however, do not
reveal any sighificant differences, and these different vowel gualities
thus conform to the general pattern of long vowels with regard to
intrinsic length.

Another way of demonstrating intrinsic vowel length was pro-
posed by Maack (1949). He proposed Xy/X. y a@s an indicator of the
intrinsic duration value. In this way it is possible to compare the
durstional mean of a vowel to the mean of all vowels, expressed as &
ratio. This ratio is shown in the following table for Egyptian Arabic
long and short vowels. Since vowels do not differ significantly depend-
ing on the following consonant, except Tong /uu/, the mean of each
vowel is calculated regardiess of the following consonant. Long /uu/ is
shown in two ways. Firstly presented in the same way as the other long
vowels, without consideration to its low level sighificant differences
depending on the following consonant, secondiy with regard to its
durational differences preceding /t/ and /d/.

/aa/: 1.01 /a/; 1.07
/ii/:  0.99 /i/: 0.94
/uu/; 0.96 /u/: 1.00

/uu/ preceding /t/: 0.89
/uu/ preceding /d/: 1.04

Table 8-F. Intrinsic duration value of long and short vowels.

This table over the ratios underlines what has been found through
the t-tests. Both indicate the same characteristic properties of long
and short vowels. There is a dichotomy, where long vowels have a more
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or less uniform length in contrast to short vowels, which exhibit the
expected temporal relationships, high vowels being shorter than long
ones,

This result has been found to hold also for Finnish (Lehtonen
1970). Duraticnal differences between long vowels, related to different
degrees of openness, are levelled out to obtain a more or less uniform
length. It seems as if long vowels in both Finnish and Egyptian Arabic
have an ideal length within narrow limits, which has to be observed by
speakers. It is likely that the prolonged duration of long vowels over-
comes any influence of inherent length.

One can discuss whether any particular vowel determines this
ideal length. It is difficult to decide, but it is possible that long /aa/,
which in all cross-linguistic investigations is the longest vowel due to
its relatively slow articulatory gestures related to the jaw, determines
the durational target for long vowels in Egyptian Arabic. The other long
vowels would then have to sustain their duration to reach the same
length.

Short vowels on the other hand, are not influenced by any levelling
factors, but are allowed to be as short as it is physiologically possible
to produce them. They therefore show the same typical relationships,
which have been found in many other languages. As has been pointed out
in an earlier section, both Egyptian Arabic and Finnish belong to a
category of languages where phonemic length is & phonetically promi-
nent feature. Great durational differences due to intrinsic length might
disturb the balance in the system and cause confusion. To keep the
important Tong-short distinction intact, long vowels have to get close
to an ideal target.

8.2.6. Duration of intervocalic consonants.

Voiceless consonants have been shown to be longer than voiced
consonants in nearly all languages where consohant duration has been
measured (Elert 1964:148). There are suggested physiological explana-
tions for this (Catford 1982;74,128). During production of voiced stops
the difference between the subglottal and supragiottal pressure is
quickly abolished since air passes through the glottis and cannot escape
because of the oral closure. One way of prolonging the duration of a
voiced stop is to lower the larynx or in other ways expand the pharynx.
A voiceless stop on the other hand can be prolonged for a considersbly
longer period. [t is therefore no surprise that a comparison between the
intervocalic stops in Egyptian Arabic shows that /t/ is consistently and
significantly longer than /d/. The difference is only upheld when the
stops occur as single consonants, and in no case is there any significant
difference between voiced and voiceless geminate consonants.
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t/d after /eaa/ t= 4677 p<0.01 5 df
t/d after /a/ t= 8.300 p<0.001 5 df
t/d after /ii/ t=13.103 p<0.001 5 df
t/d after /i/ t= 2673 p<0.05 5 df
t/d after /uu/ t= 3.928 p<0.05 5 df
t/d after /u/ t= 4.020 p<0.05 4 df

tt/dd after /a/ t= 0544 n.s. 5 df
tt/dd after /i/ t= 0.798 n.s. S df
tt/dd after /u/ t= 2.480 n.s. 3 df

Table 8-G.Paired t-tests of t/d and tt/dd in intervocalic
position.

It can be seen that geminated voiced and voiceless consonants do
not show any significant differences in iength, regardless of the quality
of the preceding vowel. This is obvious on Figure 26. Long intervocalic
consonants are true geminates of roughly twice the length of a single
consonant, with & duration of 150-160 milliseconds. Single voiceless
stops are roughly S3% of long ones. Single voiced stops are shorter,
varying between 32% and 40% of Tong ones.

Finnish does not have the phonological opposition between voiced
and voiceless stops and duration cannot be compared between these
classes. The relation between a long and a short voiceless stop, how-
ever, is as large as in Egyptian Arabic. Lehtonen (1970:97) calculated a
mean ratio for Finnish voiceless stops and /s/, which was found to be
1:1.99, i.e. long stops are roughly twice as long as short ones.

Other languages with voiced-voiceless contrast, show significant
durational differences not onty for short stops, but also for long ones,
for example Hausa (Lindau 1985). Swedish is another language with the
expected durational difference between /t/ and /d/. This difference
applies also when these stops occur as long intervocalic consonants.
Elert (1964) and Léfgvist (1976) give examples of these relations
between /tt/ and /dd/, in addition to other geminated Swedish phone-
mes, preceded by different vowels.

