N

[

Jrmrm—
————

uOttawa

L'Université canadienne
Canada’s university



P

FACULTE DES ETUDES SUPERIEURES ""H"—H"'l FACULTY OF GRADUATE AND

ET POSTOCTORALES uOttawa POSDOCTORAL STUDIES

L Université canadienne
Canada’s university

Abdessatar Mahfoudhi

AUTEUR DE LA THESE / AUTHOR OF THESIS

Ph.D. (Linguistics)

GRADE / DEGREE

Department of Linguistics

FACULTE, ECOLE, DEPARTEMENT / FACULTY, SCHOOL, DEPARTMENT

Morphological and Phonological Units in the Arabic Mental Lexicon
Implications for Theories of Morphology and Lexical Processing

TITRE DE LA THESE / TITLE OF THESIS

Eta Schneiderman

DIRECTEUR (DIRECTRICE) DE LA THESE / THESIS SUPERVISOR

CO-DIRECTEUR (CO-DIRECTRICE) DE LA THESE / THESIS CO-SUPERVISOR

EXAMINATEURS (EXAMINATRICES) DE LA THESE / THESIS EXAMINERS

Marie-Hélene Coté John Jensen

Gary Libben Juana Liceras

Gary W. Slater

LE DOYEN DE LA FACULTE DES ETUDES SUPERIEURES ET POSTDOCTORALES /
DEAN OF THE FACULTY OF GRADUATE AND POSTDOCORAL STUDIES




Morphological and Phonological Units in the Arabic Mental Lexicon

Implications for Theories of Morphology and Lexical Processing

Abdessatar Mahfoudhi

Thesis submitted to the
Faculty of Graduate and Postdoctoral Studies
in partial fulfillment of the requirements
for the PhD degree in Linguistics

Department of Linguistics
Faculty of Arts
University of Ottawa

© Abdessatar Mahfoudhi, Ottawa, Canada, 2005




Library and
Archives Canada

Bibliothéque et
* Archives Canada
Direction du
Patrimoine de I'édition

Published Heritage
Branch

395 Wellington Street

395, rue Wellington
Ottawa ON K1A ON4

Ottawa ON K1A ON4

Canada Canada
Your file Votre référence
ISBN: 0-494-10991-2
Our file  Notre référence
ISBN: 0-494-10991-2
NOTICE: AVIS:

L'auteur a accordé une licence non exclusive
permettant a la Bibliotheque et Archives
Canada de reproduire, publier, archiver,
sauvegarder, conserver, transmettre au public
par télécommunication ou par I'Internet, préter,
distribuer et vendre des theses partout dans

le monde, a des fins commerciales ou autres,
sur support microforme, papier, électronique
et/ou autres formats.

The author has granted a non-
exclusive license allowing Library
and Archives Canada to reproduce,
publish, archive, preserve, conserve,
communicate to the public by
telecommunication or on the Internet,
loan, distribute and sell theses
worldwide, for commercial or non-
commercial purposes, in microform,
paper, electronic and/or any other
formats.

L'auteur conserve la propriété du droit d'auteur
et des droits moraux qui protége cette these.
Ni la thése ni des extraits substantiels de
celle-ci ne doivent étre imprimés ou autrement
reproduits sans son autorisation.

The author retains copyright
ownership and moral rights in
this thesis. Neither the thesis
nor substantial extracts from it
may be printed or otherwise
reproduced without the author's
permission.

In compliance with the Canadian
Privacy Act some supporting
forms may have been removed
from this thesis.

While these forms may be included
in the document page count,

their removal does not represent
any loss of content from the

thesis.

Canada

Conformément a la loi canadienne
sur la protection de la vie privée,
guelques formulaires secondaires
ont été enlevés de cette these.

Bien que ces formulaires
aient inclus dans la pagination,
il n'y aura aucun contenu manquant.



slaa Wl

oS
oA

& lehas



Table of Contents

ADSITACE. . .ottt e e e e e e viit
ACKNOWIBAZEMENES. .. ... it e e iX
Introduction. ... ..o e 1

Chapter One
Arabic Morphology, Phonology, and Orthography

Implications for the Study of the Arabic Mental Lexicon................................... 7
L0 INtrodUCHION .. ..o e e e e e 7
1.1 Arabic morphology: Words roots, or etymons and Matrices?........ccooererinceiireeeieeeese e 7
1.1.0 Introduction: Concatenative vs. non-concatenative morphology........................... 8

1.1.1 The morpheme-based theory..............oooiiiiiiiiiii e, 9

1.1.1.1 The classical root-and-pattern theory..................cooiiiiiiiiii 9

1.1.1.2 Prosodic morphology..........coooiii i e 12

1.1.1.2.1 CV-morphology.......c.ccoviiiiiiiiii e, 13
1.1.1.2.2 Prosodic morphology............cccoiiiiiiiiiiiiiniiiiiieieeeeeenes 15

1.1.1.3 The etymon and matrix theory..............coooiiiiiiiiiii i, 16
11131 The etymon. ......coiiii e, 16

1.1.1.3.2 The phonetic matriX............coovviiiiiiiiiiiiiiiiiiiieeieanens. 22

1.1.2 The word-based theory........ ... 26

1.2 Phonemes and phonetic features in Arabic.............o.oiiiiiii i 30
1.3 Arabic orthography. .. ... e 35

1.4 Summary and IMpliCatIONS. .. ... .ottt e e e e e 39

Chapter Two
Review of Theories of Lexical Processing and

Previous Relevant Empirical Studies...................... 41
2.0 INErodUCTION. .. .ttt e 41
2.1 Theories of lexical representation and lexical processing............cooeviiiiiiiiiiiiiiiiiiniiannn 41
2.1.0 INtrOUCHION. .. ..ottt e et 41

2.1.1 The whole-word/full-listing hypothesis.............ccoooiiiiiiniiiii s 42

2.1.2 The decompositional/morpheme-based hypothesis...................c.coooe. 43

2.1.3 The dual-access hypothesis. .........coeiiuetiiiriie e 46

2.1.4 The connectionist hypothesis.......... ... e 50

2.2 Other factors included in lexical processing...........ivoiie i 53
2.2.1 Phonological mediation............ ..o 53

2.2.2 Orthography ... ..o e 55
2.2.3 The syllable as an access code........ooviiiiriiii e 56

2.2.4 Word extremities as aCCeSS COUES. ... uuuuuiiiiniitintiiiiaiire e et et eeeiaeiennannane 57

2.2.5 SEMANLICS. .. eentie et ettt et e e e e e ans 58

2.3 Morphological units in the Arabic mental lexicon: Previous studies............................... 60
2.3.1 Evidence for the cognitive relevance of roots and patterns.............................. 61

2.3.1.1 Evidence from slips of the tongue.................iiiiiiiii, 61

2.3.1.2 Evidence from well-formedness judgment studies........................... 62

2.3.1.3 Evidence from aphasia studies.....................oooiiiiiiiini 62

2.3.1.4 Evidence from language acquisition studies........................cocooeie 63

2.3.2 Roots, patterns, etymons and phonetic matrices in lexical processing............ ceeen 65



iii

2.3 2T RIS et ce e, 65

2.3.2.2 Patterns. ..ot e 67

2.3.2.3 Etymons and phonetic matrices ................coooiiiiiiiiiiiiii e 69

2.4 Phonological/orthographic units in the Arabic mental lexicon: Previous studies................. 71

2.4.1 Consonants vs. VOWelS. .. ..o e 71

2.4.1.1 Evidence from aphasic speech..............o.o. i 71

2.4.1.2 Visual lexical processing...........cooooiiiiiiii i, 72

2.4.1.3 Comprehension. ... .....coiiiiitiii i e 74

2414 PerCeplion. ... c. et e e e 74

2.4.2 (Root) consonants vs. (affixal) consonants...................ooooiiiiiiii i, 75

2.4.2.1 Lexical ProCeSSING. .. ... o.ueutit i i e e 75

2422 Perception. ...t 75

2.5 Summary and ImpPlICationS. .. ... ... i 76
Chapter Three

Studies Part I: Morphological Units..................c.o i, 79

3.0 INtrodUCHION. .. ... ot e e 79

3.1 Lexical decision tasks with priming: An OVerview.............coooiiiiiiiiiiniiniii i, 79

3.2 Study 1: Priming With TOOUS. ... ....oiiiit e e e 81

I B O o] =T £ S U 81

3.2, 2 PartiCIPANLS. ... ettt e 83

323 Stimuliand Design...... ... e 83

3.2.4 Procedure and apparatus. ............ooooiiiiiiiiii e 87

325 RESUILS . .o 88

3,206 DISCUSSION. L.ttt 90

3.3 Study 2: Priming with etymons. ... ... e 91

3.3 OB ECtIVES. et e 91

3.3 2 PartiCIPants. ... oo eu it 92

333 Stimuli and Design. ... ..o 92

3.3.4 Procedure and apparatus. ..........co.vuiriniiii i e 95

3.3 RESUIS. o 95

3300 DISCUSSION. ittt et 96

3.4 Study 3: Priming with phonetic matrices..............cooiiiiii i 97

T 0 6 1) 1 L PO 97

342 PartiCIPantS. . .....euti et 98

3.43 Stimuli and Design. ... ....ooouiiii e 98

3.4.4 Procedure and apparatus. ............coeoiiiit it e 101

3.4.5Results............ PP U J S TR 101

34,6 DISCUSSION. ... eeit ittt 101

3.5 Study 4: Priming with sound and weak patterns and weak roots............................o... 102

350 OBJECHIVES. .t etiie ettt ettt e e et 102

3.5 Study dA . e 103

3.5.2. PartiCipants. .. ...o.ooiu it e 103

3.5.2.2 Stimuli and Design........oovieiiiii 103

3.5.2.3 Procedure and apparatus............coouveitiiiiii i i e 106

35204 RESUMS . ..oe it 106

3.5.2.5 DISCUSSION. .. e. ettt e 106

3053 StuAy 4B 107

3.5.3.1 PartiCipants. . .....cuie it e, 108



iv

3.53.2 Stimuliand Design... ..o e 108
3.5.3.3 Procedure and apparatus............ooooiiieiiiiiin i 110
3.5 34 ReSUIS. ..o e 110
3.5.3.5 DISCUSSION. .. enettt ettt ettt e e et e 111
354Study4C.... e e e 111
3.5.4.1 PartiCipantS. .. ..o ir it e 113
3.54.2 Stimuliand Design.......ooooiii i 113
3.5.4.3 Procedure and apparatus................ooiiiiiiiiii i e 116
B354 A RESUILS. ..o e 116
3.5.4.5 DISCUSSION. .. .ottt e e 118

Chapter Four

Studies Part II: Phonological Units........................ 119
4.0 INtrodUCTION. ... o. e e 119
4.1 Study 5: The status of different letters/phonemes: An offline letter-circling task............... 119
1T O CtIVES. ..ttt et e e e 120
412 PartiCIPamts. ...ttt ettt e e e 120
A 13 SHMUlIL ..o, 121
A LA ProcedUIe. ... ueii e e 123
4.1.5 Research questions and hypotheses..............ccoiiiiiiiiiiiiiiiiii e, 124
410 RESUIS. ... 127
417 DISCUSSION . .. ettt e et e 132

Chapter Five

General Discussion and Conclusions..................... i, 134
5.0 IntrodUCtion. .. ... e e e e 134
5.1 Summary of results and implications for theories of morphology................................ 134
5.2 Implications for theories of lexical representation and processing...................ccooevenieni 139
5.3 Implications for future research............ ...t e, 148
APPENAICES. .. ... e e 150
1. Appendix A, The Stimuli from Study ©...... ... e, 150
2. Appendix B, The Stimuli from Study 2..... ... o 156
3. Appendix C, The Stimuli from Study 3.................... PP e 162
4. Appendix D, The Stimuli from Study 4A... ... . 167
5. Appendix E, The Stimuli from Study 4B 173
6. Appendix F, The Stimuli from Study 4C........ . e, 179
7. Appendix G, The Stimuli from Study 5 with Productivity and Familiarity Scores......... 185
8. Appendix H, The Stimuli from Study 5 with Morphological Composition........................ 188

| 23 (3 1 1 o D 192



Table

> v N

10.

11.

12.

13.
14.

15.

16.

List of Tables

ATabIC CONSONMANES. . ...\ttt ettt ettt ettt et et et eee e enananaean 31
Features of Arabic CONSONANtS. ... .....eiueutitit it eaeeneae 33
Arabic Graphemes and Their Shapes in Different Positions........................... 37
Lexical Decision Reaction Times, Standard Deviations,

and Percentage Error Ratesin Study 1., 89
Lexical Decision Reaction Times, Standard Deviations,
and Percentage Error Rates in Study 2. 96
Lexical Decision Reaction Times, Standard Deviations,
and Percentage Error Rates in Study 3., 101
Lexical Decision Reaction Times, Standard Deviations,
and Percentage Error Rates in Study 4A.... ..o 106
Lexical Decision Reaction Times, Standard Deviations,
and Percentage Error Rates in Study 4B........ooo i 111

Lexical Decision Reaction Times, Standard Deviations,

and Percentage Error Rates in Study 4C... ..o 117
Means of Root and Other Letter-selection by Preadolescence, Teenage,

and Adult Native Speakers (Study 5) ....oooeiiiiiii i 128
Means of Root and Other Letter Selection by 4t Graders, 5t Graders,

9" Graders, 10" Graders, and Adult Native Speakers. .............................. 129
Means of Root and Non-root Letter Selection by Native and

Non-native Adult Speakers..........vueieeiiniiiiiiii e, 130
Means of Non-root Consonant and Vowel Selection by Native Speakers......... 131

Percentage of Root-selection in Familiar and Less Familiar Words

DY NatiVe SPeaKerS. .. ..uitiiiii ittt aaes 131
Percentage of Root-selection in Words with Productive

and Less Productive Roots by Native Speakers............c.coooiiiin. 132

Percentage of Root-selection in Words with Continuous



17.

18.

19.

and Non-continuous Roots by Native Speakers..................coooiiiii i,
Amount of Priming in the Morphological Conditions Relative

to the Mean Response Time in Study 1 and Study 4C..................coooiinai.
Amount of Overlap and Priming Relative to

the Mean Response Time in the General Morphological

Conditions iIn Studies 1,2, and 4C......oiiiniiiii e,
Amount of Overlap and Priming Relative to

the Mean Response Time in the Orthographic/Phonological

Condition in Studies 1,2, and 4C. ......ooiiiiii e

vi



List of figures

Figure
1. Examples of Prime-target Pairs Used in Study 1, with Arabic Script,

Phonetic Transcription, and Gloss.........c.ccocoiiiiiiiiiiiiiiiiiiiiiiiin,

2. Examples of Prime-target pairs Used in Study 2, with Arabic Script,

Phonetic Transcription, and GlosS.........c.coooiiiiiiiiiiiiiiiiiii i

3. Examples of Prime-target Pairs Used in Study 3, with Arabic Script,

Phonetic Transcription, and Gloss..............ocoiiiiiiiiiiii

4, Examples of Prime-target Pairs Used in Study 4A, with Arabic Script,

Phonetic Transcription, and Gloss.................... e

5. Examples of Prime-target Pairs Used in Study 4B, with Arabic Script,

Phonetic Transcription, and GlOSS..........ccovviiiiiiiiiiiiiiii i,

6. Examples of Prime-target Pairs Used in Study 4C, with Arabic Script,

Phonetic Transcription, and Gloss..............ooiiiiiiiiiiiiii



Abstract

This dissertation investigates the cognitive relevance of selected morphological and
phonological units in the Arabic mental lexicon. The morphological units are sound and
weak roots, etymons, phonetic matrices, and sound and weak patterns. The phonological
units are vowels and consonants. The work is motivated by a controversy in Arabic
morphology that is paralleled by a cross-linguistic debate in lexical processing. There are
two views in Arabic morphology, the stem-based theory and the morpheme-based theory
that is represented by two sub-theories. The first sub-theory argues that derivations are
based on roots and patterns and the second proposes that the root should be replaced by
the etymon and the phonetic matrix. The morpheme-based theory is congruent with
lexical processing hypotheses that propose that complex words are accessed and
represented as morphemes. The stem-based theory maintains that derivation is stem or
word-based and is in line with the whole word hypothesis of lexical processing.

These theoretical positions on Arabic morphology and lexical processing were
tested in six priming experiments. One objective of these experiments was to test which
of these morphemes prime word recognition. Another objective was to test the prediction
of connectionism, another lexical processing hypothesis, that priming time correlates
with prime-target overlap. A third objective was to examine how abstract the processing
of these morphemes could be. The cognitive status of vowels and consonants was tested
using a letter-circling task.

The results of the online studies have shown that both roots and etymons
facilitate word recognition significantly more than orthographic controls. However, non-
ordered etymons, phonetic matrices, and patterns did not facilitate word recognition.
Weak roots had priming effects only when primes and targets shared a vague semantic
relationship. There was no correlation between priming time and meaning and/or form
overlap. The lack of priming with non-ordered etymons suggests that there could be
limits on abstractness in lexical processing. The results of the offline task suggest that
root consonants are more salient than other letters. On the whole, the results support a
morpheme-based theory of Arabic morphology and a localist view of lexical processing

that assumes a morphemic stage in word recognition.
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Introduction

The lexicon in early generative grammar (Chomsky, 1965) was just a list of words
on which syntax, the central module, operated. But recently, the lexicon has been given
more importance even in mainstream syntactic theory (Chomsky, 1995). The study of the
lexicon has also received a boost from the work of cognitive psychologists (e.g. Taft &
Forster, 1975; Henderson, 1985), reading specialists (e.g. Rumelhart, 1977; Besner,
Waller, & MacKinnon, 1985), neuropsychologists (e.g. Caramazza, 1997), and cognitive
scientists (McClelland & Rumelhart, 1981; Marcus, 2001), to mention only the central
disciplines. This research is growing robustly into a very rich interdisciplinary field of
study known now as the mental lexicon. The mental lexicon is perceived as a dynamic
entity whose function is minimally the organization, retention, and processing of words.
Although a large number of studies have focused on oral/aural word representation and
processing in normal and brain-damaged populations, many have concentrated on visual
processing of the written word. The present study falls within the latter category.

Work on visual word recognition has used a variety of research methods, including
naming with priming, long-term priming with a fragment completion task, reading-elicited
errors of brain damaged patients, the eye-tracking paradigm, and brain scanning of both
normals and patients. However, the major paradigm has been visual lexical decision, often
with priming (see McQueen & Cutler, 1998; Frost & Grainger, 2000; or Libben & Jarema,
2004 for review of recent studies).

One of the great challenges within the lexical decision with priming research
paradigm has been to tease out the differential effects on lexical processing of a number of
variables. These include the relative effects of morphology, phonology and semantics, as

well as the effect of semantic transparency. One major concern has been to prove that
morphological priming is distinct from orthographic/phonological and semantic priming.
There is evidence that orthographic priming is either short lived (Napps & Fowler, 1987)
or inhibitory (e.g. Grainger, Cole, & Segui, 1991) compared to morphological priming.
However, there is also evidence that orthographic overlap does lead to priming similar to
morphological priming (e.g. Rastle, Davis, Marslen-Wilson, & Tyler, 2000). The role of

phonology in lexical access is also controversial. Some argue that phonology is activated



early in the word recognition process (e.g. Frost, 1998; Frost, Ahissar, Gottesman, &
Tayeb, 2003), but others contend that phonology is activated only after word access (e.g.
Jared & Seidenberg, 1991; Coltheart, Curtis, Atkins, & Haller, 1993).

The empirical findings with respect to the role of semantics, relative to
morphology, are also inconclusive. There is some evidence showing that semantic priming
occurs later in the recognition process than morphological priming (Bentin & Feldman,
1990; Rastle, Davis, Marslen-Wilson, & Tyler, 2000; Boudelaa & Marslen-Wilson,
2001b). But there is also evidence that semantic priming can occur very early in the word
recognition process (Perea & Gotor, 1997) and would normally coincide with
morphological priming.

The issue of semantic transparency is closely linked to the question of which
morphological units, if any, are decomposed during lexical processing and by implication,
represented in the mental lexicon. However, there is also little agreement as to the effect of
semantic transparency on the decomposition of words. Some researchers found that a
transparent semantic relationship between prime-target morphological relatives is
necessary for decomposition in lexical decision tasks with cross-modal priming in English
(Marslen-Wilson, Tyler, Waksler, & Older, 1994) and French (Longtin, Segui, & Hallé,
2003), but not in lexical decision tasks with visual masked priming (Feldman & Soltano,
1999 for English and Longtin, Segui, & Hallé, 2003 for French). In Hebrew and Arabic, by
contrast, priming was obtained both in visual masked priming (Frost, Forster, & Deutsch,
1997 for Hebrew and Boudelaa & Marslen-Wilson, 2001b for Arabic) and in lexical
decision with cross-modal priming (Frost, Deutsch, Gilboa, Tannenbaum, & Marslen-
Wilson, 2000 for Hebrew and Boudelaa & Marslen-Wilson, 2001b for Arabic).

The controversy over decomposition goes far beyond semantic transparency. On
the basis of empirical results, different hypotheses have been proposed to explain which
units are decomposed, if at all, in lexical processing and represented in the mental lexicon.
The full-listing hypothesis argues that words are stored and accessed as whole units (e.g.
Butterworth, 1983; Manelis & Tharp, 1977). According to the decompositional hypothesis,
complex words are decomposed before they are accessed in the lexicon, where they are
stored as morphemes (e.g. Taft & Forster 1975; Taft, Hambly, & Kinoshita, 1986). More
recently, a few hybrid theories, such as the Augmented Addressed Morphology hypothesis



(Caramazza, Laudanna, & Romani, 1988; Laudanna, Badecker, & Caramazza, 1989), have
been proposed. The main assumption of these theories is that some complex words are
decomposed before access and some are not. A fourth major lexical processing theory is
the connectionist theory. Computational connectionist models do not assume
morphological decomposition. According to these models, priming effects are obtained
because of the recurrence of certain visual (e.g. McClelland & Rumelhart, 1982) or
auditory patterns (e.g. McClelland & Elman, 1986). Connectionist models can be localist
or distributed. In localist models (McClelland & Rumelhart, 1981, 1982) single input units
correspond to a letter, a word, or a concept. In distributed models, input is the result of the
activation of a number of units that may represent certain features (phonetic features in
Plunkett & Marchman, 1993). These models predict a positive correlation between priming
time and semantic and/or form overlap between primes and targets.

Thus, despite the large number of studies, the results are still far from being
homogenous, even within the same language. Moreover, most of the work to date has been
carried out on a few Indo-European languages, especially English (see Frost & Grainger,
2000 or Libben & Jarema, 2002, for a review).

The present work attempts to determine the cognitive relevance of selected
morphological and phonological units in the Arabic' mental lexicon. As such, it fits into
the research paradigm noted above and will contribute to the available literature in at least
two ways. First, it will provide further empirical results related to the questions of the
relationship between morphology, orthography/phonology, and semantics from a less
researched language (family). Second, this work will examine some issues that are unique
to Arabic (and Semitic® languages), such as the processing of very abstract morphemes and
the gradation in formal and semantic overlap in similar morphemes and whether or not

such overlap correlates with lexical decision response time.

! Unless otherwise indicated, Arabic refers to Modern Standard Arabic and Hebrew refers to Modern
Hebrew. Modern Standard Arabic, the variety examined in this work, is the written variety used for education
and administration. It is the variety shared, with some differences, by all Arab countries. The spoken varieties
are highly diverse and can be very different from the standard variety.

2 Semitic is used as a cover term for all Semitic languages, but any generalization to languages that are not
well studied is only speculative. Arabic and Hebrew are among the very few Semitic language that are
relatively well-researched from both theoretical and psycholinguistic perspectives. Where relevant results
found in Hebrew are discussed.



The cognitive relevance of selected Arabic morphological units will be examined in
lexical processing by means of lexical decision tasks with masked priming at stimulus
onset asynchrony (SOA) of 50 ms. The research is structured to test three major theories of
Arabic (and Semitic) morphology, as well as the related assumptions of the above
mentioned theories of lexical processing. The major theoretical controversy in Arabic
morphology3 is over the status of the root (and the pattern) and, more recently, the etymon
and the phonetic matrix and, by implication, their role in lexical representation and
processing. There are two major opposing views with respect to these theoretical
constructs. On one side, there is the morpheme-based theory, with two main sub-theories.
The proponents of the first sub-theory (e.g. Cantineau, 1950a, 1950b; McCarthy, 1981)
argue that derivations are based on the process of intercalating roots in patterns. More
recently, Bohas (1997, 2000) has proposed that the root should be replaced by the bi-
consonantal etymon and the related notion of the phonetic matrix. On the opposite side,
there is the stem-based theory (e.g. Ratcliffe, 1997) which maintains that the consonantal
root, and by extension the etymon, has no importance in Arabic morphology and that
derivation is stem-based, as is the case in concatenative languages. This controversy has
implications for lexical representation and lexical processing. The stem-based theory is in
line with the tenets of the full-listing hypothesis of lexical processing, which assumes that
words are represented and accessed as whole units. The morpheme-based theory is
congruent with both the decompositional and the dual-access hypotheses of lexical
processing, both of which assume that (at least some) complex words are accessed and
represented as separate morphemes.

Although there has been some empirical research using lexical decision tasks on
some of the aforementioned Arabic morphological units, the results are inconclusive.
Whereas Boudelaa and Marslen-Wilson (2001b) found a rather persistent priming effect of
the root in lexical decision tasks with masked priming in verbal nouns and verbs, Abu-
Rabia and Awwad (2004) did not find any facilitatory effect in nouns using the same
methodology. The only study on the etymon morpheme was carried out by Boudelaa and

Marslen-Wilson (2001a), who used lexical decision tasks with masked and cross-modal

3 There is a similar controversy in Hebrew, mainly over whether derivation is based on roots and patterns or
on words (e.g. Ussishkin, 1999). The question of the etymon has also been discussed in Hebrew, but only in
the theoretical literature (e.g. Bohas, 2000), as opposed to the psycholinguistic literature.



priming. Their results were, however, met with much scepticism (e.g. Bentin & Frost,
2001; Idrissi & Kehayia, 2004). The phonetic matrix, the more abstract morpheme
underlying etymons, has never been studied experimentally. There are also contradictory
results concerning the pattern morpheme. Boudelaa and Marslen-Wilson (2001b), who
used a masked priming paradigm, reported inconsistent priming depending on the SOA.
Using a similar method, Abu-Rabia and Awwad (2004) did not find any priming with
patterns.

The present work will examine all these morphemes using the same methodology,
namely lexical decision with masked priming. With respect to the root, the present work
will try to replicate previous results. As for the etymon, in addition to attempting to
replicate Boudelaa’s and Marslen-Wilson’s (2001a) findings, the present work will test
whether the order of the consonants of the etymon has an effect on (the degree of) priming,
an issue that has not been examined. Sound patterns will also be revisited, but with a focus
on the relative role of weak patterns and weak roots in Arabic lexical processing. The
phonetic matrix will be studied for the first time.

The first major objective of this work is to experimentally investigate the cognitive
relevance of the root, the pattern, and the etymon as separate entities. This will be
accomplished by examining the role of these constructs in Modern Standard Arabic lexical
processing by means of four online priming studies. Related to the first objective are two
other objectives. First, by using the same methodology in all experiments, the present work
will examine whether there is a gradation in priming effects that correlates with semantic
and/or formal overlap in the following related morphemes: sound roots, weak roots, and
etymons (ordered and non-ordered). This will allow us to test the assumptions of
(distributed) connectionist models of representation and processing that predict a gradation .
in priming, in contrast to those of theories that adopt an entry-opening conception of
lexical processing (i.e. the decompositional hypothesis and the hybrid hypothesis). Second,
this work will examine just how abstract lexical processing of these related abstract
morphemes can be. The abstractness of these morphemes is gradient. Weak roots are more
abstract than sound roots; non-ordered etymons are more abstract than ordered etymons;
and the phonetic matrix is more abstract than the related notion of the etymon (ordered or

non-ordered).



Another major objective of this work is to examine the cognitive relevance of
consonants and vowels in the Arabic mental lexicon. I advance and test the hypothesis that
because of their morphological and orthographic status in Arabic (and probably in other
similar Semitic languages), certain letters/phonemes are perceived differently than others. I
first propose that because of the importance of root consonants within a morpheme-based
theory of Arabic (Semitic) morphology, these consonants are more salient than other
consonants in a word. I also hypothesize that because of the consonantal nature of the
script of Arabic, readers of these languages might develop a bias towards consonants as
more “important” than vowels. These two hypotheses will be tested by means of a paper-
and-pencil task in which participants will be advised to circle a maximum of three letters
of their choice in any given word.

The dissertation is organized as follows. Chapter 1 outlines the controversy over
the status of the root, the etymon, and the phonetic matrix in theories of Arabic (and by
extension Semitic) morphology. It also briefly presents a relevant overview of Arabic
phonology and morphology. Chapter 2 provides a general background to theories of lexical
processing, with focus on the controversy discussed in the first chapter, as well as a review
of studies on the cognitive relevance of the root, the pattern, and the etymon, mainly with
respect to their role in lexical processing in Arabic. Chapter 3 presents the methodology
and the results related to the different morphological units. Chapter 4 contains the
methodology and the results related to the phonological units. Chapter 5 summarizes and
discusses all the results and interprets their implications for theories of morphology,

theories of lexical processing, and future research.



Chapter One
Arabic Morphology, Phonology, and Orthography
Implications for the Study of the Arabic Mental Lexicon

1.0 Introduction

The purpose of this chapter is to present the theoretical issues to be investigated
empirically in this study, namely the cognitive relevance of some morphological (roots,
patterns, etymons, and phonetic matrices) and phonological units (consonants and vowels)
in the Arabic mental lexicon. The first part of this theoretical chapter discusses the issue of
what morphological units should be included in a theory of Arabic morphology and, by
implication, in the Arabic mental lexicon. There are two major theories of Arabic
morphology: the morpheme-based theory and the word-based theory. The proponents of
the first approach (e.g. McCarthy, 1981) contend that the derivation is based on roots and
patterns. A more recent offshoot of this theory (e.g. Bohas. 1997, 2000) proposes the
etymon, a two-consonant morpheme, as a substitute for the root. The main tenet of the
word-based theory (e.g. Ratcliffe, 1997) is that the stem is the basis of derivation, as is the
case in concatenative languages. The second part of the chapter briefly discusses Arabic
phonemes and their featural structure in relation to the morphological notion of the
phonetic matrix. The third part of the chapter provides an overview of Arabic orthography.
The overview of phonology and orthography will provide a background for the discussion
of the second major part of the research topic, that is, the relative cognitive status of
consonants and vowels in the Arabic mental lexicon. The chapter closes with a summary
and the identification of the implications of these theories of morphology for the present

work.

1.1 Arabic morphology: Stems, roots, or etymons and matrices?

Morphology and phonology will be discussed in separate sections for
organizational purposes only. The two sections are very much related and the reader is
invited to see them as such. Before moving to the discussion of the major theories of

morphology in Arabic (and Semitic), a brief introduction on the difference between



concatenative and non-concatenative morphology is presented to explain the nature of the
consonantal root. Semitic languages are mainly non-concatenative and Indo-European

languages, for instance, are mostly concatenative.
1.1.0 Introduction: Concatenative vs. non-concatenative morphology
Most world languages are mostly concatenative; they add affixes to roots (in bold)

in linear fashion to make up words, as shown in (1).

(1) Derivation from the French root ‘form’

a. form-er ‘to form, to make, to train’
b. form-at-ion ‘making, training’

c. trans-form-at-ion ‘transformation’

d. trans-form-at-eur ‘transformer’

In non-concatenative languages, particularly Semitic languages, word-formation
relies, in addition to concatenation, on another process of word formation that transforms
the stem internally, in a way similar to irregular word formation in English. Stems in
Semitic are composed of roots and patterns. The root is usually composed of three
consonants and carries the core meaning of the words that are derived from it. The affixal
consonants and/or vowels of the pattern express grammatical information such as voice
and tense. Taken separately, roots and patterns are abstract unpronounceable units. The
root (in bold)! is shown in the words in the data in (2), from Frost, Forster, and Deutsch
(1997, p. 830), but the patterns are presented separately. The slots in the patterns represent

the place where the root consonants are intercalated.

* Throughout the thesis, roots, as well as etymons, are marked in bold to distinguish them from
patterns/templates. For the phonetic transcription, the IPA conventions are used.



(2) Derivations from the Hebrew root ‘z, m, r’

Word Gloss Pattern
a. zamar ‘a male singer’ -a-a-
b. zimra ‘singing’ -i- -a
c. zamir ‘a nightingale’ -a-i-
d. tizmoret ‘an orchestra’ ti- -o0-et

Affixes, both prefixes and suffixes, can be concatenated to the product of root and pattern

merger, as in the Arabic word hamalat ‘she carried’ in example (3). After the mapping of
the root Aml into the pattern CaCaC to give hamal, the affix at is added in a concatenative
fashion to form the final product hamalat. A multi-linear analysis of this word, in line with

McCarthy’s (1981) prosodic morphology, is provided in (5), below.
(3) Concatenative affixation in Arabic

hamal - hamalat ‘she carried’

at

1.1.1 The morpheme-based theory

While the common traditional root and pattern theory for Arabic relies on partly
specified patterns, the recent prosodic morphology hypothesis (e.g. McCarthy, 1981)
awards separate morphemic status to bo_th the vowels and the afﬁxa_l consonants of the
pattern. In contrast with the two theories mentioned, the etymon theory proposes that the

root should be replaced by the etymon, a two consonant morpheme.

1.1.1.1 The classical root-and-pattern theory
The traditional view, clearly laid out in the work of modern structuralists (e.g.

Cantineau, 1950a, 1950b) and still common among Arabic scholars (e.g. Rajhi, 1974), is
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based on the work of the old Arab grammarians.” It postulates that the derivation is based

on the mapping of the root (furuuf fasliya ‘original sounds’) onto a pattern (wazn

‘measure’). This analysis is the same as the one discussed in the previous section (see
example (2) and discussion thereof).

According to this theory, the Arabic lexicon contains verbs and nouns that are
made of three or less frequently two or four consonant-roots (often referred to as triliteral,
biliteral, and quadriliteral respectively) and patterns. There are 15 patterns for triliteral
verbs (classified in the “Western” literature using Roman numerals). Only the first ten of
them are still used in Modern Standard Arabic.® These ten forms are listed here with their

grammatical meaning and any associated affixes.” Form I (faSala) is often considered basic

because it is supposed to be the source from which the other forms are derived either by
adding some affixal consonants or doubling one root consonant. The most common

patterns of triliteral verbs are the first four.

I. fafala® (active, no affix, e.g. waqafa “to stand up’)
II. fa¥%ala (causative, intensive, doubling of the second radical in I, e.g. dammara “to

destroy completely),

III. faaSala (reciprocal/causative, lengthening of the first vowel in I, e.g. Jfaaraka ‘to
participate’),

IV. ?afVala (causative/factitive, prefix 7Za, e.g. Zarkaba ‘to make ride’),

3 For an overview of these theories, the reader is referred to Bohas and Guillaume (1984). Bohas and
Guillaume emphasize that unlike the modern structuralist Semitists (e.g. Cantineau, 1950a, 1950b) who
suggest that all derivations are a mapping of a root to a template, the old Arab grammarians propose word-to-
word derivations in many cases. It is, however, possible to propose root to scheme mapping while still
proposing that words are derived from others with some additions, deletions of suffixes as well as a change in
vowels as done by Watson (2002). That is, we can acknowledge word-to-word derivation but still maintain
that roots and patterns (or skeletons in a prosodic morphology terms) are separate morphemes in both the
input and the output. This could very well be what the late Arab grammarians mean, especially that they keep
insisting on a root (?as*l) and a pattern (wazn) in the derivation of any word.

® The other five forms are: XI. Piffaalla, XII. ?iffawfala, XIII. ?iffawwala, XIV. ?ifSanlala, and XV.

?iffanlaa (see Wright, 1967 or Reig, 1983 for a detailed discussion of all forms).

7 It would be interesting to investigate whether these affixes are actually represented on a separate tier as
proposed by McCarthy (1981) in his prosodic morphology hypothesis, discussed in § 2.2.2.

¥ I follow the traditional Arabic convention of using the (root) consonants {f, §, 1}, which has the core
meaning ‘to do’, to mark the place of the root consonants in words.
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V. tafaffala (reflexive and intensive/ translated in English as passive, prefix fa, e.g.
lafazzara ‘to explode’),
VI. tafaafala (reflexive/ reciprocal, prefixing fa to form Ill, e.g. tayaafala ‘to be off one’s

guard’),

VII. ?infaSala (reflexive/middle voice close to passive, prefixing r to form I, the # is
prosthetic, e.g. Zinxadafa ‘to be deceived’),

VIII. ?tiftafala (reflexive or middle voice/reciprocal, infixing the ta to form I, the 7i is
prosthetic, e.g. Ziftaxara ‘to be proud of’),

IX. ?iffalla (intensive, from form I by doubling the third radical, the 7i is prosthetic, e.g.
Fiswadda ‘to become black’)

X. ?Pistaffala (reflexive/middle, from form I by prefixing st the i is prosthetic, e.g.

Fistayfara ‘to ask for pardon’).

Some of the common quadriliteral verbal forms are the following:

I. faSlala (similar meaning to the second form of the triliterals, that is causative and/or
intensive (e.g. dafirad3za “to roll’).

I1. tafaflala (similar meaning as the fifth triliteral form, e.g. tadafradza ‘to roll along
(reflexive)’.

III. ?iffanlala (similar in meaning to the seventh triliteral form, e.g. Zislantaha ‘to lie on
one’s face). This form is less common than the other quadriliteral forms.

V. tiffalalla. (similar to the ninth trilateral form, intensive intransitive action or state, e.g.

Zid*mahalla ‘to disappear totally’.

Other quadriliteral forms are made in the following fashion:
(a) The reduplication of a bilateral root: waswasa ‘to whisper’

(b) The addition of fourth letter/phoneme to a triliteral verb: famxara ‘to be proud (from

Jamaxa ‘to be high’).
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(¢) Denominatives from nouns with more than three consonants: dzalbaba ‘to put on a

garment called d3ilbaab.

Nouns are either primitive or derived. Primitive nouns do not share a root with any
other word. Derived nouns are of two types: deverbal and denominative, which have
numerous forms.” Deverbal nominals can be divided into at least six types: (i) masdars
(often called the infinitive), which have over forty patterns, (ii) agent and patient nouns
(active and passive participles) (iii) nouns of action (single activity), (iv) nouns of kind (v)
nouns of place and time and (vi) nouns of instrument. Denominative nouns can also be
divided into six types: (i) nouns of unity, (ii) nouns of abundance, (iii) nouns of
vessel/container, (iv) nouns of reference, (v) nouns of quality and (vi) diminutive nouns
(cf. Wright, 1967).

Apart from lacking a formalism that explains in an economical way how roots are
intermixed with templates, the classical theory does not account for certain alternations in
the vocalic system. The passive, for instance, is usually expressed by the vowels u i, as
shown in (4). The classical theory lists all word patterns (with specified consonants and
vowels) corresponding to every grammatical function, such as the passive, and does not

capture this regularity.

(4)  Passive forms in Arabic
kutiba ‘it was written’

sumiSa ‘it was heard’

1.1.1.2 Prosodic morphology
Prosodic morphology (e.g. McCarthy, 1979/1982; McCarthy & Prince, 1990a) has

undergone two major phases: CV-morphology and prosodic morphology.

? Only the patterns of the verbal forms are included first because they are not numerous compared to those of
nouns and, second, because verbs are the focus of this work.
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1.1.1.2.1 CV-morphology

CV-morphology (McCarthy, 1979/1982, 1981) is based on the main tenets of
autosegmental phonology (Goldsmith, 1976), particularly the representation on separate
tiers of different elements of the word. The main assumption in autosegmental phonology
is that certain features are not an integral part of segments but are represented on separate
tiers. This proposal elegantly accounts for phenomena such as floating tones, which the
traditional generative theory could not adequately deal with.

The main principles of autosegmental phonology have been used to account for
morphological phenomena, which brought about CV-morphology. In CV-morphology,
Arabic morphemes making up words are represented on four separate tiers. One tier hosts
the root and on a second tier hosts the vocalic melody made of vowels. Affixes are
represented on a third tier.'’ On the fourth tier is the CV-skeleton on which the three other
tiers converge after being linearized/conflated. The template is composed of vocalic and
consonantal slots. McCarthy (1981) proposes that, because of their specific semantic
identity in Arabic, not only the root and the affixes but also the vowels are separate
morphemes, each attached to a morpheme node ‘’, as illustrated in (5a) below. Thus, the
major additions that McCarthy brought to the classical theory are the CV-skeleton and the
assignment of a separate tier and a morphemic status to vowels. McCarthy’s work was
done on Arabic but was applied to many languages with non-concatenative morphology
such as reduplication (e.g. Marantz, 1982 (re: Agta) and Broselow & McCarthy, 1983 (re:
Samoan)).

