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Introduction
ClassicalArabic and its dialects are characterized by the secondary

articulationusuallycalledemphasis.

Accordingto manypreviousphoneticstudies,emphasis
ï Inducesa backwardmovement of the back of the tongue towards the posterior

oropharyngealwall (Al-Ani, 1970; Ghazeli, 1977; Zeroual, 1999; Zeroual, 2000;
Zeroualet al. 2004,).

ï Emphasisgenerally increasesF1 and lowers F2 of the adjacent and even non-
adjacentvowels.

Thispaper is mainly devoted to the characterizationof the supralaryngeal
andlaryngealarticulatorygesturesobservedduringthe

ÅMoroccan Arabic (AM) άŜƳǇƘŀǘƛŎέconsonants,their non-emphatic
cognates,andthe backconsonants.

ÅComparisonswith velarizedandlabializedsegmentsarealsoprovided
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Arabicemphaticconsonantsare generallycharacterizedas pharyngealized
consonants.

Some relations between pharyngealization, velarization, and labialization
have been proposed independently and in relation with emphatic
consonants (Sibawayh; Jakobson et al. 1952; Jakobson, 1957;

Ohala, 1985; Herzellah, 1990).

Basedon synchronicand diachronicalternations involving emphatic and
back consonants,relation between emphaticsand glottalization were
alsosuggested(Haudricourt, 1950, Martinet, 1953; Cohen,1988).

Thesepotential implications between these secondaryarticulations and
glottalizationaretestedin MA.

Unlike many Arabic dialects,MA has not only άpharyngealizedέΣbut also
labializedandvelarizedsegments.
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Relations betweenpharyngealizationand 
other secondaryarticulations

Canonicaldefinitions of three secondaryarticulations

Velarizationcharacterizesanarticulation

άǿƘŜǊŜthe bodyof the tongueconstrictsthe vocaltract in a stricture of
openapproximationat the velarƭƻŎŀǘƛƻƴέ(Laver,1994: 325).

Pharyngealizationisproducedwith a

"Retractionof the bodyandroot of the tongueinto theǇƘŀǊȅƴȄέ(Laver,
1994: 328).

Labializationis

άŀsecondaryarticulationin which lip roundingis addedto aǎƻǳƴŘέ, and
lip roundingis "the actionof bringingthe cornersof the lips towardsone
another so that the mouth opening is reduced" Ladefoged(2001: 273
and274).
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Sometypologicalconsiderations
Segments

Labialization Velarization Pharyngealization

Nb. of C %  of lang Nb. of C %  of lang Nb. of C %  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

Dental-alveolar 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 919 sounds 451 languages
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Labializationismoreattestedthan velarizationandpharyngealization.
In general,the labializedconsonantsarevelars,followedby uvulars.
Aperceptualraisonisgivenfor this pattern (Flemming, 1995, Sun,2007):

ThecontrastbetweenCandCwclusterismoresalientwhenCisvelar.



Sometypologicalconsiderations
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In general, pharyngealizedconsonantsarecoronalfollowedby velarsanduvulars.
Formanyauthors, the (primary) Arabicemphaticconsonantsarecoronals (ex.

/TDS/).
/q/ and /ċ/ are also considered, ex. by Jakobson(1957), as (secondary) emphatic

correspondantsof /k/ and/h/ respectively.

Segments
Labialization Velarization Pharyngealization

Nb. of C %  of lang Nb. of C %  of lang Nb. of C %  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

Dental-alveolar 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 919 sounds 451 languages



Sometypologicalconsiderations
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Velarizationisgenerallyboundedto the coronalconsonants
Evenlabialscanbe labialized.
LadefogedandMaddieson(1996: 356) addthat

άƛƴthe great majority of cases where lip rounding is employed as a
secondaryarticulation, there is also an accompanyingraising of the back of the
tongue, i.e. a velarizationgesture. [Χ] This double secondaryarticulation type is
sometimescalledlabiovelarizationέ

Segments
Labialization Velarization Pharyngealization

Nb. of C %  of lang Nb. of C %  of lang Nb. of C %  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

Dental-alveolar 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 919 sounds 451 languages



Emphaticsand velarization
SuggestedsinceSibawayh(alsoJakobson1957; Herzellah, 1990).

