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Abstract

This dissertation investigates the cognitive relevance of Arabic morphology and diglossia
in spoken word recognition. The current study asks four main questions: (1) Does Arabic
morphology influence word recognition? (2) Which view of Arabic morphology (i.e., the
root-based or the stem-based) has an online role in spoken word recognition? (3) Does
Arabic diglossia (i.e., using colloquial Arabic (CA) and Modern Standard Arabic (MSA)
as the dominant language of speaking and literacy, respectively) affect spoken word
processing? (4) How can Arabic diglossia affect spoken word recognition? Three
different lexical decision experiments and one phoneme-monitoring task were designed
and conducted on a group of 140 literate native speakers of Jordanian colloquial Arabic
(JCA).

In the first experiment, the participant responded to MSA words varied in their
surface, root, and stem frequencies. Results revealed that the token frequencies of the
three tested units affected the speed of word recognition to the same extent. This suggests
that both roots and stems, along with the surface words, are valid units of Arabic mental
lexicon. The next two experiments compared the processing of JCA and MSA words
when embedded in sentences of the same or the other variety of Arabic and when primed
by intra-variety vs. cross-variety words. Results showed a lexical switching cost only
when the target word is processed in the sentential context. Moreover, while the sentence
experiment reported a processing advantage for MSA words relative to JCA words, the
priming experiment found a processing advantage for JCA words. The priming effects
were larger when the related primes were presented in JCA relative to the priming effects
of the MSA primes.

The fourth experiment compared phoneme monitoring of consonants and short
vowels in JCA and MSA words. Results showed a detection advantage for consonants
relative to short vowels and no difference between the carrier words of the two varieties
of Arabic. On the whole, the last three experiments suggest that both spoken language
(i.e., CA) experience and literary language (i.e., MSA) experience can affect auditory
word recognition. This work emphasizes the relevance of (alphabetic) literacy and
experimental task in speech processing.
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General Introduction

Arabic is a Semitic language, the fifth most widely used languages in the world. Arabic is
the official language for 27 states located in Asia and North Africa, and the native
language of approximately 300 million people worldwide (Saiegh-Haddad & Henkin-
Roitfarb, 2014). Arabic speaking communities and schools also exist in Europe, North
America and Australia, as a result of immigration. In Israel, Arabic is an official language
along with Hebrew, where approximately 20% of the population use Arabic as their
native language (Statistical Central Bureau, 2005, as cited in Levin, Saiegh-Haddad,

Hende, & Ziv, 2008).

A common controversy about the Semitic languages, including Arabic and
Hebrew, is the structure of their morphology. A group of researchers argue that Arabic
and Hebrew have nonconcatenative morphology (e.g., Bauer, 2004; Cantineau, 1950a,
1950b; Glinert, 1996; McCarthy, 1981; Rajhi, 1976; Wright, 1967). According to this
perspective of word formation, most Arabic words (e.g., laa¢ib ‘player’) are nonlinearly
and discontinuously made up of two abstract representations: tri-consonantal roots (e.g.,
{I¢b} ‘related to playing”) and word patterns (e.g., CaaCiC/agentive nouns). Consonantal
roots convey lexical meanings while word patterns denote morpho-syntactic information.
Arabic orthography associates consonantal roots with full letters while it partially
encodes word-patterns; short vowels of word patterns are usually left unspecified, except
in some children’s books and religious scripts where print encodes them with small
diacritic markers (Abu Rabia, 2001). An alternative approach of Arabic morphology

proposes that Arabic, like English, is a stem-based language (Benmamoun, 1999, 2003;


https://en.wikipedia.org/wiki/Voiced_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiced_pharyngeal_fricative

Ratcliffe, 1998, 2004). Based on this view, the Arabic words #uwliy/yarfuwl
‘length/prolong’ concatenatively (i.e., linearly) decompose into the suffix —iy/the prefix
ya- and the nominal stem [t'uwl] rather than into the tri-consonantal root {t'wl} and the
word patterns CuCCy/yaCCuC. Benmamoun (1999, 2003) proposes the Arabic imperfect
stem (e.g., [€allim]) as the base for the formation of some inflected words (e.g., yu-fallim
‘third person masculine prefix-+teach’) and derived words (e.g., mu-¢allim ‘teacher’).!
Another thought-provoking property of Arabic is that native speakers of Arabic
grow up in a special linguistic situation called ‘diglossia’ (Ferguson, 1959). Speakers of
Arabic use two co-existing varieties of Arabic, a colloquial variety and Modern Standard
Arabic, in different contexts. While all native speakers of Arabic use the same Modern
Standard Arabic (MSA), their spoken dialects vary from one state to another and even in
different regions of the same state. MSA is nobody’s native language, and Arabs learn it
in school as the language of literacy (reading and writing). MSA is used in formal
situations, such as public speaking, religious contexts, media, and the press. In contrast,
native speakers of Arabic acquire their colloquial Arabic (CA) early and use it in
everyday situations when they communicate with each other (Abu-Rabia, 2000;

Ferguson, 1959; Maamouri, 1998).

The present research will address the morphological and diglossic characteristics
of Arabic from a psycholinguistic point of view. The first goal of my research is to learn
which of the two proposed morphologies of Arabic (concatentative vs. nonconcatenative

morphology) has a psychological reality in the minds of native Arabic speakers. The

1 See Ussishkin (199, 2005) for stem-based views of morphology in Hebrew.
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second goal of this dissertation is to determine whether and in what way diglossia can
affect the lexical access of Arabic speakers in behavioral tasks of word recognition. This
dissertation consists of four self-contained experiments. The first experiment is
concerned with Arabic morphology while the other three studies are related to Arabic
diglossia. The morphology experiment is not very linked to the diglossia experiments.
This is because there is no database available for (Jordanian) colloquial Arabic. When
such a database is available, it becomes easier to investigate whether literacy and
diglossia affect results of the first experiment, or how morphology may have an effect on

the data from the diglossia experiments.



Chapter One

Study I: The Role of Arabic Morphology in Auditory Word Recognition

1.1 Introduction

Morphology is the study of internal word structure and formation, and morphemes are the
basic units of word structures. Morphemes form bundles of orthographic, phonological,
semantic, and grammatical information that tends to be constant across different but
related words (Katamba & Stonham, 2006). Morphemes are economical building blocks
of novel words and give grammatical and derivational meanings to existing words.
Complex words consist of lexical, derivational, and/or inflectional morphemes. Lexical
morphemes encode the content meaning of the word, derivational morphemes change the
meaning of the word or its part of speech (e.g., verbs into nouns), and inflectional
morphemes add extra grammatical information to the word (e.g., person, number,
gender). For example, the English complex word schools can be decomposed into the
free stem school (a lexical morpheme) and the plural suffix -s (an inflectional
morpheme). Similarly, the English complex word player is derived from the stem play
and the agentive suffix -er (i.e., a derivational morpheme).

Morphemes have attracted researchers’ attention as potential constituents that
promote efficiency in word storage, retrieval and processing. Over the last three decades,
behavioral research on morphology and word recognition has focused on two core
questions (for some review, see Diependaele, Grainger, & Sandra, 2012). The first is,
“Does morphological knowledge affect word recognition?” The answer to this question
demonstrates whether morphological constituents (i.e., stems, suffixes, prefixes, infixes)

per se influence word processing independent of other connected factors such as form



(phonological/orthographic) or semantics (meaning). The second question is “What is the
mechanism that causes this possible effect of morphology? This latter question is more

debatable, as it argues about the locus of morphological representations in the lexicon.

1.1.1 Approaches of Arabic Morphology

This research focuses on two different views of Arabic morphology: the root-based
morphology and the stem-based morphology.? Neither of these views is homogeneous as,
there are many perspectives within each approach (Boudelaa, 2014). Researchers refer to
three root-based approaches of Arabic morphology. For medieval Arab grammarians,
Arabic consists of two basic morpheme types: a consonantal root, which conveys the
lexical (i.e. referential) meaning of the word, and the vocalic word pattern, which forms
the Arabic mas‘dar (i.e., the deverbal noun stem). All other Arabic words do not involve
a root and word pattern combination. Instead, surface forms of these words are derived
from the deverbal noun stem by morpho-phonological processes, such as affixation, and
vowel insertion and deletion. On this view of root-based morphology, the tri-consonantal
root {slb} ‘rob’ is initially combined with the CaCC template to form the deverbial noun
stem [salb] ‘robbing’. Then the perfect verb [salab] ‘robbed’ is built by inserting the short
vowel [a] before the final consonant of the source noun [salb]. The passive participle
masluub ‘robbed’ is also derived from the same deverbal source noun by adding the
prefix [ma-], removing the medial vowel and inserting the long back vowel [uu] before
the final consonant. Another group of medieval grammarians, followers of the Kufa
School of grammar, proposed the perfect form of a verb rather than the source noun as

the starting point for all other derivations.

2 Research on Indo-European word recognition uses the terms stem and root interchangeably to refer to the
same thing. In Semitic research, however, the two terms refer to two different types of morphology.
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In contrast to this view, a group of structuralist-linguists argue that every surface
form of Arabic words is the outcome of combining a consonantal root with some
morpho-syntactic pattern (e.g., Cantineau, 1950a, 1950b; Cohen, 1951; Hilaal, 1990). For
example, the surface forms salb ‘robbing’, salaba ‘robbed’, and masluub ‘robbed’ share
one underlying root {slb}, but are mapped onto three different word patterns (i.e.,
templates): CaCC {faSI} ‘deverbal noun or gerund’, CaCaCa {fafala} ‘perfective verb’
and maCCuuC {mafSuul} ‘passive participle’, respectively.® The third view of the root-
based approach is developed within autosegmental phonology (McCarthy 1979, 1981,
1982). Proponents of this perspective agree with some structuralists’ view that Arabic
words consist of consonantal roots. Alternatively, they suggest two tiers of morpho-
syntactic information instead of the template. The first tier is the vocalic melody, which
conveys grammatical information such as passive-active, whereas the second tier
represents the CV-skeleton structures, which convey rich varieties of morpho-syntactic
information (e.g., perfectiveness, reciprocal meaning, and locative meaning). For
instance, the surface form salab ‘robbed’ is built up of the tri-consonantal root {slb}
‘rob’, the a-a vocalic melody, which indicates declarative meaning, and the CVCVC
structure, which indicates the perfective tense of the verb.

Like root-based morphology, Arabic stem-based morphology is not uniform and has
different perspectives. Heath (2003) argues that word patterns do not contribute to any
grammatical information in many cases. For example, the CuCC, CaCC, and CiCC
patterns do not convey any grammatical information in words such as xubz ‘bread’, #aqg|l

‘field” and Ailm ‘forgiveness’. In this view, Arabic has a core of basic non-derived stems,

*The {f S I} in any word template (e.g., {fasl}, {mafSuul}, etc.) are slots that can be replaced by any tri-
consonantal root.
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such as singular nouns and imperfective of simple verbs. These non-derived stems can
contribute to the derivational processes by ablaut (i.e., vowel change) and/or affixation.
Ratcliffe (2004) reports a different view of Arabic stems. He suggests a sonority-based
mechanism to extract word affixes and recover the stems. In a third view, Benmamoun
(1999, 2003) introduces the indicative imperfective verb as a plausible candidate for
some word formation. Benmamoun demonstrates that the base forms of imperfect verbs
(e.g., yu-fallim) ‘3.singular-teach/he teaches’ take the central role in the formation of
Arabic nominals (e.g.,, mu-fallim) ‘teacher’, imperatives (e.g., ¢allim) ‘teach’, and
locatives (e.g., ya-shafi/ma-sha#) ‘3.singular-swim/swimming pool’. Benmamoun prefers
imperfective to perfective verbs as central stems of Arabic because words derived from
imperfective verbs keep stem vowels intact. Alternatively, using perfective verbs as input
forms involves extra procedures of vowel changes (e.g., fallama/mu¢allim or
sabazia/mashar).

The study presented in this chapter does not intend to seek support for one
perspective of the root-based and/or stem-based approaches over any other approach. No
matter which of the two root-based versions (i.e., McCarthy or some structuralists’
approach) is to be adopted, both of them predict the cognitive relevance of the Arabic
root, the constituent to be tested against the stem in this work. This study will also abstain
from committing to any of the above views of Arabic stems, though it is relatively closer
to Benmamoun’s perspective. The present study defines Arabic stems in terms of what is
most likely to be relevant in auditory word recognition. For the purpose of this research,
stems cover any possible linear string of sounds that is recurrent and meaningful,

irrespective of its word class. For example, the verb [askar] ‘to camp’ is a possible
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concatenative stem since it recurs in many semantically-related words such as ta-{askar
‘to gather in a place’, mu-faskar ‘a camp’, {askar-ah ‘camping’, ¢askar-iyy ‘military’,
and ¢askar-iyyah ‘military service’. A stem can also be a noun such as /am¢ ‘wax’,
which appears in the related words /am¢-ah ‘candle’ and /am{-iyy ‘waxy’. These
constituents are attached to what could be real prefixes and suffixes. This definition of
Arabic stems helps us employ morphological families of different sizes and frequencies
(see Section 1.1.2). It also draws a clear boundary between the putative linear and non-

linear morphologies of Arabic.

1.1.2 Purpose of the Study

The first part of my dissertation will examine the role of three frequency measures in
Arabic lexical access (i.e., processing spoken Arabic words). These frequencies are the
whole-word frequency (i.e., the number of times a word occurs in a corpus), the
cumulative root/stem frequency (i.e., the token-based frequencies of all words that share
the same stem/root) and the morphological family size (i.e., the number of different
derived words that contain the same stem/root, excluding inflectional words). The three
frequency counts are usually linked with particular models of morphological processing
(Ford, Marslen-Wilson, & Davis, 2003), and used to inform different theories of how
morphologically complex words are represented and processed in our lexicon (i.e.,
mental dictionary; Diependaele et al., 2012). The present study will examine the possible
effects of token and type counts of Arabic morphemes with special reference to the
proposed concatenative and nonconcatenative morphologies of Arabic. It will scrutinize
which frequency of the possible morphological constituents of Arabic, stem-based

frequency or root-based frequency, has an online role in the auditory word recognition of
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Arabic. It is possible that different gauges of Arabic morphological frequencies (stem-
based vs. root-based frequency) have different effects on how fast native speakers of

Arabic access Standard Arabic words.

Figure 1.1 visualizes the morphological paradigm for the Arabic word #uwl ‘length’.
The surface frequency of #uwl is the number of times #fuwl appears in the corpus: F
(¢fuwl). The stem family-size of #fuwl is the number of derived words that contain the

same sequential stem [t'uwl]: NS (zfuwl) = ¢fuwl, ya-zfuwl, #fuwl-iy = three tokens. The

root family-size of the Arabic word #fuwl is the number of derived words that share its tri-
consonant root {t'wl}; NR (#uwl) = rfuwl, ya-tfuwl, tuwl-iy, tfawiil, taawal, #*aaril,
atrfwal, mustarfiyl, tarfaawal, tarfaawul, tarfwiil, rarfaal, rfaalamaa, muzfaawal,
mutar‘aawil = 15 tokens. The cumulative stem frequency for zfuwl is the total sum of
inflectional frequencies for the three derived words #uwl, yarfuwl and zfuwliy: FS (¢fuwl)=
F [tuwl] + F [yatuwl] + F [tuwliy] = F (#fuwl) + F (Par'tfuwl) + F (yarfuwl) + F
(tarfuwl) + F (#fuwliy) + F (Par't‘uwliy) + F (¢fuwliyah) + F (Par‘t‘uwliyah). Finally, the
cumulative root frequency for zfuwl is the total number of inflectional frequencies of all
words that share its root including the words, in the small print, inflected for person,
number, gender and definiteness: FR (#uwl) = F {t'uwl} + F {yatuwl} + F {t'uwl-iy} +
F {t'awiil} + F {t‘aawal} + F {t‘aa?il} + F {?at'wal} + F {mustat’iyl} + F {tat‘aawal} +
F {tattaawul} + F {tat'wiil} + F {?at’aal} + F {t‘aalamaa} + F {mut‘aawal} + F

{mutataawil} = F (¢fuwl) + F (Par't‘uwl) ... + F (mutasfaawil-ataa), etc.
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length lastlong longitudinal long compete with benefit longer rectangle todare  dare  lengthiness prolong aslongas cylindrical mpudent

“tatwil”

“awl”  Cyatawl “fawky”  “fawil”  “faawal”  “fadlil” “Yafwal’  “mustarfil®  “tarfawel”  “taraawul”
“Qituw” a-uwl” “Datruwly” “fawiilah” “faawal-at” “faadil-ah’ “Yl-larwal” “mustarfiil-ah” “tarawal-at” “attarfaawul” “lat-tarfwii”
“fala”  “fuwliy-ah” “fawiil-aat” “faawal-uu” “mustarfil-aat” “taraawal-wn” “tat'aawul-iy”
“fhal-at” “Yat™tuwl-iy-ah“fawill-aan” “ffaawal-na” “mustar‘il-aan” “tat‘aawal-na”  “tar‘aawul-aat”
“tar‘aawal-aa”
“tar‘aawal-ataa

* The glide in the tri-consonantal root {twl} changes into [aa] and [ii] in Some words,

Figure 1.1; Morphological paradigm for the word “tiuwliy” (linear and nonlinear analysis)

“Drfal” “faalamaa
“Yataal-at”
“Yat‘aal-un”
“Yrfal-na”
“Yarfaal-aa”
“Yataal-ataa”

“y.ut (iylﬂ

1

mutfawal”  “mutarawil”
“mutfaawal-ah” “mutataawil-ah”
“Yal-mutaawal” “muta‘aawiluu(n)”
“Yal-mutaawal- “mutat‘aawilii(n)”
“mutatfaawil-aat”
“mutaraawilaa(n)”
“mutaraawil-ataa(n)”
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Each of these possible morphological accounts of Arabic has some advantage over
the other. The stem-based account might be a stronger predictor for Arabic word
recognition, relative to the root-based account, by virtue of the intense phonological
overlap between words of the same stem (i.e., qualitative advantage). According to this
argument, when effects of other predictors are held constant, how fast speakers of Arabic
react to a word such as #fuwliy is (more) related to the frequency of its stem [t'uwl] rather
than the frequency of its tri-consonantal root {t‘'wl}. This is despite the fact that the
morphological frequencies of a consonantal root, both type-based and token-based, are
larger than the morphological frequencies of its stem (remember: the stem-based family
is a subset of the root-based family). It is also possible that the root-based account is the
only/more dominant predictor in spite of the partial phonological (form) overlap between
words and their shared consonantal root, as roots link more Arabic words than stems do
(i.e., quantitative advantage).