When occurring as geminates, /tt/ and /dd/ do not differ signi-
ficantly in tength. It is likely that the prolonged occlusion of geminated
stops overcomes any influence of factors of inherent length determin-
ing the duration of single consonants. This appears to be a parallel to
vowel Tength. Long vowels do not differ significantly in length regard-
less of queality, and appear to have an ideal durational target, to which
factors related to intrinsic length are subordinated. Long consonants
seem to behave in the same way in subordinating factors of intrinsic
length to reach an ideal target when geminated. Not only the relation,
but even the absolute values are approximately the same for long
vowels and consonants, varying between 150 and 160 milliseconds in
this kind of conversational speech rate. Short consonants, on the other
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hand, are assumed to be 1ike the short vowels in that they are allowed
to be produced as fast as is physiologically possible.
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saadis
zaakir
saad
zeet
siid
1ooz
suud
saad
seed
siit
soot
suud
7isaas
taxsiis
maxsuus
siit
suud
sadd
sitt
sudd
faatu
saadu
fattu
saddu
futtu
sada
siiti
siidi

Appendix

'sixth’
‘mentioning’
‘govern’
oil’

Tord’
‘almonds’
‘black’ (pl1.)
‘to hunt'
‘hunting
‘reputation’
‘voice
artificial word
‘punishment

‘specialization

‘special’
artificial word
‘biack’

‘to close’
ady’

‘closel’

‘they passed
‘they governed
‘they cut

‘they closed’
‘jumpl’

‘warp'

‘my reputation
‘my lord’

saadi?
zaalim
sadd
Zetha
sitt
lozha
sudd
sadd
sooda
sitt
seeda
sudd
?isasha
Tasisha
fususha
siit
suud
sadd
sitt
sudd
[ita
sidi
fuuta
suudu
fata
suddu
futa
suda
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just’

tyrant’

‘close

‘her oil”’

Tady’

‘her almonds’
‘closel’

‘to prevent’
‘btack
artificial word
‘brey

‘preventl’

‘her stories’
‘he punished her
‘her cocecyx’
‘reputation
artificial word
‘to prevent’
artificial word
‘prevent!t
‘winter’
artificial word
‘towel’
‘governt’

‘give a legal decision

‘prevent!’
artificial word
artificial word



TABLE 1.

Center of gravity, dispersion and mean intensity level of critical band
spectra of voiced and voiceless sibilants.

center of gravity

crit.band Hz: dispersion mean intensity
units: level in dB
/s/ Sp. 1 20.55 5681 2.15 424
Sp. 2 21.18 6219 1.48 7.18
Sp. 3 2153 6540 1.80 491
Sp. 4 20.83 5914 1.75 13.06
Sp. S 21.83 6827 0.95 7.74
Sp. 6 2198 6976 1,09 6.36
Mean 21.32 6345 1.54 7.25
/s/ Sp. 1 20.59 5714 263 255
Sp. 2 20.90 5974 1.56 1.44
Sp. 3 20.99 6052 2.31 1.22
Sp. 4 20.71 5813 1.90 13.66
Sp. 5 21.39 6410 1.46 7.88
Sp. 6 20.80 5889 1.77 673
Mean 20.90 5974 1.94 5.58
/z/ Sp. 1 18.36 4143 4.61 -5.84
Sp. 2 2151 6521 1.23 450
Sp. 3 21.85 6847 1.18 8.80
Sp. 4 19.87 5151 2.90 0.70
Sp. 5 19.62 4969 5.44 -5.67
Sp. 6 21.74 6740 162 5.73
Mean 20.49 5632 2.83 1.37
/z/ Sp. 1 15.22 2622 6.49 -2.35
Sp. 2 20.52 5656 1.97 2.49
Sp. 3 20.66 5771 357 -0.71
Sp. 4 20.76 5855 217 7.84
Sp. S 21.11 6157 1.39 1.60
Sp. 6 19.45 4849 273 223
Mean 19.62 4969 3.55 0.60
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TABLE 2.
Duration of long and short plain and emphatic vowels inh monosyllabic
words in milliseconds. Five tokens of each speaker, mean and standard
deviation. Seven degrees of freedom, unless otherwise stated

1) Plain long /aa/.
Token 1 2 3 4 5 X sbD
Sp. 1 150 148 145 210 172 155 11
Sp. 2 204 205 214 210 - 208 S
Sp. 3 - 183 180 209 179 188 14
Sp. 4 128 170 159 180 188 165 23
Sp. 5 - 230 166 226 170 198 35
Sp. 6 132 142 152 123 150 140 12
Sp. 7 185 188 166 172 172 177 9
Sp. 8 136 146 162 136 120 140 15
Mean: 171 26
2) Emphatic long /aa/.
Token 1 2 3 4 5 X sD
Sp. 1 158 168 158 158 160 160 4
Sp. 2 184 176 210 212 - 196 18
Sp. 3 166 164 170 176 169 169 S
Sp. 4 160 152 162 158 159 158 4
Sp. 5 150 168 162 183 196 172 18
Sp. 6 144 130 152 152 143 144 9
Sp. 7 192 168 164 172 172 174 11
Sp. 8 146 132 147 136 134 139 Z.
Mean: i64 18

t-test plain /aa/ and emphatic /aa/: t=1.898, n.s.

3) Plain long /ii/.
Token 1 2 3 4 5 X sbD
Sp. 1 122 126 144 149 136 135 11
Sp. 2 162 202 200 215 - 195 23
Sp. 3 180 152 163 170 164 166 10
Sp. 4 - 140 174 146 162 156 15
Sp. 5 158 148 146 135 155 148 9
Sp. 6 105 118 - 140 105 117 17
Sp. 7 154 154 167 158 138 127 10
Sp. 8 128 122 128 133 136 129 _5
Mean: 147 25
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4) Emphatic long /ii/.

Token 1 2 3 4 5 X SsD
Sp. 1 125 134 144 140 142 137 8
Sp. 2 160 155 185 192 - 173 18
Sp. 3 115 134 149 108 133 128 16
Sp. 4 - 120 141 132 140 133 10
Sp. 5 108 130 140 132 140 130 13
Sp. 6 144 144 172 148 147 151 12
Sp. 7 128 136 148 148 148 142 9
Sp. 8 140 136 134 105 - 129 16
Mean: 140 15

t-test plain /ii/ and emphatic /ii/: t=0.753, n.s.