Accordingto Sibawayh, emphaticsand uvularsconstitute a natural class
calledƳǳǎǘŀΨƭƛȅŀorάŜƭŜǾŀǘŜŘtowardstheǾŜƭǳƳέ(Al-Nassir,1993).
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Somephoneticandphonologicaldata seemto arguein favor of {ƛōŀǿŀȅƘΩǎ
assumption(i.e., emphaticconsonantarevelarized).

EmphasisaffectsmainlyF2 (Kingston& Nichols; 1987), and this F2 loweringcanbe the
majoracousticcuefor its perception(Obrecht, 1968).

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

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

Herzallah(1990) doesnot mentionanylabializedconsonantin PA.
Sheanalyzesthis processas "dorsalization" or άuvularizationέand representsit

formally by the spreadingof the [dorsal] feature from the uvular or emphatic
consonantto the underlyingradicalvowels/ i, a/.



Pharyngealizationand labialization
ProposedsinceJakobsonet al. (1952), Jakobson(1957); (alsoOhala, 1985) :

Pharyngealizationand labializationare the phonetic realizationsof the
sameacousticfeatureάŦƭŀǘέ;

Both thesearticulationsdisplaya "downward shift of a set of formants"
(Jakobsonet al., 1952).
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Arabicemphaticconsonantsare adaptedby their labializedcounterpartsin
the Bantu and Uzbek languages(Polivanov, 1928), and in Argobba(a
Semiticlanguageof Ethiopia)(Leslau, 1975).

It wasalsosuggestedthat emphaticconsonantscanbe labializedin some
Arabicdialects(Lehn,1963; citedby Ohala, 1985).
Adem(1983) confirmsthis predictionfor the EgyptianArabicemphatic

/T S/, and Ghazeli(1977) alsoobserveda slight labializationduring
TunisianArabic/T S/.

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



Pharyngealizationand glottalization

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

ManyArabicdialectshave/>/ insteadof /q/ (Cantineau, 1960).

It is widely attested that in classicalArabic and in many modern Arabic
dialects,the VOTismuchlongerduring/t, k/ than during/T, q/.

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

Accordingto Marçais(1948), [T] of an AlgerianArabic dialect is produced
while the glottis isclosedbeforethe oral release.

Based on diachronic alternations and VOT differences, Martinet (1953)
claimsthat emphaticconsonantswere glottalizedin Proto-Semitic(see
alsoHaudricourt, 1950; Cohen,1988)

Theydo not excludethe possibilitythat an earlier glottalizationwas lost in
classicalArabicor dialectally.
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However, Ghazeli(1977) considersclassicaland dialectal Arabic [k t] as
aspiratedplosives,but [T q] asnon-aspiratedandnon-glottalized.

11

Heclaimsthat this asymmetrymight alsoexplainwhy Sibawayhgroups
[t k] together with the voiceless(mahmûsa) consonants,and [q T]
(mostprobablyvoiceless)with the voiced(majhûra) ones.

(Blanc1967for review,andGhazeli1977).

Thisanalysispredicts that /t k/ vs. /T q/ have laryngealgesturepatterns
similarto the aspiratedvs. non-aspiratedopposition.

It alsopredictsthat supralaryngealdifferencescanalsoexplaintheseVOT
differences.



Major questions

Are there laryngeal relations between emphatic consonantsand the
pharyngealconsonants?
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Do supralaryngealadjustments explain the VOT differences between
emphaticandnon-emphaticplosives?

Questions related to supralaryngealadjustments

Are emphatic consonants pharyngalized(Ghazeli, 1977; Jakobson, 1957), 
velarized(Kingston & Nichols, 1987) or uvularized(Herzellah, 1990)?

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

Question related to laryngeal adjustments 

Do laryngealadjustmentsexplainthe VOTdifferencesbetweenemphatic
andnon-emphaticplosives?

Are the emphatic consonantsglottalized as suggestedin the literature
(Cohen,1988)?



MA emphaticand back consonants

ÅMA has23consonants(phonemes) andtwo semi-vowels/w j/ .

Å48%havea primaryor secondarybackarticulation(graycells).

ÅTheseconsonantsareattestedassingletonor geminatesegment.

ÅTheglottal stop isnot attestedin MA asa phoneme.