The association of the morphemic levels to the skeleton obeys three conventions:

“i. If there are several unassociated melodic elements and several unassociated melody-
-bearing elements, the former are associated one-to-one from left to right with the latter.

ii. If, after application of the first convention, there remain one unassociated melody-
bearing element and one or more unassociated melody-bearing elements, the former is

associated with the latter.

' The assignment of a separate tier to vowels and affixal consonants is not without its critics (e.g. Hudson,
1986, 1991).
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iti. If all melodic elements are associated and if there are one or more unassociated
melody-bearing elements, all of the latter are assigned the melody associated with the
melody-bearing element on their immediate left if possible [automatic spreading].”
(McCarthy, 1981, p. 382).

The association of the morphemic tiers is shown in (5a). The figure in (5b) illustrates
the linearization of the three morphemic levels before their final convergence on the

skeleton.

(5)  Derivation of the Arabic word fiamalat ‘she carried’

a. Association of morpheme levels to CV- skeleton
at - affixal tier ‘third person singular feminine’
u
| vocalic tier ‘perfective’
C (i\‘fcvc ------ CV skeleton
m 1l - root tier ‘carry’
1
p
b. Tier conflation
CVCvC VC

The notion of left to right spreading of association, represented by dashed lines in

(5a), is required by the Obligatory Contour Principle that prohibits the existence of
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identical adjacent elements “in any autosegmental tier” (McCarthy, 1981, p. 383),'"
particularly the case of words with geminate root consonants. According to this analysis, in
a word such as radda ‘he returned’, only the first consonant of the geminate is underlying
and the second is a result of spreading. The left-to-right directionality accounts for the fact
that gemination is almost never in the first two consonants of the root. The association of
the first d (in radda) automatically spreads to fill in the empty consonant slot, as dictated
by the association conventions, given above. This is illustrated in the following diagram in

(6).12

(6) Derivation of the Arabic word radda ‘he returned’

----- vocalic tier

[0} //6/0) A— CV skeleton

1\7' ------ root tier

1.1.1.2.2 Prosodic morphology

The main difference between CV and prosodic morphology is that, whereas the
first refers to segments, the second makes use of hierarchically-built prosodic units. The
Prosodic Morphology Hypothesis (McCarthy & Prince (M&P), 1990a, 1999) requires that
“the templates of reduplicative or templatic morphology are defined in terms of the

authentic units of prosody: the mora, the syllable, the foot, and the phonological word” and

! For a recent discussion of the constraint in Arabic, consult Frisch, Pierrehumbert, and Broe (2004).
Greenberg (1978) is a classical reference on the discussion of this issue in Arabic and Semitic languages.

A more accurate representation of this derivation includes two stages. At the underlying representation the
consonants and vowels of the verb are mapped onto the skeleton of Form I (third person perfect), CVCVCV,
giving the form radada. A metathesis (of one root consonant) and syncope (of a vowel) rule then applies on
C2V2 (to turn it to V2C2 and then deletes V2) creating a geminate [radda). Evidence for the proposed
underlying form is the existence of similar variants such as [radad-ta] ‘you returned’. This analysis is first
formalized in Brame (1970) and adopted by McCarthy (1986) (but apparently not in McCarthy, 1981). A
similar analysis is assumed by Bohas (2000) in example (17), below.
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relies on “the same vocabulary of prosody in *general, including stress, syllabification,
epenthesis, compensatory lengthening, rhyme, ‘counting rules’, and poetic meter” (M&P,
1990a, p. 3).

M&P (1990a, pp. 5-6) give four reasons to argue for the superiority of the prosodic
analysis over the CV analysis (McCarthy, 1981). First, while the units of Prosodic
Morphology are independently motivated, the CV skeleton segments are not. Second, the
templates are often connected with other prosodic phenomena of the language. Third,
Prosodic Morphology “often forces the correct analysis in cases where CV skeletal theory
is confronted with an array of incompatible and inadequate options” (p. 6). Fourth, because
it is more restrictive, Prosodic Morphology is more adequate from a learnability
perspective.

Examining the basic skeletons of Arabic nouns, M&P (1990a) found that the stem
can contain one bimoraic syllable or maximally two syllables either one heavy and one
light or both heavy. Independent evidence for this constraint comes from the fact that tri-
syllabic nouns are very rare and irregular. As for the templatic analysis of verbs, M&P
found that all verbs have a light syllable followed by an obligatory final syllable. They
have then proposed that all templates are derived by prefixing the light syllable to the
monosyllabic base that has either a light or a heavy syllable.

The root-and-pattern theory has recently been challenged by the less common and

more recent etymon theory. The challenge is particularly directed at the notion of the root.

1.1.1.3 The etymon and matrix theory
1.1.1.3.1 The etymon

- The etymon theory seems to remedy some of the problems of the root and pattern
theory. The data in (7) and (8), below, show that an explanation in terms of the root “ne
permet pas de rendre compte des relations phonétiques et sémantiques entre les mots,
qu’elle ne permet méme pas de les observer” (Bohas, 2000, p. 11). First, the words in (7)
(from Bohas, 2000, p. 13) share the same root (in bold) but have very little semantic

.. .13
similarity.

' The glosses for the examples in this section are originally in French and are translated by the present
author.
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Arabic words with the same root but with different meanings

Word Gloss

s‘abara ‘tie, attach something or somebody to something’
s‘ubratun ‘a heap of grain’

s*abiiratun ‘a rocky hill, a mountain’

mus‘tabirun ‘a heap of meat’

Second, in (8) (from Bohas, 2000, p. 15), there is semantic similarity between

words that do not share the same root, but only two consonants (in bold).

&)

o

= @ oo

Arabic words sharing two root consonants

batta ‘to cut (off)’"*

batara ‘to cut the tail of an animal; to cut (off)’
?inbataYa ‘to be cut off’

bataka ‘to cut (off); to separate a part from the whole’
batala ‘to cut (off); separate a part from the whole’
balata ‘to cut (off)’

barata ‘to cut’

sabata ‘to cut (off); to shave one’s hair’

Bohas (1997, 2000) calls the two consonants shared by the above words an etymon.

He proposes that the etymon is a more abstract and fine-grained construct that links

semantically-related words that otherwise have different triliteral or quadriliteral roots. It

is, therefore, according to him, a better candidate for the organization of the “lexique” (the

lexicon in lexicological sense) and the semantic relationships between lexical items and

should replace the root (1997, pp. 10-14). The third consonant of what is traditionally

known as the root is considered to be augmented/extended to fill the three-consonantal

pattern, a notion also adopted in the etymon theory. The etymon consonants can be non-

1 Unless otherwise noted, all verbs are in the third person perfect, which is the default form that is often
used as entry head in dictionaries.
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ordered (e.g. 7Ziflalla ‘helit fell sick’ and lawwafa ‘he/it tormented’). The etymon itself is

the phonemic instantiation of a far more abstract bundle of phonetic features that Bohas
calls the phonetic matrix, which we will discuss shortly.

Another reason behind the proposal of the biliteral etymon as a base of lexical
relations and derivation is the existence in the lexicon of Arabic (and other Semitic
languages) of a large number of words with only two root consonants. These include, in
addition to the many words with a geminated second root consonant, words that have both

the first and the second root consonants reduplicated, as in d3ardzara ‘to drag’. Work done

so far on the etymon could identify at least 200 etymons in Arabic (Bohas, 2000).
Bohas (1997, 2000) proposes that there are five ways by which the etymon
develops/is augmented into a root: (i) spreading, (ii) addition, (iii) prefixation, (iv)

integration of two etymons, and (v) reduplication.

1. Augmentation by spreading
Bohas (1997, 2000) adopts the multilayered analysis of McCarthy (1981), as well

as his notion of spreading of association' in the case of words with a geminated second
root consonant (see section 2.1.2.1 above for a discussion of these notions). The words in
(9) (from Bohas, 1997, p. 167) indicate that the second geminate consonant is the result of
the spreading of the second consonant of the etymon {b,d3} in (9a) and {b, q} in (9¢).
Evidence for the spreading analysis is the existence of words as in (9b) and (9d) that share

the same meaning and two consonants with the words in (9a) and (9c¢) respectively.

9 Augmentation by spreading of etymons into roots

a.  badzdza ‘to pierce (a wound, a tumor)’
b. bad3zasa ‘to pierce a wound’

c. baqqa ‘to disperse’

d. baqat’a ‘to disperse’

15 Whereas McCarthy (1981) argues that association is from left to right, Bohas (2000) contends that it is
free.
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2. Augmentation by addition
The words in (10a-c) (Bohas, 1997, p. 168) share the etymon {h, d} and the ones in

(10d-e) share the etymon {k, b}. While words in (10b), (10c) and (10e) get their third
consonant by spreading as argued above, the third consonant in (10a) and (10d) is added

or incremented, to use Bohas’s exact term.

(10)  Augmentation by extension of etymons into roots

a. hadadza ‘to look fixedly at someone or with a penetrating,

scrutinizing look’

b. hadda ‘to look fixedly at something’

C. ?ahadda ‘to look fixedly at something’

d. kabata ‘to throw someone down’

e. kabba ‘to throw someone down, face against the ground’

The added consonants in (10a and 10d) are final but they can be initial or medial as in (8h)

and (8f-g), respectively.

3. Augmentation by prefixation

Bohas (2000, pp. 37-38) cites examples from Saguer (as cited in Bohas, 2000) of
how the » can be a prefix in many Arabic verbs with several meanings. Bohas argues that

since the verb nakafa in (11a) and its derivative Zinkaffa in (11c) are semantically related

to the forms in (11b, d, e) with which they share the phonemes /k/ and /f/, it can be
 concluded that they have the etymon {k, f} and the n is a prefix bearing a reflexive

meaning, a prefix that is attested in other unrelated forms.
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(11)  Augmentation by prefixation of etymons into roots

a. nakafa ‘to recoil from something; to move off’
b. kaffa ‘to get someone out of the way’

c. tinkaffa ‘to move off’

d. kafa?a ‘to be chased’

€. kafaha ‘to drive away’

4. Integration of two etymons

In this process two etymons are integrated to derive another etymon that shares a
phoneme or two with each original etymon/word. The evidence of integration is the fact
that the two words from which the new word is presumably derived share meaning
(partially) with the derived word. The following two examples, in (12), are from Bohas

(2000, p. 50).

(12)  Augmentation of etymons into roots by integration of two etymons
a. razaba ‘to stay in place without moving’ from razza *fix solidly” and rabba
‘to stay in one place’.

b. zakaba ‘to fill in’ from zakka ‘to fill’ and zabba ‘to fill’.

5. Reduplication

In reduplication, the whole original word with a bi-consonantal etymon (i.e. the
first word in each pair) is reduplicated, as in the following examples from Bohas (2000, p.

58).

(13) Augmentation by reduplication of etymons into roots

a. bas's'a “to shine’
bas‘bas’a ‘to shine’
b. t'adzdza ‘to flow slowly’

t'adst*adza ‘to flow (of water)’
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Bohas (1997, pp. 186-187), however, admits that there are triliteral roots, as in (14),
which cannot be traced to etymons due to a lack of other verbs which share phonological

and semantic material.

(14)  Words with roots that cannot be traced to etymons

a. bahuta ‘to be pure’

b. baahata ‘to love sincerely’

c. t'aqara ‘to shake (with fear)’

d. qanata ‘to adore God sincerely; spend a lot of time praying’

The etymon theory is not without its limitations. A major theoretical problem with
the etymon is that there are no clear criteria/rules to identify this morpheme in a word (e.g.
Bentin & Frost, 2001), especially as its consonants can be non-ordered and the etymon-
related words might share little meaning. It is, therefore, not clear how native speakers
recognize/extract the etymon consonants.

The phenomenon of phonetic and or segmental overlap exists also in concatenative
languages, but is not considered a morphological element. In English, for instance,
although some words share one or two phonemes, this relationship is not accepted as a
morphological one. Bloomfield (1933, p. 245) gives the examples in (15) that share initial

or final phoneme(s) and some general meaning, which he calls ‘symbolic roots’.

(15)  English words sharing “symbolic roots”

.[ﬂ-] ‘moving lighf : flash, flare, flame, flick-er, ﬂimm-er
[fl-] ‘movement in the air’: fly, flap, flip

[gl-] ‘nonmoving light’: glow, glare, gloat, gloom, glint
[sl-] ‘smoothly wet’: slime, slush, slop, slobb-er, slip, slide
[b-] ‘dull impact’: bang, bash, bounce, biff, bump, bat
[-ejr] ‘big light or noise’: blare, flare, glare, stare

[-awns] ‘violent movement’: bounce, jounce, pounce, trounce
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1.1.1.3.2 The phonetic matrix

As mentioned earlier, the etymon is a phonemic manifestation of a more fine-
grained semantic relationship between words that is based on a bundle of shared phonetic
features, which Bohas (1997, 2000) dubs the phonetic matrix.'®

The phonetic matrix (M)'” is a minimal semantico-phonetic unit that is made of
“une combinaison de traits phonétiques et de noyaux sémiques” (Bohas, 2000, p. 64). It
relates via a very complex semantic network words sharing two or more unordered
phonetic features (e.g. [labial], [coronal]). Included under the same matrix then are words
that share either the same etymon'® (i.e. two phonemes) as in (16a-b) or only place features
in two different phonemes (16c-f). The shared meaning of the words in (16) having the
same phonetic matrix {[labial], [coronal]} is the act of hitting without specifying the object
of the action (Bohas, 2000, pp. 72-73). The etymon is, therefore, a phonological
manifestation (in two non-ordered phonemes) of the more abstract notion of the phonetic

matrix.

(16)  Arabic words sharing the phonetic matrix {[labial], [coronal]}

a. habata ‘to hit’

b. habata ‘to hit’

c. habafa ‘to hit someone and hurt him/her’
d. dfaraba ‘to hit; to beat up’

€. rafaza ‘to hit; to beat up’

f. fat®a?a ‘to hit (on the back)’

16 1t is probably important to reiterate that the phonetic matrix is a morphological notion. Bohas (personal
communication, August 4, 2004) clearly explains that «si l'on entend par morphéme la plus petite unité
phonétique douée de sens, il est clair que cela correspond a la matrice. Mais il est clair que cette forme n'est
pas autonome ; elle ne peut apparaitre seule. »

'” The symbol (M) is used instead of (1) proposed by Bohas (1997) to represent phonetic matrices. The latter
notation is used to represent morphemes as originally proposed by McCarthy (1979/1982).

'8 Bohas (2000) is not explicit on whether the more general notion of the phonetic matrix should replace the
etymon of which it is a part.
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Bohas (2000, p. 31) proposes the following three-level organization of the Arabic
lexicon:
(i) “Matrice: combinaison, non ordonnée linéairement, de traits phonétiques, liée a une
signification commune primordiale.
(ii) Etymon : combinaison, non ordonnée linéairement, de phonémes comportant ces traits
et développant cette signification commune primordiale.
(iii) Radical : étymon développé par diffusion de la derniére consonne, préfixation ou
incrémentation (a I’initiale, a 'interne et a la finale) et comportant au moins une voyelle, et

développant cette signification commune primordiale. »

Bohas (2000, p. 33) thinks that what happens at the level of the “radical”, which is
made of an etymon with a prefixed or added consonant and a skeleton with at least one
vowel, is morphological. “Dans les deux premiers niveaux [i.e. matrix and etymon], nous
nous situions a l’intérieur du lexique, mais ici [au niveau du radical] nous arrivons au
moment ot intervient la morphologie. La morphologie est organisée sur des schémes
triconsonantiques et le probléme posé a ce niveau est donc d’apparier des étymons
biconsonantiques avec des schémes triconsonantiques. C’est a ce niveau que I’étymon
biconsonantique est développé pour cadrer avec le schéme.»

Thus, etymons develop into stems as a morphological process'® and therefore the

added consonant is at the morphological level. When it is a glide, however, it is more

19 Ydrissi and Kehayia (2004) argue that Bohas’ enterprise is only diachronic. Bohas (2000, p. 125), however,
insists that these morpho-semantic processes “ne sont pas seulement des processus attestés il y a quelques
millénaires, ou postulés dans le lexique, mais qu’ ils sont toujours & I’ceuvre dans la morphologie et la
phonologie des langues sémitiques d’aujourd’hui. » The following are examples of these processes from
(Bohas, 2000). ‘

(i) Reduplication of the etymon in Damasene Arabic (p. 128)

fakk ‘disassemble/dismantle’
fakkak ‘(make s.o0) disassemble/dismantle’
fakfak ‘dismantle, undo one or many things many times ”

(ii) Prefixation of m in Modern Assyrian (pp. 129-130)

The factitive is derived from the form /CaaCaC/ ‘pull, third person singular in the present tense by prefixing
an m.

Factitive Gloss Third person present

[matxar] /madxar/ ‘make think, remind’ daaxar

maxdor ‘make walk’ xaadoar
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likely to be a phonological process, as glides are often epenthesized in Arabic in plural and

adjective formation to fill an empty consonant-slot in the pattern (cf. Bohas, 1997, p. 20).
As in prosodic morphology, the development of etymons into ‘radicals’/stems is

multi-linear. The first example in (17) (Bohas, 2000, p. 66) illustrates the development by

spreading.

(17)  /batata/ [batta] ‘to cut’®

1)
Y

b 1

In (18) there is an example of the development by adding a consonant (from Bohas, 2000,
p. 67). The added consonant either in the beginning, the middle, or the end is also

represented on a separate tier a la McCarthy.

masyam ‘place, establish’ saayam

(iii) Non-ordered etymons in Moroccan Arabic (pp. 136-137):

{r, f}

rofrof ‘flap wings’
forfor ‘flap wings’
{s,h}

sohssh ‘tell lies’
hossas ‘make noise’

20 Note that in his representation, Bohas is examining stems with no complete inflection of the third person
singular perfect, that is without the final vowel affix a.
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(18) barata ‘to cut’

NN
[T

In the case of reduplication, however, the two copies of the etymon are represented on the

same tier and the association is free (the following example is from Bohas, 2000, p. 67).

(19)  bat ‘bat *“disperse (of dust)’

|

Although it adopts a multilinear approach to morphological representation, the
etymon/matrix theory is different from prosodic morphology in at least two ways. Instead
of the root, this theory proposes the etymon/the matrix as an abstract non-autonomous
morpheme. The etymon/matrix then develops within the skeleton that already has a vowel
attached to it to become a “radical”/stem, which is the basis of morphological processes.
Whether it is essential for further derivation or not, the etymon is proposed as a separate
unit in the lexicon. The present study examines the cognitive validity of such a construct.
Phonetic matrices will be discussed in detail in section 1.2, below.

As the reader might have noticed, the discussed morphemes are all abstract
unpronounceable units. Their abstractness is graded ranging from the three consonant

construct, to the two ordered or non-ordered consonant construct, to the partly specified
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partly unspecified pattern to the very abstract notion of the phonetic matrix. One of the

objectives of this work is to examine how lexical processing handles this abstractness.

1.1.2 The stem-based theory

Morpheme-based theory in general (i.e. the classical root-pattern hypothesis, the
prosodic morphology hypothesis, and the etymon hypothesis) has been under criticism
from proponents of the stem-based theory, the other major theory of Arabic morphology.
The stem-based theory claims that the process of word formation is based on the stem. The
root in these theories is considered a part of a paradigmatic relation between words (Bat-
El, 1994 and Ussishkin, 1999 for Hebrew and Ratcliffe, 1997 and Benmamoun, 1999 for
Arabic). The main argument in support of the word-based analysis is that certain features
(e.g. consonant clusters) in a word are carried over to the derived word. We will examine
the arguments put forward in the case of Hebrew first.

Bat-El (1994) argues that denominal verb formation in Hebrew is an output-to-
output process that does not rely in any way on the consonantal root. She instead proposes
the stem as the basis of the derivation for Hebrew morphology in general. One of the main
arguments against the extraction of the root consonants and their association with a pattern
in the process of output-to-output derivation is that it does not account for consonant
cluster and vowel transfer and instead stipulates a rather arbitrary pattern. In (20) below are
examples from Bat-El (1994, p. 578) of cases where the preservation of the consonant
clusters cannot be explained by any phonological constraint. The consonant clusters,

within the same syllable or in adjacent syllables, are underlined in (20).

(20)  Output-to-output derivation in Hebrew denominative verbs

Base Gloss Derived verb Gloss
a. praklit ‘lawyer’ priklet ‘to practice law’
traklin ‘salon, parlour’ triklen ‘to make something neat’
b. guspanka ‘approval, seal’ gispenk ‘to approve, seal’

nostalgia ‘nostalgia’ ‘nistelg’ ‘to be nostalgic’
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In (20a), the expected shape of the derived verb, based on other verbs in Hebrew, is
CVCCCVC (i.e. *pir.klet, *tir.klen). In the examples above, the verbs have the same shape
as the base form: CCVCCVC. In (20b), despite the fact that they are not common in final
position in Hebrew, consonant clusters appear in the derived verbs.

A very similar view is found in Ussishkin (1999), who provides an optimality-
theoretic analysis of the same phenomenon. Ussishkin argues that not only is information
about the consonants of the base available for the derived denominal verbs but so is
information about the vowels. The latter determines the appearance of some sounds in the
derived form. For instance, the quality of the vowel will determine the appearance of either
[j] or [v], which Ussishkin argues are both glides, as shown in (21a) (from Ussishkin,

1999, p. 405):

(21)  Output-to-output derivation in Hebrew denominative verbs

Base Related denominal verb
a. [j]-forms
tik “file’ tijek  ‘to file’
bul ‘stamp’ bijel ‘to stamp’
ir ‘city’ §ijer  ‘to urbanise’
kis ‘pocket’ kijes  ‘to pickpocket’
bufa ‘shame’ bijef ‘to put to shame’
b. [v]-forms
sug  ‘kind, type’ siveg ‘to classify, to sort’
fuk  ‘market’ fivek ‘to market’
hon ‘capital, wealth’ hiven ‘to capitalise’
tox ‘inside, midst’ tivex ‘to mediate, to arbitrate’
luax  ‘table’ liveax ‘to tabulate’

The examples in the bases in (21a) have a high vowel (either [i] or [u]) and their
corresponding denominal verbs have a [j]. In (21b), by contrast, the bases have a round

vowel (either [u] or [o]) and the corresponding derived verbs have a [v]. Thus, words with
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[u] can have derivatives with either [j] or [v], as is the case with the words bu/ and Jfuk,

above.
As for Arabic, Benmamoun (1999, p. 197), for instance, points out that the root-
and-pattern theory cannot account for the persistence of vowel length in the derivation of

the broken plural in Arabic in (22).

(22)  Arabic broken plural formation

Singular Plural Gloss
a. d3zundub d3anaadib locusts
b. qindiil qanaadiil lamps

Benmamoun argues that the root plays little role in Arabic morphology. He proposes that,
syntactically, the imperfective stem carries no tense and is therefore the default form from

which imperatives (23 a) and nominals (23b) are derived in an output to output process.

(23) Arabic imperatives and nominals derived from the imperfective

a. Imperfective Imperative
ta-drus ?udrus
1S-study

‘you study’

ta-qra? ?i-qra?
1S-read

b. Imi)erfective Nominal
yu-fallim mu-Sallim
3S-teach nom-teach
‘he teaches’ ‘teacher’
yu-saafid mu-saa¥'id
3S-assist nom-assist

‘he assists’ ‘assistant’
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To account for the inadequacy of the root analysis, Ratcliffe (1997, p. 151) gives
examples of underived nouns and verbs in (24) where the stem is not divisible into
morphemes. In a word like (24c¢), once the aftixes ya and u are stripped, the stem cannot be
decomposed into morphemes. For one thing, if we consider the consonants a separate
morpheme (a root), the vowel also has to be a morpheme. But, as shown in (24), this vowel
can be “any of the three short vowels in the language” and is not “predictable on semantic
or grammatical grounds”. Furthermore, each word has to be derived from its ostensible

root by a nonce rule.” (Ratclifte, 1997, p. 151).

(24)  Underived words in Arabic

Word Gloss
a. qird-un ‘a monkey Nom’
b. rumh-un ‘a spear Nom’

c. ya-d'rib-u  ‘he hits’

d. ya-ktub-u ‘he writes’

Similar suggestions have been made for other Semitic languages. In their analysis
of Maltese, Hoberman and Aronoff (2003) argue that the verbal morphology of Maltese is
based on affixation and that the root and pattern in this language and other Semitic
languages are only diachronic features that attest to the common origin of these languages.
The authors cite examples (e.g. 25) in which derivations of verbs do not depend on the

pattern, but rather on the base from which they are derived (p. 68).

(25)  Some derivations in Maltese

a. >1 (no change)

kiser ‘break’ kisser ‘smash’
b. e>e

xemex ‘sun’ xemmex ‘expose to sun’
C. a>a

sabar ‘bear with patience’ sabbar ‘console’
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Moreover, Maltese words borrowed from Romance (mainly Italian) do not respect
the Semitic Maltese patterns and other phonological constraints such as initial clusters and
geminates, which do not exist in Semitic Maltese.

On the whole, the main conclusion from these stem-based approaches is that words
are represented as stems or whole units on which morphological processes apply. The
consonantal root has no importance in the morphological derivation. Furthermore, the
meaning that is often associated with the root is sometimes unpredictable in the derived
form.

To sum up, I have so far dicussed two major theories of Arabic morphology, the
morpheme-based theory and the word-based theory. The morpheme-based theory
comprises two main sub-theories, the root and pattern theory and the etymon theory. Let us
now turn to Arabic phonemes, an issue related to Arabic morphology, namely the notion of

etymon and phonetic matrix.

1.2 Phonemes and phonetic features in Arabic

This section provides a brief description of consonants in Modern Standard Arabic,
with focus on the phonetic matrices as described in Bohas’s work (1997, 2000) (see
discussion in section 1.1.1.3.2 above). Since Bohas’s work focused on Classical Arabic
and this work is on Standard Arabic, only the phonetic matrices that still exist in Modern
Standard Arabic will be examined. Also taken into account is the fact that the Standard
Arabic used in Tunis, the variety examined in our experiments, is affected by the regional
dialect (i.e. Tunisian colloquial Arabic).

The Modern Standard Arabic spoken in Tunis has twenty seven consonants. It

contains all the consonants in the table below except for /d*/. The grapheme < u=> should
be pronounced as /d*/ [a voiced pharyngealized dental stop] according to the prescribed
norms but is usually pronounced as /3°/ [a pharyngealized dental fricative], thus making no
distinction between it and the grapheme <>. The phoneme /d3/, which corresponds to the
grapheme <z>, is pronounced /3/ [palato-alveolar fricative] in the Standard Arabic variety

used in Tunis. This variation, however, has no effect on our choice of the stimuli. Both

variants in each of the cases discussed here belong to the same phonetic matrices.
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Table 1
Arabic Consonants

(based on Al-Ani, 1970 and Watson, 2002)*'

Bi- Labio | Inter- alveolar | Pharyngeal | Palatal(al | Velar | Uvular | Phary- | Glottal
labial | dental | dental ized dentals | veolar) ngeal
Stops b t t¥ k q ?
=2 < 2 L o LB 3
d?
Ua
Fricative f 0 5 |s z |s¥ i Xy h S{h
« T NSRS B A i & T t)°
6‘2‘
35
Affricate d3
d
Trill r
J
Lateral 1
J
Nasal m n
2 U
Glides w i
3 &

In Modern Standard Arabic, there are three short vowels /i/ /a/ /u/ and their
equivalent long vowels. But since vowels in Arabic are not considered in the phonetic
matrices (Bohas, 1997, 2000), (Table 2, below) only the features of the consonants are
presented here. In fact, only the features that will be used in the definition of the phonetic
matrices that are believed to underlie the Arabic lexicon are included. Notice also that

Bohas (2000) excluded glides from his phonetic features making up matrices.

2l When two phonemes appear in the same cell one following the other, the first is voiceless and the second is
voiced. '
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Phonetic matrices in Arabic and the phonemes belonging to them

The following is a list of the different phonetic matrices proposed for Arabic and the
(etymon) phonemes that correspond to them. For a word to be part of a phonetic matrix, it
has to have two phonemes with each having one place feature of the two main features of
the matrix. For instance, for an Arabic word to be within the phonetic matrix {[labial],
[coronal]} in (26a), it needs to have one phoneme that has the feature [labial] and another
phoneme with the feature [coronal]. In other words, it has to have either an /m/, a /b/, or an

/t/ and one of the following phonemes: /s/, /0/, /8/, I/, /d/, I2/, I/, /(d)3/, It*], 1d*1, 1d%1, /s,

N/, In/, /t/. T also included the very general meaning (signification commune primordiale)

corresponding to each phonetic matrix.

(26)  Phonetic Matrices in Arabic and the Phonemes Corresponding to Them (Bohas,
1997, 2000)

a. {[labial], [coronal]}: ‘porter un coup ou des coups (sans spécifier I’objet)’ (Bohas, 2000,
p. 69).

[labial]: Inv/, /b/, /1]

[coronal]: Is/, 10/, 18/, It/ 1d/, 12/, I§1, )3/, 11, 11, 18%1, 1s%1, 1/, I/, Ix

b. {[+consonantal, labial] [+consonantal, -voiced, +continuous]}: ‘mouvement de I’air:
vent, soufflé; expulsion de I’air chez I’homme ou I’animal’ (Bohas, 2000, p. 82).

[labial]: /m/, /b, It/

[-voiced, + continuous]: /], /0/, /s/, /§/, Is*1, I/, Ix/, I/

c. {[labial, -sonorant], [pharyngeal]}: ‘lier’ (Bohas, 2000, p. 85)
[labial, -sonorant]: b/, /f/
[pharyngeal]: 1t°/, /d%/, /s%1, 18%1, I/, 121, 181, 14, Iy, 1%/, Iq/
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d. {[coronal], [pharyngeal, -dorsal, -voiced]}: ‘produire un bruit sourd, rauque’ (Bohas,
2000, p. 89).
[coronal]: 2/, 1d/, IV, 18], 16/, s/, 18%1, 1d*1, It*1, I(A)3/, /§1, Is*1, 1/, Ind, /xl

[pharyngeal, -dorsal, -voiced]: b/, I/, Ih/

e. {[coronal], [dorsal]}: ‘couper’ (Bohas, 2000, p. 117).
[coronal]: 12/, 1d/, 11/, 18/, 101, Is/, 18°1, 1d%1, 157, I(d)z/, /51, 1s¥1, 117, Il I/

[dorsal]: X/, Is*], 1%/, 1A%/, 11, Iy, Ix/, Iq/

f. {[labial, -sonorant], [dorsal]}: meanings related to ‘la forme M disposée de diverses
maniéres, ce que Nicolai a appelé la courbure’ (Bohas, 2000, pp-90-91).

[labial, -sonorant]: /1], /b/

[dorsal]: Ix/, s*/, 18°/, /d*/, It¥1, Iy, Ix/, Iq/

1.3 Arabic orthography

The following discussion of the characteristics of Arabic orthography is motivated
by the fact that orthography affects word recognition in at least one way. Since Arabic is
written in two versions, either vowelled or unvowelled, the importance of phonology in
lexical processing may vary depending on which version is being used. While in the
vowelled version, short vowels, represented by diacritics, are added, they are not used in
the unvowelled version. In this work, phonology will be held constant, as words will be
presented in their unvowelled version, the way adult readers of Arabic normally read. But,
I propose that because they are always represented in orthography, consonants might be
more salient in reading Arabic. This hypothesis is tested in Study 5 (chapter 4).
Furthermore, this section provides an idea about orthography, which is necessary to
understand the experiments, i.e. how orthography/phonology and morphology are
manipulated.

Arabic, like Hebrew, is written from right to left and is mainly consonantal. The
orthography is made of 28 consonants, including three glides (see Table 2 above for a

phonetic description of Arabic consonants). The three glides: Zalif <>, waaw <_> and yaa ?
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<s> serve as long vowels as well, pronounced as /a:/, /u:/ and /i:/ respectively. The three
short vowels are represented by diacritics (in vowelled representation only).

Though letters have no capital versions, they have slightly different shapes
depending on their position in the word, as shown in Table 3. Initially and finally, letters
have to be connected to the following or the preceding letter respectively. Medially, on the
other hand, letters have to be connected to the preceding and following ones. For instance
the letter /b/ has the following shape when it is separate (i.e. not attached to any letter)
<<=, but the following shapes <=>, <»>, <2>/ in initial, final, and medial positions when
attached to other letters, respectively. The following words illustrate the shape of the letter
<b> in the four mentioned positions: sl [?as’aaba] ‘he/it hit the target’; o\ [baana]
‘he/it became clear’; <L+ 5 [tayallaba] ‘he/it triumphed’; »+=5 [tad3abbara] ‘he became
a despot’.

There are some letters that are referred to as one-sided connectors (see e.g. Azzam,
1989). These are connected by a small stroke to only the preceding letter in medial and

final position and are left unconnected in initial position (i.e. in the shape they have when

separate). One-sided connectors are the letters 7alif <>, which represents the phoneme /7/,
daal <> [d/, <> daa? 10/, raa? <> /t/, zaa? <> /z/, waaw (3) representing /w/when a

glide and /u:/ when a vowel. When connected to preceding letters with an extra stroke,
these letters look like this: <l><a > <i> <, > <3> <35>, The letters that follow one sided
letters are left unconnected from the right hand side, the side adjacent to the one sided
letter.

In addition to its variation due to position in the word (as shown above for the letter

baa?, /b/), the spelling of the hamza <> /7 depends on the type of the vowels/diacritics

preceding and following it. Depending on the preceding vowel, hamza can be represented

either on a seat <>, a waaw <35>, an falif <>, a yaa? <> or without anything beneath it

<¢>. The final /t/ of the feminine in nouns and adjectives can be represented as either
attached <4> or detached <#> depending on whether the letter that precedes it is one-sided

or regular, that is a double-sided connector, as in 4=s> i /[?urd3uuha] ‘a swing” and st

[fataat] ‘a girl’.
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Arabic Graphemes and Their Shapes in Different Positions

Letter | Phoneme | Beginning | Middle End Separate
Palif | a: [ L L f
baa? b - - “ -
taa? t 3 A o <
Qaa? | O 3 - & &
3iim dz = - = z
haa? | h - - o z
xaa? | X - A & ¢
daal d 3 2 X 3
Oaal 0 3 kY 3 3
raa? r J > > J
zaay |z 3 > > 3
stin ] - o o
fiin f - — g o
saad | s* -~ — e a
d*aad | d* —a —a oA U
t'aa? | t* + N I N
d%aa? | &' SR L i i
fayn | ¢ = -~ & d
yayn |y = = & ¢
faa? f 5 4 G -
qaaf 4 A & )
kaaf S < ey 4
laam | 1 4 4 4 J
miim | m —- - ~ B
nuun | n = - & 5]
haa? h A - a4 »
waaw | w 3 g 5 3
yaa? | ] = -+ - ¢
hamza | ? i LL iy 335
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Fifteen letters are dotted. They have either one, two or three dots either above or
below. The dots are used to differentiate between a set of consonants that have the same

shape. Diacritics represent the short vowels. In Arabic, vowels always follow consonants.

The vowel /a/ is represented by a stroke (), called fatha, above the consonant letter that

2
the vowel follows, /u/ is represented by this symbol ( ), called damma, over the consonant

letter and /i/ as a stroke under the letter (), called kasra. A symbol similar to a miniature
zero is represented over a consonant letter when there is no vowel after the consonant ( ).

Gemination is also represented by a diacritic over the geminated consonant letter ( ~).
Diacritics represent grammatical functions and occasionally lexical functions.

Grammatical functions include tense, voice and mood, as in: z >« [mazaza] ‘he mixed’ vs.
z = [muziza] ‘it was mixed.” The lexical function of diacritics refers to their use to

distinguish two otherwise graphemically identical words, as in: a3 [gasam] ‘an oath’
vs. i [gism] ‘a part, a department’.

Diacritics are rarely represented in writing, except in elementary school texts (for
grades 1-3) or in readers for children and in religious texts. They might also be included in
otherwise ambiguous words. Arabic orthography, therefore, has two versions: the vowelled
version (with short vowel diacritics) and the unvowelled version. Long vowels, however,
are represented by consonants as mentioned above. Thus, many unvowelled words that
share the same root or have a homographic root look exactly the same in reading. But on
the whole, Arabic has a relatively transparent orthography, with a one-to-one
correspondence between graphemes and phonemes. The vowelled version is more
transparent since it contains almost all the phonological information of spoken words.

In the review of the studies on lexical processing in the following chapter, studies
done on Hebrew are also included because Hebrew has a similar morphology and
orthography to Arabic. The results for Hebrew should, however, not be generalized to
Arabic, and vice versa, without replication. Arabic orthography is more complex than
Hebrew orthography (e.g. Ibrahim, Eviatar, &Aharon-Peretz, 2002). While the dots are
relied on in Hebrew as diacritics only to indicate short vowels, Arabic relies on them to

distinguish phonemes/letters that are otherwise identical. Diacritics, different from dots,
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are used in Arabic to indicate short vowels. Besides, while only a few letters in Hebrew
change their shape at the end of a word, most letters in Arabic have initial, middle and
final-position shapes. Furthermore, Arabic letters are attached to each other in words. This
complexity of Arabic orthography makes it difficult to process. Ibrahim, Eviatar, and
Aharon-Peretz (2002) found that the orthography of Arabic as a first language was
significantly slower to process than Hebrew as a second language in the visual form of a
Trail Making Test, in which participants serially ordered letters while matching them with
numbers. There was no difference in the auditory version of the test. Roman and Pavard
(1987), who examined the reading processes of Arabic-French bilinguals, found that eye

fixation per word in reading Arabic text was significantly longer than in French.

1.4 Summary and implications

The discussion in this chapter has focused on the status of roots, patterns, and
etymons within two main theories of Arabic (and Semitic) morphology: the morpheme-
based theory and the word-based theory. The major difference between these theories is
that while the former considers the root and/or the etymon and pattern as the basis of
derivation, the latter contends that derivation is based on the stem.

This controversy has implications for the mental representation and processing of
lexical items. These theories of morphology have inspired theories of lexical processing,
discussed in the following chapter. Like the morpheme-based theory, some theories of
lexical processing, namely the decompositional hypothesis and the dual access hypothesis,
rely on morphemes in representation and processing. Inspired by the word-based theory of
morphology, the word-based hypothesis of lexical processing suggests that sub-word units
(the root, the pattern and/or the etymon) have no cognitive relevance and therefore no
effeét in lexical processing. | |

Despite the merits of the word-based theory, most psychological evidence supports
the morpheme-based theory (the existence of the root and pattern). This evidence is
presented in the following chapter. The present study will attempt to provide further
evidence for the morpheme-based theory. It will test the validity of various morpheme-
based theories by examining the cognitive relevance of the root, pattern and etymon and

matrix in lexical processing.
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The present study will examine a newly revived controversy as to whether the root
or the etymon is the basic unit of representation in the Arabic (and by extension Semitic)
lexicon. The study will also go further to examine the experimentally unexplored notion of
the phonetic matrix as a unifying representational factor in the Arabic mental lexicon. The
experiments will, therefore, assist in deciding which (if any) of the morpheme-based
theories is cognitively valid.

Two other questions related to the processing of morphological units are (i)
whether there is a gradation in priming effects that correlates with semantic and/or
orthographic overlap between primes and targets and (ii) the extent of abstractness lexical
processing can reach.

The study also tests the hypothesis, based on the morpheme-based theory of
morphology, that root consonants are more salient than other consonants. Due to the
reduced importance of the pattern (as found in some lexical decision tasks in both Arabic
and Hebrew) and because of the lesser importance given to vowels in Arabic orthography,
the hypothesis that vowels are less salient than consonants is also tested.

The following chapter deals with the cognitive facets of these issues. It discusses
theories of mental representation and processing of lexical items and their relation to the
theoretical controversy discussed in this chapter. It also reviews previous studies on the
cognitive relevance of the morphemes and phonemes discussed with a focus on their role

in lexical processing in Arabic.



Chapter Two
Review of Theories of Lexical Processing

and Previous Relevant Empirical Studies

2.0 Introduction

While the first chapter provided a theoretical background to some questions in
Arabic morphology and phonology, the present chapter will address the psycholinguistic
side of these issues. It discusses the cognitive relevance of the selected morphemes and
phonemes, focusing mainly on their role, if any, in lexical representation and processing.
The first part (section 2.1) presents a general background to theories of lexical
representation and processing, with a focus on morphology. These theories include the
word-based hypothesis, the morpheme-based hypothesis, the dual-access hypothesis, and
the connectionist hypothesis. The second part (section 2.2) discusses the role of other
factors, besides morphemes, that have an effect on lexical representation and processing.
The third section (2.3) reviews previous research on the cognitive relevance of roots.
etymons, and patterns, as well the relative cognitive status of vowels and consonants in the

Arabic lexicon. Finally, implications are drawn for the present work (in section 2.4).

2.1 Theories of lexical representation and lexical processing
2.1.0 Introduction

The aim of the following overview of the major hypotheses on lexical
representation and processing is to relate the controversy within theories of morphology to
theories of lexical representation and processing and provide a background against which
the results of this study will be interpreted. The discussion of these theories will be
centered on the role of morphology in lexical representation and processing.