5) Plain long /uu/.
Token 1 2 3 4 ) X sD
Sp. 1 133 142 156 146 144 144 8
Sp. 2 165 203 180 184 ~ 18 17
Sp. 3 i76 178 165 192 176 177 10
Sp. 4 128 136 126 159 154 141 15
Sp. S 190 - 172 198 194 189 11
Sp. 6 - 140 120 110 152 131 19
Sp. 7 176 154 184 158 186 172 15
Sp. 8 144 120 152 132 126 135 13
Mean 159 24
6) Emphatic long /uu/.
Token 1 2 3 4 5 X sD
Sp. 1 136 139 146 158 150 146 9
Sp. 2 - 176 196 194 - 189 11
Sp. 3 152 152 180 192 188 173 19
Sp. 4 132 133140 128 135 134 4
Sp. 5 192 218 160 168 165 181 24
Sp. 6 128 - 126 126 106 122 10
Sp. 7 182 - 163 151 179 169 14
Sp. 8 148 144 150 128 130 140 10
Mean: 157 24

t-test plain long /uu/ and emphatic long /uu/: t=1.177, n.s.
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7) Plain short /a/.

Token 1 2 3 4 5 X SD
Sp. 1 104 110 96 - 112 106 7
Sp. 2 99 98 100 104 - 100 3
Sp. 3 75 74 74 68 79 74 4
Sp. 4 89 102 108 101 - 100 8
Sp. 5 79 86 68 81 92 81 9
Sp. 6 85 g2 70 79 84 80 6
Sp. 7 108 126 116 - 126 119 9
Sp. 8 - 103 111 100 SO0 101 9
Mean 95 15
8) Emphatic short /a/.
Token 1 2 3 4 5 X SD
Sp. 1 88 89 98 101 104 96 7
Sp. 2 90 100 g4 98 398 96 4
Sp. 3 94 72 75 78 75 79 9
Sp. 4 76 114 -~ 106 116 103 19
Sp. S 88 94 85 92 80 88 6
Sp. 6 100 96 88 92 95 94 4
Sp. 7 - 120 102 104 - 109 10
Sp. 8 94 - - 97 97 86 _2.
Mean: 95 9

t-test short plain /a/ and short emphatic /a/: t=0.000, n.s.

9) Plain short /i/.
Token 1 2 3 4 5 X sD
Sp. 1 61 67 58 69 73 66 6
Sp. 2 74 81 80 82 89 81 5
Sp. 3 60 61 54 63 56 59 4
Sp. 4 77 67 76 84 88 78 8
Sp. S 72 60 62 61 72 65 6
Sp. 6 61 69 57 68 65 64 5
Sp. 7 86 82 92 82 93 87 6
Sp. 8 85 75 84 75 - 80 6
Mean: 73 10
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10) Emphatic short /i/.

Token 1 2 3 4 5 X SD
Sp. 1 66 68 64 77 69 69 5
Sp. 2 94 80 94 78 - 87 9
Sp. 3 66 60 67 64 66 65 3
Sp. 4 83 94 - 92 88 89 5
Sp. 5 - - - - - - -
Sp. 6 83 94 - - 94 90 6
Sp. 7 - - - - - - -
Sp. 8 76 78 81 80 81 79 _2
Mean 80 11

t-test plain short /i/ and emphatic short /i/: t=2.206, n.s. 5
d.f.

11) Plain short /u/.

Token 1 2 3 4 5 X sD

Sp. 1 72 86 8 S6 g2 86 S
Sp. 2 82 80 88 89 98 87 7
Sp. 3 78 69 66 65 69 69 5
Sp. 4 - 94 102 100 102 100 4
Sp. 5 76 76 78 76 80 77 2
Sp. 6 100 82 96 103 88 94 9
Sp. 7 88 80 75 64 75 76 9
Sp. 8 88 103 89 84 89 91 wa
Mean: 85 10

12) Short emphatic /u/.

Token 1 2 3 4 5 X sD

Sp. 1 82 84 78 96 100 88 9
Sp. 2 86 88 94 98 100 93 6
Sp. 3 67 64 60 65 61 63 3
Sp. 4 60 84 89 104 92 86 16
Sp. S5 72 72 65 74 74 71 4
Sp. 6 78 86 88 91 80 85 5
Sp. 7 80 68 62 - 84 74 10
Sp. 8 84 104 78 82 76 85 11
Mean: 80 1

t-test short plain /u/ and emphatic short /u/: t=1.971,n.s.
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TABLE 3

Duration of vowels and intervocalic consonants in disyllabic words in
milliseconds.

Three tokens of each speaker, mean and standard deviation.

Five degrees of freedom, unless otherwise stated.

1) aa-t

Token 1 2 3 X SD
aa t aa t aa t aa t aa t
Sp. 1 144 80 148 88 144 96 145 88 2 8
Sp. 2 162 99 160 82 152 92 198 95 5 5
Sp. 3 162 88 168 96 172 86 167 90 5 5
Sp. 4 118 B2 136 80 108 76 120 79 3 14
Sp. 5 160 92 144 96 140 80 148 89 11 8
Sp. 6 166 72 174 76 162 68 167 712 6 4
151 86 18 8

2) aa-d

Token 1 2 3 X SD
aa d aa d 8aa d as d aa d
Sp. 1 136 68 144 60 148 60 143 63 6 5
Sp. 2 188 60 176 68 172 68 179 65 8 5
Sp. 3 170 72 168 64 168 54 167 63 1 9
Sp. 4 130 65 152 60 130 60 137 62 13 3
Sp. 5 160 92 144 96 140 80 148 89 i1 8
Sp. 6 152 52 144 60 146 56 147 56 4 4.
i56 66 i6 11

t-test long /aa/ before /t/ and /d/: t=-0.776, n.s.
t-test t/d after long /aa/: t=4.677, p<0.01.

