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1. Introduction

The speech sounds of a human language arc composcd primarily of two types:
segmentals and suprascgmentals. The scgmentals consist of vowel and consonant
sound units from which syllables and lexical items are formed. These sound units are
usually arranged in a linear manner. Stress, pitch and length are superimposed on the
syllables and are considered suprascgmentals. The phonetic and phonological bases
of the sound system of any specific language arc therefore established on the inter-
action of the segmentals and suprasegmentals. Even though length is considered a
suprasegmental feature it can affect the vowels, consonants and syllables (Ladefoged
1982:14-5).

In Arabic long vowels and geminated consonants play a direct role in the forma-
tion and identification of syllables and syllable types. The placement of stress, pitch
and length may interact intermittently. Sometimes one or morc of these features is
associated with the stressed syllable. Although the segmental and suprasegmental
features operate in harmony and unison it is important to make the distinction be-
tween their two levels. Suprasegmentals or prosodic features are recognized, identi-
fied and "are established by a comparison of items in sequence ... whose arrangement
in contrastive patterns in the time dimension is not restricted to single segments..."
On the other hand, "the segmental features can be defined without reference to the
scquence of segments in which the segment appears, and their presence can be estab-
lished either by inspection or paradigmatic comparison..." (Lehiste 1970:2-3). The
paradigmatic comparison is normally accomplished by comparing one item with
others in the phonological inventory of the sound system of a specific language.

The speech sounds of a language arc always in a state of flux and continuum, In
the process of speaking, sounds are always interacting and are continually changing.
The state of continuum of the specch sounds is dircctly associated with the move-
ments and activities of the vocal organs that arc used to produce speech. The
acoustic physical nature of speech demonstrates this in a crystal clear manner. Just
a quick glance at a spectrographic display will prove that speech is not distinctly
produced as a discrele sequence of sounds. It is possible to identify individual sounds
based on their acoustic characteristics. However, on a spectrogram display, it is
difficult to pinpoint exactly where a sound ends and another begins in the sequence
of an utterance of spcech. In the same analogy, it is difficult in an utterance to
separate completely the suprasegmental features from the segmentals, The three su-
prasegmental features — stress, pitch and length — may interact in an utterance in

“The author is conducting a serics of experiments using the MacSpeech Lab 11 on stress and prosody
in Arabic. This is the first article in the series. The analysis and results reported here are based on the
experiment of kitdb/kdtib (book/writer) recorded in isolation.
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the phonological system of a specific language. The domain of stress is the syllable.
The function of stress is on a contrastive basis and the operative level of stress
requires a minimum of two syllables. The other prosodic features, pitch and length,
may prevail at the stressed syllable either simultancously or one at a time. The su-
prasegmental features arc the focus of this investigation. In this production experi-
ment of two lexical items, kitab and kdtib (book and writer, respectively), arc tested
in isolation.

2. Arabic language variety used in the study

The variety of Arabic uscd in this study is standard literary Arabic (al-“arabiyya
al-fushd) as used today by educated speakers. This is not a dialectical study of stress
accent, However, any possible linguistic overflow influcnce, whether regional or
dialectical, is to be expected. Each participating spcaker of the production experiment
of kitab/katib was handed a sheet of paper containing a list of Arabic lexical items
with complete vocalization. The lists adhered fully to the morphological structures of
literary Arabic. Each lexical item was designed to be read in pause form or with full
vowel endings. In pause form here the vowel endings of an utterance or the last word
in a phrase are dropped. The endings of a full form will change into a pause form
in the following style: -a, - -u, -in, and -un that all become zero and are not
pronounced. Example: kitabun, in full form, becomes kitab. Also, the ending -an
changes into -d. The following feminine case endings: -ata(n ), -ati(n), and -afu(n) will
change into -gh (Yushmanov 1961:15). Tn the design of the kitab/kdtib uttcrances
special attention was given to capturing the variations in their pronunciation in pausc
and full form since both styles are practised in literary standard Arabic in the Arab
world today.