But before embarking on a discussion of these hypotheses, a brief definition of the
two often vaguely used terms representation and access is necessary. I adopt the
distinction between lexical entry and access representation proposed by Marslen-Wilson,
Tyler, Waksler, and Older (1994, p. 4). According to these authors, the term ‘lexical entry’

refers to “the modality-independent core representation of a word’s syntactic and semantic
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attributes as well as its abstract phonological properties.” Access representation, on the
other hand, is the “modality-specific” representation “which provides the perceptual target
for lexical access, defining the route whereby information in the sensory input is linked to
a given lexical entry.” (p. 4).

A similar definition is given by Taft (1988) who distinguishes representations in
the input systems that are used as access codes from representations in the modality-free
central system.”> While the first representations are physical and can be either visual or
auditory depending on the incoming stimulus, the representations in the central system
include pronunciation, spelling, meaning, and syntactic properties. Yet, as will be shown
below, such a distinction is considered unnecessary in connectionist models (e.g.

Seindenberg & McClelland, 1989).

2.1.1 The whole-word/full-listing hypothesis

The proponents of this hypothesis think that words are fully listed together with
related words in long term memory. Morphological relations/rules are not represented and
therefore not used in lexical access and production (see Butterworth, 1983 for a review of
related studies). Taking this assumption as a starting point may be problematic when
accounting for the production and recognition of novel words (see discussion in Chialant &
Caramazza, 1995). Butterworth (1983), however, argues that the full listing hypothesis
may rely on “fall-back procedures” that are in the form of general meta-rules based on
existing exemplars to understand or produce a novel word.

Henderson, Wallis, and Knight (1984) do not exclude decomposition in
morphologically complex words, but argue that it is post-lexical. While they found that
priming with a stem was distinct from semantic similarity, Henderson et al. (1984) argue
that there was no evidence that decomposition was pre-lexical. In a second experiment
using pseudo-affixed (prefixes and suffixes) words and non-words, they found no
significant time cost that might suggest pre-lexical affix stripping. Similarly, Manelis and
Tharp (1977) found no difference in lexical decision time between suffixed and pseudo-

suffixed words.

2 The existence of a modality-free central system remains controversial. Butterworth (1983) argues on the
basis of many studies that although there is evidence for a separation between graphemic and phonemic
lexical representations, there is little evidence for modality-neutral lexical representations.
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Thus, according to this hypothesis, all words, simple or complex, are fully and
separately represented. Rules apply to words and not morphemes. What follows from this
view is that access to lexical representation, either phonological or orthographic, occurs in
a direct matching fashion.

Word-based theories of Arabic morphology would fit within this conception of
lexical representation and processing. There are, however, few findings that support this
theory in Arabic (or any other Semitic language for that matter), as will be discussed in

section 2.3.

2.1.2 The decompositional/morpheme-based hypothesis

According to the decompositional hypothesis, only morphemes are represented and
used to recognize words. Complex words are, therefore, decomposed before any access
takes place. This hypothesis was first proposed in the pioneering work of Taft and Forster
(1975). They found that nonword roots that were part of prefixed stems (such as vive in
revive) took more time to reject than those that were not (such as depertoire). They also
found that it took longer to reject an illegal combination of a prefix and a root than a
nonword made of a prefix and a non-existing root. Their explanation is that words are
decomposed before being recognized. According to this interpretation, while the real roots
are taken to the central system after being stripped of their prefixes before they are
rejected, the others are rejected at the first stage (i.e. in the input system).

The study discussed above (Taft and Forster, 1975) was later formulated in what
has become to be known as the affix-stripping hypothesis (although most work was on
prefixes). Under this hypothesis (e.g. Taft, 1981, 1988), sensory input (visual or auditory)
is mapped onto an access lexical representation in the input system. This access unit,
which is the stem after prefix stripping, is used to retrieve information from the central
system. This information will finally be checked against the visual or auditory stimulus. In
what follows are listed some more results that are often brought forward in support of this

hypothesis are listed.
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(i) Prefix stripping in complex words is time costly and therefore recognizing non-
prefixed words takes less time. Taft (1981 ),2 for instance, found that pseudo-affixed words
(precipice) took longer to recognize/reject than prefixed words (replica). A similar result
was found in a naming task, where pseudo-prefixed words took longer to name than
prefixed words and pseudo-prefixed (unique) words took longer to name than non-prefixed
words (create). Rubin, Becker, and Freeman (1979) also found that pseudo-prefixed words
were more difficult to recognize than non-prefixed words.

(i1 The conclusion that words arc accessed only after affix stripping was also
supported in a study on English by Taft, Hambly, and Kinoshita (1986) using both an
auditory and a visual lexical decision task. In both tasks, Taft et al. (1986) found that
prefixed nonwords (invape) took longer than nonwords that had no prefixes (ibvape). The
difference between prefixed and non-prefixed nonwords was much larger in nonwords that
had a real root (dejoice vs. tejoice) than in ones that did not (dejouse vs. tejouse). They
explain this result by proposing that the root is represented in the mental lexicon. The
recognition process starts by checking the root, after stripping, in the central system and if
found the process continues to check if the root and prefix could be combined to form a
word. They, however, found no difference in processing time between non-prefixed non-
words that had real roots (e.g. ibvive) and those that did not (ibvape). In the nonprefixed
nonwords, the cluster bv never occur in English, a fact that Taft does not seem to have
controlled.* The explanation that Taft (1988) gives for this seeming contradiction of
results is that only prefixed words are stripped of their affixes, suffixed words can still be
accessed through their stems even if they have an illegal suffix.

(iii) Derived suffixed words are claimed to be accessed in a left to right parsing
fashion (e.g. Taft, 1979a, 1986). In this view, different attempts of access are made with
different chunks until a successful access is achieved. Taft (1986), for instance, found that

while the code of access was the first few phonemes in spoken words, in line with the

2 Taft (1979a, 1979b, 1981) uses stem to mean root. In this dissertation, unless otherwise indicated roof
refers to any non-inflected word whose derivational affixes are stripped off and stem refers to the word with
derivational but not inflectional affixes. :

24 [ owe this remark to Eta Schneiderman.
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Cohort Model® (e.g. Marslen-Wilson, 1989), it was the morpho-orthographic syllable
(Taft, 1979a, 1986) in printed words.

(iv) Another major source of evidence in favour of this model is the effect of root
frequency. Taft (1979b), for instance, found that it was faster to recognize prefixed and
inflected words with frequent roots than words with less frequent roots despite the fact that
both whole words were of similar frequency.

In his 1988 paper, Taft adopts a weaker version of this hypothesis. He proposes, on
the basis of evidence from an auditory lexical decision experiment, that both prefixes and
stems might be used together in accessing lexical entries in the central system. In this
experiment, contrary to the prediction of the decomposition hypothesis, prefixed words and
non-words were recognized faster than non-prefixed words (e.g. impurity vs. purity) and
non-words (e.g. enrapsify vs. rapsify) with the same root.

More recently, Taft (1994) calls for a reinterpretation of all the evidence for the
morpheme-based hypothesis in terms of an interactive activation model (e.g. McClelland
& Rumelhart, 1981), discussed below (section 3.1.6). Two major limitations of his
morpheme-based hypothesis prompted this revision. First, the morpheme-based hypothesis
cannot explain the effect of semantic priming since words are presumably accessed
through their stems regardless of any semantic information. Second, the claim that words
are stripped of their prefixes presupposes the existence of a store for prefixes that are used
in such a process, which is unlikely, since in some cases people are unaware of prefixes.
Another reason behind this change is that there is evidence that phonology/orthography
plays a role in lexical processing, something which an interactive activation model such as
the one proposed by McClelland and Rumelhart (1981) handles very well. To account for
morphological priming effects, Taft (1994) proposes the addition of a morpheme level that
is above the rhyme and below the word level to any interactive activation model. Thus,
words are represented in separate units but accessed together directly in an interactive

fashion.

% The Cohort Model of spoken word recognition (e.g. Marslen-Wilson, 1989) suggests that when a word is
heard it activates a number of related words with similar pronunciation. As the word is fully heard only one
candidate is finally mapped onto and the others are disactivated.
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As we will see in section 2.3 below, there is evidence of word decomposition in
Arabic lexical processing. This hypothesis will be tested in the experiments of the present

work, reported on in chapters 3 and 4.

2.1.3 The dual-access hypothesis

In recent years, more evidence has been reported in favor of the hypothesis that
some words are decomposed and some are not and in both cases whole words are
activated. A representation of this view in concatenative languages is the frequently
discussed Augmented Addressed Morphology hypothesis (AAM).

The main assumption of the AAM hypothesis (e.g. Caramazza, Laudanna, &
Romani, 1988; Laudanna, Badecker, & Caramazza, 1989) is that words are accessed in a
parallel manner through whole access units and the decomposed units of complex words.
Whole word access is the default and is faster in known words, but decomposing is more
efficient and more common in unfamiliar words and non-words. While access units include
both whole units and separate morphemes, words are represented as separate stems and
affixes in the mental lexicon. It is important to mention that the AAM hypothesis also
suggests that orthographically similar words are also activated.

The main evidence for the AAM hypothesis and against the word-based hypothesis
and the morpheme-based hypothesis comes from the results of a study by Caramazza et al.
(1988). These three theories have different explanations of how words are accessed and
therefore different predictions about response time in identifying different types of words.
Caramazza et al. (1988), using three lexical decision tasks in Italian, tested the predictions
of these hypotheses with respect to partially decomposable non-words. In the first
- experiment, they tested the predictions of the whole word hypothesis and the AAM (and
the decompostional hypothesis), by comparing the response time to decomposable non-
words (e.g. cant-evi: cant is the stem which means ‘sing’ and evi is the 2" person singular
past morpheme of verbs of the second conjugation) compared with non-decomposable
non-words (canzovi: canz is not an existing stem and ovi is not an existing suffix). The
AAM and the morpheme-based hypothesis predict that non-decomposable non-words will
be rejected faster while the whole word hypothesis predicts no difference. Their results

supported the prediction of the AAM and morpheme-based hypothesis.
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To test the predictions of the AAM and the morpheme-based hypothesis,
Caramazza et al. (1988) included in the first experiment, in addition to decomposable non-
words with legal affixes and stems (cant-evi), non-decomposable non-words (canzovi),
non-words with partial morphological structure, namely words with either only a legal
stem (cant-ovi: cant is legal stem which means ‘sing’, but —ovi is a nonsense affix) or only
a legal affix (canz-evi:canz is a nonsense stem, but—evi is a legal affix). The morpheme-
based hypothesis predicts a delay in lexical decision only of decomposable non-words
(cant-evi) since it would take time to decompose the nonword and check whether the stem
exists in the lexicon and whether it could be combined with the affix at hand. But it does
not predict delay in non-words with illegal stems and no apparent affixes (canz-ovi), as
these non-decomposable non-words are rejected at the lexical access stage. As for the non-
words with partial morphological structure, the morpheme-based hypothesis predicts that
those that have a legal stem but no affix (e.g. cant-ovi) will be rejected as early as the affix-
stripping stage, very much like non-decomposable non-words (with neither legal affixes
nor legal stems, e.g. canzovi). The morpheme-based hypothesis also predicts that non-
words with an illegal combination of an affix and nonsense stem (canz-evi) will take
longer to reject than non-words of the cant-ovi type, since in this case the target undergoes
affix stripping followed by a search with the combination of the stem and the affix. Thus,
although they undergo affix stripping, non-words with legal affixes (canz-evi) are rejected
faster than non-words with legal stems and affixes. This is because in the latter case there
is no search with a stem. The order of the time of recognition of these four types of non-
words is predicted to be as follows: cant-evi>canz-evi>cant-ovi=canzovi, the last being the
quickest to be rejected.

The AAM, on the other hand, predicts the following order: cant-evi>canz-evi=cant-
ovi>canzovi. This model, as discussed above, relies on a parallel activation process with
both whole words and stems/roots as access units for familiar words and orthographically
similar morphemes or words for unfamiliar words. Thus, in the recognition process of a
word such as cant-evi, similar words such as canzoni or calzoni are activated in addition to
the morpheme cant and evi, an activation that will eventually die out because the
combination is illegal. Thus, the rejection of cant-evi is slower than canz-ovi, which will

not activate any morphemes. The AAM predicts that there will be a similarity in response
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time between non-words with partial morphological structure (either legal affix canz-evi or
legal stem cant-ovi) and the time for these will be half way between the non-decomposable
non-words (canz-ovi) and the decomposable non-words with both a legal stem and a legal
affix (cant-evi). In both cases, the non-words will activate an access unit (-evi or cant-) but
the rest of these stimuli will not activate any unit and therefore no lexical item will be
activated. Caramazza et al.’s (1988) results confirmed all the predictions of the AAM. The
morpheme-based hypothesis correctly predicted that decomposable non-words with legal
stems and affixes are rejected more slowly than non-decomposable non-words but was not
right about the non-words with partial morphological structure.

The proponents of the AAM hypothesis also argue that familiar complex words are
accessed as whole units and unfamiliar regular complex words are decomposed, provided
that the morphological complexity is orthographically transparent (e.g. Caramazza,
Laudanna, & Romani, 1988; also Bradley, 1980 for English). It is noteworthy, however,
that for known transparent complex words, both whole units and decomposed units are
activated in parallel, although whole access is faster.

Though not typically associated with the AAM hypothesis, Laine, Seppo, and
Hyoenae (1999) also found that lexical access in Finnish is mediated by either stems or full
words. They found a time cost for words with case inflection (Experiments 1, 2, and 3) as
well as for morphologically ambiguous nouns that could be one word or a stem and an
affix (Experiment 5), as well as pseudo-ambiguous nouns (e.g. the verb pun/ish in English)
(Experiment 6). There was, however, no evidence of delay in pseudo-inflected nouns
(Experiment 2) or nouns with pseudo-stems like bar in barley (Experiment 4).

There are some empirical findings that the AAM cannot account for. Contrary to
what the AAM predicts based on the whole word default activation in frequent words,
Niemi, Laine, and Tuominen (1994) found that frequent case-inflected Finnish words took

longer to recognize than monomorphemic words matched for frequency and length.
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A dual access hypothesis for Arabic

Although all three hypotheses discussed above were based on results from a few
concatenative languages, they are often presented as universal. In this section, I review a
proposal for Arabic that is in line with the dual access hypothesis.*®

On the basis of a study on both regular (suffixed) and irregular plurals in Arabic
carried out with both normal and aphasic participants, Mimouni, Kehayia, and Jarema
(1998) have proposed a dual model of access and representation in line with the model of
representation proposed by McCarthy (1979/1982).

McCarthy (1979/1982) suggests that the Arabic lexicon includes roots, stems,
words, and rules. Regular words are related to the consonantal root from which they are
derived and accessed. The lexical entry is an n-ary branching tree with the root as the
highest dominating node, the only node in the tree that could have idiosyncratic
information. If an item a is dominated by an item b, then « is derived from b and a should
have the sum of the meaning of & plus whatever the derivational rule adds. However,
irregular words (one that require idiosynractic information) such as broken plurals, are
listed separately, in addition to being listed under the root entry. The broken plural form is
dominated by the singular in a family fashion, in the same way as morphologically related
words are dominated by the root. These irregular words are derived by an idiosyncratic
rule and they do not have a compositional meaning like the ones that are derived by regular
rules.

The findings of Mimouni, Kehayia, and Jarema (1998) support some of these
hypotheses. Mimouni et al. examined both regular and irregular singular and plural nouns
in an auditory priming lexical decision task with both aphasic patients and normals. In both
cases they included either the singular or the plural form as the prime. The delay between
primes and targets was 250 ms. They found that morphologically related primes, sharing
the same root, led to faster recognition in all conditions. The pattern did not lead to

priming.

26 On the basis of a number of studies (discussed in detail in section 3.3.2 below), Frost and his colleagues
(Frost, Forster, & Deutsch, 1997; Deutsch, Frost, & Forster, 1998; and Frost, Deutsch, & Forster, 2000) have
proposed that the Hebrew lexicon has two levels (lexical and morphemic) and that words are accessed in a
parallel way making reference to both levels but only in verbal forms because nominal forms were primed
with roots but not with patterns.
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The major interesting finding that supports McCarthy’s (1979/1982) distinction
between regular and irregular words is that response time (RT) was significantly faster for
the singular and broken plural forms than the suffixed regular plurals. The authors attribute
this to the fact that, in the case of the regular plural, the time cost is due to the
decomposition of the words into stems and affixes before access. They also found that
singulars are always accessed faster than their broken plural counterparts. This supports the
hypothesis that the broken form is dominated by its corresponding singular form in a
separate entry. The authors suggest, as a result, that the plural is accessed through the
singular. They are, however, unclear about the role of the root and the pattern and what
rules are applied to form words.

Despite their different conceptions of how language is stored in the mind, all the
hypotheses/models discussed above, generative in essence, share their conception of
language as human-specific faculty that is made of two separate modules: the mental
lexicon and the mental grammar (e.g. Pinker, 1999). The first is where units/symbols are
stored with their phonology and meaning and the second is responsible for the computation
of any relationship between them as variables rather than instances (e.g. noun vs. dog).
Symbolic models are generally dual systems; they rely both on rules and storage in an
associative memory of irregular forms (e.g. Pinker, 1991, 1999), (for a review of symbolic

models see Ullman, 2001).

2.1.4 The connectionist hypothesis

The main assumption of most connectionist models (e.g. McClelland & Rumelhart,
1981, 1982; Seinderberg & McClelland, 1989) is that morphology and language in general
are stored and accessed like other general cognition activities. A word is perceived as a
result of the activation of nodes, which mimic but are not equivalent to neurons. Nodes can
be fixed and independent in localist models (e.g. McClelland & Rumelhart, 1981, 1982) or
functionally non-specified and dependent on other nodes in distributed models® (e.g.

Seidenberg & McClelland, 1989).

%7 There is more evidence in the field of brain research for a distributed activation in cognitive processes (e.g.
Thorne, 1995/1998).
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In (distributed) connectionist models, therefore, there is no morphological
decomposing; priming effects are obtained because of the recurrence of certain visual (e.g.
McClelland & Rumelhart, 1982) or auditory clusters (e.g. McClelland & Elman, 1986).

Besides, there is no lexicon and therefore no lexical entries.

The spellings, pronunciations, and meanings of words are not listed in separate
stores; hence, lexical processing does not involve accessing these stored codes.
Rather, lexical information is computed on the basis of the input string in
conjunction with the knowledge stored in the network structure, resulting in the
activation of distributed representations.... [Lexical access is] a partial or graded

activation of representations (Seidenberg & McClelland, 1989, p. 560).

Unlike the decompositional hypothesis, connectionism deals with both regular and
irregular words in the same way and does not differentiate between language types. In both
cases morphological effects are obtained as the result of the recurrent interactions between
the units on the basis of orthography/phonology and semantics. As certain clusters of form
map regularly to certain meanings, the system will treat them as patterns and give them a
componential treatment. Form and meaning are the result of certain types of interacting
activity between units. Interactions between units are based on excitatory and inhibitory
connections. The system learns to assign a value to any stimulus (e.g. Plaut & Gonnerman,
2000). For instance, Seidenberg (1987) showed in a series of experiments that frequency of
orthographic clusters explains better the effect often associated with morphemes (e.g.
BOSS in Taft’s (1979a) work)®®. Since both meaning and form are believed to contribute
separately to lexical processing, connectionism predicts and accounts for graded
“morphological” effects of facilitation between related words that mirror their differential
relatedness in form and meaning (e.g. Gonnerman, 1999; Gonnerman, Seidenberg, &
Andersen, 2004). Morphological effect without semantic similarity was often considered
incompatible with distributed connectionist models, but Plaut and Gonnerman (2000)
could produce similar effects (i.e. priming effects between primes and targets sharing a

morpheme but only an opaque semantic relationship) by simulating a morphology-rich

8 BOSS is defined on page 56.
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system and a morphology impoverished system. They obtained priming with primes that
shared morphemes and an opaque semantic relationship with targets in the language with
rich morphology and not in the morphologically-impoverished language.

Although connectionist models are numerous and differ on whether they are
localist or distributed and whether they manipulate variables or not, most of these models
involve multilayer perceptrons. “A multilayer perceptron consists of a set of input nodes,
one or more sets of Aidden nodes, and a set of output nodes. These nodes are attached to
each other through weighted connections; the weights of these connections are generally
adjusted by some sort of learning algorithm. Nodes are units that have activation values,
which in turn are simply numbers like 1.0 or 0.5. Input and output nodes also have
meanings or labels that are assigned by an external programmer” (Marcus, 2001, p. 7).

Activation values are set beforehand and are then multiplied by the values of the
connections to other nodes. The multiplied value serves as the input to the output node
mediated by a rule that might or might not change this input value (see Marcus, 2001 for a
detailed explanation). Perceptron models can be localist or distributed. In localist models
(McClelland & Rumelhart. 1981, 1982) single input units correspond to a letter, a word, or
a concept. [n distributed models, input is the result of the activation of a number of units
that may represent certain features (phonetic features in Plunkett & Marchman, 1993).

Hidden nodes are used to mediate functions/relationships between input and output
units that are difficult to encode by direct connections between inputs and outputs. Hidden
units represent the values of inputs via their weighted connections with output units. The
connection weights between units are learned as data are fed into the system. The learning
process is guided by a learning algorithm.

Marcus (2001) argues that the discussion over the representation.of symbols is
often fraught with confusion, because if we define symbols as context independent mental
representations, even connectionist models use them (for instance the word door always
activates a certain node or a number of nodes). Marcus (p.34) adds that the real difference
between symbolic and connectionist models is “whether the mind is a system that
represents variables, operations over variables, structured representations, and a distinction
between kinds and individuals.” One type of operations on variables is the concatenation

function f(x, y)=xy. Marcus provides many examples of how people can presumably
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gencralize a function such as f(x, y)=xy, for instance, in the case of plural formation
stem+s, wug-wugs. Marcus argues that connectionist models are unable to generalize
abstract relations of this kind. Multilayer perceptrons are also incapable of differentiating
between individuals (Max) and kinds (a man). They represent all individuals in the same

way.

A connectionist model for Arabic

Boudelaa and Marslen-Wilson (2004a) propose, but do not actually implement, a
distributed connectionist model similar to the one proposed by Plaut and Gonnerman
(2000) to account for the results found in relation to Arabic morphology. In their work on
Arabic lexical processing, Boudelaa and Marslen-Wilson (2001a, 2001b, and 2004a) have
found evidence for roots, patterns, etymons, and CV skeletons. They suggest that
morphological priming/activation in any of these constructs is a distributed activation.
Because of their similarity, roots and etymons are suggested to be activated through almost
the same nodes/units. The authors also argue that the same thing happens with the similar

constructs, that is. the pattern and the CV skeleton.

2.2 Other factors included in lexical processing

The aim of this section is to review the literature on access codes other than
morphological codes that also affect lexical processing and that should be taken into
consideration when controlling variables in experiments. Morphological priming is based
on the assumption that the presentation of a morphologically-related prime will activate a
related word and when that word is presented it is recognized fast. However, there is a
strong possibility that this facilitation could be at least partly due to the composite effect of
meaning and form (orthography and phonology) that are repeated in the morphological

relationship between the target and the prime.

2.2.1 Phonological mediation
There are three major hypotheses on the importance of phonology in lexical
processing: (i) the direct access hypothesis, (ii) the strong phonological hypothesis, and

- (iii) the two-way access hypothesis. The direct access hypothesis suggests that phonology
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is not accessed before meaning (e.g. Patterson & Coltheart, 1987; Jared & Seindenberg,
1991; Coltheart, Curtis, Atkins, & Haller, 1993). Instead, phonology is activated only later
when a lexical entry is accessed/opened. The strong phonological hypothesis (Frost, 1998
and Frost, Ahissar, Gottesman, & Tayeb, 2003 and references therein) claims that
phonology is used even in the very early milliseconds of word-processing. The two-way
access model is middle-of-the road compared to the other two. Scholars defending this
view (e.g. Frost, Katz, & Bentin, 1987) claim that depending on whether the orthography
of a certain language is shallow or deep, the lexical access can rely on either orthography
(the addressed routine) or phonology (the assembled routine). In the assembled routine, the
phonological representation is accessed after being assembled from print. In the addressed
routine, the phonological entry of the word is accessed as a whole via its orthographic
representation. In Arabic and Hebrew, the assembled routine is often associated with the
vowelled orthographic version and the addressed routine is associated with the unvowelled
version. A similar opinion is expressed in the parallel model (e.g. Carr & Pollatsek, 1985)
and in the interactive activation models (e.g. McClelland & Rumelhart, 1981) that assume
that both phonology and orthography are used simultaneously.

Because of their availability and relevance to the present work, the discussion of
phonological mediation is limited to studies on Arabic and Hebrew. Despite the abundance
of studies, the results are inconclusive. Some researchers, who examined the vowelling
(adding of the short vowels to orthography) in Hebrew, found facilitation of speed in
naming tasks (Navon & Shimron, 1981; Shimron & Navon, 1982; Koriat, 1984) but not in
lexical decision tasks (Koriat, 1984; Bentin & Frost, 1987). Vowelling (i.e. phonology)
helped more in less frequent words (Koriat, 1985). Ravid (1996) found that advanced
readers did better at retrieving the uninflected forms in the unvowelled version of a text in
oral reading, suggesting that skilled readers may use a different strategy of reading.
Shimron and Sivan (1994), by contrast, found that vowelled Hebrew texts were read faster
and understood better than the unvowelled texts by advanced native speakers.

Studies on Arabic have found that phonology is used in word recognition. Bentin
and Ibrahim (1996), using both written words from Modern Standard Arabic and
transliterated words from a Palestinian spoken-variety, tested whether visual word

recognition includes phonology. Their hypothesis was that if lexical decision was based on
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orthography and not on phonology, transliterated spoken Arabic words would seem very
unfamiliar and would, therefore, be rejected faster than, or as fast as, legal non-words in
MSA. The results showed that the transliterations took longer to reject than legal non-
words.

Abu-Rabia (1998) found that vowelling helped increase reading accuracy for both
poor and skilled readers in Arabic narrative, informative, poetic and Koranic texts. As for
reading comprehension, Abu-Rabia (1999) found that vowelling improved the reading
comprehension of Arabic-speaking children (two age groups: 7-8 and 12-12; 6).

Robertson (1990) examined the effect of vowelling on speed and pronunciation in
a naming task. The participants were American students of Arabic as a foreign language. In
a second task, the effect of voWelling was examined at the text level and its effect on speed
and comprehension. In both tasks, two instruction methods (the second independent
variable in addition to vowelling) were evaluated: the phonics method and the whole word
method. The results of the first task showed that students taught in the phonics method had
significantly better accuracy. But there was no difference between the groups in latency;
unvowelled words were recognized significantly faster. In the second experiment, there
was no significant difference due to either orthography or instruction.

Despite their inconclusiveness, the results in Hebrew and Arabic show that
phonology/vowelling is used in naming and helps accuracy in reading aloud. In
comprehension, there is some evidence that vowels help, but more research is needed,
especially with proficient participants. In the present study, all stimuli will be unvoweled.
Other aspects of phonology, mainly the shared phonemes between a prime and a target,

will be controlled for.

2.2.2 Orthography

As is the case for phonology, there is a disagreement on the role of orthography in
lexical processing, mainly as to whether it is distinct from morphology. There is some
evidence that morphological priming is different from orthographic priming in both
concatenative and non-concatenative languages. Forster and Azuma (2000) used three
lexical decision experiments with masked priming (Forster & Davis, 1984) to test

morphological priming in prefixed English words that shared a bound stem and little
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meaning, as in submit-permit, and in prefixed words with transparent semantic
relationships, such as fold-unfold. In the first experiment, they found priming with both
morphologically-related prime-target pairs at a stimulus onset asynchrony (SOA, i.e. the
delay between the presentation of primes and targets) of 50 ms., contrary to the results
found by Marslen-Wilson et al. (1994) with a crossmodal priming paradigm. This priming
was found to be no different from orthographic primes introduced in their second
experiment. In their third experiment, the exposure time was raised to 68 ms. and the
orthographic priming disappeared.

In a work on Arabic using lexical decision tasks with masked priming, Boudelaa
and Marslen-Wilson (2001b) found that orthographic effect emerged at a different SOA
than for morphology and semantics. The same authors (2001a, 2001b) also found that
priming by  morphological units was significantly different from the
orthographic/phonological controls. Similar results have been found in Hebrew (e.g.
Feldman & Bentin, 1994; Feldman, Frost, & Pnini, 1995; Frost, Deutsch, & Forster, 2000).

These studies on Arabic and Hebrew are discussed in detail in section 2.3.2, below.

2.2.3 The syllable as an access code

Studies on the importance of the (first) syllable in lexical processing have been
conducted mainly by Taft and his colleagues on English. Taft and Forster (1976), for
instance, found that it took more time to decide on nonword compounds whose first part
(also a syllable) is a word than those whose first part is not. They also found that, unlike
non-syllables, first syllables in non-words show interference effects. Furthermore,
frequency of the first constituent in a compound had an effect on lexical decision. The last
syllables, by contrast, had no effect.

Taft (1986), using both auditory and visual priming, found that while the first
phonemes, regardless of their syllable structure, were used to recognize spoken words, the
first syllable was used as an access code in printed words. Because of problems associated
with the definition of the syllable as a pronunciation unit, namely in relation to the
discrepancy between the stem (first syllable) and the syllable in certain words such as
ac.tor. On the basis of his work on English (1979a, 1985, 1986), Taft proposes the notion
of the basic orthographic syllabic structure (BOSS). He defines BOSS as “all consonants
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following the first vowel group of the stem morpheme, unless principles of orthographic
co-occurrence are violated (e.g. tl). Thus, the BOSS of both gentle and gently is gent, and
the BOSS of both nature and natural is nat.” (1985, p. 112). Taft (1979a), for instance,
found that division of words (either by a gap or changing case) according to their morpho-
orthographic syllable was more helpful than division based on the phonological syllable in
lexical decision. However, Taft (1979a) found that parsing of words showed no use of the
BOSS but rather a left-to-right parsing technique and suggested that words are only
represented (and not parsed) on the basis of their BOSSes. Words like meath that had a
word-like beginning showed interference effect. If they were accessed through the BOSS,
they would not show any time cost since such syllable words do not exist. The notion of
the BOSS was, however, challenged. Seidenberg (1987), for instance, showed that
frequency of orthographic groupings were more important than BOSSes or affixes.

Emmorey (1989), who examined auditory priming with English roots, suffixes (e.g.
smiling and barking) and last syllables in lexical decision found that while roots had a
priming effect, suffixes did not. The shared last syllable (poking and winking) led to
priming. The last syllable, however, also contained a shared suffix.

In the online experiments of the present work, reported in the following chapter, the
first letters/phonemes as well as the number of syllables in the different priming conditions

were controlled.

2.2.4 Word extremities as access codes

To my knowledge, this factor has not been particularly examined in Semitic
languages. Besides, the results on concatenative languages briefly reviewed below are
inconclusive. Stanners, Forbach, and Headley (1971) manipulated the first and the last
phonemes of both words and non-words to see whether these phonemes as well as the
lexical status of a word (i.e. a word or a nonword) have an effect on word recognition. The
participants took part in a lexical decision task with three types of stimuli: CVC non-
words, CVC words and CCC non-words. The first and the last consonants in these
categories were the same. The responses were fastest for CCCs non-words, followed by the
words and finally the CVC non-words. The frequency of the letters had no effect in the

case of CCCs. The authors concluded that decoding, at least in the early stage, was purely
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phonological. The CVC non-words took longer to recognize because, unlike in the case of
words, the search for meaning that follows the phonological evaluation could not lead to an
entry.

McCusker, Gough, and Bias (1981) tested the speed of the naming of the letters of
four-letter words in three online experiments. Either the two inside letters (the second and
the third) or the two outside letters (the first and last) were presented first for 50 ms. before
the whole word was presented and participants were asked to name all four letters. In the
control condition, a word was presented without priming. McCusker et al. (1981) found
that letters were not decoded in a serial fashion and that outside letters led to significantly
faster lexical decisions than inside letters in four-letter words. These results seem to
corroborate those found by Stanners et al. (1971).

Taft (1979a), however, suggested that English words were parsed from left to right.
This conclusion was based on the finding that words contained in non-words caused
parsing time cost only when they were inserted in the beginning of the word. Taft and
Forster (1976) also found that last syllable words in nonword compounds did not create
interference effects.

The discrepancy in the results may be due to the length of words. The first two
studies found word extremities to be important in short words. The serial left to right
hypothesis, by contrast, has been proposed on the basis of results on long words.

Although word extremities were not examined in the experiments of the present
work, it was made sure that initial overlap between targets and primes was identical in all

experimental conditions.

2.2.5 Semantics

In addition to form (orthography/phonology), the other main question in studying
morphological processing is to find out whether morphological priming is distinct from
priming due to shared meaning. This question has been addressed from at least two related
angles, first in terms of the effect of semantic transparency in the morphological
decomposition and second in terms of the time course of morphological and semantic
priming. I will start first with a review of the effect of semantic transparency in

morphological processing.
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As for the other factors, there is little agreement on the effect of semantic
transparency on priming and decomposition of words. For English, Marslen-Wilson, Tyler,
Waksler, and Older (1994), using a cross-modal priming paradigm, found that priming
between root and derived words was obtained between pairs that were semantically related
(friend/friendly), but not between pairs that shared only an opaque semantic relationship
(department/depart). There was, however, no priming when primes and targets shared a
semantic relationship and a root, but had different suffixes.

Feldman, Soltano, Pastizzo, and Francis (2004) also found no semantic effects in a
cross-modal priming at SOA 250 ms. with suffixed prime-target pairs compared to
unrelated controls (Experiment la). However, they, found a graded effect, that is, the
semantically and morphologically-related primes helped more than opaque ones. At SOA
250 ms., using a masked visual lexical decision task, they found an effect of transparency
(Experiment 1b), where the transparent primes were different both from the opaque and the
control primes. At shorter SOA (48 ms.) (Experiment 2), in a visual priming task with no
mask, they found no difference between semantically transparent and semantically opaque
prime-target pairs on the one hand, and between the morphological pairs (transparent and
opaque) combined and the unrelated controls. In Experiment 3, they used visual masked
priming at SOA 83 ms. and found no priming effect of either type of morphologically
related primes and no difference between them.

Slightly different results were found in French. Longtin, Segui, and Hallé (2003)
reported priming effects occurred only between morphological relatives that shared a
transparent semantic relationship in the cross-modal lexical decision task, but there was
decomposition even in words that shared pseudo morphemes in the visual masked priming
task. Evidence from Hebrew (Frost, Deutsch, Gilboa, Tannenbaum, & Marslen-Wilson,
2000) and Arabic (Boudelaa & Marslen-Wilson, 2001a) with cross-modal priming shows
that decomposition occurs even if the target and the prime share little meaning.

Studies that manipulated semantic transparency across time have found some
evidence that morphological priming is different from semantic priming. Rastle, Davis,
Marslen-Wilson, and Tyler (2000) examined semantic and morphological effects in
English, using a lexical decision task with masked priming. They found priming effects for

both semantically opaque and semantically transparent morphologically-related words



59

(derivation) at SOA 43 ms. But, only semantically transparent primes led to facilitation in
target word recognition at SOAs 72 and 230 ms. They also found priming facilitation
between orthographically/phonologically and semantically related words such as glisten
and glitter only at SOA 230 ms. These findings suggest that morphological priming is
different from both meaning and form (phonology and orthography) priming. In a study on
Arabic, Boudelaa and Marslen-Wilson (2001b), found morphological priming at SOAs 32,
48 and 64 ms. Semantic relatedness had an effect only at SOA 80 ms.

There is, however, evidence that formal and semantic priming are related and thus
obviating the need to postulate a separate role for morphology in lexical processing. In a
study on Chinese integrated and compound characters using the masked priming paradigm
with three SOAs (30, 50, and 80 ms), Weekes, Chen, and Lin (1998) found that
phonological and semantic priming were coincidental. Chinese characters can be simple
(integrated) or compound. Compound characters are made of radicals (sub-lexical units)
that can correspond to phonology and meaning. Phonology in integrated characters, by
contrast, has to be learned and not decoded. In fact, Weekes et al. found phonological
priming with compound targets at 50 and 80 ms. exposure durations, but not with
integrated characters. They also found semantic priming with both types of characters at
SOAs 50 and 80 ms.

In the experiments of the present work, semantic effects were examined in the

constructs where meaning could have an effect, namely in sound and weak roots.

2.3 Morphological units in the Arabic mental lexicon: Previous studies

Having reviewed the major hypotheses on lexical representation and processing, as
well as some factors other than morphology that could be involved in lexical processing, I
will now review the major research findings on the cognitive relevance of roots, patterns,
etymons and phonetic matrices in Arabic. The review draws on evidence from the analysis
of speech errors in both normals and aphasic patients, the analysis of first language data,
well-formedness judgment tasks, paper-and-pencil tasks, word naming tasks, and lexical
decision tasks. The focus will, however, be on the role of these morphemes in Arabic

lexical processing. While there is work on roots and patterns using different research
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methods, there is no research at all on the phonetic matrix and only two studies on etymons

with contradictory conclusions.

2.3.1 Evidence for the cognitive relevance of roots and patterns
Evidence for both roots and patterns is presented in the same section because both
types of morphemes are closely associated. Most studies, however, have focused on the

root.

2.3.1.1 Evidence from slips of the tongue

Berg and Abd-El-Jawad (1996) found that Jordanian Arabic (JA) differs from
German and English in single segment and metathesis slips of the tongue. JA errors display
almost unconstrained metatheses between initial and final consonants within the word
domain, thus targeting all root consonants. Errors in German and English, by contrast, tend
to occur more often in initial position and respect the parallel syllable structure constraint.
The latter constraint requires that a constituent exchanges places with a similar constituent.
Thus, a coda should exchange positions with a coda. Similar evidence is found in the rather
artificial task of word games. Prunet, Béland, and Idrissi (2000) cite examples of word
games where all consonants of the root undergo metathesis but not affixal consonants.

The special separate status of the root is also apparent in the derivation of
hypocoristics” (Zawaydeh & Davis, 1999 and Davis & Zawaydeh, 2001). In this process,
only root consonants are transferred from name to hypocoristic. The affixal m in the

following example from Davis and Zawaydeh (2001) fails to appear.

(27)  Derivation of hypocoristics in Arabic
Name Hypocoristic Root Gloss

muhammed hammuud h,m,d ‘thank’

Abd-El-Jawad and Abu-Salim (1987, p. 154) give evidence from speech errors

showing that not only the root but also the pattern is extracted separately. The errors in

2 A hypocoristic is an endearment nickname that is derived from a full name. In the case of Arabic,
hypocoristics have several fixed templates that are different from those of the full names from which they are
derived.
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(28) show that both the root and the pattern are exchanged between the target and the
“erroneous” words without changing either the consonants of the root or the vowels of the

pattern. Notice also that the exchange does not target the clitic pronoun Aa ‘her’.

(28)  Errors in Arabic including exchange of both root and pattern

Target Gloss Error

a. kalaam-ha s*ahiih s*ahaah-ha kaliim
speech her right ‘she 1s right’

b. nabiil u kamaal kamiil u nabaal
Nabiil and Kamaal (proper names)

2.3.1.2 Evidence from well-formedness judgment studies

Berent and Shimron (1997) used well-formedness judgments to study the tacit
knowledge of the obligatory contour principle (OCP) in Hebrew. They found that non-
words with no OCP violation were significantly preferred over ones that violate it (i.e.
those that contain gemination of the first consonant of the root).

Frisch and Zawaydeh (2001) did a similar study on Arabic while taking into
consideration analogy to existing words and phonotactic probability, two factors
overlooked in Berent and Shimron’s (1997) study. Frisch and Zawaydeh (2001) also found
that native speakers showed a “dispreference for roots containing repeated homorganic
consonants” in novel verbs (p. 103). Frequency and similarity to existing roots were not
significant factors. Gradiency/degree of violation was, however, important in the
acceptance or rejection of a word. OCP-place (non)violation was of three degrees: (i) no
OCP-place violation, (ii) one OCP-place violation, and (iii) identical root consonants (Cl

and C2).

2.3.1.3 Evidence from aphasia studies

Prunet, Béland, and Idrissi (2000) who studied the speech of an aphasic Arabic-
French bilingual, adult patient found similar results to the ones related to slips of the
tongue reviewed above. They found that in the Arabic metathesis errors, the linear order of

the consonants of the roots change but “patterns and vowels remain intact” (p. 613).
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Besides, “metatheses target the consonants of the root only. Affixal consonants (in
prefixes, suffixes, and infixes) are never involved” (p. 614). Unlike in Arabic, the patient’s
metatheses in French are much less frequent and include not only reversal of adjacent and
nonadjacent consonants, but metathesis of a consonant and a vowel or syllables, as well as
metathesis of vowels only. The authors demonstrate that the phonetic, the graphemic, or
the semantic accounts are untenable. They argue that the patient “singles out Arabic
consonants because they form a unit in his mental lexicon. That unit is not
phonetic/phonological, since he leaves affixal consonants in place.” (p. 619).