3) a-tt

Token 1 2 3 X SD
a tt a tt a tt a tt a tt
Sp. 1 84 168 92 168 88 176 88 171 4 15
Sp. 2 84 126 97 105 80 103 87 111 g 13
Sp. 3 92176 92 212 96 206 93 198 2 19
Sp. 4 88164 78 142 70 142 79 149 g 13
Sp. 5 104172 92 172 92 160 96 168 7 7
Sp. 6 82152 94 188 86 142 87 161 6 24
88 160 6 29
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Token 1

a dd
Sp. 1 88 144
Sp. 2 95132
Sp. 3 94 182
Sp. 4 03116
Sp. 5 120 168
Sp. 6 80 168

t-test short /a/ before tt/dd: t=-1.181, n.s.

a
88
88
84
92

4)

dd
156
132
202
114

a

92 144
108 154

102
82

104 164

a-dd

3

dd

186
106

74176

a
89
97
93
89
112
77
93

dd
148
139
190
112
166
172
155

t-test tt/dd after short /a/: t=0.544, n.s.

Token 1

a t
Sp. 1 B84 84
Sp. 2 100 90
Sp. 3 88108
Sp. 4 80 92
Sp. 5 100 96
Sp. 6 88 78
Token 1

a d
Sp. 1 88 58
Sp. 2 110 40
Sp. 3 110 62
Sp. 4 84 60
Sp. 5 - -
Sp. 6 82 68

t-test short /a/ before /t/and /d/: t=-2.144, n.s.
t-test t/d after short /a/: t=8.300, p<0.001

a
88
96
98
78
112
78

a
96
92
102
96
92
88

5)

t
88
82
g0
80
88
68

6)

d
52
48
65
62
56
56

a
65
88
92
75
112
78

a
92
102
92
80
114
78

a-t

3

t
88
84
106
94
88
78

a-d

d
52
66
68
58
90
52

100

a
79
85
93
78

81
89

a
92
101
101
87
103
83
95

>

t
87
85

101

87
93
75
88

d
54
51
65
60
73
59
60

a
2

4

SD

dd
.
13
10
5]

6

12 28

NoduwWwraoNno
w
<

—_

VU1 O NN ~

)
<o

SOV YLD

N
mlCD.bN(A(ALD-



7) ii-t

Token 1 2 3 X SD
ii t ii t ii t ii i ii t
Sp. 1 148 108 142 98 124 110 138 105 13 7
Sp. 2 152 97 148 111 138 Q6 146 101 6 9
Sp. 3 148 88 148 100 156 Q2 151 93 5 6
Sp. 4 136 86 158 82 160 94 151 88 13 5
Sp. 5 148 108 138 96 128 102 138 102 10 6
Sp. 6 161 92 184 104 188 83 178 93 15 11
150 97 15 7

8) ii-d

Token 1 2 3 X SD
ii d ii d ii d ii d ii d
Sp. 1 122 80 136 64 136 76 131 73 8 8
Sp. 2 148 64 156 72 140 76 148 71 B8 6
Sp. 3 160 42 152 56 168 44 160 47 8 8
Sp. 4 142 60 146 66 165 38 151 55 12 13
Sp. 5 165 66 136 76 130 64 144 67 19 6
Sp. 6 162 68 168 76 152 52 161 63 8 12
149 63 11 10

t-test long /ii/ before /t/ and /d/: t=0.301, n.s.
t-test t/d after long /ii/: t=13.103, p<0.001,

9) i-tt
Token 1 2 3 X sD
i tt i tt i tt i it i ottt
Sp. 1 80156 76 156 80 144 79 152 2
Sp. 2 76148 64 172 68 164 69 161 6 12
Sp. 3 76176 72 192 82204 77 191 5 14
Sp. 4 84170 76 176 72162 77 168 6 8
Sp. 5 80170 80 164 82 158 81 164 1 6
Sp. 6 74158 82 180 72160 76 166 5 12
77167 4 13
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10)

Token 1 2

i dd i dd
Sp. 1 84148 64 156
Sp. 2 80152 72 148
Sp. 3 80144 80 136
Sp. 4 84154 82 156
Sp. S - - 108 188
Sp. 6 66166 68 172

i dd

72172
68 156
80 160
84 148
96 172
70 176

>

i dd

73 159
73 152
80 146
83 151
102 180
68 171
80160

t-test short /i/ before tt/dd: t=0.789, n.s.
t-test tt/dd after short /i/: t=0.798, n.s.

11)

Token 1 2
i t i t
Sp. 1V 92 78 74 77
Sp. 2 74 84 68 92
Sp. 3 82 92 84 88
Sp.4 78 92 86 80
Sp.5 70 88 88 80
Sp. 6 66 70 886 70
12)

Token 1 2
i d i d
Sp.t 76 72 80 74
Sp. 2 78 56 86 58
Sp. 3 - - 88 52
Sp.4 84 50 98 56
Sp. S 86 70 82 76
Sp. 6 74 72 64 72

t-test short /i/ before /t/ and /d/: t=1.742, n.s.

i-t
3

i t
83 80
76 82
82 98
88 90
82 92
64 74

i-d

i d
88 60
94 52
g0 32
84 80
68 80

>

i t
83 78
73 86
83 93
83 87
80 86
2 71
79 84

i d
81 69
86 55
89 42
86 53
87 75
67 75
84 62

t-test t/d after short /i/: t=2.673, p<0.05
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13) uu-t

Token 1 2 3 X SD
uu t uu t  uu t uu t uu t
Sp. 1 128100 140 108 132 g2 133 100 6 8
Sp. 2 128 108 128 88 132 88 129 95 2 12
Sp. 3 136102 118 100 142 114 132 105 12 8
Sp. 4 152 88 144 84 142 96 146 91 5 8
Sp. 5 144 90 112 100 108 86 121 92 20 7
Sp. 6 142 76 140 76 156 80 146 77 10 2
135 83 13 10