This study will help us better understand which morphological account of Arabic is a
(more) valid predictor of Arabic word processing (i.e., the stem-based account vs. the
root-based account). To achieve this target, this experiment will manipulate some Arabic
words that vary in their stem and root frequencies. The current study will examine the
frequency of Arabic roots and stems rather than word patterns and affixes. This is
because previous research has shown marginal effects for Arabic word patterns (e.g.,
Boudelaa & Marslen-Wilson; 2011) and Indio-European affixes (e.g., Burani &

Thornton, 2003), compared to the content morphemes of the tested words.
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1.1.3 Behavior Tasks of Word Recognition

Empirical behavioral research has employed different metalinguistic techniques to
investigate the relationship between morphology and word recognition. Morphological
priming (e.g., Murrell & Morton, 1974) and morphological frequency manipulations
(e.g., Baayen, Dijkstra, & Schreuder, 1997) are the most popular techniques. The priming
technique investigates the effects of a previously presented stimulus (the prime) on a
subsequent stimulus (the target). A positive priming effect appears when participants
respond faster to a target word preceded by a (morphologically-) related word compared
to the same target word preceded by an (morphologically) unrelated word (e.g., Reid &
Marslen-Wilson, 2003; Stanners, Neiser, & Painton, 1979). There are three common
priming techniques used in word recognition: simple priming, masked priming, and
cross-modal priming. In simple priming manipulation, the prime is presented overtly
either visually or aurally before a written/spoken target (e.g., Drews & Zwitserlood,
1995; Murrell & Morton, 1974; Reid & Marslen-Wilson, 2003). In masked priming, the
prime is visually introduced for a short period of time and the participant is almost
unconscious of its presence (e.g., Deutsch, Frost, & Forster, 1998; Diependaele, Sandra,
& Grainger, 2005; Forster & Davis, 1984). In cross-modal priming, primes and targets
are presented in two different modalities: auditory prime and visual target or visual prime
and auditory target (Boudelaa & Marslen-Wilson, 2004 b; 2004 b; 2011; Marslen-Wilson

et al., 1994; Meunier & Segui, 2002).

Morphological frequency is another method adopted to investigate the effects of

morphological constituents (i.e., morphemes) on the lexical decision. In this technique,
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participants are expected to react to a single (unprimed) word based on its overall
morpheme frequencies. This method was used in both visual modality (e.g., Neijt et al.,
2003; Schreuder & Baayen, 1997) and auditory modality (e.g., Balling & Baayen, 2008;
Wurm et al., 2006) to evaluate various theories of simple and complex word processing
and representation.” In the present study, | will use the single lexical-decision task of

word recognition after gauging the different frequency counts of the tested words.

1.1.4 Token Frequency, Type Frequency and Word Recognition

A simple measure of the total number of tokens of a word in a given corpus, surface
frequency is one of the earliest and most common findings in lexical decision tasks (e.g.,
Broadbent, 1967; Howes, 1957). Research found that subjects recognize high-frequency
words faster than low-frequency words (i.e., they show shorter response latencies to the
more frequent words in lexical decision tasks). The positive effects of surface frequency
were shown in both visual modality (e.g., Baayen et al., 2007; Burani & Caramazza,
1987; Taft, 1979) and auditory modality (e.g., Baayen et al., 2007; Meunier & Segui,
1999; Wurm et al., 2006). The effect of surface frequency was also reported across
different languages: English (e.g., Niswander, Pollatsek, & Rayner, 2000; Taft, 1979;
Wurm, 1997), French (e.g., Colé, Beauvillain, & Segui, 1989; Meunier & Segui, 1999),

and Italian (e.g., Burani & Caramazza, 1987).

The effects of type-count frequency (family size) also prove valid on both

morphologically simple words (Baayen, Tweedie, & Schreuder, 2002; De Jong,

* For more visual studies, see Burani and Thornton (2003); De Jong, Feldman, Schreuder, Pastizzo, and
Baayen (2002); Schreuder and Baayen (1997).

For more auditory studies, see Baayen, McQueen, Dijkstra, and Schreuder (2003); Baayen, Wurm, and
Aycock (2007); Meunier and Segui (1999).
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Schreuder, & Baayen, 2000; Schreuder & Baayen, 1997) and morphologically complex
words (e.g., Bertram, Schreuder, & Baayen, 2000; Ford et al., 2003; Traficante & Burani,
2003).> A growing body of research reports positive effects for the type-count frequency
in the visual domain of word recognition (e.g., Ford et al., 2003; Neijt et al., 2003) and
the auditory modality (e.g., Balling & Baayen, 2008; Wurm et al., 2006). The family size
effect was established in different languages such as English (e.g., Feldman & Pastizzo,
2003; Pylkkanen, Feintuch, Hopkins, & Marantz, 2004), Dutch (e.g., De Jong et al.,
2000; Dijkstra, Moscoso del Prado Martin, Schulpen, Schreuder, & Baayen, 2005;
Schreuder & Baayen, 1997), German (Lideling & De Jong, 2002), Danish (Balling &
Baayen, 2008), Hebrew (Moscoso del Prado Martin et al., 2005), and Arabic (Boudelaa
& Marslen-Wilson, 2011). In their fourth experiment of auditory lexical decision,
Meunier and Segui (1999) reported another relevant type of frequency. The authors
demonstrate that lexical decision times for suffixed French words depend on the number
of morphological cohorts that are more frequent than the tested word, given that their
other frequencies are controlled. For instance, the French word crachement was reacted
to faster than griffement. While the two words have comparable surface and stem
frequencies, crachement has fewer more frequent candidates in morphological cohorts (5
morphological competitors) relative to griffement (13 morphological competitors). This
direct correlation between reaction times and the number of competing candidates in the
morphological cohort needs further investigation. Hereafter, 1 will refer to this type of

frequency as numbers of morphological competitors.

5 For further research on complex words, see De Jong et al. (2000); Moscoso del Prado Martin, Bertram,
Haikio, Schreuder, and Baayen (2004); Neijt, Schreuder, and Baayen (2003).
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The token frequency has less decisive and unambiguous effects compared to the
surface and family size counts. Some studies from both visual and spoken modality
reported facilitative (i.e., positive) effects for morphological token frequency in various
languages: English (e.g., Niswander et al., 2000; Taft, 1979), Dutch (Schreuder, Burani,
& Baayen, 2003), French (e.g., Beauvillain, 1996; Colé¢ et al., 1989; Holmes & O’Regan,
1992; Meunier & Segui, 1999), and Italian (e.g., Burani & Caramazza, 1987; Burani &
Thornton, 2003). Other research demonstrated inhibitory (i.e., negative) effects for the
token frequency (e.g., Baayen et al., 2002; Ford et al., 2003). However, some
experiments found no effects at all when the stem-type counts were controlled or
partialled out in both visual modalities (e.g., Bertram et al., 2000; Sereno & Jongman,
1997) and spoken modalities (Baayen et al., 2007; Balling & Baayen, 2008; Wurm,
Ernestus, Schreuder, & Baayen, 2006).° Different models of word recognition suggest
different architectures for the lexical representations of words and predict different
effects for the whole-word and morpheme frequencies. The next section introduces a
brief account of these models and what they hypothesize about word and phoneme

frequencies.

1.1.5 Frequency and Models of Lexical Representation
Although the representational locus of word and morpheme frequencies is still debatable
and unclear (for details see Diependaele et al., 2012; Ford et al., 2003), in what follows, |

will summarize the most dominant views of how these frequencies are relevant to word

6 As word recognition is a complex process with many predictors involved, researchers find it difficult to
control all possible predictors. Accordingly, they usually consider and look beyond the other common
predictors in their statistical models when they test the effects of the new variable(s) under investigation.
This approach helps the researcher to partial out (i.e., eliminate) the effects of the formerly attested
predictors.
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recognition. The surface frequency effect is consistent with the full-listing model of word
recognition. According to the full-listing model, a word is processed, represented, and
accessed as one whole unit in the lexicon. Sereno and Jongman (1997) propose a strong
version of the full-listing hypothesis: complex and simplex words are only represented as
fully formed in the mental lexicon. According to the strong version of the full-listing
hypothesis, it is the surface frequency rather than the morpheme frequency of the word
that affects its access in the mental lexicon (Bybee, 1995; Lukatela, 1991). Katz, Rexer,
and Lukatela (1991) state that morphological parsing is necessary only when readers read
new words. The full-decomposition model is an opposing model (Bresnan, 1982; Lieber,
1992; Stockall & Marantz, 2006). According to the pure morpheme listing view, the only
way sublexical information (e.g., phonemes, letters) of words is mapped onto meaning is
via morphemes. If this is the case, then only morpheme frequencies matter in word
recognition. This approach may look attractive from the economical perspective of
language (i.e., storing one morpheme instead of several separate words). Nonetheless,
word meanings are not always predictable from the meaning of their morphological

components (e.g., depart/department).

The third camp of word recognition argues for the importance of both word and
morpheme frequencies in lexical processing (e.g., Baayen et al., 2007; Balling & Baayen,
2008; Taft, 1979; Meunier & Segui, 1999). The point of debate among proponents of this
mixed approach of word processing is how word and morphemic constituents of language
are accessed. The sublexical view of the mixed approach proposes that morphemic
information is used to access whole-word representation. This approach is also known as

the obligatory decomposition model (Taft, 1985; 2004; Taft & Forster, 1975), or the
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direct access model (Marslen-Wilson, Tyler, Waksler, & Older, 1994; Marslen-Wilson &
Zhou, 1999). The sublexical model assumes that morphemes are the first and default
lexical representations used to access whole words, which, in turn, come at a later stage
after morphological parsing. Some proponents of the sublexical approach give evidence
for the decomposition of both suffixed and prefixed words. For instance, Taft (1979)
conducted visual lexical-decision experiments and found that cumulative stem
frequencies of both English prefixed and suffixed words affect lexical decision times. In a
more recent study, Kazanina (2011) found a priming effect between simple Russian

primes and their prefixed, morphologically-related targets during visual perception.

Evidence for prefix-stem parsing can also be extended to auditory word recognition
(e.g., Taft, Hambly, & Kinoshita, 1986; Wurm, 1997; Wurm & Aycock, 2003; Wurm et
al., 2006). For example, Wurm (1997) demonstrates that morphological decomposition
can happen in prefixed words that are semantically transparent and have highly recurrent
prefixes. Prefixed words with high morphological family size also undergo morpheme
stripping (Wurm et al., 2006). Wurm (and the coauthors) emphasize that prefixed words
do not only decompose, but also decompose at an early stage of processing. The author(s)
examined the relevance of two types of uniqueness point in prefixed word processing: the
traditional uniqueness point (UP) and the conditional root uniqueness point (CRUP). UP
is the point at which there is only one possible candidate left in the cohort of the other
competing words (Marslen-Wilson, 1987), (e.g., the second /d/ in /diskredat/). CRUP, on
the other hand, is the uniqueness point of the free stem of a prefixed word, given the
prefix in question (Wurm & Aycock, 2003), (e.g., the /r/ sound in /diskredst/). CRUPs are

different from UPs in many prefixed words. The authors found significant effects for both
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types of uniqueness points, and introduced the relevance of CRUPs as evidence for an

early prefix stripping procedure.

Other researchers argue that word decomposition occurs in suffixed but not prefixed
words (e.g., Meunier & Segui, 1999; 2003; Schriefers, Zwitserlood, & Roelofs, 1991;
Tyler, Marslen-Wilson, Rentoul, & Hanney, 1988;). This is because morpheme parsing
operates from left to right, and for prefixed words stem processing does not precede
whole-word processing (Meunier & Segui, 2003). For example, Meunier and Segui
(2003) propose that only cumulative frequencies of spoken suffixed words can be
relevant in spoken word recognition. The authors compared lexical decision times for
some free stems of French and prefixed words derived from these stems. The authors
measured participants’ reaction times from the beginning of the stem in both types of
words after making the length of both stems constant. Meunier and Segui found that free
stems elicit longer reaction times than prefixed stems do. Their results are consistent with
the hypothesis that identifying prefixed words is not delayed until recognizing their
stems. Similar results can also be found in the visual modality. Colé et al. (1989) reported
cumulative stem frequency effects for written suffixed words, where the stem is
processed first, but not for written prefixed words. All in all, proponents of the sublexical
approach concur with the view that polymorphemic suffixed words involve
morphological decomposition prior to identifying the whole word. What those
researchers disagree on is whether stem decomposition is applicable to (early) prefixed

word identification as well.
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A second mixed model suggests a supralexical view of polymorphemic words (i.e.,
the surface word is processed before its morphological components). According to this
model, stem/root morphemes are accessed at the lexical level, and morphological
representations are superimposed on the whole-word architecture, (e.g., Frost, Forster, &
Deutsch, 1997; Giraudo & Grainger, 2000; Grainger, Colé, & Segui, 1991). For example,
Giraudo and Grainger (2000) propose that morphemic representations can provide

positive feedback to all matching whole-word representations.

The morphological race model (Baayen et al., 1997; Schreuder & Baayen, 1995) is a
third possible mixed model that looks at complex words as both full word (i.e., the full
listing) and separate morpheme (i.e., morphological compositionality) units of the
lexicon. According to the morphological race model, both surface word and morpheme
frequencies are valid predictors for word recognition because linguistic inputs are
mapped onto corresponding whole-word and morphemic representations in parallel dual-
route architecture. That is, the full form and the morpheme constituents are processed
simultaneously and race against each other. Whether the morphological or the full-form
processing wins the competition depends on variables such as their frequencies: highly-
frequent complex words will be processed as whole words (the direct route) and show the
full-form frequency effect, whereas low-frequency complex words will be decomposed
into their morphological components (indirect route) showing a morpheme-frequency
effect (Alegre & Gorden, 1999; Baayen et al., 1997; Balling & Baayen, 2008; Schreuder
& Baayen, 1995). The sublexical, superlexical and race models of morphology reviewed
so far are hybrid models, focusing on how meaningful constituents (i.e., words and

morphemes) of language are stored and accessed in the mental lexicon. The remaining
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part of this section will briefly describe how a distributed model conceives of word

processing.

The distributed connectionist model of language processing (e.g., Plaut &
Gonnerman, 2000) is another approach proposed to be inherently sensitive to whole
words and morpheme frequencies (Seidenberg & McClelland, 1989). According to the
distributed connectionist accounts of word recognition, words are not single nodes but the
co-activation of distributed phonological, orthographic and semantic features. For
example, the word dog is the co-activation of its orthographic, phonological, and
semantic features (e.g., can bark). This co-activation emerges through hidden units,
which are the outcome of routine and trained mapping between (sublexical) form and
meaning. The distributed connectionist model proposes that activating related words is a
continuous gradable issue rather than an all-or-nothing phenomenon (Hay & Baayen,
2005; Rueckl & Raveh, 1999). How robust the network of related words is activated
depends on factors such as their formal similarity, their semantic consistency
(Gonnerman, Seidenberg, & Andersen, 2007; Plaut & Gonnerman, 2000;), and their
frequency (e.g., Davis, van Casteren, & Marslen-Wilson, 2003). The distributed
connectionist model proposes that both whole-word and morphemic representations

originate at the same level(s) and undergo the same process.

The full-listing, only-morphemes, mixed and distributed models of word recognition
have differing predictions about which frequency measures are relevant in word
processing. While mixed and distributed models predict the relevance of both word and

morpheme frequencies, the full-listing model and full-decomposition model argue for the
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unique relevance of surface frequency and morpheme frequency, respectively. The
present research will attempt to evaluate these models in light of the attained results. The
following section will summarize some findings on how native speakers of Arabic

process Arabic words.

1.1.6 Arabic Word Recognition

Psycholinguistic research presents some evidence for roots and word patterns as building
blocks of lexical organization and access in Arabic. A number of priming experiments,
including masked priming, cross-modal priming, and auditory-auditory priming, found
that Arabic words that share the same roots (e.g., kitaab/kaatib, ‘book/writer’) prime (i.e.,
activate/facilitate) each other (e.g., Boudelaa & Marslen-Wilson, 2000; 2001; 2005;
Mahfoudhi, 2007). Priming effects of Arabic roots were reported even when the
relationships  between the roots were opaque in their semantics (e.g.,
kitaab/katiibah, ‘book/battalion’) and/or forms (e.g., ittifaagun/waafaga,‘agreement-
agree’) (Boudelaa & Marslen-Wilson, 2004 a; 2004 b; 2005; Mahfoudhi, 2005). Research
also found priming effects for word patterns. For example, the prime sadzdah
‘prostration’ facilitates processing the target word lafnah ‘curse’ since the prime and the
target share the same word pattern CaCCah. However, the facilitative effect of the word
pattern was not as robust as the facilitative effect of the tri-consonantal roots. In masked
priming, primes started to facilitate targets of the same roots at 36 ms stimulus onset
asynchrony (i.e. SOA; the delay between the onset of the masked prime and the onset of
the target) while primes facilitated targets of the same word patterns at longer SOAs (48
& 64 ms) (Boudelaa & Marslen-Wilson, 2005). The researchers ascribed the priming

difference to the fact that roots denote the primary lexical meaning while word patterns
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carry the secondary morpho-syntactic information (Boudelaa & Marslen-Wilson, 2005).
Developmental data from Hebrew supported this account and found that children
speakers of Hebrew can manipulate roots at 3 years old while they cannot manipulate
Hebrew word patterns before the age of 10 (Ravid & Malenky, 2001). In two auditory-
auditory experiments, Boudelaa and Marslen-Wilson (2013) reported that the priming
effects occur not only in Modern Standard Arabic but also in dialectal Arabic, where
there is no formal teaching of language structure. The authors present this latter finding
as evidence against the assumption that the nonconcatentative morphology of Arabic is
the outcome of literacy.

