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I. INTRODUCTION

1.1 The Arabic language and the EggptiEn Arabic di6lect

The term Arsbic covers a lsrge spectrum of linguistìc varisti0n
within E vast ôrea in North Afrìc6 and West Asia. The Qur?ãn and the
form of Arsbìc it represents, mEnilested in a Vsst and diverse liters-
ture, hes ElwaUs Þeen the object of sn intense linguistic jnterest, first
of all from Arab schol6rs of course, but soon enough from m0ng 0thers
of different nstionalities. The linguistic interest in AraÞic is thus bU

no means s modern phenomenon, but dates bsck to the HolU Book itself
and the work to edit sn authorized version of it under the third Caliph
lUlhma-n (644-56). Soon thereafter a number of sciences relsted to the
Qur?a-n flourished. TheU included grEmmEr, lexicographg and others
intended to preserve and enh€nce the understEnding of the messsge 0f
the Qur?ãn. Later incentives to linguistic studies during the
establishment of the v8st empire YYere of 6 poììtical, administrative
End commerciEl kind.

This formidable \York of transforming the spoken lenguage of
mostlg nomôdic tribes in the ArsbiEn peninsula into the wri tten 6nd

spoken means of communicEtion from the Pgrenees to Persia snd ÞeU0nd

was meinlg perlormed durìng the first centuri es of lslom. Th€ peri 0d

from the 7th to the loth centurg csn be regarded ss s golden sge 0f
Arsbic ìinguistic science. For a more detailed surveU of this period, see

Chejne (1969). The outcome of this activitU cEme to prescribe, up to the
present dEU, how pure Arabic, "fuçh6-', should be spoken ônd written.
This kind of Arabic is still the current meôns of communication Ell over
the Arob world ônd is the prestigious form of the Isngusge necess6rg t0
know for EnUone who wants to studU the rich cultural heritsge 0f the
lsl6mic world. lt is grammaticallU int€ct, but has underg0ne En

enormous expansion in its vocaÞul6rU during the Iast centuru, snd hEs

been influenced bg the introduction of modern science, Eur0pe€n
literarU genres and journalism (Honteil 1960, Hamzaoui 1965,
Stetkevgch 1970, Kropfitsch 1978). A current English term for todag's
fushõ is (llodern) StandErd Arsbic.

It should also þe remembered that Arebic is the holU lEngusge 0f
all lloslems, regsrdless ol n€tionôlitg. lt has further had an en0rmous
impact on the lEngusges of countries \Yhich once Þelonged to the ArEb
empire or otherwise have been in close contsct with it. Persion is one

exampìe of a language which h8s jncorporsted lsrge parts of the Ar8bic
vocsbulsru. Sv/6hili is a Eantu lengusge which h8s borrowed he€vilU
from Arabic during centuries of commercisl contôcts.

The ArEbic lenguage End its lite16ture hss Þeen studied for
centuries in Europe and has lEtelU rgceived 8n intensilìed interest.

Beside the fuqha-, however, there hsve slwôUs existed a large
number of vernaculsrs, differing on alì levels of grammaticsl structure
Þetween themselves to the point of mutual unintelligìbilitU in the
extreme cEses, and vis-s-vis fushô-. Descriptions of the so c8lìed
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diglossis Ere found in e.g. Altome (1969), Diem ( 1974) and Tatmoudi
(.l984). These verneculars, or dielects, Ere the true mother tongues of
alI AraÞs. Theu are spoken forms of Arsbic onlg, snd have with few
exceptions, mosilu dsting from modern times, never been used for
written communicEtion. Theg have litile prestige in compsrison with
fusha- and are often considered to be degenerate snd corrupt forms of
ArEbic bu literate snd illiterate speakers alike. Diem (1974,3,r) gives a
long list of Arabic pejorstives, which label the dielects Es inferior
f0rms of speech in comparison to fuqhs-. Theg hsve therefore been and
are still the object of numerous €ttempts to "correct" them. There are
for exempìe en impressive number of works intended for mEss circula-
tion and dedicsted to the eradication of words snd grammEtical con-
structions considered to be irreconcilsbìe with fughs-, (Diem 1974:6).
while the linguistic interest in the Arab world is môinlg focussed on
fuqhõ and the cl€ssicsl liter8ture, E lot of work on thó dislects bu
netive speskers hôve been done abroad.

For a linguist these dialects are Ettr8ctive End fsscinating from
severaì points of view. From s linguistic point of view theu are lull-
fledged lsngusges and of course in no wag less suitable thsn fuqhõ to
serve Es € means of c0mmunicEtion. Theu sre highlg livjng, giving direct
access to 6 speech communitu, to its literote and illiterete members
slike.

The Arabic dialects are usuaììg divided into 6n Eastern €nd a
western group. This pErtition was originallu done bg Arêb scholsrs in
the lliddìe Ages, \ryho noted the linguistic differences between Esst snd
west and the 6ffinities between the diElects in these perts of the
empire. As earlu as the ninth centurg the geographer EI-lluqaddEsT
remarked thEt western dislects were not easilg understood Þu sn Ar8Þ
from the Esst (Bskalla l9B4;89).The differences are found on all levels:
phoneticallg, morphoìogicallg, sgntacticEllU snd ìexicallg. As en
exEmple one can mention the common phenomenon of reduction of short
vowels in the HEghrib, En are8 including llorocco, Algeria and runisia.
short /e/ and /i/ hEVe merged into /a/, and most dialects thus have
0nlu t\yo short vowels. short vowels in open su'l lsbles h€ve been com-
pleteìU lost. Willms (1972) reckons with onlU one short vowel: /al.
sglleble structures end stress patterns have been greailu sffected in
the process. The western diElects heve aìso borrowed neavitg from sur-
r0unding Berber lEnguages, Es well ss from French end spanish during
the lsst centuru, one det6iìed'introduction to this dialectal eree ii
HErrell (1962), who describes lloroccan Arabic. Ass6d (1978) gives astill more deteiled description 0f the citU dislect of Tetuan.

A surveg of the diarects of the ArsÞisn peninsuìa is found in
Johnstone ( I 967). For some Bedouin dialects, see pslvE ( I 9SO, I 9S6).

ln the modern Ar8b worl d the EgUptian diElect, or more precise.l U,the dialect of the capital citg cairo, hss s speciôl position among the
vernEculErs. lt is generallg accepted, both jn East and west, ss E more
presti gi 0us disìect thEn the others (Fischer-JEstrow l960;20,22). This
linguistic importence of Eggpt hss sn historicaì explenation. csiro hss
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since its foundation in the tenth centuru, been one of the gre8t cities in
the ArEb wor'ld snd from the verU beginning it has been an outstênding
center of lslsmic learning, attrecting Iarge numbers of students. The
imÞortance of EgUpt and its diElect has been even more pronounced in
modern tìmes. One third of all spe€kers of Arabic live in Egupt. The
countrg has long been a ìeading Arsb nation in the politicsl, militerg
and educstionol fields. lts voice is widelU he8rd nowadags in mang
wags; through broadcasting,6 flourishing film industrg exporting its
populEr products in the EguptiEn diE¡ect snd through the presence of
hundreds of thousonds of guest workers of aìl professi0ns in otherAraÞ
countries. lt is also attrÊcting more Arob students and visit0rs from
abroad then ever before.

1.2. The phonological sUstem of Eggptian Arabic

1.2.1. Vowels ond diphthongs

The 6im of this investigstion is to provide e phonetic description
of the vowel sUstem of EgUpti0n ArEbic. Like 6ll Semitic lsnguages it
has relativelg few vowels, but offers nevertheless E number of
'i nteresting phonetic End phonological problems, some due to the much
discussed phenomenon of emphasis. There has s0 far been a general
agreement on the inventorg of vowel phonemes in Eggptian Arõbic, the
msin peculiaritg of which is the ôsummetricsl Ebsence of short mid
vowels. The long vowels form a five vowel sgstem, which is s shared
phonologicEì propertU of all dislects eôst of LibUa (Jastrow-Fischer
1980;56).

long vowels

ii uu

ee o0

EE

short vowel s

u

ô

According to some descriptions, for example Abdel-llassih
(1975;21) there are also short mid vowels, /e/ and /o/,bul according
to other sources, for example Fischer-Jastrow (1960;53), the sUStem
comprises onlU the three short vowels listed EÞove. This problem will
be discussed in chEpter 6.

As will Þe shown below it is'possible to find minim€l pEirs th6t
demonstrste the opposition between all long vov/els. Some contrasts
are rarelg used, however, snd minimEl pairs sre difficult to find. The
contrast /ii/:/eel is not veru common snd the opposition /uu/:/oo/
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seems to be even more rôre. A few exômples exist. /iil contrasts \ryith
/ee/ in /diin/, 'religion' and /deen/, 'debt'. /uu/ controsts with /oo/ in
/mool/ ,'death' end /muut/, 'diel'.

The opposition /ii/:/eel has an important morphological function
in differentiEting the mssculine dual ending /-een/ from the masculine
plursl ending /-iin/. considering the fEct that the overy/helming majo-
ritU 0f n0uns and ôdjectives tôkes broken plur6l lorms €nd plur€l for-
matjon bU suffixes is relEtivelU scErce, the contr8st is seldom used.

0pposition between short voweìs is in some coses hard to find.
Contrast between /i/ aní /u/ is for exsmple rare. Woidich (l 9EO) gives
a f ew exEmples: /?ulla/,'y/ster jar' contrasts with /?illa/,'lack', End
/gumaal/, 'beautiful', pl., contrasts with /gimaal/, 'cemels'.

The long mid-vowels have developed historicallg from sequences
0f vowel + glide: sU>ee End Ew>oo, (Fischer-Jastrow l9g0;53). Exsmples
of this process are /gagf/> /1eef /,'summer', /xagr/>/xeerl, 'goodness',
/lawn/>/loon/, 'colour' and /f awqa/>/f oo? /,'above'.

Eggptian Ar6bic 6lso hss three diphthongs, Iiw], Iaw] and IaU] as in
/gìwEìl/, 'he orrives', /legla/, proper n6me, 6nd /dawta/, 'noise'.

These diphthongs are found in ô number of isolsted words, parilg
from Stôndsrd Arabic. ln most cases theg Ere found in conjugated forms
of the verb, as in passive p8rticiples of weok verbs like /mawguud/, of
/wagod /,'to find', or active participles femininum singular of holìow
verbs like /fagla/, of /Jaal/, 'to carrg', or in present tense forms of
weak verbs, like /Uiwgil/, of /wigil/, 'to arrive'.

The following minimol sets illustrôte the phonemic status of long
End short vowels:

SEET

seer
suur
loon
liin
beeq
bii q

90om
9uum

'to walk'
'bel t'
'wall'
'colour'
'softness
'eggs'
'white' pl
'f a st'
'fEstl'

sôrr
sì rr
surr

'to pl ease
'secret'
'pl eEs e!'
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1.2.2. Consonants.

The consonant sUstem is as follows:

lsbisl dental paìatal velar uvular phargngeal glottaì

q

The consonant sgstem shows I numÞer of interesting characteris-
tics.one of them is the presence of emphatic consonants (see chapter 3
for discussion of emph8sis). Emphasis is denoted in the text bU the
sgmbol . (dot) under the conson8nts in question. Vowels in emphôtic
envir0nment are also denoted bU the sEme sgmbol on the f0rmEnt cherts
ìn chapter 5 on vowel qualitg.

The primarg place of Erticulation of the emphatic c0ns0nants is
sometimes described as dental, sometimes 8s slveolsr. Since 6 phs-
rUngeEì constriction is one ErticulatorU correl0te 0f emphssis it is pos-
sible thEt s certEin retr6ction ol the apex 0f the tongue foll0ws.
Gairdner (1925;15ff.) classifies the emphEtic consonEnts as ôlveolÊrs,
Es does Abdel-llEssih (1975;2). Hsrrell ( 1957;70) who psid specisl
attention to the question found no tongue retrÊcti0n during their
6rticulstion and consequentlg classifies them ss dent8ls.

None used õnU experimental meth0ds to decìde the môtter.
Marçais (1948;10f) used palstograms End X-rôU pictures for E

studg of an Algerian dialect. The palatograms sh0w E t0ngue retrscti0n
for emphstic /l/ oî about I millimeters, which makes it alveolar. The
tracings of the tongue, Þ6sed on X-rag pictures, als0 sh0w tongue
retraction for emphatics.

GhEzeli (1977;76) found a practicallg identicel vocal tr8ct con-
figurstion for plain and emphatic consonant pairs on X-rag pictures
regarding the primarg Þlace of articulation. He could notice a slight
difference in the position of the 6pex of the tongue Y/hich was usuEllU a

little more retrected for the emphotics. He could not connect this smsll
difference in articulEtion with EnU noticable scoustic consequences.

ln view of the lsck of experimental data for Eggptian Arabic the
emphstics are listed here Es dentEls Ecc0rding t0 H6rreì1.
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f
td
sz
!q
9?
n

l
r

kg
XY I

?

h

m

u



There is an unusuollg large number of fricstives (Norlin 1983) and
the back places of articulation are used extensivelg. A bilabiEl
voiceless stop is absent.

1.5. Sgllables and sUllable structures

The sullable structures Ere limited in number and restricted to
five different tgpes: CV, CVC, CVV, CVVC and CVCC.

Further restrictions spplg to the sullables in thst the lôst two
tUpes 0nlU con occur in word final position (including monosgllaþles).
No sUllable can begin with a vowel and no sullaÞle csn begin v/ith more
thsn one consonsnt. Consonant clusters with more than two consonants
are n0t alìowed, To prevent clusters of three consonants Et for example
e word boundÊru, usuallU a short [i], or in some cases [a] or [ul, is in-
serted, as in Igiddina], 'our grandfather', from /gidd/,'grEndfsther' Ênd
/na/, pronominal suffix, first person plural, Ibintahal, 'her girì', from
/Þinl/, 'girl' End /ha/, pronominal suffix, third person femininum
singulsr End [kst€btuhum],'l wrote them', from /kataba/,'to wri te'and
/hum1, pronominal suffix, third person masculinum plural.

DetEiled phonological studies of sglloble structures in Eggptian
Arobic ôre found in for exÊmple Broseloy/ (1976) snd Selkirk ( I 9S I ).

1.4. Stress

The position of stress y/ithin a word is predictsble, as it depends
on the sUllEbic structure of the word.

l. The following sglloble tupes are alwags stressed when theu
occur in a word: CVV, CVVC End CVCC.

2. ll a word contains or ends in e sgllable sequence CVCVCV(C),
the stress falls on the antepenultima.

3. ln Ell other cases the stress falls on the penultims.
Exampì es:

2

'Jaal u

Ja'luu
kE'tsbt
mok'tuub

'theU cErried
'theu csrried it
'l wrote'
'\Yri tten'

'sufarô
'!sl ab6
'mss8l sn

'smbEssEdors'
'students'
'for exemple'

3

?i s'tahsin
muh'tErôm

'to Epprove of'
'respected'
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A word cannot have more than one long sullôble. If for v8rious
morphological reEsons, for exsmple affixation of personal pron0uns, e

word comes to contain two long sgllEbles, the vowel of the first one is
shortened 6nd the stress is shifted as in the previous exemples:
/'!aalu/,'theU csrrjed', 6nd / [a'luu/,'theg carried it'. Further examples
of this pr0cess will be given in the following chspters. A detailed
description of shortening of long vov/els and lenghtening of short ones
i s gi ven bg Aboul -Fetouh ( 1 969; I 5f.).

1.5. 0utllne of thesis

The scope of this resesrch is a phonetic invest'ig€tion of emphôsis
End the vowel sgstem in Eggption Arôbic.

The compErativelg few vowels look rather uncomplicôted 0n 6

phonologicEl chErt. However, ôs often is the cEse in l€nguages vlith few
vowel phonemes, the vowels displag €llophonic veri ations within rather
wide limits. A stronglU contributing fsctor to the diflerent vowel qus-
lities is the existence of emphasis, a phenomenon which is described as
E process of ve'lErizEtion or pharungeslizôtion in the literature. 0ccur-
rence of E vowel Edjscent to one of the emphetic c0ns0nants influences
its quElitU, jn some cases to a veru large extent.

Emph8sis csnnot be studied in 6 me8ningful wag as an isolated
propertg of vowels. A gener8l surveU of emphesis will Þe given in
chspter 3 sfter a presentati0n of msterisl and informants ìn chôpter 2.

Two plsin and emphatic consonEnt åegments wilI be treEted ônd

compsred in chôpter 4, where ô method for investigating the spectrsl
propertìes of fricEtives will be presented. The spectrsl charscteristics
ol /s/ and /g/ and their voìced counterp8rts wjll Þe demonstr8ted.
0ther attempts to distinguish between ploin and emph6tic sibilants
with different experi mentol methods will be djscussed.

Chapter 5 is a trestment of vowel qualitg in plain and emphatic
envjronment. The vowels will Þe presented in formant chsrts where
their respective posit'ion in the scoustic space is demonstrsted snd the
alìophonic vEristion visible. The acoustic dsts oÞtained in this jnvesti -
gation will be compared with similar deta from other Ar6bic dialects
end interdialectal differences will be discussed.

Chapter 6 is a trestment 0f formEnt tr6nsitions, and their
importsnce Ês s differentiating fector between plain and emphetic
vowels in particular. The contributions of formant onset frequencies
End lormsnt center frequencìes will Þe discussed.

DÊts from other AraÞjc dislects will be presented 8nd the degree
of prominence of emphesì s jn different dialects will be discussed.

The short vowels lel and [o] will Þe investigEted EcousticEllU End

their deÞated phonemic ststus will be discussed.
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The special place of long /aa/ snd short /a/ in the vowel sgstem
with regard to their veru lsrge vôriation in qualitU will be treated and
the question of I possiÞle phoneme split will be discussed.

Chapter 7 will deal with ôcoustic-articulatorg relEti0nships bU
introducing E model of the vocaì tract. BU m8nipul€ting its pErsmeters
Ecoustic data for velsrized ond phargngealized configuretions ere
predicted End wilì be compared with measured data obtained from the
informants of this studg.

Existing X-rau studies ol vErious Arsbìc dialects will be compsred
with the predictions of the model.

Chspter 8, finsllU, is a treotment of durEti0nal properties of
vowels snd intervocalic consonants. The phonologicôl implicotions of
durstionEl differences will be discussed and compared with other
languages. Phenomena as intrinsic length and durstion as relsted to
following consonants will be discussed.
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2. IlATERIAL, INFORNANTS, METHODS

2. l. Data set.

The dsta set illustrating plein ônd emphstic sibilants and vowels
v/as selected from mostlU re8l monosullabic End disullsbic words. A

minimum of tri sUllsbic words were included jn the materiôl to cover
phon0logiCsl end phonetic contexts not represented in the other words
due to phonotectic restrictions of the lsngusge. ln a few cases artifi-
cial words were incorporated to ensure identical phonologicsl sur-
roundings lor al'l vowels. No informsnt rejected them or had 6nU

diffjcultU'i n producing them. Words including the long vowels /aa, ee,

ii, oo, uu/ and the short vowels /a, i, u/ were recorded in sgllsÞles
representing four phonologicEl contexts. These phonologìcsl contexts
ere: CVVC, qVVC, ÇVVÇ, CVVÇ snd cVC, çVc, ÇVÇ ond CVÇ. These
contexts makes a compEri son possible between words in plEin snd

emphatic contexts. To investigEte the possibilitU of different formsnt
patterns in cVVÇ and cVÇ sullôbles as compsred to the other emphEtic
environments, two informsnts recorded long End short vowels in these
surroundings. lleEsurements and suditorU checks showed that v0wels in
these tupes of emphstic sul'l ables are not different from vowels in
other emphatic environments. Emphasis is thus found to spread t0 the
left ss well 6s to the right of the emPhstic consonsnts in Eguptian
Arsbic. This linding is in agreement with card's ( 1983:49) results,
obtained from Pslestinian Arabic.

AdditionEl material f rom more inf ormants of CVVÇ and CVÇ sUl-
lables wÊs therefore not considered necessôrU and the acquired sômples
were not further considered in the investigation.

The appropriste test words are given in each ch6pter together
with details on the numÞerof sUllÊbles in the testwords, stress etc.

The vowels sre preceded End followed bg dental consonsnts in
order to minimize movements of the formsnts due to coErticul0ti0n.
Long /ee/ and /ool do not occur in long sullsbles surrounded bU em-
phstic consonsnts and are therefore not represented in this context in
the dôtô.

All words sre set in a sentence f rame: ?ulna 
- 

kamaan, (we said
_ agein), thus avoidjng the usual wordìist inton6tion 0f isolEted ìtems.

A word list containing ElI words used forthe recordings is given
in ApÞendix l.

2.2. lnf ormants

Nine mEle, native speEkers from Cairo, aged 25 to 55, were
informsnts. l,10st of them have an academic education. A few were
somewhat hesitant to record the material speôking Eggptian Arabic and

would probablg rôther have preferred fuqhã.
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The speekers recorded the sentences to give six tokens of each
utte16nce.The lirst token of the six wes not used in the investigstion.

The test msteri6r w6s written on cards in ArsÞic orthogrsphg End
read in random order. The informEnts were instructed to reeo ãt normsl,
conversational speed.

2.3. Methods.

The recording was made in the sound-proof studio of the
Phonetics Depsrtment in Lund. Analusis wEs made from oscill0mink
wave-form End Þroad-band spectrogr€ms from a digital spectrograph.

P6ired t-tests were used t0 est€blish the level of significance of
differences between sets of vowels snd consonants when iheg coutd be
supp0sed to have linguistic importance.

The meesurements sre listed in Tables l-5, together with meEns,
stsndsrd deviations and results of t-tests. Gaps in {he columns depend
0n pr0duction errors or unmeEsureble formants, p6rticulsrlu F3 01 /uu/,/u/ and /oo/.

10



5. ENPHASIS

3.1. Nsture of emphosis and its treatment in literature

ln order to optimize the number of phonemic opp0sitions,
different langueges use different strategies. Some of these strstegies
can be grouped under the lsbel secondErg articulotions. LaÞializstjon
and pEìEtalization Ere for exEmple well known phenomens. All vsri Ents
of Arabic make use of I rarer form of secondErU articulation, the exsct
nsture of which hEs Þeen the suÞject of much discussion. A widelU used

term for it is emphEsis, which will be used in this investigati0n.
Emphasis in both its scoustic and srticulstorU aspects caught the
attention of the earlg AraÞ gr€mmariEns. Thst it is still considered E

verg char€cteristic festure bg nEtive speakers is revesled Þg one of the
descriptive names Arebs hEve for their lsnguage. lt is often cslled
'luyat Eqqs-d', the langusge of (a-d, the n8me of one of the four emph8tic
conson8nts. The Arôbjc-speaking peoples ôre also called '?ahl a({õd',
the peop]e of Çõd, because of this peculiar sound.

Not onlU Arabic, but all Semitic Iangu8ges have or hsve had Ê

series of emphatic sounds. Lesìau (1957;325) distinguishes between
two tUpes of emphssis ônd discusses them snd their plsce in Pr0t0-
Semitic. EmphÊsis is realized differentlg in Arsbic snd the Ethiopien
languages of todag. ArEÞic represents the velôrized End pharUngeElized
tUpe (LeslEu mentions both artjculEtions), wheress Ethìopian languages
represent the ejective tgpe.0pinions are divided on which tgpe is
Proto-Semitic. According to LeslEu the ejective dental stops in Ethi0pia
Ere an influence from Cushitic languages, and he regðrds the Arobic
tupe of emphÊsis ôs E Proto-Semitic heritage. For ô recent phonetic
compôrison between emphstic dentsl voiceless stops in Arsbic snd
ejective dentôl stops in Tigringa, see Fre Woldu (1986).

Emphssis has traditionoìlg, porticularlg ÞU ArEb grammarisns,
been reg8rded as a festure inherent in the emphatic consonônts, which
f0rm €n extrs series of voiceless snd voiced stops and sibilants,
phonemicEllg distinct lrom their plsin counterpsrts. ln the Arabic
ElphÊbet theg sre represented bg distinct graphemes.

The following minimal pairs with plôin snd emphetic consonants
in initial snd finsl position demonstrate the phonemic contrast Þetween
them in Eggptian Arabic. Hinimal sets with the consonant pairs in
medial positjon also exist.

ìnitisl position:

'mud'
'stri ki ng'
'summer'
'appeErance'

tiin 'figs'
d Erb 'l6ne'
seef 'sword'
zuhuur 'floY/ers'

!i in
Çerb
geef
4uhuur
1t



b8al 'srmpit'
x8qq 'to shake'
m6gg 't0 suck'
baa4 'to be spoiled'

The descriptions of emphatic consonants sre not elw6Us verU
precise, as the one bgJomier(1964) who describes En emphstic /Ç/ 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 earlg dags of the development of ìinguistics in the lsìEmic world
thst the so cslled emphatic consonsnts Ere produced bg e second8ru
srticulôtion with a distinctive function, consisting of s constriction
somewhere in the bock of the vocsl tr6ct, in addition to ô primaru
dentel/elveolar place of erticulation. sib6weihì (sth centurg) singleð
out the emph6tic consonants in the phonetic description of Arabic in
his'ol-Kitab', one of the foundations of clsssicsl AraÞic linguistics
(Bakalìa 1984;34). There he ascribes articulatorg gestures to them
which sre not € shared propertg bu €'l I b€ck voweìs, but peculiar to the
emphstics Es s cl6ss (Giannini, pettorino l9g2). Even if mEnU schoìars
have found it dilficult to pinpoint the exect mesning of his termìnologu
and get a clesr picture of his description, (e.g.Cantineau l96O), or
simplg dismiss them es confusing (e.9. llarçaìs l94S), meng agree that
the term velErseems to suit whEt he saus Ebout where the constriction
occurs (Fìeisch 1961;224, Gi6nnini-pettorino 19E2, Bsk€l'le, op. cit.).
llodern investigstors aìl agree with sibav/aihi on the existence of s
secondEru articulation causing the chsrscteristic phenomenon of
emphasis, whether theg base their opinion on experiment6l studies or
n0t, f or example H€rrell ( .|957), Tomiche (196Ð, JEstroy/-Fìscher
(1 980) in Eddition to those mentioned above.