3. Material

This study is based on the words kitah, book and katib, writer., Suffixes and
prefixes were attached to produce eight lexical items from the stems. In the process
of adding the affixes the syllabic configurations and types were also changed as
indicated on the following kit@b katib in isolation chart.

kitab (book) kitib (writer)
1. ki tab 1. ka b
v Ve oV eve
2. ki ta bun 2. ka ti bun
v CV ove oV ooV oV
3. 'al ki tab 3. 'al ka tib
cve eV cve cve v ove
4, 'al ki ta bu 4, al ka ti bu
Ve v oV oV cve oV v v

The experiment is controlled by using only kitdb and katib as the basic stem
components. In testing the suprasegmental features of the cight itcms the configura-
tion and variation of the syllables created a controlled phoncetic atmosphere.
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4. Subjects

Six informants were asked to read a list of vocalized Arabic words, The speakers
were instructed to read in al-"arabiyya al-fushd (standard literary Arabic), each item
five times. The items were recorded on tapes and then transferred to disks. The
speakers come [rom three different Arab countries — Iraq, Saudi Arabia and Moroc-
co. They arc all cducated males and are identified as: SHA and SM (Iraq); SA and
AZS (Saudi Arabia); and LH and MH (Moroceo).!

5. Procedure

Each one of the eight ulterances of this production cxperiment was recorded five
times by cach speaker. The recordings were made by using a TEAC A-3440 tape re-
corder and a REALISTIC unidirectional dynamic microphone. The material was re-
corded on reel-to-reel tapes and then saved on three and one half micro floppy disks.
From thesc disks the material was then filtered and digitized on the MacSpeech Lab
II computer system that is designed by GW Instruments Software, Spectrograms
(both broad and narrow bands) were generated from the waveforms of the different
uterances. Also, spectrums of the segment cnergy envelope displays were produced
from the waveforms. The segment energy displays of the tested utterances as well as
the spectrograms of the sample waveforms were generaled by using the MacSpeech
Lab II. Measurements were made from broad band spectrograms, in milliscconds,
for the duration of the entire utterance of cach syllable and the duration of each
vowel. The frequency of the successive syllables in each utterance was measured in
Hertz (Hz) at the stcady state of the vowel which is the nucleus of the syllable. This
mode is obtained through the fundamental frequency (Fo) in the MacSpeech Lab It
system where a horizontal wavy line appears. This Fo plot display of the spectrogram
menu mode is the basis for the measurement of the frequency in the MacSpeech Lab
II system. The Fo corresponds to the rate of the speaker’s vocal cords vibration and
the plot display of the Fo shows the variation of Fo with time. The MacSpeech Lab
II system also allows measurement of the intensity unit. The measurement range
scale runs from zero to 100.2 The intensity basically corrcsponds to the amount of
energy or effort expended by the speaker. Through the spectrum command of the
MacSpeech Lab IT system the user can obtain the energy segment plot display from
the waveform of an uttcrance, going from the left to right on the screen, in the shape
of varying peaks and valleys. The size of the plot display of the peaks and their
heights depends on the amount of energy exerted in the execution of that particular
syllable relative to the other syllables surrounding it in an uttcrance. Also, the size
of the plot display depends on the number of syllables in the utterance being tested.
A smaller number of syllables in an uttcrance shows more details than a larger
number,

An information sheet was developed to record the measurements of:

! I would tike to thank the speakers who participated and gave generously of their time to this study;
Lahcen Haddad, Mohammad 1 lirchi, Abdulrahman Al-Shamrani, Ahdulaziz Alscbail and Shaker Mustafa,

% The values of the intensity unit measurements (from zero to 100} is the system used in this study.
However, it can be converted into volts by squaring the intensity units. For example: 100 intensity units
equals 10 volts. Also, the intensity unit measurcments can be converted into amplitude display values.
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1) duration, in milliscconds, that includes: a) the entire utterance, b) every syllable
of the utterance and c) every vowel of the utterance; 2) frequency in Hertz of the
steady state of the vowels of each syllable and 3) the intensity in volts of a) intensity
unit of the steady state of every vowel of every syllable and b) the highest point of
the intensity unit of every syllable with regard to the utierance.