Boudelaa and Marslen-Wilson (2011) investigated effects of Arabic root and word-
pattern family sizes on word recognition through masked priming and cross-modal (i.e.,
auditory-visual priming) experiments. The authors manipulated the productivity of both
roots and word patterns of the primes. Results showed that word pattern priming was
determined by the productivity of the root regardless of the productivity of the word
pattern. This indicates that the participants processed the roots earlier than the word
patterns. In the context of highly productive roots, word-pattern priming effects happened
because the participants quickly accessed the root of the prime and used the remaining
time to process the word pattern of the same prime. This, in turn, explains why the
productivity of roots is more important than the productivity of word patterns when both
primes and targets are being processed. In a recent study, Boudelaa and Marslen-Wilson
(2015) reported cross-modal priming effects within nominal and verbal word patterns,
and across roots of nouns (e.g., fagql ‘mind’) and verbs (e.g., tafaqgala ‘be mindful’).

Again, the root priming effect was robust and nearly the same for both semantically
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transparent prime-target words (e.g., ¢aql ‘mind’, tafaggala ‘be mindful’) and
semantically opaque prime-target words (mataa$’ ‘commodity’, mutfah ‘pleasure’). Some
external evidence about the mental representation of Arabic roots and templates comes
from slips of the tongue, aphasic errors and language-games (e.g., Idrissi, Prunet, &
Beland, 2008; Prunet, Beland, & Idrissi, 2000). All of these results validate roots and
templates as abstract lexical entities of Arabic morphology.

Some research on Arabic word processing, however, found no evidence for roots or
word patterns as morphological constituents in Standard Arabic (Abu Rabia & Awwad,
2004). Other research found evidence for suffixed-word parsing in Arabic (Mimouni,
Kehayia, & Jarema, 1998). Mimouni and her colleagues tested the auditory priming
effects of sound plurals (i.e., a stem and plural affix take place: /bas ‘dress’ vs. |bas-at
‘dresses’) and broken plurals (i.e., roots and word patterns: mat‘rog maCCaC ‘stick’ vs.
m#farag mCaCaC ‘sticks’) on normal and aphasic speakers of Algerian Arabic.” The
findings revealed a facilitative effect for both types of plurals when the primes and the
targets were morphologically-related compared to the unrelated priming condition.
Furthermore, the broken plurals were accessed faster than the sound plurals. The authors
explained that the priming effect between morphologically-related items is “the result of
the simultaneous activation of all members of a family when access to one of the
members is achieved” (p.79). To account for the second finding, the researchers
postulated that broken plurals have fast whole-word access whereas sound plurals
decompose into stems and suffixes leading to a slower reaction time. In another

behavioral study, Abu Rabia and Awwad (2004) found that Arabic roots and word

" All the stimuli were in Algerian Arabic.
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patterns did not prime related target words in a masked priming task, at a display time of
50 ms, nor did they speed up their recognition in a naming task. Based on these results,
they concluded that Arabic words in nominal patterns of derivational morphology have
an independent lexical representation. They also suggested that if morphology has any
role in Arabic word recognition, it would probably be found in the linear stem-based
pattern of Arabic. The results of these studies argue against roots and word patterns as
readily accessed constituents of Arabic words.

On the basis of the reviewed literature, we conclude that the validity of roots and
word patterns as basic building blocks of Arabic morphology remains inconclusive from
a theoretical perspective (e.g., Benmamoun, 1999; McCarthy, 1975; Ratcliffe 1998) and
in some experimental research (e.g., Abu Rabia & Awwad, 2004; Boudelaa & Marslen-
Wilson, 2004 a; 2004 b; 2011). The purpose of this study is to extend and consolidate the
results of earlier research on Arabic morphology and word recognition. It will try to
provide an answer to the role of roots, stems, and whole words in Arabic lexical
processing. Unlike the other behavioral studies of Arabic word processing, which used
priming tasks, the present study will implement a single auditory lexical-decision task
where the target words are uncontaminated with any morphologically-related primes but

vary in their stem, roots, and whole-word frequencies.

1.2 Research Questions and Hypotheses
The present study will attempt to answer the following questions:
1- Is there a relationship between surface word frequency and how fast speakers

of Arabic react to spoken words of Arabic?
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2- Is there a relationship between the cumulative root frequency of Arabic words
and how fast speakers of Arabic react to these words?

3- Is there a relationship between the root family-size of Arabic words (i.e., type-
count frequency) and how fast speakers of Arabic react to these words?

4- Is there a relationship between the number of root morphological competitors
for a given Arabic word and its response latency?

5- Is there a relationship between the cumulative stem frequency of Arabic
words and how fast speakers of Arabic react to these words?

6- Is there a relationship between the stem family-size (i.e., type-count
frequency) of Arabic words and their response latencies?

7- Is there a relationship between the number of stem morphological competitors
for a given Arabic word and its response latency?

8- Which approach of Arabic morphology (root-based vs. stem-based) is a better

predictor of Arabic lexical access?

Word frequency is one of the earliest variables found affecting the speed of word
recognition. Previous research on spoken word recognition reported that the increase in
the surface frequency of the word corresponds to an increase in the rate of its recognition
(e.g., Cleland, Gaskell, Quinlan, & Tamminen, 2006; Connine, Mullennix, & Yelen,
1990). These findings on the relationship between word frequency and word recognition

lead to the following hypothesis:

H1.1: Words are effective units in the lexical access of Arabic: the higher the word

frequency is, the easier it is to be accessed.
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Moreover, based on the discontinuous approach of Arabic morphology (i.e., Arabic

words are derived from consonantal roots and word patterns), this study hypothesizes:

H2.1: Roots are effective units in the lexical access of Arabic. Hence, their co-

occurrences and productivities are expected to accelerate Arabic word processing.

The current study will support this hypothesis if it finds enough evidence for a remaining
positive relationship between root frequencies of the target words and how fast they are
processed after taking into account the effects of all the other competing explanations.
Moreover, the proposal that Arabic has a continuous morphology (i.e., Arabic complex

words consist of stems, prefixes, and suffixes) leads to the following hypothesis:

H3.1: Arabic stems are valid units in the lexical access of Arabic; consequently, their
type and token frequencies codetermine how fast words containing these stems are

accessed and recognized.

The investigation will support this hypothesis if speakers of Arabic show a positive
correlation between how fast they react to the target words and how frequent and
productive their stems are. Again, this possible correlation will be determined after taking
into account the effects of all the other competing explanations. A fourth possible
hypothesis we can postulate in the context of the current research based on the strong

phonological overlap between words that share the same stem is:
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H4.1: stem-based frequencies have stronger explanatory power for Arabic word

processing than root-based frequencies do.

As Arabic roots are more productive than Arabic stems (i.e., the stem-based frequency of

aword is a subset of its superordinate root-based frequency), we predict:

H5.1: root-based frequencies codetermine Arabic word-processing better than stem-

based frequencies do.

Hypotheses 4 and 5 suggest that both stems and roots are readily accessed entities of the
Arabic lexicon, but they differ in their expectations about which constituent has the

primary role and which one has the secondary role in Arabic word recognition.

1.3 Method

1.3.1 Participants

Thirty native speakers of Jordanian Arabic took part in this experiment. The participants
were third and fourth-year undergraduate students from Yarmok University, located in
northern Jordan. All participants had completed at least 12 years of formal education in
Modern Standard Arabic. Most of the participants reported intermediate and high-
intermediate knowledge in a second language, mainly English. The participants received
monetary compensation for their participation. Only the students who reported normal

hearing abilities took part in the experiment.
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1.3.2 Materials and Design

All of the target words were chosen from Aralex, the lexical database for Modern
Standard Arabic, (Boudelaa & Marslen-Wilson, 2010). Aralex is a database for MSA and
does not provide information about any CA dialect. It contains very few flagged CA
words. Aralex is built on written texts, primarily newspaper texts. The database provides
information about the surface frequency as well as the type and token frequencies of roots
and stems for 80,330 Arabic words based on a modern text corpus of 40 million words.
One hundred sixty target words were selected to be used in the experiment. Half of the
target words were highly frequent words while the other half were chosen from the low-
frequency range. To the best of my ability, | manipulated the high-frequency and the low-
frequency ranges of words to include subsets of words with large and small family sizes
as well as with high and low cumulative frequencies for both their roots and stems.? The
words were also varied in the number of morphological competitors (i.e., the number of
morphological members that have higher frequencies than the target word) for both their
roots and stems. Table 1.1 shows the ranges for the main seven continuous variables:
word frequency, cumulative root frequency, root family size, cumulative stem frequency,
stem family size, and the morphological cohort competitors for both types of

morphology. The token frequencies of words (i.e. their surface, root or stem frequencies)

8 Aralex provides frequencies for two types of stems: frequencies for unpointed stems, where short vowels
and other diacritics are not written (e.g., A~ ‘ladder’, ‘peace’, ‘to submit’, ‘to escape danger’), and
frequencies for pointed stems, where diacritics appear above or below the word (e.g., (JL- ‘ladder’ alu

‘peace’ Al ‘to submit’ Alw ‘to escape danger). Aralex finders faced the challenge of the absence of
diacritics from the corpus by developing a novel automatic technique with a set of concatenation and
disambiguation rules. This technique helped the database finders choose the correct vowelled/pointed
solution for each ambiguous (i.e., unpointed) orthographic form in the corpus among the other several
ponied-alternatives listed in AraMorph (Buckwalter, 2002). Since the experiment presented in this chapter
is an auditory rather than a visual experiment, the frequency of the phonological (i.e., pointed) stem
becomes more relevant.
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are computed as the rate of their occurrence counts per one million words. For example, a

surface frequency of 0.03 means that the given word has occurred only once in the 40-

million-word corpus, a surface frequency of 0.05 means that the given word has occurred

twice in the 40-million-word text, and so forth.

Table 1.1: Descriptive statistics for the tested variables

Variable Min. Max. Mean S.D.
Surface word frequency 0.03 153.90 11.40 25.4
Cumulative root frequency 3.32 8294 988.40 145451
Root family size 2 53 18.33 11.10
Root morphological competitors 0 20 3.21 4.28
Cumulative stem frequency 0.10 1512 149.50 278.91
Stem family size 1 8 3.40 2.12
Stem morphological competitors 0 6 0.57 0.93
Uniqueness point 233 977 551.4 130.96
Word duration 437 1188 754 126.5

The output frequencies of the database were not always identical to the final

frequencies used in this experiment as the database frequencies underwent another stage

of screening. In general, there are four reasons for the possible discrepancies between the

database values and the actual values used in this study. First, sometimes the database

lists loan words and foreign names under Arabic root entries. These loan words and

29



foreign names were excluded manually. Second, the database calculates stem frequencies
primarily based on the inflectional morphology of the word. This count, however, does
not match with the more comprehensive definition of the cumulative stem frequency used
here, which covers frequencies of all words that share the same stem. As a result, | added
together the inflectional frequencies for all possible derived words. For example, the stem
frequency of the participle mu-/aarak ‘being participated (in)’ was manually added to the
stem frequency for the perfective verb Jarak-a ‘participated’. Similarly, the stem
frequency of dzawhar ‘essence’ was added to the stem frequency of dzawhar-y
‘essential’. Third, sometimes the stem frequencies do not appear directly under the word
entry. In such cases, | looked under the root entry of the word. Fourth, some Arabic
words vary in their spelling or are frequently misspelled. The same Arabic word
[Pad3dzadsa] ‘fo inflame’ appears in two separate lexical entries, one with the letter that
corresponds to the glottal stop (zaf) and one without it (z>!). Since the present study is
about the spoken modality of word recognition, | added frequencies of both possible
spellings together to be the surface frequency of the word.

One hundred fifty-three words of the selected items had tri-consonantal root and
seven words had quadri-consonantal roots. Based on the stem-based view of Arabic
morphology, the tested words consisted of 83 derivationally complex words, both
prefixed and suffixed, and 77 simple (i.e., monomorphemic) words. The target words
belonged to three word classes: 87 nouns, 37 verbs, and 32 adjectives, whereas 4 words
were ambiguous between nouns and adjectives. | also measured the selected words in
terms of their uniqueness points (UP) and durations in milliseconds, and included them as

nuisance variables in all statistical analyses. UP is the point of the word at which there is

30


https://en.wikipedia.org/wiki/Voiceless_palato-alveolar_sibilant
https://en.wikipedia.org/wiki/Voiceless_palato-alveolar_sibilant
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
https://en.wikipedia.org/wiki/Glottal_stop
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate

only one possible candidate left in the cohort of the other competing words (Marslen-
Wilson, 1987). For more information about how UPs of the target words were measured,
see Section 4.4.2 of this thesis. Word duration is the acoustic time distance between the
onset and the offset of the spoken item. Both traditional UP and word duration have
proved valid for predicting spoken word recognition in a considerable body of research
(e.g., Balling & Baayen, 2008; 2012; Wurm, 1997). The experiment also included 160
pseudowords (i.e., nonsense words). The pseudowords were constructed by changing one
or two phonemes of real MSA words. The pseudowords were phonologically and
phonotactically legal in MSA. They were also comparable with the real word in the

number of phonemes, syllables, and duration.

| transformed surface, root, and stem frequencies to their logarithmic scales to
normalize the skewed distributions and minimize the effect of atypical outliers. Table 1.2
summarizes values of correlations between the tested lexical variables. This shows that
collinearity between some of the lexical variables is still high despite their careful
selection.’ It indicates that log stem frequency is highly correlated with log surface word
frequency. Log root frequency is strongly correlated with root family size and root
morphological competitors. Both morphological families are correlated with their

morphological competitors. UP is also highly correlated with word duration.

The problem of collinearity between continuous independent variables was

unavoidable in most of the word recognition studies. With high collinearity it becomes

9 Some researchers use 0.5 as the lower limit for strong correlations (Kuperman, Bertram, & Baayen,
2008). Others consider a correlation strong when it exceeds 0.3 (Blrki & Gaskell, 2012). In this study, |
adopted an intermediate position and identified the limit for strong correlations by 0.4.
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difficult to assess which of the tested variables have actual effects on the dependent
variable and which do not. Some researchers (e.g., Balling, 2008; Balling & Baayen,
2008) suggest residualizing and principle component analysis (PCA) as useful tools to
reduce collinearity.'® In a more recent work, Wurm and Fisicaro (2014) argue against
these techniques, demonstrating that such procedures do nothing to solve the problem of
collinearity and do not even change the main results. What residualizing and PCA
actually give is at least one predictor that is almost impossible to interpret. Although the
problem of collinearity is an unalterable fact of life, it is still less serious in the current
study and can be ignored. This is because the entire point of this experiment is to talk
about the percentage of unique variance explained (i.e., whether the additional explained
variance is worth increasing the complexity of a model) rather than to decide whether the
factors are significant or not based on their p-values. Some researchers (e.g., Cohen,
2012; Jaeger, 2010) employed a similar technique, testing whether a complex model is
statistically justified compared to simple models, and noticed that such a method is
“robust against collinearity” (p.37), and renders collinearity less harmful (Friedman &
Wall, 2005; Tabachnick & Fidell, 2007). Based on this, having each of the two compared
factors in a different model and comparing their power to a third model with both factors

makes us less uncertain about whether the effect is real.

19 Residualizing is to regress one variable against another correlated variable, and to take the difference
between their actual and fitted values as a new factor alternative to the old one.
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Table 1.2: Correlation matrix between the nine variables. Correlation values larger than 0.4 were considered high and
printed in bold.

Variable  Log Word Log Root Root Root Log Stem  Stem Stem UP Duration
Frequency Frequency Family Competitors Frequency Family Competitors

Log word
frequency - 0.21 -0.07 -0.37 0.60 -0.06 -0.30 -0.01 -0.04
Log root
frequency 0.21 - 0.51 0.45 0.38 0.03 0.01 0.08 -0.02
Root
family -0.07 0.51 - 0.61 -0.06 0.01 -0.03 0.26 0.02
Root
competitors -0.37 0.45 0.61 - -0.32 0.00 0.13 0.14 0.08
Log stem
frequency 0.60 0.38 -0.06 -0.32 - 0.21 0.18 -0.06 0.01
Stem
family -0.06 0.03 0.01 0.00 0.21 - 0.48 0.12 0.13
Stem
competitors -0.30 0.01 -0.03 0.13 0.18 0.48 - 0.05 -0.01
UP -0.01 0.08 0.26 0.14 -0.06 0.12 0.05 - 0.47
Duration -0.04 -0.02 0.02 0.08 0.01 0.13 -0.01 0.47 -
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1.3.3 Procedure and Apparatus

The stimuli were recorded in a sound-attenuated booth with a PMD660 Marantz digital
voice-recorder. The speaker was a male native speaker of Jordanian Arabic (not the
author), who has received his school education in the Arabic language. The participants’
response times (RTs) were measured in milliseconds, from the onset of each target word,
with a SONY laptop PC (CPU 2.40 GHZ) running Windows 7 and E-prime 2.0
presentation software (Psychological Software Tools, Inc, Pittsburgh, PA, USA;
http://www.pstnet.com). E-prime randomized every session block so that none of the
participants had exactly the same order of words. The participants listened to the stimuli

through Sony MDR-NC8 headphones.

The participants were asked to perform a single lexical-decision task: to respond as
quickly and accurately as possible by pressing the YES key if the stimulus was a real
word and the NO key if it was a nonword. The participants were instructed to use the
index finger of their dominant hand to press the YES button and the index finger of the
other hand to press the NO button. A participant could not listen to the next stimulus until
he/she pressed one of the two buttons. After every response there was a 2000 ms interval
of silence. Participants were able to take a break anytime by pressing the space key.
However, they did not receive any RT or accuracy feedback during the experiment. The
experiment started with 10 practice trials followed by the test items. Each experimental
session lasted approximately 20 minutes. The participants were tested individually in a

quiet room.
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1.4 Results

One participant was excluded from the data analysis because of his/her high error rate
(errors > 30%). Two words were also removed from further analysis because
approximately half of the participants incorrectly judged them as nonwords. One of them
was mispronounced, whereas the second word was rejected as a real word for an
unknown reason. When RTs were plotted across participants, | found 1500 and 650 ms
good upper and lower limits between responses and obvious outliers. Thus, RTs longer
than 1500 or shorter than 650 ms were excluded from the analysis. These removed

outliers were 2% of the total remaining data.