In a follow-up on this study, Idrissi, Prunet, and Béland (2002) found that
metatheses affected even the underlying glides of weak roots, that is glides that do not
surface in the stimuli. This result is counterevidence for the proposal by Davis and
Zawaydeh (2001) that output-output derivations such as in hypocoristics are based on a
surface root.

Further evidence for the multi-tier analysis of Semitic words comes from templatic
errors. In Barkai’s study of a Hebrew-speaking aphasic (as cited in Prunet, Béland, &
Idrissi, 2000), the patient made errors in the selection of the appropriate template. The data

in (29) show verbs with an inappropriate template/pattern.

(29) Template mis-selection in Hebrew: Data from the speech of an aphasic patient.

Target form  Target pattern Gloss Output Pattern
yisog nif?al (2) ‘he will retreat’ yasug patal(l)
higdil hif?il (5) ‘they enlarged’ gadlu pa?al

While the first mis-selected pattern leads to a nonexistent word, the second leads to an

occurring but contextually inappropriate verb.

2.3.1.4 Evidence from language acquisition studies

Because the few studies done on Arabic (e.g. Omar, 1973) did not focus on the root
and pattern, studies on Hebrew are instead reviewed. Berman (1981), who studied the
speech of Hebrew-speaking children aged between 2 and 4, found that children tended to

regularize verbs with defective roots. As discussed earlier, Semitic words are usually made
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of three consonant roots. In defective roots, one of the consonants does not appear in some
of the words that are derived from it. The following example from Berman (1981, p. 611)

will illustrate the point.

(30) Regularization of pattern I Hebrew verbs with a defective root-final

Present tense Past tense
Root Infinitive 3" fem.sg. 1" sg. 3™ fem.sg.
Full 1i-CCoC CoCéC-et CaCaC-ti CaCC-a
s-x-v ‘pull’
Adult and child: li-sxov soxév-et saxav-ti saxv-a
Final h=/y/:
S-X-y ‘swim’: i-sxot soxa saxiy-ti sax-ta
Children: li-sxot *soxét-et *saxa-ti sax-ta

*saxat-eti

As shown in the asterisked words, children treat the defective {s, x, y} as a full
paradigm substituting the missing root consonant with the /t/ of the infinitive and the /t/ of
the past tense feminine of the target adult forms. They, therefore, consider the /t/ the third
consonant of the root {s, x, y}.

Berman (1997), who reviewed a number of studies of her own as well as those of
other researchers on the development of the pattern and root system, reported the following
order in the development of the pattern/root. Between the age of 2 and 3 years, the child
learned a pattern as a formulaic expression and used it for more than one function (for
instance for both intransitive and transitive). Between 3 and 4 years, children started
varying the pattern of the same root of common verbs to convey different meanings.
Around 4-5 years, children started varying patterns with many roots. Between the age of 5
and 6, children showed an almost complete mastery of the system of root and pattern
morphology.

Another source of evidence for learners’ tacit knowledge of morphology is their
error-free ability to recognize that a metathesis of the prefixal /t/ with the initial sibilant

consonant was triggered only in conjugation with the hitpa 7el verb pattern:
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(31) Root Verb Gloss
s-r-k mi-s-t-arek ‘combs’
c-l-m ni-c-t-alem ‘we’ll photograph’  (Berman, 1997, p. 312).

Ravid (2003) reported on a few studies on the development of the root in Hebrew
and Palestinian Arabic. The results of these studies indicated that as early as kindergarten
native speakers of Hebrew and Palestinian Arabic showed awareness of the root in root
relatedness task (telling relation between words having the same root) and analogy test
(using the same root to create another word). This awareness increased with age, which

was very likely due to linguistic development and literacy.

2.3.2 Roots, patterns, etymons, and phonetic matrices in lexical processing

Lexical processing studies in both Arabic and Hebrew have focused on the root and
the pattern and have found that these two morphemes affect, though differently, lexical
processing. The etymon, however, is very little studied and to my knowledge, there is no
previous research on the phonetic matrix. Roots and patterns are discussed separately,

because they are tested separately in priming experiments.

2.3.2.1 Roots

Studies on Hebrew have found that priming with the root significantly facilitates
word recognition in lexical decision tasks (e.g. Bentin & Feldman, 1990; Feldman &
Bentin, 1994; Frost, Forster, & Deutsch, 1997) and word naming (Feldman, Frost, & Pnini,
1995; Frost, Forster, & Deutsch, 1997). Root priming effects have been found to be
distinct from the effects of orthographic and phonological similarity (Feldman & Bentin,
1994; Frost, Deutsch, & Forster, 2000; Feldman, Frost, & Pnini, 1995) and semantic
relatedness (Frost, Deutsch, Gilboa et al., 2000; Bentin & Feldman, 1990). Native speakers
also showed processing of the root by rejecting pseudo-words with existing roots more
slowly than pseudo-words with nonexistent roots (Goral & Obler, 2003).

Frost, Deutsch, and Forster (2000) found that the notion of the root as a three
consonantal unit was an abstract constraint that was relied on in lexical processing. They

actually found no priming with verbal patterns combined with weak roots (where one of
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the consonants did not surface in some derivatives) either as target and/or prime but, when
a random consonant was added, thus creating pseudo-words, morphological priming was
obtained.

The results in Arabic are similar to those found in Hebrew, especially in relation to
the distinct effect of morphology compared with phonology and semantics. Mimouni,
Kehayia, and Jarema (1998) used an auditory priming paradigm to examine morphological
priming in Algerian Arabic-speaking non-brain-damaged and aphasic participants at SOA
of 250 ms. They found facilitation in word recognition when either regular or irregular
plural nouns primed were primed by their singular counterparts.

Boudelaa and Marslen-Wilson (2001b) examined the effect of both root and pattern
as well as semantic and orthographic factors in different stages of the recognition process
using two masked priming lexical decision experiments. The first experiment examined
deverbal nouns and the second studied verbs. The authors varied the display time over four
conditions: 32, 48, 64, and 80 ms. The other independent variable was the type of
relationship between primes and targets: morphological, orthographic, or semantic. These
were further divided into six conditions. In condition 1, the prime and the target shared a
word pattern. In condition 2, primes and targets shared some orthographic similarity in
vowels. In condition 3, primes and targets shared both the root and a very transparent
semantic relationship. In condition 4, by contrast, the semantic relationship between
primes and targets that shared the same root was rather opaque. In condition 5, another
orthographic control was designed to control for the similarity in the root; in this case
primes and targets shared consonants. In condition 6, primes and targets shared meaning
but not roots.

The results of both experiments showed that morphological priming was distinct
from orthographic and semantic factors. While the root was found to have a stable effect in
four display conditions, the word pattern had an effect only at 48 and 64 ms. The
orthographic effect was in the case of vowel sharing at 32 ms. and in the case of consonant
sharing at 80 ms. Semantic relatedness (without morphology) had an effect only at SOA 80
ms. In a more recent study, however, Abu-Rabia and Awwad (2004) examined the effect

of both roots and word patterns in nominals in both lexical decisions and naming using a
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masked priming paradigm. They found no priming effect either for roots or word patterns
in both tasks.

Boudelaa and Marslen-Wilson (2004b) examined whether allomorphs of roots (that
undergo assimilation) prime sound roots in a lexical decision task with immediate cross-
modal priming. They found that there was priming effect in the condition where there is
only a morphological relation between the prime with the allomorph (a noun) and the
target (a verb with a sound root), as well as with primes that shared meaning in addition to
the abstract root. In both cases the priming was similar to that of the primes (nouns) and
targets (verbs) that shared the same sound root. This is similar to the results reported for
Hebrew, suggesting that processing seems to depend on the three root consonants even if
one of its segments is different from that of the abstract underlying root. The explanation
given by Boudelaa and Marslen-Wilson is very plausible: that weak roots (with glides) are
underspecified, with the glide slot being specified only for [-syllabic]. Thus, any consonant
will do the job in the activation process.

To sum up, unlike in concatenative languages,30 where shared bases of words are
not fragmented, the orthographic and phonological explanations of morphological priming
cannot be extended to Semitic languages. Likewise, meaning has been found to play a
minor role in comparison with pure morphological priming in both Hebrew and Arabic.

The results in Arabic are inconclusive.

2.3.2.2 Patterns

Studies on Hebrew showed that pattern priming depended on task and word class.
While Frost, Forster, and Deutsch (1997) found that the pattern, unlike the root, had no
effect in naming and lexical decision tasks using a masked priming paradigm at an SOA of
43 ms, Deutsch, Frost, and Forster (1998), using the same methodology, found that the
pattern had a facilitation effect in verbal forms at SOA 42 ms both when primes were legal
and when they were illegal combinations of existing roots and patterns. Since no nominal
forms were examined in the previous study, Frost, Deutsch, Gilboa, Tannenbaum, and

Marslen-Wilson (2000) replicated this study using a cross-modal task (auditory-visual).

3 For studies on the facilitating effect of visually presented morphologically-related words in priming in
concatenative languages, consult for instance Stanners, Neiser, Hernon, and Hall (1979), Fowler, Napps, and
Feldman (1985), and Feldman (1992).
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They found that verbal word patterns, but not nominal word patterns, had a significant
facilitatory effect. However, Frost, Deutsch, and Forster (2000), using a masked priming
paradigm, found that verbal patterns had no effect when either or both prime and target
forms missed a root consonant.

Unlike in Hebrew, there was some evidence of priming with patterns for both verbs
and deverbal nouns in Arabic. Boudelaa and Marslen-Wilson (2001b) found priming
effects of the pattern at display time 48 and 64 ms. in deverbal nouns and only at SOA 48
for verbs. In both experiments, the orthographic effect was in the case of vowel sharing at
32 ms. and in the case of consonant sharing at 80. The difference in priming with Hebrew
was, according to Boudelaa and Marslen-Wilson, due to their definition of word pattern.
Boudelaa and Marslen-Wilson defined a word pattern as not only a phonological formal
similarity but also a word class category. Mimouni, Kehayia, and Jarema (1998) found no
priming effect of patterns of Algerian Arabic plural and singular irregular and regular
nouns in an auditory priming lexical decision task with both normals and aphasic patients
at SOA 250 ms and found no priming effect of patterns. Abu-Rabia and Awwad (2004)
also found no priming of patterns in derived Modern Standard Arabic nouns at an SOA of
50 ms using masked priming and naming.

In a later study, Boudelaa and Marslen-Wilson (2004a) went further and tested the
CV-skeleton and the vocalic melody (see discussion of these separate tiers above, or refer
to McCarthy, 1981) in three lexical decision experiments using visual masked, auditory-
visual, and auditory-auditory priming paradigms respectively. The stimuli included verb
forms. They compared pairs of words that shared a vocalic melody, a CV-skeleton, or
both. While they did not find any priming with the vocalic melody in three experiments,
they found .a consistent priming effect with the skeleton that was. comparable to the
priming of the pattern, which contains both the CV-tier and the vowels. There was,
however, a slight advantage for the pattern over the CV-skeleton. They therefore proposed
that CV-skeletons are morphological units alongside patterns which have specified vocalic
slots and occasional C slots.

Boudelaa and Marslen-Wilson (2004b) tested whether disrupted pattern allomorphs
prime words with corresponding undisrupted patterns in cross-modal priming lexical

decision task. In the first condition, the prime and the target shared the same pattern with
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sound roots in both. In the second condition, although the pattern was also not disrupted, in
the prime the pattern was combined with a weak root that had undergone assimilation so
that an underlying glide changed to a consonant. In the third condition, the pattern of the
prime and the target was disrupted; that is, one of the consonants of the root (a glide) did
not surface. The fourth condition included primes and targets that shared form and served
as controls. Priming facilitation was significant only in the two first conditions with no
significant difference between them. The authors concluded that allomorphic units that did
not affect the CV-structure still primed their related targets, but they failed to do so as soon
as the CV skeleton of the morpheme (the word pattern in this case) occurred. It is not,
however, possible to make a definite claim that the lack of priming in the third condition
was due to lack of access to the pattern. The third condition actually included the

disruption of both the root and the pattern.

2.3.2.3 Etymons and phonetic matrices

There is no previous research on the phonetic matrix and evidence for the etymon is
both scarce and controversial. Evidence for the etymon comes from a lexical decision
experiment on Arabic by Boudelaa and Marslen-Wilson (2001a). They used two
paradigms, cross-modal priming and masked priming, with the same stimuli. In addition to
the control condition (i.e. a word totally unrelated to the target), three conditions were
tested in the first experiment: (i) [+Etymon, +Sem] the prime was both semantically and
morphologically related to the target; (ii) [+Etymon, -Sem] the prime and the target shared
the etymon but were semantically unrelated (that is the semantic relationship was
diachronic but not synchronic); and (iii) [-Etymon, +Phon] the prime shared the same
amount of phonological overlap (which is not linear as in concatenative languages) with
the target as in the case where they shared the same etymon (i.e. condition 1).

There was a significant effect of both the morphologically-related and the both
semantically and morphologically-related primes. This means that there was no significant
effect of the semantic transparency. This is similar to the results obtained in priming for
roots in Arabic (Boudelaa & Marslen-Wilson, 2001b) and in Hebrew (Frost, Forster, &
Deutsch, 1997).
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In the second experiment where they used masked priming, Boudelaa and Marslen-
Wilson (2001a) focused on the difference between “the morphologically-related conditions
[+Etymon, +Sem] and [+Etymon, -Sem]” and “the phonological condition™ (p. 78). The
results showed significant differences between the morphological condition in comparison
with both the phonological and the unrelated conditions. As in the first experiment, there
was no significant difference between the semantically transparent and the semantically
opaque morphological conditions.

Yet, Bentin and Frost (2001) cast doubt on these results. They designed a paper-
and-pencil task to test whether native speakers of Arabic consciously knew the etymon.
Twenty university students were asked to extract etymons from words after being told
what an etymon was. The stimuli, which were taken from the data used in Boudelaa and
Marslen-Wilson (2001a), included 20 pairs of words, one from the prime and one from the
target. The students “correctly identified the etymon of only 27.2 words (68%) out of the
40 words in the list” (p. 115). The authors considered this percentage too low to reflect
knowledge of the etymon. Their claim was, however, not statistically tested. More
importantly, they found that in “only 50% of the pairs (10.1 out of 20) was the same
etymon correctly identified for both the prime and the target.” (p. 115). This latter finding
undermines the conclusion that the priming effects obtained in Boudelaa and Marslen-
Wilson’s study are morphological. Bentin and Frost also questioned the size of the priming
effect obtained by Boudelaa and Marslen-Wilson, which they considered too large. They
also questioned the fact that priming was almost the same in both the [+Etym, +Sem] and
[+Etym, -Sem] conditions.

Other counterevidence against the cognitive relevance of the etymon comes from
the speech of an aphasic patient (ZT). Idrissi and Kehayia (2004) examined the patient’s
metathesis errors on words that had potential etymons and found that only a few could be
considered etymon-related. In fact among the 64 metathesis-errors made, only (17) 26.6%
involved the etymon but 73.4% involved the metathesis of the extender (third consonant of
the root in addition to the two of the etymon) and another consonant of the root/etymon
(37), or the extender and both consonants of the etymon (11).

The results are not very convincing, though. It is true that the fact that the extender

was metathesized is incompatible with the etymon theory, but the fact that there were
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26.6% of the errors involved the etymon cannot be interpreted as evidence against the
etymon. Given the number of errors and the number of consonant mutation possibilities of
the root and the etymon, we expect the number of the mutations of root consonants to be
three times as many as those involving the etymon, which was born out by the results, with
a slight advantage for the etymon (73.4% against 26.6%). What casts doubt on the
relevance of the etymon as a morphological unit is the fact that the bipartite metathesis
errors involving the extender and another root/etymon consonant were significantly more
frequent than those involving only the two etymon consonants (Xz =15.17, p <.001).

Given the inconclusiveness of these results, further research is necessary. The
present work will further examine the etymon using a lexical decision task with masked

priming.

2.4 Phonological/orthographic units in the Arabic mental lexicon: Previous studies
While the focus in this review will be on Arabic and Hebrew, reference is also made to
evidence from work done on concatenative languages. Previous studies that went below
the level of the morpheme examined the order of the letters/phonemes, the importance of
syllables, as well as vowels and consonants. The focus here will be on whether vowels and
consonants are perceived/processed and therefore represented differently from one another.
I believe the study of single phonemes will provide interesting insights into the

representation of words and help refine theories of lexical processing.

2.4.1 Consonants vs. vowels
The lexical processing studies reviewed below were primarily intended to test the

use of phonology in lexical “access”. They are on both Arabic and Hebrew.!

2.4.1.1 Evidence from aphasic speech

There seems to be no reported evidence from aphasic patients speaking a Semitic
language that supports differentiating vowels and consonants. In concatenative languages,
Caramazza, Chialant, Capasso, and Miceli (2000) who studied the speech errors of two

Italian-speaking aphasic women reported that one patient produced three times as many

3! For a more detailed review of studies on Hebrew, consult Shimron (1993) who reinterpreted these studies
from the perspective of the role of vowels/diacritics in lexical processing.
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errors on vowels as on consonants and the other made five times as many errors on
consonants as on vowels. The authors verified that this discrepancy could not be explained
in terms of a breakdown in either a feature-based system or a sonority-based system. There
was no correlation between error rates and certain vowel and consonant features nor
between error rates and consonant sonority. The authors suggested that at some level
vowels and consonants are represented and therefore processed separately.

This interpretation has been challenged by Monaghan and Shillcock (2003) who
have modelled two feature-based systems that could reproduce similar effects of error rate
as found in Caramazza et al.’s study, but without the need to postulate separate category
status for vowels and consonants. To produce these effects, their model required the
creation of two sets of hidden units. Damage to one set produced a high error rate on
vowels and damage to the other produced a high error rate on consonants. The authors
plausibly suggested that vowels and consonants could be processed differently in different
arcas of the brain, without necessarily being represented as two different categories. The

difference simply arose from the distribution of bundles of features.

2.4.1.2 Visual lexical processing

There has been no actual contrast between vowels and consonants in lexical
processing studies in Arabic and Hebrew, but some hypotheses could be formulated on the
basis of the study of these units within morphemes or separately (in the case of short
vowels in orthography). Most studies in Arabic and Hebrew suggest that while they help in
accuracy in reading aloud and recognition of low frequency words, vowels have little role
in lexical processing, especially when context is provided. In fact, vowelling was not found
helpful in lexical decision of words given in context (Abu-Rabia & Siegel, 1995 for
Arabic) and without context (Koriat, 1984; Bentin & Frost, 1987 for Hebrew). The ability
to do without the diacritics develops with reading proficiency (Ravid, 1996; Abu-Rabia &
Siegel, 1995 for Arabic). Vowelling was, however, found helpful in naming (Koriat, 1984;
Shimron & Navon, 1982) and lexical decision with low frequency Hebrew words (Koriat,
1985) and in reading aloud accuracy for Arabic (Abu-Rabia, 1997, 1998).

Boudelaa and Marslen-Wilson (2004a) examined whether vowels had a priming

role and therefore a morphemic status as proposed in McCarthy’s (1981) prosodic
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morphology. They tested these assumptions in three lexical decision experiments using
masked, cross-modal and auditory-auditory priming paradigms respectively. They did not
find any facilitation of word recognition due to vocalic overlap between primes and targets.

The relatively more important role of consonants in word recognition was also
found in English, which suggests that this bias to consonants might not be restricted to
languages written in mainly consonantal scripts. Lee, Rayner, and Pollatsek (2001)
examined the relative importance of vowels and consonants in English using a delayed
letter paradigm, in which either a vowel or a consonant of the target word was delayed for
30 ms. They found that the delay of consonants led to more fixation time than the delay of
vowels. A 60-ms-delay had the same effect for both consonants and vowels. These results
suggest that consonantal information is processed/accessed earlier than vowels.

In another study, Lee, Rayner, and Pollatsek (2002) replicated the same results
using the fast priming paradigm to evaluate the role of vowels and consonants on gaze
duration. High or low frequency primes that shared either consonants or vowels with
targets were presented for either 30 or 45 ms. and were followed by targets embedded in
sentences. Targets stayed on the screen until the sentences were read. They found that
primes with the same consonants as targets led to shorter gazes only at 30 ms. and only
with high frequency primes. At 45 ms. duration, frequency had no effect and both primes
with the same consonants and primes with the same vowels as targets were equally shorter
than controls.

Berent and Perfetti (1995) examined the role of vowels and consonants in reading
using a nonword backward masking paradigm, which involved the presentation of a target
word immediately followed by a nonword mask. Participants had to write down what the
word they saw on the screen was. Berent and Perfetti found that a backward mask that
preserved some consonants of the word had a better effect in the identification accuracy in
short target and mask target exposure (15-30 and 30-30 ms respectively), an advantage that
disappeared at exposure time of 45-30 and 45-60 ms for mask and target word
respectively.

Yet, the results reported in Berent and Perfetti (1995) were not replicated in a study
on Italian by Colombo, Cubelli, Zorzi, and Caporali (as cited in Lee, Rayner, & Pollatsek,

2001) using the same methodology. Colombo et al. actually found that when the durations
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of nonword primes and the word targets were short (16-33ms and 33-33ms), vowel-
preserving primes helped more in the identification of words than did consonant-
preserving primes. There are also no universal results with respect to the ease or difficulty
in the detection of vowels versus consonants in different languages (see discussion in

Cutler, 1997).

2.4.1.3 Comprehension

Studies comparing the effects of vowels and consonants on reading comprehension
are scarce, probably because of the methodological difficulties associated with such a task.
One way of examining the issue in Arabic and Hebrew is to evaluate the added benefit of
short vowels in reading in the vowelled version of orthography. Vowelling (i.e. adding the
short vowels/diacritics to the usual mainly consonantal orthography) was found to increase
reading comprehension of Arabic-speaking children (two age groups: 7-8 and 12-12; 6) in
comparison with unvowelled texts (Abu-Rabia, 1999). Abu-Rabia (2001) also found a
positive effect for vowelling in comprehension with skilled adult readers of Arabic as their
first language and Hebrew as their second language. Evidence from Hebrew shows that
vowelling helps skilled readers in better recall and comprehension of texts (Shimron &
Sivan, 1994). In a later study with third and sixth graders, Shimron (1999) found that
vowels helped recognition recall and free recall of words (where lists of words were

recalled and written down) and in the recall and comprehension of some texts.

2.4.1.4 Perception

There is indirect evidence from two studies (one offline and one online) on Arabic-
speaking learners of English (Ryan & Meara, 1991) indicating that they have some bias for
consonants. In the offline task, a group of Arabic speakers and another control group of
ESL learners were given a list of English words lacking vowels and were asked to
reproduce the target word. Arabic speakers produced twice as many errors that involved
providing a totally different word as the control group. In the main online study, 10 Arabic
speakers and two control groups (10 non-Arabic speakers and 10 English native speakers)
were presented with one hundred ten-letter words on a computer screen. First a word

appeared for about a second and then reappeared with the same spelling or lacking a
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vowel. The misspelled words (n=60) had a missing vowel in the second position (15
words), in the fourth position (15), in the sixth position (15) or in the eighth position (15).
The participants were asked to indicate if the presented words were identical by pressing a
button. Error analysis showed that Arabic speakers did significantly worse than the two
other groups (native speakers did best). An analysis of the reaction times responses also
showed that Arabic speakers were significantly slower than the two control groups. The
authors interpreted that as a result of interference from their first language where short

vowels are not orthographically represented.

2.4.2 (Root) consonants vs. (affixal) consonants
2.4.2.1 Lexical processing

The studies reviewed below were originally designed to examine the role of the
root and pattern morphemes in lexical processing; none of them contrasted the role of
different types of consonants.

Although both the root and the pattern have been found to play a role in lexical
processing. there is some evidence from studies on Arabic and Hebrew pointing to the
priority of the root, consisting of three consonants, over the pattern, consisting of affixal
consonants and vowels. In Arabic, Boudelaa and Marslen-Wilson (2001b) found a priming
effect of the verbal pattern only at SOA 48 ms. In Hebrew, Frost, Deutsch, Gilboa et al.
(2000) found that unlike the root, the pattern had a facilitation effect in verbal forms but
not in nominal forms. Besides, verbal patterns had no effect when either or both prime and
target forms missed a root consonant (Frost, Deutsch, and Forster, 2000). In Arabic,
Boudelaa & Marslen-Wilson (2001b) found that the pattern had a rather inconsistent
facilitatory effect in lexical decision with both verbal and nominal forms, compared with
roots. Neither Mimouni, Kehayia and Jarema (1998) nor Abu-Rabia and Awwad (2004)

obtained priming with patterns.

2.4.2.2 Perception
Studies on visual perception that examined the difference between letters are
lacking. Ephratt (1997) studied the psychological status of the root in Modern Hebrew by

means of a letter-coloring task to test whether the root is psychologically real. The results
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showed that native speakers of Hebrew (both children and adults) colored the root
significantly more than other letters. The purpose of Ephratt’s study was to find evidence

for the “psychological reality” of the root.

2.5 Summary and implications

The results surveyed above in relation to the cognitive relevance of the root, the
pattern and the etymon, suggest that the root and to a lesser extent the pattern have
cognitive relevance and therefore support the morpheme-based theory for Semitic
morphology. There is, however, little empirical evidence for the etymon and no studies on
the phonetic matrix in either Arabic or any other Semitic language. Thus, further research
is needed to explore the notions of the etymon and matrix and their relation to the root in
any Semitic language. The relative importance of vowels and consonants in the Arabic
mental lexicon have also been very little researched.

The present work uses online experiments to provide further evidence from Arabic
to validate previous results concerning the cognitive relevance of the root and the pattern in
lexical processing. It also examines the cognitive relevance of the less studied etymon and
matrix and their role in lexical processing, as well as the relative importance of vowels and
consonants in the Arabic mental lexicon. The morphological units (root, etymon, pattern,
and phonetic matrix) will be examined by use of lexical decision tasks with a masked
priming paradigm. The phonological units (vowels and consonants) will be examined by
means of an offline paper-and-pencil task. The implications of the results of these
experiments for theories of Arabic morphology and theories of lexical representation and
processing will be discussed.

Another major objective of this work is to examine whether there is gradation in
priming during the activation of words that results from the correlation of semantic and/or
form overlap between primes and targets. This will test the predictions of distributed
connectionist models, compared to those of theories that adopt an entry-opening metaphor
of the lexicon. The gradation of priming will be tested by examining whether meaning
and/or form overlap correlates with the amount of priming within and across similar

morphemes. The compared morphemes are sound roots and weak roots (with or without
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transparent semantic relationship between primes and targets), ordered etymons,
nonordered etymons, and phonetic matrices.

Another objective of this work is to examine how abstract lexical processing can
be. Arabic morphemes are all abstract, but some are more abstract than others. As is the
case in the examination of gradation of priming, the priming effect of the following similar
morphemes will be compared: sound roots, weak roots, ordered etymons, nonordered
etymons and phonetic matrices. This comparison will also allow us to examine the
relationship between morphological theory and psycholinguistic theory.

The above general questions/objectives were broken down into the following

research questions.

Research questions

1. What is the role of the root in Arabic lexical processing and is it distinct from the effect
of orthography and semantics (Study 1)?

2. What is the role of (ordered and non-ordered) etymons compared to orthographic
overlap in Arabic lexical processing (Study 2)?

3. What is the role of the phonetic matrix in Arabic lexical processing compared to similar
phonological overlap (Study 3)?

4. What is the role of sound and weak patterns in Arabic lexical processing (Study 4A-B)?
5. What is the role of weak roots in Arabic lexical processing and is it distinct from that of
orthography and semantics (Study 4C)?

6. Are there graded priming effects that correspond to the gradation in the formal overlap
in and across roots (form and meaning vs. form; sound root vs. weak root) and etymons
. (ordered vs. non-ordered) (Studies 1, 2, and 4C)?

7. How abstract can morphological processing be (Studies 1, 2, 3, and 4)?

8. What is the status of root consonants in relation to affixal consonants in the Arabic
mental lexicon (Study 5)?

9. What is the status of vowels in relation to consonants in the Arabic mental lexicon

(Study 5)?
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The following two chapters will present the methodology as well as the results of

the experiments that were undertaken to answer these research questions.



Chapter Three
Studies Part I: Morphological Units

3.0 Introduction

This chapter outlines the methodology employed to collect and analyze the data
and presents the results of four studies that focused on morphological units in the Arabic
mental lexicon. These four studies, which included six experiments, used lexical decision
with priming to examine the role of the root (section 3.2), the etymon (section 3.3), the
phonological matrix (section 3.4) and the pattern and the weak root (section 3.5) in Arabic

lexical processing.

3.1 Lexical decision tasks with priming: An overview

All experiments reported below were lexical decision tasks with masked visual
priming. In lexical decision, participants see linguistic items and decide whether they are
words or non-words. In the masked priming paradigm, the prime is preceded by some
pattern and/or other stimuli. The stimulus onset asynchrony (SOA) time is kept very short
so that participants will not notice the prime. Masking is meant to eliminate any effect of
episodic memory traces on repetition priming (cf. Evett & Humphreys, 1981; Forster &
Davis, 1984). Masked priming has been found to be very sensitive to morphological
priming, especially at short SOAs (Frost, Deutsch, & Forster, 2000; Feldman & Bentin,
1994), as well as to formal priming (orthography and phonology) (Forster & Taft, 1994;
Forster, 1999).

The assumption behind repetition priming in general is that the target benefits from
the preceding activation of a related prime. The facilitating relationship between the prime
and the target can be orthographic, phonological, semantic or morphological. The purpose
of the experiments in this dissertation is to see if the effect of morphology (experimental
variable) on lexical processing is significantly different from the effects of semantics and
phonology and orthography (control variables).

To allow comparability, all experiments in this work used the masked priming

paradigm with the same SOA, which was about 50 milliseconds (3 ticks with a refresh
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time of 16.75 ms), and verbal forms as stimuli. Keeping the same SOA also allowed the
comparison of the results of these studies to those of other studies that used a similar
exposure time.

I conducted four studies that included six online experiments (Study 4 comprised 3
separate experiments). The main objective of these four studies was to test whether the
root, the etymon, the matrix and the pattern morphemes are used in word recognition
(verbal forms). If they are, we can claim that they have a separate cognitive status in the
Arabic mental lexicon. These studies examined the first five major research questions on
page 77.

In addition to testing whether the above morphological units have a cognitive
relevance in the Arabic mental lexicon, one of the objectives underlying the design of all
these studies was to examine whether there was a fine-tuning in lexical processing
(Research Question 6) in a connectionist fashion (see section 3.1.6 on Connectionism) or
in the manner proposed in the strong phonological hypothesis, which assumes that
phonology is essential at least in the early stages of lexical processing (e.g. Frost, 1998;
Frost, Ahissar, Gotesman, and Tayeb, 2003). The gradation was examined within the same
morpheme/experiment and across morphemes/experiments. The within-construct
comparison concerned the effect of the overlap of morphology and meaning in sound and
weak roots (in Study 1 and Study 4C, respectively). If there is a gradation of priming
effects as predicted by the distributed connectionist hypothesis, sound or weak roots with a
transparent semantic relationship will facilitate word recognition more than sound or weak
roots with an opaque semantic relationship. Across experiments, I compared the
correlation between form overlap and amount of priming across the following similar
morphemes: sound roots (Study 1), weak roots (Study 4C), and etymons (Study 2). The
comparison included the correlation of overlap in the number of morpheme consonants and
priming effect, as well as the correlation between form and priming time in the
orthographic conditions.

The other main objective behind the examination of these abstract morphemes, roots,
etymons (ordered and non-ordered), and phonetic matrices is to see how abstract lexical

processing might be (Research Question 7).
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The studies in this chapter deal directly with research questions 1-5. Although
based on the results of the online studies reported in this chapter, Research Questions 6 and
7 are discussed in chapter 5, because they are more related to the global interpretation of

the results.

3.2 Study 1: Priming with roots
3.2.1 Objectives

Previous studies in Arabic are inconclusive. Whereas Boudelaa and Marslen-
Wilson (2001b), using a between items design, found a rather persistent priming effect of
the root in lexical decision masked priming in verbal nouns and verbs at SOAs of 32, 48,
64 and 80 ms., Abu-Rabia and Awwad (2004) did not find any facilitatory effect at SOA of
50 ms. in nouns using a masked priming paradigm. The present study tried to validate
previous findings and allow for comparability with the other experiments on the etymon
and the phonetic matrix discussed below. The purpose of the study was to make sure that
morphological effects were/are different from phonological and semantic effects.

This experiment examined the role of roots in a visual lexical decision task with
verbal forms. It tested whether a masked word prime would facilitate the recognition of a
target word having the same root. Given some evidence for the importance of the root in
lexical processing in Arabic (Boudelaa & Marslen-Wilson, 2001b) and Hebrew (Feldman
& Bentin, 1994; Frost, Forster, & Deutsch, 1997), I expected to find a priming effect of the
root.

The assumption behind priming is that a significant facilitation effect is evidence
that the shared morpheme is being decomposed from a complex word and used to activate
. the target word stored in the mental lexicon/long term memory. To ascertain that any
potential facilitatory effect is morphological and not due to semantic or orthographic/
phonological similarity between primes and targets, both a semantic and a orthographic/
phonological condition, as well as an unrelated condition, were included. Because it was
very difficult to find good primes that had the same root and were cither related to the
target by both the root and meaning or only the root, I resorted to dividing the targets in the
first condition into two sets. The choice is also theoretically motivated since morphemes

are defined as meaning units, whose derivatives can have an opaque or transparent
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relationship. The first set included 24 targets and was paired with primes that belonged to
one of the following three experimental conditions: (i) +Root +Semantics (Experimental
condition), (i1) +Orthography/ +Phonology (Control condition 1), and (iii) Unrelated
(Control condition 2). In the first condition, primes and targets had the same root as well as
a transparent semantic relationship.>* In the second condition, primes shared with targets
roughly the same number of letters/phonemes in the same order as the related conditions,
but not the same root. The third condition included primes that had no semantic or formal
relation with their targets. The second set of targets were paired with primes that belonged
to one of the following three conditions: (i)+Root-Semantics (Experimental condition),
(i1)+Orthography/+Phonology (Control condition 1), and (iit) Unrelated (Control condition
2) (see Figure 1, below). In the first condition, primes and targets shared the same root but
very little meaning. The primes in the second condition shared the same number of
letters/phonemes with the targets, as did the morphological primes. In the third condition,
the primes had almost the same number of letters/syllables as the targets, but shared no
morphological or orthographic/phonological relationship. The unrelated condition in both
target sets served as the baseline against which the two other conditions were measured to
decide if there was any facilitation effect. There were occasional cases where a
letter/phoneme in the unrelated condition overlapped with the target. These instances in
this experiment and the following experiments could not be avoided because they were
part of the patterns (prefixes or infixes), which I tried to keep constant across all prime

conditions.

3.2.2 Participants

The participants were 36 Arabic-speaking students from Tunisia, where all the
experiments were conducted. They were aged between 22 and 27 and all had at least 12
years of formal education in Arabic They all had some knowledge of French as a second
language. They had normal or corrected to normal vision. The participants in all
experiments were volunteers. They were contacted on an individual basis in two university

libraries (Faculté des Sciences Humaines et Sociales de Tunis and Institut Superieur des

32 Whether the root was disrupted by infixed vowels and/or consonants was not considered an issue, since
previous research (Feldman & Bentin, 1994) found (dis)continuity of the root to have no effect on priming.
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Langues de Tunis). The same recruitment procedure was used in all the online

experiments.

3.2.3 Stimuli and Design

The targets were 48 triliteral Arabic verbs in the third person singular perfective
past, a rather neutral form. They had a mean letter length of 4.42 letters and a mean
syllable length of 3.65 syllables. As indicated above, the targets were divided into two sets
each containing 24 words. Each target of the first half was paired with three primes, one
from each of the first three experimental conditions mentioned above: (i) the
morphologically and semantically related, (ii) the orthographically/phonologically related,
and (iii) the unrelated conditions. The second set of targets were also paired with three
types of primes: (i) the morphologically related (+Root-Semantics), (ii) the
orthographically/phonologically related, and (iii) the unrelated. Figure 1 below displays
examples of the stimuli used. The letter and syllable lengths of the primes were kept very
similar. The primes in the morphologically and semantically related condition had an
average of 3.83 letters and 3.38 syllables. The mean length of letters and syllables in the
morphological  condition was 4.17 and  3.55, respectively. In  the
orthographically/phonologically related condition, the mean length of letters and syllables
was 4.19 and 3.56, respectively. The primes in the unrelated condition had a mean length
of letters of 3.81 and a mean length of syllables of 3.37. For the list of experimental items
in the three conditions, see Appendix A.

The number, position, order, and continuity of the overlapping letters in the
orthographic/ phonological control condition mimicked as much as possible those in the
related conditions. Because of their importance in lexical processing, the overlapping
initial letters in the control and the related conditions were identical. The average amount
of prime-target overlap was 3.13 letters and 3.13 phonemes in the morphologically and
semantically related condition; 3.13 letters and 3.13 phonemes in the morphologically
related condition; and 2.87 letters and 3.02 phonemes in the orthographically/
phonologically related condition. Caution was taken to keep a roughly equal number of

pattern types across all the experimental conditions, especially patterns that have pseudo-
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prefixes and that might be harder to process. None of the primes in the four experimental
conditions shared a word pattern with the target.

The semantic relatedness between both morphologically related primes and their
targets was based on the judgment of twenty native speakers of Arabic on a seven-point
relatedness scale, with 1 being ‘unrelated” and 7 being ‘very much related’. The
semantically related set included items whose mean rating was 4 or more, with an overall
mean of 5.03. The semantically unrelated set included items whose mean ranking was less
than 4 (the criterion was less than 4, but they were all actually less than 3.5), with an
overall mean of 2.47.

The final selection of the 48 target words and all primes was based on a judgment
of familiarity,3 3 which, like the semantic relatedness test, consisted of ranking words on a
seven-point familiarity scale by 30 native speakers, 1 being ‘unfamiliar’ and 7 ‘very
familiar’. This procedure was followed in all the following experiments. Only words that
had a familiarity mean score between 4 and 6 were finally included. The targets had an
overall mean familiarity score of 5.16. The unrelated primes were given an average score
of 4.87. The overall mean was 4.88 in the orthographically related condition and 5.09 in
the morphologically related condition (5.20 in the [+Semantic +Root] condition and 4.97
in the [-Semantic +Root] condition).

In addition to the 48 words and their corresponding primes in every condition, 48
unrelated word-word fillers were selected. Another 96 word-nonword filler pairs were
added, 48 of which were formally related, while the other 48 pairs were unrelated. To
familiarize the participants with the task, 34 practice trials were also included. These were
17 word-word pairs and 17 word-nonword pairs. The overlap in the related word-nonword
filler pairs was morpho-phonological. Obviously, the semantic condition. could not be
included in the word-nonword pairs. The unrelated condition was not included since there
were already 48 word-nonword unrelated pairs. The morphological overlap could not be
complete because that meant giving existing roots. The overlap was, therefore, at the level

of the consonants of the roots and, to a lesser extent, the affixes. The non-words in all

33 Familiarity was controlled despite the fact that previous research has found similar priming with low and
high familiarity primes in masked priming even with low short SOA (Forster & Davis, 1984; Rajaram &
Neely, 1992). :
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experiments were created by mixing legal non-existing roots with existing word patterns.
The pseudo-roots were constructed by changing one or two root consonants of existing

roots. From the word dafafa, for instance, the nonword fada fa was created. The pattern
(CaCaCa) is legitimate but the root {f, d, ¥} does not exist in Modern Standard Arabic.

Because pseudo-word and word fillers were included only as distracters, I opted for a
between items design rather than a within items design as in the experimental words in all
the online experiments.

All the stimuli were divided into three lists, each containing a total of 226 pairs
(half of them were words and half were non-words). The stimuli were rotated within the
four conditions in a Latin-square design in such a way that each participant was assigned
the same number and type of conditions, i.e. prime-target pairs. The Latin Square design
was done in the following way. I created three lists with the same targets and then
randomly divided each list into three subgroups of words. All the items in the first
subgroup in the first list were assigned the morphological items (+Morpho), the items in
the second subgroup were assigned the ortho-phonological primes (+Orthophono), and the
items in the third subgroup were matched with the unrelated primes (Unrelated). In the
second list, I assigned ortho-phonological primes to the first subgroup, the unrelated
primes to the second subgroup, and the morphological primes to the third subgroup. In the
third list, the assignment of primes was in the following order: Unrelated, +Morphology
and +Orthophonology. The rotation of the items in this way ensured that no participant saw
the same target or prime more than once. To make sure that no participant got three
consecutive YES or NO responses, I also rotated the fillers in a Latin Square fashion. The
same procedure was followed in the following experiments. The stimuli in this and other
experiments were presented in the unvowelled version of Arabic orthography, but caution

was taken to include words that had only one reading.