14) uu-d

Token i 2 3 X SD
uu d uu d uu d uu d uu d
Sp. 1 166 60 152 56 168 64 162 60 9 4
Sp. 2 160 64 142 52 142 56 148 57 10 6
Sp. 3 156 48 164 46 166 56 162 50 5 5
Sp. 4 156 64 158 64 142 65 152 64 9 1
Sp. 5 172 76 156 76 184 84 171 79 14 5
Sp. 6 - - - - 152 72 152 72 = -
158 64 9 10

t-test long /uu/ before /t/ and /d/: t=-3.407, p<0.05
t-test t/d after long /uu/: 1=3.928, p<0.05

15) u-tt

Token 1 2 3 X SD
u tt u it u it u tt u it
Sp. 1 92176 76 165 72176 80 172 11 6
Sp. 2 80 170 72 160 86 166 79 165 7 5
Sp. 3 - - - - - - - - - -
Sp. 4 - - - - - - - - - -
Sp. 5 100 163 102 180 88 160 97 168 8 11
Sp. 6 72 188 80 166 77 162 76 172 4 14
83169 4 3
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152]
b=l
U DUWUN —

1

u dd
84 168
87 150
92 134
88 142
86 160
60 182

16)

u dd
78 180
76 164
74 148

116 157
60 154

u-d

3 X
u dd u dd
80 172 81 173
80 154 81 156
76 156 84 145
88 156 83 149
96 167 102 161
56 160 57 165
81158

t-test short /u/ before tt/dd: t=0.530, n.s.
t-test tt/dd after short /u/: 1=2.480, n.s.

Token

wn
-
DU D UN —

Token

w
w
DUDNWN -

u t
84 88
80 92
86 84
88 76

82 84

u d
84 64
90 46
96 44
98 54

100 108
60 66

17)

2
u t
80 93
84 88
80 80
96 84
80 72
18)

2
u d
92 60
86 56
100 52
106 56
104 96
58 76

u-t
3 X
u t u t
96 76 87 86
84 86 83 89
90 82 89 82
92 80 92 80
92 80 85 79
87 83
u-d
3 X
u d u d
86 50 87 58
80 56 85 53
108 60 {01 52
100 60 101 57
88 96 g7 100
50 72 56 71
87 65

t-test short /u/ before t/d: 1=0.165, n.s.
t-test t/d after short /u/: t=4.020, p<0.05

104

%2]
o

ANNO—_OWECS
. — (=W
NU~NO N

o

152]
o

W I NN O S
Ao I RN WO~

~NUioprhoUl e
%
e
DN N NN



Token

ee
Sp. 1 144
Sp. 2 148
Sp. 3 160
Sp. 4 176
Sp. 5 168
Sp. 6 154
Token

00
Sp. 1 160
Sp. 2 164
Sp. 3 156
Sp. 4 176
Sp. 5 164
Sp. 6 152

d

o]
“

S6
52
54
52
60

44
48
48
54
58
56

ee
152
152
156
180
156
152

00
144
146
160
174
160
168

19)

48
64
56
30
60
72

20)

56
64
48
48
62
52

ee d
140 72
148 56
172 56
170 52
176 72
182 52

00-d

00 d
152 28
146 56
152 52
162 52
150 56
158 41
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ee
145
149
163
175
167
163
160

00
152
152
156
171
158
139
158

57
59
55
45
61
61

56

43
56
49
51

59
S0
51
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TABLE 4
FORMANT ONSET FREQUENCIES

Mean of three tokens for each speaker, grand mean and standard
deviation for nine speakers.

1) /aa/
cvvce cvvce CVVC
F1 F2 F3 F1 F2 F3 Fi F2 F3
Sp. 1 480 1740 2700 525 1210 2360 500 1205 2390
Sp. 2 510 1685 2725 575 1235 2925 585 11985 2935
Sp. 3 490 1760 2560 585 1115 2890 545 1085 2795
Sp. 4 475 1760 2515 515 1110 2515 525 1135 2445
Sp. 5 510 1785 2790 610 1375 2815 575 1415 2765
Sp. 6 475 1700 2490 500 1225 2500 500 1140 2475
Sp. 7 510 1660 2535 460 1015 2500 500 0985 2525
Sp. B 475 1840 2745 585 1205 2750 605 1125 -
Sp. 9 515 1700 2600 565 1020 2920 620 1115 2825
Mean: 495 1750 2630 545 1170 2685 550 1155 2645
17 83 112 49 {15 218 47 117 208
T-tests: CVVC-CVVC CvveC-cvvce CvvVvcC-gVvve
Fi ~-3.193 p<0.05 ~-3.789 p<0.01 -0.357 n.s.
F2 15.066 p<0.001 14013 p<0.001 0.632 n.s.
F3 -0.833 n.s. -0.506 n.s. 1.741 n.s.
2) /a/
cvce cvce gve
Fi F2 F3 F1 F2 F3 F1 F2 F3
Sp. 1 525 1640 2585 515 1235 2465 545 1200 2390
Sp. 2 535 1595 2740 600 1255 2840 5985 1185 2805
Sp. 3 655 1620 2580 565 1075 2800 505 1145 2835
Sp. 4 545 1515 2495 575 1180 2510 575 1075 2490
Sp. 5 560 1650 2705 620 1340 2720 565 1375 2810
Sp. 6 500 1585 2500 455 1080 2445 500 1130 2395
Sp. 7 570 1380 2495 525 1100 2600 535 1080 2560
Sp. 8 600 1715 2700 575 1175 2725 565 1080 -
Sp. 9 705 1670 2620 725 1200 2830 785 1165 2875
Mean: 575 1595 2605 575 1185 2660 575 1160 2645
SD 66 99 96 76 87 158 85 893 207
T-1ests: cvCc-cvC CvC-CVv( GCvCc-cve
F1 0.071 n.s. 0.124 n.s. 0.106 n.s.
F2 12.152 p<0.001 12.274 p<0.001 1.163 n.s.
F3 -1.461 n.s. -0.949 n.s. (7 df) 0.313 n.s. (7 df)
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3) [/ii/