To answer the research questions and test the postulated hypotheses, | submitted the
data to multilevel regression analyses. | created a sequence of mixed-effects models in R,
version 3.2.3 with the Ime4 (Bates, Maechler, Bolker, & Walker, 2016) and ImerTest
(Kuznetsova, Brockhoff, & Christensen, 2016) packages. The fitted multilevel-regression
models included reaction times, measured in milliseconds, as the dependent variable.
They also had logged word frequency, logged root frequency, logged stem frequency,
root family size, stem family size, root morphological competitors and stem
morphological competitors as the main independent variables. To remove possible
background noise, the regression models included word durations and uniqueness points
as nuisance variables. The fitted models incorporated subjects and words as two random
variables. | used the Akaike Information Criterion (AIC; Akaike, 1974) and the Bayesian
Information Criterion (BIC; Schwarz, 1978) as measures of how well a model fits its
data. The smaller their values are, the better the fitted model will be. Both AIC and BIC

are calculated almost identically. The only difference between them is how much they
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penalize a model for its complexity (Wagenmakers, 2007). BIC probably penalizes

complexity a little too much; AIC probably does not penalize complexity enough.

| fitted an initial null model with the random variables only, and then | started to add
the relevant variables and eliminate the irrelevant ones, using forward-stepwise and
backward-stepwise comparisons. This was the procedure followed throughout the
analysis until 1 found the most complex model that could account for the largest amount
of variance in the data. The step-forward/backward method tells us what variables to
include and what variables not to include before we move to test a higher complex model
in the hierarchy. For example, | fitted a simple model with cumulative root frequency,
another simple model with cumulative stem frequency, and a third nested model with
both variables. Then | selected the model with the highest explanatory power (i.e., with
the lowest AIC value) and included the other variable in the same way (i.e., one at a
time). After every step of variable addition, | checked whether the latest variable(s) |
added was/were not rendering the early variables irrelevant (i.e., did not improve the

AIC/BIC values).

Figures 1.2-1.4 show that the correlations between reaction times and the three
measures of token frequencies are highly noisy. Nonetheless, the correlations are still
significantly linear. If we go from the average of surface word frequency to one standard
deviation above that average, RTs will drop by 63 ms, as Figure 1.2 depicts. Similarly,
one positive standard deviation change in the scale of cumulative root frequency speeds
up RTs by 54 ms, as Figure 1.3 illustrates. The analysis also revealed that one positive
standard deviation change in the magnitude of cumulative stem frequency corresponds to

48 ms average decrease in participants’ RTs. The comparisons show that the effect size
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for the stem frequency, cumulative root frequency, and cumulative stem frequency are
very close to each other. Moreover, it seems that there is a possible ceiling effect for the
cumulative root frequency. Figure 1.3 shows that the participants did not improve their
RTs any further beyond the frequency of seven on the logarithmic scale of cumulative

root frequency.
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Figure 1.2: Effect of surface word frequency on RTSs.
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Figure 1.3: Effect of cumulative root frequency on RTSs.
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Figure 1.4: Effect of cumulative stem frequency on RTSs.
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Inferential statistics, summarized in Table 1.3, revealed that word frequency, root

frequency, stem frequency, root-family size, and root morphological competitors have

significant effects on RTs and the model that embraces all of these variables can account

for more data variance. To justify why all of these variables are necessary for predicting

RTs, Table 1.3 shows that leaving out any of them results in higher AIC/BIC values. This

means that excluding any of these variables renders the model less predictive and

powerful.

Table 1.3: Comparisons between the final model (highlighted) and the simpler models,

with the effect signal of the excluded variable.

Simple models AIC BIC Effect
Signal

UP/word duration/word freg/root freg/stem freg/root 57321 57391
size+ root competitors
UP/word duration/word freg/root freg/stem freg/root 57406 57470 +
size
UP/word duration/word freg/root freq/stem freq/ root 57399 57463 -
competitors
UP/word duration/word freg/stem freqg/root size/root 57478 57542 -
competitors
UP/word duration/word freg/root freg/root size/root 57461 57525 -
competitors
UP/word duration/ root freg/stem freg/root size/root 57561 57625 -
competitors
UP/word freg/root freg/stem freg/root size/root 57527 57591 +
competitors
Word duration/word freg/root freq/stem freg/root size/ 57463 57527 +

root competitors
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These results gave positive answers to research questions one through five, asking
about the effect of word frequency, root frequency, root family size, root morphological
competitors and stem frequency on RTs. They were also consistent with the first three
hypotheses, though the third hypothesis was partially validated because the stem effect
was confined to the cumulative frequency. Moreover, a comparison of the final model
against models with the other two remaining variables (i.e., stem family size and stem
morphological competitors) revealed that the nested models were penalized for their extra
complexity (acquired higher AIC/BIC values). Thus, adding any of these variables to the
model did not improve its explanatory power, as Table 1.4 shows. These findings
provided research questions six and seven, asking about any explanatory effect for stem

family size and stem morphological competitor, with negative answers.

Table 1.4: Comparisons between the final model (highlighted) and the more complex

Complex models AIC BIC  Effect
Signal

UP/word duration/word freg/root freg/stem freg/root 57321 57391
size/ root competitors

UP/word duration/word freg/root freg/stem freg/root 57321 57398 -
size/ root competitors / stem size

UP/word duration/word freg/root freg/stem freg/root 57322 57399 +
size/root competitors /stem competitors

models, with the effect signal of the added variable (in bold).
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Despite the higher explanatory power for word frequency and cumulative root

frequency, relative to cumulative stem frequency (compare their AIC/BIC values in Table

1.3), the three frequency measures had approximately equal effects, as figures 1.2-1.4

suggest. This gives a neutral answer to research question eight, inquiring about which

frequency has a stronger effect on RTs. Based on this analysis, it is safe to say that there

IS not enough evidence to support either the fourth or the fifth hypothesis in the present

study.

Table 1.5: Effect of stem frequency in Arabic polymorphemic words.

Model with stem freq.

AIC BIC

Model without stem freq. AIC  BIC

UP/word duration/word
freg/root freq/ root size/
root competitors/ stem
freq.

27662 27724

UP/word duration/word
freg/root freg/root size/
root competitors

27723 27780

Table 1.6: Effect of stem frequency in Arabic monomorphemic words.

Model with stem freq.

AIC  BIC

Model without stem AIC BIC

freq.

UP/word duration/word
freg/root freg/root size/
root competitors/stem
freq

29671 29734

UP/word duration/word
freg/root freq/ root size/
root competitors

29748 29805
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Based on the stem-based perspective of Arabic morphology, the tested words varied
in their morphological complexity (i.e., polymorphemic vs. monomorphemic) and affix
types (i.e., suffixed vs. prefixed). As a result, it was useful to examine whether both
parameters of morphological complexity were sensitive to the effects of cumulative stem
frequency. Tables 1.5-1.6 demonstrate that stem frequencies of both polymorphemic and
monomorphemic words contributed to the explanatory power of their models (i.e., had

lower AIC/BIC values), relative to models without them.

1.5 Discussion

One motivation for the present work was to assess the role of morphology in the lexical
representation and processing of Arabic. Previous research used the priming techniques
to examine the effects of Arabic morphology on lexical processing. However, this study
examined the relevance of Arabic morphology through a simple-lexical decision task,
where the target words were not influenced by any morphologically-related primes.
Another motivation for this research was to evaluate the effects of two possible Arabic
morphemes directly; namely, consonantal roots and stems (i.e., strings of consonants and
vowels). The extant research presents the psychological effects of discontinuous
morphology as evidence against continuous morphology (Boudelaa, 2014, Boudelaa &
Marslen-Wilson, 2015) and the absence of such effects as evidence for continuous
morphology or against any morphological role (Abu-Rabia & Awwad, 2004). The
present work addressed the effects of both types of morphology directly in an attempt to

give a clearer picture of their psychological status in the minds of Arabic speakers.

This study raised and tried to answer three main questions. The first question

addressed the relevance of Arabic morphology in processing the spoken words of Arabic.
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It asked whether native speakers of Arabic process a spoken Arabic word as a single
lexical unit, as sublexical morphemic units, or both. The second question asked whether
Arabic lexical representation consists of roots only, stems only, or whether both types of
morphemes are cognitively valid units in the mental lexicon of Arabic speakers. The third
question was contingent on the answer to the second question. That is, if it turned out that
Arabic morphology is both root-based and stem-based, which of them has a more robust
status in the minds of Arabic lexical processors? To answer these questions, | selected a
sample of MSA words varied in their whole-word frequency, root-based frequency, and
stem-based frequency. I also manipulated different morphological competitor and family
sizes for both proposed root-based and stem-based morphemes to give more or less
decisive answers to the research questions.

The results showed that each of the three token-frequencies contributed to word
processing. The statistical model that comprised the whole-word frequency, the
cumulative root-based frequency, and the cumulative stem-based frequency accounted for
more data than the statistical model(s) that excluded any of them. The research results
revealed that the three frequency counts had nearly equal positive effects on word
processing. Shorter response latencies related to words with more common surface
constituents (by 63 ms in one standard deviation change), words with more common root
constituents (by 54 ms in one standard deviation change), and words with more common
stem constituents (by 48 ms in one standard deviation change). The three token-
frequency effects are the crucial findings for the claim that Arabic words, stems, and
roots are approximately equally important in word processing. These findings agree with

the Indo-European studies that reported facilitative effects for stem token frequencies in
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both visual modality (e.g., Burani & Thornton, 2003; Schreuder et al., 2003) and auditory
modality (e.g., Meunier & Segui, 1999). The results also concur with the facilitative
effects of surface word frequency reported in many works on word recognition (e.g.,
Baayen et al., 2007; Cleland et al., 2006; Meunier & Segui, 1999; Wurm, 1997; Wurm et
al., 2006).

The findings revealed a positive facilitative effect for root family size and a negative
inhibitory effect for their morphological cohort competitors. Both effects were less robust
than the effect of root frequency. The larger the family size for the Arabic word, the
shorter the RTs would be. Previous works reported similar facilitative effects for root
morphological size in Hebrew (Moscoso del Prado Martin et al., 2005) and Arabic
(Boudelaa & Marslen-Wilson, 2011). Nevertheless, words with less frequent root
neighbors were reacted to faster than words with more frequent root neighbors. The
inhibitory effect of root competitors concurs with the inhibitory effect of French stem
competitors reported in Meunier and Segui’s work (1999). In this work, the family size
effect was found with root morphological neighbors but not with stem morphological
neighbors, as the morphological size of the stem did not strengthen the explanatory power
of the statistical model. Given this morphological gap, the role of root-based morphology

is clearer than the role of stem-based morphology.

This study adds to the growing body of research showing that Arabic root
constituents are valid predictors for lexical decisions. The results are in accordance with
the findings of the priming experiments that revealed psycholinguistic validity for Arabic
roots, independent of form or semantic transparency (Boudelaa & Marslen-Wilson, 2004

b; 2007; 2015; Mahfoudhi, 2005). It is still possible to attribute the stem frequency effect
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found in the experiment to the phonological (i.e., form) similarities, per se, rather than to
the morphological relatedness between words. Yet, | can argue against this assumption
based on some other findings. Previous research reported that form overlap between
words produces negative effects on the lexical decision (i.e., longer RTs) when words
share a semantically unrelated string of sounds (e.g., Drews & Zwitserlood, 1995;
Feldman & Andjelcovic, 1992). For example, Drews and Zwitserlood (1995) found an
inhibitory effect on German target words (e.g., keller ‘basement’) when presented with
orthographically-related primes (e.g., kelle ‘ladle’). Accordingly, if the effects of stem
frequencies found in the present work were phonological, there would have been
inhibitory effects when a target word activated its assumed phonological neighbors. As
opposed to this, the current study revealed a positive effect (shorter RTs) on cumulative
stem frequencies. Moreover, Baayen et al. (2006) found that the role of form frequency is
very marginal, compared to the role of morphological and surface frequencies, in both
naming and visual lexical-decision tasks. However, results of the present experiment
revealed a reasonable explanatory power and a comparable effect size for cumulative
stem frequencies relative to root and surface frequencies. Coupled with Drews and
Zwitserlood, and Bayeen’s findings, the present results prefer the morphological account
of Arabic stems over the possible phonological account. The partial stem effect found in
the present work agrees with the proposal that Arabic has concatenative morphology
(Abu-Rabia & Awwad, 2004; Benmamoun, 1999, 2003; Ratcliffe, 1998, 2004), but
without dispensing with the nonconcatenative morphology of Arabic (Boudelaa &

Marslen-Wilson, 2015).
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This work revealed two other findings related to the stem-based account of Arabic.
First, the cumulative frequencies of the proposed Arabic stems were attested to both
suffixed words (e.g., 2usluub-yyah ‘stylistic’) and prefixed words (e.g., ta-badara ‘to
cross someone’s mind) when other frequencies were held constant. The finding agrees
with the prefix-stripping hypothesis in visual word recognition (e.g., Giraudo & Grainger,
2003; Holmes & ORegan, 1992; Taft, 1979) and its spoken modality (e.g., Wurm, 1997).
The results, on the other hand, did not support the view that cumulative stem frequency is
irrelevant in prefixed word processing because these words do not undertake prefix-stem
parsing and are accessed as a whole unit (e.g., Colé et al., 1989; Meunier & Segui, 2003).
Second, the stem frequency effect proved valid for both monomorphemic (e.g., naa/ada
‘to entreat’) and polymorphemic (e.g., Xa/abiyy ‘wooden’) Arabic words. This finding is
in line with the proposal that the cumulative stem frequency is relevant in both
morphologically simple words (e.g., Baayen e al., 2006; Ford et al., 2003; Schreuder &
Baayen, 1997) and morphologically complex words (e.g., Baayen et al., 2007; Burani &
Thornton, 2003; Meunier & Segui, 1999). It also suggests that morphologically simple
and complex words could undergo a very similar process of recognition (Moscoso del
Prado Martin et al., 2004).

In the following brief discussion, 1 will suggest some possible accounts of why
literate speakers of Jordanian Arabic have two types of morphology in their lexicon. The
first hypothesis is that both stems and roots co-exist as constant and static entities of
Arabic morphology independent of any external factors. According to this assumption,
native speakers of Arabic naturally acquire and develop both types of morphology. The

second possible reason is that Arabic, like English and most other human languages, is a
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stem-based language, and the root/pattern activation is just the result of literacy. The
Arabic language curricula of different stages focus on the idea that Arabic words are built
of consonantal roots and word patterns. School instructions may parallel the assumed
discontinuous morphology to the universal mental concatenative representation of
morphology. However, Boudelaa and Marslen-Wilson (2013) found that both MSA and
the Tunisian dialect of Arabic have similar cognitive properties: both show an equal
priming effect for their roots and an equal priming effect for their word patterns. The
authors introduced this finding as evidence for the autonomy of the root/word pattern
from any literacy effect since regional dialects of Arabic are not used in literacy. Here,
we can easily assume that literacy might have reconstructed both varieties of Arabic even
though Tunisian Arabic is not the language of reading and writing. That is, literacy
reshapes the linear morphology of MSA, which also can be generalized to reconstruct the
morphology of CA, by virtue of their shared roots and/or word patterns, and Arabic
speakers’ awareness of the analogy between the two varieties of Arabic.

A third account is to assume that root-based morphology is the default unmarked
Arabic morphology, whereas stem-based morphology emerged from participants’ good
proficiency of English. In Jordanian public schools teaching English as a foreign
language occurs in grade 1 through grade 12. In addition, English is the medium of
instruction in many faculties and departments of Jordanian universities. As a result,
student awareness of stem-based morphology of English may carry consequences for
lexical representation and processing of Arabic. There is some evidence for restructuring
transfer (i.e., the incorporation of second language (L2) elements into first language (LI)

that results in some L1 structural changes) across many languages (e.g., Cook, 2003;
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Pavlenko, 2000; 2003; 2004), and Arabic is a case in point (Qasem & Foote, 2010).
Forster and Deutsch’s (1997) claim that priming effects are motivated by morphological
relatedness rather than phonological similarities between the prime and the target in
nonconcatenative languages, including Arabic. Qasem and Foote (2010) tested Forster
and Deutsch’s hypothesis on two groups of native speakers of Arabic with different
levels of L2 English proficiency. The authors found increasing phonological priming
effects (e.g., shoulder-kahif ‘cave’) with higher L2 English proficiency. Qasem and Foote
demonstrated that with the increasing English proficiency, the participants activated the
Arabic phonologically-related words kahif ‘cave’ along with the Arabic translation of

shoulder, katif.

To decide between these three possible accounts of dual morphologies, we may need
to know how illiterate monolinguals of Arabic, early school dropouts, react to both types
of morphology when they listen to their native CA words.™ Such an investigation can
lead to one of three possible scenarios. There might be effects for both morphological
frequencies. This result would indicate that Arabic is inherently stem-based and root-
based, and both types of morphology have a static status in the minds of native speakers
of Arabic. The second scenario can be a stem-based frequency effect only. This proposes
that lexical representation is universal (Berent, Vaknin, & Marcus, 2007), and that root-
based morphology is motivated by literacy. The last scenario is to find a root-based effect
only. In this case, it is legitimate to say that consonantal roots are the default

morphological representation of Arabic words (e.g., Boudelaa & Marslen-Wilson, 2013),

11 This investigation will be possible if a database, similar to Aralex, is built for any colloquial variety of
Arabic. Text messages and scripts of informal TV shows, soup operas and movies can be the basic material
for the suggested database.
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and the stem-based effect found in the present study is an instance of reverse transfer
from English into Arabic.