Figure 1. Examples of Prime-target Pairs Used in Study 1, with Arabic Script, Phonetic

Transcription, and Gloss (continued on the next page)

Words

1. +Root+Sem

2. +Orthog/+Phono

3. Unrelated

Set 2

1. +Root—Sem

2.+0rthog/+Phono

3. Unrelated

Prime

- "o

(';_u.\_ﬁ_i

[tagassama]
‘was divided’

el sl
[tagaaTasa]
‘was uninterested’

J w -
[tas*addara]

‘occupied the leading position’

a PN
[?ihtarama]
‘respected’

A ,)_S_,.’
[takarrama]
‘showed one’s generosity’

LJQ j;‘
[tawat't'ada]
‘was strengthened’

Target

B
[qaasama]
‘shared’

Hu
[qaasama]
‘shared’

('\_a.uu
[qaasama]
‘shared’

¢
[harrama]
“forbid’

¢ o=
[harrama]
“forbid’

¢ o=
[harrama]
‘forbid’

3% All stimuti in all online experiments are verbs in the third person singular in the past/perfective form.
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Non-words (primed by words)

sy .y

1. Related: (prime shares the [?iltaza?a) [lataza] *
pseudo-root of the target) ‘resorted’

27y45 < yah
3. Related: +orthog/+phono [tafarrada] [?istafra0a]

‘was unique’

&

£ BN
4. Unrelated [bazava) [?a3dana]
‘broke forth’

Note: The root and the pseudo-root are in bold and the rest of the phonemes make up the

pattern/template.

3.2.4 Procedure and apparatus

One third of the 36 participants were arbitrarily assigned to each of the three lists.
They were tested individually in a quiet room. The participants were instructed to respond
as quickly and as accurately as possible by pressing the Yes key for a word response and
the No key for a nonword response. The dominant hand was used for word (Yes) responses
and the non-dominant hand for the nonword (No) responses. The experiment lasted about
15 minutes. A training session with 34 practice items preceded the experiment. When felt
necessary the practice session was repeated twice.

This experiment and all the following experiments were conducted on an HP
portable Computer (Pentium (R) 4 CPU 2.66 GHz) running the display system DMDX.*
Each trial consisted of three events. The first event was a mask of 28 vertical lines that was

displayed for 500 ms. The second event that immediately followed was a prime word that

35 As mentioned in the first chapter, the grapheme/phoneme <gz> is pronounced /3/ in the standard variety of
Arabic spoken in Tunisia and not as a /d3/ as prescribed. The grapheme <u=> is a /d*/ in the prescribed
pronunciation but is pronounced /3°/ in Tunisian Modern Standard Arabic, thus making no distinction
between the graphemes <u=> and <E>, In the transcription of all experimental stimuli, a Tunisian Arabic
ggonunciation (the variety of the participants) is assumed.

The DMDX software was developed by J. C. Forster at the University of Arizona. This program is a
member of the DMASTR family developed at Monash University and the University of Arizona by K.I.
Forster and J.C. Forster. For more information on DMDX check the following website:
http://www.u.arizona.edu/~kforster/dmdx/dmdx.htm.
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appeared for 50.25 ms (three ticks of 16.75 ms. each). The last event that immediately
followed the prime was a target word, which remained on the screen for 2000 ms. or until a
response was provided by pressing a button on a USB joystick. The mask was presented in
30-point Traditional Arabic font size, the prime in 24-point font size and the target in 34-

point font size.

3.2.5 Results

The averages of correct response times (RT) and mean error frequencies were
obtained for both participants and items. Both types of data were analyzed using separate
analyses of variance (ANOVAs). For correct responses, outliers that were two standard
deviations above or below the mean were eliminated without being replaced. Participants
who had more than 20 % error on the experimental words were excluded and replaced. The
same procedure of data cleaning and analysis (i.e. two-way ANOVAs by subjects and
items) for both response time and error was followed in all of the following online
experiments. The effect of priming in the related conditions was evaluated against the
baseline orthographic/phonological condition. The means, standard deviations, and error
rates for all experimental conditions are presented in Table 4.

Three sets of two-way ANOVAs were run for subjects (F;) and items (F;). The two
independent variables were prime condition and list, with each containing three levels.
However, the effect of list will not be reported because this between subjects factor was
introduced to reduce variance.

To check whether the root had a special priming effect, I ran a set of ANOVASs on
the first three conditions, (1) +Root (either semantically related or not), (2)
+Orthography/+Phonology and (3) Unrelated. Prime condition (main effect) was
significant only in subject analysis, F((2, 66)=5.82, p<.005 (alpha was set at .05 in all the
experiments in this study). Planned comparisons (contrasts between the experimental
conditions) revealed a significant difference between the morphological condition (+Root)
and the unrelated condition: F, (1, 33)=10.65, p <.005 and more important between the
morphological condition and the form condition (+Orthography/Phonology), Fi(1,
33)=7.24, p<.05. The form condition, by contrast, was not different from the unrelated
condition: Fy (1, 33)=.50, p >.05.



88

Error analysis also showed a significant effect of priming condition in subject
analysis, F; (2, 66)=3.98, p <.05. Planned comparisons revealed a marginal significant
difference only between the morphological condition and the unrelated condition, F; (1,

33)=3.62, p <.06.

Table 4
Lexical Decision Reaction Times (RTs), Standard Deviations (SD), and Percentage Error

Rates (% error) in Study 1

Condition RT(ms) SD % error
1. +Root+/-Sem 716 86 6.5

2. +Orthog/+Phono 735 94 10.9

3. Unrelated 744 92 9.7
la.+Root+Sem 761 113 5.6

2a. +Orthog/+Phono 766 101 7.9

3a. Unrelated 765 95 6.5
1b.+Root-Sem 700 79 6.4

2b. +Orthog/+Phono 721 98 11.1

3b. Unrelated 743 110 8.5

To test whether semantics had a priming effect in the morphological condition, I
further ran two other sets of ANOV As. The first set of these two-way ANOVAs included
these three conditions: +Root, +Semantics, +Orthography/+Phonology, and Unrelated.
Here I included half of the data: the items that were both semantically and morphologically
related and their equivalents in the other conditions. The analysis did not yield a main
effect of prime condition in either subject or item analysis, F (2, 56)= .14, p >.05 and F»(2,
63)=.02, p>.05.

The third set of ANOVAs included the (i) +Root, -Semantics, (ii)+Orthography/

+Phonology, and (iii) Unrelated conditions. Interestingly enough, the prime condition
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variable was significant in subject analysis, Fi(2, 60)= 6.73, p <.005 and very marginally
significant in item analysis, F»(2, 63)=2.6, p=.08 . To determine the effect of morphology
compared to orthography/phonology, I used a deviation planned comparison test. The
result of these planned comparisons revealed that only the contribution of the

morphological condition was significant, F (2, 60)= 8.62, p <.01.

3.2.6 Discussion

The results of this experiment support the hypothesis, based on previous work done
on Arabic (Boudelaa & Marslen-Wilson, 2001b), that the root has a priming effect and
therefore has a cognitive validity in the Arabic mental lexicon. The priming effect of the
root is different from the formal effect of orthography/phonology since the amount of
priming in the morphological condition (+Root) was significantly different from that of the
orthographic/phonological condition (a difference of 19 ms.).

The results also show that morphological priming is not dependent on the semantic
relationship that often accompanies a morphological relationship. In fact, I found in the
separate treatment of the semantically-related prime-target pairs and the less semantically-
related pairs a rather interesting tendency; the less semantically-related are the ones that
have a significant priming effect. While previous studies on Arabic (Boudelaa & Marslen-
Wilson, 2001b) and Hebrew (Frost, Forster, & Deutsch, 1997) also found that priming
occurred regardless of whether the prime had a close semantic relationship with the prime
or not, no study on Semitic languages reported a similarly large advantage for the less
semantically related primes. We will return to this result later in the discussion of Study 4

C, where a similar effect is also found.

3.3 Study 2: Priming with etymons
3.3.1 Objectives

This study aimed first to revisit the question of whether the etymon, a two-
consonant root-like morpheme, has a cognitive role in Arabic lexical representation and
processing. The only study on this issue to date was by Boudelaa and Marslen-Wilson
(2001a). Their results were, however, met with much scepticism (e.g. Bentin & Frost,

2001). In addition to attempting to replicate Boudelaa’s and Marslen-Wilson’s (2001a)
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findings, the present study examined whether the order of the consonants of the etymon
had an effect on the degree of priming, an issue that was not examined in Boudelaa and
Marslen-Wilson (2001a). The results will also be compared to those of the previous study
(Study 1) to see if more overlap in roots led to more priming.

If the etymon had a cognitive validity, we would expect a priming effect in the
conditions where primes and targets share the same etymon.

The experiment comprised three main conditions: (i) +Etymon (ordered or not)
(Experimental condition), (ii) +Orthography/Phonology (Control condition 1), and (iii)
Unrelated (Control condition 1), with 48 targets each. But to allow for an evaluation of the
priming effect of ordered etymons in comparison to non-ordered etymons (in the first
general condition), the target words were divided into two sets of three experimental
conditions with 26 words with ordered etymons and 22 words with non-ordered etymons
(see Figure 2, below).

The first set included the following three conditions: (i) +Ordered Etymon, (ii)
+Orthography/+Phonology, and (iii) Unrelated. In the first condition, primes and targets
shared an ordered etymon. In the second condition (+Orthography/+Phonology), primes
and targets shared two consonants (orthography/phonology) such that it mimicked the
prime-target overlap in the morphological condition both in the number and the position of
the shared consonants. In the third condition (Unrelated), primes and targets had roughly
the same number of different letters (i.e. with no form or meaning similarity). A semantic
condition was not included because words with the same etymon were found, on the basis
of a semantic relatedness judgment test administered to 20 native speakers, to have very
little semantic relationship. In fact, they all had a mean score of less than 3 on a seven-
point scale. The overall mean for all the prime-target pairs was 1.77. The second set
included, in addition to the +Orthography/+Phonology and Unrelated conditions, the

+Non-ordered Etymon condition in which primes and targets shared non-ordered etymons.

3.3.2 Participants
Thirty-six Arabic-speaking students participated as volunteers in the experiment. None had

participated in Experiment 1. However, participants in Experiment 1 and 2 were
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comparable in terms of factors such as age and education, so that they could be considered

to have been drawn from the same population.

3.3.3 Stimuli and Design

The targets were 48 triliteral Arabic verbs in the past tense third person singular
form with a mean letter length of 4.25 and a mean syllable length of 3.52. Each of these
words was paired with three primes, one from each of the experimental conditions
described above (see Figure 2 for a sample of the stimuli). The mean letter and syllable
length of the primes that shared an ordered etymon with the targets was 3.52 and 3.01
respectively, and 3.36 and 2.82 respectively for the primes that shared a non-ordered
etymon with the targets. In the orthographically/phonologically related condition, the
primes were of a mean letter length of 3.59 and a mean syllable length of 3. In the
unrelated condition, the mean letter and syllable length were 3.42 and 3.08, respectively. A
list of all the experimental items is provided in Appendix B.

The number, position, order, and continuity of the overlapping letters in the
orthographic/phonological control condition mimicked as much as possible those in the
morphological condition. In the morphological condition, primes and targets shared an
etymon that was either ordered or non-ordered, a fact that was coded and tested (that is
whether the order of the shared etymon matters). The primes in the three experimental
conditions had the same word patterns and therefore roughly the same number of letters
and the same syllable structure. The average amount of prime-target overlap was 2.40
letters and 2.42 phonemes in the morphological condition (2.39 letters and 2.43 phonemes
in the ordered etymon condition and 2.41 letters and 2.41 phonemes in the unordered
etymon condition). The primes in the orthographically/phonologically-related condition
shared an average of 2.17 letters and 2.27 phonemes with the targets.

The verbs included mostly forms that have three consonants, two of which are
believed to constitute the etymon, based on the work of Bohas (1997, 2000). Only a few
weak verbs (verbs with a deleted underlying glide) that are believed to share an etymon
with other verbs were included. Weak verbs are examined separately in Study 5.

The 96 verbs selected in this study were of the following types: 19 verbs whose

third consonant is a result of spreading/gemination, 22 verbs with an added consonant in
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initial (root-consonant) position, 22 verbs with an added consonant in second position, and
33 verbs with an added consonant in third position. The added consonant could be either a
consonant or a glide (42 verbs had an added consonant and 35 had an added glide).

The stimuli had to have a familiarity score that ranged between 3 and 5 (on a seven-
point scale). The overall mean scores within the different item types were as follows: 4.08
for the targets, 4.30 for the unrelated primes, 4.27 for the orthographically-related primes,
and 4.13 for the items that share an etymon with the targets.

In addition to the 48 words and their corresponding primes in every condition, 144
fillers were selected. The fillers included 48 unrelated word-word fillers and 96 word-
nonword pairs. Half of these pairs (48) were formally related whereas the other 48 pairs
were unrelated and served as a control for the filler pairs. Each item file/list also contained
34 practice trials: 17 words and 17 non-words. The overlap in the related condition of the
nonword-word pairs was morpho-phonological. The overlap in this condition, as in the
experimental condition, included two ordered or non-ordered consonants of the root (a
pseudo-etymon) and/or consonants from the affixes. Three lists were finally created; each

containing a total of 226 pairs.

Figure 2. Examples of Prime-target Pairs Used in Study 2, with Arabic Script, Phonetic

Transcription, and Gloss (continued on the next page)

Prime Target
Words
fa_mJ’ 3 - )J_” 3
1. +Ordered Etymon, -Sem [qad®ama] [?in-qarad®a]
‘gnawed’ ‘became extinct’
- 'E J LP - .‘
2. +Orthog/+Phono [rafad®a] [?in-qarada]
‘refused’ ‘became extinct’
3. Unrelated [salaka] [?in-qarad®a]

‘followed’ ‘became extinct’



Set 2

1. +Non-ordered Etymon, -Sem

2. +Orthog/+Phono

3. Unrelated

Non-words

1. +Pseudo-etymon

2. +Orthog/+Phono

3. Unrelated

3.3.4 Procedure and apparatus

This was the same as in the previous experiment.

3.3.5 Results

6 4
[mawwaha]
‘feigned’

o

&\_A
[matta¥a]

‘made enjoy’
Jh e
[fat*t*ala]
‘obstructed’

. v
[qafaza]
‘jumped’

Rl = .\

[?infaqqal
‘was split’

[?at*naba]
‘overdid’

93

;:_"a_M

[?ihtamma]
‘was interested’
:,_LA\
[?ihtammal]
‘was interested’
}_’.\_A\
[?ihtamma]
‘was interested’

ael
[?aSfaza]

e

L)Q_L.u\_i
[tafannasa]®’

[tawad®d'ara]

Means for both correct response times and error frequencies were obtained for both

participants and items. As in Study 1, any correct response that was two standard

deviations above or below the mean of each participant was eliminated without being

replaced. This eliminated 3.46% of the data. The overall error rate was 12.7. The effect of

priming in the related condition was evaluated against the baseline orthographic/

37 The three phonemes that could make an etymon are in bold.
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phonological condition. The means, standard deviations, and error rates for all
experimental conditions are presented in Table 5.

Because the etymon is theoretically conceived of as an overlap in two radical
consonants that may or may not be ordered, I ran a first set of ANOVAs in which the
morphologically-related condition included a balanced number of ordered and non-ordered
etymons. The conditions were therefore the following: +Etymon (ordered or non-ordered),
+Orthography/ Phonology, and Unrelated. The prime condition was significant by subjects,
Fi (2, 66)=8.66, p <.001. Planned comparisons revealed a significant difference between
the +Etymon condition and the unrelated condition, F; (1, 33)=18.98, p <.001 as well as
between the +Etymon condition and the form condition (+Orthography/Phonology), F, (1,
33)=7.74, p <.01. The form condition did not differ from the unrelated condition, F; (1,
33)=2.45, p >.05. Error analysis did not show any significant differences between the
conditions.

To sece whether the order of the etymon consonants had an effect on priming, I
further ran two sets of ANOVAs. The first included the +Ordered Etymon, +Orthography/
Phonology, and Unrelated conditions. Prime condition was significant, F, (2, 66)=4.56, p
<.01. Planned comparisons, using the deviation contrast, showed that only the
morphological condition had a significant effect, F; (1, 33)=6.92, p <.01.

In the other set of ANOVAs the +Non-ordered Etymon condition, the form
condition, and the control condition were compared. The prime condition was not

significant either by subjects (F; (2, 64)=.55, p >.05) or by items (F» (2, 57)=.07, p >.05).
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Table 5
Lexical Decision Reaction Times (RTs), Standard Deviations (SD), and Percentage Error

Rates (% error) in Study 2

Condition RT(ms) SD % error
1.+Etymon+/-ordered 800 113 10.9

2. +Orthog/+Phono 816 118 12.4

3. Unrelated 828 120 14.9
la.+Ordered etymon 774 115 12.4
2a. +Orthog/+Phono 781 118 14.2

3a. Unrelated 800 123 124
1b.+Non-ordered etym 832 134 10.7
2b. +Orthog/+Phono 842 132 9.1

3b. Unrelated 840 130 14.3

3.3.6 Discussion
| The results partly replicate what has previously beén reported about the primiﬁg
effect of etymons in Arabic by Boudelaa and Marslen-Wilson (2001a). Despite the fact that
the present experiment included both ordered and non-ordered etymons, I found a
significant effect in the morphological (+Etymon) condition. Boudelaa and Marslen-
Wilson, who used mostly ordered etymons, suggested on the basis of their findings that the
etymon is used in lexical processing.
What is new in the present experiment is the fact that priming occurs only when the

primes and targets share an ordered etymon. This result casts some doubt on this construct.
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Yet, we cannot conclude that the effect is due to orthographic/phonological overlap
because the effect of the etymon consonants is largely significantly different from the
effect of orthography/phonology (a difference of 16 ms.). I might, however, tentatively
suggest that the construct used in the activation of lexical representations is not as abstract
as the theoretical construct proposed in morphological theory. The cognitive construct is
very likely a formal (orthographic) ordered unit that might be related to the root. Primes
fail to activate target words with which they share a non-ordered etymon probably because

the activation process is linear/ordered.

3.4 Study 3: Priming with phonetic matrices
3.4.1 Objectives

The phonetic matrix has not been examined in previous research. Boudelaa and
Marslen-Wilson (2001a) mentioned the notion of the matrix as the underlying unifying
unit of etymons, but actually used mostly etymons that shared two phonemes. The purpose
of the present experiment was to investigate whether a prime would facilitate the
recognition of a target word with which it shared the phonetic features assumed to be
unifying etymons (see section 1.1.1.3 for a detailed discussion of the notions of phonetic
matrix and etymon). Since I did not find any priming with non-ordered etymons, I did not
expect to find priming with the very abstract notion/construct of phonetic matrix.

Three conditions were studied. In the morphological condition (+Phonetic Matrix -
Semantics) (Experimental condition), primes and targets shared a phonetic matrix, namely
two place features that related etymons share (see Figure 3 for examples of the different
prime-target pairs in the different conditions). Primes in the phonological condition
(+Phonology -Semantics).(Control condition 1), as in the related condition, were related to
the target by sharing roughly the same number and order of features/phonemes. The only
difference was that in the phonological condition the primes shared only one feature of the
matrix features with the targets. In cases where a morphologically related prime and a
target shared an additional letter in addition to the shared matrix, it was repeated in the
phonological condition. In the wnrelated condition (Control condition 2), primes and
targets shared one or no phonetic feature. The shared feature had to be other than the two

place features making the matrix in the morphological condition or any other matrix. There
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were a few cases where an extra overlap was found in the affixes of the unrelated
condition. These were theoretically irrelevant and could not be avoided when the patterns
of the primes had to be as similar as possible.

In all conditions, the short vowels were not considered in the overlap. First, vowels
are not part of the root/etymon and belong to a separate morpheme. Second, vowels do not
show in the orthographic transcription. To assure an optimal control over the variation,
there were two cases in which all primes including the unrelated primes shared the word
pattern with the targets (the focus was on the variation of the matrix features). The three
experimental primes had in most cases the same pattern and the same number of
letters/phonemes.

If the phonetic matrix had an effect in lexical processing primes in the matrix-
related condition should prime their targets significantly more than the phonological

controls. As mentioned earlier, I predicted no priming effect.

3.4.2 Participants
The participants were another 36 Arabic-speaking students from the same
population as in the previous experiments. None of them participated in the previous

experiments.

3.4.3 Stimuli and design
The choice of the words was based on the work of Bohas (1997, 2000). The words
belonged to one of the following seven matrix-based groups:
(1) {[labial], [coronal]}
(ii) {[+consonantal, labial] [+consonantal, -voiced, +continuous]}
(iii){[labial, -sonorant], [pharyngeal]} |
(iv) {[coronal], [pharyngeal, -dorsal, -voiced]}
(v) {[coronal], [dorsal]}
(vi) {[labial, -sonorant], [dorsal]}

(see Table 2 above for a feature-based description of Arabic consonants and (26) for the

consonants associated with each of the above mentioned matrices). A matrix also includes
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words that share the same etymon/two phonemes, but these were paired with words with
which they shared only the specified phonetic features, not whole phonemes.

The stimuli included triliteral Arabic verbs. The targets were 36 words/verbs whose
mean letter length was 4.17 and mean syllable length was 3.53. Each of the target words
was paired with three primes, one from each of the experimental conditions: (i) the
[+Matrix -Semantics] condition, (ii) the [+Phonology -Semantics] condition, and (iii) the
Unrelated condition. The primes that shared a phonetic matrix with the targets
(morphological condition) were, on average, 3.31 letters long and had an average of 2.97
syllables. The phonological primes also had an average of 3.31 letters and 2.97 syllables.
The mean letter and syllable length of the unrelated primes were 3.28 and 2.86,
respectively (see Appendix C for a complete list of the experimental items).

In most cases, primes in the three conditions had the same word patterns, which
were, in every case, different from those of the targets. The overlap between primes and
targets was in terms of phonetic features as well as whole phonemes. Only the segmental
overlap is reported here. The primes in the matrix-related (morphological) condition shared
with the targets an average of 0.92 letters and 0.97 phonemes. In the phonological
condition, primes and targets shared an average of 0.89 letters and 0.92 phonemes.

As in the other experiments discussed above, the items were selected on the basis
of a familiarity judgement made by 30 native speakers. The criterion of selection was a
mean familiarity score that ranged between 3.5 and 5.5. The overall mean scores were
distributed as follows: 4.02 for the targets, 4.05 for the unrelated items, 4.30 for the
phonologically related items and 3.98 for the primes that shared a phonetic matrix with the
targets. Because the non-words were not examined, the strict criterion of selection of
words was not observed. The word-nonword pairs that served as controls for the matrix
related words did not share any phonemes, very much like the unrelated word-nonword
pairs. No attention was paid to the features of the phonetic matrices studied, because these

were not included in the analysis.
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Figure 3. Examples of Prime-target Pairs Used in Study 3, with Arabic Script, Phonetic

Transcription, and Gloss

1. +Matrix, -Semantics

2. +Phonology

3. Unrelated

Non-words

1. No phonology

2. +Phonology

3. Unrelated

Prime

[lafaha]
‘(a hot wind) blew’

[farad®a]
‘imposed’

olc
[faliga]
‘stuck’

[kad amal
‘suppressed’

as i
[talaa?ama]
1 ﬁt kd

et
[lahhana]
‘composed’

Target

.. .
[naffasa]
‘relieved’

.
[naffasa]
‘relieved’

.. .
[naffasa]
‘relieved’

[taxaaDala]

y o §

[?iqtad’ara)

R
[takaarafa]

Three lists were created. Each list contained, in addition to the 36 experimental

pairs, 111 filler pairs, 36 of which were word-word pairs, and 72 word-nonword pairs. A

total of 34 practice pairs were also included. Thus, each list contained a total of 178 pairs.
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3.4.4 Procedure and apparatus

This was the same as in the previous experiments.

3.4.5 Results

The RT and error data were cleaned as in the previous experiments, which resulted
in the elimination without replacement of a small part of the data (4.2%). The effect of
priming in the related conditions was compared to the phonological condition. The means,
standard deviations, and error rates for all experimental conditions are presented in Table
6.

The prime condition variable was not significant either in the response time
analysis (Fi(2, 66)=3.09, p >.05 and F»(2, 99)=.21, p >.05) or in the error analysis (F(2,
66)=1.86, p>.05 and F»(2, 99)=.88, p >.05).

Table 6
Lexical Decision Reaction Times (RTs), Standard Deviations (SD), and Percentage Error

Rates (% error) in Study 3

Condition RT(ms) SD % error
1.+Matrix 791 131 13.1

2. +Phono 776 128 9.6

3. Unrelated 780 128 13.7

3.4.6 Discussion

The results clearly show that the phonetic matrix has no priming effect. As
discussed above (see chapter 1), the phonetic matrix is the very abstract and general
construct that underlies etymons that share the same matrix of phonetic features. The lack
of priming by the phonetic matrix was expected, especially that no priming was found with
the non-ordered etymon, which is a much less abstract manifestation of the phonetic

matrix.
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Both results of the non-ordered etymon and the phonetic matrix suggest that the
processor or the activation process is not very abstract. It rather relies on visually and
linearly parsable units, very likely graphemes, to activate related words in visual lexical

processing. Abstractness in lexical processing will be discussed more in chapter 5.

3.5 Study 4: Priming with sound and weak patterns and weak roots
3.5.1 Objectives

The present study tried to examine whether patterns, sound or weak, have a priming
effect. Weak patterns are patterns that are intertwined with weak roots to make words.
Because the focus in all the following experiments is on weak roots and their effect on the
pattern and morphological priming/processing, a brief definition of weak roots is in order.
Weak verbs are verbs that have lost an underlying glide, ending with only two root

consonants in the surface form. The deleted glide, a /w /or a /j /, could be the first (initial),

the second (medial) or the third (final) consonant of the root.*® Only verbs with medial and
final deleted glides were included in the stimuli because verbs with initial weakness are
rare and result from assimilation, which is not the case with the other weak verbs. An
example of a verb with an initial glide is wasala ‘he arrived’. The glide of this verb is lost

in form VIII (perfective) (?iftafala) in contact with affixal /t/, as in: /?iwtas‘ala/---
[?ittas*ala]. Forms of this kind were not selected because they include assimilation rather

than deletion, and therefore the verb still has three consonants. Verbs with initial glides
undergo glide deletion in the imperfective as in waqafa ‘he fell’ ya-qafu ‘he falls/he is
falling’. However, only the perfective was used because it is the most neutral form in
Arabic. and has no person marker pr_eﬁxes. While glide deletion is more common in weak
verbs with medial or final glides, it does not involve all paradigm forms. Verbs lose their

medial glide in the following paradigm forms: Form I (fatala), Form IV (?afYala), Form
VII (?infafala), Form VIII (?iftafala), and Form X (?istaffala). The forms in which verbs
delete their final glide include: Form I (faSala), Form II (fa??ala), Form III (faafala), Form

3% The two sound consonants of weak verbs (i.e. the ones that do not change) are potential etymons (Bohas,
1997, pp. 19-25).
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IV (?afVala), Form V (tafa¢Vala), Form VI (tafaa%ala), Form VII (?infaSala), Form VIII
(?ifta%ala), Form X (?istafVala).

3.5.2 Study 4A

This experiment tested whether patterns conjugated with weak roots primed words
with similar patterns that were conjugated with sound roots. These were compared to
primes conjugated with different sound roots in order to control items that shared the same
number of letters with the targets but had different patterns and different roots. There were,
therefore, three conditions: (i) +Pattern with Sound Root, (ii) +Pattern with Weak Root,
and (iii) +Phonology/Orthography (control condition). In the first condition, primes shared
the same patterns with targets but had different sound roots and different meanings.
However, in the second condition, the roots of the primes were weak, that is, they lacked
one consonant. The root weakness affects the pattern by changing its syllabic structure.
The site of the weakness could be medial or final. The stimuli included an equal number of
each type of weak verbs to examine if the position of weakness played any role. In the
third condition, primes and targets shared the same number of letters as in the related
conditions. The shared letters/phonemes could be either consonants or long vowels. Short
vowels, represented by diacritics, were not used, as the stimuli were presented in the

unvowelled version of Arabic orthography.

3.5.2.1 Participants
The volunteer participants were a different group of 36 Arabic-speaking students.
None of them participated in the previous experiments from the same population as in the

previous experiments.

3.5.2.2 Stimuli and Design

The targets were 48 verbs that were derived from the following patterns: fafala (11
verbs/items), 7affala (11), tafa$Sala (5), ?iftaSala (8), ?istafSala (3), tafaaSala (3), ?infaSala
(4), faaSala (2), faS%ala (1). The targets were 4.19 letters long and 3.5 syllables long, on

average. Each target word was paired with three primes, one from each of the three
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conditions mentioned above: (i) +Pattern with Sound Root, (ii) +Pattern with Weak Root,
and (iii) +Orthography/Phonology. The mean length of the primes was 4.17 letters and 3.5
syllables in the pattern with sound root; 4.19 letters and 2.73 syllables in the pattern with a
weak root condition; and 4.17 letters and 3.40 syllables in the +orthography/phonology
condition.

The number, position, order, and continuity of the overlapping letters in the control
condition mimicked as much as possible those in the related conditions. In fact, the amount
of overlap was almost identical. It was, however, very difficult to keep the same amount of
overlap in the same order in the control condition. Some patterns in the targets had up to

three consecutive affixal letters in the beginning of the word (e.g. ?istaffala). The average

amount of prime-target overlap was 1.31 letters and 1.31 phonemes in the pattern with
sound root condition; 1.34 letters and 1.34 phonemes in the pattern with weak root
condition; and 1.34 letters and 1.34 phonemes in the +orthography/phonology condition.
Unlike in the related conditions, primes in the control condition had different patterns from
those of the targets. The control primes, however, had roughly the same number of
‘prefixed’ patterns as the related primes and always mimicked the initial letter overlap
between related primes and targets. A sample of the stimuli is given below in Figure 4 (for
the complete list of items, see Appendix D).

For an item to be included, it had to have a mean familiarity score between 4 and 6
on a seven-point scale. The overall mean score for the targets was 5.07. The overall mean
score for the primes in the orthographically-related condition was 5.00. The overall mean
score for the primes that shared “weak” patterns with the targets was 4.86. The overall
mean score for the primes that share “sound” patterns with the targets was 5.05.

In addition to the 48 target words, 48 unrelated word-word fillers were selected.
Another 96 word-nonword pairs were added, 48 of which were formally related, whereas
the other 48 pairs were unrelated. The overlap in the related word-nonword pairs was
morpho-phonological. As in the experimental word-word pairs, the overlap between
primes and targets was in the word patterns. Primes shared with non-word targets ‘weak’
patterns (i.e. patterns with weak roots), ‘sound’ patterns, or only consonants of both the
root and the affixes. The primes in the related word-nonword pairs were mostly with sound

roots, because weak roots are not frequent in the language.
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The stimuli were finally divided into three lists. One third of the 36 participants

were tested on each of the three lists.

Figure 4. Examples of Prime-target Pairs Used in Study 4A, with Arabic Script, Phonetic

Transcription, and Gloss

Words

1. +Pattern with sound root

2. +Pattern with weak root

3. Control: +Orthog/Phono

Non-words

1.4+Pattern with sound root

2. +Pattern with weak root

3. Control: +Orthog/Phono

Prime

ol
[?istafmara]
‘colonized’

. . " ‘
[?istaynaa]

‘was able to dispense with’

Los
[?as*qat'a)
‘made fall’

P P!
[takarrama]
‘was generous’

et ol
[?istayaaa]
‘asked for help’

[?atfa?a]
‘put out’

Target

Lo
[?istagbala]
‘welcomed’

[?istagbala]
‘welcomed’

[Pistagbala]
‘welcomed’

. - -

[ U -
[tahassafa]

ol

[?istamaafa]

P! -
[tat*affaka]
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3.5.2.3 Procedure and apparatus

This was the same as in the previous experiments.

3.5.2.4 Results

RT and error data were gleaned and cleaned following the same procedure as in the
previous experiments. A small part of the data fell outside the two-standard deviation
cutoffs (4.73%). The effect of priming in the related conditions was compared to the
orthographic/ phonological condition. The means, standard deviations, and error rates for
all experimental conditions are presented in Table 7.

The prime condition variable was not significant in either RT analysis (F; (2,
66)=.30, p >.05 and F; (2, 135)=.05, p >.05) or error analysis (F; (2, 66)=1.36, p >.05 and
F, (2, 135)=.64, p >.05).

Table 7
Lexical Decision Reaction Times (RTs), Standard Deviations (SD), and Percentage Error

Rates (% error) in Study 4A

Condition RT(ms) SD % error
1.+Sound Pattern 727 90 7.2
2. +Weak Pattern 730 90 53
3. +Orthography 729 89 5.9

3.5.2.5 Discussion

The results show that there is no difference at all between the two related
conditions and the control condition. The lack of priming with a sound pattern (only 2 ms
more than the control) suggests that, unlike the root, the pattern does not play a role at this
stage of lexical processing (50 ms). One possible explanation for the lack of priming with
patterns could be the fact that the short vowels of the pattern are not orthographically

represented.
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This result does not support the results on Arabic reported by Boudelaa and
Marslen-Wilson (2001b). They found priming effects of the pattern at display time 48 and
64 ms. in deverbal nouns and only at SOA 48 for verbs. As Boudelaa and Marslen-
Wilson’s stimuli have not been published, I cannot compare their stimuli to mine. The
results in Hebrew are equally intriguing. Studies on Hebrew showed that pattern priming
had a priming effect at SOA of 42-43 ms in verbs and not in nouns (Frost, Forster, &
Deutsch, 1997; Deutsch, Frost, & Forster, 1998), which is different from the pattern for
Arabic reported by Boudelaa and Marslen-Wilson.

Because I found no priming in either sound or weak patterns, I could not make any
speculation. I, however, proceeded to test weak patterns that shared both consonants and
vowels with their primes. Long vowels, which are frequent in weak patterns, are

represented orthographically.

3.5.3 Study 4B

Although I found no priming with sound patterns, I wanted to test if there was no
priming with exact weak patterns. That is, I tested the condition in which both the prime
and the target are weak and share orthographic vowels and consonants. I also included a
condition where primes and targets share a weak pattern with a different site of weakness.
Two slightly different morphological conditions were, therefore, included in addition to the
control condition (see Figure 5, below). In the first related condition, both primes and
targets shared the same patterns with the same site of disruption (weakness) and therefore
had very similar prosodic templates (i.e. similar syllabic structure). In the second
condition, primes and targets shared the same patterns but differed as to the site of the
disruption. The dissimilarity in the site of the weakness also affected the orthography. The
site of the weakness is a long/orthographic vowel, particularly a long aa which is written in

two different ways: as an Za/if <> in the middle of the word and as yaa ? <> at the end.

This discrepancy in orthography was, however, controlled in the three conditions by

selecting half of the primes with an 7alif and the other half with a yaa? In the control

condition (+orthography/phonology), primes shared the same number of letters with
targets. The overlap was both in consonants and long vowels (24 verbs overlapped in long

vowels and consonants and 24 in consonants).
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3.5.3.1 Participants
Another 36 Arabic-speaking students from the same population as in the previous

experiments volunteered to take part in this experiment.

3.5.3.2 Stimuli and Design
The target words were 48 verbs that were derived from the following patterns:

JaSala (24), Yaffala (11), RifiaSala (9), staffala (2), YinfaSala (2).° They had a mean

letter iength of 3.81 and a mean syllable length of 2.5. Each target word was paired with
three primes, one from each of the three experimental conditions: (i) same pattern, with a
weak root (ii) slightly different pattern, with a weak root and (iii) +orthography/phonology.
The primes that shared the same patterns with targets were, on average, 3.81 letters long
and 2.50 syllables long. The mean letter and syllable length of the primes that shared
slightly different patterns with targets were 3.81 and 2.35, respectively. In the
+orthography/phonology condition, primes had a mean letter length of 3.92 and a mean
syllable length of 2.94.

The number, position, order, and continuity of the overlapping letters in the control
condition mimicked as much as possible those in the morphological conditions. Despite the
fact that the control primes had patterns different from other primes and targets, they
nonetheless had the same initial overlap with the targets as in the related conditions, as
well as roughly the same number of prefixed patterns. The average amount of prime target
overlap was 1.32 letters and 1.81 phonemes in the same pattern condition; 1.31 letters and
1.81 phonemes in the slightly different pattern condition; and 1.35 letters and 1.82
phonemes in the orthography/phonology condition (Figure 5, below, contains examples of
the different prime-target pairs and  Appendix E has the complete list of items). The
amount of overlap was kept similar to the one in the previous experiment.

The familiarity score of the selected items ranged between 3.75 and 5.75 over a
seven-point scale. The overall means of the targets and the primes in the different
conditions were as follows: 4.16 for the targets; 4.59 for the

orthographically/phonologically-related primes; 4.50 for the primes that shared a slightly

*® The wazn (pattern) faafala could not be included simply because in verbs with middle glide that glide
surfaces.
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different pattern with the targets; and 4.36 for the primes that shared the same pattern with
the targets. The familiarity scores of the stimuli in this experiment were very close to those
in the previous one ( Study 4A).

As in the previous experiments, 48 unrelated word-word fillers were selected.
Another 96 word-nonword filler pairs were added, 48 of which were formally related while
the other 48 pairs were unrelated. There were also 34 practice pairs. The overlap in the
related nonword-word pairs/fillers was either morphological or phonological. As in the
experimental word-word pairs, the morphological overlap in these word-nonword fillers
was in the shared word patterns. The phonological overlap (in one third of the prime-target
pairs) was in some of the root consonants and affix consonants.

The stimuli were finally divided into three lists. Each list was presented to a

different group of twelve participants.

Figure 5. Examples of Prime-target Pairs Used in Study 4B, with Arabic Script, Phonetic

Transcription, and Gloss (continued on the next page)

Prime Target
Words
s—a )| —aa
1. Same pattern [2irtamaa] [?intaqaal
with weak root ‘threw oneself’ ‘selected’
Ll sl s—aa
2. Slightly different pattern [?ihtaat’a] [?intaqaa]
with weak root ‘was cautious’ ‘selected’
yid iy
3. Control: +orthog/ phono [?atqana] [?intaqaa]

‘mastered’ ‘selected’
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Non-words
CLA Al
1. Same pattern [haaza] [zaaqa]
with weak root ‘became agitated’
2. Slightly different pattern [faaba] [8°azaa]
with weak root ‘aged’
(e AP R
3. Control: +orthog/phono [Yaanaqa] [tanaawada]
‘embraced’

3.5.3.3 Procedure and apparatus

The procedure was the same as in the previous experiments.

3.5.3.4 Results

The data cleaning led to the elimination of 4% of the data. The effect of priming in
the related conditions was compared to the orthographic/phonological condition. The
means, standard deviations, and error rates for all experimental conditions are presented in
Table 8.

The analysis of RT data showed a significant effect of the prime condition variable,
F{ (2, 66)=4.20, p <.05. This significance was not due to a priming difference between the
+Same Pattern condition and the control condition, but rather to the inhibitory effect of the
second condition (+slightly different pattern). Planned comparisons showed a significant
difference between the +Slightly different pattern condition and the control condition
(+Orthography/Phonology), F, (1, 33)=8.78, p <.0l. Error analysis did not reveal any
difference between conditions.

I also ran a t-test to see if the items that shared both orthographic vowels and
consonants in the first condition were different from the control condition. The test
revealed no significant difference between the two conditions, t(35)=.64, p>.05. A similar

test between the items that shared the same weak pattern but a different orthographic
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representation of the long vowels in the first condition and the control condition also

revealed, an expected nonsignificant difference, t(35)=-.40, p>.05.

Table 8
Lexical Decision Reaction Times (RTs), Standard Deviations (SD), and Percentage Error

Rates (% error) in Study 4B

Condition RT(ms) SD % error
1.+Same Weak Pattern 689 96 7.5
2.+Slightly different Weak Pattern 699 80 7.4
3. Unrelated 680 73 5.4

3.5.3.5 Discussion

The results of this experiment clearly show that weak patterns do not prime each
other, even if they share the same orthographic representation of both the consonants and
the long vowels of the pattern. The results of this experiment and the previous one show
that patterns, either sound or weak, do not activate lexical representations at this stage of
lexical processing (i.e. at SOA of 50 ms). Comparing the results of Study 4A and Study 4B
to those of Study 1 and Study 2, we can conclude that roots and etymons have an active
role in lexical processing but patterns do not. This conclusion is further tested in the

following study.

3.5.4 Study 4C

In this experiment, I tested whether I could demonstrate priming with weak roots;
that is, when both primes and targets shared the same weak root. Because I found priming
with etymons where only two consonants were shared, | thought that I could find priming
with weak roots as well. There is, however, a difference between etymons and weak roots.
Etymons, unlike weak roots, make up stems that have three “root” consonants. Having a

sound pattern in a word seems to be obligatory for decomposition in Hebrew. Frost,



111

Deutsch, and Forster (2000), using a masked priming paradigm, found that verbal patterns
had no effect when either or both prime and target forms missed a root consonant. Yet,
once they added an arbitrary consonant to the weak root of the prime coupled with a target
that had both a sound root and pattern, the pattern effect appeared. The authors concluded
that for decomposition to occur the system should detect both an existing pattern and three
consonants.