Labial Coronal Post-

palatal

Uvular Pharyn-

geal

Laryn -

geal

-Emph +Emph

Plosive b t       d T      D k      f q h

Fricative f s       z S W í ċ Ü

R Y
Nasal m n

Lateral l

Trill r

Exhaustive list of Moroccan Arabic phonemes
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MA emphaticand labializedconsonants

ÅLabializationisalsoattestedin MA, but it isnot distinctive.

ÅIt isgenerallyassociatedwith dorsalconsonant/K/=/k gWíq/,

ïin word-initial clusters/#KwC2/ or /#C1K
w/ (Heath,1987; Elmedlaoui,

1995).

ÅIt generally results from a labialized vowel /u/ that is deleted
synchronicallyor diachronically
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Synch "chair άƪƴƛŦŜέΣ άƎƛǊƭέΣ 

Sing. /kursi/ /Wudmi/ /bent/ 

Plur. /kwrasa/ /Wwdama/ /bnat/ 

Diach. "raven" άŘǳǎǘϦ

Classic. A. /íurab/ /íubar/ 

MA /íwrab/ /íwbar/ 

Labializationappears,by analogy, in someinitial #C1C2 clusters,eventhough
no underlyinglabialgestureispresentsynchronicallyor diachronically

Synch άōƛƎέάƪƴƛŦŜέάǘƘƛŎƪέ

Sing. /kbir/ /Xfif/ íliD
Plur. /kwbar/ /Xwfaf/ íwlaD

Diach. άŎƻǾŜǊέ"loss" "raven"

Classic. A. /íilaaf/ /WaSarat/ /kibar/

MA /íwlaf/ /WwSara/ /kwbar/ 



MA velarizedconsonants

Mitchell (1993) adds that these labialized / ffw/ are άǳǎǳŀƭƭȅrealized as
ŜƳǇƘŀǘƛŎέ.

For Heath (1987), / ffw, bbw/ are not emphaticsbut velarizedconsonants
producedwith a "labializedrelease".

These MA geminate labials are also investigated in this present study mainly 
to test if emphatics are also velarized. 

To our knowledge,no previous physiologicalstudy has been devoted to
labializationin MA.
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άƳƻǳǘƘǎέάōǳŎƪŜǘǎέ άƪƴƛǾŜǎέ

Underlying form / fwam/ /bwada/ /mwas/ 

Phonetic transcription [ffwam] [bbwada] [mmwas]

By analogy,the labialsare also labializedin the following vocative forms,
eventhoughno underlying/w/ consonantcanbe proposed.

άƳȅ ŦŀǘƘŜǊέ άƳȅ ƳƻǘƘŜǊέ

Vocative forms /bbwa/ /mmwa/ 

In theseitems,evengeminateMA labialconsonantscanbe labialized.
[ffw, bbw] resultsfrom a coalescenceprocessin / fw/ and/bw/ clusters.



VOT differencesin MA
In MA the VOT is longer during/t, k/ and shorterduring/T q/.
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/t/ /k/ /q/ /T/

VOT 61 

17

59

17

37

12

22 

6

Heath (1987) considers that, in MA 
Å"/q/ is consistently glottalized", 
Å/k/ is "usually aspirated", and 
Å/t/ has a "slightly affricated release". 

In this presentation,we try to identify
ÅThe laryngeal and supralaryngealadjustments involved in this VOT
difference, and
ÅThephonationmode of the MA voicelessemphaticand non-emphatic
plosives.

VOT of /t k q T/ 

in #Ci/ & /#Ca/  contexts

10 speakers x 5 tokens

(Zeroual, 2000)



Supralaryngealadjustments

Endoscopy, ultrasoundand EMA

Part I
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Someacousticregularitiesof MA back 
consonants
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F2 onsetand mid point 
of /i/ and /a/ 

in #CV_ 
(10 speakers, 5 tokens) 

ThelowestF2 (OnsetandMid) valuesof /i/ and/a/ arerecordedafter the emphatic
consonant/T/.

Comparedto the laryngealconsonant /h/:

Pharyngealand uvularconsonants do not inducea substantialF2 loweringof 
/i/ as isobservedin manyArabicdialects(e.g. Iraqi).