Results of this research can be used to evaluate six main models of word recognition.
The present findings cannot support the full-listing hypothesis of lexical access (e.g.,
Sereno & Jongman, 1997), in which only full-word frequency can influence lexical
access. Panel A of Figure 1.5 represents the full-listing model. The results are also
inconsistent with the other opposite extreme model, the full-decomposition model
depicted in Panel B of Figure 1.5. This model claims that sublexical information (e.g.,
letter, phonemes) is mapped onto meaning via morphemes and no complex word is stored
or accessed. According to this model, only stem/root frequencies can influence reaction
times to words.

As effects of both full-word and morpheme frequencies prevail in this study, we can
consider the implications of the results in terms of some mixed models of lexical access.
Panels (C-E) illustrate three possible mixed models of word recognition. | imposed a root
level between the stem and the word representation in model architectures. The reason for
this extra tier is to make it possible to account for both morphological roles in word
processing. Before embarking on any evaluation, it is necessary to understand a major
difference between spoken and visual word recognition. Speech has temporal
components and speech signals unfold in time. Listeners determine what the word is
based on the continuous mapping of sequential inputs onto word representation. This is
known as the cohort model of spoken word recognition (Marslen-Wilson, 1987; Warren
& Marslen-Wilson, 1987). In visual word recognition, on the other hand, information

about the word can be available to the reader all at once. Therefore, an accurate
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description for any possible model in light of spoken data should take the cohort model

into account.

While the current research is not designed to decide on which of these three
representations is the most proper one, each model can account for part of the findings.
For example, a sublexical model (e.g., the direct access or the obligatory decomposition),
visualized in panel C of Figure 1.5, can account for the decomposition of the suffixed
words, as stem inputs precede the whole word inputs in the spoken domain. Sublexical
models cannot account for the decomposition of prefixed words because, according to the
cohort theory of spoken word recognition, the stem of a prefixed word cannot be
accessed before the whole-word representation. Alternatively, the decomposition of
prefixed words is consistent with the supralexical model outlined in panel D. The
supralexical model proposes that stems are accessed as soon as or directly after the whole
words. This is compatible with the position of stems in prefixed words. For both suffixed
and prefixed words, their roots are accessed after their stems, as roots are a kind of
abstraction over the stems. These two models can be incorporated together to form a dual
model similar to the morphological race model (e.g., Burani & Caramazza, 1987;
Schreuder & Baayen, 1997). For this model, see panel E of Figure 1.5, stem frequency,
root frequency, and word frequency are the result of the repeated access to the same stem,
root and word. Which entity succeeds (i.e., is identified first) depends on when the unit
inputs become available to the listener. While root inputs always become available after
the stem access, the earlier access to stems or whole words depends on whether the word

is prefixed or suffixed.
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A distributed connectionist model similar to the one proposed by Plaut and
Gonnerman (2000) can also account for the present findings. According to the distributed
connectionist approach, words are not single nodes but the results of the co-activation of
distributed phonological, orthographic, and semantic features. A connectionist network is
trained to map the form and meaning consistency of the morphologically complex words
through hidden units, which mediate between form and meaning (see panel F of Figure
1.5). This model is sensitive to form-meaning consistency (Gonnerman et al., 2007) and
frequency (Davis et al., 2003; Seidenberg & McClelland, 1989). The network of words
becomes stronger when their shared components are more frequent and more consistent.
For example, the internal representation of a word such as tasfaara¢a ‘fight each other’
will not decompose into the stem [s‘aara€a] ‘fight’ and the prefix [ta-] ‘reciprocal’, or into
the tri-consonantal root {srq} and the word pattern {tafaafala} ‘the reciprocal pattern’.
Instead of that, there will be a consistent pattern of online activation over several nodes.
That is, when tasfaarafa is processed, the word musfaarafah ‘wrestling’ will also be
activated by virtue of their shared stem [s‘aaraSa] (i.e., both words recruit [s*aaraSa]).
Moreover, some units involved in the representation of the stem [sfaaraSa] will also be
involved in the representation of the stem [s*ar¢] ‘epilepsy’. These units are the shared
roots. The two words tas‘aarafa ‘fight each other’ and s‘arfah ‘crazy, rage’ are linked
through their tri-consonantal root {sr¢’}, which activates the other related word(s) while
one word is being processed. Among other relevant factors, the strength of the network

between these Arabic words depends on their stem and root frequencies.
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Figurel.5: Six architectures of word recognition with and without morphology. Adapted from Diependaele et al. (2012)
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One limitation of the present work is that estimates of roots and stems were highly
noisy, as figures 1.3-1.4 of the results section show. This noise could partially be
attributed to some inherently unavoidable problems in the mechanism of the database. It
is also possible that the frequency measures for the MSA words used in this experiment
are partially influenced by JCA. That is, most of the target words have cognates and near
cognates in JCA, and their stems and roots may have different frequencies in the other

variety of Arabic.

In conclusion, the research reported here shows that Arabic lexical decisions are not
the result of processing a single level of representation, but rather the result of activating
multiple sources of information. These resources include, but are not limited to,
information from the storage of stems, information from the storage of consonantal roots,
and information from the storage of the whole words. The experiment showed that the
effect of stem frequency is comparable to the effect of root frequency. In Arabic, roots
recur more systematically and saliently than stems, which are usually less productive and
organized. The advantage of Arabic stems, on the other hand, could emerge from their
strong orthographic/phonological overlap relative to Arabic roots. It is probable that these
unique characteristics of roots and stems equilibrate their effects on word processing.
Alternatively, some researchers (e.g., Bat-El, 2003; Berent et al., 2007) propose one
unified account of morphology. They indicate that what is beloved to be Semitic root-
based morphology may reflect the quantitative difference in the vowel modification of
stems, something that exists, but to a smaller extent, in many human languages. If this
proposal happens to be correct, then putative roots are, in fact, stems with gradable vowel

changes. This hypothesis is a subject for further research.
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Chapter Two

Study I1: Word Recognition in the Sentential Contexts of Arabic Diglossia:

Is There a Switching Cost?

2.1 Introduction
One of the fundamental interests of bilingual research is to explore how bilinguals
process their languages compared to monolinguals. It raises the question of whether and
in what conditions bilinguals access one of their two languages with an advantage over
the other. It also addresses the question of whether, and to what extent, bilinguals limit
their lexical accessibility to the current relevant language without activating the
vocabulary of the irrelevant language. Available research suggests that the answer to
these questions depends on bilinguals’ relative proficiency/experience in the second
language and their expectation about what language they are going to perceive. Previous
studies found that unbalanced bilinguals, who are unequally proficient or practiced in the
two languages, usually process their first language (L1) more easily than their second
language (L2; e.g., Kroll et al., 2002; Talamas et al., 1999; also see Chapter Three of this
dissertation for more details). Other investigations found that bilinguals recognize target
words in language-consistent contexts (i.e., an L1/L2 target word in an L1/L2 context)
more easily than the same target words in language-inconsistent contexts (i.e., an L1
target word in an L2 context or an L2 target word in an L1 context, e.g., Groasjean, 1997;
Proverbio et al., 2004; Soares & Groasjean, 1984).

The purpose of the study presented in this chapter is to determine whether the

language-processing bias that concurs with classical bilingualism also occurs in the
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situation of Arabic diglossia, where speakers use two different varieties of the same
language rather than prototypical independent languages. In the context of Arabic
diglossia, Colloquial Arabic (CA) is the variety used in informal face-to-face
conversations, whereas Modern Standard Arabic (MSA) is the typical variety of literacy
and formal occasions (see section 2.2 of this chapter). Although each of the two varieties
of Arabic has its domain of use, literate speakers of Arabic sometimes alternate between
MSA and CA at the word, sentence, or discourse levels in the contexts of different levels
of formality (Albirini, 2011; Bassiouney, 2006; Eid, 1988). Speakers of Arabic shift into
MSA to construct high codes such as importance, high prestige, identity, seriousness, and
sophistication. They also code switch into CA to construct low codes such as
unimportance, low prestige, accessibility, and non-seriousness (Albirini, 2011).

One of the methods psychologists use to investigate bilinguals’ bias in language-
processing is to measure their reaction times (RTs) to target words of their L1 and L2 in
both mixed-language and single-language contexts. For example, researchers can
measure how fast English/French bilinguals respond to French words (e.g., cuillere)
compared to English words (e.g., spoon). They also can measure how fast the same
English/French group of bilinguals respond to switched words, words the lexicon of
which is inconsistent with the lexicon of the preceding word, (e.g., in a mixed-language

list such as: deer, screen, cuillere, etoile, man, etc.) compared to the same words in non-

switched contexts (e.g., in a French list such as: cerf, ecran, cuillere, etc.; and in an
English list such as: dear, screen, spoon, star, man, etc.). The idea is that if bilinguals
respond to their L1 words faster than their L2 words, this suggests that the bilinguals

under investigation are unbalanced bilinguals, having considerably less proficiency in L2
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compared to L1 (Kroll & Stewart, 1994; Kroll et al., 2002). As far as the language
switching is concerned, if bilinguals react to switched words in a mixed-language list
more slowly than non-switched words of a single-language list, this suggests that
bilinguals activate one of their two languages at a time or activate it more than the other
language. Researchers usually refer to the extra time a bilingual may spend to respond to
switched words compared to non-switched words as the switching cost. If there is a
switching cost, this indicates that bilinguals almost turn off the lexicon of the irrelevant
language, and retrieve it when they encounter a switched word, which is time-consuming.
Alternatively, if bilinguals show no RTs difference when they process single-language
compared to mixed-language stimuli, this indicates that bilinguals activate both of their
languages equally all the time.

The study presented in this chapter investigated whether Standard Arabic is an L2
for native speakers of Arabic by measuring how fast they react to words of CA compared
to words of MSA. It also examined the possibility of switching cost in Arabic diglossia
by testing how fast native speakers of Arabic react to Arabic words in single-language
conditions compared to the same words in code-switching conditions (i.e., alternating to a
word from the other variety of Arabic within the same conversation). Moreover, the
findings of this investigation will be used to evaluate the predictions of two different
models of bilingual word recognition: the bilingual interactive activation plus (BIA+;
Dijkstra &Van Heuven, 2002) and the bilingual model of lexical access (BIMOLA;

Grosjean, 1997, 2008).
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2.2 Background and Research Hypotheses
Native speakers of Arabic acquire their language in the special linguistic context of
diglossia (Ferguson, 1959), where different spoken dialects of Arabic coexist with the
more formal variety known as Modern Standard Arabic (Abu-Rabia, 2000; Maamouri,
1998). The two varieties show some divergences and convergences at all levels of
linguistic description. Modern Standard Arabic (MSA) is used in formal situations such
as public occasions, religious contexts, media, and press. It is no one’s native language,
and Arabs usually learn it in school.”> MSA is the language of Arabic literacy (i.e., the
language of reading and writing). Alternatively, the different varieties of colloquial
Arabic (CA) are acquired early and used in everyday situations when people
communicate with each other. Reading and writing in CA varieties is not common and
limited to some aspects of social media (e.g., text messages, Twitter, Facebook; Al-
Khatib & Sabbah 2008; Mostari 2009). In such contexts, native speakers of Arabic
transliterate spoken colloquial Arabic words with MSA letters, Romanized letters or a
combination of the two. While all native speakers of Arabic use the same MSA variety,
their spoken dialects vary from one state to another and even in different regions of the
same state. The diglossic situation of Arabic introduces CA as the dominant language of
listening and speaking (i.e., face-to-face contact) and MSA as the dominant language of
reading and writing.

The linguistic situation in Jordanian society is a typical example of Arabic

diglossia (Al-Saidat, 1999; Suleiman, 1985). Despite the similarities between Jordanian

12 This does not mean that native speakers of Arabic are not exposed to MSA before the school age. Some
native speakers of Arabic experience MSA, from a more receptive standpoint, before they start formal
schooling by watching MSA TV cartoons, early reading, and religion learning. However, it is beyond the
scope of this study to examine any possible relationship between how early MSA is exposed to and the
diglossic lexical access and representation.
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colloquial Arabic (JCA) and MSA, the two varieties differ considerably in their
phonology, phonetics, morphology, and lexicon (Al-Sughayer, 1990; Holes, 2004, Laks
& Berman, 2014). The vocabulary of both varieties of Arabic converges and diverges in
three aspects. First, the two varieties share many cognates or near cognates (i.e., inter-
lingual words with strong form and meaning overlap). For example, the JCA ruz ‘rice’
and the MSA Paruz have similar forms and an identical meaning. Second, in many other
cases, the two varieties of Arabic associate the same meaning with different forms. JCA
words such as tilifon ‘telephone’ and birwaaz ‘frame’ correspond to MSA haatif and
Aitfaar, respectively. A third group of words exists only in one of the two varieties, but
their tri-consonantal roots are part of both lexicons. For example, the MSA word
malaabis ‘clothes’ shares its tri-consonantal root {lbs} with other words from both
varieties such as JCA labiis ‘a tidy man’.

At the phonological level, MSA and JCA have very similar phonemic inventories.
Yet, they differ in the existence of the voiced uvular stop /q/, the voiced velar stop /g/,
and the voiceless palatal affricate /tf/. MSA has /g/ while JCA has /g/. In Fallahi (rural)
and Bedouin (nomadic) vernaculars of Jordanian Arabic, /tf/ replaces /k/ in many words,
and the interdental emphatic fricative /0°/ replaces the alveolar emphatic stop /d‘/.
Additionally, /d/, /t/ and /s/ are allophones of the voiced interdental fricative /d/ in
Madani (urban) Jordanian Arabic. Moreover, MSA has three short vowels with their long
correspondences /a/, /il and /u/ while JCA has two additional vowels: the mid-front vowel
/el and the mid-back vowel /o/. These two mid-vowels replace the MSA diphthongs /ai/
and /au/, respectively. As for the syllable structures, the consonant clusters of MSA can

only occur in the final position of the syllable (i.e., in the coda: e.g., gahr) but not in its
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initial position (i.e., in the onset). Alternatively, JCA words allow consonant clusters in
the syllable-initial position (e.g., zraam) whereas the sequence of two consonants is
uncommon in their codas.

Taking into account the linguistic and experiential differences between CA and
MSA, it is possible that literate native speakers of Arabic are de facto unbalanced
bilinguals. Ibrahim and Aharon-Peretz (2005) conducted semantic priming experiments
on Palestinian Arabic/Hebrew bilinguals who learn both MSA and Hebrew in Arabic
schools of Israel. The authors concluded that MSA constitutes an L2 rather than just a
formal register of Arabic for native speakers of Palestinian Arabic. They built their
conclusion based on two findings. First, the participants’ RTs to MSA and Hebrew were
slower than their RTs to Palestinian Arabic. Second, the semantic priming effects from
Palestinian Arabic to MSA and Hebrew were stronger than the semantic priming effects
from MSA and Hebrew to Palestinian Arabic. The researchers related these findings to
the strong/direct link between L1 words and their concept compared to the loose link
between L2 words and their concepts, which costs more processing time (for further
details see Section 3.2 of Chapter Three). On the basis of the different ages at which the
two varieties of Arabic are acquired/learned and the different sociolinguistic contexts in
which they are experienced, we postulated the following hypothesis:

H1.2: Literate speakers of JCA recognize JCA words faster than MSA words.

The rest of this section will discuss the findings of the bilingual studies on mixed-
language processing, and will introduce the second and third research hypotheses.
Although the domain of this paper is spoken word recognition, | will review research

from both auditory and visual word recognition. This is because, even though each input
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modality can have its own consequences for processing, their abstract underlying
mechanism is almost the same (Dijkstra, 2005). That is, different researchers argue for
different models of bilingual word recognition because they disagree on how bilinguals
process their languages in general, rather than because they investigate different
modalities of language. Caramazza and Brones (1980) reported no RT difference between
words visually presented in single-language and mixed-language conditions when they
asked a group of Spanish/English bilinguals to decide whether the target word (e.g.,
apple, manzana) belonged to a particular category (e.g., fruit). However, Grainger and
Beauvillain (1987) used a lexical decision task (i.e., whether the stimulus was a word or
non-word) to determine whether bilinguals process mixed-language stimuli with extra
efforts. The authors found that French/English bilinguals judged visual target words in a
single-language list more easily than the same targets when they follow words from the
other language. However, the switching cost disappeared when the authors used word
stimuli with orthographic cues unique to the target language. Grainger and Beauvillain
interpret their findings as evidence for language selectivity: bilinguals deactivate the
lexicon of the other language during word recognition. This deactivation transfers to the
switched word, but bilinguals can quickly readjust the deactivation when the switched
word contains language-specific cues.

Follow-up research on both language comprehension (Thomas & Allport, 2000;
von Studnitz & Green, 2002) and production (Costa & Santesteban, 2004; Green, 1998;
Macizon et al., 2012; Meuter & Allport, 1999) argues that switching cost is external,
sensitive to the task demand and the sequential pattern of responses, rather than internal,

sensitive to shifts in lexical activation. Thomas and Allport (2000) found that language
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switching interacts with the response of the previous trial in cue-induced language
selection (i.e., decide whether the stimulus typed in red is a French word or not and
whether the one typed in green is an English word or not). In repeated responses, the
bilinguals reacted faster on non-switch trials and slower on switch trials. There was no
significant difference between the size of the switch cost for words presented in the
correct language context (i.e., Yes response) and words presented in the wrong language
context (i.e., No response). Similarly, von Studnitz and Green (2002) found that their
German/English participants, engaged in a semantic categorization task, reacted slower to
language switched words only when they had to make two repeated responses (two
consecutive animate or inanimate responses). All of this suggests that nothing unique in
the linguistic systems of bilinguals is responsible for language switching costs. As any
other non-linguistic stimuli, the switching cost of linguistic stimuli appears and
disappears in compliance with the task demands and the persistence of the previous
response (Becker, 2013; Hunt & Klein, 2002; Monsell, 2003).

As the previous discussion demonstrated, most of the findings on how bilinguals
process their single languages relative to their mixed language come from investigating
words in isolation. However, people rarely listen to or read single words. During their
daily-life interactions, bilinguals listen to meaningful sentences where the base language
usually makes up from 80% to 90% of the utterance (Grosjean, 1997). Thus, it is possible
that the simultaneously balanced activation of both languages, represented in the absence
of lexical switching costs, is because of the decontextualized nature of the stimuli. There
are relatively few studies, with less decisive results, on how bilinguals process mixed

language compared to a single language in sentential contexts (for some review see
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Dijkstra, 2005; Lagrou et al., 2013). These studies will be the main focus of the following
discussion.