Although 1 am examining Arabic and not Hebrew, I propose an alternative
hypothesis to the one proposed in Frost et al. (2000). I suggest that the lack of priming
found in Frost et al. (2000) could be due to the disruption of the pattern/CV skeleton and
not to the root. Keeping the same weak root in primes and targets, but varying the (weak)
patterns would very likely lead to priming. This hypothesis is based on the results from
Arabic and Hebrew, which suggest that the root is more important and stable in priming
than the pattern, as well as on the results found in Arabic in relation to the etymon.

The experiment comprised three conditions with two sets of targets, 24 items in
each set (Figure 6, below). The first set included the following three conditions: (1a)
+Weak  Root, +Semantics  (Experimental condition), (2a)  the  form
(orthography/phonology) related (Control condition 1), and (3a) the unrelated (Control
condition 2). In the second set there were these three conditions: (1b) +Weak Root, -
Semantics (Experimental condition), (2b) the form-related (Control condition 1), and (3b)
the unrelated condition (Control condition 2). In the first/morphological condition, in both
sets, the prime and the target shared a weak root. While the first set included items that
shared morphological as well semantic relationship with targets, the second set included
primes that shared weak roots and a vague semantic relationship with targets. In the form-
related condition, primes and targets shared the same number of phonemes as in the
morphological condition.

If we find that it is the pattern that matters, it would mean that the pattern includes
the root in the processing. That is, both the root and the pattern are complementary and the
existence of both units is necessary in the decomposition. The putative priming effect
between weak primes and weak targets would also support the etymon hypothesis, because

words with weak roots are considered etymons (Bohas, 1997, 2000).
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3.5.4.1 Participants
The participants were another 36 Arabic-speaking students from the same

population as in the other experiments.

3.5.4.2 Stimuli and Design
The targets were 48 weak verbs whose mean letter length was 4.94 and mean

syllable length was 3.19. They had one of the following patterns: ?ifiafala (9), RistafSala
(14), tafaa?ala (6), tafa??ala (4), Yinfafala (5), fuSala (3), Yaffala (5), faaSala (2).*° Half

of the targets were paired with primes in the following three conditions: (a) +Weak Root,
+Semantics, (b) form-related (+Orthography/Phonology), and (¢) Unrelated. The second
half of the targets were paired with primes in the following three conditions: (a) +Weak
Root, -Semantics, (b) form-related (+Orthography/Phonology), and (¢) Unrelated. The
mean letter and syllable length of primes in the ‘+Weak Root+Semantics’ condition were
3.63 and 2.38, respectively. The primes in the ‘Orthography/Phonology’ condition were,
on average, 4.23 letters long and 3.23 syllables long. The primes in the unrelated condition
had a mean letter length of 3.56 and a mean syllable length of 3.34. The primes that shared
weak roots but no meaning with the targets had a mean letter length of 3.50 and a mean
syllable length of 2.25 (see Figure 6 for examples of prime-target pairs in the different
conditions and Appendix F for a complete list of the experimental items).

The overlap was both in the number and the position of the shared phonemes.
Because of the importance of first phonemes/letters in processing, whenever the target and
the morphological prime shared one or more initial letters the overlap was reproduced in
the phonological/orthographic condition. In the unrelated condition, primes and targets had
roughly the same number of letters, but no form or meaning similarity. Unlike in the
morphologically related condition, in both the phonological and the unrelated conditions,
the verbs had sound roots. The same rigorous control for the number of letters and word
pattern (syllabic structure) used in the other experiments was adopted. In most cases, the
primes in the three experimental conditions shared the same patterns, which differed from

those of the targets. In a few instances, the unrelated prime had to have a different pattern

40 s discussed in the previous experiment, verbs can have the same pattern but a different weakness site.
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to avoid the overlap in the first letter with the target. In cases where such changes were
necessary, it was made sure that if the shared pattern between a related prime and a target
had a prefix, the control had to have a prefixed pattern as well. For instance, the particle in

“” in form VIII (Fiftafala) is epenthetic, but it might be considered a (pseudo)prefix

because it is orthographically/visually represented. Thus, it might be stripped during
processing or at least cause prefix-like effects.

In the ‘“+Weak Root +Semantics’ condition, primes and targets shared an average of
3.29 letters and 3.38 phonemes. In the +Orthography/Phonology condition, the prime-
target overlap was 3.03 letters and 3.27 phonemes, on average. In the ‘+Weak Root, -
Semantics’ condition, the average overlap in letters and phonemes was 2.96 and 3,
respectively.

Semantic similarity was determined by randomly presenting word-pairs sharing the
same root to 20 native speakers to judge their semantic relatedness on a 7-point scale. For
the low-relatedness pairs, the ranking ranged between 1.35 and 3 (the criterion was less
than 4), with a general mean of 2.35 and it ranged between 4 and 6.3 for the high-
relatedness pairs, with a general mean of 4.75.

The selection of the stimuli was also based on a familiarity score on a seven-point
scale obtained from 30 native speakers of Arabic. The selected items had to have a mean
score above 4. The overall means of targets and primes in the different conditions were as
follows: 4.56 for the targets, 4.48 for the unrelated primes, 4.47 for the primes in the
orthographic/phonological condition, and 4.48 for the primes in the morphological
condition (4.59 in [+root, +semantics] condition and 4.37 in [+root, -semantics] conditiorn).

In addition to the 48 words and their corresponding primes in every condition, 48

“unrelated word-word fillers were selected. Another 96 word-nonword pairs were added; 48
of these were formally related and the other 48 pairs were unrelated. The overlap in the
related nonword-word pairs was morphological and phonological and mimicked the
overlap in the related experimental conditions. The morphological overlap included the
consonants of the root, which, unlike in the experimental words, were not all weak. The

phonological overlap involved a mixture of root and affix consonants.
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Figure 6. Examples of Prime-target Pairs Used in Study 4C, with Arabic Script, Phonetic

Transcription, and Gloss (continued on the next page)

Set 1

Words

la: +Weak Root +Sem

2a: +Phono/Ortho

3a: Unrelated

Set 2

1b; +Weak Root-Sem

2b: -Weak Root +Phono/Ortho

3b: Unrelated

Prime

&l_u':
[8%aafa]
‘got lost’

acl n
[8%aafafa]
‘multiplicd’

G =R
[hariba]
‘run away’

5 HEN
[3aaza]
‘was allowed’

[3aazafa]
‘ventured’

T
[waffaha]

‘adorned’

Target

¢ Lz
[?a-8%aafa]
‘lost’

& A
[?a-8%aaa]
‘lost’

¢ Ll
[?a-O%aafa]
‘lost’

[?i-3taaza)
‘passed’

il
[?i-3taaza)
‘passed’

[?i-3taaza)
‘passed’
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Non-words
=23 ol

1. +Weak pseudo-root™! [?irtafaal [raafa]
‘accepted to bribe’
e_y.\_a (g

2. +Phono/Ortho [haazama] [?inhamagqa]
‘attacked’
Lo APREIW

3. Unrelated [naadaa] [?istanyada]
‘called’

3.5.4.3 Procedure and apparatus

This was the same as in the other experiments.

3.5.4.4 Results

Correct response times (RT) and mean error frequencies were averaged across
participants and items. As in the other experiments, outliers were eliminated without
replacement. This led to the elimination of 4.23% of the data. Both types of data were
analyzed using separate analyses of variance (ANOVAs). The means, standard deviations,
and error rates for all experimental conditions are presented in Table 9.

Three sets of two-way ANOVAs were run across subjects and items. The two
independent variables were prime condition and list, each containing three levels. The first
set of ANOVAs was run on the following three conditions: +Weak Root (either
semantically-related or not), +Orthography/+Phonology, and Unrelated. The prime
condition variable was not significant by subjects, F; (2, 66)=1.37, p>.05 but was close to
significance by items, F, (2, 135)=1.27, p=.09. Error analysis also did not reveal any
difference between conditions in all the ANOV As run in this experiment.

Since I found a rather interesting effect of the morphology with opaque semantic

overlap in the first experiment, I wanted to check if there was a similar tendency in this

! Only a small number of weak verbs were included as primes to non-words first because they are not
frequent in the language and second because including weak verbs in both targets and fillers might bias the
responses.
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experiment. I therefore ran another two sets of ANOVAs. In the first set of these tests I

examined these conditions: +Weak Root+Semantics, +Orthography/+Phonology, and the

Unrelated. Prime condition was not significant either by subjects (F; (2, 62)=.70, p>.05 or
items (F, (2, 63)=.18, p>.05.

Table 9

Lexical Decision Reaction Times (RTs), Standard Deviations (SD), and Percentage Error

Rates (% error) in Study 4C

Condition RT(ms) SD % error
1. +Weak Root+/-Sem 739 88 6.7

2. +Orthog/+Phono 753 105 9

3. Unrelated 754 97 9.1
la.+Weak Root+Sem 745 103 5.7

2a. +Orthog/+Phono 750 109 5.8

3a. Unrelated 738 96 7.7
1b.+Weak Root-Sem 732 82 5.5

2b. +Orthog/+Phono 742 111 9.8

3b. Unrelated 763 109 7.3

The other set of two-way ANOVAs included the other three conditions (+Weak

Root-Semantics, +Orthography/+Phonology, The Unrelated) and interestingly yielded a

main effect of prime condition: Fy(2, 64)=3.34, p<.05. Planned comparisons, using the

deviation contrast test, revealed a marginally significant effect of only the morphological

condition, F(1, 32)=3.79, p =.06.
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3.5.4.5 Discussion

The results of this study are far from straightforward. Unlike in Study 1, where
sound roots facilitated word recognition, weak roots did not lead to a clear priming effect.
Responses in the morphological condition were nonetheless faster, even if they did not
reach statistical significance; the morphological condition was 14 ms faster than the
unrelated condition and 13 ms faster than the orthographic condition. I also found a
significant priming effect of the morphological condition when I compared the items that
shared only a weak root with targets to their equivalents in the orthographic and unrelated
conditions. Given these results, we cannot draw any firm conclusion in favor or against the
lexical status and role of weak roots. More experiments are definitely needed to clarify this
issue. Possible approaches would be toreplicate the present experiment using a greater
number of experimental stimuli and to test the effect of adding an arbitrary consonant to
the prime, as done by Frost et al. (1997).

An interesting result found in Study 1 and this study (4C) is that both weak and
sound roots demonstrate significant priming mainly when they share morphemes and have
very opaque semantic relationships with their targets. This evidence suggests that priming
with the root is probably formal. The process of decomposition seems not to require a
semantic relationship to activate words sharing the same root. It is, however, difficult to
explain why there is little or no priming when primes share both a root and a semantic
relationship with the target. One possible explanation that bears further investigation is that
semantics somehow slows down the activation process.

The results of all these studies will be discussed in the light of theories of Arabic
(and Semitic) morphology and theories of lexical processing in chapter 5. The following
chapter reports on an empirical study of the status of consonants and vowels in the Arabic

mental lexicon, which builds on the results reported on in this chapter.



Chapter Four
Studies Part I1: Phonological Units

4.0 Introduction

This chapter, like the previous one, is empirical. It reports on an experiment that
examined the cognitive validity of some phonological units in Arabic. Based on the root
and pattern theory of Arabic morphology and the nature of Arabic orthography, as well as
the results of the first online experiment, this study used a letter-circling task to test the
status of consonants in relation to vowels and the status of root consonants in relation to
affixal consonants. The general discussion of the results of this study and the studies
presented in the previous chapter and their interpretation within the different theories of

morphology and lexical processing are presented in the following chapter.

4.1 Study 5: The status of different letters/phonemes: An offline letter-circling task

We have seen the interaction of phonology and morphology when examining the
phonetic matrix as a morphological unit. Another interaction between morphology and
phonology is the perception and probably the representation of different phonemes in the
Arabic lexicon.

This experiment advanced and tried to test two major hypotheses in relation to
lexical processing/reading Arabic and by extension other Semitic languages*” that rely on a
mainly consonantal orthography. The first hypothesis is related to the unique nature of the
morphology of Semitic languages. If we adopt the traditional theory of Semitic
morphology, which is supported by previous studies, as well as the results of Study 1 in
this work, the consonantal root is taken to be the backbone of any derived word. The root
carries the core meaning of all words from which they are derived after being intercalated
with different templates. The second hypothesis is that because of the consonantal nature
of the script of Semitic languages, readers of these languages might develop a bias towards

consonants as more “important” than vowels.

*2 The discussion is limited to Arabic and Hebrew because they are the most researched among Semitic
languages especially from a psycholinguistic perspective.
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[ tested these two hypotheses by means of an offline letter-circling task that was
administered to both native and nonnative speakers of Arabic to examine two major

research questions (Research Questions 8 and 9):

8. What is the status of root consonants in relation to affixal consonants in the Arabic

mental lexicon?
9. What is the status of vowels 1n relation to consonants in the Arabic mental lexicon?

The study also examined other satellite questions, namely whether the circling of letters is
affected by the following independent variables: (i) native language (ii) age, (iii) explicit
training, (iv) (non)productivity and (v) (dis)continuity of roots, and (vi) (in)frequency of
words. The above major research questions and the related minor questions were broken

down to several research questions and hypotheses, given in section 4.1.5.

4.1.1 Objectives

The main objective of this task was then to test whether pre-adolescent (grades 4
and 5), adolescent (grades 9 and 10) and adult Arabic speakers and adult non-native
speakers perceive root consonants differently than other letters and whether that perception
and the possible tacit knowledge underlying it develop with age and training. The
independent variables were of two types: stimulus-related and participant-related.
Participant-related variables included age, formal training, and first language background,
while stimulus-related variables included root-productivity, root continuity, and word

familiarity. The dependent variable was circling (root) letters.

4.1.2 Participants

The study included 220 participants who belonged to one of the following six
groups. Group 1 included forty Arabic-speaking fourth graders and Group 2 included forty
Arabic-speaking fifth graders. Group 3 included thirty Arabic-speaking 9" graders and
Group 4 comprised thirty Arabic-speaking 10" graders. Forty Arabic-speaking university

students made up Group 5 and forty adult students of Arabic as a Foreign Language made
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up Group 6. The non-native speakers had a Romance (French, Spanish, Italian or
Romanian) or a Germanic (English or German) first language. Their proficiency in Arabic
was judged ‘advanced’ on the basis of a placement test designed and administered by the
Bourguiba Institute of Modern Languages where they were enrolled for a summer course.

The first and second groups were treated as one group when their performance was
compared with that of the adults to see whether there was an effect of cognitive maturation
or training. Group 1 and Group 2 converged on two criteria. They were both in the same
age range (9-12) and received no explicit training on the root. Such training is normally
introduced in grade 6 and reinforced in grade 7. Younger students were not recruited
because it was feared that the task would be very demanding for them. Likewise, Groups 3
and Group 4, who shared formal knowledge of the root and fell in the same age range (14-
17), were blended when compared to younger students and adults. While they were taught
the root extensively in grades 7 and 8, by grades 9 and 10 pedagogical attention moves to
other areas of grammar. Thus, they were not very conscious of the root. The adult non-
native advanced learners of Arabic, however, had just received extensive training in the
root the previous year/level. An after-task discussion with some of them revealed that they
were conscious of the root despite the teacher’s and researcher’s insistence that the task
had nothing to do with their class. The adult native speakers, by contrast, were taught in a
period when school programs did not focus on the root explicitly. They were taught that
mainly verbs could be triliteral or quadriliteral, but they were not given explicit
explanation and practice (including extraction) of the root as is current practice. To sum
up, at the time when the experiment was done, only adolescent native speakers (grades 9
and 10) and adult non-native speakers were having or had just had an explicit training
about roots and patterns.

Both preadolescents (4" graders and 5™ graders) and teenagers (9" graders and 10™
graders) were recruited in schools in (lower) middle class areas in the towns of Le kef and
Bizerta, Tunisia. The native adults were second-year students of English at the Institut
Supérieur des Sciences Humaines et Sociales, Tunis and the L2 adults were participating in

a summer school at the Institut Bourguiba des Langues Vivantes, Tunis.
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4.1.3 Stimuli

The stimuli consisted of thirty-four words, divided into two sets on the basis of
familiarity (17 familiar and 17 less familiar words) and productivity (13 productive and 21
less productive) (see Appendix G). The words included a balanced number of nouns, verbs
and adjectives. They contained either continuous or discontinuous root-consonants (16
continuous vs. 19 discontinuous). Continuous roots made an orthographic unit in words,
but discontinuous roots were disrupted by other letters that were not root
consonants/letters. The words also contained both sound and weak roots. Weak roots were,
however, few in number (one word with a deleted underlying glide and two with a
geminated second consonant). There was also one word with a quadriliteral root. To
adequately mask the root, most words (32 out of 34) had at least as many affixal and
cliticized consonants and vowels as root consonants (see Appendix H). Most words
contained at least one orthographic vowel. The clitics were mainly prepositions and
pronouns. To further mask the root, I included some words that contained two similar
consecutive letters, one being a root consonant and the second an affixal consonant or a
long vowel. All words were presented without the diacritics (representing the short
vowels).

The stimuli were taken from Wehr’s (1979) Arabic-English dictionary. First, 69
words were chosen on the basis of their productivity. Names of places (e.g. Nabataya)
were not included. To avoid ambiguity, homonymous words were not selected.
Productivity was defined as the number of all derivatives (including plurals) in the
dictionary entries related to the same root of a selected word. On the basis of an
examination of the dictionary entries, a criterion was set as to whether a word was of high
or low productivity.. It was found that the most productive words had around 35
derivatives. The least productive roots had one derivative. These extreme case root types
were few in number. To obtain a clear-cut distinction between the high and low
productivity roots, a rather conservative criterion was opted for. Only words that had ten
derivatives or less were considered of low productivity. Likewise, only words that had 15
derivatives or more were considered of high productivity. Moreover, most words chosen
had a productivity score higher than 15 in the case of the high productivity set and lower

than 10 in the case of the low productivity set. This productivity-based distinction was
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meant to test a hypothesis, associated with connectionism (e.g. McClelland and Rumelhart,
1981), which suggests that roots are abstracted as a result of familiar exposure, or
according to network theorists as a result of abstraction from many morphologically-
related words.

The selected 69 words were then given to 20 Arabic-speaking university students to
be ranked in terms of familiarity on a 7-point scale where 1 meant very unfamiliar and 7
meant very familiar (see Appendix G). The verbs were presented in their common citation
form of third person (either perfective or imperfective) and the nouns and the adjectives
were given in either their singular or plural and feminine or masculine forms. A word was
considered familiar only if it was given a score equal to or higher than 4 by at least 85% of
the judges. A word was counted unfamiliar if it was given a score lower than 4 by at least
60% of the judges. On the basis of this familiarity-judgment test, 34 words out of the 69
were selected: 17 familiar and 17 unfamiliar. This final selection took into consideration,
in addition to familiarity scores, two other factors. First, the chosen words had to have a
very low or a very high productivity score to clearly fit into the high productivity or the
low productivity set. Second, a balanced number of verbs, adjectives and nouns was
included. There were 14 verbs, 10 nouns and 10 adjectives.”” A correlation between
familiarity and productivity scores was obtained to ascertain that these two notions were
separate.** Such correlation showed that there is almost no relation between productivity
and familiarity (r= 0.06). The words had also a balanced number of continuous (17) and

discontinuous (17) roots.

4.1.4 Procedure

The procedure for this task was based on a study on Hebrew by Ephratt (1997), in
which participants were asked to color letters. Instead of coloring letters in words, the
participants in this study were asked to circle at most three letters of their choice in every
word. Coloring was judged inappropriate for adults, as it is often associated with young
learners. Besides, coloring was feared to be inconvenient in at least two ways. First, it

could distract the young participants. Second, it could lead to incomplete coloring of

# Adjectives in Arabic are similar to nouns. This explains the fact that Arab grammarians did not classify
adjectives as separate categories. '
* Ohlander (1976, chapter 7) thinks that statistical frequency is distinct from productivity.
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certain letters, which would cause ambiguity when coding, especially as Arabic letters,
unlike in Hebrew, are attached in writing. Circling was opted for instead, not only because
it had less risk of inconvenience, but also because it was/is a common technique in
language, science, or math exercises.

Ephratt (1997) based his coloring task on the Maluma Takete Test (Kohler, 1947,
pp. 224-227), which claimed that people perceive things and give them names and
associations that are built on subjective experience. The hypothesis in this study is that if
root consonants were essential in reading, they would unconsciously be perceived
differently in “arbitrary” letter circling.

The words were typed in bold in 16 point letters and randomly presented in the
same order for all participants. Before distributing the sheets, the participants were
informed that the task had nothing to do with their course; would not be graded; and its use
was for research purposes only. In the case of school children, caution was taken not to
administer the task in/after a grammar class. There was no time limit on the completion of
the task, which participants completed easily and quickly.

For calibration, the task was pre-tested on 5 fifth graders to both ensure that they
understood the instructions and the stimuli and to assess the time necessary to complete the
task. The informants were told to circle a maximum of three letters in each of the given
words. No additional information was provided. Thus, they were not told to “circle the
most important letters in each of the following words”, because such information might

have revealed the linguistic nature of the task.

4.1.5 Research questions and hypotheses
(1) Do native speakers of Arabic circle root consonants more than affixal and cliticized
letters?
Ho: There is no significant difference between the circling of root consonants and affixal
and cliticized letters.

In addition to comparing root consonants to other affixal and cliticized letters, other
criteria, namely consonants vs. vowels, and odd letters vs. even letters, were examined
(Research Questions 5 and 6 respectively). In a similar study on Hebrew using a similar

task, Ephratt (1997) reported that both young and adult native speakers of Hebrew selected
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root consonants significantly more than affixal letters. Thus, I predict that the null

hypothesis will be rejected.

(2) Do young (preadolescents and teenagers) and adult native speakers who had no explicit
training regarding the root differ in the circling of root consonants?

Hy: There is no significant difference in the circling of root consonants between teenagers
and adult speakers of Arabic.

Ho: There is no significant difference in the circling of root consonants between

preadolescents and adult speakers of Arabic.

Teenagers had just had formal training and adults had been exposed more to the
language. I expect that formal training and long exposure to the language will cancel each
other’s effect. I anticipate that the first null hypothesis will not be rejected. However, I
expect the rejection of the second null hypothesis, because adults had been exposed more

to the language, in addition to the obvious cognitive differences.

(3) Is there a difference in the circling of root consonants between native speakers who
have had a formal training regarding the root (9" and 10" graders) and those who have not
(4th and 5™ graders)?
Hy: There is no significant difference in the circling of root consonants between native
speakers who have had a formal training regarding the root and those who have not.

Given the fact that training often helps in morphological awareness (e.g. Carlisle,

1995), I predict the rejection of the null hypothesis.

(4) Is there a difference in the circling of root consonants between non-native and native
speakers matched for age (i.e. adult non-native vs. adult native speakers)?
Hg: There is no significant difference in the circling of root consonants between non-native

and native speakers matched for age.
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If we assume that native speakers have tacit knowledge of the root, we might
expect it to balance out the explicit knowledge of the non-native speakers and therefore

predict no difference between the two groups.

(5) Do native speakers of Arabic circle non-root consonants more than vowels?
Ho: There is no significant difference between the circling of non-root consonants and
vowels.

Because Arabic, like most Semitic languages, has a mainly consonantal
orthography, readers are likely to develop a bias towards consonants and therefore give
them more attention than vowels. In fact, studies in languages such as English, whose
orthography relies on both consonants and vowels, suggest that vowels may be dispensable

(e.g. Shimron, 1993). Thus, I predict the rejection of the null hypothesis.

(6) Do native speakers of Arabic circle odd and even letters differently?
Ho: There is no significant difference between the circling of odd and even letters.

I predict no difference between odd and even letters, since this is a nonlinguistic factor.

(7) Is there a significant difference between productive and non-productive words?
Hy: There is no significant difference in the circling of root consonants between productive
and non-productive words.

If we follow a morpheme-based theory as well as results of priming, all words are
represented as and/or related to roots, but certain roots and patterns are more used than
others. Feldman, Frost, and Pnini (1995) found that it was easier to extract a word pattern
conjugated with a productive root than with one conjugated with a non-productive root.

Since this was only a matter of ease, I predict the rejection of the null hypothesis.

(8) Is there a significant difference for native speakers in the circling of root consonants in
familiar versus unfamiliar words?
Hy: There is no significant difference in the circling of root consonants in familiar versus

unfamiliar words.
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Since this task is offline (does not test real time performance) and is assumed to test

perception, I expect that the null hypothesis will not be rejected.

(9) Is there a significant difference between the circling of continuous and discontinuous
root consonants?
Ho: There is no significant difference between the circling of continuous and discontinuous
root consonants.

Lexical decision studies (e.g. Feldman & Bentin, 1994) have reported no difference
between disrupted and non-disrupted roots. Thus, I predict that the null hypothesis will not

be rejected.

4.1.6 Results

The circled letters were tallied in each category: root consonants vs. other letters,
vowels vs. non-root consonants, and even vs. odd letters by item and participant. Some
letters were, therefore, coded under more than one category. The number of circled letters
for each category was counted as a percentage of the actual number of the existing letters
of that category in a word. For instance, the number of circled root consonants for each
participant was counted as a percentage of the actual number of root consonants in all
experimental words. The raw scores for each group of informants were used to answer the

questions and the hypotheses related to them.

Question I:

To test the hypothesis and answer the first and main question regarding the
difference in the selection of roots versus other letters (including affixes and clitics, both
consonants and orthographic vowels), an ANOVA was run to test root vs. other letter
selection as well as the effect of age among native speakers. The results revealed a
significant main effect of age: F(1, 177)=174.31, p<0.001 as well as an interaction between
age and type of letter (root vs. affix): F(2, 177)=8.38, p<0.001. Planned comparisons
(Tests of simple effect) showed that all three groups (preadolescents, teenagers and adults)
selected root-consonants significantly more than other letters. The results of the tests of

simple effect were as follows: F(1,177)=58.42, p<0.001; F(1,177)=30.11, p<0.001 and
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F(1,177)=91.18, p<0.001, for the preadolescents, the teenagers and the adults respectively.
The results are therefore as we expected, that the null hypothesis would be rejected. Means

of selected root-consonants vs. other letters are given in Table 10.

Table 10
Means of Root and Other Letter-selection by Preadolescence,

Teenage, and Adult Native Speakers®

Preadolescents Teenagers Adults

Root 46% 41% 59%

Non-root letters 29% 27% 29%

Questions 2 and 3

As for the effect of age, planned comparisons showed that adults selected root
consonants significantly more than preadolescents (F(1,177)=11.40, p<0.001). This is in
line with my first hypothesis related to Research Question 2. In contrast, the second
hypothesis is not borne out by the results as adults did better than teenagers
(F(1,177)=18.74, p<0.001). The null hypothesis related to Question 3 was also maintained,
which I did not expect. In fact, there was no significant difference between the teenagers
and the preadolescents.*® Since there was no significant difference in root selection
between trained teenagers and untrained preadolescents, we may conclude that training has
no effect among native speakers.

The same results were found when I further examined whether there was a more -
fine-grained difference in terms of age and training (Research Questions 2 and 3), by
means of another ANOVA with five groups. Both the group of the preadolescents and the

group of the teenagers were divided into two groups, fourth and fifth graders for the first

* Note that the percentages are of the actual number of the corresponding category. That is, 60% of non-root
consonants refers to the percentage of circled non-root consonants out of the total of non-root consonants and
not the total of all letters.

* Only significant results are reported. The ANOVA of odd vs. even letters revealed non-significant main
effect of letter type: £(1, 177)=0.92, p>0.34
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and ninth and tenth graders for the second. The results revealed an interaction between
type of letter and grade/age: F(4, 175)=4.25, p<0.005. Apart from the difference between
the adults and both the preadolescents and the teenagers reported above, planned
comparisons between the five groups showed a difference between 9™ and 10" graders.
Grade 9 students selected the root significantly more than grade 10 students: F(1,
175)=5.68, p<0.05. The difference, however, was not as robust as in the other
comparisons.

The planned comparisons of the relation between age and letter type revealed that
all participants, even the fourth graders, selected root consonants significantly more than
non-root letters. There was a significant difference in the root vs. non-root selection for
fourth graders: F(1,175)=33.85, p<0,001, fifth graders: F(1,175)=24.42, p<0.001, ninth
graders: F(1,175)=14.80, p<0.001, and tenth graders: F(1,175)=15.03, p<0.001. The means

for root and non-root selection are shown in Table 11.

Table 11
Means of Root and Other Letter Selection by 4 Graders, 5t Graders, gth Graders,
10" Graders, and Adult Native Speakers

4" graders 5™ graders 9™ graders 10" graders Adults

Root 47% 44% 45% 37% 59%
Non-root 29% 29% 31% 23% 29%
Question 4:

Another ANOVA was run to test whether there was a difference in letter selection
between the very-well trained non-native speakers and native speakers matched for age
(Research Question 4). The analysis revealed an interaction between letter selection and
language background (native vs. non-native): F(1,78)=8.39, p<0.005. Planned comparisons
showed that both native and non-native speakers selected root consonants significantly
more than other letters (F(1, 78)=35.79, p<0.001 for native speakers and F(1, 78)=101.60,

p<0.001). Non-native speakers, however, did so significantly more than native speakers
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(F(1,78)=4.34, p<0.05). This also did not support my hypothesis, that there would be no

difference. The means of letter selection are displayed in Table 12.

Table 12
Means of Root and Non-root Letter Selection by Native

and Non-native Adult Speakers

Native adults Non-native adults

Root consonants 59% 69%
Non-root letters 29% 19%
Questions 5 and 6

In addition to examining the root vs. non-root letter selection, I also examined
whether there was a difference in the selection of non-root consonants vs. vowels
(Research Question 5), as well as the selection of odd vs. even letters (Research Question
6) by native speakers. Only the effect of non-root consonants vs. vowels was found to be
significant: F(1,177)=614.11, p<0.001), which supports my two hypotheses related to
Questions 5 and 6.

There was, however, no interaction between age and letter selection. Therefore, t-
tests were opted for to examine whether there was a difference between consonant and
vowel selection among native speakers. The means for non-root consonant and vowel
selection are shown in Table 13, below. The t-tests revealed that preadolescence, teenage
and adult native speakers all selected non-root consonants significantly more than vowels.
The t values were #(79)=18.70, p<0.001; #(59)=12.67, p<0.001 and #39)=13.44 p<0.001,
for the young, the teenagers and the adults respectively. Non-native speakers also selected
non-root consonants significantly more than vowels: #39)=16.19, p<0.001. However, a
learner of Arabic as a second language®’, who did not take part in the study, pointed to me

that she did not consider the glides/long vowels as letters but rather as a lengthening

*7 The nonnative speaker who made these comments is actually Pr. M-H. Cété.
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markers. This is could have been a strategy that some nonnative speakers used. Thus, |
should be cautious not to draw a strong conclusion from this result as to the relative

salience of consonants versus vowels.

Table 13

Means of Non-root Consonant and Vowel Selection by Native Speakers

Young Teenagers Adults

Non-root consonants 60% 57% 65%

Vowels - 14% 13% 17%

Questions 7, 8 and 9

As expected (in my hypotheses), a by-item-analysis of variance (ANOVA) for all
groups (native speakers) showed that all three null hypotheses related to (i) frequency of
words (Research Question 7), (i1) productivity (Research Question 8) and (iii) continuity of
roots (Research Question 9) could not be rejected. There was no significant difference for
frequency of words (F(1, 32)=0.013, p>0.911), productivity (F(1, 32)= 0.53, p>0.819) and
continuity of the root (F(1, 32)=0.50, p>0.485). The means for each test are presented in
Tables 14, 15, and 16.

Table 14
Percentage of Root-selection in Familiar and

Less Familiar Words by Native Speakers

Familiar words Less familiar words

51% 52%
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Table 15
Percentage of Root-selection in Words with Productive

and Less Productive Roots by Native Speakers

Words with productive roots Words with less productive roots

52% 51%

Table 16
Percentage of Root-selection in Words with Continuous and

Non-continuous Roots by Native Speakers

Words with continuous roots Words with non-continuous roots

54% 49%

4.1.7 Discussion

The results have revealed that Arabic speakers, both young and old, trained and
untrained, circled root consonants significantly more than other letters and non-root
consonants more than vowels. These findings support our hypothesis that certain letters are
perceived differently than others. Root consonants seem to be more salient and therefore
more important for them. This could be interpreted as evidence for the morpheme-based
theory of Arabic morphology, which gives roots a separate status. Likewise, the fact that
native speakers circled non-root consonants significantly more than vowels meets our
prediction that because Arabic orthography is mainly consonantal, consonants are likely to
be more prominent than vowels. The fact that non-native speakers also selected non-root
consonants more than vowels has two possible explanations. First, these advanced learners
have developed the same bias to consonants as their native counterparts. Second, learners
of languages like English whose orthography is both vocalic and consonantal have a

similar bias as they could dispense with vowels in reading (Shimron, 1993, Lee, Rayner, &



132

Pollatsek, 2001). Yet, as I mentioned above and in the light with the comments of a non-
native who did not take part in the study, glides used after short vowels could be
interpreted as lengthening markers and not as letters. Further research is needed to further
test the hypothesis that consonants are more salient than vowels.

Contrary to my hypothesis related to Research Question 4, however, there was no
difference between untrained and trained participants, which suggests that explicit training
seems to have little effect on native readers’ perception of root consonants, at least in this
task. This should not exclude the importance of training, which apparently had a major
effect on non-native speakers. Given their high awareness of the importance of the root in
their learning of Arabic as a Foreign Language and because of the immediate effect of their
training non-native speakers, in contrast to native speakers, might have approached the task
with a conscious awareness that the goal of the task might be related to the root. There
seems also to be an effect of cognitive maturity, because adult native speakers selected root
consonants more than both the young and the teenagers.

That the frequency of words and the productivity and continuity of roots in words
had no effect on the selection of root consonants is an expected result. For one thing,
previous results of online experiments showed that the discontinuity of roots had no effect
(e.g. Feldman & Bentin, 1994). Productivity of roots and frequency of words were found
to affect only the ease of processing words in online experiments (e.g. Feldman et al.,
1995).

Overall, the findings of this study validate the results reported by Ephratt (1997) for
Hebrew in relation to the saliency of root consonants in comparison to other letters. My
finding that (non-root) consonants are more “prominent” than vowels appears to support
my hypothesis related to the unequal status of different letters in Arabic, and potentially
other Semitic languages. Further research using different methodology is, however,
necessary to ascertain that root consonants and consonants in general are more salient and
more important to readers of Arabic and other Semitic languages. Possible directions for

future research include eye-movement and lexical processing experiments.



Chapter Five

General Discussion and Conclusions

5.0 Introduction

This chapter sums up the results reached in the study and proposes their
implications for theories of morphology and theories of lexical processing and
representation as well as future research. The first section provides a summary and a
general discussion of the results obtained in the present study in the light of theories of
Arabic (and Semitic) morphology. The second section outlines the major implications of
the results for theories of lexical representation and processing. The third section provides

some recommendations for future research.

5.1 Summary of results and implications for theories of morphology

This study examined the cognitive relevance of morphological and phonological
units in the Arabic mental lexicon. The morphological units included the root, the etymon,
the phonetic matrix, and the pattern. The phonological units were root consonants, affixal
consonants, and vowels. The morphological units were examined in lexical processing by
means of a lexical decision task with masked priming and an SOA of 50 ms. The
phonological units were examined by means of an offline pencil-and-paper task.

This work examined the following research questions:

1. What is the role of the root in Arabic lexical processing and is it distinct from the effect
of orthography and semantics (Study 1)?

2. What is the role of (ordered and non-ordered) etymons compared to orthographic
overlap in Arabic lexical processing (Study 2)?

3. What is the role of the phonetic matrix in Arabic lexical processing compared to similar
phonological overlap (Study 3)?

4. What is the role of sound and weak patterns in Arabic lexical processing (Study 4A-B)?
5. What is the role of weak roots in Arabic lexical processing and is it distinct from

orthography and semantics (Study 4C)?
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6. Are there graded priming effects that correspond to the gradation in the formal overlap
in and across roots (form and meaning vs. form; sound root vs. weak root) and etymons
(ordered vs. non-ordered)?

7. How abstract can morphological processing be (Studies 1, 2, 3, and 4)?

8. What is the status of root consonants in relation to affixal consonants in the Arabic
mental lexicon (Study 5)?

9. What is the status of vowels in relation to consonants in the Arabic mental lexicon

(Study 5)?

The first seven questions focused on the morphological units and the last two
examined the phonological units. I will discuss the results related to the morphological
units first. In doing so, I will present the three major theories of Arabic morphology and
then discuss their theoretical tenets in light of the empirical results.

The three major theories of Arabic morphology are the word-based theory, the root
and pattern theory, and the etymon theory. The last two could also be called morpheme-
based theories. The word-based theory claims that the process of word formation is based
on the stem. The root in these theories is considered a part of a paradigmatic relation
between words (Bat-El, 1994 and Ussishkin, 1999 for Hebrew and Ratcliffe, 1997 and
Benmamoun, 1999 for Arabic). Thus for this theory, the relevant morphemes are stems and
concatenative morphemes like the regular plural marker ‘at’. Roots and patterns, which are
considered the backbone of most derivations in a root and pattern theory, are excluded in
this theory.

In contrast with the word-based theory, word-formation in the root and pattern
theory, as the name indicates, is based on the mapping of three consonant roots into partly
specified patterns. This view is shared by both the structuralists (e.g. Cantineau, 1950)
whose work is also inspired by the work of the old Arab grammarians and the proponents
of the prosodic theory of morphology (e.g. McCarthy, 1981 and McCarthy & Prince,
1990a, 1990b). There is a small difference between the classical root and pattern theory
and the prosodic morphology hypothesis, which will not affect our interpretation of the

results. Whereas in the traditional structuralist view the vowels and the affixal consonants
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of the patterns are specified, they are represented on separate morphemic tiers in the
prosodic morphology hypothesis.

The other morpheme-based hypothesis is the etymon theory. Like the prosodic
morphology hypothesis, the etymon theory relies on the interweaving of morphemes
represented on separate tiers. The etymon theory differs from other morpheme-based
theories in that it proposes a two-consonant morpheme, the etymon, as a substitute for the
root. Unlike the root, the consonants of the etymon can be non-ordered. The third
consonant of what is traditionally known as the root is considered to be either
augmented/extended or spread/geminated and in both cases dictated by the
template/pattern, a notion also adopted in this theory. The etymon itself is the phonemic
instantiation of a far more abstract bundle of phonetic features that Bohas calls the
phonetic matrix.

The first research question examined whether the roor had a priming effect

significantly different from orthography/phonology and semantics and therefore whether it
could be represented in the Arabic mental lexicon. This question was examined in Study 1
and the results clearly showed that the priming effect of the root was different from
orthography and semantics. This finding corroborates the results of previous studies that
examined the priming effect of the root in lexical processing (Mimouni et al., 1998 and
Boudelaa & Marslen-Wilson, 2001b) and its manipulation in speech errors of normals
(Berg & Abd-El Jawad, 1996) and aphasics (Prunet et al., 2000). The findings of all these
studies attribute cognitive validity to the root in Arabic, thus providing external evidence
for the morpheme-based theories. These include the classical root and pattern theory, the
prosodic morphology hypothesis and the etymon hypothesis. Although the root is different
from the etymon, this result is not incongruent with the etymon theory which considers the
third consonant a requirement of the pattern. The word-based theory, by contrast, is not
supported by this result.

The second research question examined the notion of the etymon. Results showed

a clear priming effect with a balanced number of ordered and non-ordered etymons. This
result replicates a similar study done by Boudelaa and Marslen-Wilson (2001a), who used
lexical decision tasks with either a masked or a cross-modal priming paradigm. This

finding is in line with the etymon theory, but it is difficult to fit within the root-and-pattern
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theory. It is totally incompatible with the word-based theory. It is, however, important to
note that priming was not obtained with the non-ordered half of etymon-related primes.
Moreover, previous research on the etymon showed that native speakers have no conscious
knowledge of the etymon (Bentin & Frost, 2001) and that, unlike the root, it has no trace in
the speech errors of an aphasic person (Idrissi & Kehayia, 2004). This lack of evidence for
the etyinon in a conscious pencil-and-paper task and in aphasic speech errors, as well as
the lack of priming with non-ordered etymons, casts some doubt on the cognitive relevance
of the etymon.

The cognitive relevance of the phonetic matrix, the more abstract morpheme

underlying the etymon, was the subject of the third research question and was tested in

Study 3. The test revealed no priming effect of the phonetic matrix. This result is predicted
by the word-based theory, the root-and-pattern theory and the prosodic morphology
hypothesis. This finding cannot be easily accommodated within the etymon theory. But
because there was priming with etymons, it could be argued that the lack of priming with
matrices is due to a restriction on abstraction in lexical processing.

The role of sound and weak patterns in lexical processing was the subject of the

fourth research question. The answer to this question was provided by the results of Study

4A and Study 4B. Neither sound nor weak patterns primed targets sharing sound or weak
patterns, respectively. Previous studies do not support a stable effect of the pattern in
Arabic lexical processing. Boudelaa and Marslen-Wilson (2001b) who used a masked
priming paradigm found priming with verbal patterns at SOA 48 ms. but not at SOAs 32,
64 or 80 ms. Using a similar method, Abu-Rabia and Awwad (2004) did not find any
priming with patterns at SOA 50 ms. The lack of priming by patterns is seemingly counter
to all morpheme-based theories of Arabic morphology, which consider the pattern essential
in word-formation. But, it could be that the pattern is used at a later stage of the word
recognition process.