The sheets were completed for every utterance of the production experiment for
cach of the six spcakers engaged in this study. It is important to mention that
measurements were made and recorded of only one token of the five ulterances.
Hand written notes on the sheets were made at the time of measurement of any un-
usual observations with regard to other tokens of the same utterance. Measurements
were not made of the first and fifth token recordings. It was noted that these two
tokens contain more discrepancies than the other three and therefore were not con-
sidered as the best items to represent the utterance under consideration. Through the
experience of examining the material it was observed that the first utterance was
pronounced with more emphasis relative to the rest of the items. Likewise the fifth,
being the last, was spoken with less empbhasis, particularly the last syllable or two of
the utterance. This observation is more noticeable with the intensity measurements.
Consequently, all of the recorded measurements of the selected tokens of each utter-
ance were made of the second, third or fourth item. It should be emphasized here
that the figures used throughout the rescarch for the intensity measurements arc only
relative. These figures are valid when they indicate differences of the intensity unit
among the different syllables of an utterance. They change with the volume of the
recording not only with diffcrent speakers but even with the same speakers recorded
at different times. Therefore, the value is not in the absolute figures reported here
but rather in the relative dilferences that exist among the mcasurements of the
intensity units of the syllables of an utterance.

Every informant pronounced each of the eight lexical items five times. This
totalled 40 items chosen and tested [or cach speaker. Thus the total number of items
tested for the production experiment is 240.

6. Structure of the Syllable

The normal domain of the placement of stress is the syllable. In this regard it
becomes imperative to know the number and types of syllables that a lexical item
contains. There are six possible syllablc types in Arabic. The onset of each of these
types always consists of a single consonant and the coda consists of zero, onc or two
consonants. The two consonant clusters or geminates occur only with lexical itcms
in pause forms. The peak or nucleus of every syllable, that is the most prominent
element of the syllable, is always represented by a long or short vowel. The six
possible syllable types found in Arabic are:

ey /bi/ "in, at"
@ Cv  Jmaf *what"
(3) cvC min/ *from"
(4) cvCC /dars/ "lesson”
(5) CVC /bab/ *door”

(6) CVCC /mdr/ "passcrby”
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The distribution and frequency of occurrence of the above syllable types vary
considerably. The fisst three types occur more often than the last three, The most
frequent type used is the CV and the least used is the CVCC (Al-Ani and May
1973:37-49; repr. 1978:113-125). The lexical items of the acoustic experiments of this
study utilized only the first four syllable types mentioned above. The minimum
number of syllables used is two and the maximum four, It is interesting to note that
the syllable types CVCC and CVCC are not utilized in the configuration of the
syllable arrangement of the items tested for this experiment. This is not unexpected
as these two types occur only in pause form of lexical items or phrases that contain
these types of syllablcs. Thus, they are limited in their distribution and do not occur
in the phonological sequence of uttcrances initially or medially.

7. Acoustic Analysis

The acoustic analysis begins by examining the suprascgmental features. This is
achieved by retrieving and saving on diskettes the Arabic ulterances that were re-
corded by the different speakers. The utterances were filtered, digitized and than
saved in the form of soundwaves on the MacSpeech Lab 1T computer cither on the
hard disk or on micro floppy disks. These soundwaves can be retrieved and analyzed
for the various acoustic features of speech, whether segmentals or suprasegmentals.
The soundwaves are "caused by actions of the speaker’s vocal organs that are (for the
most part) superimposed on the outgoing flow of lung air" (Ladefoged 1982:166).

The first step was to establish the point in time of the steady state for every
syllable of each utterance from the broad band spectrograms, Normally the stcady
state for each syllable is represented in the lower formants of the vowel of each
syllable. Data information tables werc developed to record the measurement results,
The aim was to measure the frequency, intensily, and duration of the individual syl-
lables of every lexical item and phrase tested. A duration measurement was made for
the entire utterance, for every syllable of the uticrance, as well as the duration of
mcasurement for each vowel. The measurcment for the [requency was made at the
steady state and also at the highest point at the peak of each syllable,

For every utterance five tokens werc recorded for cach speaker and examined in-
dividually, However, only one of the tokens was chosen for the measurements, A frec
hand sketch of the intensity unit plot display of the chosen utterance was drawn on
the data information table.