The precise locEtion of the secondsru constriction in the emphatic
c0nsonônts hEs been the subject of some orgument, however. lf one
l0oks at the modern liter6ture, ranging from teaching mater,i ol, with
0ften detsiled descriptions of articulation with the 6mÞition to
elucidate this rere phenomenon snd fEcilitate I c0rrect pronuncistion of
it, to more scholErlU presentations of Arabic and Semitic languages,
one quicklg finds thet it is most often descrìbed as velaLi n the
trsdition of the 6ncient grEmmEriEns, Þoth bg native speakers of Arebic
and 0thers. As obrecht (.l968;20) sags obout the emphstic consonants:
"...rÊther uniformlu referred to as the velôrized consonants." This is the
csse in t1ôttsson (1910), G€irdner (1925), Et-Hsjjé (1954), cantineau
( I 960), Tomiche (1964), Nosr ( I 966), Zisdeh-winder ( 1 966), Abboud et
al. (1968), lloscati et al. (1969), Beeston (1970), Fischer-J€strow
(1980). Sometimes it is described ss phargngeal ss bU Al-Ani
(197O;44), Prasse ( I 97 l;lX), Tstmoudi ( I 9BO;aS), snd sometimes Es
both as bu LeslEu (1957) end Abdel-tlassih (1975). t1ìtchell (1978) does
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final position

þaat
xodd
mEss
bs Ez

'to pEss the night
'cheek'
'to touch'
'f al con'



not mention snU constriction of sng kind Et a secondarg point of
srticulation when he gives instructions sbout the pronunciotion of the
emphatic consonants.

On the whole it is not clear from the literature whether the
choice is between these two slternative constrictions, or if Þoth occur.
Since emphasis is not onlU related to the emphatic consonants, but hss
En effect on ôdjscent vowel sounds 6s well, jt is a possible hupothesis
thst different constriction locations can applg for E consonsnt and E

following vowel, depending on what articuìatorg gestures 6re best f0r
an economic coarti culstion.

The modern dialects show E wide spectrum of phonemic contrEsts
in their segments, both smong themselves snd vis-o-vis Standard
Ar8bic. lt should þg no mesns be impossible that emphôsis, slthough
certajnlU s universsl phenomenon in ôll forms of Arsb'i c, might be

reElised in dìfferent Y/6Us and degrees jn different dialects (Fleisch
l96l;224.), thus gielding diff erent ocoustic results or even th8t it is
dis8ppearing Es 6 distinctive festure in some c€ses, Et leost in some
phonetic contexts. lt has undergone changes 'i n the historicôl
development of the djalect. /(/ remoins in EgUptiôn ArEÞic as a shored
phoneme with Stsndôrd Arabic, but has in mong words developed int0
/2./. Jusl as changes in the phonemic inventories has occurred, it is
quite possible that articulatorU gestures connected with emphssis slso
have changed. Further, ìt appears thot emphosis is not a completelU
rule-governed feature within the linguistic sUstem onlU. Emphssis also
seems to have parslinguistic functions 8nd cEn even be related t0 sex
(Kahn 1975). llore puzzling is thst its distinctive function m6ube is not
slwEUs so important ss it is genersllU supposed to Þe. According to one

informant in the present investigation st lesst some of the minimal
pairs used to illustrate the opposition between plsin and emphatic
words can be heard in Cairo in free variEtion and that the difference is
not clearlU upheld even in other cases.

A number of voluable works hsve been published on other dialects
than Eggption Arabic. These will be compared with the findings of the
present i nvesti gati on to gi ve a more compl ete pi cture of thi s

phenomenon in the ArsÞic speeking area.
Granted that the view on emphasis as an inherent feEture 0f the

consonants is correct, emphosis cEuses eôch vowel to h€ve tw0
Ellophones, one "emphstic" when preceded or followed ÞU an emphatic
consonônt, snd 6 "p16'in" allophone, found in other environments. The
difference in vowel qualitg beteen plsjn snd emphatic allophones is
lsrge for some vowels, but small for others (see chapter 5 on vowel
qual i tg).
Emphasis as a phonetic phenomenon is not restricted to the consonEntsl
segment €lone, but exp8nds over E lErger domain, Et least ô sullable
(Harrell 1957, Fleisch l96l). Not onlg is voY/el qualitg Êlfected within
wide limits, but olso consonEnt to vowel snd vowel to consonsnt
formEnt trsnsitions show I great varietU in degree, from lsrge
differences to such smsll ch€nges that their perceptual significance
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csn be doubted. The articuìEtorg correlotes of these acoustic phenomena
have been much dìscussed on the bosis of results obtsined bg verious
techniques, e.g. x-rsu pictures (Ati-Dsniìoff 1972, Ghazeti 1977,
Gi Enni ni -pettorino I 992, Wood 1 982), electromUogrôphi c i nvesti gations
(Kurigagawa et al. 1986), tracings of lip-rounding snd protrusion (Adem
1983). These correlates h€ve Þeen interpreted in vErious wsus in the
I i te ra ture.

ln this investigation the influence of emphasis on vowel dur€tion,
f0rm€nt frequencies and form6nt trÊnsitions is described. Furthermore,
E vocsl tract model developed bu peter Lsdefoged is used. within this
model the effects of different tupes ol secondarg srticulation cEn be
predicted, snd these predictions Ere compared to the sctusl dEts
obtôined for Eggptian Arsbic emphatic vowels in order to see which
kind 0f secondarU ôrticulEtion gives the best fit.

Alth0ugh the m€in point of interest in the present investigetion is
the vowel sgstem, it is necesssru in this context to desl with the
nsture of emph6t¡c consonants, since voweìs cannot be described
without consideratjon of contiguous emphstic consonants becsuse
emphssis is never confined to o single segment. Here the treatment of
emphôtic consonants v/ill be restricted lo /g/ and /4/, since these
sibilants are pðrt of the phonological contexts, which form the object
0f the present rese8rch. These sibilants could further be expected to
displeg interesting spectrsl charecteristics th8t stop consonsnts do not
have. The emphstic stop consonsnts can slso Þe expected to show the
same transitional chsracteristics between c End V es the sìbilents and
would most likelg not give ôdditional information bearing on the
subj ect.

3.2. Review of the interpretation of emphôsis.

Different sppro€ches have been suggested for anEluzing emphasis
on the phonological leveì. N0t everubodg dealing with the problem has an
0ptjmistic view of linding a solution to the intricEte questions which
are connected with this feature in an 6bstract Enalusis. Accordìng to
Drozdìk (1975) the prevsiling stete 0f sff€irs is "tnit the problem of
whether emphasis is s distinctive feature of consonônts or that of
vowels hes not been sEtisfôctoriìu solved." He is not even certein that
it is possible to present a solution. He adds thst the proÞlem is "crucisl
and apparentìU unsolvsble."

Drozdik's ststement of the problem in this wau indicôtes in fact
one of the main slternstives in the suggested snaluses, namelg the
trestment of emphEsis 6s s phenomenon on the segmentsl level. with all
its vsriations this approach can be sEid to þe 6 development of the
classicol tradition. Those who argue for E segment€l sn€lgsis regard
emphasis as sn inherent festure of a segment, but not necessarilg of
the emphstic consonsnts, as the Arôb grammarians would heve ssid,
even if the mejoritg of investigEtors seem t0 do so (Drozdik 1973).0ne
Eguptisn dialect (Khaìafallah 1 969) hss been described es heving
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emphstic vowels with emphEsis as E redundsnt feature of the
consonents.

Those who argue for the segmentsl anslUsis, thus mostlU regard
emphasis Es En inherent feEture of the emphatic consonants, the
influence of which spreads to adjacent segments due to coartìculation.
With various suggested modifications thìs interpretstion c8n be ssid t0
be jn lìne with the classicEl trsdition. The direction of emphatic
'infìuence, y/hether to the right or left,'its rEnge of spreEd, sUllEbic,
polgsgllabic or comprising whole words, and its degree, articulatorg
snd scousticollg, are factors subject to variation between different
di ôl ects.

ln view of the difficulties to define the feoture emphEsis in
segmental terms Es belonging to either consonEnts or vowels the other
alternative interprets emphEsis Es E prosodic feature. Among those,
who argue forthis approsch ere Harrell (1957) ônd Lehn (1963). Forthis
approach it is a primarg concern to define the domain of emphssis. Both
regerd the sullable ss its minimal domEin. Card (1983;80) rejects the
prosodic analgsis. She advocEtes a modified trsditional analgsis snd

regerds emphEsis as spreadìng throughout E whole w0rd from a

phonologicallg emphatic segment. This spread can be prevented under
certsin circumstances in PalestiniEn Arsbic which she investigated, f0r
exômple bg high front consonEnts or vowels having E high F2'

The phonologicsl interpretation of emph6sis is mainìg outside the
scope of this investig6tion which oims at an analgsis on the phonetic
'l evel of the vowel sgstem where emphasis will be treated in different
Espects.
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4. PLAIN AND EIIPHATIC SIBILANTS

Arab grammarìans hôve tr6ditionallU sssigned the distjnctive
fe8ture of emphasis to consonantÊl segments, although emphasis h8s
been shown alwegs to have a lErger domêin than one segment. Their
analgsis has found its expression in giving the emphetic consonants
distinctive grophemes in the alphabet.

The following EnslUsis is sn investigation of the plEin snd
emphatic sibilants of EgUpti€n Arabic, the voiceless /s/ and /ç/ on the
0ne hEnd, and the voiced counterpsrts /z/ and /2,/ on the other.
unf0rtunatelg, the acoustic properties of fricstives sre difficult to
describe. As Hughes and Halle (1956) found, the acoustic structure of
fricatives vari es within wide limits between individuEls. This is ststed
once more bu L8defoged snd N8ddieson (19E6;59), who 8dd that it is
stìll not known with ang certsintu what is constant, nor what is lin-
guisticallg and perceptusllu most relevant. Theg assume that important
factors, especiallg for sibilants, sre the oversll intensitu, the frequen-
cU 0f the lower cut off point in the spectrum, the center of gr€vitU end
dispersion of the spectrsl components Ebove E certsin threshold. These
pEr€meters sre described in the present investigstion snd mskes it
possible to compare the pairs of pl€in and emphatic siÞìlants v/ithin
esch 0ther €nd give a picture of their position within the fricative
space of Eggptien Arabic.

4. L Procedure

The investigation of the spectral properties o1 plain 6nd emphatic
sibilsnts is bEsed on six informsnts. All Eggptian Arabic fricstives hôve
been described elsewhere (Norlin l gBJ) and in this investig€tion onlU
the plain and emphatic sibilEnts will be presented.

The word-list reg€rding this porticular subset of the dstô wss
resd twice Þg each spesker. The analgsis was made from the sec0nd
reading. The sibilsnts were Ell pronounced in resl words in y/ord-initial
p0sition in the same carrier sentence ss the rest of the material,
preceded bU short /a/ and folloy/ed bg long /aa/, (...a-Cae). The
f0llowing test words were used for the experiment:

sEEdi s
z aaki r

'si xth'
'm enti oni ng

gesdi ?

4aal i m

' j ust'
'tgrant

Using the ILS progrsm pEckage, fast Fourier trsnsform (FFT)
spectra were mêde from a ssmple of the dur€tion 26.5 milìiseconds
t8ken Efter the first third of tne il¡ilant. The sempling lrequencg wes
1O kïz, but bg running the tape Et half speed when sampling, .i t was
increased to 20 kHz. These FFT spectra were converted to criticel Þsnd
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spectrE sccording to the method described bU Schroeder et al. (1979).

This method gives E more correct representation of the spectrum
eccording to wh6t is known Ebout the peripheral Euditoru sgstem of
man. The cri ticsl bsnd spectra were meEsured twice with an interval of
three months. The result of the second meEsurement wÊs precticeìlg
the ssme as at the f irst one.

Schroeder defines the critical bEnds ÞU the formula:

fn =650 sinh (n/7).

fn stands for the upper limit of band n.

The spectrum cEn thus be described as consisting of 24 bsnds

with bendwidths of êbout lOO Hz below 500 Hz end of approximotelg
1/6 of the center frequencg aÞove 1000 Hz. The folìowing criticsl
bends hsve been computed bU the ôbove lormule:

n fn

93
188
287
392
505
628
764
915

1 086
1278
1 497
17 46

n fn

2031
2357
2732
3156
3658
4228
4A84
5640
6512
751 6
a67 4

1001 0

I

2
3
4
5
6
7
I
9
10
ii
12

13
14
15
l6
17
l8
19
20
21
22
25
24

The mesn level in dB within each cri ticsl bsnd wss calculated. The

spectrs were then redrawn 6s histogr€ms with eEch critical band

represented as a ber with constant breadth and with the Þase-line ot

-30 dB. ln th.i s wag the spectrs are remodelled to an auditori lu more

correct form, since each critjcÊl band equsls the sÊme distance (1.5

mm) on the bssi'l Er memÞrane, or l2oo prim€ru nerve fibers (schroeder

et el. I 979).
The low frequencies in band 1 cEnnot be measured with eng

exectitude bg this method. consequentlu onlg bands 2-24 were
considered in the investigation.

The critical Þand spectrs have been analgzed in terms of the
spectrel center of grevitg and dispersion, es well Es the meEn intensitg
ìevel .i n dB. For this purpose the following formul6s were used, quoted

from Svantesson (1 986):
17



center of grevitU
24

íì= ) n x 19 (Xn /1o) /F
n=2

s= () (n-m)z * lO (xn/ 10) / F)1/2
n=2

di spersi on

meen intensitg level: x= l0 log (F/23)

where I 0 (xn/10)

6nd x n is the mean level in dB in bsnd n, es estimeted from the
FFT spectra

The centerof gr8Vitu is e measure of the overell pitch level of the
spectrum, i.e. s lower center of grsvitu me6ns E lower oversll pitch. The
disÞersion côn be considered es I me8sure of its fìetness, i.e. a ìorger
dispersion me€ns a flstter spectrum.

Duplex oscillogr6ms Elong with intensitg end Fo curves were used
for analuzing non-spectrôl properties of plain Ênd emphstic sibiiõnts,
spectrogrsms were €lso inspected for cues for this difference.

4.2. Results

Tsble 1 gives the center of gr6vitg of the critical bend spectrE,
meosured in criticel band units Ênd €lso given in Hz, the dispersion and
the meon intensitu level (dB). The meEn intensitu level is given es
deviotions from the Everage for each series or att rggptien Arabic
fricatives resd on the ssme occesion. This mekes ürem ioughlg com-
peroble aìso between other speekers.

The ecoustic perameters of the sibilsnts ere displeued in figures
1 -6. Fi gures 1 and 2 show the i r posi ti on wi thi n the fri ceti ve sÞece.

ln figure r the center of gravitu for esch fricBtive is plotted
€gEinst the dispersion, thus representing the fric6tive spece of
Eggptian A16bic in s wog which enaÞles compsrison with other
ìenguages. Figure I gives the mesn values of the six speekers. ln f.igure2 the fricetive spece is represented in another form. The center of
grðvitu is plotted egsinst the mesn intensitu Ievel over the criticel
bends Figure 2 gives the meen vslues of the six speskers ln figures I
and 2 the fricetives sre keÞt rether well epert, even if the distence
between 1s/ and /ç/ on the one hend, end /z/ and /2,/ on the other, is
rôther smell. There is overl€pping between individusl speekers 6nd per-
ticularlu between occurrences o'f /s/ and /z/ End their emphstic
counterperts, which for one speeker even have the opposite Þosition es
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Figure l. Center of grauitg Ega¡nst d¡spers¡on.
Mean uslues of siH speakers.

indicêted bg the me6n values in the figures.0ne must therefore supÞose
th6t percepti0n of fricatives inv0lves n0rmalizEtion between different
speskers.

Figures 3-6 show criticEl band spectra of the sibiìants. /s/ and
/s./ are chÊracterjzed Þg a shsrp peak in the higher frequencg ranges,
Þend 2l-23 (6500-8500 Hz), and sn Ebrupt fall towErds the lower
r€nges. Figures 3 and 4 shows that the peak of /g/ is somewhat broader
thôn thEt of /s/. Forthe sake of illustrsting this, the histogr8ms in the
figures show the producti0n 0f speaker 6, as he mskes s r€ther ìerge
sÞectrÊl distinction Þetween /s/ and /2/. For other speakers it is
difficuìt to see the difference in histogrsms, but the dilference csn be
detected Þg measuring the spectr8, ss'i s shown in TaÞle l.

Table I shows that/ç/ has its center of gravitU in lower fre-
quencg rEnges than /s/, with one exception, speEker 1. lt also has o

greater dispersi0n. The dìfference is not excessivelg large, Þut signifi -
cent (p<0.01) and corresponds weìl to the slight, but quite noticeaÞle
eudible difference of these sounds in thst /q/ does not hEVe the seme
high pitched quaìitg es /s/.

/z/ and /q/ bolh hsve I substantial peek of energu in the bsnds 5-
6, in sddition to the high frequencu peaks of /s/ and /s/ as c8n be seen
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Figure 2. Center of grau¡tg against mean intens¡tu leuel.
Mean ualues of siH spe8kers.

bg comparing the histogr8ms of figures 5 snd 6. The former pEìr has
lower ìntensitU. The peaks in the lower Þands depend on voìcing. The
concentration of energU in both ends of the spectrum, together with €
cut in the top frequencu range Es compared lo /s/ ond /g/ meke their
centers of grsvitg'lower than thst of their voiceless counterparts.
Because of the energg peak in the lower bands there is a strong ten-
dencg for /z/ and /l lo have greater dispersion than /s/ and /s/. For
speakers 4 and 5 the relationship between center of grevitg and disper-
sion of /zl and /l is reversed Es compored to ell others.

The difference between center of grevitU in crjtjcal bÊnd spectrE
is the onlU quEntitEtive measure found ìn this investigation, which
differentiates between plEin ônd emphatic sibil6nts. lnspections of
intensitg and wave-form on min'gograms hEVe not reveeled eng obvious
differences between these sounds, nor can sng difference be seen on
spectrogrsms.
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4.5. Discussion

NÊrteU (1982) investigated the spectral properties of Eggptian
Arsbic lricatives in En jntrE- €nd interlinguistic investigstion. His
method made use of criticsl band spectr6 in s wEU simil6r t0 the one in
the present rese6rch, which makes the results comparable.

ln NsrteU's investigat'ion plain and emphatic voiceless sibilants
\vere recorded in monosgllabic nonsense w0rds preceding ônd f0llowing
/a, i, u/, which were set in E sentence lrame. ln the compsrison
between /s/ and /q/, Narteg found a spectral pesk for one of the lower
critical bsnds of /g/ and related its presence to a possiÞìe edditional
phergngeal source.

tsU superimposing the critical Þand spectra of /s/ and /s/ for eôch
vowel context, it is clesr thot there is a shilt 0f ac0ustic energu from
higher to Iower frequencU ranges'1or /ç/ ss compared v/ith /s/. This is
particuìarlg obvious when the sibilEnts surround /a/ and /1/.fhe dif-
ference between /s/ and /g/ surrounding /u/ wss found to be verg
small.

This smsll, and msUbe nonsignificent difference between the con-
sonents in the context of /u/, is pÊrsllel to the reìetivelg smalì dif-
ferences in frequencu lor the vowel /u/ in plEin snd emphstic contexts,
which was found in the present'i nvestig6tion. The properties of vowels,
regording center End onset frequencies, will þe treoted in ch6pters 5
and 6.

The results of the present research thus confirm the findings of
Nerteg, concerning the existence of measureble differences Þetweeen
plain snd emphatic sibilsnts in EgUpti6n Arsbic, slthough this inves-
tigation wss performed with onlU one vowel c0ntext.

ln most cases it seems to be impossible t0 find sng informstj0n
nn snectronrams thst could distinouish bet-ween /s/ and /s/. Al-Ani.' -J' _"' '_ -"J

(1970;46f .) claims to hEVe been sble to sepsrale /s/ and /q/ on

spectrograms. The loyver cut off point in the spectrum for /s/ was
eppr0ximstelg at 3000 Hz, end sround 2750 Hz for /2/.

Obrecht (1968:34) could distinguish /s/ and /s/ from /J/ on spec-
trogr6ms, Þut nothìng that sìngled out /s/ lrom /s/.

ln the investigatìon of GiEnnini and Pettorino (1982) the euthors
came to the same negative results at inspection of spectrogr8ms snd
mingograms, Es no properties of emphetic sibilants were detected,
which distinguish them from plain ones.

Card (,l983) Elso looked for cues for emphasis on spectrograms,
Þut found it impossible to correlate emphesjs with the Þottom cut 0ff
frequencg. Sometimes /s/ showed friction all the weU through the
spectrum, while /g/ onlU had friction in the higher regions. KEhn (1975)
elso found thet /g/ could have friction at hìgherfrequencies than /s/ on

sÞectrog16ms.
Although spectrograms in principle give the same jnformetion as

criticsl bEnd spectr6, theu obvìouslg do not give enough det6ils to make
it possiÞle to differentiate between plein 8nd emphatic sibilsnts.
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Fre Woldu ( I 98 I ) investigsted also some non-spectral properties
of emph6tic End non-emphatic consonsnts in speôkers from Algeria end
Tunisis. Here reference is made onlg to the results concerning the
sìÞilants. llessurements of the intraorEl Eir pressure showed that
speôkers differed in their sbsolute vElues of the pressure, but the mag-
nitude of dìfference between emphatics ond non-emphÊtics proved to be
the sEme for each speEker. Pesk intraorsl €ir pressure in H20 wss iden-
tical for /s/ and /s./ and thus does not give EnU cue to the differentia-
tion between them.

Subsequent experiments with s phot0electric glottogr8ph Uielded
the s8me neg8tive results. No sustemEtic distinction could be seen
between the glottal opening for ang plain and emphatic obstruents.

AnalUsìs of computer Enalgzed fundsmental frequencg curves
showed that there are no significsnt differences jn FO in the vowels
fo'l lowing plsin and emphatic consonants.

The perceptual importEnce of the existing differences between
voiced ônd voiceless plain End emphatic sibilants respectivelU is
difficult to decide. Perceptu6l tests Êre few. The notorious difficultg
for non-Arabs to distinguish between them in pronuncietion snd percep-
ti0n when learning Ar8bic has probablU its explanstion jn the phonemic
cotegorization in Arabic, where the untrained e€r onlU csn hear allo-
phonic varietion. lt is still not clear, however, whether an Arab cen
differentiate þetween p'lain and emphstic sibil€nts on the difference in
the noise spectrum alone.obrecht (1968;J5) found thst this is impos-
sible v/ilh /s/ end /s/ without transitional informEtion in s voweì
seg m ent.
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5. VOWEL QUALITV

ln this chepter the quelitU of plsin and emphatic long snd short
v0wels will be described and compared. Dats from other Arsbic diElects
will be presented snd c0mpÊred with the results.

5. L Procedure

The following set of v/ords v/ss used for measuring formants in
thei r center f requenci es:

long vowel s short vowels:

saad
zeet
s iid
looz
suud

'govern'
'oi l'
'l ord'
'El monds'
'bl ack' (pl.)

'to hunt'
'hun ti n g'
'repu tôti on'
'voi ce'
artif i ci al word

'punj shm ent'
'speci sl i zôti on
'spceial'

'cì ose'
'her oil'
'ladg'
'her olmonds
'closel'

sadd
zetha
si tt
lozhE
sudd

saad
s eed
gi it
soot
suud

çadd 'to prevent

gi tt artifici6l word

sudd 'prevent!'

?içaçho 'her stories'
?agigfra 'he punished her'
luquqha 'her coccgx'

?ì gEEg

tsxgi i g

maxquuE

When possible, monosgl laþic words were selected f or f orm6nt
meEsurements. ln the instances where phonological restrictions of the
languege made this Ímpossible, disglìabic and trisullsbic words y/ere
ch0sen. V0wels in qVVq environment ere represented in disgllabic
\v0rds since vov/els do not occur in monosgllables in this context. Sh0rt
vowels in ÇVq context Ere represented in trisullsÞic words, formed bU

Edding personel pr0n0un suffixes to E disUllabic noun or verÞ. This
mskes the stress fall on the second sUllsÞle containing the investigsted
voweì.

ln all ceses the stress is 0n the sgllable with the investigeted
vowel.

F0rmant lrequencies were measured from Ê steadg stste portion
of the v0wel. The center frequencies 0f the first three formants of the
five tokens of the investigated vowels were treced End superimposed on
e6ch other t0 get en ideô of the v8risti0n within each speaker. Within
esch speaker the variation of Fl ond F2 proved to be verg small, around
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25 Hz, snd can in all csses be considered to be within the measurement
error. F3 shoyr/ed a slightlU greoter v€riation. Because of the within-
spe€ker consistencu of formEnt frequencies onlg three tokens from eech
speaker were selected for Enslgsis, except lor /uu/, where five tokens
v/ere meEsured due to wesk higher f0rm€nt patterns in some csses.The
measurements were checked €gain eight months lster snd proved to be
consi stent.

The long snd short vowels were alI found to Þe monophthongs
(with the possible exception of lel and [o], to Þe discussed later). lleon
formant vaìues representing each vowel of each spesker were cslcu-
leted. These are listed in Tsble 5: 'l -10. A lab computer progrom,
developed bU Lêdefoged (1985), wes used to plot the values of Fl
sg8inst F2 and FI agaìnst F3 in Hz on a mel scale. Furthermore, the
progr6m dr€ws 95 X tolersnce Ereôs, i.e. eìlipses thst hEVe centers on
the meen formsnt frequencU for each vowel End ôxes that ere oriented
along the princjpsl components of the formant distributi0ns for esch
v0wel, and on the average encompass 95ß 0f the values in esch cluster
(Disner 1982).

The plots are given in Figures 7- 16.
Some difficulties were found with some spe6kers to meÊsure the

center frequencg of F2 and F3 for long plain and emphatic /uu/ and in
some cases /ool becouse of weak or non-existing formant patterns on
the spectr0grEms. These cases with unmeasurEble formÊnts heve Þeen
neglected in the investigation and Ere indicsted bU emptg spaces in
TEbl es 5:5,6,9 and I 0.

5.2. Results and discussion

5.2. l. Long plain vowels

Figure 7 is a formsnt chsrt of the live long, plEin vowels. Theg
form welì sepôrsted clusters, except for long /ii/ and,/eel, where some
slight overlapping occurs. ln comparison with the other vowels on the
chart, Iong /aa/ hss E great vsrietion in frequencu in the Fl dimension.
F 1 varies within roughlU 225 Hz, f rom 500 Hz lo 725 Hz. ln comperi son
with /oa/, the other vowels heve much smsller vari ation in the F I

dimension, ranging Þetween 70 snd 100 Hz. ln the F2 dimension long
/aa/ has frequencg v8riations within the s€me range Es in Fl, roughlg
23O Hz. The other vowels hsve greater dispersion in frequencU in F2
th€n in F1. The most notsble ones are /ii/, vrhich hes mean F2 values
from 2085 Hz t0 2685 Hz, a range of 600 Hz, and long /ee/, whose F2
vEries from 1900 Hz lo 2415 Hz, e range of 515 Hz. These vêristions are
reflected in the orientstion of the ellipses on the chert, but one hes to
keep in mìnd that the meì scsle expônds Fl compôred to F2.
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Figure 7. Long, plain vowels-

5.2.2. Short plEin vowels

Figure I shows the plEin short vowels, except [e] and [o]. Like the

long vov/els theU form well defined and separste clusters with no over-
Ispping. As is the cese with long /ee1, short /a/ shows great varistion
in F 1.