The fifth research question tested whether weak roots facilitate word recognition.

The answer to this question is not definitive. I did find priming (14 ms) in the main
condition with primes that were either semantically and morphologically related or only
morphologically-related to their targets, but this priming did not reach significance.

However, significant priming was found when the +Weak Root-Semantics primes were
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compared to their orthographic and unrelated counterparts. Further experiments are needed
before any firm conclusion on the role of weak roots in lexical processing in Arabic could
be made.

To sum up, the results of this study corroborate previous results on the cognitive
validity of the root in Arabic either in production or visual perception. Evidence for the
etymon is not straightforward. While etymons did facilitate lexical decision as found in a
similar previous study, the priming was mainly due to the overlap in the ordered etymons
and not to the overlap in the non-ordered etymons. Moreover, there was no priming with
the related notion of the phonetic matrix. Furthermore, two previous studies, one that
examined native speakers’ conscious knowledge of the etymon and the second the speech
errors of an aphasic, did not find any evidence for the etymon. The weak root facilitated
lexical decision only when primes and targets shared a weak root and an opaque semantic
relationship. As for patterns, they had no priming effect.

On the whole, these results about the role of roots, etymons, matrices, and patterns
in Arabic lexical processing provide external evidence for morpheme-based theories of
Arabic morphology. Based on the results of this study and previous studies, the root has a
cognitive relevance in the Arabic mental lexicon, which is in line with a morpheme-based
theory of Arabic morphology that incorporates roots as essential in derivation. The priming
effect found in ordered etymons supports the etymon theory and is difficult to interpret
within the framework of a theory that relies on roots and patterns such as the classical root
and pattern theory or the prosodic morphology hypothesis. But given the lack of priming
with phonetic matrices as well as the lack of evidence from previous studies, the etymon
needs more investigation.

The results with respect to phonological units have shown that root consonants are .
more salient than other letters/phonemes (either affixal consonants or (orthographic) long
vowels). The latter results provide more evidence for a morpheme-based theory,
particularly one based on roots. Yet, they cannot be interpreted against the etymon theory.

Research questions 8 and 9 concerned the cognitive status of consonants and

vowels in the Arabic mental lexicon, respectively. To answer these questions, I tested
whether root consonants were more salient (circled more in an offline experiment) than

other letters and whether affixal consonants were circled more than orthographic vowels.
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The results revealed that root consonants were circled significantly more than other letters
and that affixal consonants were circled significantly more than vowels. The first finding
supports a morpheme-based theory of Arabic based on roots, but it does not necessarily run
against the predictions of an etymon-based theory. The second finding is in line with our
hypothesis that partly because of the high importance of consonants in most languages and
mainly because of the effect of Arabic orthography, consonants tend be more salient than
vowels. The latter finding is in line with previous results in both Semitic and Indo-
European suggesting that consonants are different from vowels. In Semitic languages,
there has been evidence that short vowels when added in the vowelled version of
orthography do not play a very important role (Abu-Rabia & Siegel, 1995 for Arabic and
Koriat, 1984 and Bentin & Frost, 1987 for Hebrew). As for Indo-European languages,
Berent and Perfetti (1995) and Lee, Rayner, and Pollatsek (2001) found that consonants
had a more important role than vowels in early lexical processing of English. Caramazza et
al. (2000) who examined the speech of Italian aphasics found that either consonants or
vowels were impaired. Caramazza et al. suggested that vowels and consonants are
represented and accessed differently. Yet, it could be that at least nonnative speakers do
not consider the long vowels letters but simply lengthening markers, as one nonnative
speaker who did not take part in the study pointed out to me. Thus, further research is
needed to investigate more the question of the salience of consonants versus vowels.

The sixth and seventh research questions are related to theories of lexical

processing and representation and will be discussed in the following section.

5.2 Implications for theories of lexical representation and processing

The discussion of the implications of the empirical findings of this work to theories
of lexical processing will address two main issues. The first concerns which theory fares
better in interpreting these results and is addressed from the perspective of the gradation of
priming effects (Research Question 6). The second issue concerns the degree to which
lexical processing can be abstract and what that tells about the relationship between
linguistic and psycholinguistic theories (Research Question 7). Before addressing either

issue, a general overview of the main theories of lexical processing is in order.
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As discussed in the first part of Chapter Two, there are four major
theories/hypotheses about how lexical items are processed and represented. The first is the
whole word hypothesis. The proponents of this hypothesis suggest that words are fully
listed. Morphological relations are not represented and therefore not used in lexical access
and production. The second hypothesis, the morpheme-based (decompositional)
hypothesis, is in sharp contrast with the first hypothesis. In the morpheme-based
hypothesis, words are believed to be accessed in the central system through their
decomposed morphemes (bases after being stripped of affixes in concatenative languages).
The third hypothesis is a hybrid one and is referred to as the dual access hypothesis. The
main tenet of this hypothesis is that words are accessed either as whole units or through
decomposed morphemes. This hypothesis was adopted by Mimouni et al. (1998) to
account for their results in Arabic. The fourth main hypothesis of lexical processing is the
distributed connectionist hypothesis. According to this hypothesis, word recognition occurs
through the parallel activation of different units that may represent phonemes/graphemes
or even phonetic features as well as semantic features. The Morphological priming effects
are the result of the activation of some of the units that are used in the activation pattern of
the target word. The distributed connectionist hypothesis predicts a grading of priming
effects that correlates with the amount of phonological/orthographic and semantic overiap
between primes and targets. Connectionist models can be localist as is the case of any of
the other mentioned hypotheses, which adopt an entry-opening metaphor in lexical access.
In a localist connectionist model, the units represent morphemes and words instead of
phonemes and features. Boudelaa and Marslen-Wilson (2004a) suggested that their
findings for Arabic morphological processing could be best accounted for by a distributed
connectionist model similar to the one proposed by Plaut and Gonnerman (2000). -

In this work, priming was found with sound roots but not with weak roots, although
weak roots that shared little meaning with their targets did facilitate word recognition. It
was also found that most of the priming effect found in the case of sound roots was
between the prime-target pairs that shared a very opaque semantic relationship. There was
also priming with ordered etymons but not with non-ordered etymons. Phonetic matrices
and word patterns did not facilitate word recognition. These results are not exhaustive

enough to support one theory or another, but it would be helpful to discuss them within the
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theoretical tenets in each of the theories of lexical representation and processing mentioned

above.

Morphological priming, gradation of priming, and theories of lexical processing

The main result of this study that corroborates what has been found in previous
studies on Arabic in lexical processing (Mimouni et al., 1998 and Boudelaa & Marslen-
Wilson, 2001b) and in speech errors of normals (Berg & Abd-El Jawad, 1996) and
aphasics (Prunet et al., 2000) is the cognitive relevance of the root. The root is therefore
not only manipulated in production but is very likely used in lexical processing.

This result cannot be explained by the whole word/full-listing hypothesis, which
predicts no priming with roots or any other morpheme. The other theories, the
decompositional theory, the dual-access theory and the connectionist theory (either localist
or distributed) have no problem explaining the priming effect found with roots. Both the
morpheme-based/decompositional theory and the dual-access theory postulate a prelexical
decomposition process. The fact that there was a priming effect of the root and not of the
pattern suggests that decomposition, if we assume it happens in the case of roots, does not
depend on the exhaustive decomposition of the word into its two main morphemes, root
and pattern. It seems that the root is extracted in a nonlinear way from the word in which it
is intercalated. The connectionist theory explains the priming by the root as a result of
preactivation of the nodes that are responsible for the recognition of the target sharing that
root.

The results concerning the etymon are less straightforward than the ones
concerning the root and are therefore more difficult to interpret. This study has replicated
the findings of Boudelaa and Marslen-Wilson, (2001a) about the priming effect of the
etymon (a two-consonant root/root-like morpheme). If we accept that the etymon is a
morpheme,*® this result, like the one related to the root, causes a problem only for the
whole-word hypothesis. Yet, the new finding about the etymon in this study is that priming
does not occur when the shared etymon is non-ordered (i.e. its phonemes do not have the

same order in primes and targets). While this result could be handled by a connectionist

8 The fact that native speakers have no conscious knowledge of the etymon (Bentin & Frost, 2001) and that
there is no evidence of its use in production (Idrissi & Kehayia, 2004) undermines the conclusion that the
etymon has a cognitive validity in the Arabic mental lexicon.
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model, theories that adopt a lexical-entry-opening metaphor in word recognition (i.e.
decompositional and dual-access theories) cannot easily cope with it. Theories that adopt a
lexical entry opening process are localist and assume an-all-or-none priming effect of
morphemes. If the etymon is a morpheme it should facilitate access regardless of whether
it is ordered or non-ordered. Yet, as will be discussed below, the absence of priming with
nonordered etymons could be due to limits on abstractness in lexical processing or to the
current methodology.

One of the objectives of this work (Research Question 6) was to see if there is a

gradation in priming effects that correlates with the amount of formal and semantic overlap
between primes and targets, a result predicted by a distributed connectionist hypothesis.
The gradation was examined within the same experiment and across experiments. In
particular within experiments (in Study 1 and Study 4C), gradation was examined by
contrasting prime-target pairs that shared either roots and a transparent semantic
relationship or roots and an opaque relationship. Across experiments, the comparison
included the following similar morphemes: sound roots (Study 1), weak roots (Study 4C),
and etymons (Study 2). The comparison included the correlation of overlap in the number
of morpheme consonants and priming effect, as well as the correlation between form and
priming time in the orthographic conditions.

Examining whether there is any gradation of priming effects will allow us to
compare the predictions of two main types of theories of lexical representation and
processing: theories that assume a lexical entry-opening process in word recognition (i.e.
the decompositional theory and the dual access theory) and the distributed connectionist
theory. The distributed connectionist hypothesis predicts gradient priming effects that
correlate with the amount of phonological/orthographic and semantic overlap between
primes and targets.* The decompositional and the dual access hypotheses, both localist,
perceive the lexicon as a set of interrelated words through their shared morphemes and
would expect priming to be either existent or nonexistent depending on whether or not the

morpheme used in lexical access has any cognitive validity.

49According to the distributed connectionist hypothesis, the correlation between priming and formal overlap
also depends on the frequency of the co-occurrence of the shared phonemes/graphemes. Because there are no
statistical counts of letter/phoneme clusters in Arabic, this question could not be examined in this study.
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The gradation of form and meaning overlap was examined in Study 1 (priming with
sound roots) and Study 4C (priming with weak roots). The amount of priming by primes
that shared both a morpheme (a sound root in Study 1 and a weak root in Study 4C) and a
transparent semantic relationship with their targets was compared to that of primes that
shared a morpheme and an opaque semantic relationship. The amount of priming is
evaluated in milliseconds and percentage in relation to the mean response time. For
instance in the +Root +Semantics condition in Study 1, the response time was 3 ms. faster
than the mean response time; this priming time is equivalent to 0.39% of the mean
response time (764 ms.). The percentage of priming in relation to the mean is used to allow

comparisons across experiments.

Table 17
Amount of Priming in the Morphological Conditions Relative to

the Mean Response Time in Study 1 and Study 4C

Formal overlapin ~ Priming in Formal overlap in Priming in
+Root+Sem +Root, +Sem +Root-Sem +Root, -Sem
Study 1 3.13 letters +3 ms. 3.13 letters +21.33 ms.
3.13 phonemes 0.39 % 3.13 phonemes 2.96%
Study 4C  3.29 letters -0.67 ms. 2.96 letters +13.66 ms.
3.38 phonemes 0.1% 3 phonemes 1.83%

Everything being equal, the added semantic effect in the +Root + Semantics condition will
be expected to lead to more priming according to a distributed connectionist hypothesis.
The results shown in Table 17 run totally against the hypothesis of gradation of priming
effects due to a conspiracy of form and meaning overlap. Not only did the added semantic
overlap not lead to any increase in the amount of priming, but priming actually decreased
where the morphological overlap between primes and targets was also coupled with a

semantic overlap.
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Across experiments, I examined whether the priming effects of the following
morphemes, sound roots, weak roots and etymons correlated with the amount of form
overlap between primes and targets. The form overlap was examined across the
morphological conditions (Table 18) and the orthographic conditions (Table 19). The
comparison in Table 18 shows some gradation with roots ranking first, etymons second,
and weak roots third. This is not what we would expect given the amount of formal
overlap, which puts weak and sound roots in the same position and etymons third,
especially that about half of the prime/target pairs shared non-ordered etymon consonants
in Study 2. The hypothesis of gradation of effects is not supported in the morphological

condition.

Table 18

Amount of Overlap and Priming Relative to

the Mean Response Time in the General Morphological
Conditions in Studies 1, 2, and 4C

Formal overlap Priming effect
Study 1: +Root, with or without ~ 2.87 letters 15.66 ms.
a transparent meaning 3.02 phonemes 2.14 %
Study 2: +Etymon, ordered 2.17 letters 14.66 ms.
or non-ordered 2.27 phonemes 1.8%
Study 4C: +Weak root, with or 3.03 letters 9.66
without a transparent meaning 3.27 phonemes 1.29 %

If formal overlap correlated with a priming effect, this should be reflected in the
orthographic/phonological condition as well. Table 19 shows that there is no priming effect

in the orthographic conditions in the three experiments compared to their respective mean
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response time. The lack of priming is sufficient to weaken the gradation of priming effects
in correlation with the amount of formal overlap. Still the amount of overlap does not
correlate with response time in each of these conditions. If there was such a correlation, the
orthographic condition in Study 4C should be the fastest relative to its respective mean

response time, but it is actually the slowest.

Table 19

Amount of Overlap and Priming Relative to

the Mean Response Time in the Orthographic/Phonological
Condition in Studies 1, 2, and 4C

Formal overlap

Priming effect

Study 1: +Orthography/Phonology  3.13 letters -3.33 ms.
3.13 phonemes 0.46 %

Study 2: +Orthography/Phonology  2.40 letters -1.33 ms.
2.42 phonemes 0.16 %

Study 4C: +Orthography/Phonology 3.13 letters -4.33 ms.
3.19 phonemes 0.53 %

The examination of whether the semantic and or formal overlap correlated with
priming effects has shown that such correlation is dubious. Another problem with a
distributed explanation is the fact that roots and patterns for instance do not have the same
status (as pointed out in Frost, Forster, & Deutsch, 1997 in relation to Hebrew). If the same
nodes are used for all activations, there need to be some special stipulations to derive the
difference between roots which have a robust priming effect and patterns which are not so
robust.

Thus, the results are more in favour of a localist decompositional/or a parallel dual-

access theory for Arabic. But as mentioned above, these theories cannot account for the
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lack of priming with non-ordered etymons. One possible explanation would be that the
system, at least in the early stage, is not abstract enough to activate the right etymon
morpheme. Another explanation, which I believe accounts best for the findings of the
present work, would be to argue that the etymon is not a separate morpheme and that the
priming obtained was due to the activation of the roots of which these two-consonants are
part. Such an explanation requires a localist connectionist model that incorporates a
grapheme/phoneme level representation that interacts with a higher morpheme level. This
model should also incorporate some way of coding for the position of letters/phonemes in
words. The importance of a grapheme/phoneme level is also motivated by the fact that the
orthographic condition was faster than the unrelated condition by 9 ms. in Study 1, by 12
ms. in Study 2 and by 1 ms. in Study 3. This could be due to the partial activation of words
having the shared letters/phonemes through the grapheme/phoneme level.

Another result of this work that none of the theories of lexical processing seem to
provide a satisfactory explanation for is the lack of facilitation with primes that shared both
sound or weak roots and a transparent semantic relationship with their targets. Unlike most
of previous results either in Semitic languages or non-concatenative languages, semantic
relatedness was neither a necessary criterion for decomposition (as found in English
Marslen-Wilson et al. 1994) nor did it have the additive effect found in Hebrew (e.g.
Bentin & Feldman, 1990; Frost, Deutsch, Gilboa, et al., 2000). On the contrary, the
semantic overlap seems to reduce the priming that is due to the mere formal overlap in the
root consonants. Although they did not discuss it, Boudelaa and Marslen-Wilson (2001a)
found a similar tendency. In fact, the mean response time in the +morphology —semantics
condition was faster than the one in the +morphology,-semantics condition (613 and
627ms, respectively). Morphological priming was, however, obtained in both conditions,
probably because of the higher statistical power of their data.

It seems that at the early stage of lexical processing in Arabic, the focus is on
finding the three discontinuous consonants of the root with little attention to meaning. This
is what has been found in Hebrew, a language with a very similar morphology. In fact,
Frost, Deutsch, and Forster (2000), who used a masked priming paradigm, found no

priming with verbal patterns when either or both prime and target missed a root consonant.
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But, when they added an arbitrary consonant to the weak root, thus creating nonsense
roots, priming was obtained.

The effect of semantics seems to be independent of morphology because I have
found priming with primes and targets that shared a morpheme but had only a very vague
semantic relationship. Although independent, semantics is not excluded in word
recognition. In the present case, it seems to have a competitive, rather than an additive role.
This is not totally odd. Some studies that focused on semantic priming, without
morphology, found that when participants were asked to look for a particular letter in a
prime before deciding whether the target was a word or a nonword, semantic priming was
totally eliminated (e.g. Stolz & Besner, 1996, 1998). A similar process seems to occur
when readers of Arabic focus on finding the discontinuous consonants of the root.
However, this conclusion is very tentative, as additive effects were found in similar studies

(e.g. Bentin & Feldman, 1990).

Abstractness in theories of morphology and theories of lexical processing

The study of Arabic morphology (and the morphology of other Semitic languages)
gives us a unique opportunity to examine the morphological processing of abstract
morphemes. One of the purposes of this work is to examine just how abstract
morphological processing can be (Research Question 7). Although the findings of this
study suggest that morphological processing can be very abstract indeed, there are
nonetheless some limits to abstractness.

Results of Study 1 show that priming can be obtained with roots, a three-consonant
discontinuous morpheme. Roots are abstract unpronounceable morphemes. Priming was
obtained even when primes and targets shared roots and only an opaque semantic
relationship. The findings of Study 2 have revealed that etymons are also used in word
recognition. Etymons are discontinuous two-consonant morphemes that share only little
meaning. Priming, although marginal, was also obtained with weak roots. Weak roots, like
etymons, are discontinuous two-consonant morphemes. There was, however, no priming
with either non-ordered etymons, phonetic matrices, or word patterns. The fact that related
morphemes behave differently in lexical processing shows a discrepancy between theories

of morphology and theories of lexical processing.
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How far should theories of morphology correspond to theories of lexical processing
and representation? We have found certain areas where such correspondence is not perfect,
but does that mean that any of these theories is wrong? One finding that illustrates this
very well is the fact that we found priming with ordered etymons but not with non-ordered
etymons. Can this result be interpreted as evidence against the morphological theory of the
etymon? Or can it simply mean that the processing is not as abstract as morphological
theory conceives them to be and that it relies on ordered graphemes or phonemes to access
lexical representations. The results with phonetic matrices also have interesting
implications for abstractness. Does our failure to find priming with phonetic matrices
require us to abandon this notion and exclude it from any theory of morphology? A
reasonable answer would be ‘not necessarily’, especially as we found psycholinguistic
evidence for other correlative notions, namely the etymon.

The coda from these results is that morphological theory is not necessarily identical

to what is proposed in theories of lexical processing.

5.3 Implications for future research

The suggested implications for future research are based on what this work has not
done, as well as the questions that it has triggered. This work has validated previous
studies, but it has raised other questions that need to be reexamined. Below is a short list

of directions for future research.

a. The results of Study 1 show that prime words facilitate word recognition of targets
with which they share roots. Further research using nonword primes sharing roots with
targets is necessary to make sure that roots are used prelexically.

b. The findings in Study 2 have revealed priming with ordered etymons, but not with non-
ordered etymons, which casts doubt about the etymons and calls for the necessity of
further research. A study that I am intending to do involves the manipulation of the
consonants of roots to see if the etymon effect is actually different from that of the root.
One possible way to do that is to prime words with words or nonwords that share only

two consonants of the root plus an arbitrary third consonant.
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The results of Study 4C have revealed a priming effect with weak roots only with
prime-target pairs that shared a weak root and a vague semantic relationship.
Replication of this experiment with more data is necessary to obtain clearer results.

The question of morphological and semantic overlap should be reexamined with more
data in both sound roots (Study 1) and weak roots (Study 4C), especially that the
stimuli in both studies were not numerous.

The semantic relatedness measures used in Study 1 and Study 4C are very subjective
and do not include a very ciear-cut division between the transparent and the opaque
pairs. More objective measures such as the Latent Semantic Analysis (Landauer &
Dumais, 1997) are necessary to validate the personal judgement measures.

The results of this work were based on a masked priming lexical decision task with a
presentation delay of 50 ms. Replicating the same experiments with different
methodology and delay times might give different results.

The offline study (Study 5) has suggested that root consonants are perceived differently
compared to other letters. This encourages other perception studies to further
investigate this point in online experiments. A possible direction is through eye-

tracking or lexical decision tasks.
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Appendix A

The Stimuli from Study 1

+Root, Sem +Orthophono Unrelated Target
a1l il P s e LA
[?ixtalafa]™ [?atlafa] [?asqat®a] [taxaalafa]
‘He/it differed””! ‘damaged’ ‘made fall’ “differed”
- P %) JLC e 1A s ‘)\_,_*\
[Sarifa] [Saarad®a) [haddama] [taSaarafa]

‘knew’ ‘opposed’ “destroyed’ ‘became
acquainted’

Jo Jst 5 aal Joas
[?agbala] [?istaqalla] [?ahdara] [tagabbala]
‘came’ ‘became ‘thwarted’ ‘accepted’

independent’

e e | % . ?—*“Lj
[taqassama] [taqaa%asa)] [tas*addara] [qaasama]

‘was divided’ ‘was uninterested’ ‘occupied the ‘shared’

] - -
[tahammala]
‘endured’

Saala
[haadaBa]

‘talked to s.0.’

e_‘_..\_u‘
[ 2istalama
‘received’

s\~ i

[tamallaka]
‘possessed’

TN
[haddaqa]
‘looked fixedly’

P_u.\_*i_ul‘
[?istasmaha]

‘asked for
permission’

leading position’
& - ()
[tafarrafa)
‘branched out’

u.u_la_f;
[yat®asa]
‘dived’

[?inzafaza]
‘felt uneasy’

I
[?ihtamala]
‘bore’

L.:.! - -
[tahaddaBa]
‘talked’

[tasallama]
‘received’

%% The consonants of the roots (sound and weak), etymons, and phonetic matrices are in bold.

U All verbs are in the third person masculine in the perfect/past tense, but a few verbs have the reciprocal
meaning (e.g. talaamasa ‘touched each other’). All verbs have an active meaning unless otherwise indicated.

The perfect is a neutral form and is used as a citation form.



ol Y
[?ista?dana] [?a0naba]
‘asked for ‘did wrong’
permission’
v . -
[baffara] |satara]
‘announced as good ‘covered’
news’
] Y
[lamasa] [laama]
‘touched’ ‘blamed’
[hazama] [haazara]
‘attacked’ ‘emigrated’
[?alhama] [?ittahama]
‘inspired’ ‘accused’
- ] . l y
[Sat¥afa] [laatafa]
‘sympathized with’ ‘treated with
kindness’
| SR S ; .
[tayazzala] [tayaamaza]
“flirted with’ ‘signaled to one
another’
waS) o2
[rakad®a] [raawad®a]
‘run’ ‘tamed’

150

Jll <5

BEY
[takaasala] [?adana]
‘was lazy’ ‘permitted’
.o, 3 » : - ‘
[wad'd*aha] [?istabfara]
‘clarified’ ‘rejoiced’
@ e S
[3arrabal] [talaamasa]
‘experienced’ ‘touched each
other/one
another’
c_gh (‘A\—é—:‘
[dabaha] [tahaazama]
‘slaughtered’ ‘attacked one
another’
sl e._@_\_\_..n” !
[tas*annafa] [?istalhama]
‘faked’

o S

‘was inspired’

o bl 2
[karrasa] [taSaat®afa]
‘established’ ¢ sympathized’
CGla 1Y Jile
[tanas’s®ata] [yaazala]
‘tried to hear’ “flirted with’
HA. oSl y 5
[xalafa] [taraakad®a]
‘took off’

‘run fast’



sl
[?axbara]
‘informed’

[?iytaraba]
‘emigrated’

G4y
[rafaqa]
‘was nice’

A e
[fabada]
‘worshipped’

=S
[kaabara]
‘treated s.o.
haughtily’

-~ . “'w‘

(3
[?ittafaqa]
‘agreed’
E—a
[manafa)
- ‘prevented’

[qgala¥a]
‘uprooted’

- . n‘
[?infataha]
‘unfolded’

- -

D e
[tazabbara]
‘showed one’s
power’

PR
[?istayraga)]
‘was absorbed in
sth.’

474 )
[raffaha]
‘entertained’

w

==
[fabbara]

‘expressed’

P
[dabbara]
‘made
arrangements’

i
[?istawqafa]
‘brought to a stop’

“e

E—A

[matta¥a]
‘made enjoy’

JaLs
[qaatala]
‘fought

- ¢ e S‘
[Piltafata]
‘turned around’

e woe -
[tagaddamal]
‘advanced’

e.l_ci
[?a¥dama]

‘executed’

A )
[zahida]

‘renounced wordly

pleasures’
Tor—=
[s*araxa]

‘screamed’

25l
[saanada]
‘supported’

[?a¥3aba]
‘pleased’
335
[zawwada]

‘provided with’

Q it
[sarada]
‘detailed’

<y
[?arbaka]
‘confused’

"y s
[xabbara]
‘informed’

LT-’ - - o
[tayarraba]
‘emigrated’

[taraffaqa]
‘was nice’

- -

N
[tafabbada]

‘devoted oneself
to the service of
God’

R
[takabbara]
‘was haughty’

S
[waafaqa]
‘agreed’

[?imtanafa)
‘abstained’

ol
[?iqtala¥a]
‘uprooted’

W v

c_\d_i
[tafattaha]

‘opened up’
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+Root, -Sem

L_hq - -
[taharrafa]
‘turned off”

[?ablaya]
‘informed’

o

[?inSaqada]
‘was knotted’

&j‘ -
[tanaazaf¥a]
‘carried on a dispute’

[?ad°raba]
“forsook’

l. w . -
[tahaffada]
‘was wary’

BB
[baraza]
‘stood out’

H\ J
[daafafa]
‘defended’

+Orthophono

g)_’i
[taraffa¥a]
‘was too proud’

dals
[tabaadala]
‘exchanged’

[?istagdama]
‘summoned’

[taza§¥ama]
‘was the leader’

P S|
[?intaaba]
‘befell’

l. w e ! -
[talaffad®a]
‘enunciated’

SB
[baarakal]
‘blessed’

..
[nafafa]
‘was useful’

Unrelated

s
[tawassala]
‘implored’

Wer 4

A9 9

[tafagqada]
‘examined’

ey
[?afrafa]
‘supervised’

! i -~
[tahass®ala]
‘obtained’

j . - .‘
[?infayala]
‘was preoccupied’

J s
[tazawwala]
‘moved around’

Qe
[3amada]
‘froze’

5
[Oakara]
‘mentioned’

152

Target

8y Al
| ?ihtarafa]

‘practised sth.
as a profession’

=
[baalaya]
‘exaggerated’

wor -

- S

[tafaqqada]

‘became
complicated’

& . r ~‘
[?intazafa]
‘snatched’

— JL_A.A_..l
[tad®aaraba]

‘conflicted with
each other’

i - ¢« \
[?ihtafad®a]
‘maintained’

Jobs
[tabaaraza] .
‘met in combat’

CJ.A_'!\
[?indafafa]
‘proceeded

rashly’



PRI |
[?intasaba]
‘was related to’

Ly
[raabat®a]
was stationed’

9

w e -

C_q_AA_I
[tas®affaha]

‘leafed’

e - \1 -
[talaazama]

‘ was constantly
around s.0.’

ekl
[?a8%hara]
‘showed’

‘)_LA_:I._C‘
[?iftas*ara]
‘squeezed out’

wer -

[tafaqqala]
‘was reasonable’

S
[?anzala]

‘caused to descend’

- “ .

[tagat®t*a¥a]
‘was disrupted’

R
[tanaawabal]
‘took turns’

)
[rattaba]
‘arranged’

C_“_LA_..\
[tas*aalaha]
‘reconciled’

¢ 0=
[ta?azzama]
‘became critical’

]. - .‘
[?intad’ara]
‘waited’

J_ml_a_..i
[taqaas®ara]
‘shrank’

- .

[tagallaba]
‘was altered’

-
[?inzalaqa]
‘slided’

del oh
[taqaafada]
‘retired’

LB_A J‘
[?arhaqa]
‘exhausted’

Jdta
[haawala]
‘“tried’

[?istazwabal
‘questioned’
e e .
[tanaffaqa]
‘inhaled’

[2abSada]

‘took away’

oa
[?alhaqa]
‘joined’

O 53
[tawaazana]
‘was balanced’

[?atTaba]
‘tired’

[?ayd©abal]
‘annoyed’

[naasaba]
< ﬁt‘)

Ly
[?irtabat®a]
‘committed o.s.”

C_%l_..a
[s*aafaha]
‘shook hands’

a5l
[?alzama]
‘enforced’

[tad%aahara]
‘demonstrated’

_)_;.a\_c
[$aas®ara]

‘belonged to the
same age’

Jaa el
[?iftaqala]
‘arrested’

i
[naazala]
‘got into a fight’

bl d
[qaat®afa]
‘cut off’

153



(s_‘._Ci
[?aSlama]
‘informed’

H‘ P
[taraazafa)
‘retreated’

[?as*dara]
‘published’
.
[naqafa]

‘carved out’

1 4
[tawas?sgala]
‘reached’

[8%alamal]
‘treated unjustly’

[?ihtarama]
‘respected’

2l e
[taGallaga]
‘was attached’

s
[ta?arzahal
‘swung’

J_Cl_m;l

[tas*aaSada]

‘went up gradually’

RV
[naafada]
‘implored’

JS) 53
[tawaakala]

‘reacted with
indifference’

[nad®d*ama]
‘organized’

eu)A—“‘

[takarramal]

‘showed one’s
generous side’

e
[?anzaha])
‘rendered
successful’

=230
[tazajjana]
‘dressed up’

- ‘
[?axfata]
‘silenced’

& o=
[baraSa]
‘excelled’

[tahakkama]
‘mocked’

Q J_ja
[t*arada]
‘expelled’

‘g

[tawatTtYada]

‘was strengthened’

[Yallamal]
‘taught’

)
[?ar3afa]
‘returned’

JJ\_LA
[s*aadara]
‘confiscated’
oadlig
[tanaaqafa]
‘debated’

[waas®ala]
‘continued’

PO
[?ind*alama]
‘suffered
injustice’

o o=
[harrama]
‘prohibited’
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The Stimuli from Study 2

+Etymon
o ol
[is*t*affa]
‘lined up’

[qad®amal]
‘gnawed’

i~ -
[tazazza?a]
‘was divided’

(il
[?ad faa]
‘granted’

JA<
[Kkallala]
‘crowned’

Sl s
[habaka]
‘devised’

A,

[taSaffafa]

‘refrained from forbidden
or indecent’

+Orthopho
Caas)
[?irtazafa]
‘trembled’

uad)
[rafad®a]
‘refused’

[tawazzaha]
‘headed’

il
[?ad'naa]

‘weakened’

&~

[walafa]
‘was/became
enthusiastic
about’
s
[fabasa]

‘frowned’

"S -
[tafakkara]
‘troubled’

Unrelated
Jat <
[?iktamala]

‘became
complete’

S,
[salaka]
‘followed’

1" <5
[takaffala/

‘became
: 2
responsible

- -

[taras‘s*ada]

‘observed
attentively’

SRR
[haddaba]
‘refined’

bl

[lat*ama]

‘stroke with the

hand’

w -

D
[tahassara]

‘grieved’

Target
S
[ras¥afa]
‘arrayed
alongside each
other’

[?inqarad®a]
‘was extinct’

=4
[?aw3zaza]
‘was concise’

ol a
[?ind*aafa)
‘was added’

Sl 5

[tawaakala]

was indifferent’

et sl
[?ihtabasa]
‘detained’

e S0 el
[?iStakafa]

‘devoted o.s. (to
the service of

Gody’

155



Al -

O e S
[tazassasa]
‘spied’

w

L).M_A
[massa]
‘touched’

C _\4
[kadaha]
‘toiled’

Gl
[ta?allafa]

‘was composed of’

P
[farra)
‘escaped’

B
[naawafa]
‘skirmished’

H—.LA
[s*afafa]
‘slapped’

4ol
[?iStazza]
‘was proud’

z La
[faaha]

‘diffused aroma’

[tawahhaza]
‘glowed’

[lamma]
‘gathered’

LR
[sanada]
‘supported’

Js
[ta?awwala]
‘was interpreted’

-

H
[sarra]
‘made happy’

J sl
[naawala]
‘handed’

[falaha]
‘cultivated’

e gl
[?istawfaba]
‘was able to take

b

n

Y
[laaha]
‘appeared’

50
[?afrazal
‘excreted’

w

(Laa
[s*abba]
‘poured’

ERIEN
[hadaqga]
‘was skilled’

[tarannaha]
‘staggered’
Z._x_A
[habba]
‘blew’ (of the
wind)

J j\_c
[faawada]
‘resumed’

e

[lama%a]
‘sparkled’

L-é * -~
[tas*addaqal
‘donated’

)‘_f:
[yaara]
‘was jealous’

s -

>
[tawa33asa]

‘had
presentiments’

L)Q—AJJ‘
[?iltamasa]
‘solicited’

wS N
[nakkada]
‘made life hard’

o
[?iltaffa]
‘turned around’

RN
[?istanfara]
‘called out’

S » - ~‘
[?intafala]
‘pulled out’

[tas®aafaha]
‘shook hands’

= J\
[?aw§aza]
‘insinuated’

[lafahal
‘scorched’
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e b s
[qat*afa]
‘picked’ (esp. flowers)

s
[kaabara]
‘treated haughtily’

)
[raSaa]

‘protected’

L
[?intas*aba]
‘rose up’

e )_",_&,\
[?iftarasa]
‘devoured’

-

)_.\_m
[s*abbara]
‘comforted’

[?afraza]
‘liberated’

BES
[radala]
‘cast off’

&TI_;u J
[rasaba]
‘sank to the bottom’

O_ﬁ_L:
[t*afana]
‘stabbed’

ala
[3aabaha]
‘faced’

=3

[wafaa]
‘was aware of’

Jals
[?ista?s'ala]
‘uprooted’

s
[?iftaraa]
‘invented
lyingly’

w

‘)_AA_C
[Tas®s*ara]
‘modernized’

i
[?athafa]

‘presented with
sth.

19
[fatala]

‘twisted together’

-

‘)_3._.0.»
[satara]
‘covered’

Jed
[famala]
‘included’

e..)l_.}

[naadamal]

‘drank with s.0.’

—<
[yalaa]
‘boiled’

c_;a_*\i‘
[?iktasaha]
‘took hold’

a._:i_"zﬁ\
[?ikta?abal

‘became
depressed’

C w B
[farraha]
‘dissected’

e_.e._j
[?alhama]
‘inspired’

..
[yanamal]
‘gained’

A

[lakama]
‘punched’

157

Y

[tagat®t®aSa]
‘was disrupted’

w -~

=
[tazabbara]
‘showed one’s
power’

g s
[tawarrafa]
‘abstained’

ol
[?as®aaba]
‘hit the target’

el
[taraafasa]
‘kicked one

another’

“ -

Q._LLA...X_Q
[tafas®s*aba]
‘clung
fanatically to’

[tafazzaza)
‘opened a little
and slowly’

Ja
[tadallala]
‘lowered o.s.”

‘.._‘ “ -
[tasarraba]
‘broke away’



=
[haabaa]
was partial’

€

g 5
[lawwa¥a)
‘tormented’

[?amkana]
‘enabled’

T 9
[rawwaza]
‘spread (e.g. news)’

Laj
[zahaa]
‘was radiant’

[taraaxaa|
‘slackened’

Ls-:’-‘-:‘
[tadannaa]
‘was debased’

(3355
[taraqqgaqa]
‘was reduced to fine
particles’

>
[mawwahal]
‘feigned’

O
[taaba]
‘repented’

i;.\_c
[fabba?a]
“filled up’

oS
[?askana]
‘lodged’

J5
[rattala]
‘recited’

ol
[taaha]
‘got lost’

[taraad‘aa]

‘came to terms’

TEE
[tadaawaa]

‘treated o.s. (with
a medicine)’

ol s
[tarawwad*a]
‘did physical

exercise’

“o

b_\_A
[mattaSa]

‘ made enjoy’

.« =

Lr'._i
[Oanaa]

‘folded’

e

9
[nagqaba]
“drilled’

[?afsaha]

made room’

<

(;c.u
[da§¥amal]
‘supported’

s s-b

[t*awaa)
‘folded’

LS “ -
[taY¥addaa]
‘went beyond’

- S L
[tasallaga]
‘climbed’

w -

L)A_a.a_&_i
[taxas®s*as®a]
‘specialized in’

Jh e
[Tat’t*ala]
‘obstructed’
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- -

[N N T |

[tahabbabal]
‘showed love’

daed
[?iStalla]
“fell ill’

[takammana]
‘lay in wait’

y sl
[taazara]
‘did business’

4 Al
[?ihtazza]
‘was shaken’

J\;
[xaara]

‘declined in
force’

R
[naadaa]
‘called out’

w o

9
- |[waqqara]
‘respected’

(.\_G_A ‘
[?ihtamma]
‘was interested’



[tayat*t'aa]
‘covered 0.s.’

i
[?atamma)
‘finished’
[maqqaa]
‘purified’

- W*J

[daqqaqa]
‘was meticulous’

Ll

[qaasa]
‘measured’

&Llai
[?at®aafa]
‘obeyed’

Cl_'a
[naaha]
‘lamented’

[t*afaha)
‘flowed over’

i<
[kaffana]
‘shrouded’

“a e

Ls__z_’_a

[tayannaa]
‘sang’

als
[?istalama]
‘received’

]‘ -
[nata?a]
‘protruded’

Su.. -

[qattala]
‘massacred’

OU2
[qaarana]
‘compared’

Jl
[?at*aala]
‘made long’

. Y

a1
[nattafa]
‘plucked out’

G
[t*ariba]
‘was delighted’

C"_x_.x_<.
[kabata]
‘inhibited’

- ! -
[tahallaqa]

‘gathered into a
circle’

a3 ]
[?affaqa]
‘pitied’

C i)_.;_a
[s*arrahal]
‘declared’

w

o)
[rammama]
‘restored’

23 )
[raddada]
‘repeated’

[tamawwa3za]

‘moved in
undulations’

Ja

[maala]
‘bended’

[kabaha]
‘reined in’

)—A—é
[yamara]
‘overflowed’

[t'ayaa]
‘exceeded
proper bounds’

Cglat
[tamaawata]
‘feigned death’

14 8

(3
[?igtanaa]
‘got

b

- w..\

[?ittagada]
‘burned’

é\._u_'a\
[?insaaqa]
‘was driven’

—h<l
[?aSt%aa]
‘gave’

« “e -~
[tahannana]
‘felt sympathy’

Lya
[?infarat®a]

‘became
detached’

)4
[?iftakka]
‘snatched away’

159



o al

[naas®afa]

shared equally’

z
[raz3a]
‘shook’

S
[waafaqa]
‘agreed’

Gy

[fawwata]

‘let sth. escape’

=py)
[warifa]
‘extended’

Ht-j
[naas‘ara]
‘supported’

oo
[ranna]
‘rang’

C_*u
[faataha]
‘opened the

conversation’

[fas®s¥ala]
‘divided into
sections’

or

Dol
[wattara]
‘tightened’

Jala
[3aadala]
‘debated’

)
[zaffa]
‘was given in
marriage’

“ o -
[nayyas‘a]
‘to spoil s.0.’s
pleasure’

J‘+A
[ma3zzada]
‘glorified’

P
[naqafal
‘carved out’

(.s_aa_é_i\
[?infas*ama]
‘was split’

f?inzarra]
‘was carried’

a % 3

s |
[Pigtafaa]

‘followed s.0.’s

tracks’

T
[?atlafa]
‘damaged’

o 55

[tawaafara]

‘was abundant’
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Appendix C

The Stimuli from Study 3
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+Phonetic matrix
I
[sarraba]

‘sent in groups or
batches’

H‘ a
[daafa¥a]
‘defended’

w
>

k._\_u.\_.!
[naffaba]

‘stuck on’

-, -

H_é_i
[tabad®d*Ca]

‘cut up’

“%

S
[?inbab0a]
‘was spread’

<o g8
[fawwata]
‘made escape’

+Phonology
A =2 o
[s*afida]
‘rose’

-

oy
[laahaga]
‘followed’

‘);w
[sahira]
‘bewitched’

- -

A—L&AQ—’
[tazassada]
‘materialized’

[?ankara]
‘denied’

> 3
[mawwaha]
‘feigned’

Unrelated

- -

[qajjaha]
‘festered’

&y
[waaqafa]
‘had sexual
intercourse’

S
[wafaa]

‘became aware’

s 4L
[ta?awwaha]
‘moaned’

PNy
[?awhaa]
‘inspired’

.
LUya
-

[hajja?a]
‘prepared’

Target
a0
[?intas®aba]

‘rose up’
Matrix: [lab][corn]’ 2

!. . -
[tahaffada]

‘was cautious’
[lab][corn]

[?istabsala]

‘defied death’
[lab][corn]

B
[faraza]
‘set apart’
[lab][corn]

[tarassaba]
‘settled’
[lab][corn]

Cgla
[tamaawata]

‘feigned death’
[lab][corn]

32 For Experiment 3, the phonetic matrix of each related prime-target pair is also included.



e . e

A9

[tanaffada]
‘was carried out’

) a
[hadafa]
‘omitted’

-

=
[batara]
‘cut off’

C=8a)
[?indafana]
‘was buried’

O
[fazara]
‘tore’

BB

[taraafasa]

‘kicked one another’

[lafaha]
‘scorched’

! we -
[tafaqqala]
‘was reasonable’

.a] -
[qallasa]
‘contracted’

-

Gy s )
[nahata]
‘sculptured’

[?anqada]
‘saved’

b,
[rassaxa]
‘established’

[taSaad®ada]

‘helped one another’

[farad®a]
‘imposed’

e 45
[tawa$¥aka]
‘was indisposed’

Gre
[Yawwaqa]
‘hindered’

S5
[qawija]
‘became strong’

[?iktawaa]
‘was burnt’

S

[hakaa)
‘told’

s
[tawaaqaha]
‘displayed
impudence’

‘_B_Lc
[faliga]
‘stuck’

BB
[?abraza]
‘caused to come

out’
[lab][corn]

et
[?atlafa]

‘damaged’
[+]ab][+corn]

[?infat®ara)
‘was split’
[+1lab]{+corn]

Sy
[nabafa]
‘unearthed’
[+1ab][+corn]

[Piftarasa]

‘devoured’
[lab][corn]

bl
[2i8%t araba]
‘was in a state of
unrest’
[+lab][+corn]

a—a
[naffasa]
‘relieved’

[+]lab][+con, -voice]



[nafaxa]
‘blew’

LS_MJ
[fasaa]
‘broke wind
noiselessly’

e
[?infaffa]

‘went down’

w

‘)_}_AA
[s*abbara]
‘asked to be patient’

.L;_.\_"a J\
[?irtabata]
‘was attached’

[?inhabasa]
‘was held up’

w

P
[harra]
‘growled’

‘)—LAA
[has®ara]
‘enclosed’

c_s—:’J
[raBaa]
‘elegized’

3—6——3‘
[?inhadda]
‘was demolished’

S
[waOaba]
‘jumped’

Joa )
[?irtahala]
‘departed’

- ! - o‘
[?inyalaqa]
‘was closed’

J L
[6qalla]
‘remained’

Cy—al
[lagana]
‘inferred’

& b

[t*awaa]
‘folded up’

Sla
[?indakka]

‘was crushed’

Ay
[sarada]
‘detailed’

d.l_uj
[?asdala]
‘hung down’

[?indaOara]

‘became wiped out’

[3affa]

‘became dry’
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z La
[faaha]

‘diffused an aroma’
[+lab][+con, -voice]

w .

