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The acronym stands for a phonetic collaboration þetween Lund University and

UCLA on ã project sponsored by the Swedish Cguncil fon Research in the

Humanlties anO me Social Scienccs. The aim of the proiect was t0 prçvide

phoneilc data and analyses of Egyptian Arabic, Hausa, and standard chinese.

Mona Llndau was responslble for-Hausa, Kjell Norlin for Arabic, and Jan-olof

Svantesson and Eva Gårding (not paid) were responsibìe for the Chinese part'

The Research Council granteO additional financial support for Jialu Zhang

(Acoustics lnslitute, ¡caoemta sinica, Beijing) who spent three months at the

ònonettcs department ln Lund. We have also enjoyed the collaboration 0f Paul

kratocnvtl (Faculty of Orienlal Languages, Cambrldge) and Kristina Lindeìì and

ttagnus Nordenhak'e (Depanlment oi ¡ãst Asian Languages, Lund University)'

feier t-aCeioged (Phonetics Labgratgry, UCLA) provided much technicaì support,

computer pro-grams, and encouragement. Taghrid Anbar (cair0 university) spent

three monthsät LunC with a scholarship from the Swedish lnstltute, working on

the pedagogical application of Arabic.

The goals of the project in the grant proposal were stated as followsr

l. Analysis of speech sounds and prosody.

2. Cross-l ingulstic comParisons.
3. Pedagoglcal aPPl ications

Amajorprinciple of the project was to colìect data of the seìected languages

ln a úniform manner, so thai valid cross-linguistic cgmparisçns can be made.

The data collection consists of tape recgrdings of severaì speakers for each

language so that the resulls are representative 0f the language, not just of a

stnile"spearer. Ten speakers of Kano Hausa were recorded in Nigeria, eight

speäfers of Cairo Arabic were recorded ln Lund, and six speakers of Standard

c'ntnese were recorded ln Lund, stockholm, and Beljing. These data were then

subJecled to acoustic anaìyses which have been presented as papers in jgurnaìs

tseð SiOtiography). The major results of the cross-linguistic studies are

summarized below.
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Stops

(The consonant systems 0f the three languages are shown in the appendrx.)

Alì three ìanguages have ìabial, dentar/alveolar, and velar stops that are
c.mm.'n in the ranguages 0f the wonrd. chrnese has two series of stops,
voiceless unaspirated and v0iceìesss aspirated. Hausa and Arablc have voiced
and voiceless stops and in addition they have a third, more unusuaì, iiop series.ln Hausa this third senies is desffibed as "glottaltzed,, ln Araúic ine tniro
series is [¡haryngeal izecl.

The dunations 0f the closure and the aspiration in the stops were measured for
aìì-thnee languages. Data for closure dur-alion and aspiraiion for- swedish fromL.fqvist ( r976) was used f 0r comparison. Figure r shows a oiagiam oiìr,. ,"n.un
values of these duratiOns. The duration of ine aspiration in Häusa, Rràoic ano
swedish are J0-ó0 miiliseconds. These vatues are typicat or ranguãgés with a
voiced/voiceless contrast, ln chinese bolh series are voiceless and the burdenof contrast ìies in the aspiration. The duration of the aspiration in the so-
calìed unaspirated stops.is 5-30 ms. The aspirated stopé nave a uery tong
aspirati0n (ab0ut 100 ms). The closure durations are significanily different in
the three languages, being the longest in swedish, and the snoriest in Hausa.
The Hausa stops ane lhus general ly ônorter than swedish stops. Therà wà. not u
good correlation between closure durati0n and aspiration, s0 the relationship
between cìosure duration and aspirati0n appears to be langúage speciilc-

The "glottaìized" stops in Hausa are usually written /6/, /{/ and /k,/, The main
characteristic of these stops in Hausa is a laryngealized phonation lasting
throughout the stop and weìì into the folìowinq vowel for the voiced /6/ and/[/, and following the reìease of the voiceìeu. )r'2. ln addillon, the voiced /ô/
and /d/ are eìther implosive or weakened t0 [w] and [ð], nespectively, and /k,/
is eJective. Jusr as the reguìar stops, these raryngearized st.ps are rerativery
sh0rt c0mpared to impl0srves and ejectives in'otñer" languages. Mainly due tolheir laryngealized phonat10n, the iiïplosive Hausa stopð oirrer consioeraolyfroni impìosíves and ejectives in neighbouring, unrerated ñigã.:congô
languages. This supponts the n0li0n that the glottaìized consonants in"Hausa are
indigenous rather lhan borrowed (Lindau l9g¿).