Figure 9 shows the plain short vowels, including [e] end [ol, whose
phonemic ststus has been the subject of some discussjon in the litera-
ture (see lntroduction 6nd chEpter 6). These vowels sppesr es the result
of phonological processes, which shorten the long vowels /ee/ and /oo/.
Short Iel shows E prÊctical]g complete overlapping with short Ii]. Peired
t-tests (Teble 5:8) confirm thEt formÊnt differences 8re nonsignilicent
in Fl end F2 es well as in F3. The ellipses of [o] snd [u] do not overl6p
completelg, but psired t-tests (Table 5:10) nevertheless show that
differences sre n0nsignificent for all formants, as is the case with [el
end [i ].
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5.2.3. Emphatic vowels

The picture of the long €nd short emphstic vowels is e bit more
complicsted. since Iong /ee/ and /oo/ do not occur between emphstic
c0ns0nsnts, some gaps necesserilu must occur. The emphstic l0ng
vowels /aa, ii, uu/, End their short counterparts, were investigated iñ
two phonologi cal contexts, c-c, and Ç-Ç. compari sons bg pei red t-
tests do not show anu significant differences between Iong vowels in
these two environments, ìn either the onset or the stesdu stete portion
of Fl or F2.The onlg exception is /uu/, which does not displeg ang dif-
ferences between formants in the 0nset, (for onset frequencies, see the
followìng chapter), Þut shows a significant difference in F2 of the cen_
ter frequencu, (p(0.01), Table 5:5. Repeated and csreful meesurements
consistentlu gave this unexpected result. Fl €nd F3 of the steedg stete
do not differ, on the other hand. with the exception o,f /uu/, tñe tong
vowels have not been treeted sepsrôtelu in the two emphatic contexts,
but have been collepsed and the e'llipses on the formsnt chsrts thus
represent l8 tokens. Emphstic /uu/ is represented bg two ellipses, one
for eEch phonological context. Long /ee/ and /oo/, which do not occur in
ÇVVÇ or ÇVC sglìables, are investig8ted in emphetic environment in
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Figure 9- Plain short vowels, incìuding Iel and Iol-

ÇVVC and qvc sullables onlu.The ellipses of these vowels thus repre-
sent nine tokens.

None of the three short vowels differs signjficantlg in the two
emphatic contexi.s, with i.he exception ol /i/ where F I has s lo\ry signi "

ficsnt difference, (l=2.644, p<0.05, 6 df). Due to an accjdent in the
recording of the m8terial, two informents are not represented. The

significance level must be considered too low to Ellow far-reaching
conclusions regarding the consistencg of the lEnguage on this poìnt. All
t0kens of short /i1, i.e. from both emphstic contexts, have theref0re
been collapsed into one ellipse. The other short vowels hsVe likewise
been collspsed into one single ellipse for eEch vowel.

Figure lO shows the long, emphatic vowels. Theg f orm f ive
clusters-, Þut not quite so well seperated es the plain ones. /iil and /ee/
show a greater overlôpping thsn their plain counterpErts, and /uu/ ond

/oo/ overlap to a certein extent, whereas their plsin counterparts are

we'l I separated. There is in other words 6n spproachment between high
and mid vowels in the Fl dimension in emphstic envjronment. Long /uu/
in the CVVC context shows the s€me cherscteristics as other emphatic
vowels compered w'i th plain ones, with € slightlg rsised Fl,lowered F2

snd r€ised F3. Long /uu/ in qvvÇ context shows the ssme changes in Fl
29
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Figure lO- Long emphatic vowels

snd F3, but F2 remains on the same level ss in plsin context. Thus long
/uu/ in the two emphstic surroundings shows differences in F2 onìu.

Figure ll shoy/s the three short emphstic vowels forming well
separated clusters with n0 overlapping.

5.2.4. Long ond short plain vowels

Figure l2 shows the plain long End short vowels plotted on the
s€me formônt chsrt. tong /ii/ and /uul are outside their short counter-
perts in the scoustic sp6ce, as long vowels Ere in manu other languages,
for exsmple in Czech end Swedish (6årding 1974:29) ãnd Hausa (t_lnOau
1985). short /i/ and /u/ ere centrolized, /i/ being lower snd further
bock than /ii/, and /u/ being lower End more front than /uu/. shorl /a/
is not centralized Es the other short vowels comÞsred with long /aa/.
The difference in Fl is nonsignific€nt snd there is thus no difference in
vowel height. A centralized short /a/ could heve been expected, since
this is E common tendencu. short /a/ is not alwsus centrElized,
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Figure I l- Short emphatic vowels-

however. lt is in Czech, forexample, but in SY/edish, Serbo-Crostian snd

other l6nguages long /oa/ is lower thEn short /a1 (Gårding op.cit.). ln

Eggptian Arabic there is no difference at all. /aa/ and /a/ differ
significantlg in F2 onlg (p<0.01), short /a/ being further bsck.

5.2.5. Long and short emphatic vowels

Figure l3 shows the long and short emph€tic voY/els. As noted
above, short [e] and [o] are not investigated in emphatic environments
and therefore not included in the chsrts. The chart shows thst high,
short vov{els Êre centrslized in the same wau as the corresponding
plEin ones. /i/ is lower ond further back than /ii/, /u/ is lower snd

more front then 1uul. Emphetic /aa/ and /a/ overìep even more thsn the
corresponding plEin vowels The difference in F I js nonsìgnificant and

the signific€nce level of the dilference inF2 is low (p<0.05) Thus the
vowel quaìitU of emphEtjc /aa/ and 1a/ is verg much the same.
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Figure l2- Plain long and short yowels_

5.2.6. Compôrison between plEin and emphatic vowels

rleen vErues of center frequencies in plain snd emphatic
environment together with the dìfference between the tw0 sets y/ere
cElulÊted Ere listed in the following table:

ôô=¡
ii = o
UU= q

d=+
i=r
U= r
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/aa/ F 1

F2
F3

/ee/ F 1

t2
F3

/ii/ F 1

F2
F3

/oo/ F I

F2
F3

/uu/ F 1

F2

pìain
585

1 780
2625

385
2215
2800

295
2365
3070

405
880

2415

615
1 585
2615

435
1915
2610

415
1120
2430

4to
2100
2735

325
2220
2810

400
845

2665

630
I 165
2660

450
I 485
2s95

450
955

2485

25
-115

65

30
-1 45
-260

emphEtic diff.(emph.-plaìn)
620 35

I 085 -695
26sO 25

305
790

F3 2375

330 25

ÇVVC: 765 ÇVVC: -25
ÇVVÇ: 7es qVVÇ :5

2640 265

-5
-35
250

15
-420

45

/a/ F1

F2
F3

FI
F2
F3

F1

F2
F3

l5
-430
-t5

35
-165

55

Table 5-A Formant center frequencies for njne speôkers in
plain snd emphstic environments and the djfference
between the two contexts.

Two-tailed t-tests, TÊble 5, v/ere used to test whether there
were EnU significant diflerences in vowel qu8litU, measured ss the
center frequencU of the formants, in different emphotic environments,
i.e. cVVC and CVVÇ. ln addition, t-tests were used to lind whether there
were snU significant differences in vowel qualìtg Þetween pl6in vowels
Ênd the two emphatic environments, respectivelg. The difference be-
tween long and short v0wels Within eEch phonologicsl context wEs als0
investigôted bu two-teiled t-tests, when overlspping eìlipses on the
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Figure l3- Emphatic long and short votyels

acoustic chsrts did not show a separation wide enough to decide the
m8tter Þg ege.

Long plain and emphstic vowels sre shown in two sepsrste figures
for the sEke of cìeErness.

5.2.7. Long plain and emphatic vowels.

Figure 14 compsres the long plain snd emphstic vowels /aa, ii,
uu/. The picure of scoustic pErameters differentiEting the two sets of
vowels is quite complicsted 6nd includes differences jn vowel quslitu
0r f0rment trsnsition onset or I comÞineti0n of both. This question wilì
be treated in chepter 6 on formant transtions. The shift from plsin to
emphotic /aa/ Elters the voweì qualitg drssticalìU, however, end is
most easilg detected auditorilg, even bU En untrsined ear.

Figure l5 shows 8ll plain and emphstic long vowels, including
/ee/ and /oo/.Due to Iimitstions in the smount of dsts eccepted UU tne
c0mputer progrsm the emphetic vowels sre restricted to the ÇVVC tUpe
of sUll€ble.
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Figure 14" Long plain and emphatic vowels

There is s considereble overlspping between the plain end

emphÊtic allophones of lront ônd bsck mid vowels.long /ee/, however,
shows significant djfferences in both Fl snd F2, (p<0.0 1, T6ble 5:7).
Long /oo/ h€s nonsignjficant differences jn both Fl End F2 and a low
significant difference in F3, (p<0.05) End thus hss the sEme quElitU in
plsin snd emphstic environment.

The t-tests show that the vowel sets differ in degrees of
significance. Regsrding vowel quElitU long /ea/ hss E highlU significEnt
difference between plain and emphatic contexts, long /ee,'i i/ have e

less prominent degree, wheress long /oo, uu/ have none or a smell one.

The smaller differences in vowel qualitg sre compensated for bg

increEsed differences jn trÊnsition onsets. The influence of emphssis 0n

the qualitU of the ìong vowels seems to be relsted to the features high-
low end front-back, so thet high vowels 6re sffected less thsn l0w
vowels, snd front vowels more thsn bsck vowels.
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Figure 15. All long, plain and emphatic vowels
Dotted ellipses=emphatic yotvels.

5.2.8. Short plain and emphEtic vowels

Figure l6 finallU, compares the short plain and emphatìc vowels.
The two vowel sets Ere cle8rlg separated from esch other with verU
littìe overlapping, ìn contrast to their long counterpÊrts. All emphEtic
short vowels are considerablu further back in F2, v'there the difference
is highlU significant, (p<0.001) for sll vov/els. Short emphatic /i/ and
/u/ diîîer sligthlU in Fl from the plain counterparts, (p<0.05), whereas
emphÊtic /a/ does not show E signìficEnt difference from plEin /a/.rhe
distinction between plain ônd emphatic contexts is thus upheld cleôrer
Þetween the short vowel sets than between the long 0nes. one possible
expìanation for this c€n be that the distinctive feEture for emphssis is
primarilg € consonsnt€l propertu Es hss been shown in the section on
sibilants. During the Erticuletion of E long vowel the coôrticulEtoru
influence of sn emph8tic consonant on En adjscent vowel hes time to
decreese. The vowel consequenilg approaches formsnt values, which sre
near those targets, which ere tgpicel for plEin vowels. ln the csse of
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Figure l6- Short plain and emphatic vowels

short vowels this csnnot happen, þecause during its short time spEn of
€rticulEtion the coarticulatorU effect of emphEsis remÊins through the
vowel, v/hich thus cônnot re6ch its torget vElue.

5.2.9. CompErison between vowel qualitU in Eggptian
Arabic and some other dialects.

Although availsble data on formant frequencU values fr0m
different Arsbic dialects are not immedistelg comparable because of
the widelU differing sets of test materisl, which are structured to fit
different aims, it is nevertheless possible to môke rough comparisons
end get some idea of dialectal v€riations. The present investigation
does not cover cEses where emph€sis occur secondsrilU, and all vowels
Ere set in E dentel/alveolar context to minimize formênt m0vements.
This is not the case in Card (1983), who investìgeted emph8sis in €ll
its msnìfeststions in P6lestinian Arsbic End where the consonant6l
contexts influences formant lrequencies. CErd presents me6n center
frequencies lor eôch one of four speakers in herTables l-6 (pp.37-42).
Computing the mesn value ol each vo\Mel for these speEkers makes her
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results comp6rEble with the present studU. The lollowing teble sh0ws
lhe F2 drop in emph6tic environment for p6lestinion end EgUptjan
AraÞi c.

Pslestini6nArabic EgUptiônArebic

/aa1
/ii/
/uu/
/a/

-345
-85
-50

-300
-305
-285

-695
- t45

-25
-420
-430
- 165

CVVC

Table 5-B F2 drop in emphstic environment in polestìnion End
Eggptisn Arabic for long and short vowels.

The compori son shows that emphasis sffects the qualitg ol most
Eguptisn Arebic vowels to a much lsrger degree thsn is the csse in
Pelestinian Arsbic. The onlg exceptions ere long /uu/ and short /u/
where PalestiniEn Arabic has Iarger drops in F2 ths Eggptien Arabic.
The difference js small for the long vowel, but considereblu gre6ter for
the short one.

The large differences between palestini€n Arsbic ônd EgUptien
A16bic might seem surprising, but the large drop in F2 center frequen-
cies eppears to be s cheracteristic propertu of Eguptiôn Arôbic. Gh6zeli
(1977;6 1) lists center frequencies for /aa/ for a number of dialects,
mosilg North African, but slso for cÊirene and Jordani€n Arabic. The
drop in F2lor Eggptien Arsbic is 650 Hz, close to the Eversge in this in-
vestigEtion. The drop in F2 lor Jordônisn ArsÞic, which is linguisticsllu
close to Palestinian Arsbic, is 300 Hz, the ssme vslue as found Þu card.
0nlU one other diÊlect, in southern Tunisia, mentioned bg Ghazeli
(op.cit.) has s slightìg larger drop in F2 than Eguptiôn ArEbic. rhe others
drop onlU bg 250-450.H2.

0brecht (1968;28f .) hes data 0n center frequencies for one
spesker of Lebanese Arôbic. ln some words in his meterieì the con-
sonental context is not dental/alveolar, which makes an immediate
comperison with Eggptian Arabic difficult in some c6ses, but the ten-
dencg is quite cleer. Vowel quelitg is verg litile aìtered in emphetic
environment es compared with plain surroundings. The expected drop in
F2 center frequencg is smsll or non-existent for all long snd short
vowels, except for /aa/ and /a/,For /ii/ and /i/, forexsmple, there is
no difference at all, whereas there is a drop for both in Eggptien Arebic,
the drop lor /a/ being quite large.

The low voweìs /aa/ end /a/ are the onìU ones, which ere sub-
stantiaìlg altered in their whole length in emphatic environment in
Lebanese Arabic. The degree of lowering differs somewh6t from
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Eggptian Arabic. For long /aa/ the drop, measured between lsÞial con-
sononts, is 950 Hz, which is more thsn in Eggptian Arsbic. The F2 drop
for short /a/, measured between dentals, is 300 Hz, which is less thsn
in Eggption ArEbic.

Giannini-Pettorino (1982) investigated lraqi ArEbic. The data are
based on one inform8nt onlU. Formõnt frequencies are not listed in
tsÞles, but it js obvjous from the figures that lraqi Arabic dìspleg both
differences and simìlErities compared to Eggptian Arabic. The l0ng
vowels do not seem to dilfer much between plain and emphstic
environment in lrsqi Arsbic. Emphatic long /ea/ is roughlU 2OO Hz lower
in F2, which is close to what Ghszeli (op.cit.) reports for the ssme
diEIect. Emphatic long/ii/ is 6bout 150 Hz lowerin F2.This drop is the
same es in Eggptian Arsbic. F2 drops veru Iittle lor emphstic /uu/ es it
does in Eggptien Arabic.

The differences in Fl between plajn €nd emphatic environment are
veru smsll for all long vowels in lraqi Arabic, es theg sre in Eggptisn
Arsbic, Þut show the sEme tendencg to rise slightlg.

The onlg large dilference between l0ng vowels in the two dialects
are the /aa/ qualities in pl6in €nd emphatic environment where
Eggptian Arsbic hEs much lower center frequencU.

The differences between plEin and emph6tic short vowels are
much greater in lraqi Arabic, as it is in Eggpti0n Arabic. The
differences in frequencg Ere verg much the same for the two dielects,
except that F 1 seems to rise more f or emphatic /i/ and /u/ in lraqi
Arsbic and that F2 drops considerablg more in Eggptien Arsbic for
emphetic /a/.

Al-Ani (1970) investigated the acoustic properties in whst
€ppeErs to be Stsndard Arsbic sccording to the phoneme chert. The
informEnts v/ere lrsqis, End for some contexts two Jordsnians, but the
chart (op.cjt.29) does not contain ang tgpicol consonent phonemes for
these diElects. The speEkers'underlging di€lect is clearlg at work how-
ever. The formsnt chôrts reveal more ebout the acoustic properties of
lrsqi and Jordsnisn ArsÞic than ang supposed st6ndard form of the
lsnguEge. Theg can therefore be used for interdialectal c0mp6risons.

The relEtjvelg small drop in F2 for vowels in emphôtic environ-
ment in lr6qi Arabic, as reported ÞU Ghazeli (op.cit.;61) Ênd Gjannjni-
Pettorino (op.cit.;figs.6-8) ought to result in considersble overlspping
between plain End emphatic vowels, psrticulsrlU'lor /aa/ and /a/ in Al-
Ani's ìnvestig€tion. This is also the case. There is possiblU a greoter
difference between plEin snd emphstic /iil than ìn the other studies.

As expected, the sh0rt v0wels show greater differences between
plsin end emphatic surroundjngs than the long 0nes, except thst the two
sets of /a/ are closer than in Eggptian Arabic.

AvEilaÞle dsts make a comporis0n between Eggptian Arabic and
other dialects veru selective. Data exist for /aa1 and /a/ Íor a com-
parativelg'large number of dislects, but besed 0n few speakers. lt is
oÞvious thst Eguptisn Arsbic makes an unusuallg large difference in
quelitg for these low vowels in plain snd emphEtic contexts.
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For the rest of the vowels the data available for comparison are
limited. The differences between lraqi and Eguptian Arabic do not seem
to be verg lôrge. ln comparison with Palestinian Arabic, emphatic
v0wels in Eggptian Arabic are charEcterized bg a more pronounced drop
in F2.
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6. FORTlANT TRANSITIONS

FormEnt trsnsitjons hôve been shown to hEve a crucisl jmportance
in the decodjng of the speech signal. Their ocoustic structure gives
information not onlU of the vowel itself, but are cues t0 the correct
identificstion of adjEcent consonants. lt has become cle6r thr0ugh
perceptual tests that listerners can identifU different c0ns0nants de-
pending on the formant transitions Elone, even if n0 cons0nEntaì seg-
ment js present in the speech signal (Delattre et sl. 1955, Denes snd
Pinson 1973;17 4Í.).

FormEnt transitions have long been recognized t0 be highlU impor-
tent in connexion with emphôsis in Arabic. Seversl studies, for exampìe
Ghazeli (1977) Ênd Csrd (1983), to nôme some of the lstest, h6ve shown
the ch€racteristic patterns, pErticuìarlU the lerge drop in F2 onset fre-
quencU. Emphssis has also been studied in experiments with perceptual
tests, bssed on sUnthetic speech (0brecht 1968).

Thus, since not onlU steadU state properties of vowels are kn0wn
t0 plaU a perceptual role, long snd short vowels were meEsured also in
their onset frequencìes. The relevsnce of the differences in the 0nsets
versus center frequencies between the sets of plain and emphatic
vowels wjll be discussed. The importance of formant transitions for the
short vowels lel and [o] will be treated in connexion with s discussion
of their phonemic st6tus.

Some differences between Arsbic dialects on the segmentsl level
are eesilg detected Et En €uditive comp6rison between different v0wel
sounds.0ne cEn suppose that part of this variEtion depends not onlg on

vowel quaìitg, but 6lso on formant tr8nsitions. A comparison wilI be

made between EggptiEn Ar8bic and other diElects 10r which d6tô ôre
avai I ebl e.

6.1 . Procedure

The following set of test words w6s used Íor meÊsuring formonts
in their onset and center frequencies, i.e. the charecteristics 0f
formsnt trEnsitions Þetween consonant and vowel.
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ìong vowels:

seed
zeet
si id
I ooz
suu d

saad
seed
9i it
soot
suu d

'g0vern'
'oil'
'lord'
'slmonds'
'black'(pl.)

'to hunt'
'hunting'
'reputetion'
'voi ce'
srtificisl word

short vowels

sadd
zethe
si tt
I ozha
sudd

'close'
'her oil'
'ledg'
'her almonds'
'close!'

?igeeg 'punishment'
tsxsiis 'specializstion'
m6xquus 'specisl'

gadd 'to prevent'

gitt artificiel word

gudd 'prevent!'

?igegna 'her stori es'
?eqigfra 'he puni shed her
lugugha 'her coccgx'

T0 investigate in whst contexts End t0 whst degree formont
trensiti0ns 6re E f€ctor in the differentietion between pl6in end
emphatic vowels in EgUptian AraÞic, trsnsitions of long €nd short
vowels were meEsured in sgllaÞles of the three phonoì0gical structures
mentìoned previouslg, nemelU CVVC, qVVC, ÇVVC and their short
c0unterpsrts. lleasurements were mEde 0n the seme three spectro-
grems, which were used for the investigEti0n of vov/el qualitg. The
stôrting point of the trÊnsitions, considered to be the onset frequencU
of the formônts in the beginning of the vocelic segment, wes measured
and mean vslues côlculeted. The mean values of formant onsets ônd
mesn center frequencies are shown for nine speakers for long end short
v0wels in figures '17 and 18. The onset ond center frequencies of esch
vowel Ere connected and thus show the direction of formsnt movement.
Trônsitions ere meôsured in initial position onlU, between C Ênd V.
Trensitions between V and C were not measured, since theg were ex-
pected to show the s.eme chsrscteristic patterns es in initial position.

0nset frequencìes End me6n vÊlues for nine speskers sre listed in
Teble 4.

Peired t-tests were used to estsblish the difference between the
trensitions of plein end emphetic vowels. The results ôre ôlso listed in
Teble 4.
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6.2.

6.2.1. Shôred traits

Results and discussion

in onset frequencg between long and
short vowel s.

Table 6-A reveôls some common trsits of formant onsets, which
distinguish long as well as short emphatic vowels from plain ones. With
two exceptions, Ell onset frequencies show the ssme general pattern.
The large decrease of F2 in emphatic vowels is aì wEUs highlU sig-
nificÊnt for long as well ss short vo\Mels 6nd is the most conspicuous
acoustic propertg of emphasis. Fl and F3 rise veru moderstelU, except
'(or /uu/ and /oo/, which show s IErger increese in F3. Long /ool and

short /a/ deviÊte a little from the general pattern. /ool has s veru
smEll decrease in F1 and /a/ shows no difference at ell between onsets
in plain and emphatic environments.

6.2.2. Long vowels

The two sets of long /aa/ behave in an exceptional wag compEred
with the other Iong vowels, because of the dìstinct qualities of plsin
and emphatic /aa/ as can be seen in TEble 6-4, The inter-speaker
v€ri sti0n for F'l and F2 sppears to be verg small. 0nset F2 of emphetic
/aa/ undergoes verU Isrge chEnges in comperison wìth plain /aa/. Where
F2 of plEin 1aal starts Êt around 1750Hz, F2 of emphalic /aa/ is verg
much lowered and starts under 12OOHz, E difference of nesrìg 600 Hz

st the onset. The center frequencies of the vowels are even more diffe-
rent, (cf. preceding chapter). Where the formEnt of plsin /aa/ is rising
lrom the onset to s stesdu state st Eround I 800 Hz, the frequencu 0f
emphatic /aa/ drops lrom the onset þU up to 150 Hz and the center
frequencg is for 6ll'informants oround 1050 Hz. This steodU state
frequencg is nearlg 7OO Hz lower th€n for plain /aa/ on the aversge.

The onset frequencu of Fl is also significsntlU different between
the two sets. The difference is not verU large, hoYYever, emphatic
vowels beìng 55 Hz higher on the average.

Severa] speakers hsve a verg high F3 for /aa/ in emphatic en-
vjronment, between 2800 End 3000 Hz. This is consideraÞlU more thsn
the average for all speskers. The mean onset frequencU is 2630 Hz Íor
all nine speekers in Plsjn environment. ln emphstic environment the
mesn onset frequencg rises ÞU an EVerage of 550 Hz'lor three speakers
to s mesn of 2880 Hz, whereas it drops slightlU for the rem8ining sjx
speakers in the same environment. The pattern was found t0 be con-
sistent in all tokens of long as well as short Vowels of the concerned
speskers. The difference between plain and emphatic vowels in F3 is
not significsnt, however.

The two sets of long /ee/ differ significsntlg Íor þoth Fl and F2.

The ch8nges 'i n F2 for emphatic Iong /ee/ are not as great as for long
/aa/. F2 of plain /eel hes an onset where the speskers sre cl0se
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pìEin emphstic diff. (emph. - plein)

/aa/ F I

F2
F3

55
-590

35

/oo/

/a/

Tôbl e

495
1 750
2630

350
I 900
2640

300
2225
2945

420
1320
2360

555
I 145
2370

575
I 595
2605

415
1 875
2615

405
I 185
2420

550
I 160
2665

415
I 660
2675

340
I 870
2665

405
985

2630

365
935

2635

575
1 170
2655

435
1445
2595

425
990

2495

65
-240

35

40
-355
280

-15
-335
270

20
- 195

75

/ee/ F I

F2
F3

/ii/ F I

F2
F3

/uu/ F I

F2
F3

l0
-210
265

FI
F2
F3

FI
F2
F3

0
-425

50

FI
F2
F5

20
-430

20

FI
F2
F3

6-4. lleen onset frequencies of plEin snd emphatic long
6nd short vov/els. Emphatic meôns are based on thé
collapsed values of ÇVVC end ÇVVÇ.

together et around 1900 Hz. This frequencg drops bg slighilg less thsn
25o Hz on the aversge in emphatic environment. Fl is eround 60 Hz
higher in emphatic surroundings, whereas FJ shows s veru small ond
nonsignificant rise.

Long /ii1 differs significsnilg between plein end emphatic sur-
roundings in Fl as well as F2 ond F3. The F'l onset is higher for em-
phetic /iil, rising ebout 40 Hz. The F2 onset drops bu arouñd J5o Hz on
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the average.The F5 onset drops þU circa 28OHz on the average.The dif-
ference is signiflcant.

The formant onsets for plsin End emphotic long /ool show no
sjgnificant dìfferences in F1 snd F3, even if the everage F3 onset is
higher lor emphatic vowels bU sround 27O Hz. lt is highlU dilferent in
F2, which drops for emph€tic vowels bg an averege of 335 Hz. As in the
case of emphstic /aa/,F2 drops from the onset to the center frequencg
of the vowel, instesd of rising ss it does for /ee/ and /ii/.

For long /uu/ all three formant onsets Ere sjgnificsntlU different
in emphatjc environment. The rise of the emphatic Fl onset is small and
of e low sÍgnificance level Es are F3 onsets. The emphatic F2 onset
drops, bU sn average of little more thsn 20O Hz. Fl End F2 Þoth drop
towsrds the center frequencg 0f the vowel.

6-2.3- Short vowels

As might be expected the short vo\vels follow essentiÊllU the
same pettern 6s the long ones. Short emphalic /a/ and /t/ both have a

large and highìg significent drop in lheF2 onset when compered to plein
/a/ and /i/,whereas the differences in Fl End F3 are small ônd non-
significEnt for both vowels.

