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Introduction

ClassicalArabic and its dialects are characterized by the secondary
articulationusuallycalledemphasis

Accordingo manypreviousphoneticstudies,emphasis

i Inducesa backwardmovement of the back of the tongue towards the posterior
oropharyngealwall (AFAni, 1970 Ghazeli 1977 Zeroua] 1999 Zeroual 2000
Zeroualet al. 2004).

i Emphasisgenerally increasesFL and lowers F2 of the adjacentand even non-
adjacentvowels

Thispaperis mainly devotedto the characterizationof the supralaryngeal
andlaryngealarticulatorygesturesobservedduringthe

A Moroccan Arabic (AM) & S Y LIK lcandoaats, their non-emphatic
cognatesandthe backconsonants

A Comparisonsvith velarizedand labializedsegmentsare alsoprovided



Arabic emphatic consonantsare generallycharacterizedas pharyngealized
consonants

Somerelations between pharyngealization velarization and labialization
have been proposed independently and in relation with emphatic
consonants (Sibawayh Jakobson et al. 1952 Jakobson 1957%
Ohalg 1985; Herzellah 1990.

Basedon synchronicand diachronic alternations involving emphatic and
back consonants,relation between emphaticsand glottalization were
alsosuggestedHaudricourt 1950 Martinet, 1953 Cohen,1988).

These potential implications between these secondaryarticulations and
glottalizationaretestedin MA.

Unlike many Arabic dialects, MA has not only dpharyngealizeél but also
labializedandvelarizedsegments



Relationsbetween pharyngealizationand

other secondaryarticulations

Canonicabefinitions of three secondaryarticulations
Velarizationcharacterizesn articulation

G ¢ K $hNlody of the tongue constrictsthe vocaltract in a stricture of
openapproximationat the velarf 2 O (Laver;1994 325).

Pharyngealizatiors producedwith a

"Retractionof the body and root of the tongueinto the LIK | NJ_gVér, ¢
1994 328).

Labializations

& Isecondanyarticulationin whichlip roundingis addedto a & 2 dzyamdé
lip roundingis "the action of bringingthe cornersof the lipstowardsone
another so that the mouth openingis reduced" Ladefoged(2001 273
and274).



So

metypologicalconsiderations

Segments Labialization Velarization Pharyngealization
Nb.ofC | % oflang | Nb.ofC | % oflang | Nb.ofC | % of lang
Labial 6 1.33 2 0,44 0 0
Labiodental 1 0.22 0 0 0 0
Dental 0 0 4 0,89 2 0.44
Dentatalveolar |7 1.55 6 1,33 1 0.22
Alveolar 0 0 3 0.67 1 0.22
Palatoalveolar 5 1.11 2 0.44 0 0
Retroflex 0 0 0 0 0 0
Palatal 1 0,22 0 0 0 0
Velar 75 16,63 0 0 2 0.44
Uvular 17 3,77 0 0 2 0.44
Pharyngeal 0 0 0 0 0 0
Glottal 2 1.33 0 0 1 0.44
UPSID 919sounds 451languages

Labializations more attestedthan velarizationand pharyngealization

In generalthe labializedconsonantsare velars followed by uvulars

A perceptualraisonis givenfor this pattern (Flemming 1995 Sun,2007%):
ThecontrastbetweenCand Cwclusteris more salientwhenCisvelar




Sometypologicalconsiderations
Segments Labialization Velarization Pharyngealization
Nb.ofC | % oflang | Nb.ofC | % oflang | Nb.ofC | % of lang

Labial 6 1.33 2 0,44 0 0
Labiodental 1 0.22 0 0 0 0
Dental 0 0 4 0,89 2 0.44
Dentalalveolar |7 1.55 6 1,33 1 0.22
Alveolar 0 0 3 0.67 1 0.22
Palatoalveolar 5 1.11 2 0.44 0 0
Retroflex 0 0 0 0 0 0
Palatal 1 0,22 0 0 0 0
Velar 75 16,63 0 0 2 0.44
Uvular 17 3,77 0 0 2 0.44
Pharyngeal 0 0 0 0 0 0
Glottal 2 1.33 0 0 1 0.44

UPSID 919sounds 451languages

In general) pharyngealize@onsonantsare coronalfollowed by velarsand uvulars

Formanyauthors the (primary) Arabicemphaticconsonantsare coronals (ex
DS

/g/ and/c/ are also considered ex. by Jakobson(1957), as (secondary emphatic
correspondant®f /k/ and/h/ respectively



Sometypologicalconsiderations
Segments Labialization Velarization Pharyngealization
Nb.ofC | % oflang | Nb.ofC | % oflang | Nb.ofC | % of lang