Some recent research has proposed that the language of the carrier sentence does
not provide bilinguals with enough cues to restrict their lexical access to the language of
that sentence (e.g., Gullifer et al., 2013; Ibafiez et al., 2010; Schreier, 1998). For example,
Schreier (1998) found no evidence for a processing delay when a group of
German/English bilinguals reacted to German/English code switches in spoken sentence
contexts. Gullifer et al. (2013) replicated this finding in visual word recognition of
Spanish/English bilinguals. These results agree with the BIA+ model of word recognition
(Dijkstra &Van Heuven, 2002). The BIA+ proposes that bilinguals always process their
languages non-selectively, as they organize the vocabulary of the two languages in one
unified lexicon. That is, candidate words from both languages compete with the target
word for selection, regardless of the base language of the context. Accordingly, there is
no top-down inhibitory effect from the prior language (i.e., a higher level) on any
possible guest word (i.e., a lower level). However, other studies have argued for the
effect of the base language on guest-word recognition (e.g., Grosjean, 1997, 2008;
Proverbio et al., 2004; Soares & Grosjean, 1984). In a lexical decision task, Soares and
Grosjean (1984) found that fluent Portuguese/English bilinguals responded faster to
spoken Portuguese and English words embedded in a consistent language context
compared to the same target words embedded in a different language context. In a more
recent experiment, Domenighetti and Caldognetto (1999), as cited in Grosjean (2008),
found that French/Italian bilinguals reacted with 46 ms delay when they named (i.e.,

listened to and repeated) Italian code switches in a semantically neutral French sentence

62



relative to comparable French target words.

Grosjean (1997; 2008) suggested that recognizing guest words (i.e., words from
the other lexicon) embedded in a base-language context (i.e., the dominant language of
conversation) is a dynamic process governed by many involved factors. The first factor is
related to the language mode of listeners. It refers to bilinguals’ expectations about what
they are going to hear: “The higher the expectation, the easier will be guest word
recognition” (Grosjean, 1997; p. 241). At one endpoint, a bilingual can be in a
monolingual language mode (i.e., listening to a monolingual speaker), where he/she
activates only one of his/her languages. At the other endpoint, the bilingual can be in a
bilingual language mode (i.e., listening to another bilingual), where he/she activates both
languages. (For a critique of the concept of language mode, see Dijkstra et al., 2003). The
listener can also be in a semi-monolingual mode, as language mode is a continuum,
activating both of his/her languages, but the base language is more activated than the
guest language. This unbalanced activation depends on how proficient the bilinguals are
in the guest language, their attitude towards code switching and borrowing, and the topic
of conversation (e.g., culture-specific topic vs. universal topic). It also depends on
whether code switching is more or less common in the conversational setting (Cheng &
Howard, 2008).

The second factor involved in the recognition of a guest word is base and guest
language activation. It pertains to the proportion of both languages in a context. The
fewer guest words there are in a sentence (i.e., less code switch or borrowing density), the
less likely bilinguals activate the lexicon of the guest language. The third factor correlates

with the syntactic, pragmatic, and semantic constraints of code switching: how plausible
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the guest word is in the base language context.

A final factor of interest here is properties of the guest word. This factor
comprises the same elements that affect word recognition when monolinguals perceive a
target word in their native language, including, but not limited to, word frequency,
neighborhood size, and uniqueness point (i.e., that point of the word at which only one
candidate cohort is left as a possible target word). Moreover, guest word properties can
be more or less consistent with the lexicon of the base language. The more the guest word
is consistent with the base language, the slower bilinguals are to access it. Spoken guest
words are more consistent with the base language when they are less marked with respect
to their phonetics (i.e., the quality of their sounds and prosody is legal in the base
language inventory), and phonotactics (i.e., the structure of their sounds and syllables is
also legitimate in the base language). In both a gating task and a naming experiment, Li
(1996) noticed an interaction between properties of the guest word and the base language
effect.13 The results confirmed that Chinese/English bilinguals recognize English guest
words that are phonotactically illegal in Chinese, such as slash, more easily than English
guest words that are phonotactically legal in Chinese (e.g., initial CV words, such as
lead). The researcher also found that Chinese/English bilinguals recognize English code
switches (i.e., English words pronounced with accuracy) earlier and more easily than
English borrowings (i.e., English words pronounced with a Chinese accent). All of this
suggests that the assimilative effect of the base language depends on the degree of

phonological and phonotactic overlap between the guest word and the base language

Bina gating task, the participant identifies the target word through listening to successively longer
fragments of that word. Grosjean (1988) reported French base language effects on English guest words
through an earlier gating experiment.
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lexicon. However, the author found that the effect of the Chinese base language on the
English guest words stops ahead of time before the offset of the guest word; accordingly,
no switching cost appears.**

In sum, Grosjean proposes that the non-target language varies in its degree of
activation depending on some complex factors, and under certain circumstances, word
recognition can be language selective, where a delay in the recognition of code switches
is possible. The spoken base language effect is consistent with the BIMOLA (Grosjean,
1997, 2008; Léwy & Grosjean, in preparation). According to the BIMOLA, phoneme and
word levels of each language are independently organized in two subsets, and
interdependently enclosed in a larger set. When a bilingual listens to another bilingual,
he/she activates both language networks (subsets), but since the acoustic waves match the
network of the base language more than the network of the other language, the base
language becomes more activated. This, in turn, results in top-down feedback from the
base language to the guest word. Accordingly, a switching cost might occur if the guest
word is highly similar to the lexicon of the base language in terms of its segments and
phonotactics, and/or the bilingual listener is in his/her monolingual or semi-monolingual
language mode.

Results about whether language switching can have an apparent cost are
inconclusive. Additionally, the question of whether there is a bias in favor of the lexicon
of the carrier sentence when a guest word is processed is still open to further

investigation. My paper examined whether literate speakers of Arabic experience a

14 According to Li (1996), the amount of time that the Chinese/English bilinguals required to identify the
English guest words of one-to-two syllables is similar to the amount of time that English monolinguals
usually need to identify English words of the same number of syllables.

65



lexical switching cost by measuring their RTs on target words in language/variety switch
and non-switch conditions. On the basis of Grosjean’s proposal, we hypothesized:
H2.2: Literate speakers of JCA process Arabic target words in the context of the
same variety of Arabic (language-consistent condition) faster than Arabic target
words in the context of the other variety of Arabic (code switching condition).

Some current views suggest an important role for the dominant language (i.e., the
language that is used more frequently) in code switching as another source of processing
bias. Heredia and Brown (2004) demonstrate that bilinguals code switch from the
dominant language to the less dominant language more frequently than they code switch
from the less dominant language to the more dominant language. Heredia and Brown
propose that this asymmetrical use of code switching may result in an asymmetrical
pattern of switching cost. This suggests that bilinguals retrieve code-switched words of
the less dominant language faster than they retrieve code-switched words of their
dominant language. On the basis of the unbalanced frequency of the two types of code
switching, my research introduced the following hypothesis:

H3.2: Literate speakers of JCA retrieve JCA code switches in the context of MSA
sentences more slowly than MSA code switches in the context of JCA sentences.

Bilingual research suggests three possible sources that could make bilingual
process one of their two languages faster than the other language: the relative level of
proficiency in both languages (i.e., L1 vs. L2), the context of interaction (same language
context vs. code switch context) and the direction of code switching (switching to the
non-dominant language vs. switching to the dominant language). My study examined

how diglossic speakers of Arabic react to the two varieties of Arabic compared to
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bilingual speakers of independent languages. This was the first study to address Arabic
word recognition in meaningful sentential contexts rather than as isolated words. It was
also the first attempt to test the effect of diglossic code switching on the recognition of

Arabic words.
2.3 Method

2.3.1 Participants

Forty Arabic-speaking students, 24 males and 16 females, participated in the lexical
decision experiment. All of the participants were native speakers of North Jordanian
Arabic, a local form of rural Jordanian. The participants were born and lived in Jordan,
where they had completed at least 12 years of formal education in Arabic. They were
recruited from Yarmouk University, located in the north of Jordan, by posting flyers on
the university bulletin boards. None of the participants reported any hearing impairment
or using hearing aids, nor did they participate in any of the other three experiments
presented in this thesis. The experiment procedures were approved by the Board of Ethics
for Human Research at the University of Manitoba, the author’s affiliation.™ The subjects

were paid 5 JD ($10 CAD) for their participation.

2.3.2 Materials and Design

The critical targets of the present study were 44 words and 44 pseudowords. Half of the
words were Modern Standard Arabic while the other half were Jordanian colloquial
Arabic. | selected the JCA target words from mu¢dzam ?alfaad‘ ?alhayaah 1faamyah fi

I2urdun (Dictionary of the Everyday Language in Jordan), and the MSA target words

13 The protocol reference number from the Joint-Faculty Research Ethics Board is J2013:058
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from Al-Mawrid Dictionary (Baalbaki, 2008).'® Every target word has a translation
equivalent in the other variety of Arabic. '’ However, none of the chosen words has a
cognate, near cognate, or a shared root in the other variety of Arabic, as previous research
argues that bilinguals process cognates and near cognates faster than non-cognates
(Duych et al., 2007; Schwartz & Kroll, 2006; Titone et al., 2011). In selecting the target
words, | kept their semantic relatedness to the minimum, as research suggests that
semantically related words prime each other both within a language (e.g., Meyer &
Schvaneveldt, 1971; Sdnchez-Casas et al, 2006) and across languages (e.g., Guasch et al.,
2011; Perea et al., 2008; Schoonbaert et al., 2009). Additionally, none of the word stimuli
contained language-specific phonological or phonotactic cues, as they were selected from
the subset of the vocabularies where the sounds and sound structures of JCA and MSA
overlap. Thus, the target words of one variety were phonologically legal in the other
variety.

As there is no source of word frequency counts in JCA, I relied on my intuition as
a literate native speaker of Jordanian Arabic to choose JCA and MSA words of
comparable frequency. | estimated the frequency of the candidate words by asking
another group of the same student population, who had not participated in the lexical
decision experiment, to sign into a predesigned online questionnaire. The questionnaire

asked the participants to listen to the JCA and MSA words and judge how frequent they

16 Dictionary of the Everyday Language in Jordan includes words that are common to Jordanian society as
a whole rather than words that are specific to some-local dialect(s).

17 Some of the JCA critical items used in this experiment, and in the next two experiments, are words
borrowed from English long time ago and have become an integrated part of the JCA lexicon (e.g., taksi,
balkoneh). Results did not show RTs difference between these English origin words and the rest of the JCA
critical items. These words are similar to many JCA words in their phonological structure (i.e., have high
word likeness and share large neighbourhood density with many Arabic words).
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are, in their usual contexts of use, on a Likert-scale between 1 (least frequent) and 7
(most frequent). The mean ratings of word frequency were used as covariates in the
statistical analyses of the lexical decision experiment.

The pseudowords were constructed by changing one or two phonemes of real JCA
and MSA words. The pseudowords were also phonologically and phonotactically legal in
both varieties of Arabic but absent as forms in either variety. The three types of stimuli
(MSA words, JCA words, and pseudowords) matched in respect to the number of
phonemes and syllables.

Every word stimulus appeared in the final position of a carrier sentence. The
carrier sentences were composed with the intention of keeping their semantic constraint
low to reduce any possible effect of cloze probability (i.e., to reduce the probability of the
target word completing the carrier sentence frame so that the listener cannot anticipate
what the final word is in advance). The same neutral carrier sentence ended with a target
word of either the same or the other variety of Arabic. The main point of having the same
carrier sentences in both conditions was to reduce the amount of uncontrolled variation.
The same word stimulus appeared in two different carrier sentences, one in JCA and the
other in MSA, to help diminish any lurking differences in cloze probabilities. The two
types of target words (JCA and MSA) and the two types of carrier sentences (switched

and non-switched) created a two-factor design (see the examples in Table 2.1).
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Table 2.1: Sample stimuli, JCA and MSA words in language switching and non-
switching conditions. The language of the carrier sentence appears to the left of the
arrow while the language of target words is on its right side. The MSA language is
marked in bold.

JCA— JCA
yaareit yaa sitii wagafa-t  J- Calaa [wayit nas‘aahah

Jaylih
wishing VOCATION madam Standing- DEF- on little  obesity

thing
I wish it had been just a matter of obesity.
JCA— MSA
yaareit yaa sitii wagafa-t  [-faylih Salaa fwayit zukaam
wishing VOCATION madam Standing- DEF-  on little  cold

F thing
I wish it had been just a matter of cold.
MSA— MSA
laa  ?a-Staqid bi- haadaa [|-2amr  sa-yu?adyy ?ilaa zukaam
2anna
No  1sg.pres- in-that  this.M Def- Fut- to cold
think matter 3.M.pres-
lead
I don’t think that matter will cause a cold.
MSA— JCA
laa  ?a-Stagid  bi- haadaa I-2amr  sa-yu-?adyy ?ilaa nas‘aahah
2anna
No  1sg.pres- in-that thisM  Def- Fut- to obesity
think matter 3.M.pres-
lead

I don’t think that matter will cause obesity.

A total set of 176 sentence stimuli (44 JCA—IJCA, 44 MSA—JCA, 44
MSA—MSA and 44 JCA—MSA) were rotated across four counterbalanced lists to

ensure that no participant would listen to the same carrier sentence or target word more
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than once. Ten participants were assigned to each list. | also embedded the 44
pseudowords equally in JCA and MSA carrier sentences and added them to each list.
Thus, each participant listened to 88 sentence stimuli in total. The JCA and MSA carrier
sentences were comparable in terms of the number of syllables and words. The code
switch sentences were consistent with the syntactic principles that govern code switching
between colloquial and Standard Arabic (Eid, 1988). | also asked two educated native

speakers of Jordanian Arabic to check the plausibility of the tested sentences.

2.3.3 Procedure and Apparatus

The procedure and apparatus of this experiment were similar to Chapter One. However,
the participants listened to sentences rather than to single stimuli. The participants were
asked to respond as quickly and accurately as possible by pressing the YES key if the
sentence ended with a real word, either JCA or MSA, and the NO key if it did not.
Participants pressed the key marked “YES’ with the index of their dominant hand, and the
key marked ‘NO’ with the index of the other hand. | determined the onset times and
durations of the target words aurally and visually using a waveform editor. A participant
could not listen to the next sentence until he/she pressed one of the two buttons. After
every response, there was a 2000 ms interval of silence combined with a hash mark
presented in the middle of the computer screen. The computer randomized every session
block so that none of the participants had exactly the same order of sentences.
Participants began with a block of 10 practice trials. The estimated time for each session
was approximately 15-20 minutes. The stimuli were recorded in a sound-attenuated booth
with a PMD660 Marantz digital voice-recorder. The speaker was a male native speaker of

Jordanian Arabic (not the author), who spoke the same local dialect of the population and
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had received his school education in the Arabic language.

2.4 Results
No items or subjects were excluded as a result of excessive error rates. Twenty-six
incorrect responses (1.477% of the observations) were removed. Visual inspection of the
distribution of RTs showed that RTs shorter than 500 ms and longer than 1500 ms were
clearly outliers, resulting in the removal of 37 observations (2.134% of the correct
responses).’®

The overall results, depicted in Figure 2.1, suggest that RTs were longer in the
switching condition compared to the non-switching condition, indicating a switching cost
in both directions (MSA—JCA and JCA—MSA). They also illustrate that RTs between
the JCA and the MSA target words were relatively comparable in the non-switching
condition (i.e., JCA—JCA and MSA—MSA). However, the participants took longer to
respond to the JCA words in the language switching condition (i.e., MSA—JCA) relative

to the MSA target words in the same condition (i.e., JCA—MSA).

18 Some studies on word recognition consider response accuracy as another dependent variable in their
analyses. This was not possible in the present investigation, as the participants were near ceiling with about
98.5% of correct responses.
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JCA—JCA MSA—JCA MSA— MSA JCA— MSA

Figure 2.1: RT to words by switching and language of the target word

To validate the pattern of results, | created a mixed-effects model in R, version
3.2.3 with Ime4 (Bates et al., 2016) and ImerTest (Kuznetsova et al., 2016) packages. The
mixed-effects model incorporated reaction time, measured in milliseconds, as the
dependent variable, with language switching condition (coded as switch versus non-
switch) and the language of the target word (JCA versus MSA) as independent variables.
Additionally, the participant, the carrier item, and target item, were incorporated into the
model as random effects. The subjective rating of word frequency was included in the
model as a control measure. Table 2.2 summarizes the results of the fitted model with the
estimated coefficient (B) in the second column, and their standard errors (SE), t-values
and p-values in the subsequent columns. All effects with t > 2 or =2 >t (p < 0.05) were
treated as statistically significant.

| ran and compared two different models. Initially, I created a reduced model with

no interaction between the language of the target word and switching variables,
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summarized in Table 2.2. The results from this model show that participants took
significantly longer time to respond to the switch condition compared to the non-switch
condition by, on average, 197 ms. They were also significantly slower to respond to JCA
than to MSA target words by an average of 24 ms. Statistical analysis also revealed a
significant effect for word frequency, which was included in this model as a control

measure, § =—20.34 ms.

Table 2.2: Summary of the simple mixed-effects model (the model without interactions).