The three speskers, menti0ned in the previous section, hEving Ê

considersblU rôised F3 in onset in emphatic envir0nment, c0nsistentlU
produce the sôme pattern for short /o/.

The difference in onset is considerabìg larger for short /i/ than it
is for I ong /ii/.

For short /u/ lhe difference in F2 onset is much sm6lIer than for
the other short v0wels 8nd of E l0wer signilicsnce level.

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

Short /i,a,u/ ere undisputedlU regarded Es phonemes in all phono-
logical snslUses of Eggptian Arsbic. The tre6tment of short [e] and [o]
differs. TheU ere generallU n0t trested ss ph0nemes in descriptions of
the phonologjcal sgstem of the lsngu€ge. ln most cases theg sre not
even mentioned (e.g.Woidich l98O;207) or when theU sre, theg ore de-
scribed as allophones ol /i/ and /u/ (Birkeland 1952;48). Their phonetic
quslit'i es do not seem to hsve been investigsted. Jomier (1964:3) does
not mske a phonemic enalgsis, but describes five different short
vowels, [i,e,a,o,u]. He does not define verU clearlU under whEt circum-
stÊnces [e] and [o] occur €nd concludes the description ÞU giving the
edvice "se laisser guider par l'oreille". llitchelI ( ,l 978;9f) reckons with
five short vowels, Þut does not discuss their phonemic ststus. Abdel-
llossih (1975:21 ) also mentions f ive vowels , but lists them in the in-
ventorU of short vowel phonemes, thus being one of the few to include s

serÍes of short mid vowel ph0nemes. Although the occurrence of short
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[e] and [ol mag be said to be common in the ìanguage it seems djfficult
to define distributionsl rules. He also states, however, that the occur-
rence of short [e] and lol in contrôstive posit'i ons is not veru common
end thôt it is difficuìt to discriminEte between [i] :[e], end [u] :Io], for
non-nstive speskers.

There sre veru few minimal pairs where [e] can be said to con-
trast with [il ano lol wìth [ul, but AÞdel-tlassih (op.cit.) gives e couple
0f minimal pairs to demonstrote the oppositìon. Words with short [e]
end Io] sre obtsined Þg morphological processes, sdding pronominal suf-
fixes to verbs snd nouns y/ith long lee/ and /oo/ vowels, respectivelU.
Bg wag of this process the ìong vowel is automaticallg shortened. For
example /belna/, 'our house', from /beel/,'house' contrasts with
/btlna/,'we spent the night', from /baot/, 'to spend the night', e verÞ
v/ith s short [i] vowel in this particuìar form of the psst tense. ln his
second example, the same morphologicEl process shortens the long /oo/
of a noun of Turkish origin, /?oo1a/, 'room'. Due to lurther phonoìogical
processes this sffixstion gives the form /'tolli/, 'mU room', v/hjch is in
contrsst with /?u!!i/,'mU c€t', lrom /ut!a/,'cat'.

Short [e] and lol thus seem to 6ppear in contrôstive position onlU
in words where long /ee/ and /oo/ have been shortened in morphologicsl
processes. These cases are consequentlU quite rare.

To find suitable v/ords to investìgate the acoustic properties of
lel an¿ [o] ond compôre them with short [il ano [ul, the same procedure
ss in Abdel-llassih's examples was resorted to, since words forming
minimal psirs in other wsus were not found. The monosgìlabic test
words with long /ee/ and /oo/ had personal pronoun suffixes added to
them, thus forming disullaÞic words where the long vowels are short-
ened before two following consonsnts. This is Eccording to the rule
mentioned in the lntroduction, which ssgs thst s Iong vowel cannot pre-
cede two consonants. Ie] and Io] were onlg investigated in plain environ-
ment, disregêrding the emph6tic phonologicêl contexts.

Birkeland (1952) states thst jt is veru difficult to deline the
quaìitg of /i/ in msnU cEses, particulEr]U in unstressed closed sgl-
lebles. The sound c0uld often be trÊnscri bed w'i th snU of the sUmbols Iil
end [e]. The ssme stete prevsils concerning lul and fo]. lt would make no
difference to pronounce the word for'mother'as [?u¡rn¡ or [?o¡rn1. tntt
investigation does n0t show, however, that there is ang greeter variE-
tion in these two vowels than in the other vowels.

There is obviouslg e cleEr scoustic difference between [i]: [e] anO

Iu]: Io], consisting in highlg significant differences in îormant onset
frequencies. The most imp0rtsnt diflerences ore in F2 where Io] has a
hìgher onset frequencu thôn lul bg an EVer€ge of ,|00 Hz (p<0.01). Short
lel has a lower onset than [il bg an sversge of l 05 Hz (p<0.0 t). lt is also
possible to Iist ot least s limited number of minimal psirs where this
difference signifies Ê dilferentiÊtion in mesning. The acoustic dif-
ference is unususl, however, since it depends on onset frequencies onlU,
end n0t of center forment frequencies of the vowels. According to their
phonetic structure theU could rather be snslUZed es diphthongs Ênd be
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phoneticallU transcribed ¡e¡land lou]. Iei] has the onset frequencg of Iel,
but resches the center frequencg of [il. [ou] hss the onset frequencg of
lol, Þut drops to the center frequencg of [ul.

ln spite of the fact thet lel is phonetic6llU different from [il, and

lol from Iu], it is difficult to Eccept the conclusion of Abdel-llassih and
0thers thst the short mid vowels ought to Þe anslgzed ss ph0nemes,0r
thet onlg [o] has to,6ccording to Gômal-Eldin. As Birkeìand (op.cit.;47)
and Drozdik (1973) point out, the reEson for this is thst lel does not
contrsst with [ee], and [o] does not contrsst with [ool. The long vowe]s
occur onlg in open sgllsÞles or Þefore one consonant.0n the other hsnd,
the short vowels [e] and lol are found onlU Es the resu]t of morpho-
phonol0gical rules, bg whìch Iee] and Ioo] sre shortened Þefore con-
sonantal clusters or otherv/ise occur jn unstressed sUllsbles. This pro-
cess is thus conditioned bg sullsÞic structure 6nd stress p6tterns snd
is entirelU predictsble. ConsequentlU, short Ie] is Þetter analgzed as an
sllophone of /ee/ End short [o] as an sllophone of /oo/. This onalgsis hss
slso þeen proposed bg Wise (1975).

The conclusion must be that short [e] and [o], y/hile distinct from
[il eno [u], ore not phonemes in Eggptian Arobic, snd thst the Ianguage
does not possess ô set of short mid vowels in correspondence to the
long ones.

This investigEtion shows, however, thEt [e] and lol are phonetic-
allg distinct from Ii] and [u], showing significantlU different transition
petterns, ss compered to the lÊtter pair. Thus, on the ph0netic, Þut n0t
on the phonemic level, there Ere five short vowels in Eggptian Arabic.

6.2.5. Treatment of short vowels in EgUptian dialects

A developement of short mid voweì phonemes in Eggptian ArEbic
in contrast to St8ndsrd Arsbic snd the western dialects would not be

unique or impossible. According to avsi'l sble investigsti0ns m€nU dis-
lects jn the eastern dialect area have added new short vowel phonemes
to the clEssicel three vowel sgstem. This seems to Þe the fsct within
Eggpt itseìf. KhEl€fallah (1969) identifies Ê linguistic ares with sub-
divisions in the Nile Valleg stretching fr0m the south of Cairo to
AswEn, a distance of sbout 900 kilometers, where the inhabitants share
mang diElectÊl trsits.one of them is said to be the use 0f five short
phonemic vowel s.

0mar (1973) ìnvestigated s dialect in Upper EgUpt in an are8
which belongs to the northern msin subdivìsion of southern EgUptiEn
dialects in Khallôfsllsh (1969). she lists six long v0wel phonemes
(op.cit. 28f.), splitting /aa/ in the present investigatìon into tw0
phonemes: /ææ/ and /aa/. There sre slso six short vowel phonemes,
esch one corresponding to a long one. The phonemic stEtus of [el end [o]
is expresslg ststed in opposition to sn interpretation of them ss
ellophones o'f /i/ and /u/. Despite numerous ex8mples of vowel distri -
bution it is difficult to appreise the phonemic function of the vowel
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quElities in the examples given, since theU 6re not presented in minim6l
pairs or according to the distriÞution method. The influence of emph€sis
0n v0wel quelitg and the phonologicôl consequences is not discussed.

Gsmal-Eldin (1967;l l) is of the opinion that not onlU southern
diEìects in Eggpt has increased the number of short vowel phonemes €s
c0mpsred to the classical sUstem. Without going into details, he
suggests an analgsis of the short vowels of EgUptian Arabic, understood
to be the diôlect of Cairo, into a four vowel sustem. He clsssifies [e] as
E phoneme, Uut not [ol.

The treôtment of the short vowels in the di6lect þ6sed 0n the
speech of CEjro hss dìffered with different investigôtors end their
methods of snalUsis. The reason is probablU the existence of e varietg
of phoneticsllU dilferent short vowel sounds, which is not uncommon in
languages with limited voweì inventories, and the existence of
seeminglg minimal pairs, \vhich sppear to exhibit phonemic opposition
It has been found difficult to formulate distributional rules for the
allophones, ("se leisse guider psr I'oreille"), at the s€me time os
minimsl pairs v/ith phonetic opposition have proved to be rare and
appearing in r8ther restricted contexts.

Spitte-Beg (1880) mixes wh8t nowedaus would Þe dìvided into
phonemic 8nd phonetic EnslUsjs, but so fsr as it is possible to mske this
divisi0n of his treatment of short vowels, he seems to identifU five
long and three short vowels, which sre clescriÞed in s rsther lÊrge
number of context dependent allophonic vsriations.

Hsrreìl (1957) ìdentifies five long vov/els and three short ones,
the sÊme Ês in this investigstion. ln addjtion he reckons with two short
epenthetic vowel phonemes, /e/ and /o/, together with o vojceless
intercostel sUllsble pulse, sgmbolized /-/.The last phoneme seems to
be E tentstive innovation on which no insistence is mEde. As regsrds the
phonemic st8tus of /el and /o/, it hes been refuted bg Blanc (1959) in
his review of Harrell's Þook. A possiÞle contrsst, set up bg Blanc,
between for exEmple /[uflemi:n/,'whom did gou see', m.s., snd /Jufti
mi:n/,'whom did gou see', f.s., does not necessarilg have to be anslUzed
as E phonemic distinction, as the epenthetic vowel /e/ in the first
example does not d'i ffer from unstressed 1i/ in mediêl position in a
y/ord Iike /muslimi:n/,'l1uslims'.

ln e lEter book bU Herrell et al. (196J), short /e/ and /o/ are
rem0ved from the presentation of the phoneme inventorg, lesving /a,i,u/
ss the onlU short vowel phonemes.

6.2.6. Short vovrels in some other Ar6bic dialects

A c0mperison between studies of Eggpti6n ArEbic snd other
dialects in the esstern diElect erea shows thet the phonemic enalgsis
of the short vowels often is uncertain end surrounded bU guerded
arguments. lt seems ôs if the short vov/el sustem is in a flux snd thst
ph0nemic oppositions sre under development snd n0t Uet quite esteb-
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lished. Another explsnation of the vagueness mjght be the weskness in
m6ng presentstions of the various phonologicsl vowel sUstems insofEr
that theg seldom go neither into phonetic detsils nor present examples
of minimal pairs where the contrsstive function of the phonemes is
obvious. As a result the same dialect cÊn be said to have o different
number of short voyvels, depending 0n the auth0r.

l'1anu dislects in neighbouring countri es seem to have deveì0ped
more short voyvels than the cl€ssicEl three. Card (1983) identifies five
short vowel phonemes jn her investigatjon of the Palestinisn dislect,
but does not go into detsils. Rice End SEid (1960:XX) slso recognize five
short vowels in the ssme diElect. None presents minimEl pEirs.

Cowell (1964;9f.) linds six short vowels in the vErietU of SUrisn
Arabic he describes. His aim is E description of the'lEnguage of edu-
cEted citU-dwelling SUrisns, particuìarlU the natives of Dsmsscus. He

includes /a/ in the phonemic inventorU in ôdditjon lo /e/ and /o/. Since
d¡alectel verietion côn be considerable within a rsther restricted areE,
he underìines thet five vowels exist, with the exclusion of [a], parti-
culErlU in Leþenon and Polestine, and thst its lunctionsl autonomu is
merginel, even where it exists (op.cit.;15), End that the clEssicsl three
vowel sUstem is found in some cases. Unfortunatelg, exampìes jn the
f orm of minimsl pairs are missing.

ln contrest to Cowell, Grotzfeld (1965) finds onlg three short
vowels, /a,e,o/, in the Sgrian di6lect, where the sgmboìs /e/ and /o/
seem to c8pture a development to a more centralized position in the
vowel spsce.

ln his grsmmar of lraqi ArEþjc, Erwin (,l963:17f.) reckons with a

four vowel sUstem, /i,a,o,u/. The development of an /o/ phoneme could
Þe the outcome of E parallel development as compôred with EgUptien
Arabic where the scoustic differences between [o] and [u] are greater
th€n between Ii] and Ie].

PElva ( 1976;14f.) investigsted ô Bedouin dislect in Jordan and
found, not surprisjnglU, that the phonemic stÊtus of the short vowels is
problematic. ln his tr€nscription he indjcates six different vowel
quelities, Þut anslgzes the sgstem to have four ph0nemes.

ln an eerlier work on GEìilean ArsÞic, Palvs (1966) found the
c'lassìcEl short vowel sgstem retôined, shov/ing the three sh0rt v0wel
phonemes /a,i,u/.

6.2.7. 0nset f requencg in other Arabic dialects

ComparEble onset data for Lebanese Arsbic from 0brecht
(1968;24'(.) ere av€ilsble f or /aa/ and /ii/, pronounced Ef ter dental
consonsnts. lhe F2 onset drop lor /aa/ in emphEtic environment is 450
Hz, which is less than in Eguptisn Arabic. fhe F2 onset drop lor /ii/,
600 Hz, is lErger, ho\Yever.

Vowels in LebEnese ArEþic, except /oa/ end /a/ seem to signal
emphasìs in the formant trEnsitions, \ryhile the center frequencies reEch
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E stsndard level, which is roughìg the same in plsin End emph6tic
context. Eggptian Arabic on the other hand generaìlg displsUs differen-
ces in both onset snd center frequencies.

Jiha (1964;l 23) makes a quslitative evsluEtion of emphssis in the
Lebanese dialect of Bismissln. He ststes thet ìts presence is noticeable
mainlg in /aa/ and /a/ vowels. This is in accord with 0brecht's results,
y/hìch show th8t onlg /aa/ and 1a/ sre Eltered throughout in their
acoustic structure in emphôtic environment and thus should displau the
contrast more audiblg.

Ghszel,i (op.cit.7g) lists F2 onset frequencies for sh0rt vowels in
pl6in and emphatic environment. His values Êre pooled date from twelve
subjects of seven nationolities. The majoritg of the speakers came
from Algeris, Libua End Tunisis. Thus it is impossible to get En idea of
dielectal variEtion. The tendencg is cleEr, however. The drop in F2 is
verg lerge. The onset frequencies in emphatic environment are roughlg
the same as in EguptiEn Arabic, y/here8s onset frequencies in plsin
environment Ere higher. The gap between plain and emphatic onset fre-
quencies ôre therefore e.ven larger in GhEzeli's investigation thsn in the
present one.

Fre Wol du ( I 98 1 ) i nvesti gated forment onset frequenci es after
plEjn and emphstic dental stops, in Eddition to the studg of non-
spectral properties of the two conson8nt sets, referred to in chapter
4.3. ln the acoustic investi96tion seven speskers came from Algeris,
llorocco and runisia and one lrom sudôn. The results show that F I rises,
as in Eggptisn Arabic, but consideraÞìg more.The rise is l50 Hzfor /i/
and /u/ and 100 Hzfor /a/.ln Eguptiôn AraÞic Fl rises Þg more than so
Hz in onìg two cases, /aa/ and /ee/.

the F2 drop sfter emphetic stops is veru lsrge for IlI vowels, as
much as 800 Hz Íor /i/ and 600 Hz for /a/ and /u/. These differences
Ere even larger than what hEs been meEsured for EgUptiEn Arsbic, for
/i/ and /u/ much more, but the findings are consistent with Gh6zeli
(op.cit.) who also found lsrger differences in onset frequencies after
emphEtic consonants th6n is the case in Eggptian Arsbic.

Fre Woldu slso messured F3 in onset. lnste€d of a slight rise in
frequencU sfter emphstic consonants there is s drop bg lO0 Hzlor /u/,
2OO Hz ¡or /i/ and E veru large one bg 800 Hz for /a/. This drop in FJ
for all vowels is contrôru to EguptiEn Arabic where Êll vowels, long and
short, has a higher F3 in emphstic environment, and where some
speakers even hEVe a remarkable rise in F3 for /aa/ and /a/.

Judging from the availabìe msteriEl on formant frequencies ìn
different Arsbic dialects, it seems ss if the dialects in Africa mske e

large difference between plain snd emphEtic vowels, the dislects in the
HsghriÞ even more so thsn in Egupt. The differences are far less pro-
nounced in whst has been found in investigstions of lreqi and
PElestinian ArÊÞic.

GiEnnini-Pettorino (op.cit. fig B) show the onset frequencies for
short vowels in lrsqi Arabic. since their object is to show the locus of
the converging form€nts theu do not have tsbles of onset frequencies. lt

52



is evident, however, from the figure that the gôp in onset between plsin
end emphatic vowels is r8ther large also for lraqi ArsÞic.

Al-Ani ond El-Dalee (I984) report formônt frequencies f0r
snother Eggptian diElect. TheU present dst6 for one spesker fr0m
Alexandris. The same genersl pattern is vjsible here, but the drop in F2

steadg stste frequencU is much larger than it is for Cairo speakers. lt
ômounts to roughlg 40OHz instead of 145 Hz in this material.The drop
for /aa/ is about the same in Þoth dislects and the difference for /uu/
in plain and emphatic environment is slso nonsignificent.

6.2.ð. The importance of onset frequencU and center
frequencg for emphasis.

As has been shown in the previous section, other investìgations of
vsrious ArÊbic dislects show that formEnt trsnsitions of sometimes
dr€stic ranges occur sfter emphatic consonÊnts in compsris0n to tran-
sitions Efter plain consonants. The perceptual importance of these
tr6nsitions hsve slso þeen tested (obrecht 1968). The'ir function 6s E

mojor cue for emphasis in the sullaÞle context is well est8blished.
Eggptìan ArsÞic is no exception to the general pattern in this regsrd
smong its sister dialects, Þut shows some charEcteristjc Varistions 0n

the theme. Table 6-B Iists ch6nges in frequencies in plain and emphatic
environment ônd gives a picture of the differences in the acoustic
structure of the two vowel sets.

It is obvious from this tsble that the greatest ch€nges in the
acoustic structure of vowels sffect the forment trsnsitions when g0ing
from plain to emphstic environment. The particulEr qu6litg of vowels in
EgUpti€n ArEbic is a combinEtion of onset end center frequencies. ts0th
are lower in this diÊlect in emphatic surrounding thon in other djalects
for which d€ts are EVailsÞle.

F2 is wìthout question the most importent single cue for em-
phasis. F1 seems to have en importance for distinguishing beck plsces
of srticulotion. E]-Halees (1985) performed perceptual tests to com-
pÊre the results with the predictions of Stevens and Klatt's (1969)
model of relôtionships between 6res functions of the vocsl tract and

formÊnt structures. Arsbic hss seversl Þack places of srticuletion ss

can be seen on the consonônt chsrt in the lntroduction. El-Halees f0und
th6t s step-wise rising F1 in the sunthezised test words ceused the
test subjects to mske s distinction in a discrete msnner between uvular
and phsrUngeEl sounds, connecting the h'i gher F I with the more back
plsce of Erticul6tion. F1 therefore môkes 6 contriÞution to the emphetic
sounds, but does not seem to be immediatelg relEted to the feeture
emphssis.

El-Halees's investigEtion deals with JordEnian Arabic. lt is
difficult to decide the import8nce of Fl in Eggptian Ar6bic due to the
nonsignificsnt or low level significance in the rise of F1 in emphatic
envir0nment as compared Y/ith the plsin counterpart.
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0nset stesdU state

laa/ F I

F2
F3

55
-590

35

35
-695

25

/ee/ F 1

F2
F3

25
-1t5

65

/ii/ F r

F2
F3

30
- 145
-260

65
-240

55

40
-355

2AO

-425
50

20
-430

20

-5
-35
250

/oo/ F 1

F2
F3

-15
-335
270

t0
-210

/uu/ F 1

F2

/a/

F3 265

Çvvc
ÇVVç

25
-25

5
265

F1

F2
F3

l5
-420

45

l5
-430
-t5

FI
F2
F5

FI
F2
F3

20
- 195

75

55
- 165

55

Toble 6-8. Differences in onset snd center frequencies between
plain End emphatic environment.

The lmportsnce of F3 in the plsin-emphstic distinction is Elso
difficult to assess. Few investigations report date on FJ, alth0ugh
existing dsta indicate the s8me slight rise as in Eggptian AraÞic. The
c0ntribution of this formant to the auditive impression is not known,
due to the lack of perceptusl tests. lt is likelg thst its importance is
rather small end negligable in most ceses. The rise in FJ frequencg is
mostlg verg moderEte snd often nonsigniîicEnt or of a low significance
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level. The amplitude fo F3 is often veru wesk î0r mid End high back
voweìs Es cEn be seen on spectr0grams.

Al-Ani and El-D€ìee (1984) indicste thst F3 is used as a sepsr8te
Ecoustic Þarameter for distinguishing some phonemes in Arsbic. TheU d0

not sEU wh€t phonemes, hoy/ever, end do not give formant vôlues f0r F3
or refer to ang perceptuEl tests.

AvEilable tracings of X-rag studies of Eggptiôn Arabic (Wood

19A2) do not meke it possible to comp8re the extent of the second8ru
back constriction for long 6nd short vowel'i n emphatic environment
during their srticulation snd the changes thôt must 0ccur when g0ing
fr0m an emphatic consonEnt to I following vowel. The acoustic results,
however, suggest th6t the secondsru constricti0n c0nnected with 0n
emphatic consonant rspidlU decreases during I following vowel, but
without diseppearing Eltogether. An indicstion of this is thst Ell Iong
vowels, except /aa/ get verg close to the frequencg Ievel of the steadu
st6te portion of the plsin vowels. The grest difference between plsin
end emphatic vov/els sre in the onset frequencies whereEs the directi0n
the trônsìtions are going tow6rds a target which in most c€ses
differentì€tes verg little Þetween plsin and emphatic environments. The
dilferences between pl6in snd emphstic v0wels in the center frequencg
are so smsll for high €nd mid vowels that their perceptual importance
in msnU cEses cEn be doubted.

The short vowels, however, have a greater qualitg difference than
the long ones, ss is shown bU their large differences in center
frequencies, in Eddition to the lsrge differences in onset frequencies.
This seems naturel considering their comperativelg short time 0f
articulstion. During E short time span the constriction in the ph€runx
cEnnot be expected to decrease to the ssme degree as is the case with
the long vowels which sre sbout twice as long. lt is thus not possible
for emphatic short vowel to re8ch 0r spproEch the tsrget vaìues f0r
plain short vowels es the emph8tic long ones appro8ch the tErget ol the
plain counterparts.

6.2.9. Long /aa/ and short /a/

As was steted in the lntroducti0n EgUptian Arsbì c is traditi0nsllU
analgzed as having five long and three short voYYels. The low vowels
/aa/ and /a/ lhen both occur as front and þôck allophones. Next to an

emphatic consonsnt the back allophone [o] alweUs occur. The emphEtic
consonant conditions the quelitg of the vowel and the front slì0ph0ne
[æl can consequentlg not be found adjacent to E c0ns0nsnt 0f this c]sss.

lf the occurrence of [æ] and [o] had been completelU regulôr 6nd in
complement6rU d'i striþution there would be a clear cEse of a singel /ae/
phoneme €nd s short counterpart both having front €nd back allophones
occurring in ptain and emphEtic environments. Ia] would then occur onlg
with emphetic consonants and [æl in all other cases. This is not so,
however. There is no oÞstacle for Io] to occur together \Yjth most, if not
ell other consonsnts in the lenguage. Ghazeli (1977;133) who
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investigEted s rather lsrge number of diôlects, including Eggptian
Arabic, also found thÊt b6ck Io] occurs quite independenilg of emphatic
consonants. The occurrence of Ia] in combination with other consonEnts
than the four which trEditionElìg have Þeen classified Es emphatics, has
led mang to suggest thst EgUptisn ArEbic, as well as other di€lects, has
a number of additional emphatic consonants. According to Abdel-Nassjh
( 1975;6) there sre two other emphatic consonEnls, /!/ and /r./ in
Eddition to plain /l/ and /r/. /þ/ hes also been suggested as En
emphatic phoneme in Eggption Arabic and Ghazeli (op.cit.; lJ5) lists /b,
m, l, f , g, n, k/ €s, hEVing been proposed to hEVe emphstic phonemic
c0unterparts, slthough he does not mention if this €pplies to all
dialects he lnvestigated or onlU some of them.

It is oÞvious th8t long /aa/ End short /a/ are a special csse in the
phonemic sgstem of Eggptian Arôbic. The ill-defined distribution of the
ellophones of /aa, a/ end the remsrksblg large differences in quElitU in
front and back position hôve cEused much confusion in defining their
status, as well as the number of emphatic consonants.

The occurrence of E bsck lol has sccording to Ghazeli (op.cit.;134)
led to the conclusion that the 6djacent consonant alwsgs must be
emphatic and thEt Arabic diElects shov/ an incressing number of
emphstic consonEnts. This is becEuse it is generallg assumed thst
ArEbic has one low vowel phoneme onìU, the bsck Ellophone of which
0ccur exclusivelu Êdjscent to emph€tic consonants. Ghszeli (op.cit.)
suggests, however, thst the backing of certsin or all consonants do not
necessariìg implg thet theg Ere emphatic. The srticulEtorU and acoustic
back properties which have been found in these conson6nts might just
es well depend 0n the fôct thst theu are next to E ÞEck vov/el phoneme.
It is not self-evident th€t Eggptian Arabic snd seversì other diElects
possess five long and three short vowel phonemes. There are strong
indicetìons of a phoneme split which hôs affected the low vowel,
resulting in one front end one bsck low vov/el.

Gh6zeli points out a lot of inconveniences in attributing emphatic
status to a growing number of consonEnts. He underlines that the
emphatic conson€nts which he prefers to csll phargngealized, hsve
common trsits in the articul€toru and acoustic fìelds which theu shsre
as s cìsss. All of them sflect sdjacent segments in I consistent wEU.
Theg csn further occur in snU vocslic environment without loss of their
ph0nemic status. None of these char6cteristìcs Ere shered bg other so
called emphetic or phargngeelized consonants. Theg have been
classified as such beceuse theU freelU occur next to bsck lol without
the presence ol /1, q, ç,4/ in the word exerting their b6cking influence.