Labial 6 1.33 2 0,44 0 0
Labiodental 1 0.22 0 0 0 0
Dental 0 0 4 0,89 2 0.44
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Alveolar 0 0 3 0.67 1 0.22
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Glottal 2 1.33 0 0 1 0.44

UPSID 919sounds 451languages

Velarizations generallypoundedto the coronalconsonants
Evenlabialscanbe labialized
Ladefogedand Maddieson(1996 356) addthat

a Atile great majority of caseswhere lip rounding is employed as a
secondaryarticulation, there is also an accompanyingraising of the back of the
tongue, i.e. a velarizationgesture [X] This double secondaryarticulation type Is
sometimegalledlabiovelarizatios



Emphaticsand velarization

SuggestedinceSibawayhalsoJakobsoh957 Herzellah 1990.

Accordingto Sibawayh emphaticsand uvularsconstitute a natural class
calledY dza O lokét SAf &S @ivardStRe @ S | da¥Nassir1993.

Somephoneticand phonologicaldata seemto arguein favorof { A 0 | @ |

assumption(i.e., emphaticconsonantare velarized.
Emphasiaffectsmainly F2 (Kingston& Nichols 1987, and this F2 lowering canbe the
major acousticcuefor its perception(Obrecht 1968).

Accordingto Herzallan(1990), /u/ is observedinsteadof an underlying/i/ or /a/ in the
imperfective verbs of PalestinianArabic (PA)if a radical consonantis emphatic or
uvularc

Herzallan(1990 doesnot mentionanylabializedconsonantin PA

She analyzesthis processas "dorsalizatiofi or duvularizatiorg and representsit
formally by the spreadingof the [dorsal] feature from the uvular or emphatic
consonanto the underlyingradicalvowels/i, a/.

Sucha gesture (velarizatior), is not clearly mentioned in the articulatory (experimental)
investigationsof Arabicemphaticconsonants



Pharyngealizatiorand labialization

ProposedsinceJakobsoret al. (1952, Jakobsor{1957); (alsoOhalg 1985 :

Pharyngealizatiorand labializationare the phonetic realizationsof the
sameacousticfeaturea T & I 0 €

Both these articulationsdisplaya "downward shift of a set of formants”
(Jakobsoret al., 1952).

Arabicemphaticconsonantsare adaptedby their labializedcounterpartsin
the Bantu and Uzbeklanguages(Polivanoy 1928, and in Argobba(a
Semiticlanguageof Ethiopia)(Leslai1975).

It was alsosuggestedhat emphaticconsonantscanbe labializedin some
Arabicdialects(Lehn,1963 cited by Ohalg 1985.
Adem (1983 confirmsthis predictionfor the EgyptianArabicemphatic
IT S/, and Ghazel(1977) alsoobserveda slightlabializationduring
TunisianArabic/T S/.

We test here if the MA emphatic consonantsare labialized as was
predicted by Jakobson(1957) and observedin EgyptianArabicby Adem
(1983.



Pharyngealizatiorand glottalization

Semiticlanguagesof Ethiopia have glottalized consonantsas cognatesof
Arabicemphatics(Cohen,1988).

Many Arabicdialectshave/> insteadof /g/ (Cantineati1960).

It iIs widely attested that in classicalArabic and in many modern Arabic
dialects,the VOTis muchlongerduring/t, k/ thanduring/T, g/.

Odisho(1987) showsthat JordanianArabic[q] « is correlatedwith a closed
glottis at the time of the releaseof the supraglottalstricture and possibly
for awhile beforeit ».

Accordingto Marcais (1948, [T] of an AlgerianArabicdialect is produced
while the glottisis closedbeforethe oralrelease

Based on diachronic alternations and VOT differences Martinet (1953
claimsthat emphaticconsonantswere glottalizedin Proto-Semitic(see
alsoHaudricourt 1950 Cohen,1989

Theydo not excludethe possibilitythat an earlier glottalizationwas lost In
classicaRArabicor dialectally



However Ghazeli(1977) considersclassicaland dialectal Arabic [k t] as
aspiratedplosivesput [T g] asnon-aspiratedand non-glottalized

Heclaimsthat this asymmetrymight alsoexplainwhy Sibawaylgroups
[t K] together with the voiceless(mahmisa consonants,and [g T]
(mostprobablyvoicelessyvith the voiced(majhurg ones
(Blancl967for review,and Ghazeld977).

Thisanalysispredictsthat /t k/ vs /T g/ havelaryngealgesture patterns
similarto the aspiratedvs. non-aspiratedopposition

It alsopredictsthat supralaryngeatlifferencescan alsoexplainthese VOT
differences



Major questions

Questions related tsupralaryngeabhdjustments

Are emphatic consonanggharyngalizedGhazeli 1977;Jakobson1957),
velarized(Kingston & Nichols, 1987) avularizedHerzellah 1990)?