J._‘l_a.a

[s*affara]

‘whistled’
[+lab][+con, -voice]

“ . -

D
[tabaxxara]
‘evaporated’
[+lab][+con, -voice]

e S el
[?iftakafa]

‘secluded oneself’
[+lab, -son][+phary]

‘)J;\ N
[tadaafara]

‘interwove’
[+lab, -son][+phary]

Ja il
[?ixtabala]
‘was disordered’
[lab, -son][+phary]

C_tA_l_ﬁ
[tanahnaha]
‘cleared one’s
throat’
[+cor][+ph,-dor,-
voice]



o
[?anna]
‘groaned’

"

(o35 c
[Yaqafa]
‘crooked’

RN
[tahaddaba]

‘was bowed
upward’

19
[naqaba]
made a hole’

3

[faad®a)
‘overflowed’

[t*afaha]
‘flowed over’

-

-
[qabara]
‘buried’

ela
[fakka]
‘disassembled’

[8anna]

‘suspected’

3

HJ

[gamaSa]
‘repressed’

[tawayyala]

‘penetrated deeply
(e.g. in a forest)’

o Ls

[xalafa]

‘was the successor’

Juk
[t*aala]
‘became/was long’

-

«ah A
[hatafa]
‘shouted’

B
[yariqa]
‘was drowned’

-

(SR
[habba]

‘got in motion’

i<
[kaffa]
‘refrained’

| .
[famila]
‘comprised’

p s
[tawarrama]
‘was swollen’

Qe
[hasada]
‘envied’

J
[zaala]
‘vanished’

g2
[harafa]
‘hastened’

23)
[zawwada]
‘supplied’

:,3
[damma]
‘blamed’
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e
[tahannana]
‘felt sympathy’
[+cor][+ph,-dor,-
voice]

xS
[kaSSaba]

‘made cubic’
[+1ab, -son][+dor]

a2
[?inSat®afa]

‘was inclined’
[+]lab][+corn]

ALY
[kaffana]
‘shrouded’
[+lab, -son][+dor]

S
[?infarat®a]
‘became detached’
[+lab, -son][+dor]

Z._\_AA_.i‘
[?ins*abbal]
‘was poured out’
[+lab, -son][+dor]

. . - S‘
[?iktanafa]

‘enclosed’
[+lab, -son][+dor]

Sl a
[habaka]
‘wove well and
tight’

[+lab, -son][+dor]



- w

-

~ e

165

w

(9 o) O—a ) L c
[ras*s*afa] [has*s*ana] [dannasa] [fas®s*aba)
‘paved’ “fortified’ “stained’ ‘folded around’
[+lab, -son]{+dor]
[t*aafa] [faara] [saara] [s*affafa]
‘went about’ “boiled over’ ‘moved along’ ‘set up in a row or
line’
[+lab, -son][+dor]
f’_"bj C_tj A &L:_"LB\
[qad*ama] [qabuha] [wahabal] [?iqtat®afa]
‘gnawed’ ‘was ugly’ ‘donated’ ‘took a part’
[+cor][+dor]
Lt d PRI N
/qas®s*a/ /malla/ /fadda/ /?inqasama/
‘cut’ ‘was bored’ ‘deviated’ ‘was divided’
[+cor][+dor]
[qarad®a] [Sazala] [fahhama] [tagaatala]
‘eut’ “isolated’ ‘made s.o. ‘killed each other’
understand’ [+cor][+dor]
S Gl h > 5 e
[qallaba] [Babbata] [nawwahal] [rabad®a]
‘turned around’ ‘consolidated’ ‘praised’ ‘lay down’
’ ' [+cor][+dor]
[qat*ama] [s*adaha] [3a0ama] [Riqtas®ara]
‘cut off’ ‘chanted’ ‘lay’ ‘was limited’
‘ [+cor][+dor]
— J‘ k_!u J\ ("\AJ‘ JlA'
[?arxaa] [?irtaaba] [?afthama] [xaara]
‘loosened’ ‘was suspicious’ ‘silenced s.0. with ‘declined in force’
arguments’ [+cor][+dor]
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The Stimuli from Study 4A
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+Sound Pattern +Weak Pattern +Orthophono Target
[?angada] [?ard'aa] [?iftarad‘a] [?akmala]
‘saved’ ‘satisfied’ ‘supposed’ ‘finished’
[tasallaha] [taxallaa] [tasaa?ala] [tazammala]
‘armed o.s.” ‘relinquished’ ‘wondered’ ‘made o.s. pretty’
[?imtanafa] [?iztaaza] [?awrada] [?iftaqada]
‘refused’ ‘passed’ ‘mentioned’ ‘missed’
a—id el g BURARAR
[?intafaSa) [?intaaba] [Pantaza] [?intafara]
‘benefited’ ‘befell’ ‘produced’ ‘spread’
o Jud il ¢aaal
[?anbata] [?asaala] [?iztarra] [7ahdaBa]
‘grew’ ‘made flow’ ‘ruminated’ ‘brought about’
[?istarzafa] [?istabnaal [?istanada] [2istawqafa]
‘regained’ ‘excluded’ ‘was based’ ‘brought to a stop’
[?ankara] [?ayraa] [?inkasara] [?ahd%ara)
‘denied’ ‘tempted’ ‘broke’ ‘brought’
i BAELN L 1aicl
[?intasaba] [?ihtaat®a] [?atlafa] [?iStamada]
‘was cautious’ ‘damaged’ ‘relied on’

‘was related to’



g
[nahaba]
‘plundered’

[?iqtaraba]
‘approached’

[wad®aSa]

<

put’

a3l
[?iltazama]
‘took upon 0.s.”

i
[?alhaqa]
‘joined’

H] .-
[tad®aafara]

‘interwove’

=
[fabbara]

‘crossed’

[?istafmara]
‘colonized’

g
[fariha]
‘was glad’

ol
[xaana]
‘was disloyal’

‘)l_"\;\
[?ixtaara]
‘chose’

gl
[baa¥a]
‘sold’

s1h cl
[?iftadaa]
‘aggressed’

TAJ‘
[?admaa]
‘caused to bleed’

P
[ta¥aafaa]
‘recuperated’

e

[faada]
‘returned’

. - - \
[Pistaynaa]
‘was able to

dispense with’

Gl
[faata]
‘passed (away)’

woe

3 c
[Yaqgada]
‘complicated’

N
[?amsaka]
‘held’

Jals

[baadala]
‘exchanged’

[?afsada]
‘spoiled’

[?i3tahada]
‘worked hard’

Joa s
[tawas®s*ala]
‘reached’
il e
[Yaafara]
‘was on intimate
terms’

L
[?asqat’a]
‘let fall’

Ao
[faaraqa]
‘left’

167

e

[lamasa]
‘touched’

&A_..IA.‘
[?iztamafa]

< 2

met

. -
[yafara]
‘forgave’

Q.—t—hﬂ—*l_s‘
[?iktasaba]
‘acquired’

[?aSrad®a)

‘turned away’

[ I !
[takaasala]
‘was lazy’

a )_la
[t*arada]
‘expelled’

[?istagbala]
‘welcomed’

—e—3
[fahima]
‘understood’



€
u,.‘

g -
[?atgana]
‘perfected’

i
[raaqaba]

‘supervised’

Bp=

[baaraza]

‘met in a combat’

[?indama3za]
‘was incorporated’

P
flaSiba]
‘played’

Lis
[xalat®a]
‘mixed’

-4
[?afraza]
‘excreted’

P i
[?anfaqa]
‘spent’

- ¥ e e

L_l_}_.!__l
[taBabbata]

‘ascertained’

Gl
[?afaaqa]
‘woke up’

e | J
[raafaa]
‘observed’

(—ul 3
[qaasaa]
‘suffered’

[?inqad‘aa]
‘was finished’

Sl
[baata]

‘spent the night’

=
[banaa]
‘built’

[?afraza]
‘liberated’

J
[?azaala]
‘eliminated’

w o -

‘5_1_4&_!
[tamannaa]
‘wished’

¢
[?inhazama]
‘was defeated’

B
[farafa]
‘spread out’

5 .
[yafala]
‘neglected’

[?anzaba]
‘gave birth’

Lie
[yaalat®a]
‘deceived’

47y
[harraka]
‘moved’

. .\

P
[?iftaqara]
‘lacked’
-y 8l
[?iqtarafa]
‘committed’

d—.-ﬂ L
[tagaatala]

‘killed one other’

Ual il
[?axlas®a]
‘was faithful’

o
[faaraka]
‘participated’

c_“.\ 3
[daafafa]
‘defended’

- . .‘
[?infataha]
‘opened up’

S
[mazaza]
‘mixed’

- -

e_.x_a..u
[fatama]

‘insulted’

J-S
[?awkala]
‘entrusted’

[?ayd®abal)
‘annoyed’

[tadakkara]

‘remembered’



C__L_'\_g‘
[?ibtalafal
‘swallowed’

. ] ~\
[?inSat*afa]
‘was bent’

L}L—.\—‘i
[?albasa]
‘dressed’

19l
[?iztanabal
‘avoided’

Lo
[laza?a]
‘took refuge’

J_.\_z_'.t_u\
[?istaSbada]
‘enslaved’

G
[sariqa]
‘stole’

e
[rasama]
‘drew’

[nahad®a]
‘rose’

(s—a )\
[?irtamaa]
‘threw oneself”

i
[?inhanaa]
‘bent’

il
[?ataaha]

‘made possible’

- -‘
[?intamaa]
‘belonged’

o=
[baana]
‘became clear’

.Ju_::_.w\
[?istafaada]
‘benefited’

Ja
[maala]
‘bent’

la

[3aaba]
‘wandered’

@ -3

[hadaa]
‘guided’

KRR
[?anfada]
‘sang’

S
[?andara]
‘warned’

g =
[?ixtarafa]
‘invented’

J_’_uj
[?asYada]
‘made happy’

C—a'l_“‘
[s*aafaha]
‘shook hands’

S
[?askara]
‘made drunk’

<
[fakkara]
‘thought’

—ice
[Taddaba]
‘tortured’

PUNEES
[xaat*ara]
‘risked’

169

a3
[iqtas*ada]
‘became thrifty’

g._\__\_'i_'a\
[?ingalaba]
‘was turned’

[?aymad‘a]
‘closed one’s eyes’

<1 el
[?iTtakafa]
‘devoted oneself”

ea;
[xadama]
‘served’

G i
[?istayraqa]
‘was immersed’

WENEEN
[3adaba]
‘withdrew’

-

O
[sabiqa]
‘preceded’

[balaya
‘reached’



[?infadama]
‘was missing’

2 le
[valaga]
‘closed’

el
[?ad hara]
‘showed’

Jolla s

[tat*aawala]

‘stretched up (in

defiance)’

il
[?afrafa]

‘supervised’

[?insadala]

‘descended (on)’

« ¥ o a o»
[tanaffad®a]
‘was shaken’

L - . ol
[tanahhada]
‘sighed’

k) i)_d
[tamarrada]
‘rebelled’

s 3
[?inzawaa]
‘secluded o.s.”

s b

[t'awaa]
‘folded’

=)
[?arsaa]
‘established’

[tabaahaa]
‘was proud’

A
[?ad°aafa]
‘added’

|
[?insaaqa]
‘was led’

o

[tasallaa]

‘took pleasure’

LS . -
[tas*addaa]
‘resisted’

[tayatt*aa]
‘was covered’

BN
[?anzaza]
‘carried out’

-

Az«
[mahhada]
‘paved’

S . % ~‘
[2infayala]
‘was occupied’

- “‘S -
[taYallaga]
‘was attached’

- . c‘

[?intaqama]
‘avenged’

as il
[?inYadamal]
‘bestowed’

& J\_uJ
[tasaara$a]
‘hurried’

Acl ol
[tagaa¥ada]
‘retired’

(’J‘ P
[taraakama]
‘piled up’

170

g
[?inbahara]
‘was dazzled’

@S],
[zarafa]
‘sowed’

“, ‘
[?axfata]
‘silenced’

» ~'1 . -
[tanaaqafa]
‘discussed’

Jld
[?abt®ala]
‘thwarted’

s
[?infazara]
‘exploded’

[takattama]
‘held one’s tongue’

w -

)_A_A»_!
[tasammara]
‘was nailed down’

i
[tafabbaha]
‘compared o.s. with’



S
[3arraba]
‘experienced’

b ya

[taraabat®a]

‘was closely tied’

Ja
[?adxala]
‘made/let enter’

il

[?iqtasama]
‘shared’

-

Lrn_u
[sammaa]
‘named’

[taraaxaa]
‘slackened’

A
[?abaada]
‘exterminated’

Hlaal
[?ihtaara]

‘was bewildered’

PR
[nadima]
‘regretted’

wae -

[taYaqqala]

‘was reasonable’

-

[?ibtaYada]
‘moved away’

[?askana]
‘lodged’

171

LS
[kallafa]
‘charged with’

CJ] -
[tas®aalaha]

‘became reconciled
with one another’

[?awd aha]
‘explained’

i

[?ikta?aba]
‘was depressed’
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The Stimuli from Study 4B
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+Pattern +Slightly different +Orthophono Target
pattern
P Ja s Lo
[nafaa) [maala] [waalaa] [sahaa]
‘announced the ‘bent’ ‘was close (to s.o. or ‘was absent-
death’ a party) ¢ minded’
[wafaa] [naala] [mannaal] [fadaa]
‘was loyal’ ‘obtained’ ‘made s.o. hope’ ‘chanted’
[Oanaa] [Daabal] [t'awwara] [sat¥aa]
‘bent’ ‘returned’ ‘developed’ ‘assailed’
JLci Lga_é.i AN L_ﬁA‘
[?aSaara] [?ahdaa] [Yihtadaa] [tazaabal
‘lent’ ‘gave as a present’ ‘imitated’ ‘answered’
—ia s Juial LU —iicl
[?iktafaa] [?ihtaala] [?anaara] [?iftanaa]
‘was satisfied’ ‘resorted to tricks’ ‘illuminated’ ‘took care (of)’
—ial il A —5 )
[?ihtamaa] [?iztaahal [?aqaama] [?irtaqaa)
‘protected 0.s.” “stroke’ ‘set up’ ‘ascended’
[?amdFaa] [?abaada] [?imtaaza] [?ayraa]
‘spent’ ‘exterminated’ ‘was distinguished’ ‘tempted’
—>) d‘) L.-;—“—““ Lea
[rahaa] [zaala] [sallaa] [daSaa]
‘ground’ ‘disappeared’ ‘entertained’. ‘invited’



‘r.\..aj
[rad*aa)

‘accepted’
—a— )
[?irtamaal
‘threw oneself’

Lr’x_}__'a\
[?inbanaal]
‘was built’

sl
[?azaala]

‘passed around’

=
[hawaa]

‘comprised’

=
[bakaa
‘wept’

Juael
[?iytaala]
‘assassinated’

9
[?awhaa]
‘inspired’

S )J_S\
[?iktaraa]
‘rented’

J\Ai
[?azaada]
‘mastered’

BB
[zaara]
‘visited’

B BRI
[?ihtaat*a]
‘was cautious’

ala
[?inhaadal]
‘deviated’

[?axfaa]
‘hid’

sl A
[xaafa]
‘was afraid’

—
[baaha]
‘revealed’

il
[?ihtafaa]

‘received kindly’

tl_,.zj
[?ad%aala)
‘lost’

C\_’a J\
[?irtaaha]
‘rested’

P
[?axlaa]
‘emptied’

a 1A
[haddama]
‘demolished’

3
.-,.‘

(=
[?atgana)
‘mastered’

o
[?anzala]
‘caused to descend’

4 e
[?iftazza]
‘was proud’

J;AJ
[dammara]
‘destroyed’

Lgd K
[yaddaa]
‘nourished

|
[?afqaa]
‘made unhappy’

(s )
[?irtafaa}
‘accepted a bribe’

z L
[?istabaaha]
‘regarded as public

2

ﬁ—'\_‘u}‘
[?istahaa]
‘was ashamed’

173

Lt
[lahaa]
‘amused o.s.

3

L
[?intaqaa]
‘selected’

s

[?inzalaa)

‘was removed’

a A
[?adaafa]

‘disseminated’

b
[badaa]
‘appeared’

Ly
[danaa]
‘came near’

LA 3
[?iqtaada]
‘led’

(—a
[?aqsaa)
‘removed’

s——
[?intahaa]
‘finished’

O\_ci
[?afaana]
‘helped’



i

[lawaa]
‘cursed’

S

[kawaa)
“burnt’

¢ L
[?afaala]

‘brought to public
notice’

) Al
[?adaaba]
‘caused to melt’

cs—g—.‘
[baqaa
‘remained’

S 5=
[?irtawaa]
‘quenched one’s
thirst’

[?istawaa]
‘was the same level’

& 5=
[nawaa]
‘intended’

‘5_.:_'1_.!‘
[?ibtayaa]
‘desired’

gle
[3aa%a]
‘became hungry’

bk
[t'aara]
‘flew’

Lr“’)‘
[?arsaa]
‘fixed firmly’

[?anzaa]
‘rescued’

[s*aana]
‘preserved’

Sl
[?iztaazal
‘passed’

G\_?A\
[?ihtaaza]
‘needed’

el bk
[t'aafa]
‘went about’

Lls el

[Piytaad‘a]
‘became angry’

- .
[fassara]
‘explained’

LS
[kaffara]

‘grinned’

s 3 -
[?inzawaa]
‘lived in seclusion’

T
[?iftaraa]
‘bought’

T “ o
[hanna?a]
‘congratulated’

By
[?ahaana]
‘humiliated’

Slaa
[?istayaaBa]
‘appealed for help’

w

&A_;
[3amma¥a]
‘grouped’

G S IR R
[Pistantaza]
‘concluded’
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[t*afaa]
‘floated’

NN
[hafaa]
‘stuffed’

oLLl
[?at*aaha]
‘caused to fall’

ALl
[?afaada]
‘was useful’

Le b
[t?ahaa]
‘cooked’

- :.‘

-
[?iftahaa]
‘desired’

‘_,,__‘_"\_“
[?ibtalaa
‘put to the test’

Ly
[razaa]
‘aspired’

aw"‘

(e—— 8
[?iqtanaa]
‘acquired’



[t*alaa]
‘painted’

LrA_C

[famaa]
‘became blind’

=y
{zanaa]
‘committed
adultery’

[?ins*aafa]
‘gave in’

-

LS_L.H_A
[mafaal
‘walked’

N
[fawaa]
‘howled’

s
[?ad%aafa]
‘added’

S i
[?istafaara]

‘asked for advice’

S

[hakaa]
‘told’

<l
[baata]
‘spent the night’

[yaas®a]
‘dived’

J

[saala]
‘flowed’

[?int'awaal]
‘was folded’

z Lo
[s*aahal)

‘screamed’

e‘—"
[naama]
‘slept’

—ial
[?ad°naa]
‘weakened’

‘5—&@_&_..1_&&‘
[?ista$s'aa]
‘was difficult’

b3
[qaasa]
‘measured’

. Y
[saxxana]
‘heated’

);Ja_c
[Sat't*ara]
‘perfumed’

L L<
[kallafa]
‘charged (with)’

PP
[?ansaa]
‘made forget’

la
[s*allaa]
‘prayed’
[yannaa]
‘sang’

—h1
[?imtat*aa]
‘took a means of
transport’

G
[?istaraqa]
‘stole’

J7ya
[hawwala]
‘transformed’

L3
[qasaa]
‘was cruel'

Lk 3
[xat*aa]
‘stepped’

Lac
[Yafaa)
‘forgave’

Jl_@_a\
[?inhaara]
‘collapsed’

La)
[zahaa]
‘was radiant’

Ls i
[s*afaa]

‘became pure’

A
[?afaada]
‘praised’

F—iie
[?istafaaqa]
‘woke up’

b S
[falaa]
‘rose’
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'g >
[fafaa]

‘cured’

63_3 J'
[?irtadaa)
‘wore’

.
[saqaa]
‘irrigated’

L_s—:")
[raBaa]
‘elegized’

[?istazdaal
‘begged’

-
[xafaa]

‘feared’

& g
[fawaa]
‘grilled’

[?as*aaba)
‘hit the target’

-

3
[waqaa]
‘protected’

o=
[baana]
‘appeared’

AL ,)‘
[?irtaada]
‘frequented’

ald
[faad‘a]

‘overflowed’

sla
[3aa?a]

‘came’

Jus
[?istaqaala]
‘resigned’

ol
[taaha]
‘got lost’

U‘“‘ J
[daasa]
‘stepped on’

—id
[?alqaa]
‘threw’

(.l_;
[haama]
‘hovered’

C;l_w
[sallaha]

‘armed’

sl
[?inhabasa]
‘was held’
A s
(8" amma)
‘bandaged’

[fallama]
‘taught’

R
[?istanada]
‘was based’

[faz3ara]
‘exploded’

[kallama]
‘talked to’

. < aH

[?iftakaa]

‘complained’

S 9
[dawwaa]
‘sounded’
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L S

[kasaa]
‘clothed’

g;—*-ﬁ—:\é‘
[?ihtasaal
‘sipped’

lA_A

[mahaa]
‘wiped off’

LA_u:

[samaal]
‘towered up’

i
[?istaynaa]
‘was able to

dispense with’

(S
[yafaa]
‘dosed off”

(PN
[namaal]
‘grew’

J\_E:\
[?ayaara]
‘raided’

=g
[ranaa]
‘looked intently’



Lg..l_ﬁ
[hadaa]
‘was delirious’

tl_Jai
[?ataala]
‘obeyed’

—

[?ataaha]
‘made possible’

ol

[xaana]

‘was disloyal’

[?a%faa]

‘relieved’

(s—a 9|
[?aws’aa]
‘entrusted’

J s
[mawwala]
‘financed’

GA'_:! J\
[?irtaxaa]
‘slackened’

[?inhanaa]
‘bent’
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\1 -

[yalaa]
‘became excessive
(of prices, ideas)’

?‘ Ji
[fadaama]
‘made last’

Gl
[?adaaqa]
‘had s.o. taste s.th.’
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The Stimuli from Study 4C
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+Weak root, + Sem +Orthophono Unrelated Target
ol (38 T Slis
[?afaaqa] [?ittafaqa] [tayallaba] [?istafaaqa]
‘woke up’ ‘agreed’ ‘triumphed’ ‘woke up’
Jud Juiel PR Jat
[?amaala] [?iytaala] [tadakkara] [?istamaala]
‘inclined’ ‘assassinated’ ‘remembered’ ‘became inclined’
[yalaa] [sallaa] [t*arada] [?istaylaa]
‘was excessive’ ‘entertained’ ‘drove away’ ‘found expensive’
PP i Je s i
[?ansaa] [?istansaxa] [?akmala] [tanaasaa]
‘caused to forget’ ‘cloned’ *finished’ “pretended to have
forgotten’
..«S " ﬂ‘ S - i "! - S - #‘
[tafakkaa] [takaaBaral] [tas*allaba] [?iftakaa]
‘complained’ ‘became numerous’ ‘became hard’ ‘complained’
Jual Jany A5, <9 Jus i
[?aqaala] [?intaqala] [takabbada] [?istaqaala]
‘discharged’ ‘moved’ ‘endured’ ~ ‘resigned’
. - i ] - - ‘ - .- ‘ w e . -
[Paxfaa] [Pistaxafta] [?istanzada] [taxaffaa]
“hid’ ‘valued lightly’ ‘asked for help’ ‘hid’
ala gl R J g s
[?iqtaada] [?intagada] [tasawwala] [?intagada]
‘led’ ‘criticized’ ‘begged’ ‘was led’



al A
[xaafa]
‘was scared’

LrA—;
[hamaa]

‘protected’

s
[ramaa]
‘threw’

—i
[?abqaa]
‘kept’

Ll 2
[xat®aa]
‘stepped’

JLA
[haara]
‘was bewildered’

Jud
[?asaala]
‘made flow’

G
[sawaa]
‘was equal’

Mc
[falaa]
‘rose’

e LA
[xaalafa]
‘contradicted’

e

('a__lA
[hattama]

‘made necessary’

e
[raama]
‘desired’

H_”s J\
[?irtaqaal
‘ascended’

Ll g
[xat*t*at®a]
‘worked out plans’

sl
[taazara]
‘did business’

d_é Lt
[tasaahala]
‘was lenient’

a g e
[saawama|
‘bargained’

ale
[faalaza]

‘treated (a patient or
a matter)’

‘ .
[nas‘aha]
‘gave advice’

LS
[kallafa]
‘entrusted’

L g
[hafad®a]
‘preserved’
i st
[tahaddaOa]
“talked’

a
[da?aba]

‘persevered’

LB—LA—!
[las*aqa]
‘stuck’
Craa
[?ans’ata]
‘listened’

a 1A
[haddama]
‘demolished’

C_.u':l;é
[fad*aha]
‘exposed’
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slal
[?axaafa)
‘scared’

L;_A_..\A‘
[?ihtamaa]
‘took refuge’

ﬁ)‘
[?irtamaa]
‘threw oneself’

=St
[?istabgaa]
‘made stay’

[taxat®t*aa]
‘overstepped’

J\_L:.\
[?ihtaara]
‘was bewildered’

J

[saala]
‘flowed’

& }Lu_“!
[tasaawaa]
‘was equal’

s
[taSaalaa]
‘rose’



N
[?afaada]
‘benefited’

J3
[zaala]
‘disappeared’

le_l_c\
[?iStadaa]

‘committed an
aggression’

[?ard®aa]

‘came to terms’

el
[?afaara]
‘lent’

&\_.;.
[6%aafa]
‘got lost’

LS
[Baara]

‘was excited’

Root, -Sem

BN
[3aaza)]
‘was allowed’

(H_'_S' 5 <)
[?iktafaa]
‘was content’

Jl
[zaamala]
‘was a colleague’

“ -

Ax o
[?istafadda]
" ‘got ready’

[?istafrad‘a)
‘went through’

)_J_ui
[?asfara]
‘kindled’

cacl i
[8"aafafa]
‘multiplied’

P
[saajara]
‘kept up’

+Orthophono

wajla
[3aazafa]
‘ventured’

d g
[tat*awwaSa]
‘volunteered’

war

&\_ﬁ
[matta%a]

‘made enjoy’

[Pasrafa]

‘was extravagant’

il
[?an3aza]
‘carried out’

e_“h 5
[tawahhama]
‘imagined’

-
[hariba]
‘run away’

o=
[lafana]

‘cursed’

Unrelated

s
[waffaha]

‘adorned’

180

Alas
[?istafaada]
‘benefited’

J
[?azaala]
‘caused to
disappear’

15 A2
[taf¥addaa]
‘exceeded’

[taraad®aa]
‘came to terms’

[?istafaara]
‘borrowed’

gLl
[?a0%aafa]
‘lost’

J\_:'z_":_u\
[?istaOaara]
‘stirred up’

Target

Slaal
[?i3taaza)
‘passed’



—i
[?aOnaa]
‘praised’

g "
[saaqa]
‘drove’

B1UEN
[haaza]
‘obtained’

[?anhaa]
‘finished’

L

[danaa]

‘came near’

L]
[?ahaat®a]

‘surrounded’

(sl d
[qaad*aa]

‘brought before a
court of justice’

[talagqaa]
‘received’

e

[faada]
‘returned’

1% 8

(st @
[?igtanaa)
‘acquired’
. .
[nassaqa]
‘coordinated’

S
[naaza¥a]
‘disputed’

JL.@_'ﬁ\
[?inhaara]
‘collapsed’

u.n.tﬁ
[dannasa]
‘stained’

BRI
[?ahbat®a]
‘thwarted’

adls
[naaqad®a]

‘contradicted’

- \‘ -
[talaahaqa]

‘followed in close

succession’

Jale
[faadala]

‘treated as equal’

[tarakkaba]
‘was composed’

ol

[3alaba]
‘brought’

il
[lafata]
‘turned’

I
[?awfaka]

‘was about to do
s.th.’

-

=
[sabbaha]
‘praised God’
el
[tadammara]
‘complained’

el
[daafaba]
‘toyed’

» S -
[takammafa]
‘became wrinkled’

Loa
[0*ayat®a]
‘pressed’

a:‘c"

Lr\_\_\_..ua
[2istaOnaa)

‘excepted’

L“gl_..u_':\
[?insaaqa]
‘was driven’

sl
[?inhaaza]
‘sided with’

—
[nahaa]
‘forbid’

L;m_’.s
[tadannaa]
‘was debased’

BAERAPN
[?ihtaat®a]
‘was wary’

.o ‘
[?inqad*aa]
‘was completed’

gy
[laaqaa]
‘met’

Al el
[?iftaada]
‘was accustomed’
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s
[naaba]
‘represented’

gréj
[wafaa]
‘was integral’

'
[raaha]
‘went away’

< K
[?iddafaa]
‘claimed’

w

s
[3arraa]
‘caused to run’

il
[?afnaa)
‘annihilated’

3
[raaqa]
‘pleased’

JA
[xaala]
‘fancied’

PY T
[?istaa?a]

‘was annoyed’

=
[taabafa]
‘followed’

[sawwafa]
‘postponed’

-

‘)_.\_.u.}
[satara]
‘covered’

gai
[?ibtadafa]
‘invented’

BT
[3aawara]

‘was the neighbor of
5.0.

L
[?intafaa]
‘was denied’

P

L_\J\_)

[raagaba]
‘observed’

Jala
[xaatala]
‘deceived’

Je s
[tasaa?ala]
‘wondered’

LBJ_LA
[s*adaga]
‘spoke the truth’

Jda
[baddala]
‘changed’

Ao
[fabada]
‘worshiped’

p
[taharramal]
‘became senile’

™

L .c

[faba0a]
‘fooled around’

s
[?arbakal]
‘confused’

. .
[nahada]
‘rose’
=S
[kabura]
‘grew’

p
[?infadama]
‘was missing’

P
[?intaaba]
‘befell’

=2 9
[?istawfaa)
‘completed’

[?istaraahal
‘took a rest’

[?istadfaa]
‘invited’

SOl
[3aaraa]
‘kept in pace’

e
[tafaanaa]
‘dedicated o.s.
completely’

G
[?araaqa]
‘spilled’

Ja sl
[?ixtaala]

‘felt self-important®

el
[saa?a]
‘became bad’
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- .‘
[?intamaal
‘belonged’

Lr'ﬂ_c
[faanaa]
‘suffered’

Glal
[?ahaana]
‘humiliated’

=
[3aara]

‘committed an
outrage’

_—
[baaha]
‘confessed’

L
[?anaama]
‘made sleep’

chJLc
[Yaataba]
‘blamed’

O
[?imtahana]

‘practised as a
profession’

[3aahara]
‘declared or said
openly’

T
[sabaha]

‘swam’

& -
[Pafraya
‘emptied’

Jdala

[3aamala]

‘was courteous’

g 2
[tabarrafa]
‘volunteered’

RN

[sakaba]
‘poured’

. S
fkafafa]
‘uncovered’
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(e—al 13
[tanaamaa]
‘grew gradually’

Lr.'x_"x_::\
[?i¥tanaa)
‘took care’

[?istahaana]
‘considered easy’

BN
[?azaara]
‘granted asylum’

gl
[?istabaahal
‘regarded as public
property’
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no.

10

11

12

13

14

15

[sa-ja-s*mudaani]

O sSaiadl

[?al-mutamaalikuuna]

LY
[kal-?inyilaaqaati]

is sy WU
[bil-2urzuuha®]
O3 A%

{ja-ktanizuuna])

YR

[mutaraakima®]

[ju-t¥ibaanika]

.:“ »

[Safwaa?iija"]

O seai
[sa-ju-hissuuna]
Lo Ly
[ju-saqqgifaaniha]

O bmaiiug
[ja-stags’iyaani]

e L s

[tu-qallimnaha]

[d®afiifaatun]

L yaall

[?as™-saxrijja"]

Lyaaall
[?af-fajxuuxa”]

Root

r,3,h

k,n,z

r,k,m

t,9,b

hw

s,q,f

q,s',j

q,lm

def

s X,T

$x

Gloss

they (dual) will resist

those who control themselves
like closures

with the swing

they amass (e.g. money)
piled up (fm.sg)

they (dual) tire you
haphazard (fm.sg)

they will feel

they (dual) will roof it

they (dual) investigate

they (fm.) trim it (of a tree)
weak (fm.pl)

the rocky (fm.)

the old age

Gr.
category

\%

A

Prod.
score

6

31

15

16

18

10

Freq.
score

90

85

30

25

85

90

95

30

25

40

95

40

85



20

21

22

23

24

25

26

27

28

29

30

31

32

33

.a. ,“

[fal-ja-Tbab-na]

[ja-ntahikuunaha]

V)
[ruxaamiiya]

[ja-stahsinuunahu]

NS

[sa-jankasifu]

PR
{?al-mutrafuun]

X DR

[?al-mulaamasa"]

[janbalizu]
Oladls,

[jukaafihaani]

ALyl
[?al-?insaanijja™]

Liaal il
[?al-garaas®ina"]

bye yial

[?ixtarafuuha]

SRR
[?al-mudammiruunal

A el

[?al-mafraba®]

< sl yia

[mutawaas®ilaat]

[d*aaz3a"]

{junbuuSuhal

OS2

§,b,0

n,h.k

r,X,m

tr.f

I,m,s

bl 3

k,f,h

?,n,8

by
q,r,8,n

X%

d,m,r

frb

n,b,¢

let them (fm.pl) play

they abuse it

made of marble (fm.sg)

they find it/him good

it will be eclipsed

the rich

the coming in contact

it dawns

they (dual) will confront

the human kind

the pirates

they invented it

the destroyers

the drinking place

interconnected (fm.pl)

noisy (fm.sg.)

its spring

your (fm. P1) lessons

26

19

24

23

33

15

85

85

15

35

35

40

40

10

95

95

35

90

90

35

90

05

30

100

185
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[duruusakunna]

34 A yenll hw,d  the Judaism N 3 85

[?al-jahuudijja™]
Means 11.5 59.26




187
Appendix H

The Stimuli from Study 5 with Morphological Composition53

Phonetic transcription no. no. root no. non-root  no. no. no. odd no. even
(IPA) letters consonants letters vowels consonants  Jetters letters

[sa-ja-s*mudaani]
‘they (dual) will
resist’

O sSiatiadl 10 3 7 2 8 5 5
[?al-mutamaalikuuna]

‘those who control
themselves’

SIS 11 3 8 2 9 6 5

[kal-?inyilaaqaati]
‘like closures’

LENTENR 9 3 6 1 8 4 4
[bil-2urzuuha®]
‘with the swing’

(%)

REPS 7 3 4 1 6 4
[ja-ktanizuuna]

‘they amass (esp.
money)’

FORIPEH 7 3 4 1 6 4 3

[mutaraakima"]
‘piled up (fm.sg)’

EEIIEY 7 3 4 1 6 4 3
[ju-tSibaanika]

‘they (dual) tire you’

ol phe 7 3 4 I 6 4 3
[Safwaa?iija"]

‘haphazard (fm.sg)’

O s 6 2 4 1 5 3 3
[sa-ju-hissuuna]
‘they will feel’

3 .
53 Root consonants are underlined.
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Lo Wiy 7 3 5 1 6 4 3
[ju-saqqifaaniha]

‘they (dual) will roof

it’

Olaiing 8 3 5 1 7 4 4
[ja-staqs‘iyaani]
‘they (dual)

investigate’

leiall s 7 3 4 1 6 4 3
[tu-gallimnaha]

‘they (fm.) trim it

(esp. of a tree)’

Sl 2 ia 6 3 3 2 4 3 3
[d*aSiifaatun)

‘weak (fm.pl)’

A talt 7 3 4 0 7 4 3

[?as®-s®axrijja"]

‘the rocky (fm.)’

iayay Al 8 3 5 I 7 4 4

[?af-fajxuuxa”]
‘the old age’

U : = : 7
[fal-ja-{baO-na]

‘let them (fm.pl)
play’

(%]
I
()
~J
s
wo

Led sSeiiy 9 3 6 2 7 5 4

[ja-ntahikuunaha]
‘they abuse it’

s 6 3 3 I 5 3 3
[ruxaamiiya®

‘made of marble
(fm.sg)’

[ja-stahsinuunahuj
‘they find it/him
good’

[ SRR 6 3 3 0 6 3 3
[sa-jankasifu]

‘it will be eclipsed’

O 58 st 8 3 5 1 7 4 4

[?al-mutrafuun}
‘the rich’
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e St 8 3 5 1 7 4 4

[?al-mulaamasa”]
‘the  coming in

contact’

e 5 3 2 0 5 3 2
[janbalizu]

‘it dawns’

O ladd LS 7 3 4 2 5 4 3

[jukaafihaani]

‘they (dual) will
confront’

by 9 3 6 1 8 5 4
[?al-?insaanijja"]
‘the human kind’

Ll 3l 8 4 4 1 7 4 4
[?al-qaraas®ina"]

‘the pirates’

bye yial 7 3 5 1 6 4 3
[?ixtarafuuha]

‘they invented it’

(V8]
(4]
~J
=N
NN

O s el 8
[?al-mudammiruuna)

‘the destroyers’

4 ydad) 7 3 4 0 7 4 3
[?al-mafraba"]

‘the drinking place’

<G al yia 8 3 5 2 6 4 4
[mutawaas®ilaat]

‘interconnected
(fm.ply’

inla 4 2 2 1 3 2 2
[d*aaz3a"]

‘noisy (fm.sg.)’

e iy 7 3 4 2 5 4 3

[junbuu§uha}
‘its spring’

OSagya 6 3 3 1 5 3 3
[duruusakunnal

‘your (fm. Pl

lessons’
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U ggal! 8 3 5 1 7 4 4

[?al-jahuudijja”]
‘the Judaism’

Means 7.38 2.97 4.47 1.06 6.32 3.94 3.41
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