That this is the cese for Eggptian Arabic support GhEZeli's
anEIUsis and makes it Epplicôble €lso for this diolect.0ne well known
example of s minimel pair where /b/ ls supposed to contrast with /þ1
is [booÞo],'dad' or'Pope' €nd [bææbl,'door'. Similar pairs with other
consonents can also be found. This ôllegelg emphatìc /þ/ ônd other
Êllegelg emphatic conson€nts dif f er f rom /1, q, s., 4/,however, in thot
the lormer never remsin bEck with enU other vowel except Ia], wherees
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the lEtter remain phsrUngealized wherever theg are found. lt is
imp0ssible to find sequencies of tÞi, li, bu, lu] etc., whereas words
containing sequencies of ong vowel together with enU of the emphatic
/t, q, q, 1/ easil g ore found. No minim8l pairs or near minimsl pairs
conts'ining other vowels than beck [o] seem to hsve been Eccounted for
jn anU investigation of Arabic dialects End certsinìg not for EguptiEn
ArEbi c.

The phonetic data in obteined in this investig8ti0n of Eggptian
Ar8bic slso support Ghszeli's snalUsis of E split of the low vowel in
two phonemes in mEnU diolects. The ìarge difference in quôlitU bet\ryeen
the front End bsck low vowels belong to these dats. As has been sho\ryn

in the precedìng chapters on vowel quaìitg and formEnt transiti0ns the
large differences ìn both onset and center frequencies between front
End back [æl and lol does not occur for the other long and short v0wels
in plEin and emphatic environment. This can be interpreted in the light
of the fact that Ecoustic sn8lUses of vowel sUstems in different
lsnguEges show s strong tendencg for vowels to be distributed in the
acoustic spEce in E wEU that fEcilitates maximEl perceptua] contrast
(Liìjencrents, Lindblom 1972, Bannert, Gårding, Wood 1979). lt is
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unlikelU to find a lsngusge where the vowels Ere more or less grouped
together in 6 given section on a formsnt chsrt. Czech is a tgpical
exemple of € summetri c distributìon of the vowels in the acoustic
space. lt h8s five long vowel /aa,ee, ii, oo, uu/, as Eguptisn Ar€Þic snd
also five corresponding short vowels. Figure l9 shows the Eggptien
AraÞic snd czech ìong vowels, the Arabic low vowel represented bg both
front [æl €nd bsck Io]. The Czech datE are from Wodarz (t970).

A c0mp€rison between the two lsnguages shows thst the EgUptiEn
vowels ore not as regularlg spaced Es the czech five vowels, if there is
onlU one low vowel in Eggptian Ar8bic. ln that case it is found to be
verg front, being half wsu bety/een the czech /aal and /eel. This is due
to its formant structure, having s lower Fl and s higher F2 thsn czech
/aa/. On the other hand it has E veru back aìlophone which c€n onlU
occur next to emphatic conson8nts. /ii/ and /ee/ are much closer to
each other Es ôre /uu/ and /ool in EgUptisn Arabic Es compôred to
Czech.

lf Eggptian ArEbic has onlU five long vowels the lenguage displEUs
a rsther asgmmetric distribution 0f its voy/els in the acoustic spsce. lt
hss three front vowels, high, mid End low and two back voweìs, mid End
high, with s lErge emptU sreE where s low bEck vowel could Þe
expected. Not all languages with a five vowel sUstem cen be supposed to
hEVe a near perfect summetrg as Czech in its voy/el sp6ce, but the
rronting of the /aa/ in EguptiEn Arsbic is unusuallu large if it is the
onlU vowel.

There might be historical reasons for the large differences
between a front and back low vowel. Eôrlier stEges of Arabic probEblu
had e central low vowel (Ghszeli, op.cit.;l4t). Tri bal dialects in the
ArEÞian peninsula, Jorden snd lraq still hove such s vowel, occurring in
c0ntext-free environments and further bôck next to emphatic
c0ns0nants. From Eggpt 8nd westwsrds we find the fronted /ea/ vowel,
vErUing in qualitg between [æ] anO [É]. Tne polarizotion between the low
vowel qualities is quite underst6ndabìe Es I means o1 obtsining
msximEì perceptuEl contrast between the vowels in the 6coustic space.
supposing that the back [e] in figure l9 is en independent phoneme and
not sn Ellophone in emphatic environment, EgUptian AreÞic has a
summetric six vowel sustem, bssed on maximÊl perceptual contrast
with the vowels Et roughlg equ€l distances from each other.

As hôs been shown in the preceding chapters /aa/ has an acoustìc
structure that sets it apErt from the other long vowels. All Iong vowels
except /aa/ have center frequencies in emphstic surroundings th€t
6ppro€ch the center frequencies of plain vowels. Long /ao/ is the onlu
vowel where the gap in the center lrequencU between plsin snd
emphstic environment is even larger than the difference in onset
frequencu. This acoustic structure of back Ia] is maintsined also
together with other consonants then the four emphstics.

For the other ìong vov/els the coErticuletorg effects of sdjscent
empahtic consonsnts diminish during the articulstion of the vowel. The
ac0ustic structure of the other vowels shows thEt their compsrstivelu
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sm€ll differences in plõin and emph6tic environment (lor /oo/ it is even

nonsignificsnt) 6re best regErded ss allophonic veri6tion. 0brecht's
(1968;16) experiments with sgnthetic speech also support this view. BU

m€nipulôting formant transitions he found thEt it wes possible to g0

from formant values of plain high, front End back vowels snd oÞtain
vowel quelities which were perceived as emph8tic bU the listeners.
This proved quite impossible for /aa/. A low front voY/el used as a

starting point for msnipulated formant trsnsitions indìcsting an

incre6sing bscking tupic8l of emph€tic environments wEs rejected €s

was a back vowel v/ith tr8nsitions indicating fronting. All Ettempts t0
produce an acceptable vowel sound in this waU were rejected bg the
listeners.

The phonetic dstE obtained in this investigation thus support the
phonemic EnalUsis proposed bU Ghszeli for several dialects. Als0
EgUptiôn Arabic seems to have six long vowels, ol which there Ere tw0
low vowels, front end back with short counterparts.
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7. NODELLING OF THE VOCAL TRACT

As hos been shown in the preceding chapters, the emphatic vowels
differ from the pìain ones in € combinstion of different onset end cen-
ter frequencies, which gives them a characteristic acoustic structure.
The tgpicEì Ecoustic structure of emphetic vowels has been shown to
consist of a slighilg raised F l, s gresilg lowered F2 ônd e slighilg
r€ised F5. These shifts in frequencg can be found in varging degrees,
either in the onset or the center frequencu, or in both, es is most
obviouslU the case with /aa/.

The question js whEt srticulatorU gesture or combinÊtion of ges-
tures could hsve produced these acoustic results. one w€u of answering
this quest'i on is to record utterÊnces on an x-reg film. Experi ments oi
this kind sre difficult to perform for several reEsons. Nonetheless, data
from x-reg investigEtions with the specific aim of studging the srti-
culat0ru correlates of emphEsis exist for some dialects. Avsil€ble deta
from Eggptian speakers are limited. wooo (1982) investigeted vowet
0rticuìations end includes tracings of tongue profiles for plain ônd
emphstic vowels, pronounced bu a speaker from cairo. since the veìum
End resr phargngeel wsll €re not tr8ced, it is impossible to see the
exEct place of tongue retraction during emphstic vowels.

Al-Ani ônd EI-DElee (1984) hsve X-reU tracings in their investi-
gotion, but do not sau in the section Nethods whether theg come from
the ssme spesker from Alexandrie who also furnished the scoustic d€ts,
or f rom some other inf ormant.

0n the other hand, the previous chapters on vowel quelitg end
formÊnt trônsitions hEVe demonstrated the scoustic similerities of the
lesture emphasis in the compared dialects. Although theg varg in degree
it is likelg thet the erticulEtoru gestures Ere veru much the ssme. The
puÞlished data lrom x-rag investigetions show striking simiìarities in
the essentisì srticulatorg t16its, although theg represent the geo-
graphical end points jn the Arabic linguistic spectrum. Eggptien Arabic
is probablg not en exception and it is presumsblg sefe to suppose thet
the srticulation of emphatic sounds does not differ from other dialects
except in detÊils.

x-rau studies ol the srticulstion of emphatic sounds were msde
bU NErçais (1948) for the Algerion distect of Djidjelli, Aìi-Danilotf
(1972) for lrêqi Arebic, Ghazeli (1927) for Tunisisn Arsbic, Gisnnini-
Pettorino (1982) lor lrsqi Arsbic, Wood ( 1982) for Eguptisn (Csiro)
Arobic and Al-Ani and El-Dalee(1954) for Eggptian (Alexondria?)
Arsbic.

ln this chapter the results oÞtained bg X-reg methods will be
c0mpôred with a model of the vocôl tract. Acoustic dôt8 from the
present investig€tion \vill be compared with calculeted dato of the
model. 11eÊsured and calculated dst6 will be compsred with X-reg
tracings to give Es 6 complete s picture ss possible of the erticulstion
of emphatic sounds in Arabic. lt will also heìp to clôrifu the question
whether the s6me srtjculEtoru gesture is involved in emphssis over E
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616
638
649
649
660
671
682
693
704
704
715
726
726
726
715
671
649

F2

1 660
I 640
1620
1610
I 590
I 570
I 540
1520
t510
I 470
1440
I 380
I 560
1310
1220
t110
1 070

F3

2700
26BO
2660
2640
2630
2620
2620
2590
2590
2570
2540
2540
2520
2530
2500
2500
2480

Figure 20. Long /aal with calculated formant values
for increasing phargngeal constriction.

whole renge of different vernaculÊrs or whether thjs festure c0uld Þe

produced ÞU different ErticulEtoru means. ln particulsr this p6rt of the
studU €imed at E consideration of the ecoustic consequencies of both a

velar end phargngeal constriction as the plsce of secondsrg p0int 0f
articulation of emphEtic sounds, due to the various suggesti0ns ss to
the location of it in the liter8ture.

7. I . Procedure

To investigEte the relationship between lormsnts and vocal trect
shape a model of the trsct described bU Lsdefoged (1985) wEs used.

The model is designed to Êllow for lìngujstic signifìcant m0ve-
ments of the 6rticulstors. The voc€l tract is thus drawn with E fixed
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F3
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27 tO
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2700
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2720
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2730
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2760
2770
2820
28tO

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

part of the roof of the mouth and the b8ck w8ll of the phsrunx, and with
mov8Þle psrts of the lips, tongue, jow and largnx. The parameters used
f0r msnipulstion of the vocal tr8ct shape are jow opening, lip height,
lip protrusion, front raising, back raising, the lstter two specifging the
tongue shape.

ln sddition to these pErameters there are two experimental
paremeters included in the model, namelg "velsrizstion" end "phargn-
gealizatì0n". These latter parameters specifU devietions 0f psrts of the
tongue. Velsrization permits msnipulating the vocal trsct shspe to get
en increased constriction in the velar region. Phargngealizatjon in the
s8me waU permits an increased constri ction in the lower pharunx
er0und the epiglottis. lf, for exsmple, the phergngeelizEtion parameter
is gìven E value of live to a given position of the tongue, five milli-
meters of additional tongue ret¡.action ìs 6dded in the phargnx.
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275
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286
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2040
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2030
2030
2010
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1940
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I 900
1 850
1820
1790
I 750

F3

3240
3240
3240
32-40
3240
3240
3240
3240
3240
3230
3230
3230
3230
3230
3220
3220
3220

Figure 22- Long /iil with calculated formant values
for increasing phargngeal constriction-

lle8n formant frequencies of F1, t2 6nd F3 of eÊch of the ìong
plEin vov/els /ij, uu, aa/ were used os input to I progrsm that converts
voca'l trEct shapes t0 f0rmant frequencies, using a variant of on
algorithm bg Liljencrants and Fant (1975). The five basic pErsmeters of
the mov8ble Erticuletors were monipulated to produce sever6l vocsl
trôct shEpes for each v0wel, ônd the corresp0nding f0rmant frequencies
were cElculated. The vocal tract shape with the set 0f calculated
frequencies thEt best matched the measured formant frequencies was
then used to test the 6dditi0nal psrsmeters of velarization and
phargngealizsti0n for esch vowel. To these psrsmeters increasing
voìues were added, 1 mill'i meter st a time. The number 0f added con-
strjctions for these psrameters, shown in the figures 19-24, are the
mEXimum the model w0uld accept, i.e. formant values for addition€l
constrictjons could not be calculated bg the model.
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242 2050
264 2070
264 21 10
275 2120
286 2150
286 2140
297 2tBO
297 2190
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275 2240
275 2250
286 2250
231 2240
231 2220

F3

3250
3170
3 t00
3010
2930
2930
2770
2730
2690
2580
2520
2510
2400
2400

Figure 23- Long liil wilh calculated formant values
for increasing velar constriction_

The directions of change of formant vslues were then drawn ss
shown in the figures 25-28 on cherts oT Fl-F2 and Fl-FJ for both
meEsured and calculEted frequencies. For the cslculated frequencies
directions of change sre indicEted for both velsr snd phErUngesl con-
strictions between input values end the values of msximum constric-
tion, as well as the intermediate trajectories of change, indicated bg
dotted lines.

7.2. Resul ts

Figure 25 shows the directions of change of F1-F2'(rom plEin to
emphstic environment of the long vowels /ii/, /oa/ end /uu/ Íor
meEsured and cElculEted dEtE. The Istter have Þeen calculsted for b0th
velsr End ph€rUngeEl constrictions. Lines have been drewn from the
center of the ellipses, based on measured dôtE, which encompass long
plain v0wels to the center of the ellipses encompsssing emphetic ones,
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319
350
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F2 F3

970 2680
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970 2570
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970 2560
970 2580
970 2520
970 2520
970 2460
970 2420
970 2370
970 2350
960 2310
970 2270
960 2230
960 2210
960 2150

Figure 24- Long /uu/ with caìculated formant values
for increasing phargngeal constriction-

also displêging messured d6tE. ln the same w8g lines have þeen drawn
from plain to emphstic vowels, bEsed on calculeted v8lues, showing the
results of velEr 6nd pharungeal constrictions. The dotted curved lines
beside the lines for celculated datE indicate the intermediate f0rmant
values at increasinglU narrowing constrictions.

7.2.1. Results lor F1-F2

A comparison Þetv/een the directions of change from plain to
emphatic environment es bssed on the messured dsts and those
cslcul€ted bg the model shows ô verU good correspondence between the
measured data End the cslculated dôta derived from the simulEtion of
the model of a phargngeaì constriction for the vowels lii/ and /aa/.
cslculeted data for a velar constriction do not fìt measured dsta l0r
F 1 -F2 of these vowel s at ôl l.
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FI

286
286
286
275
264

F2 F3

970 2690
920 2760
890 2780
830 2830
750 2A70

Figure 25- Long /uu/ with calculated formsnt values
for increasing veìar constriction-

The interpretstion of the results for /uu/ is e bit more compli-
c8ted, depending on the fact that this vowel hss two significsntlg dif-
lerent sllophones in the two emph€tic sullable structures. ln contr€st
lo /ii/ and /aa/, it is therefore not possible to collapse dsta into one
single elìipse for emphatic /uu/. The allophonic variations have to be
illustrated bg three ellipses, one for plsin /uu/ End two for the em-
phatic surroundings, since the directions of chsnge from plain environ-
ment 0f the Iôtter two differ from each other.

/uu/ tn çVVC sullsbles conforms veru well with the pattern of
/ii/ and /aa/ in emphEtic environment snd shows all the expected
choracteristics for emphasis cÊused ÞU E phErgngeaì constriction with
Ê sljghtlU rìsing Fl, lowered F2 (t-value just under signìficance level)
End e rising F3. lt does not fit perfectlg with the predictions of the
model, however, whjch suggests sn unchanged F2 for emphatic /uu/ , Þul
since the rising falls short of being signilicant the deviôti0n from the
predicti0ns 0f the model must be c0nsidered to be feirlU unimportent.

/uul in CVVÇ sgllaþles on the other hand fit sltogether \vith
model data. F2 of celculated dEts does not show EnU sign of the ususol
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/uu/ in ÇVVÇ sgllsbles on the other h8nd fit altogether with
model data. F2 of calculôted datô does not show ang sign of the usual
fslling snd is n0t signific6ntlU different from measured data, whereas
Fl and F3 show the same inovements as 1uul in ÇVVC sUllsbles.

7.2-2. Results f or F3

A c0mparison between measured and calculsted data lor F3 on
figures 26-28 sh0ws thst the fit is s0mewhet less strikìng thsn for the
l0wer f0rmants, with n0 lines indicEting chEnge 0f direction running
parallel to esch other, but the divergence shows different degrees
depending on the vowel. Long /ii/ shows E r8ther good fit between
meEsured dEts snd calculated dato for E phôrUngeEì constriction, þoth
h€ving € rising FI and falling F3, where a calculated velsr constriction
hss s fôlling Fl, thus contradicting measured data. Even jf the fsll of F3
0f the calculated pharUngeEì constriction is smôll, it can be stÊted th€t
the model has predicted formant values for a phargngeal constriction
f0r Ell formants which have proved consistent wjth measured data.

Long /aa/ slso shows s fEirl U good agreement between meEsured
dsta snd cslculated datô 0f a phorgngeal constriction, pôrticulErlU if
0ne foll0ws the dotted line indicôting'i ntermedi6te côlculated formant
values until Fl-F3 start fôlling. lf the turning point is tôken as the
most extreme constriction in the phErUnx, and the end point of formant
changes, with the exclusion of the last three suggested lines of
constricti0n, the fit is quite good 6nd would lilF2 verg well too. Thus,
even for /aa/ lhe model dats of a pharUngeôl constriction are
consistent with meôsured dEtE for Ell three form€nts,

0n the other hsnd, /uu/ does not show a good agreement between
meesured dÊts End calculated dsta for ang constriction. lf angthing,
cslcuìEted data seem t0 be in line with 6 velar constriction. Two facts
make it imp0ssible to dr8w definite conclusions from avail€ble d6t8
however. Firstlg, Es is well known, F3 is week in high, back vowe'l s snd
0ften fsils to show up 0n spectrogrÊms 0ltogether. This hss slso been
the fsct in this investigati0n, and F3 is thus represented bg fewer
informsnts thEn snU other vowel. SecondlU the m0del failed to Uield E

F3 f0rmant frequencg I0w enough to correspond well to measured dat6
despite persistent sttempts to manipulate the pErsmeters. lt is roughlU
300 Hz higher thEn the Ever€ge f0r the informsnts. lf it hEd been
p0ssible to stErt from lowermodel dEtE of F3 the fjt might have proved
t0 be better thsn is the cEse. Angwag it is probablg not veru import8nt
t0 give E decisive answer to this poìnt since the perceptual importance
of F3 for thìs vowel most likelg is verg smsll. A third reason for the
less than perfect fit between meesured dste end model dats,
psrticulErlU for /uu/,is th8t the pl€ce of constriction in the phargnx of
the model is lower th8n it is on tr€cings 0f X-rsU pictures as will be
seen Þelow.
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7.3. Comparison with X-raU dEts

X-rEU dôtô from the dialects mentioned ìn the Þegjnning of this
chEpter all sh0w rem€rkaþle similarities in the srticulation of
emph8tic sounds. All tracings of X-r6U pictures show that the dorsum
and root of the t0ngue €re the most important srticulstors, Essuming s
charôcteristic shspe. The r0ot of the tongue moves b6ckwsrds the
posterior wall of the upper phsrunx at the same time as the snterìor
psrt of the tongue hss ô depressed position, showing a concave profiìe.
ln this wau 6 cavitg in front of the phargngeal constricti0n is formed.
The retraction 0f the root of the tongue Elso seems to ceuse E certsin
retrEction of the Epex 0f the tongue. The retraction is cleErlU
phargngeal, not velsr.

Sever8l investigEt0rs hôve tried to Essess the role ol the
phargngeal w8ll which could be supposed to plEU En active pErt in the
articulation of emphatic sounds. llsrçsis ( I 948) and Ali, Dsniloff
(1972) found no signs of ang contraction in the phErUnx. The resr wEll
had the ssme position during plain as well ss during emphatic sounds.

Ali €nd D6niloff (op.cit.) found a considerablg lesser degree of
t0unge retrsction for vowels th8n for consonants on X-rEU films. The
decreEsing degree of phsrUngeôl constriction during vowel production
hss been shown in Eggptisn Arôbic bg the direction of formÊnt
tr8nsitions, going towards ô t6rget which is close to or identica'l with
the target of plain vowels.

A comparison bety/een me€sured formEnt values for Eggptisn
A16bic, calculEted formsnt data for velar End phsrUngeal constrictions
obtEined fr0m E m0del of the vocal tract End dEts from X-raU
investigations, show that the artìculatorU gesture emploged to produce
emphôtic sounds is ô phsrungesl constriction bU the root of the tounge
in sddition to the primarg dentsl/Êlveoler plEce of srticulotion. The
term velôrizôtion os a description of the production of these sounds is
obviouslU misleading, but even phôrungeslizôtion côn be ssjd to give a

wrong idea aÞout their pronuncistion. As faras the phargnx is concerned
it does not pìaU sn sct'ive part ss an srticulstor. lt is the tongue which
bU E bscking movement cEuses the constriction, thus giving the vocsl
tr6ct the shape which h8s the acoustic properties EssociEted \vith
emphEtic sounds in Arabic.
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6. DURATION

A sh€red phonological propertU Þetween mEnU languÊges of the
v/orld is the use of the qusntitg feature. lts phonetic correlste is
generallU considered to be a psttern of contrôstive durstion of
segments. These length dillerences sre independentlU controllable
ospects of the speech event as described Þg Chomskg and Hal'l e

(1968;297) end not connected with other cEuses, such ss speech rate,
stress or interaction with EdjEcent consonants. Severôl investigations,
hoyvever, have shown thEt qusntitU often has more correlEtes thsn
tength distinctions onlu (llElmberg 1944, Dur6nd 1946). Swedish is for
example Ê well known c€se where vowel length and vowel quslitg sre
closelu relsted. English and German 6lso displsu the same chErac-
teristic connexion between length snd qualitg. ln other languages, as

Czech and Finnish, this correletion is much less prominent.
The investigation of duration in EgUptisn ArsÞic simed at giving

an Enswer to the problems indicÊted EÞove, as welI as to s number 0f
other specific questions, some related to emphasis. What sre the
reletions between long End short vowels? Are there 6nU durotional
differences þetween plain and emphatic vowels? lt is not impossible to
expect this. Several hgpotheses could be formulated as tentEtive expl6-
nstions to such E difference. As is evident on the form€nt charts in
chEpter 5 on vowel qualÍtg, plaìn vowels are jn several c6ses more
periphersl thsn emphatic ones. Plain vowels could then be supposed to
be of longer durotion Þecause of a longer weg to their ecoustic targets.
An opposjte sssumption would also be possible. Emphstic vowels might
be longer thsn plsin ones because of their greater articulotorg complex-
jtu.0brecht (196s) found that the time for formant transiti0ns jn
ArEÞic to reach E stesdU state exceeded the time needed in English bg

2O milliseconds to secure a correct identification of a preceding cons0-
nant. He suggests thet the longer time span for formEnt transitions in
ArsÞic is necessaru due to the larger numÞer of oppositions omong the
stops and a more compleX srticulstion for the emphatics. Thus there sre
two alternatives. Either the duration of the vowel is prolonged, result-
ing in a significant difference between plEjn snd emphatic vowels, 0r is
the lÊst pert of the voY/el srticuleted with greater speed to level out
the differences.

Further, if there are durstional d'ifferences Þetween plain and em-
phatic vowels, õre theu lErge enough to be considered es s possible
differentisting factor? Would it then be worthwhjle to go on testing
differences in length as a perceptusl cue for emphssis?

Are there durstional relations Þetween vowels, wh'i ch can be

considered to be connected with intrinsic length, ss has been found in
menu other lsngusges. lf so, do these then have the same p8tterns in
EgUption Arabic Es well? Does Eguptian ArsÞic show, es mang other
languages do (Lehiste 1970), a compensEtorU relstionship between
vowels and voicing in postvocalic conson6nts? What is the duretional
relationship between long and short intervocalic stops?
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8.1 . Procedure

Productions from six speEkers v/ere used f0r messurements of
vowel durstion. The test words were divided in two groups. Deteiìs are
given below in the presentetion of each group. The d€te consist of the
five Iong 6nd the three short vowels whose durstions were measured in
mill ¡seconds from oscillogrsms of the first, stressed sullable in disgl -
labic words, preceded bg /1/, /s/ or /J/ and folìowed bg /l/ and /d/.
The opposition pl€in-emphatic v/6s investigated in monosgllabic words.
The oscillograms were produced of a speed of 250 mm/second to get es
deteiled informstion as possible.

As mentioned in the lntroduction, EguptiÊn Arabic has the follow-
ing five tgpes of sgllebìes: CV, CVC, CVV, CVVC, CVCC.The last two can
onlg occur in word final position, monosglleÞic v/ords included. cV ond
cVC have an extremelu limited occurrence ss monosullables and õre
f0und m0stlg as prepositions and pronomìnsl suffixes, few jn number
Ênd ph0nologicallg 6nd phoneticEllg unsuitable for this investigation.

Long vowels in open snd closed sUìlaÞles cannot be compsred
because of phonotactic restrictions. cVV does not occur in monosgllabic
words and cennot be compared with cVVC, which does. cvvcc sullsbles
do not occur as monosulìaÞles, not even as sgllaÞles in polusullsbjc
w0rds, End c€nnot be compared with cVVC words. Therefore onlg long
vowels in open sullables heve been meEsured 8nd compsred with short
vowels.

The two short sUllables, open CV and closed CVC, can be compared
in disullobic words ônd €re represented in \vords of this structure in
the materi 6l together with long, open CVV, also in disUllabic words.

The ìimited number of sgllEble tUpes occurring in Eggptien Arabic,
restri ctions on their sppearsnce ss monosullobics and the,i r combino-
tion into polusullsbics, snd the desìre to have stress 0n the investiget-
ed sgllable in all cases, heve determined the choice of the following
sets 0f words as the most suiteble for investigeting durstion.