Are the emphatic consonantslabializedas was predicted by Jakobson
(1957) andobservedn EgyptianArabicby Adem(1983?

Do supralaryngealadjustments explain the VOT differences between
emphaticand non-emphaticplosives?

Question related to laryngeal adjustments

Do laryngealadjustmentsexplainthe VOTdifferencesbetweenemphatic
andnon-emphaticplosives?

Are the emphatic consonantsglottalized as suggestedin the literature
(Cohen1989§?

Are there laryngeal relations between emphatic consonantsand the
pharyngeaktonsonants?




MA emphaticand back consonants
Labial Coronal Post Uvular | Pharyn- | Laryn-
palatal geal geal
-Emph | +Emph
Plosive b |t d{T D| k f q h
Fricative | f s z§. W i |¢ U
Ry ¥
Nasal m n
Lateral |
Trill r

Exhaustive list of Moroccan Arabic phonemes

AMA has23 consonantgphonemes andtwo semivowels/w j/ .
A48%havea primaryor secondarybackarticulation(graycells.
ATheseconsonantsare attested assingletonor geminatesegment
ATheglottal stopis not attestedin MA asa phoneme



MA emphaticand labializedconsonants

Al abializationis alsoattestedin MA, but it is not distinctive
Alt is generallyassociatedvith dorsalconsonantK/=/k g\Wi o,

I in word-initial clusters/#K'C,/ or #CKY/ (Heath,1987, Elmedlaoui
1995.

Alt generally results from a labialized vowel /u/ that is deleted
synchronicallr diachronically

“Diach | 'raver' | dRdzal
Sing /kursi  /Widmi  /bent/ ClassicA. /iurad /i ubar/
Plur /kWrasd /Wdamd /bnat/ MA [iWrabl /i WVbar/

Labializatiorappears by analogyin someinitial #CLC2 clusters,eventhough
no underlyinglabialgestureis presentsynchronicallyr diachronically

Sing [kbir/ [ Xfif/ i iD ClassicA. /iilaaff /\WaSarat /kibar/
Plut /[KYbar/  [XWfaf/ i WlaD MA /i Wlaf/ /WSard /K¥bar/

14



MA velarizedconsonants
|4 v2dzla06d01 GlYAD
Underlying form [fwam/ /bwadd /mwagd
Phonetic transcription [ffVam] [bbvadd] [mmW“ag
Intheseitems, evengeminateMA labialconsonantanbe labialized
[ff™ bb"] resultsfrom a coalescenc@rocesan /fw/ and/bw/ clusters

By analogy,the labials are also labializedin the following vocative forms,
eventhoughno underlying/w/ consonantcanbe proposed

. [&ve FhHave vz
Vocative forms /bbva/ /mmWa/

Mitchell (1993 adds that these labialized /ff¥/ are & dza dzedliZedtas
SYLKIE GAO¢

For Heath (1987), /ffV, bb"/ are not emphaticsbut velarized consonants
producedwith a"labializedrelease"

These MA geminate labials are also investigated in this present study ma
to test if emphatics are alseelarized

To our knowledge, no previous physiologicalstudy has been devoteg:l5 to
labializationin MA.



VOTdifferencesin MA

In MA the VOTslongerduring/t, k/ and shorterduring/T qg/.

It ki o/ AL in #(V:'/ & /;(llta/ con/texts
I |
VOT 61 59 31 22

10 speakers x thkens
17 17 12 6 (Zeroual, 2000)

Heath (1987) considers that, in MA
A'/g/ is consistentlyglottalized,
AK/ is "usually aspirated”, and
Alt/ has a "slightly affricated release".

In this presentation,we try to identify

AThe laryngeal and supralaryngealadjustments involved in this VOT
difference and

AThe phonation mode of the MA voicelessemphaticand non-emphatic
plosives



Part |
Supralaryngeadjustments

Endoscopyultrasoundand EMA



Someacousticregularitiesof MA back
consonants

L F2 . _F2
2200- i/ 1800 /a/
| | F2onsetand mid point

e oy of /i/ and /a/
1400 In #CV_
1 i (10 speakers, gokeng
1000 4 10004 I_|
600 : . 600 4 .
T

L qg %X h h t T q X h h
B Onset [J Mid point

Thelowest 2 (Onsetand Mid) valuesof /i/ and/a/ are recordedafter the emphatic
consonant’T/.

Comparedo the laryngealconsonant /h/:

Pharyngeaanduvularconsonants do nanducea substantialF2loweringof
/il as isobservedin manyArabicdialects(e.g Iraqi).