Arab.lc prain and pharyngearized voiced stops show no significant difference ln
duration or waveform, and the voiceless prain and pharyñgearìzed stops-do notdiffer in the duration of the aspirati0n.

Fricatives

A method was deveìoped t0 desffibe fricatives acoustically by measurlng the
:t^-_îTl| 1.lt,e-r"of 

gr-aviry and the dispersion of spectrat'en.rg/ on the
rreguency scate from cníticaì band spectra, The fricatives were tnenïlotted inthis "space". ln addition spectraì intensity was considered. see Nonlin il9gl)
and Svantesson il9Bl). Figure 2 shows the chinese and Arabic frlcatives
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Figure l. Aspiration and closure duration

plotted wlth the spectral dispersion agalnst the center of gravity. Ïhe
fricatlves are distrlbuted in two classes, one front and one back. The front
frlcatlves are separated from each other by a comblnatlon of these two
parameters. The back frlcatives of Arabic all have a relatlvely even

distrlbution of energy with a low center of gravlty. lt is clear that these two
parameters will not separate the back frlcatlves from each other. An addltlonal
parameter of spectral intensity is needed to separate all the frtcatives from
each other in Arabic.

Comparing the fricatlves ln the two languages we see, not surprlslngly, that
the seven voiceless fricatlves of Arablc take up a larger part of the avallable
fricative space than the five voiceless fricatlves of Chinese. 'lhe /[/ frlcatives

117



di
gp

er
s¡

gn
rl râ .' G À

, p .l É C
'

fl 1 at ¡t a+ o aâ

t

z T
q

c?

x

4 3

h

h
z

s
e 

kH
z

S

2
s

13
 

1

ce
nt

er
 o

f 
gr

åv
¡t

y

1,
5



f

T
I

tÉ
¡ .' a N
) 7 ît = = o (t o .' .ì ct o ft

@

d¡
sp

er
si

oñ

5

x
34

s

es
2

6
kH

z

2

4
3

1
21

ce
nt

er
 o

f 
9Ì

av
itY

7
11

1.
5



ln the two languages are very slmilar, whlle the /s/ lrtcaltves dtffer. The
Chlnese /s/ has a lower cenler of gravity than the Arablc /s/,

Vowels

Hausa and Arabic are examples of languages with the most common vowel
system 0f all, a flve vowel system with the vowels distrlbuted more or less
along the periphery 01 the acoustic vowel space. Both languages have flve long
and three short vowels. Bul in splte of their common phonological system and
ther genetlc relâtionship the vowel systems 0f Hausa and Arablc do not behave
¡n the same way.

Acoustic properties of Hausa voweìs and diphthongs were investigated, The
results show that Hausa is best described as having a five vowel system, where
these five basic vowels have the gualities 0f the long vowels. Long vowels are
derlved as double basic vowels, phonetically the long vowels are about twice as
long as lhe short ones. The qualities of the short voweìs ar^e signlficanily
different from those of the long vowels, but these quallty difierences can be
accounted for by an undershoot mechanism in the speech production.

The results also indicate that the vowel system is currenily undergoing
changes, Flgure 3 shows a formant chart of the long vowels in Hausa from thé
same environment of between alveolar consonants. The long /oo/ has merged
with long /uu/. the formant frequencies 0f these two vowels are not
significantly dlfferent, ln other environments, the /oo/ is still somewhat lower
than /uu/, so the mergingof /uu/ aîd /oo/ is not complete, The basic vowel
system may also be additionalìy modtfied by the fact that the diphthong /ai/ in
most environments has lost its diphthongal quality and monophthongized to long
[ee]. However, thls monophthongized long leel is not the same as tne Oasic iong
/ee/, Figure 4 shows a formant chant of the monophthongized long [eeJ in
comparison with the basic long /11/ and /eel. Although there is some overlap
between the two tong Ieel vowels, these two vowels are nonetheless
signlf icantly different (palred t-test: p(0.005).

ïhus the long vowels in Hausa seem t0 be in the process of transition from a
common- type of symmetrlc f ive-voweì system [o an asymmetric system of
/ il/, [ee]> / al/, /aa/, /uu/.