The first set hes Þeen used in order to see whether there is e
possible durationol difference between plsin snd emph6tic vowels. lt
has Þeen recorded bg eight speskers. Long snd short v0we'ls, except /eel
and /oo/, which were diff icult to f ind in suitaÞle minimôl pairs, were
measured separatelg in ploin and emphetic environments in monosgl-
Iabic words of the sgllable structures cvvc snd cvcc, forming the fol-
lowing minimal pairs:

saa d
si it
suud
sad d
si tt
sud d

'to govern'
srtificial word
'bl sck'
'to cl ose'
'l adg'
'close!'

sae d

giit
su ud
qed d

qi tt
sudd

'to hunt'
'reputetion'
artificÍsl word
'to prevent'
ertificiel word
'preventl'
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The second set hes been used for investigsting sll other espects
of duretion €nd consists of the 1oìlowing words:

feetu
s€sdu
fettu
ssddu
fete
ssds
giiti
siidi
seeda

'theg pessed'
'theU governed'
'theU cut'
'theU cl osed'
'to give s legaì decision
'w srp'
'mU reputation'
'mU lord'
'p reu'

'winter'
ertificiel word
'towel'
'govern!'
' j umpl'
'p rev en t !'
6rtifici6l word
srtif iciel word
'blEck'

Jì ta
sid i

fuu!6
suudu
futtu
suddu
futa
suds
soods

Durotjons of long snd short vowels snd of intervocelic long 6nd

short stops were also measured. The durÊtion 0f voiceless stops was
considered to be the occlusion plus the Êspirstion. The wave-form often
shovls e few milliseconds of whst sÞpeers to be pre-aspiration before
the complete closure of voiceless consonents following s v0wel. Thjs
short interval Þefore the occlusion of the consonent hss been regsrded
os part of the vowel. The wove-form of voiced stops presented no prob-
lems in defining the boundarg between the vowel snd the occlusion of
the stoÞ. Thus the dur8tion of voiced stops is the occlusion. l'leen vslues
for the three tokens of each vowel were calculôted in e€ch context f0r
esch speeker 6s well as meEn vôlues of the durôtion of intervocslic
consonônts in the same contexts.

Long 1uul preceding the voiceless stop is meosured before em-
photic /l/, which unfortuneteìg does not mÊke the envir0nment exsctlU
comparable to thot 0f the other v0wels.

The dEta are lìsted in T€ble 3:l-2O.
Pôired t-tests were used to determine the ststisticel signi-

fjcsnce 0f duretional differences between vowels in the sullable struc-
tures mentioned ebove.

8.2. Results and discussion

8.2.1. DurEtion of plain versus emphatic vowels

Vowel duretions were first meesured separatelU in five tokens in
pìoin end emphetic surroundings to Iook for possible diflerences in
length. Psired t-tests show thet voY/el durstion is not significentlg
different bet\veen plÊin end emphotic long vowels, nor between plain
end emphatlc short vowels in these environments. The results Ere sum-
msrized in the following tsble:
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duration (ms)
plei n emphatic t-value signific€nce df

/aa/
/ii/
/uu/
/a/

/u/

171
147
159
95
73
85

164
140
157
95
80
80

1.898
0.7s3
1.177
0.000

-2.206
1.97 1

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

7
7
7

7
5
-7

Table 8-A llean duration of ìong End short plain snd emphatic
voY/eìs in monosUllsbic words.

As the results show, there is a slight tendencg for plein vowels to
be longer thsn emphstic ones. This is most clesrlu seen in the long
vowels. As the psired t-tests show the difference is nonsignificsnt,
however. Differences in duration can consequenilg not be considered to
be a differentisting f8ctor for emphasis and it is therefore not neces-
ssrU t0 treat vowels ss belonging to two different groups in the
meEsurement 0f duration, depending on the presence or sbsence of
emphssis. As € consequence no perceptuûl tests, v€rUìng this î€ctor,
were performed.

8.2.2. Long and short voweìs

Durationsl differences between long and short vowels vErU within
rsther wide limits in the ìangueges of the world (Lehiste l97o). lt cen
be supposed th8t these vsriôtions in manu csses reflect the role of
du16tion in different phonemic sustems. The importance of duration as e
purelg temporal festure c8n be more or less pronounced, since it can be
combined with other festures in quite complicEted relÊtions. vowel
length can for example be reìEted to different vowel quslities. This will
be treoted in section 8.2.5. on intrinsic ìength. lt can also be correlsted
with the length of the foìlowing consonants eccording to reguler
pstterns (Lehiste 197A;20f). ln English, phonemic€llU short vowels are
qulte frequentlU phoneticEllU longer thEn ph0nemicallU long ones (Wiik
1965;1 13), snd accordinglg otherperceptual cues th€n length h6ve to be
used to distinguish between them. lt is also possible, on the 0ther hsnd,
that the temporaì fsctor alone carrjes the informetion in langueges
v/here differences in dureti0n do not influence vowel quelitg in eng
noticeable degree. There are slso lsnguages where listeners d0 not peU
ottention to quslitu differences, but mske the phonemic ìength distinc-
tion on the þasis of the temporal îEctor alone, ês in Finnish (Lehtonen
197o;87).

The meôn duretions of Eguptian Arabic vowels snd intervocslÍc
dental consonsnts in the respective sgllables sre plotted in Figure 26
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rso 100 50 50 100 r50
ms

CVV-C

cv-c
c vc-c ÂÊ a

âo 6

151 aa

tt 160

t E6

t 86

93 E

95 6

I5rl aa

dd 155

d60
d66

77t
79 I

150 II

tt 166

t a4
t 97

E0 I

B4 i
1/l5 tt

dd 160

d62
d63

a3 u

a7 u

I Tq Itu

tt r6c
t Â3

t 94

81 u

a1 u

158 ull

dd 158

rl 6s
doa

160 ee ds6

Figure 3O. Bar-giraPhs of mean vowel and intervocalic
consonant duration of six speakers

Mean vaLues indicated wiÈhin bars
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and are Elso listed inTable 3:1-20. The meÊn vaìues of vowel dur6tion
and the V/VV ratio in percent are summarized in the following table:

Duration of long End short vowels (ms)
l. preceding /t/ 2. preceding /d/.

/aa/
/ ii /
/uu/
/ ee/
/ oo/
/a/

/u/

l5l
150
135

t56
149
I58
160
t58
94
82
84

60ß
559
538

89
78
85

The V/VV rstio expressed as percentage:
1. preceding /t/ 2.preceding /d/ 3. colìapsed vôlues for

both environments

a/a a

i / ii
u/uu

599
52ß
63ß

60ß
53ß
58ß

Nesn f or all long vowels: 152 miìliseconds.
llean for all short vov/els: 85 milliseconds.

V/VV ratio of all vowels: 568 or l:l.B

Table E-8. llean duration of long ônd short vowels in disgllebic
words. V/VV retio in percent.

A-2.3. Quantitg in EggptiEn Arsbic ond other longuages

It can be seen thst Eguptian Araþic mskes a cleor durstionsl
distinction Þetween the two vowel ìengths, long Ênd short. The dif-
ference between long and short vowels is highlg significent, ônd rsther
lÊrge. The durstions of short vowels €re between 52 E and 638 of the
long ones. The results show further that the occurrence ol E short
vowel in en open or a closed sullable does not heve ang influence on its
length. The small differences are not significant eccording to paired t-
tests. For this re8son the meEn dur8tion of eech short vowel wss c6l-
culsted 0n Ell vowels in both sullsble contexts in the length relation-
ships expressed as percentage.

Differences in dur8tion between l0ng snd short v0wels are consj-
derable. A short vowel is in most cases less than 608 of a long one.
Length distincti0ns hEVe a crucial importance in the morphophonemic
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sustem. This js psrticulsrlU oþvious in the verÞal sustem, where difle-
rences in length of vowels or conson6nts often are the onlU distinguish-
ing feature between the so cElled derived forms of the verb, the
function of which is to change the mesning of the verbal r00t into
vErious sementic categories. As en exsmple of distinctive length in
both vowels snd consonEnts we hsve the triliterel root ?!1, which
f0rms the verbs /?alal/,'to cut', /?a!!41/,'to cut to pìeces', and

/?aalil/,'to interrupt'. Stress is on the first sUlleÞle for all three
verbs ln the third form there ìs also a difference in the short vowel. A

minimel set with diff erence in vowel length onlU is /kaf a/, 'to be

enough', /kaffa/, 'to suffice'end /kaafa/,'to recompense'. Here, stress
is Elso on the lirst sUll€ble for ell verbs. The large differences in þoth
vowel 6nd consonEnt length ìn Eggptian Arabic, together with more or
less pronounced differences in qualitg between long and sh0rt v0wels,
could be seen 8s a wag of safe-guarding these semantic distincti0ns.

Port et al. (1980) found an even larger dilference in Arabic in
minimal pairs where phonemic vowel length was the distinctive
feêture. At neutrel tempo the V/VV rôtio was l:2.5 end the rsti0 found
in the present studu, l:1.8, wss found in fast speech.

Al-Ani (1970;75) reports data thst seem to be derived from slow
speech. The reletive difference Þetween long and short vowels ìs quite
lsrge, however, the long vowels being at Ieast twice Es long as the
short ones.

0brecht (1968;29) found that long vowels ôre twice ss long, or
slightlU less, in Lebonese ArÊbic. This ìength relation 0pplies Els0 t0
consonents.

The 16ther large durationsl differences in Eggptian Arsbic are not
surprising considering the position of duration in the phonemic sgstem
compEred with other lEnguEges. Elert ( 1964:l l0) hos msde e clEssific€-
tion of langu6ges into three groups depending on the position of
quontitg in various phonemic sUstems. Gr0up 0ne c0nsists 0f lEnguEges
where the stressed vowel alone h8s inf0rmation sbout the qusntitU
distinction. Dsnish and GermEn belong t0 this gr0uÞ. ln the second gr0up,
where Elert gives Czech, Finnish and Hungarisn Es exemples, voweìs end

consonEnts can sppesr independentlU in different quantitU degrees.
Czech is not s veru good example to include in this clsss, ho\Yever,
since 0nlU vowels h€ve this propertg. Consonants do n0t ñppesr in con-
trastive quantitg degrees (Kuðera 1961;24. The third group consists of
l€ngusges where at lesst stressed sUllsbles displsU a regularitg with
long vowels being followed ÞU sh0rt cons0nsnts snd sh0rt c0ns0nônts bU

long vowels. As ex6mples of the Isst group we fìnd ltslian, Norwegisn
end Swedish. BU the reguler correlstion bet\Yeen sdjscent vowels snd
consonents the lenguages in the third group give informêti0n €Þout
quantitg over more thEn one segment.

Consideri ng the position of quontitg in the phonemic sgstems of
these cl€sses it would seem plausible to suppose greater differences in
vowel duration in lsngusges where the length distincti0n is csrried bU

0nlU one sound segment, then in for example Swedjsh, where both the
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v0wel snd f0llowing consonsnt give informati0n on qu6ntitU. lt would
also be natural to suppose th€t differences in durstion Ere greater in
lsngusges where the length distinction is Þôsed on durstional differen-
ces onì9, rather thÊn combined with differences in vowel quelitg
between long End short vowels.

An attempt to compEre Eggptian AraÞic with the groups defined
Ebove shov/s that it does not fit immedietelU in snU of the three clesses
suggested bg Eìert, but is rather split Þetween two of them deÞending
0n the relation of vowel length and the number of subsequent conso-
n6nts. From a superficial point of view Eguptian AraÞic belongs to clsss
three in that a long vowel is slw6us lollowed ÞU a short consonent and
thus predictsÞlU conveUs informEtion on Iength 0ver more then one seg-
ment. EggptiEn Arabic also beìongs to class two, however, in that s
short vowel csn be followed bU either a long or € short consonênt
making the vowel the onlU segment thet c€rries informstion on length
distinction in this case. The relEtive independence of C and V in EgUpt-
isn Arsbic suggests that a classificotion in group tw0 is preferable.

C0nsidering these f8cts one would suppose greater durstional
differences in length relstions in Eggptian Arebic thsn in Swedish
despite the regularitg of Eggptian AraÞic in length relstions between
l0ng v0wels €nd the subsequent consonant. This is elso the csse. There
seems to be more than one reason for this. Firsilg, short stressed
V0Wels carrg the ìength distinction Elone, since the lollowing conso-
nant d0es not stand in E reguler temporsl relstion to the preceding
vowel. Secondlg, the difference in vowel quelitg between some peirs of
long and short vowels, pôrticularl1 /aa/ and /a/ is not verU great. This
can be seen on the formant charts l2 ônd l3 showing pìsin snd emphôtic
vo\ryels in chEpter 5 on vowel qualitg, yvhere /aa/ and /a/ show con-
sidereble overlapping. Vowel length without support from differences
in vowel qualitg as en eddition8l perceptusl cue, must be supposed to
require relEtivelU lerger durEtìonal differences. This can be seen from s
comparis0n between Swedish, English End EgUptian Arsbic. Sy/edish,
which combines v0wel length with E compensetorg pattern of length in
the following consonant, in sddition to rsther lerge differences in
qualitg, hEs short vowels which varg from 62 ß lo 77 ß of a long vowel
eccordìng to Elert (1964). ln English, with prominent qualitU diffe-
rences, which g0 together with length differences, e short voweì is on
the Eversge 77 ß of a long one (Wiik 1965;1 l4). Eggptian ArEbic short
vowels,0n the 0ther hend, sre much sh0rter and verg betweeen S3 ß snd
60 E 0f the ìong ones, with Ên averoge of 56 ß.

Languages in group two, according to Elert's clessificEtion, where
v0wels End c0nson€nts occur independentlU of eôch other in different
lengths, could Þe expected to displ6U rsther large du16tionel diffe-
rences. There ere several examples of this in completelU unreìEted
languages. Abramson (1960) describes Thsi, where vowels cEn occur 6s
double segments but not consonsnts. Long vowels were found to be
angthing from 2 lo 3.5 times as long ss short ones. Even in running
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discourse, where there V/ss no control of the phonemic environments 0l
the contrasts, the rsti o v/€s ss hi gh as 2.57 , (op.cit.; 1 33).

Hungsri6n short voYYels varg Þetween 55 ß and 62 ß of long ones
Ênd sre on the averôge 59 E of long ones or 1:1.7 (llagdics 1969;16),
which is veru close to Eggptien Arsbic velues.

Finnish is enother lsnguege where the phonemic quantitg distinc-
tion is based on duretional dilferences, excluding other phonetic
correlstes. Lehtonen (1 970) has shown that the difference between long
and short vowels in the first sullsble in disullabic words 0f the some
structure as in the present investigation is quite lsrge, s short vovlel
being 46 ß of a long one, a rEtio of 1:2.2, which confjrms an earlier
investigation bg Wiik (1965). The relatìon is the ssme in other words 0f
different sgllaÞle structures 6nd length. As in ThÊi the rsti0 is main-
tôined even in continuous speech. This r8tio, where E long vowel js at
le6st twice ss long Es o short one, has h8d its distinctive temporal
function in the phonemic sustem confirmed in Perceptual tests, where
listeners have Þeen shown to use length, not vowel quslitU, ôs the deci-
sive cue of quantitU (Lehtonen, op.cit.; 89).

EngstrEnd (1986) investigated duration in Czech, Finnish and

Swedish in relEtion to shifting sentence stress. NinimEl pairs con-
t16sting in qusntitg (e.g. [vi:la] versus [vilal in Czech snd Swedish) were
recorded in a sentence frsme permitting a sUstemstic shift of stress on

the test words into focus snd out of focus. The results show that
Swedish, with its correlstion of qusntitU snd qualitg, onlg mskes the
durational distinction sUstemEticEllU in stressed positi0n. ln un-
stressed positions some speakers still do, whereas others f€il t0
distìnguish between long End short vowels as well as long and short
consonsnts. There are obviouslg tendencies in Swedish thst meet the
criteriE for s classification in group one according to Elert.

Hedding-Koch and Abramson (1964) slso found thEt the phonemic
length distinction in Swedish, Elthough clearlU a distinctive festure,
does not pervade the whole v0wel sUstem.

These tendencies are visible elso in Dutch, whjch beìongs t0 group

one sccording to Elert's clsssificstion. Engst16nd's results confirm
NooteÞoom's (1972;28f) findings for Dutch where the durationðl
distinctions sre subject to \YeÊkening or neutralization due to shifting
stress snd positjon.

ln Czech (Engstrand, op.cit.) on the other hand, long vowels have
significantlg longer duration than short ones under both conditions 0f
stress.

Finnish (Engstrand, op.cit.) elso differentiôtes between l0ng snd

short vowels regardless of the position of sentence stress. The
durstionel difference ìs significant for all speakers in the msterisl.
Thus the length distinction is 6n invsriant Þrosodic propertu 0f Finnish
with no sjgn of neutralizstion in the absence of stress.

Engstrand's findings thus fit well with the language clEssificE-
tion of Eìert ond the predictions Ebout dur8tion in different languages
one c6n make from it. 
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Hausa, which is distanilU reloted to Arsbic, h8s recenilg had its
vowel sustem investigated bu LindÊu (19s5) and shows ônother kind of
temporal dillerence compared with Eguptisn Arabic. ln HEusô the
duretions of short vowels differ significanilg between 0pen €nd closed
sullaÞles. This is in contrast to Eguptian Arabic, in which voweì length
d0es not differ in these tupes of sullsbles. A compErison between
Eggptìan Arabic and Hause shows that the length of short vowels in the
open sglleble in Hause corresponds to short vowel length in Eguptisn
Arabic, even if it is somewhat shorter. A vowel in this tgpe ol sulleÞle
is on the everage 52ßof a long vowel in Hausa. A short vowel in closed
sglleÞìes is stil'l shorter, onlU 45 ß of a long one.

8.2.4. Duroilon dependlng on the followlng consonant.

An often encountered phenomenon is the compensEtoru rel€tìon
between voicing in a consonant and length in a preceding vowel. vowels
€re often shorter when theg occur before voiceìess consonEnts thon
theg are before voiced ones. English is ô lEnguage where this hes been
extensivelu investigated. ln English the durEtioneì gap is verg lsrge, ss
demonstrated bg Peterson and Lehiste (,l960) among m€nU others. tneg
report a ratio of roughlu 2:3 referring to vowels preceding voiceless/
v0iced consonants. This is cle€rlu above the auditoru threshold accord-
ing to Lehiste (1970). Wiik's rese8rch (1965) shows even lerger diffe-
rences for English. He found that vowels are g2 ß longer before E voiced
conson8nt. These differences are so large th8t theu can serve as the
sole perceptuEl cue to the phonemic distìnction between voiceless end
voiced consonEnts in English (Denes 1955). These large differences
seem to be a specific feature of English. Data for swedish reported Þg
Elert ( 1964 134) show much smaller dif f erences. Long vowels d.i f f er
based on the voiceless/voiced distinction, but Et 6 low signific6nce
level (p<0.05). Short vowels slso diÍfer, but with higher significonce
(p <0.05).

Hungarian shows snother picture where vowels behave differenilu
depending on length. According to the duretionsl vElues of Magdìcé
(1969;16), long vowels in interconsonEntel position differ significãnilg
depending on the folìowing consonEnt (p<0.05), but the dìfferences
between short vowels are non-significsnt.

The differences in Eggptian Arabic are consistenilu veru smolr,
verging between one end seven milliseconds for both long and short
vowel s.

Mean vowel duration in milliseconds and results of t-tests ere
listed in the following t€Þle. Tupe of stop end its quantitu is indiceted
ôfter the vowel. There Ere live degrees of freedom unless otherwise
stated.
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Ês-t
151

88-d
156

s-tt
88

a-dd
93

s-t
89

s-d
95

t=-0.7 66
t=-'|.181
l=-2.1 44

T- te st s:
long /ae/ before /l/ and /d/:
short /E/ belore /ll/ and /dd/
short /a/ belore /ll and /d/:

ii-t ii-d i-tt i-dd
r s0 149 77 80

T- te st s:
long /ii/ before /l/ and /dl:
short /i/ Þefore /ll/ and /dd/
short /i/ Þefore /l/ and /d/

uu-! uu-d u-tt u-dd
135 158 83 8l

ï-t es ts:
long /uu/ before /l/ and /d/:
short /u/ before /ll/ and /dd/
short /u/ before /l/ and /d/:

n.s
n.s
n.s

i -t
79

i-d
84

t= 0.301
t= 0.789
l= 1.7 42

n.s
n.s
n.s

u-t
87

u-d
87

l=3.242
t=0.530
t=0.1 65

p <0.05
n.s
n.s

ee-d I 60 oo-d 1 58

Table 8-C. lle6n duration of long and short vowels preceding
voiceless End voiced stops.

The differences are f8r below the level of significance. Long /uu/
preceding /l/ is en exception here. lts mean vslue before /!/ is 135
milliseconds, while /uu/ Þelore /d/ is 158 mjlìiseconds. Long /aa/ end
/ii/ preceding /l/ are 151 End 150 mìlliseconds, respectivelU, and sre
not sj gni fi cantl g di sti nct before / l/ and / dl . fhe di fference between
/uu/ on the one hand snd /aa,ii/ on the other in relstion to the follow-
ing /l/, hes I low sjgn'i f ic6nce level, 0.01sp<0.05. A possible explana-
tion might be thet /uu/ happens to be followed bU an emphatic con-
sonent ìn the test-v/ord, /fuula/. Emphstic consonants are not found in
this positj0n in 0ther test-w0rds. lt csnnot be established with
certaintU whether its presence influences the length 0f the preceding
vowel or whether the shorter mesn vslue of /uu/ is due to some other
factor.

The short vowels show unsnimouslU the same pattern os long /aa/
and /ii/ in both environments. No short vowel differs in length depend-
ing on the voicing of the following consonent.

Port et al. (1980) Þerformed 6n experiment to studu compensatorU
phenomenons in Arabic end Japanese. Two EgUptisns, two lreqis snd one
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Kuwsiti reEd the testwords /kalaba/-/kadare/ 8nd /kaatabo/-
/kaadaral in Standard Arsbic as pert of the test. Both long 6nd short
vowels showed significantlU lengthened durstion when preceding e

voiced stop in slow, neutral and fsst speech. The stops 0n the other
h6nd, did not show anu significant durstional differences'in the three
temp0s. These results totalìg contradict the findings 0f the present
investigetion of both vowels and intervocslic st0ps.

The authors note that their results sre at v6riance Y/ith €n0ther
investigEtjon of the seme tgpe (Flege 1981), y/here tests with five
Ssudi ArEþjans did not produce EnU significant durational differences in
monosgllsbic words ending in /l/ and /d/. ln Enother experiment on

Arebic-Eccented English (Port €nd Mitleb 19E0) it was found thst
Jordanians pronounced the vowel in CVC words in Eng¡ish, like'Þat'end
'bad', with verU smsll and nonsignificant durstional differences. This
confirms results from informal tests in Lund on J0rdEniEn Arabic,
which showed no significÊnt differences in length in vowels preceding
voiced End voiceless stops (professor Ev€ Gårding, personÊl com-
muni cati on).

Port et al. suggest s difference in influence 0n s preceding vowel
jn AraÞjc, depending on whether it is followed bU sn intersgllabic st0p
or a sgìlable-finsl stop in E CVC sUllEble. The present reseErch jnvesti-
gsted disUllobic words, where v0wels preceding intersUllebic p0st-
stress stops as in Port et El. were measured, but theg nevertheless
þehôve verg differentlU from the trisUllEbic words in the cited investi-
gsti0n. lt is diflicult to assume that Stsnd6rd Ar6b'i c or ÊnU dielect has
jntrospecific rules for durôtional relationships þetween vowels snd
consonants of the kind under discussion, based on the number 0f
sullaÞles in the word. lt is quite conceiv6ble, hov/ever, that dialects
might differ in their timing strôtegies. Since experimentsl studies 0n

Arsbic dialects still are limited this csnnot be estsblished with
certÊintu.The results in Port et El. mÊU depend on the fact that the five
speakers represented three nsti0nslities with rEther mÊrked dif-
ferences Þetween their dialects. The speakers recorded the test
msteriEl in fughõ,0r St€ndard Arsbic, End with the ch0ice of test words
there would proÞebìg be little 0r n0 difference on the segmentÊl level,
but it is possible that different temporÊl rules applg t0 respective die-
lects, which jnfluence the pronunciation of fugIa- ônd give the presented
results when results of meEsurements ere pooled together. The
speekers meg elso have suppressed their temporEl diElectsl hebits in
exchenge for other dursti0nal relôti0ns tUpical f0r the f0rmsl Standsrd
Arabi c.

Whatever the reasons for the results in Port et al. theu confirm
the findìngs in the present research that a compensatorg relationship
between vowels and consonants does not exist in the investigated
variEnts of Arabic. This proÞlem is further discussed in section 8.2 6 on
durati0n of intervocslic c0ns0nsnts.

ln the same studg (Port et el.), Japanese wEs also investigeted.
Dentals, including /l/ and /d/ were flanked bg /a/ and /u/ in disUìlsbic
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w0rds. The results sh0w that JspEnese, like English, displaUs ô compen-
satorU relEtionship bet\veen vowels and foìlowing consonÊnts. /d/ is
consistentìg shorter than /t/ snd vowels Ere significsntìU longer when
preceding /d/ than /t/ snd thus shovr the complementarU inverse
relationship between vowel durati0n snd cons0nant v0icing. There is
even evidence of compensatorg effects on both adjacent vowels depend-
ing on the dur8tion of the intervocalic stop.

As has Þeen mentioned above there ûre €lso differences in tem-
porsl p6tterns between sulìEble tgpes with identical consonantol en-
vironments where long vowels displEU durational compensation, where-
ss short vowels d0 not, like in Hungarian. Hauss is enother'language
displsgihg this picture (Lindau 1985). Eggptian Arsbic on the other hEnd,
does not show ang differences in either long or sh0rt v0wels.

A compsris0n bety/een EgUptiEn ArEÞic End 0ther langusges show
thôt timing strategies for vowels precedìng stops varg within wide
limits. The complementsrg effects on adjacent vowels and stops in
Engljsh and other lÊnguages, depending 0n v0icing in the following
consonEnt, hEVe led t0 the proposal, for ex6mple bg Chomskg and Helle
(1968), thst this phenomenon is universsl. Eggptian Ar6bic snd some of
the c0mp€red lsnguages d0 not support this hgpothesis.

The picture is much more complicsted. We fìnd langueges like
English with veru obvious End lsrge c0mpensEt0rg releti0ns.0ther
lEngusges do not hsve the s8me lsrge differences, but show the s8me
tendencU, like Swedjsh and Japanese. Some langueges show compen-
s6toru relatìons in long sUllEÞles, but not in short ones, Iike Hsuss End

HungEriôn. EgUptiEn Arabic does not show compensatorg relations in
neither long nor short sUl'l sbles.

The concept of compensatorU relati0ns between v0wels and
voicing in post-vocslic consonsnts hss been critic6llU exÊmined.
Lehtonen (197A:79) performed experjments lor Finnish with inter-
vocolic /l/ and /d/ in nonsense words and a few reEI words. He found
thst s voiced stop has a slight lengthening effect on the preceding
vowel. He does not interpret these relations as E necess6rU consequence
of voicing. The s8me tendencg csn be found together with other con-
sonants which influence the dursti0n of the preceding vowel according
to their own intrinsic length. The shorter the intrinsic length 0f s c0n-
sonÊnt, the shorterthe preceding v0weì tends t0 be, snd vice verss.