May indicate "palatalizatiori during the production not only of the laryngeal

but alsoduringuvularandpharyngeakonsonantsn iCicontext
18



Acousticdata

5001 /1/ 00 _F1 /a/

400 600. F20nset_and mid point
300 | of /if and /a/

= 400 - in #COV

200 | (10 speakers,_ﬁ)kens)

200-
100 4

0
t T g X h h t T q X h h
B Onset [ Mid point

ThehighestF1 onsetis recordedafter /T/ for /i/ andafter/c/ for /a/.
Comparedto /t/, Fl onsetof /a/ is substantiallyhigher after the guttural
consonantg WWC/ and evenafter the guttural /h/ .
A similarresultwasfound by Zawaydeh(1998) for JordaniarmArabic
Based on this result we could infer that laryngeal
consonantsin Arabic behave as guttural consonantssince
they are producedwith the involvementof the tongueroot.



Experimentl: Nasoendoscopy

A naseendoscopavasinsertedhroughthenostril of onesubject

Placedbehindthe uvula to observemovementsf the tongueroot, epiglottis and
pharyngealvall.

The endoscop@asconnectedo a micro camera Olympus OBFH25 frames/s).

(S

2

6

1. Posterior pharyngeal wall. 2ryepiglottic folds
3. Tip of the epiglottis 4Arytenoidcartilage.
5. Baseof theepiglottis. 6 Back of the tongue.

20



This technique is more suitable to characterizethe place of articulation
involved during the production of pharyngeal,epiglottal and laryngeal
articulations

Basedon the degreeof brightnessaswell ason the sizeof the illuminated
parts of the tongue (Kagayal974), we caninfer the vertical position of
the tongueroot, the epiglottis,andthe larynx

We usedisolatedMA wordscontaining

Ad S Y LIK land had-émphatic consonantsin the vocalic contexts iCi
aCauCu

Atheir geminatecognatein the context dCCi



Non-emphatic /t sh/
h S t

The epiglottisis slightlymore backin aCathan in iCicontext
Thetongueis practicallyin contactwith the rear of the epiglottisonlyin aCa

During/t s h/, the posterior part of the tongueandthe epiglottiscoarticulatesmore
freely with the adjacentvowels

During/t s h/ in aCacontext, the backwardmovementof the epiglottisseemsto be
passivelynducedmainlyby the retraction of the backof the tongue

22



Uvulars& emphaticconsonants
q h 124

Thedegreeof brightnessandthe sizeof the illuminated parts of the tongue (Kagaya
1974 showthat:

I Thetongueroot is more backedduring/q Wi / and/ST/ than during/h/,
I Thetongueroot isin a higherpositionduring/qg/ comparedto /STWi /,
i Inthe iCicontext,the epiglottisseemshigherduring/g Wi ST/ than during/h/.

The epiglottis is not actively involved, its backwardmovementis only a passive

consequenc®f the movementof the backof the tongue 71



Pharyngeaktonsonants

During/ ¢ U, the epiglottisis very closeto the posteriorpharyngeal wall.
Thelower part of the tonguealsomovesback

Theepiglottisseemsactivelyinvolved
Sinceduring the consonant/¢ U, a constrictionis observedbetween the tip the
epiglottis and the posterior pharyngealwall (epiglotto-pharyngealconstriction),

theseconsonantsnustbe consideredascepiglottal<.
24



Uvular, emphatic& pharyngealconsonants
q X S

1C1

aCa

‘

The tongueroot is in a higher position during /g/, intermediate during/ST Wi /,
andlower during/c U.

MA observationsmainlyin iCicontext, seemsnot in accordwith those of Laufer&
Baer(1989).

«Ourown data [...] doesnot show a different place of articulation in the
pharynx [...] the constriction associated with all of these sounds
[emphatics/g/ and pharyngeal$isin the lower part of the pharynx»

25



Conclusion 1

Coronal/s t h/ and laryngeal/h/ consonantsare produced without any
constrictionin the pharyngeakavity

Uvular consonants/q Wi / are producedwith an articulation involvingan
upperpart of the pharynx.

Emphaticconsonants/S T/ have an articulation, in the pharyngealcavity,
that looksmore similarto the one of the uvular/Wi /.

MA seemsto have epiglottal consonantsproducedwhile the epiglottis is
very close to the posterior pharyngeal wall (epiglotto-pharyngeal
constriction) andalower part of the tonguealsomovesback



Experiment2: Ultrasound

Motion pictures of the tongue were recorded for two MA speakerswith an
ultrasoundsystem(Mindray DP600) at a scanrate of 30 frames/sec

Thistechniqueis more suitable than endoscopyto characterizethe posturesof
the tonguedorsum,tonguebladeandtonguetip in the oral cavity.

Only preliminary and qualitative data for the same speakerof the previous
endoscopi@xperimentare reported here.