May indicate "palatalization" during the production not only of the laryngeal
but alsoduringuvularandpharyngealconsonantsin iCicontext.



Acousticdata
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F2 onsetand mid point 
of /i/ and /a/ 

in #CV_
(10 speakers, 5 tokens) 

ThehighestF1 onsetis recordedafter /T/ for /i/ andafter /ċ/ for /a/ .
Comparedto /t/, F1 onset of /a/ is substantiallyhigher after the guttural

consonants/ Wċ/ andevenafter the guttural /h/ .
Asimilarresultwasfoundby Zawaydeh(1998) for JordanianArabic.

Based on this result, we could infer that laryngeal
consonantsin Arabic behave as guttural consonantssince
theyareproducedwith the involvementof the tongueroot.



Experiment1: Nasoendoscopy

1. Posterior pharyngeal wall. 2. Aryepiglottic folds      

3. Tip of the epiglottis 4. Arytenoidcartilage.                

5. Base of the epiglottis. 6. Back of the tongue.
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A naso-endoscopewasinsertedthroughthenostrilof onesubject.

Placedbehindthe uvula to observemovementsof the tongueroot, epiglottis and

pharyngealwall.

The endoscope wasconnectedto a micro camera Olympus OTV-SF (25 frames/s).



WeusedisolatedMA wordscontaining

ÅάŜƳǇƘŀǘƛŎέand non-emphatic consonantsin the vocalic contexts iCi,
aCa, uCu.

Åtheir geminatecognatein the context đCCi.
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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(Kagaya, 1974), we caninfer the verticalpositionof
the tongueroot, the epiglottis,andthe larynx.



Non-emphatic /t s h/

The epiglottisisslightlymorebackin aCathan in iCicontext.

Thetongueispracticallyin contactwith the rearof the epiglottisonly in aCa.

During/ t s h/ , the posteriorpart of the tongueandthe epiglottiscoarticulatesmore
freely with theadjacentvowels.

During/ t s h/ in aCacontext, the backwardmovementof the epiglottisseemsto be
passivelyinducedmainlyby the retractionof the backof the tongue.
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Uvulars& emphaticconsonants

Thedegreeof brightnessandthe sizeof the illuminatedpartsof the tongue(Kagaya,
1974) showthat:

ïThe tongueroot ismorebackedduring/qWí/ and/ST/ than during/h/,

ïThe tongueroot is in a higherpositionduring/q/ comparedto /STWí/,
ïIn the iCicontext,the epiglottisseemshigherduring/qWíST/ than during/h/ .
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The epiglottis is not actively involved, its backwardmovement is only a passive
consequenceof the movementof the backof the tongue.



Pharyngealconsonants

During/ċÜ/, the epiglottisisverycloseto the posteriorpharyngealwall.

Thelower part of the tonguealsomovesback.

Theepiglottisseemsactivelyinvolved.

Sinceduring the consonant/ċÜ/, a constriction is observedbetween the tip the
epiglottisand the posteriorpharyngealwall (epiglotto-pharyngealconstriction),
theseconsonantsmustbeconsideredasάepiglottalsέ.
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Uvular, emphatic& pharyngealconsonants

The tongue root is in a higher position during /q/, intermediateduring /STWí/,
andlower during/ċÜ/ .

MA observations,mainly in iCicontext,seemsnot in accordwith thoseof Laufer&
Baer(1988).

«Our own data [...] doesnot showa different placeof articulation in the
pharynx. [...] the constriction associated with all of these sounds
[emphatics,/q/ andpharyngeals] is in the lowerpart of the pharynx»
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Conclusion 1

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

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

Emphaticconsonants/S T/ have an articulation, in the pharyngealcavity,

that looksmoresimilarto the oneof the uvular/Wí/ .

MA seemsto have epiglottal consonantsproducedwhile the epiglottis is
very close to the posterior pharyngeal wall (epiglotto-pharyngeal
constriction), anda lower part of the tonguealsomovesback.
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Experiment2: Ultrasound

Motion pictures of the tongue were recorded for two MA speakerswith an
ultrasoundsystem(MindrayDP600) at a scanrate of 30frames/sec.

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

Only preliminary and qualitative data for the same speaker of the previous
endoscopicexperimentarereportedhere.

27