Vowel length has not been found t0 be relsted to differences in
durstion in consonants slthough /ll is signifìcontlg shorter then /d/ in
Eggptian ArsÞic. The lengthening 0f v0wels preceding voiced consonants
could be a natural consequence of the phgsiologicallg conditioned
consonant relêtjonship (see 8.2.6). Even Eggptian Arsbic shov/s the sôme
tendencg, even if it ìs verg small and n0nsignificent. This tendencg can
be used for linguistic purposes, as in English, where the differences in
vowel length are incressed to serve Es E cue for v0icìng. Eggptien
Ar€bic on the other hsnd does not mske use 0f this nstur8l tendencg,
which is kept within the time Þoundaries set bU the ôrticulstoru pro-
cess. The phonemic length distinction in EggptiEn ArEbic is used to
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cre6te 0pp0sitions on sn0ther level in the morphophonemic sUstem thsn
in English and other langu€ges exhibiting the compensetoru phenomenon.
A c0mpens€torg relationship depending on voicing in E Íollowing con-
s0nEnt might compete with length distinctions signalling different verb
cetegories, for exômple.

The prominent c0mpensatorg relstionship betvreen vowels and
v0icing in postvocalic consonants in for examÞle English End t0 a lesser
degree in Swedish on the one hsnd, and the psrtiEl or non-existing
compenssti0n as in Hsusa End Eguptisn Arsbìc support the view th8t
ruìes for durstional pstterning are lsnguage-specific.

8.2.5. lntrinsic length.

A phenomen0n in manU languages is the existence of sgstematic
differences ìn durstion between different vowels in identicsl surround-
ings. These properties of the vowels hEVe been relEted t0 their phonetic
qualìtg and sre generallU referred t0 ss intrinsic length. Lehiste
(1970:18) reports a number of investigstions where vowel durstion has
been found to correl6te with the dimension high-low in such s wag thet
high vowels Ere shorter thsn low vowels. According to these data long
/iil should be expected to be shorter thsn long /uul, which is shorter
than ìong /aa/.The pattern is the same for short vowels as well.

lntrinsic vowel length can be correlsted to phUsiologicsl proper-
ties of the speech production mechônism. Lindblom (1967) hEs shown
with his model of ìip-msndible coordìnation that low vowels Ere longer
thsn high vowels due to the Iorge mandibular movements lor low
vowels.The off-glide gesture of the mandible oftera low vowel jnto a

folìowìng consonent aìso progresses so slowlU that there is a deìag Þe-
f0re the Erticulstors Ere ôble to come in contect ônd produce the
consonsnt.

The same relationships have been reported for s number of un-
relsted languages, such ôs Hungarian (llagOics 1969), English (Peterson
Ênd Lehiste 1962) andThai (Abramson 1960), to name Þut s few inves-
tjgati0ns. The following mean durations in millìseconds from Elert
(1964: I 23) show intrinsic ìength relations between Swedish vowels,
measured Þefore /l/ and /s/. Theg are fairlg representstive for other
languages where the sEme relEtions occur.

/igo/
/euâ/
/äöa/

long vowels
140
t55
164

short vowels
95

103
111
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one can osk if the known dsts are so uniform that it is possible to
estEbljsh the characteristic pEttern of intrinsic length as a universal
festure.

ln Eggptien Arabic aìl long vowels v6ru v/jthin veru nsrrow limits,
with mesn vslues f rom 149 t0 160 milliseconds, with the exception of
/uu/ preceding /l/, which is somewhst shorter than the others, but
with s low significance level, (p<0.05) when compsred with /uu/
preceding /d/.This is oÞvious in figure 26 where ôll long vowels cEn be
seen t0 hEVe E verg uniform duration over the whole range of different
queìities. Since Iong /ii/ and /aa/ do not differ in length whether
preceding ô voiced or a voiceless stop, and /uul differs onlU at a low
level 0f significsnce, durstions for eôch Iong vowel, regardless of the
tgpe of the postvocElic c0ns0nsnt, hsve been coìlapsed and counted in
the same group. The s6me pr0cedure hEs been performed with regsrd to
the sh0rt vowels for the s6me re8sons. Paired t-tests were then
performed between long End short vowels respectivelg, in Ell possible
c0mÞinations. Long v0wels do not in anu cese reveal sign'i ficsnt durE-
tionsì differences which csn be attributed to intrinsic length. The dure-
ti0nEl meEns Ênd the results 0f psired t-tests for the'l ong vowels ôre
given in the following table:
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Means:
/aa/ Þefore /l/
/aa/ Þefore /d/
col ì Epsed:

151 ms
156 ms
153 ms

/ii/ before /l/
/it/ belore /d/
col I apsed:

150 ms
149 ms
150 ms

/uu/ Þefore /l/
/uu/ Defore /d/
co'l I spsed:

135 ms
158 ms
146 ms

T-te sts
ea/i i
a a/uu
a a/ee
aa/o o

iiluu
iilee
iiloo
uu,/ee
uu/oo
ee/ oo

t= 0.698
t= 1.099
t= 0.509
l= O.272
l= 0.672
t= -2.569
t= 1.967
l= 0.452
t= 0.034
t= 0.934

n.s. I I df
n.s. I I df
n.s. 5 df
n.s. 5 df
n.s. ll df
n.s. 5 df
n,s. 5 df
n.s. 5 df
n.s. 5 df
n.s. 5 df

Table E-D llean duration of long voweìs preceding v0iceless End
v0iced stops. Comp8ri son between long vowels bg
psired t-tests.

Contrarg to the long vowels, the short vowels all show the
expected differences sccording to the reletions as described bg 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 vovyels ere given in
the follo\Ying tsble:
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preceding /t/ preceding /d/
/a/ 89 ms. 94 ms.
/i/ 78 ms. 82 ms.
/u/ 85 ms. 84 ms.

a/i l=6 292 p<0.001
a/u l=2.649 p<0.05
u/i t=3.079 p<0.01

col I apsed
92 ms.
80 ms
85 ms.

23 dt
20 dt
20 dt

Table 8-E.l1ean duration of
snd voiced stops
bU paired t-tests

short vowel s precedi ng voi cel ess
Comp8rison between short vowels

It could also have been expected, Eccording to Lehiste's dats
(op.cit.:18), that /aa/ should have E longer duration in E plsin environ-
ment, where it is mostlU re8lized as [æ:], thsn in 6n emÞh€tic environ-
ment, where it is mostlU reelized as [o:]. T-tests, however, do not
reveal ang significant differences, and these dilferent vowel quslìties
thus conform to the general psttern of long vowels vrith reg6rd t0
intrinsic length.

Another wsU of demonstrEting intri nsic v0wel length was pro-
posed bg l'laack (1949). He proposed Rv/Nôll v as 8n indicator of the
intrìnsic durstion value. ln this wEU jt is possible to compare the
dur€tionôl mean of E vowel to the mesn of sll vowels, expressed 0s a

retio. This r8tio is shoy/n in the followìng table for Eggptisn Arsbic
long End short vowels. Since vo\ryels do not differ signilicantlg depend-
ing on the following consonsnt, except long /uu/, the meÊn of eoch
vowel is calculated regardless of the following consonant. Long /uu/ is
shown in two wags. FìrstlU presented in the same wEU os the other l0ng
vowels, without consideration to its low level significant dilferences
depending 0n the lollo\ying consonsnt, sec0ndlg with regsrd t0 its
durational differences preceding /l/ and /¿/.

/aa/: 1.01
/ ii /: 0.99
/uu/: 0.96

/a/
/i/:
/u/

l.o7
0.94
1 .00

/uu/ preceding /l/: 0.89
/ uu/ preceding / d/: 1 .04

Table 8-F. lntrinsic duration v8lue of long and short vowels

This tEÞle over the retios underlines what hss been found through
the t-tests. Both indicate the seme chEracteristic properties of long
snd short vowels. There is a dichotomU, where ìong vowels have a m0re
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or less unjform length in contr€st to short vowels, which exhibit the
expected temporal relationships, high vowels being shorter than long
0nes.

This result has been found to hold elso for Finnish (Lehtonen
I 970). Durstionsì differences Þety/een long vowels, related to different
degrees of openness, are levelled out to obtain I more or less uniform
length. lt seems as if long vowels in both Finnish end Eggptian Arabic
hsve En ideEl length within n€rrow limits, which has to be 0Þserved ÞU

speakers. lt is likeìg thEt the prolonged duration of long vowels over-
comes anU inlluence of inherent length.

0ne can discuss whether ang perticular vowel determines this
ide8l length. lt is difficuìt to decide, but it is possible that long /aa/,
which in all cross-linguìstic investigations is the longest vowel due to
its relativelg slow articulatorg gestures related to the jaw, determ,ines
the durationEl tðrget for Iong vowels in Eggptien A16bic. The other long
vowels would then have to sustain their duration to reech the ssme
ì e ngth.

Short voweìs on the other h6nd, are not influenced bg ang levelling
fEctors, but sre allowed to be as short ss it is phusiologicallU possible
to produce them. Theg therefore show the same tgpical rel6tionships,
which have been lound in mang other lsnguages. As has been pointed out
in an earlier seetion, both Eggptian Arabic and Finnish belong to s
categorg of languages where phonemic length is s phoneticsllU promi-
nent feature. GreEt durational differences due to intrinsic length might
disturb the balance in the sustem End cause confusion. To keep the
important long-short dìstinction intact, long vowels have to get close
to sn idesl target.

8.2.6- Duration of intervocalic consonants

Voiceless consonEnts have been shown to be longer then voiced
c0ns0nants in ne€rlu eìl lenguages where consonant duration hes been
measured (Elert I 964:148). There are suggested phUsiologicel explane-
tions for this (Cetford 1982;74,128). During production of voiced stops
the difference Þetv/een the subglottal and supraglottal pressure is
quicklg sbolished since air p€sses through the glottis end cannot escape
because of the oral closure.one wag of proìonging the durstion of I
voiced stop is to lower the ìargnx or in other w€Us expsnd the pharunx.
A v0iceless stop on the other hsnd can be prolonged for 6 considerabìg
longer period. lt is therefore no surprise that s comparison between the
intervocelic stops in Eggptian Arsbic shoy/s thet /t/ is consistenilg ond
signific6ntlg longer lhan /d/. The difference is onlU upheld when the
stops occuras single consonônts, end in no cEse is there enu significent
difference between voiced and voiceìess geminate consonants.
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l/d afler /aa/
l/d a'f ler /a/
l/d afler /ii/
l/d aîler /i/
l/d afler /uu/
l/d afler /u/

tt/dd after /a/
llldd afler /i/
tt/dd efter /u/

l= 4.677
t= 8.300
t= 1 3.1 03
l= 2.673
l= 3.928
l= 4.O2O

t= 0.544
t= 0.798
l= 2.480

p<0.0 I

p<0.001
p<0.001
p<0.05
p<0.05
p<0.05

5df
5df
5df
5df
5df
4dt

n.s
n.s
n.s

df
df
df

5
5
3

Tôble E-G. Paired t-tests of t/d and tt/dd in intervocôlic
posi ti on.

It cEn be seen thEt geminated voiced End voiceless consonEnts do
n0t sh0w ang significsnt differences in length, regErdless of the quslitU
of the preceding vo\yeì. This is obvious on Figure 26. Long intervocalic
c0nson8nts sre true geminates of roughlU twice the length of a single
c0nsonant, with s dur8tion 0f 150-160 milliseconds. Single voiceless
stops ôre roughlU 53X of long ones. Sjngle voiced stops sre shorter,
vsrUing between 32ß and 4O8 ol ìong ones.

Finnish does n0t have the phonological opposition between voiced
and v0iceless st0ps and durEtion cannot be compared between these
classes. The relsti0n between E long and € short voiceless stop, how-
ever, is Es lsrge Es in Egupti€n Ar8bic. Lehtonen (1970:97) caìcuìsted s
meEn ratio forFinnish voiceless stops and /s/, which was found to be
l:'l .99, i.e. long stops Ere roughlg twice 6s long as short ones.

Other languôges with voiced-voiceless contrast, show significant
duratì0nsl differences n0t onlU for short stops, but slso for long ones,
for example Hausa (Lindau 1985). Swedish is ônother language with the
expected durational difference þetween /ll and /d/. This difference
6pplies also when these stops occur as long intervocalic consonants.
Elert (1964) and Löfqvist (1976) gjve exEmples of these relations
between /ll/ and /dd/, in sddition to other geminsted Swedish phone-
mes, preceded ÞU different vowels.

When occurring Ês geminstes, /tt/ anO /dd/ do not differ signi-
ficsntlu in ìength. lt is likelu that the prolonged occlusion of gemin€ted
stops overcomes anU influence of fEctors 0f inherent length determin-
ing the duration of single consononts. This appears to be 6 perallel to
vowel length. Long voweìs do not differ significantlg in length regsrd-
less 01 qu8litU, and sppear to have an ideal durationel target, to which
fectors related to intrinsic length are subordineted. Long consonants
seem t0 Þehave in the ssme wEU in subordinating f8ctors of intrinsic
length to re8ch En ide8l t8rget when geminsted. Not onlU the relstion,
Þut even the aþs0lute values sre €pproximatelU the sôme for'l ong
v0wels snd c0ns0nônts, vsrging between 150 and 160 milliseconds in
this kind 0f c0nversational speech r€te. Short consonEnts, on the other
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hEnd, sre Essumed to be like the short vowels in that theU are ellowed
t0 be pr0duced as fôst ss is phUsiologic6llU possible.
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Appendi x

sssdi s
zsski r
SEE d

zeet
sii d

I ooz
suu d

s6s d

see d

qii t
s00t
suu d
?i gaag
tsxgiig
max9uuq
siit
suu d
sad d
si tt
sud d
fastu
saEdu
fattu
sEd du
futtu
sada
giitì
siidi

'sixth'
'menti oni ng'
'g0vern'
'oi l'
'l ord'
'El monds'
'þlack'(pl.)
'to hunt'
'hunti ng'
'reputstion'
'voi ce'
6rtificisl word
'punishment'
'specislizEtion'
'spec i E I'
srtificiEl word
'Þ lack'
'to cl ose'
'lsdg'
'cl osel'
'theg pEssed'
'theU governed'
'theU cut'
'theU closed'
' j ump!'
'wsrp'
'mg reputation'
'mU lord'

qssdi ?

4asl i m
sedd
zetha
si tt
I ozhs
sud d

gad d
soode

çi tt
qeeda
gud d
?i qagna
?agigha
lug ugha

çiit
suu d
gad d
qi tt
gud d

fi ta
si di
fuula
suu du
fsta
sud du
futa
sud E

' j ust'
'tg re nt'
'cl ose'
'her oi I'
'l adg'
'her slmonds'
'cl osel'
'to prevent'
'bl eck'
6rtificisl word
'preu'
'prevent!'
'her stories'
'he punished her'
'her coccUX'
'rep uta ti o n'
€rtificial word
'to prevent'
srtificial word
'preve n t!'
'winter'
srtificisl word
'tow el'
'govern!'
'give a legsl decision
'prev e nt!'
srtificial word
ôrtificisl word
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TABLE I

Center 0f grsvitU, dispersion End mean intensitU Ievel of critical band
spectra 0f v0iced snd v0iceless sibìlants.

center of orsvitu
crit.band Hz:
uni ts:

dispersion meEn intensitU
level in dts

/s/

/s/

/zl

20.55
21.18
21.53
20.83
21.83
21.98
21.32

20.59
20.90
20.99
20.71
21.39
20.80
20.90

568 1

6219
6540
5914
6827
6976
6345

57 14
5974
6052
58 l3
64tO
5889
597 4

4143
6521
6447
5t5t
4969
67 40
s632

2.15
1.48
1.80
1.75
0.95
1.09
1.54

2.63
r.56
2.31
1.90
1.46
1.77
1.94

4.61
1.23
l.l8
2.90
5.44
1.62
2.E3

6.49
1.97
3.57
2.17
1.39
573
3.s5

4.24
7.18
4.91

13.06
7.74
6.36
7.25

2.55
1.44
1.22

13.66
7.88
6.73
5.58

-5.84
4.50
8.80
0.70

-5.67
5.73
1.37

-2.35
2.49

-0.71
7.84
1.60

-5.23
0.60

sp. I
5p. 2
sp. 5
sp. 4
sp. 5
sp. 6
llean

sp. I

sp. 2
sp. 3
5p. 4
sp. 5
sp. 6
11 ean

/z/ Sp
Sp
Sp
Sp

I
2
3
4
5
6
n

18.56
21.51
2t.85
19.87
19.62
21.7 4
20.49

Sp.
Sp.
l'1ea

sp.l
sp. 2
sp. 3
sp. 4
sp. 5
sp. 6
11 ean

15.22
20.52
20.66
20.76
21.11
19.45
19.62

2622
5656
577 1

5855
6157
4849
4969
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TABLE 2.
Duretion of long and short plsin snd emphðtic vowels in monosgllabic
words in milliseconds. Five tokens of esch spesker, mean snd standard
devistion. Seven degrees of freedom, unless otherwise st€ted.

l) Plain long /oa/

Token 12345X-SD

sp.l
sp.2
sp. 5
sp. 4
sp. 5
sp. 6
sp. 7
sp. I
MeEn

150
204

128

148
205
183
170
230
142
r88
146

t45
214
180
159
166
152
166
162

172

160

r69
159
196
143
172
134

136

164
162
t55
105
138
136

155
208
188
165
198
140
177
140
171

160
196
169
158
172
144
174
139
164

135
19s
166
r56
148
117
127
129
147

ll
q

14
23
35
t2

9
l5

26

4
t8

5
4

l8
9

il
L

t8

lt
23
l0
l5

9
17
l0

5
25

210
210
209
180
226
123
172
136

179
r88
170
150
172
120

Token

I

2
5
4
5
6
7
I
n

Token

158
184
166
160
150
144
192
146

132
185
136

122
162
180

158
t05
154
128

t68
176
164
152
t68
150
168
132

158
210
170
162
162
152
164
147

158
212
176
158
183
152
172
r36

2) Emphatic long /aa/.

12345X-SD
p

p

p

p

p

p

s
s
s
s
s
s
Sp.
Sp.
11e a

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

S) PIain long /i i/
12345 X- SD

sp. I

sp. 2
sp. 5
sp. 4
sp. 5
sp. 6
sp.7
sp. I
llesn

126
202
152
140
148
ll8
154
122

144
200
163
174
146

149
215
170
146
135
140
158
133

167
128
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4) Emphati c long /ii/

Token 12345X-SD
p
p

p
p

p
p

S

s
S

s
s
s

1

2
3
4
5
6
7
I
n

125
160
1t5

134
155
134
120
130
144
136
136

144
185
149
141
140
172
148
134

140
192
108
132
132
148
148
105

142 137
173
128
t33
130
151
142
129
140

144
184
177
141
189
l3l
172
135
159

I
18
16
10
13
12

9
l6
t5

I
17
l0
l5
il
19
t5
lJ.
24

9
1l
l9
4

24
t0
14
l0
24

Sp.
Sp.
l'1ea

108
144
128
140

176
144

r33
140
140
147
14A

t-test ploin /iil and emphstic /iil: t=0.75J, n.s

5) Ploin long /uu1

Token 1234sNsD
sp. I
sp. 2
sp. 3
sp. 4
sp- 5
sp. 6
sp. 7
sp. I

133
165
176
128
t90

142
205
178
136

140
154
120

156
180
165
126
172
120
184
ts2

146
184
192
r59
t98
t10
158
132

144

176
154
194
152
186
126

llean

Token

0) Emphotic long /uu/.

t2345xSD

136

152
132
192
128
182
148

139
176
152
153
218

188
t35
165
106
179
130

sp. 1

sp. 2
sp. 5
sp. 4
sp. 5
sp. 6
sp. 7
sp. I
llean

144

146
196
180
140
160
126
163
150

158
194
192
128
t68
126
l5l
128

150 146
1E9
173
134
t8r
122
169
140
157

t-test plain long luul and emphatic long /uu/: l=1.177, n.s
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7) Plsin shorl /a/

Token

Token

To ken

104
99
75
89
79
85
108

88
90
94
76
88

100

94

6l
74
60
77
72
61
86
85

110
98
74

102
86
82

126
103

96
100
74

108
68
70

116
r11

104
68

101
8l
79

106
100
74

100
8l
80

119
101
95

96
96
79

103
88
94

109
9_6
95

7
3
4
I
9
6
9

t_
l5

7
4
9

19
6
4

l0
2
I

12345X-SD
112

79

n,
a4

I

2
3
4
5
6
7
6

an

Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Me

1

2
3
4
5
6
7
I

an

Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
11e

- 126
100 90

S) Emphotic short /a/.

1234srsD
89

100
72

114
94
96

120

9E
94
75

85
88

102

101
98
78

106
92
92

104
97

104
98
75

116
80
95

t-test short plain /al and short emphati c /al: t=0.000, n.s

9) Plain short /i/

97

69 73
82 89
63 56
84 88
61 72
68 65
82 93
75

12345X-SD

Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Me

1

2
3
4
5
6
7
I
nE

67
8l
61
67
60
69
82
75

58
80
54
76
62
57
92
84

66
81
59
78
65
64
87
Eg
73

6
5
4
I
6
q

6

_6_
l0

97



l0) Emphatic short /i/.
1234sX-SD

68
80
60
n1

n1

7876

I
2
3
4
5
6
7
E
n:a

Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
lle

Token

To ken

82
88
66

102
78
96
75
89

92
98
69

102
80
88
75
89

66
88

94 90

E6
87
69

100
77
94
76
gt
E5

96
89
65

t00
76

103
64
84

78 96
94 98
60 65
89 104
65 74
88 9l
62
78 82

66
94
66
83

64
94
67

77
78
64
92

69
87
65
89

69

8l 80 Et

5
9
3

:
683

L92
80il

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

I l) Plain short /u/

Token 12345NSD
1

2
3
4
5
6
7
I
n:

Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
11e

72
82
78

76
100
88
88

86
80
69
94
76
82
80

103

9
7
5
4
2
9
9

lo

12) Short emphalic /u/

12345NSD
I
2
5
4
5
6
7
E
n:

Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Me

82 84
86 88
67 64
60 84
72 72
78 86
80 68
84 104

100
t00
61
92
74
80
84
76

88
93
63
86
71
85
74
E5
80

9
6
3

l6
4
5

t0
l-L
ll

t-test short plain /u/ and emph0tic short /u/: l=1.971,n.s
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TABLE 3

Duration of v0wels and intervocslic c0ns0nsnts in disgllabic words in
milliseconds.
Three tokens of each spesker, mean and stEndsrd devisti0n.
Five degrees 0f freed0m, unless 0therv/ise ststed.

Token I

I ) aa-t

3

2) oa-d

5

2 x- SD

t
I
5
5

14
I
4
I

d

5
5
9
3
B

4
I66

sp. I
sp. 2
sp. 3
sp. 4
sp. 5
sp. 6

sp.l
sp. 2
sp. 3
sp. 4
sp.5
sp.6

6A
144
162
162
t18
160
166

EE

148
160
168
136
144
174

aa
144
176
168
152
144
144

aa
145
158
167
120
148
167
151

AE

143
179
167
137
148
147
r56

t
88
95
90
79
89
72
86

É_

l8

t
80
99
88
B2
92
72

t
88
92
96
80
96
76

OE

144
152
172
108
140
162

t
96
92
86
76
80
68

aa
2
5
5
3

ll

aa
6
I
I

Token 1 2

5) a-tt
5

X SD

d

63
65
65
62
89
56

x-

aa
136
188
170
130
160
152

d

68
60
72
65
92
52

d

60
68
64
60
96
60

aa
148
172
168
130
140
146

d

60
68
54
60
80
56

l3
ll
4

16 I

t-test Iong /ao/ before /ll and ld/: l=-O.7 76, n.s
t-test t/d after long /aa/: l=4.677, p<0.01.

SD

a

4
9
2
9
7
6
6

sp. I

sp. 2
sp. 3
sp.4
sp. 5
sp.6

Token 1

a

84
84
92
8B

104
82

E

92
97
92
78
92
94

tt
168
t05
212
142
172
188

o tt
88 176
80 103
96 206
70 142
92 160
86 142

s tt
88 r71
87 lll
93 198
79 149
96 168
E7 161
88160

2

tt
168
126
176
164
172
152

tt
15
l3
19
t3
7

24

99
29



Token I 2

4)

dd
r56
132
202
tl4

6- dd

3

dd
144
154
186
106
164
176

x- SD

sp. I
sp. 2
sp-3
sp. 4
sp. 5
sp. 6

t-tes
t-tes

sp. I
sp. 2
sp. 3
sp. 4
SÞ. 5
sp. 6

Token

t-tes
t-tes

a dd
8ð 144
95 132
94 182

a dd
89 148
97 139
93 t90
89 112

112 166
7-7- 172
93r5s

a
79
95
93
78

108
El_
89

E

92
101
l0l
87

103
83
95

a
88
88
84
9293

120
80

I l6
168
168

a

92
t08
t02
82

104
74

28

I
2

l0
9
6

il
4
2

dd
7

t3
l0

5
3
6

d

4
t3
3
2

24
E-
E

ts
tt

horl /a/ before tt/dd: t=- 1. I 6 l, n.s
t/dd after short /a/: t=0.544, n.s.