cvve cvvce GVVG

Fi F2 F3 FI  F2  F3 FI F2  F3
Sp. 1 290 2250 2900 305 1765 2625 285 2020 2605
Sp. 2 260 2525 3065 315 2360 2910 290 2040 2765
Sp. 3 285 2210 2815 310 1875 2710 295 1915 2620
Sp. 4 310 2200 2940 335 {750 2665 295 1760 2455
Sp. 5 335 2200 3165 390 2125 3015 340 2040 3015
Sp. 6 300 1990 2765 365 1785 2490 300 1860 2440
Sp. 7 335 2310 3000 335 1900 2540 375 1750 2500
Sp. 8 310 2210 3085 415 1730 2845 395 1960 2920

Sp. 9 290 2110 2775 390 1435 2425 400 1550 2435
Mean: 300 2225 2945 350 1860 2690 330 1875 2640

SD: 24 145 144 40 261 199 48 165 216
T-tests: cvvCc-cvve CvvC-cvve CVVC-CvVVve
F1 -4.042 p<0.01 ~-2.023 n.s. 1.966 n.s.
F2 5807 p<0.001 6.164 p<0.001 -0.310 n.s.
F3 6.953 p<0.001 7.263 p<0.001 1.826 ns
4) /i/
cvce cvce cveg

Fi F2 F3 F1 F2 F3 F1 F2 F3
Sp. 1 430 1905 2655 440 1420 2585 445 1520 2530
Sp. 2 365 1880 2720 445 1345 2895 400 1310 2860
Sp. 3 370 1915 2560 415 1440 2825 365 1775 2585
Sp. 4 460 1825 2520 475 1350 2545 450 1435 2455
Sp. 5 455 1935 2805 - - - 415 1855 2725
Sp. 6 465 1655 2405 460 1285 2280 430 1285 2385
Sp. 7 405 1935 2625 460 1365 2655 465 1490 2500
Sp. 8 395 2040 2740 465 1365 2300 435 1540 2780
Sp. 9 380 1805 2500 = - = 400 1375 2585
Mean: 415 1875 2615 450 1365 2585 425 1510 2600
SD: 40 108 129 20 51 236 31 185 157
T-tests cvc-cvece cvc-cve CvC-cve
(6 df.)
Fi1 -3.153 p<0.05 -0.783 n.s. 2.937 p<0.05
F2 14271 p<0.001 6.914 p<0.001 -2.438 n.s.
F3 0.231 n.s. 0.447 n.s. -0.016 n.s.
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5) /uu/

cvvce cvve cvvce
Fi F2 F3 Fi F2 F3 F1 F2 F3
Sp. 1 365 1150 2465 390 960 2535 335 Q975 2545
Sp. 2 325 1015 2535 310 835 2935 315 885 2920
Sp. 3 335 1335 - 350 965 2865 320 895 2600
Sp. 4 340 1310 2315 385 900 2550 295 835 2435
Sp. 5 385 1110 2275 385 1040 2250 390 1070 2515
Sp. 6 335 1015 2310 360 885 2550 325 890 2500
Sp. 7 385 1115 2290 400 990 2590 390 895 2775
Sp. 8 425 1120 2460 420 870 2940 400 840 2980
Sp. 9 320 1150 2320 345 1080 2320 420 885 -
Mean: 355 1145 2370 370 845 2615 355 910 2660
SD: 35 112 99 33 82 252 45 73 206
T-tests: CVVC-GVVC CvvVC-CVV(C CvvC-CVvVve
F1 -2.349 p<0.05 0.200 ns. 1.129 n.s.
F2 4879 p<0.01 4,854 p<0.01 1.548 n.s.
F3 -3.263 p<0.05 (7df)~-4.343 p<0.01(6df) ~0.117 n.s. (7 df)
6) /u/
cvce cve cve
Fi F2 F3 F1 F2 F3 F1 F2 F3
Sp. 1 430 1215 2445 450 1045 2455 455 1115 2390
Sp. 2 415 1140 2755 365 1000 - 455 1005 -
Sp. 3 315 1120 - 385 870 - 380 975 -
Sp. 4 415 1215 2365 455 940 2480 440 935 2490
Sp. 5 385 1115 2400 405 925 - 385 1055 -
Sp. 6 460 1175 2300 460 1000 2430 405 1020 2540
Sp. 7 385 1155 2375 445 925 - 460 1000 2565
Sp. 8 420 1325 2295 425 985 2620 430 970 -
Sp. 9 400 1195 2445 405 1035 - 415 1000 =
Mean: 405 1185 2420 420 970 2495 425 1010 2495.
SD: 40 65 146 34 58 85 29 52 77
T-tests: cvc-cvce CVvC-gVvC CVC-GVC
F1 -1.486 n.s ~-1.647 ns 0.329 n.s.
F2 9.931 p<0.001 5.800 p<0.001 -1.008 ns.
F3 -2208 n.s.(3df) -1939 ns.(3df) -0.362 ns.(2df)
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cvvce
Fi F2 F3
Sp. 1 325 1925 2735
Sp. 2 315 1900 2785
Sp. 3 365 1925 2535
Sp. 4 375 1840 2540
Sp. 5 360 1985 2885
Sp. 6 340 1735 2415
Sp. 7 400 1975 2565
Sp. 8 360 2000 2810
Sp. 9 330 1820 2500
Mean: 350 1900 2640
SD: 27 88 164
T-test: cvvcec-cvve
F1 -8.843 p<0.001
F2 4200 p<0.01
F3 -1.615 ns.
9)
cvvce
Fi F2 F3
Sp. 1 435 1310 2500
Sp. 2 415 1265 -
Sp. 3 440 1315 2175
Sp. 4 435 1300 2310
Sp. 5 385 1270 2390
Sp. 6 410 1365 2425
Sp. 7 465 1365 2490
Sp. 8 415 1355 2500
Sp. 9 365 1320 2090
Mean: 420 1320 2360
SD: 30 38 156
T-test cCvvC-CcvVvce
F1 1.294 n.s.
F2 15.135 p<0.001
F3 -2.286 n.s. (6 df)