Fixed effect Estimate SE t-value p-value
Intercepts® 923.90 34.54 26.75  <0.0001
Switching: switch 196.62 6.17 31.89 <0.0001
Language.of.target.word: MSA —23.81 6.29 -3.79 0.00016
Frequency —20.34 6.38 —-3.19 0.00174

| also created a full model with an interaction to see whether there is any
interdependence between switching and language of the target words. The results from
the interaction model show that the average RT to JCA target words in switch sentences
(MSA—JCA) was significantly slower than the average RT in the baseline condition of
JCA targets in non-switch sentences (JCA—JCA), f = 227.35 ms, (t = 12.03, p <
0.0001). There was no significant difference between the MSA and JCA targets in their
non-switch conditions (MSA—MSA vs. JCA—JCA), = 6.86 ms, (t = 0.36, p = 0.7183).
The interaction between the switching condition and language of target words was

nonsignificant although it approached significance, f = —61.39 ms, (t = —-1.72, p =
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0.0928). Figure 2.1 indicates the direction of this possible weak interaction. It suggests
that the positive increase in response time moving from the non-switch to the switch
condition is relatively greater in cases where the language of the target word is JCA (i.e.,
MSA—JCA sentences) as compared with MSA (i.e., JCA—-MSA sentences). The
frequency effect remains significant, f = —20.38 ms, (t = -3.23, p = 0.0015). To
summarize, the full mixed-effects model shows that only the switching condition, but
neither the (simple) effect of target word language nor the interaction, affects the reaction
times.

To see how well the simple model without the interaction fits the data relative to
the complex model, we compare them directly against each other by giving them both to
the ANOVA () function. The p-value of the chi-square was 0.083, which was
nonsignificant at the 0.05 level. This means the more complex model with the interaction
was not significantly better than the simpler model without the interaction. The Akaike
Information Criterion (AIC) and the Bayesian Information Criterion (BIC) are more
appropriate measures of how well a model fits its data. The model with a lower AIC or
BIC fits the data better. Both the AIC and the BIC penalize a model for the amount that
the data disagree with its prediction and the added complexity. The only difference
between the AIC and the BIC is how much they penalize a model for its complexity
(Wagenmakers, 2007): the BIC probably penalizes complexity a little too much (more
conservative) while the AIC probably does not penalize complexity enough (less
conservative). Results of the comparison reveal that the BIC value of the no-interaction
model (= 21509) is smaller than that of the interaction model (= 21513). Thus, the BIC

prefers the simple model (the one without the interaction) to the complex model (the one
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with the interaction). The AIC of the interaction model (= 21465) is slightly smaller than
that of the no-interaction model (= 21466). This means the AIC prefers the more complex
model (the one with the interaction) to the simple model. | would be justified in saying
that the model without the interaction is better than the model with the interaction.
However, there might be a chance of an interaction that the experiment did not have

enough power to detect, but it would require more research to demonstrate it.
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Figure 2.2: RT to pseudowords by the base language.

The analysis of listeners’ RTs to the pseudowords did not show significant
difference between the nonwords in JCA carrier sentences and the nonwords in MSA

carrier sentences. As listeners’ pseudoword decision does not seem to differ greatly
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depending on the base language, there is no evidence that listeners are more likely to
process pseudowords as being only MSA or only JCA.

In summary, the results were inconsistent with the prediction of H1.2 (to repeat:
literate speakers of Jordanian Arabic react to MSA words significantly slower than they
react to JCA words). On the contrary of the hypothesis, RTs to the MSA words were
significantly faster than RTs to the JCA words by 24 ms. However, the results supported
H2.2, RTs to the target words in the context of the different variety of Arabic are
significantly slower than RTs to the target words in the context of the same variety of
Arabic, showing a 197 ms switching cost. The statistical analysis did not provide enough
support for H3.2, which states that literate speakers of Jordanian Arabic retrieve JCA
code switches in the context of MSA sentences slower than they retrieve MSA code

switches in the context of JCA sentences.

2.5 Discussion
The present study measured response times to JCA and MSA target words in both
language switching and non-switching conditions to investigate the status of the two
varieties of Arabic and the possibility of switching cost for the diglossic speakers of
Arabic. The data showed that native speakers of Arabic judge the target words in non-
switching conditions faster than the target words in switching conditions. The data also
revealed that native speakers of Arabic judge MSA target words faster than JCA target
words. These findings suggest that, at least in the context of this experiment, speakers of
Arabic access MSA and non-switched words more easily than CA and switched words.
The findings of this paper differ from earlier studies that found no lexical

switching costs in isolated word recognition (Caramazza & Brones, 1980; Thomas &
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Allport, 2000; von Studnitz & Green, 2002). This suggests that alternating between
individual words of both languages may not be the appropriate way to examine how
bilinguals process code switches. When the experiment introduces a single individual
word to bilinguals, this may not be sufficient, as a linguistic cue, to reduce the activation
of the other language lexicon for the next word. Thus, words from both languages are
likely to compete for selection in both switch and non-switch trials of individual words.
The findings of the current study are in consonance with some of the previous studies that
found switching costs when examining mixed-language processing in sentential contexts
(Proverbio et al., 2004; Soares & Groasjean, 1984, Domenighetti and Caldognetto, 1999,
as cited in Grosjean, 2008). The present study proposes that when bilinguals listen to
sufficient language cues (i.e., a string of cohesive base language words), they activate the
lexicon of the base language more than the lexicon of the other language. In turn, this
results in a strong base language effect on guest word processing and a possible switching
cost. I find it interesting that switching costs would appear not only in bilingual but also
in diglossic mixed-language processing. The present data show that the psychological
reality of CA and MSA in the cognitive system of native speakers of Arabic resembles
the psychological reality of distinct languages in the cognitive system of bilinguals. This
suggests one of two possibilities: either diglossia is a kind of bilingualism in itself
(Baetens-Beardsmore, 1986), or the switching cost of bilingualism is confounded with
any unexpected general linguistic shifts such as part of speech and gender agreement
(Bolte & Connine, 2004). I will return to these possibilities later in the discussion below.
The pattern of results in this paper is clearly different from the previous studies

that reported no switching costs in sentential contexts (e.g., Gullifer et al., 2013; Li, 1996;
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Schreier, 1998;). These inconsistencies could be attributed to some discrepancies in the
methods used. Gullifer and his colleagues (2013) examined language switching cost
across sentences by asking a group of Spanish/English bilinguals to name a visually
marked target word embedded in the middle of a same language sentence. The language
of the sentence switched every two sentences. This methodology is problematic for two
reasons. First, the switching cost might have been eliminated by virtue of the same-
language words presented prior to the target word. In other words, the bilinguals already
activated the lexicon of the target word to process the beginning of the sentence. Second,
language switches were highly predictable, as the language of the sentence context
regularly switched after every other sentence.

The differences between studies could also be because of the interactive role of
guest word properties and/or the language mode of bilinguals (Grosjean, 1995; 1997;
2008). To start with the properties of the guest words, the code switches | used in this
study were more overlapped with the base language compared to those used in other
similar studies. For example, the code switches in Schreier (1998) have little to overlap
with the base language because, according to the author, they become language-specific
early after their beginning. Guest words can also be less consistent with the base
language at the suprasegmental level such as prosody and tone. For example, in Li’s
(1996) experiments, the tonal nature of Chinese could be the reason for the early
identification of the English guest words embedded in a Chinese sentence. That is, the
Chinese/English speaker might have pronounced the English code switches and borrowed
words with few or no tones, which made them perceptually salient compared to the

Chinese base language. In the present investigation, the guest words had very little to
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distinguish them from base language words, which is in favor of late recognition (even
after their offsets). Recall that the base language pushes the listener towards a base
language word and in this case. Because there was so little countering at the level of the
stimulus, that push was probably quite strong. In addition, the participants had no
constraining semantic context in the carrier sentence, which could have speeded
recognition of the guest word if the context had favored a guest language word.
Additionally, it could be that the experimental environment and the participants
both favored a semi-monolingual mode in the sense that code switching is not frequent in
the environment where | ran the current study (Grosjean, personal communication,
November 12, 2013). One possible reason for the potential semi-monolingual mode of
the participants is that although code switching with single word insertion is adequate in
Arabic diglossia, it could be less common than other types of code switching such as
alternation (i.e., intersentential code switching) and congruent lexicalization. In
congruent lexicalization, “the grammatical structure is shared by languages A and B, and
words from both languages A and B are inserted more or less randomly” (Muysken,
2000, p.8). This means that congruent lexicalization code switching occurs within several
levels of the sentence and both languages contribute to its grammatical structure.
Congruent lexicalization is very common in the speech of educated Arabs, especially in
semi-formal registers, where researchers refer to it as Educated Spoken Arabic (Badawi,
1973; El-Hassan, 1978a, 1978b; Meiseles; 1980; Moshref; 2009; Owens, 2001). When
speakers of Arabic listen to a string of words in pure MSA or CA without any lexical,
phonological, or morphological indications that words from the other variety might be

introduced, as the case with the stimuli of the present research, they put themselves in a
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semi-monolingual mode. Thus, different norms of code-switching can result in different

expectations and different processing durations.

/Language nodes

Lexical orthography Lexical phonology

Sublexical orthography Sublexical phonology

Figure 2.3: The BIA+ model of bilingual word recognition (Dijkstra & Van Heuven,
2002, p.182). The arrows represent excitatory activation, whereas lines ended with bold
circles depict inhibition.

We can evaluate the BIA+ and BIMOLA models of bilingual word recognition in
light of the current findings. The lexical switching cost found in this work is inconsistent
with what the Bl+ model predicts. In this model, language processing is always
nonselective, and there should be no lexical switching cost in any context. Bilinguals
activate words of both languages in parallel. Cohorts from both L1 and L2 compete with

each other in one integrated lexicon through lateral inhibition until the target word

reaches the recognition threshold. Even when the outcome of every cycle of activation
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(i.e., the activation flow between the layers) is a word from the same lexicon, the bottom-
up feed-forward process remains the same and the competition between L1 and L2 words
cannot be biased by any top-down feedback from the language node level, as Figure 2.3

depicts.

Global language information

Language B

Language A

PHONEMES
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SIGNAL

Figure 2.4: The bilingual model of lexical access (BIMOLA) (Léwy & Grosjean, in prep,
as depicted in Thomas & Van Heuven, 2005, p. 211). A model of bilingual speech
perception.

The present findings are consistent with the BIMOLA model of word recognition.

The BIMOLA proposes that processing selectivity is a matter of degree, which depends

on some complex factors. The BIMOLA argues that bilinguals activate words from both
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languages in parallel. However, as Figure 2.4 shows, the BIMOLA has language top-
down feedback and separate networks (e.g., phonemes or words) for each language. This
means L1 words only compete with other L1 words and L2 words only compete with
other L2 cohorts. When a bilingual listens to another bilingual, he/she activates both
language networks. Word after word, the base language network becomes more activated
because there are more similarities between the input and the base language words. This
accounts for the base language effect. Bilinguals can increase or decrease the level of
activation for the other language (i.e., the non-base language) depending on the
proportion of code switches and borrowings in a context. The top-down effect of the base
language on the guest word can be weak or strong. If it is weak, the delay on the guest
word recognition is made up quickly by the virtue of specific guest language cues (e.g.,
phonemes, syllable structures, prosody). These cues may attenuate or even eliminate the
switching cost. However, when there are not enough language-specific cues boosting the
guest language before the offset of the guest word, a lexical switching cost occurs.
Furthermore, bilingual listeners may activate one language system over the other on the
basis of their language mode. The same bilingual can be in a monolingual mode,
expecting no switching to the other language, in some conversational settings; and in a
bilingual mode, expecting frequent language switching, in other settings (Cheng &
Howard, 2008).

The main architectural differences between the BIA+ and BIMOLA are the
language feedback and number of lexicons. The findings of this paper provide evidence
for feedback from language identifiers, which goes with the BIMOLA but against the

BIA+. If we assume that bilinguals store their languages in two different lexicons, and the
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switching cost occurs because the higher linguistic information activates one of the two
lexicons over the other, then we can propose that JCA and MSA are two different
languages. Nevertheless, if we assume that switching cost does not differ from the many
other cases of word recognition that clearly operate within a single lexicon and being
affected by top-down expectations (e.g., part-of-speech, gender, initial phoneme; Bolte &
Connine, 2004; Cole & Segui, 1994), then the switching cost will just be a matter of
expectation and not only confined to bilingualism. If this is the case, then BIA+ is the
appropriate model, but it should be revised to allow bidirectional activations and
inhibitions between the language node and the lexical phonology. To test these
hypotheses, we need to know whether switching cost occurs in different registers of the
same language such as English formal words in the context of English informal
sentences. If it does, this may suggest that switching cost is a general phenomenon that
could take place within a single language as well as between two distinct languages.
Moreover, future electrophysiological research could measure the event-related potential
(ERP; a procedure that measures the electrical activity of the brain over time
using electrodes placed on the scalp) of native speakers of Arabic when they listen to
JCA and MSA targets in language switch and non-switch carrier sentences. This
procedure could determine whether the timing difference in the brain responses takes
place in that part of the brain responsible for processing any stimuli or that part
responsible for processing the linguistic stimuli in particular.

The guest words used in this experiment are code switches rather than borrowed
lexical items as native speakers of Arabic acquire these CA and MSA words at two

different stages of their lives and usually use them in different contexts. Future research
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may compare these results with language borrowing: with the CA and MSA lexical items
frequently used in the context of the other variety of Arabic. Diglossic speakers of Arabic
are expected to demonstrate less or no switching cost with lexical borrowing compared to
code switching. One possible way to distinguish typical MSA and CA words from the
words that are also integrated into the other lexicon (i.e., borrowed words) is by asking
diglossic speakers of Arabic to judge how frequently a guest word occurs in the context
of the other variety.

Now, | will turn to the second important finding: unexpectedly, the participants
accessed the lexicon of MSA faster than the lexicon of JCA. This result does not concur
with the hypothesis that speakers of Arabic access CA words faster than MSA words
because MSA is an L2 for literate native speakers of Arabic (Ibrahim & Aharon-Peretz,
2005). Neither does it replicate Boudelaa and Marslen-Wilson’s (2013) findings that
native speakers of Arabic access CA words as fast as they access MSA words because the
two varieties of Arabic have equal psychological status and serve two distinct
sociolinguistic and communicative functions. The important issue that we need to explain
is why the participants reacted to MSA significantly faster than they reacted to JCA. The
difference between the lexical information of MSA and JCA could be responsible for this
bias. The lexicon of MSA has an entrenched orthographic representation relative to the
JCA lexicon. Accordingly, speakers of Arabic have less experience in thinking of word
boundaries in CA because it is not the language of literacy for them. They are
accustomed to seeing spaces between MSA word boundaries, as MSA is far more
common than CA in reading and writing. This makes literate native speakers of Arabic

identify and judge the final word of a sentence easier when it is a MSA word while
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thinking slightly longer about what the last word of a sentence might be when it is in CA.
This is consistent with the assumption that literacy facilitates metalinguistic tasks such as
lexical segmentation or word boundary identification (Petersson, Reis, Askelof, Castro-
Caldas, & Ingvar, 2000). Some aural context research reported that readers can easily
isolate words from their semantic content, whereas pre-readers and illiterate adults have
difficulty (Allan, 1982; Ehri, 1975; Homer & Olson, 1999; Kurvers, 2002; Kurvers &
Uri, 2006).

Allan (1982) investigated lexical segmentation on three groups of children
differed in their reading abilities: a nonreadiness group (NR), a readiness group (RR), and
a reader group (R). Results showed that the mean segmentation scores were significantly
different among the three investigated groups. This supports the inference that children
with increasing reading abilities exhibit increasing proficiency in their ability to segment
words in both aural and visual sentential contexts. Homer and Olson (1999) asked a
group of young children to repeat the final word of a meaningful aural sentence (i.e., a
word segmentation task). The authors found that children’s understanding of a word as a
unit of speech was predicted by their awareness of words as identifiable units of writing.
The children who performed well on the oral task also performed well on the written task.
Similar results come from adult illiterates’ marking of word boundaries (Kurvers, 1999,
2002, as cited in Kurvers, & Uri 2006).

In a more recent work, Kurvers and Uri (2006) thoroughly replicated the online
methodology of word boundary access (Karmiloff-Smith, Grant, Sims, Jones, & Cockle,
1996) on Dutch and Norwegian monolingual preschool children. The authors reported

that the Dutch and Norwegian preschool children scored low yet successful rates of word
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boundary segmentations (26%) compared to their English monolingual peers, who scored
highly successful rates (85%) in the original English study (Karmiloff-Smith, 1996).
Kurvers and Uri suggest that the difference between the preschool curricula in England,
the Netherlands, and Norway may account for the participants’ discrepant performances.
The English national preschool curriculum offers indications of formal reading
instruction, but there is no formal reading instruction either in the Dutch or in the
Norwegian preschool curricula. It is possible that the children in the English study
outperformed the Dutch and Norwegian children because they had more experience with
written forms. All of this suggests that literacy may play a crucial role in the major
changes in children’s lexical metalinguistic development.

The present research presents more evidence for how experience with word units
in written language (i.e., seeing strings of letters between spaces) might change the online
processing of lexical units in sentential contexts. It exhibits that there is more word
segmentation ability for the language of literacy compared to the spoken language in
aural contexts. This finding is of particular interest because it makes impossible to predict
the processing bias just based on the simple views that L2 must be disadvantaged. The
orthographic quality of MSA lexicon could be another source of bias making diglossic
speakers of Arabic process MSA words faster than dialectal Arabic words in the
metalinguistic tasks of sentential contexts. This is because listeners need to identify what
the final word is before they decide on its semantic status (i.e., whether it has meaning).

Alternatively, it is possible to assume an interaction between switching and the
target word language, but the experiment was not powerful enough to detect this

interaction at the p = 0.05 level (see the Results section). This possible asymmetrical cost
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in language switching could be because of the crucial role that the dominant language
(i.e., the language that is more frequently used) plays in code switching. According to
Heredia and Brown (2004), bilinguals code switch more frequently when they
communicate in their dominant language than when they use their non-dominant
language. The authors demonstrate that most Spanish/English bilinguals in Spanish-
speaking countries code switch from Spanish into English as Spanish is their dominant
language. They propose that English words are more expected and, thus, more readily
accessible in the context of Spanish while Spanish words are less frequent and less
accessible in English contexts. However, the opposite scenario is the norm for
Spanish/English bilinguals who live in the United States and use English as their
dominant language. Similarly, although MSA—JCA switching is communicatively
plausible, it may occur less frequently than CA—MSA switching since CA is the
dominant spoken language for native speakers of Arabic. As a result, MSA words
become more accessible in the CA context than vice versa. Furthermore, the
asymmetrical cost can be related to Arabs’ attitude towards MSA. Native speakers of
Arabic usually have more positive attitudes toward MSA compared to CA for religious,
social, and cultural considerations (Almahmoud, 2013; Feguison, 1959;). Accordingly,
their positive attitude toward shifting from CA (a low variety) to MSA (a high variety)
may result in a stronger accessibility to MSA lexicon compared to CA lexicon when the
shift takes place from MSA to CA.