Flgure 5 ls a formant chart of the three short vowels in Hausa, Both charts
show vari¿tion between speakers for each vowel, but lhe back vowels vary
considerably more than the front vowels, The tendency for more variation in the
back vowels has also been demonstrated for othen languages (Keailng and
Huf fman 1984).

ln Anabic, long pìaln voweìs form well separated clusters with some
overfapping far /li/ and /ee/. short plain vowels are central compared with the
long ones, except short /a/ wl\ich occupies appnoximately the same place as
long /aal. Pharyngeallzed long and short voweìs show the same nelationships as
the plaln ones, except for some overlapping of /uu/ and /oo/. Comparison of the
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voweìs ìn plain and pharyngealized contexts shows differences related t0 the
leatures high-low and front-back. The difference between plain and
phanyngeaìtzed alìophones ì5 highly signilicant 10r ìong /aal, ls less promlnerìt
ror /ii/ and /ee/, whereas there is only a smalì difference 0r no difference at
all for /uu/ and /ool (Figure 6). 0n the other hand, short pharyngeaìized voweìs
are mone back than short plain ones (Figure 7).

The chlnese vowel system ls an example of an unusual dlstrlbuilon of vowels.
chlnese has the peripheral /il, /u/, /a/ and /y/, as weìl as a mtddìe voweì /r/
with the allophones [rl, lo] and [el. Figure I shows the fonmant chant of Chinese.
All the vowels show about the same amount of varlailon between speakers. The
vowels /i/ aîd /y/ overlap on the Fl - F2 chart, but when the third formant ts
considered, there is a sìgnlficant difference in F3 between these two vowels.
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Diphthongs

The dlphthongs /ai/ and /au/ were studied for Hausa, Arabic, Chinese, and
Engllsh (Llndau-webb et at, l9B5). Data from Amertcan Engltsh (Gay 1968) was
also used for comparison. A mode¡ was devised where the diphthongs are
described in terms 0f formant frequencles of steady state vowels ìinked by a
transf tlon. The interpolation is desfflbed using a trinomiaì equation.
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The results show lhat not onty do these dlphthongs behave dllferentìy ln
dlfferent languages, but the two diphtongs may behave dlfferenily from each
other within one language, thus supporting ìanguage-specific, and even
diphthong-specific treatment of diphthongs. ln Hausa and Arabic the tnansition
takes up a small percentage of the whole dlphthong, while in Chinese and
Engllsh the tendency is for the transition to take up a lange part 0f the
diphthong, Ïhus the timing 0f the diphthongal transition ls not constant for the
"same" diphthong in dlfferent languages. The different timing relationships can
be predlcted from a pninclpìe of "the further to go, the longer lt takes"
(Flscher-Jørgensen 1964) for the /ail diphthong, but not for /âu/. Thus the
transitional rate and duration may be language specific, and even diphthong
specific. Also the strategy of the transition taking longer time, if it has a
ìonger time t0 go is not universal, Later research at ucLA demonstrated that in
Californla English and ln Japanese, speakers tend to folìow the opposite
strategy of "the further the faster",

Prosody

A slmllar material conslsting of statements and questions tn focus-free
sentences and statements wlth focus in one of three possible positions was
collected for all three languages (examples of pitch curves from the three
languages are given ln Figure 9). The descrlptive framewonk developed at the
Phonetlcs Department 0f Lund university over a number of years was used in
the analysls.

The assumptions behind this model have recenily been summed up in the
followlng way (6årding 1985):

l.6l0bal lntonailon stretching over a phrase or a sentence can þe separated
from local lnlonation bearlng on ìexical accents and tones by regarding the
accents and tones as supenimposed on the globaì intonation.

2. Any undulatìng curve (e.9. an intonation curve) can be efficientìy described by
lnterpolati0n between local maxlma and mlnima that we caìì turning-points

3. some 0f the turnlng-polnts for an intonation curve have a rather iìxed
poslti0n reìative to the acoustìc segments.

4.Giving the positions of these fixed turning-points in time and frequency ìs an
economic way of desffìbing an intonation curve.

5, The local up-and-down structure of an lntonation curve usuaìly repeats ltselr
in a globaì up-and-down structure. This ìar ger pattern ls expressed by the tonal
grld whlch ln the ideaì case is obtained by joinlng consecuilve maxlma and
mlnima separately.