7)

/ee/

cVve
FI  F2 F3
400 1785 2650
400 1625 2865
425 1790 2690
465 1625 2575
400 2000 2900
415 1485 2465
435 1615 2615
405 1805 2800
375 1220 2525
415 1660 2675
26 223 151

[i-e]l, CVC
2.074 n.s.
3.987 p<0.01
1.699 n.s.

/o00/

cvvce
FiI  F2 F3
435 1010 2440
415 935 2910
400 1040 2800
390 915 2540
400 1000 2590
410 975 2475
415 1050 2525
440 1085 -
355 860 2760
405 985 2630
25 72 171

[u-o], CVC
-2.436 p<0.05
-5.043 p<0.01

0516 ns. (6 df)

109

8) [e]
CvVvC
F1 F2 F3
385 1765 2665
325 1800 2735
385 1835 2570
375 1725 2475
390 1855 2735
325 1655 2420
450 1670 2475
395 1860 2660
350 1775 2500
375 1770 2580
39 76 120
10) [o]
cvce
F1 F2 F3
465 1205 2400
415 1265 2535
425 1210 2350
470 1285 2320
420 1205 2650
425 1295 2325
500 1260 2415
435 1435 -
435 1420 2215
445 1285 2400
29 87 136



TABLE 5
FORMANTS, CENTER FREQUENCIES

Mean of three tokens for each speaker, grand mean, standard deviation and
t-tests

1) /aa/

cvvce GvvCe GVVE
F1. F2 F3 F1 F2 F3 F1 F2 F3

Sp. 1 540 1740 2660 600 1050 2360 575 1095 2325
Sp. 2 650 1740 2740 615 1090 2950 645 1115 2935
Sp. 3 585 1825 2585 615 1040 2795 620 1055 2740
Sp. 4 565 1840 2510 600 1025 2560 605 985 2380
Sp. 5 560 1760 2740 615 1185 2825 615 1215 2685
Sp. 6 505 1650 2500 550 1160 2465 540 1085 2415
Sp. 7 565 1785 2500 585 975 2725 570 935 2440
Sp. 8 555 1945 2740 730 1125 2765 640 1125 -

Sp. 9 730 1715 2640 700 1065 2825 765 1180 2815
Mean: 585 1780 2625 625 1080 2695 620 1090 2590

SD: 67 85 104 56 67 193 64 88 229

T-tests: cvvC-cvve cvveCc-gvve CVVC-CVvVC
F1 ~1.935 ns. -4.097 p<0.01 0.278 n.s.
F2 17.726 p<0.001 15.480 p<0.001 -0.445 n.s.
F3 -1.296 n.s. 0.358 n.s. (7 df) 2.800 p<0.05 (7df)
2) /a/
cvcC cvec CvCeC

F1 F2 F3 F1 F2 F3 F1 F2 F3

Sp. 1 555 1595 2560 585 1185 2440 585 1160 2360
Sp. 2 595 1625 2735 645 1275 2845 660 1195 2805
Sp. 3 620 1520 2565 645 1075 2885 575 1140 2875
Sp. 4 660 1495 2475 660 1085 2500 675 1085 2515
Sp. 5 565 1715 2785 640 1340 2735 565 1295 2780
Sp. 6 515 1550 2575 555 {075 2410 605 1115 2395
Sp. 7 650 1440 2500 600 1145 2680 600 1120 2490
Sp. 8 645 1675 2695 635 1125 2755 595 1155 -
Sp. 9 730 1650 2660 765 1245 2835 760 1135 2925
Mean: 615 1585 2615 635 1170 2675 625 1155 2645
SD. 65 90 107 59 96 182 63 61 227
T-tests cvec-gvce CVC-CVC gcve-gve
F1 -1.765 n.s. -0.559 n.s. 0.884 ns.
F2 16.880 p<0.001 20.875 p<0.001 0.877 ns
F3 -1.145 n.s. -0.560 n.s. (7 df) 0.770 n.s. (7 df)
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3) [/ii/

cvvce cvve CYVE
F1 F2 F3 F1 F2 F3 F1 F2 F3

Sp. 1 265 2300 2900 300 2125 2650 300 2150 2630
Sp. 2 260 2685 3115 265 2500 2965 255 2405 2815
Sp. 3 290 2360 3025 310 2110 2850 295 2215 2725
Sp. 4 325 2385 3115 315 2200 2865 295 2180 2680
Sp. 5 315 2240 3240 350 2275 3115 335 2200 3115
Sp. 6 315 2085 2815 340 2000 2590 350 2015 2485
Sp. 7 325 2460 3200 315 2290 2665 365 2210 2750
Sp. 8 310 2550 3275 360 2405 2995 375 2325 3045
Sp. 9 250 2235 2955 335 2240 2925 360 2125 2740

Mean: 295 2365 3070 320 2240 2845 325 22002775
SD: 30 181 159 29 153 178 41 112 196

T-tests: CvVvC-CVVC cvvec-cvvg cvveC-CcVvVVve
Fi -2.595 p<0.05 -2.246 n.s. -0.580 n.s.
F2 4.065 p<0.01 5.888 p<0.001 1.480 ns.
F3 4814 p<0.01 8.583 p<0.001 2.079 ns.
4) /i/
cvceC cvC cve