The acoustic analysis deals with the main components of the investigation of
stress accent and other related featurcs. These include (1) st ress/intensity, (2)
pitch/frequency and (3) length/duration,

7.1 Stress and intensity

One of the powerful features of the MacSpeech Lab IT's analysis capabilitics is
to retrieve the time waveforms that are already digitized and storcd in the MacIntosh
memory system, whether the utterances are saved on a hard disk or on micro floppy
disk. This system allows the researcher to view, in high resolution displays, the energy
envelope plots of the utterance under investigation. The measurements of the differ-
ent syllable peaks are made in intensity units. The scale of the measurements ranges
from zero to 100. The successive syllables on the cnergy envelope plots, starting from
the left to right on the screen of the MacSpeech Lab 11 from which printouts can be
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made, appear in the form of peaks and valleys with the peaks reflecting the highest
intensity. It is to be understood that the highest peaks, reflecting the most encrgy, are
associated with the stress syllables, Also, on the display plots, the peaks not only indi-
cate the vertical volume of the exerted energy in each syllable but the relative
horizontal dimension duration, of that particular syllable, in milliseconds as well.

Two measurements were made of the intensity units of cach syllable of the utter-
ances in this study. The reason for making and recording two mcasurcments, even
though only one is reported here, was to be sure to capture the proper higher poinis
of the syllable peaks. The results, reported below, of the measurements in intensity
units are made at the steady statc points obtaincd from the vowels of cach syllable
through the broad band spectrograms. Reference is made to the measurement of the
highest point of the intensity of cach syllable whenever there is a considerable
difference between the two intensity unit mcasurcments.

7.2 Pitch and frequency

Frequency measurements were made for every syllable in Hertz at the steady
state of the vowels of the utterances. Fundamental frequency (Fo) plots obtained
through the spectrogram layouts of the MacSpeech Lab II system were gencrated for
each utterance. The figures of the frequency mecasurcments are not listed here. How-
ever, the measurements’ results will be utilized in the analysis of the suprasegmental
features of the production experiment utterances. This will be accomplished by com-
paring the Fo of every syllable with the intensity mcasurements to ascertain whether
the syllable that received the highest intensity unit also received the highest frequency
measurement. Discrepancies, when a certain syllable in an utlerance reccives the
highest intensity but does not receive the highest Fo, will be discussed later.

73 Length and duration

Measurements of the time duration were made, in milliscconds, for every utter-
ance, for every syllable of each utterance and for cvery vowel of each syllable.
Measurements of the duration were obtaincd from the broad band spectrogram plots.
The figures for these measurements will not be listed here but will be used in the
analysis.
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8. Interpretation of Graphs

The measurements of intensity, frequency and duration of the kitab/katib pro-
duction experiment for the six speakers are presented graphically from pages fifteen
through twenty-two. Every word of the eight different items of the experiment is
shown with diffcrent columns idenifying each speaker. For instance, the solid black
column throughout the graphs represents speaker SHA. The figures at the top of the
columas of the graphs reflect the actual measurements obtained from the waveforms
produced by the MacSpeech Lab IT system. It is recommended to identify the col-
umns and match them with the keys provided next to them. The intensity columns
are always shown vertically whereas the frequency and duration columns appear
horizontally. The reader is advised to interpret the measurement information of the
columns on each page both collectively and simultaneously. For instance, the graphs
for the word kitdb on page 15 demonstrate graphically, in the form of columns, the
intensity measurements for the six speakers. The columns reflect the personal
characteristics and style of speaking, the mode of recording, the voice aspects, and
possible other factors for each speaker. Thus, the variations reflected on the graphs
are due to these factors.