6. That part 0f the grid where the dtrecilon or width of the grld ts changed or
where the grid takes a jump is called a pivot. lt marks focus on boundarles of
prosodic phrases.
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The acousilc correlates þehlnd the concepts 0f the modeì and tneln
communlcatlve functions are summatlzed in Flgure 10,

ïhis model of intonation was successfully applied to all three languages, which
represent dlfferent prosodic systems. chlnese is a tone language wlth four
tones, Hausa is a tone language wlth two tones, and Arabic ls a-strãss language.

The maln result ls that once the lexical tones and accents have been factored
out, the inlonational patterns assoclated with the global functions of
lntonatlon (see Figure l0) are sÍmilar.

A generative scheme had been suggested for swedlsh dlalects, in which the
global features were to be generated first as a lrame of auxiliary lines ilater
called the tonal grld). The slope of these lines was dependent on speech act
type and the length of the utterance. Later the accents were inserted in telation
t0 the $id ?fiq the segments accordlng to lextcal assignment rutes typicat of a
particular dlalect. After some context adJustments ffie rtnal curvâ couìd be
obtained by interpolation between the points (Bruce and 6årding l97g)

This scheme had also been applied t0 syntactically marked and unmarked
questions whlch had been anaìyzed as having a dialect-lndependent frame of
rgre q less stralghtened out and narrowed äuxillary llnes expressing question
intonation with the same dialect-independent timing 0f the accentua-l turning-
points as ln the statement (Gårdtng 1979, p, ZtÐ:

Statement Question I Question 2

ÞEæffi
îA2 A2 f;å.

Input pemna 1a9:a nun:crj

The difference between the intonation types is thus a difference in the grid,
whereas.the rules that generate the hlghs and lows pertaining to the accents
remain the same, except for an optional local rule producing a ter-minaì rlse in
questions (Gårdíng I 983, p. 2 I ).

This modeì was applled to chinese in a qualìtatìve way by Gårdìng, zhang and
svantesson fi983). tnterspeaker and intraspearer" variàoiilty in tÌió tonai {r¡)
signal was studted in the chlnese material. The results show the usefuìness of
the acoustic parameters of the model, turnlng-polnt, tonal grid and pivot, which
permlt rather preclse statements. The maln observationõ are that the l"our
speakers use the same ìexical and intonati0naì patterns wlth turning-points
very much fixed relative to the segments. From this follows that certãin faìls
and rlses are aìso flxed. Plvots (correlated with phmses) differ from speaker
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t0 speal(er, showlng tnelr dependence on tempo and style. when plvots do occur,
they are in the same location conrelated t0 the syntacilclsemantic structune.
There ìs aìso variabiìity ìn the manifestation 0f sandhi rules, which can be
regarded as sìgnals of semantic/syntactic coherence. lndividuaì variation was
found ln the voice range, whlch varied from one speaker's decìamatory style of
two octaves to one octave used by the others (Går"dlng l9g5).

Lindau (1986) developed an algorithm that generates schematic F6 curves o1

simple statements of two dilferent lengths and quesilons in Hausa following
the general prlnciples of the intonation model above: Rules for intonation and
tones are separated and int0nati0n is represented as grids of (nean) paraìlel
lines, inslde which tones are pìaced. The dlrecti0n of the grìd ìines is
associated wlth sentence type, wìth a downward slope for statement and
stnaightened out ìines lor question, The tones are associated with turnrng-
points 0f the Fo-contour. These turning-points tend to have lixed ìocations àt
the end of the sylìable wìth the associated tone. A hlgh tone has a high turning-
point ln tne grid and a low tone has a low one.

Locaì rules may alÊo modify the exact vertìcal placement of a tone within the
grìd. The continuous Fe contour ls modeìed by concatenailng the tonal poìnts
using polynomiaì equations. Thus the finaì pitch contour ls modeled as an
lnteraction between globaì and local factors, As for swedish and many other
ìanguages the sìope 0f the intonational grid was found to depend 0n the type 0f
sentence (statement 0r questìon), and the length of the sentence, ln addrtion,
the sìope of the grid in Hausa is also affected by the tone pattern 0f the
sentence.