F1 F2 F3 F1 F2 F3 F1 F2 F3

Sp. 1 455 1885 2605 445 1385 2575 465 1505 2500
Sp. 2 380 1930 2495 475 1395 2890 425 1315 2855
Sp. 3 410 1935 2590 445 1530 2855 365 1810 2630
Sp. 4 475 1845 2525 485 1435 2535 455 1520 2465
Sp. 5 465 1955 2810 - - - 405 1825 2720
Sp. 6 485 1725 2480 485 1410 2345 440 1305 2395
Sp. 7 425 2010 2680 515 1455 2605 495 1575 2495
Sp. 8 425 2085 2775 460 1345 2340 445 1560 2785
Sp. 9 400 1865 2535 = - = 430 1425 2535
n

14351915 2610 475 1420 2590 435 1540 2600
SD: 36 103 123 25 59 218 37 186 157

T-tests: CvC-CcVC CVC-CVC cvC-CcVvCe

F1 -2.306 n.s.(6df) -0.037 n.s. 2.644 p<0.05 (6df)
F2 9531 p<0.001 (6df)6.904 p<0.001 -1.694 n.s. (6 df)
F3 -0.021 n.s. (6 df) 0.203 n.s. 0.035 n.s. (6 df)
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5) /uu/
cvvce cvve cvvg

Fi1 F2 F3 F1 F2 F3 F1 F2 F3
Sp. 1 285 840 2435 310 810 2570 300 855 2505
Sp. 2 290 755 2650 300 710 2965 300 725 2970
Sp. 3 295 675 - 300 665 - 310 710 2700
Sp. 4 295 870 2310 330 B30 2420 310 875 2485
Sp. 5 310 790 - 355 780 - 325 775 -
Sp. 6 310 870 2280 310 810 2580 305 820 2565
Sp. 7 315 750 2335 355 790 - 375 820 -
Sp. 8 345 780 - 360 720 - 380 765 -
Sp. 9 290 785 2225 340 785 360 830
Mean: 305 790 2375 330 765 2635 330 795 2645
SD: 17 63 153 25 55 233 33 57 198
T-tests: CVVC-CVVC CvvCc-cvve
F1 -4.082 p<0.01 -3.107 p<0.05 -0.090 ns.
F2 2.213 ns. ~0.520 n.s. -4.756 p<0.01
F3 ~4,001 p<0.05(3 df)-3.750 p<0.05(3 df) 0.093

6) /u/
cve cvc CvC

Fi F2 F3 F1 F2 F3 Fi F2 F3
Sp. 1 425 1180 2360 465 995 2445 485 1085 2340
Sp. 2 435 1120 2795 420 1000 - 475 960 -
Sp. 3 355 1235 - 440 930 - 415 945 -
Sp. 4 425 1025 2400 455 890 2465 465 880 2450
Sp. 5 405 1045 2475 425 965 - 435 985 -
Sp. 6 480 1125 2310 485 995 2465 435 1025 2500
Sp. 7 375 1010 2395 485 825 - 475 995 2555
Sp. 8 425 1265 2300 435 915 2660 460 955 -
Sp. 9 410 1095 2390 440 965 - 435 875 -
Mean: 415 1120 2430 450 940 2510 455 965 2460
SD: 36 90 158 24 58 101 24 66 92
T-tests: CVC-CVC CVC-CcVC CvC-CcVvC
F1 -2.662 p<0.05 -2.975 p<0.05 -0.104 ns.
F2 5982 p<0.001 4597 p<0.01 -1.028 ns.
F3 -2.466 n.s. (3df) =-1949 n.s. (3 df) 0.692

CVVC-GVVG

n.s. (3 dr)

n.s. (2 df)



F1
390
350
365
425
365
385
415
355
410

: 385

SD: 28
T-tests:
Fi
F2
F3

F1
Sp. 1 435
Sp. 2 390
Sp. 3 400
Sp. 4 425
Sp. 5§ 400
Sp. 6 385
Sp. 7 410
Sp. 8 405
Sp. 9 390
Mean: 405
SD: 17
T-tests:
Fi
F2
F3

7) /ee/

cvvce
F2 F3 F1
2125 2765 400

2415 2860 375
2275 2750 415
2165 2735 460
2235 3115 365
1900 2510 425
2310 2760 450
2400 2975 395
2115 2755 420
22152800 410

161 169 32
cvvc-cvve
-4811 p<0.01
3.396 p<0.01
3.371 p<0.01
9)/00/
cvvce
F2 F3 F1
985 2415 43S
860 - 415
850 - 375
B30 2265 400
810 2450 385
935 2390 410
850 2515 425
905 - 375
815 2465 365
880 2415 400
57 86 25
cvvCc-cvve
0.806 n.s.
2.074 n.s.

-3.904 0.05 (5 df)

8) el
cvvce cve
F2 F3 Fi F2
2040 2660 465 1825
2300 2865 380 1960
2190 2790 440 1930
1985 2610 475 1845
2190 3000 435 1925
1875 2485 420 1745
1960 2690 495 1885
2245 2880 420 2050
2100 2635 390 1915
2100 2735 435 1895
143 161 38 87
[i-e], CVC
0.000 n.s.
0.974 n.s.
-0.770 n.s.
10) o]
cvve cve
F2 F3 F1 F2
910 2440 495 1215
825 3025 425 1195
890 2600 415 1025
835 2490 495 1185
785 2625 405 1060
925 2490 465 1195
810 2875 480 1010
785 - 445 1210
835 2755 410 1175
845 2665 450 1140
52 207 36 84
[u-ol, CVC
-2.298 ns.
-0.541 ns.
1.027 n.s. (6 df)

F3
2680
2780
2600
2535
2800
2465
2485
2820
2395
2640
136

F3
2285
2655
2340
2240
2600
2245
2435
23990
2400
157
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