The individual columns of the syllable &/ in the word kitdb, for all six speakers,
are lower than the columns of the syllable (ab despite the relative differences and
variations that exist in each set of the columns of these two syllables. Also, the same
analogy applies for the duration measurements for the word kit@b. The measure-
ments, in milliseconds, of the syllable ki for the six spcakers are relatively shorter
than the duration of the syllable tab. However, the measurements of the frequency
cxhibit more variation for the syllable ki for the six speakers, as apparent on the
graph.

The graphs represent the core of the production cxperiment and should be the
focus of interpretation of the data. The figures of the measurements for intensity,
frequency and duration should not be taken as absolute but rather in a relative and
comparative sense.

9. Summary of Results of the Production Experiment

9.1 Stress variation of kitah/ktib

It is assumed that the syllable that receives the highest intensity and duration
measurements in a lexical item is the stressed or accented syllable. However, fre-
quency measurements do not seem to play as strong a role as the intensity and dura-
tion measurements. The syllable type and its distribution play a role in determining
the primary stress placement. The experiment of this limited corpus reveals that the
long syllables CV and CVC, in general, receive the highest intensity measurements.
The one apparent exception and variation is spcaker MH of Morocco who tends, in
the majority of cases, to place the highest intensity on the last syllable.

9.1.1 Intensity _

. As it appears clearly on the graphs on pages 15-22, the long syllables CV and
CVC for the cight utterances of kitah/katib receive the highest intensity measure-
ments for all six speakers except that in the lexical item ‘alkitab, spcakers AS and LH
placed the highest intensity measurements on the first syllable, ‘al. Also, on the word
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alkit@bu, speaker MH has about equal intensity mcasurcments on the last two sylla-
bles. (See graph on page 18).

9.1.2 Duration _ _

It is interesting and more revealing that the long syllables CV an CVC also re-
ceive the highest duration measurements in milliseconds for the cight words of
kitab /kdtib. The diversity among the speakers is almost minimal. The variations occur
in kitabun/kdtibun with onc speaker, AZS of Saudi Arabia, who pronounced the last
syllable, bun, longer in both words. Also, in katibun, MH of Morocco made the last
syllable, bun, longer.

9.1.3 Frequency

There is more variation among the six spcakers with regard to the frequency
measurements in the cight lexical items tested of kitdb/katib than with the intensity
and duration measurements. However, the long syllables of the types CV and CVC
are still favoured by receiving the highest frequencies with most of the speakers. The
one striking exception is speaker MH of Morocco who places the highest frequency
on the last syllable of every word but one, kdtibun, where he placed it on the second .
syllable #. The two speakers SHA and SM of Iraq placed the highest frequency on
the long syllables in the majority of cases. There is more variation in the assignment
of stress between AZS and AS of Saudi Arabia.

10. Previous Studies on Arabic Stress

There are five studies that deal with the phcnomenon of stress in Arabic. These
are: On Siress and Arabic Phonology by Daud Abdo; Arabic Phonology: An Acoustical
and Physiological Investigation by Salman H. Al-Ani; "Computer-Aided Comparative
Study of Stress in Modern Standard Arabic" by Fatima Al-Khalifa and Yousif El-
Imam; al-’Aswat al-lugawiyya by *Ibrahim "Anis and al-Luga al-“arabiyya: ma‘ndha
wa-mabndha by Tammam Hassan, The stress rules formulated for these studies were
summarized in the article by Al-Khalifa and El-Imam. In their article, after summa-
rizing the stress rules for the above authors, they presented reformulated stress rules
for Arabic that are based on a computer analysis of voice intensity of one Kuwaiti
informant.

The results of this production experiment, tentative as they are, confirm to a
greater extent the main stress rules of Al-Khalifa and El-Imam. Future work, that
this investigator is pursuing, will build on thc initial and tentative resulls presented
in this study.

11. Sample displays of the word ‘alkatib for the six speakers

These displays shows the intensity measurements for the six speakers involved in
this production experiment. (See pages 25 and 26). The first display illustrates the
word 'alkatib for LH, AS and SHA. The second display also illustrates the word
‘alkatib for MH, AZS and SM. The middle peaks, that represent the syllable kd, are
the highest for all of the speakers.
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