The data demonstrate clearly the independence of global and local factons. An
observation srengthening thìs view rs that the intonatì0n 0f sentences
consistlng 0f high tones only exhibits a downwards sìope, This kind 0f sìope
cannot be explained by reference lo locat rules of downslepping but is best
described as a manifestation of gìobaì intonati0n

As in the olher ìanguages studied in the project, the different speakers made
use of very dlfferent pitch ranges ln sen[ences on alternating High and Low
tones. This was attributed to non-ìinguistic factors of attitude ãnd þersonality
of the speaker, As has been shown for the other languages, more involvement
and interest results in a larger pitch-range (see also Bruce l9g2).

ln addlilon t0 the stralghtened out grld ìines ln guesilons, the ìast High tone 0f
the sentenc*e is locally raised, sometimes followed by a I'aì1. An interesting
feature ls that this ralsed High also tends to have a deìayed tur.ning-point Thiõ
delay is in Hausa related to the height of the peak, conforming to the same
principle that we found for the dlphthongaì transitions: the furfher to go, the
longer it takes.

OuestÍon-word questions are characterized by a slight downward sìope, where
the amount of slope is something in between that of statements and yes-no
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guesilons. These resu¡ts are slmllar to those of oårdlng 1979) and Thorsen
( I 978). Thorsen concluded that the more morphosyntactlc cues there were ln
the questions, the more the slope looked llked that of statements.Ouestlon
intonation in Arabic and Chlnese also follows thls pattern. ln other words, the
less morphosyntactic cues t0 its type the sentence carries, the more work wlìl
the intonation have to do.

Perception

Chinese, wltn lts four tones, is a suitable tesling ground for an intonatfon
model. Whiìe in Sweden, Zhang, using the ILS program, explored the impontance
0f the timing 0f turnlng-points in relation to the grld for the recognition of
specific tones, This work was contlnued by 6årding, Kratochvil and Svantesson,
who could list fealures which appeared t0 be invarlant for a particular tone as

a result of perceptual tests 0f synthetic stimuli which had configuratlons
intermediary between Tone 3 and Tone 4, One invariant feature was that the
first half of the t0ne (including the fall) seemed to be lmportant for Tone 4 and

the second part for Tone 3. lt seemed, then, that the signlflcant parts of the
lones both included changes from one mode to another mode (1.e. turning-
points). The result may not be without general perceptual significance.

Effects of the project

For Chinese sch0lars, our intonatlon model is attractive because it offers a

simple way 0f handling the inleraction between tone and intonation.
Collaboration has continued and is continuing between Lund and the Acoustics
lnstitute 0f lhe Academia sinica, Beijing. shi Bo, a graduate student lrom that
institute, who is studyrng in Lund with a scholarship from the swedish
lnstitute, is concerned with the percepti0n and ldentlflcatl0n 0f global
features, as part 0f her intention of making the model more quantitative. Her
stimuli were tested during Gårding's 1986 visit to the Academia Sinica. The
perception of tonal movements ls also interesting to David House who is trylng
to give the model a perceptual orientation (see also Gårding and House 1985).
oun work on dÍphthongs is now being continued at UCLA.

Pedagogical appl lcations

The pedagogical applications of our project have not been completed. A manuaì

wlth pronunciation driììs for Chinese with phonetic iìlustratlons ls now being
completed by l{agnus Nordenhake. This book is a Swedish translation and

adaptation of a manual for English students by Pauì Kratochvil. Taghrid Anbar
and Kjell Norlin are colìaborating on a contrastive study 0f Arabic and Swedish.

Summary

The project has resulted in new material from languages which are glven
preferential treatment by Lund University. The segmental systems, in
partrcular stops, fr¡catives and vowels have þeen thonoughly investigated. The

same methods, some of them deveìoped wlthln the proJect, were used for all

133



three languages, thus enabìlng dlrect companlson between them and taytng a
foundatl0n for future reseanch on other ìanguages and f0r pedagoglcal
applicatlons.

prosodic features have been successfuìly analyzed in all three languages by
means 0f the lntonati0n model deveìoped here. The modeì has been impìemented
ln an algorithm producing statements and queslions in Hausa. Apart from lhìs
technlcal achievement, the model serues as a convenient frame for further
exploratlons of the lntenaction of tone (accent) and intonation, At the same
tlme we have strengthened our claim that the model gives a generaì fname for
any prosodic system and that it sheds light on the structune of intonation in
general.
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Appendlx
Consonant systems:

0

Arabìc:

Hausa:

kw gw ?

kw'

kl gl

kj'
kg
k'

ÌLb

D

td
d

sz

n

ì

r
t

td
!g
SZ
ù¿';

I

r

hI

m

j
j

?kg qþ

f Ks h I h

kt

k

m

w

Chinese:

tp"

p

X

tç'
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ç

t$"

t9
q

t
tsn

to

ò 1
rl

ì

nm
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