5) a-t
23Token

6) a-d

5

x- SD

t
87
65

101
87
93
75
88

X- SD

a

84
100
88
80

100
88

t
84
90

108
92
96
7A

E

86
96
9E
78

112
78

t
88
82
90
80
88
68

a
65
88
92
75

112
78

t
E8
84

106
94
88
7E

at
122
64
5 10
38
75
66

12 9

2

sp. I
sp. 2
sp. 5
sp. 4
sp.5
sp. 6

a

88
110
110
84

d

5E
40
62
60

E

96
92

t02
96
92
88

d
52
4A
65
62
56
56

a

92
102
92
80

114
78

d
52
66
68
58
90
52

da
544
51 9
659
608
73 16
qoq

606
82 68

ts
tt

horl /al before /lland /dl; l=-2.144, n.s
/d after short /a/: t=E.300, p<0.00 I

100



Token 1

7) ii-t
3 X SD2

Sp
Sp
Sp
Sp
Sp
Sp

t
108
97
88
86

10E
92

t
98

111
100
82
96

lo4

ii
1 148
2 152
3 148
4 136
5 146
6 161

ii
142
148
148
t58
158
184

2
ii d

136 64
t56 72
152 56
146 66
136 76
168 76

It
124
138
t56
160
128
188

t
I l0
96
92
94

102
83

3
ii d

136 76
140 76
t68 44
165 36
130 64
152 52

ii
138
146
151

151
138
178
t50

t
105
101
93
88

102
93
97

X

ii d

131 73
148 71
160 47
1sr 55
144 67
161 65
149 63

i tt
79 152
69 161
77 191
77 168
81 164
76 166
77 167

ii
13

6
5

l3
l0
l5
f5

t
7
9
6
5
6

ll
7

E) ii-d
Token

sp. 1

sp. 2
sp. 3
sp. 4
sp.5
sp. 6

ii
122
148
160
142
165
162

I
d

80
64
42
60
66
68

SD

t-test long lii/ before /l/ and /dl: l=O.3O 1, n.s
t-test t/d after long lii/: t=15.103, p<0.001.

e) i-tt
Token 1 2 3 X- SD

tt
I
I
I

12
19
I

ll

d

I
6
I

l5
6

J2
10

tt

12
14
I
6

12
l3

I

2
6

5
6
I

5
4

sp. I
sp. 2
sp. 3
sp. 4
sp.5
sp.6

i tt
80 156
76 148
76 176
84 170
B0 170
74 158

i
76
64
72
76
80
82

tt
156
172
192
176
164
180

i tt
80 144
68 164
82 204
72 162
82 158
72 160

101



Token I

l0)
2

idd i dd

E4 148
80 152
80 144
84 154

66 166

64
72
80
82

108
68

156
148
136
156
t88
172

i -dd

3

i dd

72 172
68 156
80 160
84 148
96 172
70 176

3

i
83
76
82
88
82
64

t
80
82
98
90
92
74

3

I SD

iddidd

sp. I
sp. 2
sp. 3
sp. 4
sp. 5
sp. 6

73 159 t0
73 152 6
80 146 0
83 151 I

102 180 I
6g 17r 2
E0 160 l3

12
4

12
5

ll
5

12

t-test short 1il before tt/dd: t=0.7E9, n.s
t-test tt/dd after short li/: l=O.798, n.s.

r r) i-t
Token

i
74
68
84
86
86
86

t
77
92
88
80
80
70

2

2

12) i-d

r
t

78
86
93
87
86
]J

X- SD

d

69
55
42
53
75
Z5
62

SD

i
Sp. I 92
SÐ.2 74
Sp. 5 82
Sp. 4 78
Sp. 5 70
Sp. 6 66

it
92
45
t5
66
96

J22
58E479

i
6
I
I
I
I
5
9

d

60
52
,?

80
80

d

I
3

14
4
5
5

14

sp. I
sp. 2
sp. 3
sp. 4
sp. 5
sp. 6

t
78
84
92
92
88
70

i
85
73
83
E3
80
72

Token

i
76
78

d

72
56

94
96
74

50
70
72

I
80
86
88
98
82
64

d

74
58
52
56
76
72

i
88
94
90

84
68

i
8l
86
89
96
a7
ta
84

t-test short /i/ before lll and /dl: t=1.742, n.s
t-test t/d ofter short /i /: l=2.673, p<0.05
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sp. I

sp.2
sp. 3
sp. 4
sp. 5
sp. 6

I S) uu-t

23 x SDToken 1

uu
128
t2E
136
152
144
142

Token

t
100
108
t02
88
90
76

t
92
88

114
96
86
80

uu
140
128
I t8
144
112
140

t
108
88

100
84

100
76

2
uu d

152 56
142 52
164 46
158 64
ts6 76

I 4) uu-d

uu
132
132
142
142
108
156

5
uu d

168 64
142 56
t66 56
142 65
184 84
152 72

3
u tt

72 176
86 166

uu t
133 100
129 95
132 105
146 91
121 92
146 77
f35 93

x-

uu d

162 60
148 57
162 50
152 64
17t 79
152 72
l5E 64

uu t
68
212

128
58

207
t0 2
t3 l0

SD

tt
6

:

1t
JA

3

d

4
6
5
I

5

0

uu
9

t0
5
9

14

9

sp. I

sp. 2
sp. 3
sp. 4
sp.5
sp. 6

SD
u

il
!
I
4
4

uu
r66
160
156
t56
172

I
d

60
64
48
64
76

t-tes
t-tes

Token

sp. 1

sp. 2
sp. 5
sp. 4
sp. 5
sp.6

1

u tt
92 176
80 r70

100 163
72 188

2
tt

165
160

X-

u tt
80 172
79 r65

97 168
ls 172
E3 t69

tl
tt

ong /uu/ before /ll and ldl: l=-5.407, p<0.05
/d af ter long /uu/: l=3.928, p<0.05

I 5) u-tt

u

76
,?

102
80

180
166

88 160
77 162
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2Token

I 6) u-d

3 x- SD

u dd
81 173
81 156
84 145
83 149

102 161
5Z 16s
8t 158

X- SD

r SD

udu
87564
8553 5

10r 52 6
101 57 4
97 100 I
5-0Zl- 5
87 65 17

s
s
s
s
s
S

p. I
p.2
p.3
p.4
p.5
p.6

t-tes
t-tes

1

2
5
4
5
6

p. I
p.2
p.3
p.4
p.5
p.6

dd
168
150
134
142
160
182

u

78
76

74
I t6
60

dd
180
164

148
157
154

t
93
88
80
84

u dd
80 172
80 154
76 156
88 156
96 167
56 160

u

84
87
92
88
96
60

u dd
36
67

11 16
97

125
2t4

14 10

ut
E9
23
82
44

66.
34

d

7
6
I
3
7
5

I

ts
tt

horl /ul before tt/dd: t=0.530, n.s
t/dd after short /u/: t=2.480, n.s.

I 7) u-t

23Token

S

s
s
s
s

p
p

p
p

p

u

a4
80
96
88

u

84
90
96
98

100
60

46
44
54

108
66

u

80
84
80
96

u

92
86

100
106
104
58

t
88
92
84
76

u

96
84
90
92

t
76
86
82
EO

u

87
83
89
92

t
86
89
82
80

Sp 82 84 80 72 92 80 E5
a7

z9
E3

I 6) u-d

23Token

d
64

d
60
56
52
56
96
76

u

86
80

108
100
88
50

d
50
56
60
60
96
72

S

s
s
S

S

S

t-tes
t-tes

ts
tt

horl /ul before t/d: t=0.165, n.s.
/d after short 1ul: l=4.O2O, p<0.05
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Token I

l9) ee-d

32 x- SD

sp. I
sp. 2
sp. 3
sp. 4
sp. 5
sp. 6

sp. I
sp. 2
sp. 3
sp. 4
sp. 5
Sp. 6

ee
144
148
160
176
168
154

o0
t60
164
t56
176
164
152

dee
52 152
56 152
52 156
54 180
52 156
60 152

ee
145
149
163
t7s
167
163
160

o0
152
152
156
171
158
159
t5E

d
4E
64
56
30
60
72

ee
140
148
172
170
176
182

d

72
56
56
52
72
52

d
28
56
52
52
56
41

d

57
59
55
45
6t
ot
56

d
t3
5
2

l3
l0
l0
ó

ee
6
2
I
5

l0
J_7_

tl

Token I

2o)

2

64
48
48
62
52

oo-d

3 r SD

d
44
4E
4E
54
58
56

oo
144
146
t60
174
160
168

00
152
146
152
162
150
158

d oo d
43 8 14
56 l0 I
4942
5l E 3
597s
s.gg_
51 7 6

d
56
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TABLE 4
FORMANT ONSET FREQUENCIES

Nean of three tokens for eEch speaker, grEnd mesn end standard
devistion for nine speEkers.

I ) laal

sp. 1

sÞ. 2
Sp. 3
sp. 4
sp. 5
sp. 6
sp. 7
sp. I
sp. 9
Mean

T-tests
FI
F2
F3

CVVC
F2

17 40
I 685
I 760
17 60
I 785
1 700
1 660
1940
1 700

I 750
83

F3
2700
2725
2560
2515
2790
2490
2535
27 45
2600
2630

112

qvvc
F2

1210
1235
I115
1110
1375
1225
t0l 5
1205
I 020

1170
I l5

qvc
F2

1235
1255
I 075
1 180
1340
1 090
I 100
I 175
1200
il85

E7

F3
2360
2925
2890
2515
2815
2500
2500
2750
2920
2685

218

F3
2465
2840
2800
2510
2720
2445
2600
2725
2830
2660

l5E

q VVq
F I F2

500 I 205
585 1 195
545 1 o8s
525 1 r35
575 l4l5
500 I 140
500 985
605 1 125
620 1 1 15
550 1 155
47 117

FI
545
595
505
575
565
500
535
565
785
575

65

qVÇ
F2

1200
I 185
I 145
I 075
1375
ll30
I 080
I 080
I 165
I 160

95

F3
2390
2935
2795
2445
2765
2475
2525

2825
2645

208

F3
2390
2805
2835
2490
2810
2395
2560

2875
2645

207

FI
490
510
490
475
510
47s
5r0
475
515
495

17

FI
525
575
585
5r5
610
500
460
585
565
545

49

FI
5t5
600
595
575
620
455
525
575
725
575

76

CVVC-C.VVC
-3.1 93 p<0.05
I 5.066 p<0.001
-0.833 n.s.

CVVC-C.VVC
-3.789 p<0.01
14.O13 p<0.00 I

-0.506 n.s.

2) /a/

qvvc-qvvq
-0.357 n.s.
0.632 n.s.
1.7 4l n.s.

sp. 1

sp. 2
sp. 3
sp. 4
sp. 5
sp. 6
sp. 7
sp. I
sp. 9

F1
525
535
655
545
560
500
570
600
705

cvc
F2

1640
1 595
1620
15 15
1 650
I 585
I 380
1715
1670

1 595
99

F5
2s95
27 40
2580
2495
2705
2500
2495
2700
2620
2605

96
Mean:575
sD 66

T-tests
FI
F2
F3

cvc-q v c
0.071 n.s.

12.152 p<0.00 i
- 1 .461 n.s.

cv c-c. vq
O.124 n.s.

12.27 4 p<0.00 I

-o.949 n.s. (7 df)

106

qvc-q vq
0.106 n.s.
1.1 63 n.s.
0.313 n.s. (7 df )



5) /ii/

sp.l
sp. 2
sp. 5
sp. 4
Sp. 5
sp. 6
sp. 7
Sp. E

Sp. 9
Mean:
SD:

T-tests
F1
F2
F3

CVVC
F2

2250
2525
2210
2200
2200
1 990
23 10
2210
2110

2225
145

F3
2900
3065
2815
2940
3165
2765
3000
3085
2775
2945

144

q vvc
F2

I 765
2360
I 875
I 750
2125
I 78s
I 900
I 730
1 435

1 860
261

c. vc
F2

I 420
1345
1440
1 3s0

F3
2625
2910
27 10
2665
30 l5
2490
2540
2845
2425
2690

199

qVVÇ
FI F2

285 2020
290 2040
295 19t5
295 1760
340 2040
300 I 860
375 r 750
395 I 960
400 1 550
330 1 875
48 t6s

qvq
F2

1520
r 310
1775
1 435
I 85s
1285
I 490
1 540
1 375
l5t0

195

F3
2605
276s
2620
2455
3015
2440
2500
2920
2435
2640

216

F3
2530
2860
2585
2455
2725
2385
2500
2780
2585
2600

157

FI
290
260
285
310
335
300
335
310
290
300

24

FI
305
315
510
335
390
365
335
415
390
350

40

cvvc-q vvc
-4.O42 p<0.01
5.807 p<0.001
6.953 p<0.001

cvvc-Ç vvc
-2.023 n.s.
6.164 p<0.001
7.263 p<0.00 1

4) /i/

q vvc-qvvÇ
1.966 n.s.

-0.3 l0 n.s.
1.826 n.s

sp. I

sp. 2
sp. 3
sp. 4
sp.5
sp. 6
sp. 7
sp. 6
sp.9
11e a n:
SD:

T-tests
(6 df.)
FI
F2
F3

FI
430
365
370
460
455
465
405
395
380
415
40

cvc
F2

I 905
I 880
19 15
1825
1 93s
I 655
I 935
2040
I 805

I 875
108

F3
2655
2720
2560
2520
2805
2405
2625
2740
2500
2615

129

FI
440
445
415
475

F5
2585
2895
2825
2545

2280
2655
2300

FI
445
400
365
450
415
430
465
455
400
425
5l

460
460
465

1285
I 365
I 365

cvc-qvc

-3.1 53 p<0.05
14.27 1 p<0.00 1

O.231 n.s.

450 1365 2585
20 sl 236

cvc-Ç vc

-0.783 n.s.
6.914 p<0.001
O.447 n.s.
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qvc-ç vq

2.937 p<0.05
-2.438 n.s.
-0.01 6 n.s



5) /uu/

sp. I

sp. 2
sp. 3
sp. 4
sp. 5
sp. 6
sp. 7
Sp. E

sp. 9
Me0n
SD:

T-tests
FI
F2
F3

CVVC
F2

r 150
t0t5
1 335
1310
I ll0
t0l5
l l r5
1 120
1 150

1 145
112

F5
2465
2535

2315
2275
2310
2290
2460
2320

2370
99

q vvc
F2

960
835
965
900

I 040
885
990
870

I 080
945

82

F3
2535
2935
2865
2550
2250
2550
2590
2940
2320
2615

252

qVVç
Fl F2

335 975
315 885
320 895
295 835
390 I 070
325 890
390 895
400 840
420 885
355 910
45 73

2660
206

FI
365
325
335
340
385
535
385
425
320
555

35

FI
390
310
550
385
385
360
400
420
345
370

35

F3
2545
2920
2600
2435
251 5

2500
2775
2980

cvvc-qvvc cvvc-qvvc. qvvc-qvvq
-2.349 p<0.05 0.200 n.s. 1.129 n.s.

4.879 p<0.01 4.954 p<0.01 1.548 n.s.

-3.263 pcO.O5 (7df)-4.343 p<0.01(6df ) -0.1 17 n.s. (7 df )

6) lul

sp. I
sp. 2
sp. 3
sp. 4
sp. 5
sp. 6
sp. 7
Sp. E

sp. 9
Mean
SD:

FI
430
415
5t5
415
395
460
385
420
400

405
40

cvc
F2

1215
1140
1 120
1215
il l5
I 175
ll55
1325
1 195
r 1E5

65

F5
2445
2755

2365
2400
2300
2375
2295
2445
2420

146

FI
450
365
385
455
405
460
445
425
405
420
34

c.vc
F2

I 045
I 000
870
940
925

1 000
925
9Bs

I 035
970

58

F3
2455

2480

2430

zasl
85

FI
455
455
390
440
385
405
460
430
415
425

29

qvq
F2

I115
I 005
975
935

I 055
lo20
1 000
970

I 000
1 010

52

F3
2390_

2490

,=oã
2565

:
2495

77

2620

T-tests:
F1
F2
F3

cvc-qvc
- 1 .486 n.s
9.931 p<0.001

-2.208 n.s. (3 df)

cvc-c.vq
-1.647 n.s
5.800 p<0.001

- 1.939 n.s. (3 df )

qvc-q vq
O.329 n.s.

- I.OOB n.s.
-O.362 n.s. (2 df)
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7) /ee/ 6) IeI

Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp

F1
1 325
2 315
3 365
4 375
5 360
6 340
7 400
6 360
9 330

CVVC
F2

1925
I 900
1925
1840
1 9E5
r 735
1 975
2000
1820

I 900
88

CVVC
F2

13 l0
1265
l3 15
1 300
1270
1 365
1 365
I 555
1320
1320

5E

F3
2735
2785
2535
2540
2885
2415
2565
2810
2500
2640

164

FI
400
400
425
465
400
415
435
405
375
415

26

FI
435
415
400
390
400
410
415
440
355
405

25

qvvc
F2

1 78s
1625
1790
1625
2000
I 485
1615
I 805
1220

I 660
223

qvvc
F2

1010
935

1040
915

I 000
975

I 050
1 085
860
985

72

F5
2650
2865
2690
2575
2900
2465
2615
2800
2525
2675

l5l

F3
2440
29lO
2800
2540
2590
2475
2525

FI
385
325
385
375
390
325
450
395
350
375

39

cvc
F2

I 765
I 800
1 835
1725
I 855
r 655
r 670
r 860
1775

177 0
76

F3
2665
2735
2570
2475
2735
2420
2475
2660
2500

2580
120

Mean:350
SD: 27

T-test
FI
F2
F3

cvvc-q vvc
-8.843 p<0.001
4.200 p<0.01

- 1.6 15 n.s.

Ii-el, CVC
2.07 4 n.s.
3.9A7 p<0.01
1.699 n.s.

9) /oo/ l o) lol

sp. I

sp. 2
sp. 3
sp. 4
sp. 5
sp. 6
sp. 7
sp. I
sp. 9
MeEN
SD:

FI
435
415
440
435
385
410
465
415
365
420

30

F3
2500

FI
465
415
425
470
420
425
500
435
435
445

29

cvc
F2

1 205
1265
12lO
1285
1205
1295
1260
1 435
1 420
1245

87

F3
2400
2535
2350
2320
2650
2325
2415

2215
2400

136

2175
2310
2390
2425
2490
2500
2090
2360

r56

2760
2630

171

T-test
F1
F2
F3

cvvc-q vvc
1.294 n.s.

I 5.1 35 p<0.00 1

-2.286 n.s. (6 df)

Iu-ol, cvc
-2.436 p<0.05
-5.043 p<0.01

0.51 6 n.s. (6 df )

109



TABLE 5
FORIIANTS, CENTER FREQUENCIES

llean of three tokens for eEch speaker, 916nd meEn, standsrd deviation snd
t-tests

1) laa/

FI
540

555 1945 2740
730 17 15 2640

CVVC
F2 F3

1740 2660
1740 2740
I 825 2585
t840 2510
1760 2740
I 650 2500
1785 2500

cvc
F2

1 595
1625
1520
1495
1715
I 550
1 440

F3
2560
2735
2565
2475
2785
2575
2500

Çvvc
FI F2 F3

600 1050 2360
6t5 t090 2950
615 to40 2795
600 1025 2560
615 1185 2825
550 1160 2465
585 975 2725
730 I 125 2765
700 1065 2825
625 1 080 269s
56 67 t93

640 1125
76s 1 180 2815
620 1 090 2s90
64 88 229

qVVq

sp. I
sp. 2
sp. 3
sÞ. 4
sp. 5
sp. 6
sp. 7
sp. I
Sp. 9

sp. I
sp. 2
sp. 3
sp. 4
Sp. 5
sp. 6
sp. 7
Sp. E
sp.9

FI
575
645
620
605
615
540
570

F

109
111
t05
98

121
108
93

F3
325
935
740
380
685
415
440

650
585
565
560
505
565

595
620
660
565
515
650

2
52
52
52
52
52
52
52

llean: 585 l78O 2625
SD: 67 85 1O4

T-tests: CVVC-C.VVC
Fl -1.935 n.s.
F2 17.726 p<0.001
F3 -1.296 n.s.

cvvc-ç vvc
-4.097 p<0.01
15.480 p<0.00 I

0.358 n.s. (7 df )

qvvc-qvvq
O.278 n.s

-O.445 n.s.
2.800 p<0.05 (7df)

2) lal

FI
555

FI
585
645
645
660
640
555
600
635
765
655

59

çvc
F2

1 185
1275
I 075
1 085
1340
I 075
I 145
1 125
1245
I t70

96

FI
585
660
s75
675
565
605
600
59s
760
62s

65

2440
2845
2885
2500
2735
24tO
2680
2755
2835
2675

182

645 1 675 2695
730 I 650 2660

ÇVÇ
F2 F3

1160 2360
I 1 95 280s
1140 2875
1085 2515
1295 2780
I 1 15 2395
1 120 2490
1 155
1135 2925
I 1 55 2645

6r 227

F3

Mean:615 15852615
sD. 65 90 tO7

T-tests CVC-qVC
Fl -1.765 n.s.
F 2 1 6.880 p<0.00 I

F5 -1.145 n.s.

cvc-c vq
-0.559 n.s.
20.875 p<0.001
-0.560 n.s. (7 df )
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q vc-q vÇ
0.884 n.s.
O.877 n.s
0.770 n.s. (7 df )



sp. I

sp. 2
sp. 3
sp. 4
sp. 5
sp. 6
sp. 7
Sp. E

sp. 9

sp.1
sp.2
sp. 3
sp. 4
sp.5
sp. 6
sp. 7
Sp. E

sp. 9
lleanl
SD:

F5
2900
3115
3025
3115
3240
2815
3200
3275
2955

507 0
159

F3
2605
2495
2590
2525
2810
2480
2680
2775
2535
2610

123

FI
445
475
445
485

F3
2650
2965
2850
2865
3ll5
2590
2665
2995

F5
2575
2890
2855
253s

FI
465
425
365
455
405
440
495
445
430
435

37

CVVC
FI F2

265 2300
260 2685
290 2360
325 2385
315 2240
315 208s
325 2460
310 2550
250 2235

FI
455
3E0
410
475
465
485
425
425
400
435

36

cvc
F2

r 885
1 950
I 935
I 845
I 955
1725
2010
2085
I 865
1915

103

FI
300 2
265 2
310 2
315 2
350 2
340 2
315 2
360 2
335 2240 2925
320 2240 2845
29 1 s5 176

s) lii/
q vvc

F2
125
500
110
200
275
000
290
405

qvc
F2

I 385
1 395
1 530
1 435

çVVq
FI F2 F3

300 2150 2630
255 2405 2815
295 2215 2725
295 2180 2680
335 2200 3115
350 20 15 24Bs
365 2210 2750
375 2325 3045
360 2125 2740
325 2200 2775
41 112 196

f-1ean: 295 2365
SD: 50 lEl

T-tests
FI
F2
F3

cvvc-q vvc
-2.595 p<0.05
4.065 p<0.0 1

4.814 p<0.01

cvvc-q vvq
-2.246 n.s.
5.988 p<0.00 I

8.583 p<0.00 I

4) /i/

qvvc-qvvÇ
-0.580 n.s.

1.48O n.s.
2.O79 n.s.

485
5t5
460

1410 2345
I 455 2605
1345 2340

qVç
F2 F5

r 505 2500
15t5 285s
1810 2630
1520 2465
1825 2720
1 305 2395
1575 2495
I 560 2785
1425 2555

1540 2600
rE6 157

475 1420 2590
25 59 218

T-tests: CVC-ÇVC CVC-C.Vq
F 1 -2.306 n.s. (6 df ) -0.037 n.s.

F2 9.551 p<0.001 (6df )6.904 p<0.001

F5 -O.O21 n.s. (6 df) 0.203 n.s.
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qvc-q vq
2.644 p<0.05 (6df)

-1.694 n.s. (6 df)
0.035 n.s. (6 df)



5) luul

CVVC
F2

840
755
675
870
790
870
750
780
785
790

63

cvc
F2

I 180
I 120
1235
1 025
I 045
1 125
l0t0
1265
1 095

F3
2435
2650

2310

2280
2335

2225
2375

1s5

FI
310
300
300
330
555
510
555
360
340
330

25

FI
465
420
440
455
425
485
485
435
440

450
24

q
FI

300
300
310
510
325
305
375
380
360
330

33

FI
485
475
415
465
435
435
47s
460
435

455
24

qvvc VVq
F2

855
725
710
875
775
820
820
765
830

Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp

FI
1 285
2 290
3 295
4 295
5 310
6 310
7 3rs
E 545
9 290

F2 F3
810 2570
7lo 2965
665
830 2420
780
810 2580
790
720
785 :
765 2635
55 233

F3
2505
2970
2700
2485

795 2645
57 198

2565

Mean:305
SD: 17

T-tests
FI
F2
F3

cvvc-c.vvc cvvc-qvvÇ qvvc-qvvq
-4.0A2 p<0.0 I -3.107 p<0.05 -0.090 n.s.
2.213 n.s. -0.520 n.s. -4.756 p<0.01

-4.001 p<0.05(5 df)-5.750 p<0.05(3 df ) 0,095 n.s. (3 df )

6) lul

sp. I
sp. 2
Sp. 3
sp. 4
sp. 5
sp. 6
sp. 7
sp. I
sp. 9

FI
425
455
355
425
405
460
375
425
4lo

F3
2360
27:s

2400
2475
23tO
2395
2300
2390

qvc
F2

995
I 000
930
890
96s
995
825
9t5
965
940

5E

F3
2445

zi',s

24:s

2660
:

25 10
l0t

ÇVÇ
F2 F3

1045 2340
960
945
880 2450
985

1025 2500
995 2555
955
875 =965 2460
66 92

Mean: 4l 5 1 120 2430
SD: 36 90 1 58

T-tests: CVC-qVC
F 1 -2.662 p<0.05
F2 5.982 p<0.001
F3 -2.466 n.s. (3 df)

cvc-q v q
*2.975 p<0.05
4.597 p<0.01

-1.949 n.s. (3 df)

çvc-qvq
-O.1O4 n.s.
- 1 .028 n.s .

o.692 n.s. (2 df )
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7) / eel E) fel

sp. I
sp. 2
sp. 5
sp. 4
sp. 5
sp. 6
sp. 7
Sp. E
sp. 9

F3
2765
2860
2750
2735
5115
2510
2760

F5
24:5

2265
2450
2390
2515

2465
2415

E6

2190
r 985
2190
I 875

2790
2610
3000
2485

F3
2440
3025
2600
2490
2625
2490
2875

2755
2665

207

FI
465
360
440
475
435
420
495
420
390
435

38

CVVC
Fl F2

390 2125
350 2415

q vvc
FI F2 F3

400 2040 2660
375 2300 2865

cvc
F2 F3

1825 2680
1960 2780
I 930 2600
1845 2535
1925 2800
1745 2465
I 885 2485
2050 2820
l91s 2595
tE95 2640

87 136

365 2275 415
460
365
425

425 2165
365 2235
365 r900
415 2310 450 1960 2690

395 2245 2880
420 2tOO 2635
410 2100 2735
32 143 l6r

355 2400 2975
410 2115 2755

Meon:38522152800
SD: 2E l6l 169

T-tests
F1
F2
F3

cvvc-q vvc
-4.81 1 p(0.0 I

3.396 p<0.01
3.371 p<0.0 I

[i-el, CVC
0.000 n.s.
O.97 4 n.s.

-O.77O n.s.

sp. I
sp. 2
sp. 3
sp. 4
sp. 5
sp. 6
sp. 7
Sp. E
sp. 9
lleant
SD:

T-tests
FI
F2
F3

CVVC
FI F2

435 985
390 860
400 850
425 890
400 810
385 955
410 850
405 905
390 815
405 880

17 57

q vvc
FI F2

435 9 t0
415 825
375 E90
400 835
385 785
410 925
425 810
375 785
365 83s
400 845
25 52

l o) lol

1 060 2600
1195 2245
1010 2435
12lO
1175 2390

1 I 40 2400
84 157

9)/ool

FI
495
425
415
495
405
465
480
445
410

450
36

cvc
F2 F3

lo25 2340
1185 2240

1215 2285
I I 95 2655

CVVc-q VVc [u-o], CVC
0.806 n.s. -2.298 n.s.
2.O7 4 n.s. -0.541 n.s.

-3.904 0.05 (5 df) 1.027 n.s. (6 df )
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