This investigation could not give a clear answer about whether MSA is an L2 for
diglossic speakers of Arabic, probably because of the imposition of word boundary

identifications in the employed task. Thus | decided to replicate Ibrahim and Aharon-

88



Peretz’s semantic priming experiment (2005) on diglossic speakers of JCA. The third
chapter will attempt to answer the earlier question posed about whether Ibrahim and
Aharon-Peretz’s findings are exceptionally restricted to the Arabic-Hebrew bilinguals
because of the sociolinguistic situation of Arabic in Israel, or can be generalized to
literate native speakers of Arabic in the rest of the Arab world. In this study, we attained
some possible evidence for the effects of literacy on lexical access (word recognition in
sentential contexts), the fourth chapter will determine whether there are any similar
literacy effects on phoneme access (i.e., sound recognition in the context of carrier

words).
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Chapter Three

Study I11: Modern Standard Arabic in the Minds of Diglossic Speakers of Arabic

3.1 Scope of the Study

The third part of this dissertation reexamines the claim that Modern Standard Arabic
(MSA) is a second language for diglossic speakers of Arabic (Ibrahim & Aharon-Peretz,
2005). This study replicates Ibrahim and Aharon-Peretz’s (2005) methodology on a
different population of Arabic society. The targeted subjects are native speakers of
Jordanian Arabic rather than Arabic-Hebrew bilinguals of Israel. The Arabic-Hebrew
bilinguals of Israel live on the West Bank of the Jordan River and speak Palestinian
colloquial Arabic (PCA) while Jordanians live on its east side and speak Jordanian
colloquial Arabic (JCA). Although the two varieties of colloquial Arabic (CA) have some
remarkable differences, there is a common impression that Palestinian and Jordanians
speak more or less the same dialect, which is classified as the Southern Levantine variety
of Arabic. Nonetheless, Arabic-Hebrew bilinguals of Israel were born and grew up in a
different sociolinguistic situation, where Hebrew is the dominant language of education
and public occasions in Israel (Amara, 2006; Boudelaa & Marslen-Wilson, 2013). The
linguistic situation of Arabic diglossia could be more stable in Jordan, as MSA is the only

official language used.

In this study, | conducted an auditory translation priming experiment, similar to
Ibrahim and Aharon-Peretz’s early experiment (2005). The experiment measured
participants’ reaction times to spoken JCA and MSA target words in semantically related

and unrelated conditions. Bilingual research showed that unbalanced bilinguals, who are

90



unequally proficient and practiced in the two languages, react to their L1 words faster
than they respond to their L2 words. Similar research also revealed stronger translation
priming effects from L1 to L2 but weaker translation priming effects from L2 to L1 (e.g.
Jiang, 1999; Schoonbaert et al., 2009; Schoonbaert et al., 2011). Some research did not
even report any translation priming effects from L2 to L1, proposing a qualitative
difference in how bilinguals access the semantic representations for the vocabulary of
both languages (e.g., Finkbeiner et al., 2004; Jiang & Forster, 2001). Sabourin, Brien and
Burkholder (2014) concluded that only simultaneous and early sequential English-French
bilinguals activate the lexical items of their L1 when they see their L2 translation
equivalents. The authors found that late English-French bilinguals do not have shared
sematic representations for their L1 and L2 lexical items, even if they are as proficient as
early bilinguals. Sabourin and colleagues’ results suggest that the age of acquisition is the
most relevant factor in L2-L1 semantic activation. The asymmetrical translation priming
effect between L1-L2 and L2-L1 is usually introduced as evidence for the assumption
that L1 and L2 words do not activate their semantic representations to the same degree
(Kroll & Stewart, 1994; Kroll et al., 2002; Talamas et al., 1999). That is, unbalanced
bilinguals associate their L2 vocabulary to meaning through loose and weak links, or
maybe indirectly through the L1 lexicon while they map their L1 words to their concepts
in a robust manner. This study will determine whether JCA vocabulary has a processing
advantage over MSA vocabulary. A positive answer to this question suggests that MSA is
an L2 for diglossic speakers of Arabic as Ibrahim and Aharon-Peretz (2005) propose. A

negative answer to this question supports the proposal that MSA is an exceptional L2 for
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Arabic-Hebrew bilinguals of Israel, a thing that cannot be generalized to the rest of the

Arab-speaking world (Boudelaa & Marslen-Wilson, 2013).

3.2 Literature Review: Arabic Diglossia in Word Recognition

Ibrahim and Aharon-Peretz (2005) raised the question of whether learning MSA is like
learning the formal register of one’s native language or it is more like learning an L2. To
answer this question, the authors addressed the status of MSA for literate native speakers
of Arabic from a psycholinguistic perspective.'® The researchers conducted two semantic
priming experiments on two homogeneous literate groups of Palestinian Arabic-Hebrew
bilinguals from Israel. The researchers compared PCA, MSA, and Hebrew words in
semantically-related (i.e., translation) and unrelated conditions. In the first priming
experiment, the targets were always PCA words and the primes were either in PCA (i.e.,
intra-language stimuli: PCA-PCA) or in one of the other two languages (i.e., cross-
language stimuli: MSA-PCA, Hebrew-PCA). The results showed that Arabic-Hebrew
bilinguals reacted to the target words (always PCA) in the semantically-related (i.e.,
translation) condition faster and more accurately than the target words in the semantically
unrelated condition, regardless of the language of the prime. However, the priming effect
was three times as large when the presented prime was PCA words (intra-language
priming condition) compared to the other two cross-language conditions. Moreover, the
priming effect was similar in the two cross-language conditions: equal translation
priming effects for PCA targets presented by MSA or Hebrew primes. In the second
experiment, the targets were PCA, MSA, or Hebrew words and the primes were always

in PCA. The Arabic-Hebrew bilinguals reacted to the PCA targets more accurately and

19 1n their early investigation, Ibrahim and Aharon-Peretz (2005) referred to Modern Standard Arabic as
Literacy Arabic (LA) and colloguial Arabic as Spoken Arabic (SA).
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faster than they reacted to the Hebrew and MSA targets. Moreover, the effect of priming
within the PCA language was twice as large as the effect of priming between languages,
with no difference in the cross-language priming (PCA-MSA vs. PCA-Hebrew priming).
The authors compared the effect of cross-language priming in the two experiments and
found it asymmetrical. The magnitude of priming from PCA primes to MSA or Hebrew
targets was two times as large as the magnitude of priming from MSA or Hebrew primes
to PCA targets, with no significant priming difference when the prime was presented in
MSA or Hebrew, and the target was in the other language.

Based on these findings, Ibrahim and Aharon-Peretz concluded that MSA, like
Hebrew, is an L2 for native speakers of Arabic. Their conclusions suggest that MSA and
Hebrew words are weakly linked to their concepts compared to the PCA words. These
results are compatible with the revised hierarchical model (RHM; Kroll & Groot, 1997;
Kroll & Stewart 1994). The model proposes that associating L2 target words to their
meanings is slower and less efficient than associating L1 target words to their meanings,
as L2 words are weakly related to their concepts (Kroll, 1993; Kroll & Stewart, 1994).
Additionally, an L2 prime triggers weaker semantic expectations, which could mediate
activating its L1 translation equivalent at 1000 ms SOA. On the other hand, the slow and
inefficient activation of L2 targets can take a better advantage of the more efficient
priming induced by L1 words. The model also suggests a developmental shift from weak
mapping and lexical mediation to direct mapping between L2 words and their concepts,
with increasing fluency (Chen & Leung, 1989; Kroll & Curley, 1988; Tzelgov et al.,

1990). In other words, RHM predicts that asymmetric magnitude effects of the semantic
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priming may be reconciled across individuals or within individuals across time, being
determined by the bilingual’s proficiency in their second languages.

In a more recent study, Boudelaa and Marslen-Wilson (2013) cast doubt on
Ibrahim and Aharon-Peretz’s (2005) proposal that MSA is an L2 for literate speakers of
Arabic. Boudelaa and Marslen-Wilson conducted two morphological priming
experiments: one for MSA words and the other for Spoken Tunisian Arabic (STA). The
authors showed that word patterns and roots act as significant linguistic units both in
MSA and STA word processing. They reported parallel root/word pattern priming effects
in both varieties of Arabic. Furthermore, Boudelaa and Marslen-Wilson found that
literate speakers of STA reacted to MSA words as fast as they reacted to STA when they
combined the data from the two experiments into a single analysis. On the basis of these
results, they concluded that MSA is not an L2 for literate native speakers of STA “despite
the differences underlying the two varieties in terms of the productivity of their
morphological systems, the age at which they are acquired, and the sociolinguistic
context in which they are experienced” (p. 1469). Boudelaa and Marslen-Wilson
concluded that STA has no processing advantage over MSA because when children learn
an L2 early in their lives (before the critical age of puberty), they gain native-like
performance in that language (Birdsong, 1999; Isel et al., 2010), and MSA is a case in
point. They also remarked that it is inappropriate to consider any local dialects of Arabic
and MSA as L1 and L2, respectively, just because they have different sociolinguistic and
functional contexts. That is, MSA and any dialectal Arabic are two varieties with both
overlapping and complementary distribution. Finally, Boudelaa and Marslen-Wilson

ascribe Ibrahim’s findings to the difficult sociolinguistic situation of Palestinian Arabs in
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Israel, where Hebrew is the dominant language of education and public occasions. Thus,
it is possible that Ibrahim and Aharon-Peretz’s (2005) findings reflect some exceptional
sociolinguistic situation, which cannot be generalized to the rest of the Arabic-speaking
world. This possibility suggests reinvestigating Ibrahim and Aharon-Peretz’s priming
experiment on a different population of native speakers of Arabic, where the
sociolinguistic situation of Arabic is more stable. The present study postulates two
opposite general hypotheses. First, MSA is, in fact, an L2 for literate speakers of Arabic
and some task or methodological discrepancies might be responsible for the stated
controversy between the two reviewed studies. Alternatively, MSA is not an L2 for
literate speakers of Arabic, and Arab citizens of Israel are exceptionally unbalanced

PCA-MSA bilinguals.

3.3 Research Hypotheses:
Based on the proposal that it is easier to access a target word when its semantic
representation has already been activated by a semantically-related (i.e., translation)

prime, this study postulates:

H1.3: Literate native speakers of Jordanian Arabic respond to spoken words of
Arabic in a semantically-related condition faster than they respond to the same
target words in a semantically unrelated condition, irrespective of the target

language (JCA vs. MSA) or the stimulus type (intra-language vs. cross-language).

Based on the different ages at which the two varieties of Arabic are acquired/learned and

their quantitative experience differences, we hypothesize:
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H2.3: Literate native speakers of Jordanian Arabic react to the spoken target
words of JCA faster than they react to the spoken target words of MSA in both

unrelated intra-language and unrelated cross-language conditions.

Findings of earlier research concluded no lexical switching costs in isolated-word
recognition (e.g., Caramazza & Brones, 1980). Accordingly, the present study proposes

the following hypothesis:

H3.3: Literate native speakers of Jordanian Arabic react to the spoken target
words in the unrelated cross-language condition as fast as they react to the same
spoken target words in the unrelated intra-language condition, regardless of the

target language (JCA vs. MSA).

As unbalanced bilinguals activate the meanings of their L1 words more strongly than
they activate the meanings of their L2 words, this study postulated the following

hypothesis:

H4.3: The magnitude of semantic priming is larger when the prime is presented in
JCA and the target in MSA compared to the magnitude of priming when the prime
is presented in MSA, and the target is in JCA. To put it another way, in cross-

language priming, L1 words are more effective primes than L2 words are.
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This hypothesis is based on the proposal that the concept of the target word is already
fully activated when the prime is in L1 while it is partially activated when the prime is
presented in L2. In this case, it is the language of the prime that plays the principal role in
activating the semantics node and boosting the access to the same semantic node through

the target word.

3.4 Method

3.4.1 Participants

Forty native speakers of North Jordanian Arabic participated in this experiment. The
participants were undergraduate students from Yarmouk University, located in the north
of Jordan. All of the chosen participants had completed at least 12 years of formal
education in Modern Standard Arabic. The participants had been recruited via flyers
posted in public settings at the university and received monetary compensation for their
participation. None of the participants reported any hearing deficit, nor did they take part

in the other three experiments.

3.4.2 Materials and Design

A subset of the words used in the present experiment was adapted from the list of words
that Ibrahim and Peretz-Aharon (2005) used in their early work.?’ The present experiment
reproduced the MSA words that have the same translation equivalents in both PCA and
JCA after accommodating their colloquial translations to the phonology of the northern
dialect of JCA. There were a total of 12 replicated stimuli. The present experiment

included 28 other MSA words with their JCA translation equivalents. All of the related

20 The stimuli are published in Ibrahim (2009).
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pairs were chosen to be unique noncognate translations, with clear difference in their

phonological forms (e.g., MSA: ragiibah, JCA: /anteh ‘suitcase”).

The participants reacted to 80 target words and 80 target pseudowords of Arabic.
Half of the target words were MSA words, and the other 40 words were their JCA
translation equivalents. Since there were only two tested languages/varieties in the
context of this study, | merged Ibrahim and Peretz-Aharon’s (2005) two experiments into
one single task. This helps us compare the magnitude of cross-language priming directly
within the same participant rather than between two groups of participants. Each MSA
and JCA target word was paired with four types of primes: intra-language semantically
unrelated prime, intra-language semantically related prime, cross-language semantically
unrelated prime, and cross-language semantically related prime. Table 3.1 demonstrates
the eight different tested conditions. In the semantically unrelated conditions, the prime
words resembled the targets in their frequency, concreteness, and structure. The stimuli
were rotated across eight different lists so that none of the participants would listen to the

same word (neither as a target nor as a prime) more than once.
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Table 3.1: Sample stimuli, JCA and MSA targets and primes in semantically
related and unrelated conditions

Target Related Prime Unrelated Prime
JCA MSA JCA MSA
JCA: Janteh Janteh hagiibah Jubaak naafidah
suitcase suitcase suitcase window window
MSA: hagiibah Janteh hagiibah Jubaak naafidah
suitcase suitcase suitcase window window

Table 3.2 gives the average durations of the prime and target words in both MSA
and JCA words. A comparison between the JCA and MSA primes suggests that any

potential less effective priming for the MSA words compared to the JCA words might not

be just because they have less average durations.

Table 3.2: Means and standard deviations of the prime and target word durations
in milliseconds.

Prime Target

JCA MSA JCA MSA

649 ms 648 ms 660 ms 654 ms
(118) (116) (133) (119)

The target pseudowords were derived from real JCA and MSA words by changing
one or two of their sounds. The resultant non-words were phonologically legal in one or

both varieties of Arabic. The pseudoword followed a priming word of either variety of
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Arabic. Thirty judges from the same student population, who did not participate in the
main experiment, were aurally presented with a list of the pre-designated MSA words.
The judges were asked to sign into an online questionnaire, listen to a set of MSA words,
and to suggest for each presented word the best translation in the JCA variety of Arabic.
Each word was associated with its best translation equivalent that achieves the greatest
consensus among the judges. The lexical database for Modern Standard Arabic (Aralex,
Boudelaa & Marslen-Wilson, 2010) provided the tested MSA words with their surface
frequencies. The absence of reliable frequency norms for JCA was less problematic in
this experiment. Since the JCA words used in this experiment were the best translations
for their MSA equivalents, it was assumed that the frequencies of the concepts’

translation to MSA and JCA words are similar.?*

3.4.3 Procedure and Apparatus

The procedure and apparatus of this experiment were similar to Chapter One. However,
the participants listened to a pair of items, rather than to a single item, at a time. The
participants listened to a prime word followed by a target word or pseudoword. The
stimulus onset asynchrony (SOA; the time allotted between the beginning of the prime
and the target onset) was 1000 ms. The experiment asked the participants to judge
whether the second string of sounds (i.e., the target item) was a real or nonsense word by
pressing a YES or NO key. The participants were asked to respond to the target as

quickly and accurately as possible. The dominant hand always made the YES response.

2L yet, | should admit that this method of frequency measures is not optimal. Written and spoken
languages/varieties tend to deal with different topics and refer to different things. So almost any written-
language corpus count is going to overestimate the spoken-language frequency of words like "president"
and "mineral" and underestimate the frequency of "cup™ and "please". Future research should revisit and
address this issue.
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The instructions emphasized that the target word could be in JCA or MSA. Reaction
times (RTs) and response accuracy were collected via a SONY portable computer PC
(CPU 240 GHZ) running Windows 7 and E-prime 2.0 presentation software

(Psychological Software Tools, Inc., Pittsburgh, PA, USA; http://www.pstnet.com). The

computer reported RTs from the onset of the target. There was an interval of 2000 ms
separating subject’s last response from the next stimulus. The primes and the targets were
presented over headphones at a comfortable sound level. The participants were tested on
only one experimental list and began the experiment with a block of 10 practice trials.
The stimuli were recorded in a sound-attenuated booth with a PMD660 Marantz digital
voice-recorder. The speaker was a male native speaker of Jordanian Arabic (the same
voice in the other three experiments of this thesis), who speaks the same local dialect of

the population and has received his school education in the Arabic language.

3.5 Results

No items or subjects were excluded as a result of excessive error rates. Forty-eight
incorrect responses (3% of the observations) were removed from the latency analysis.
Visual inspection of the distribution of reaction times (RTs) by subjects showed that RTs
longer than 1500 ms and shorter than 625 ms were proper upper and lower limits between
outliers and the other responses. Thirty-five outliers (0.2% of the data) were discarded

from the latency analysis.

To test the research hypotheses, | submitted the data to a mixed-effects model
using language R, version 3.2.3 with Ime4 (Bates et al., 2016) and ImerTest (Kuznetsova
et al., 2016) packages. The mixed-effects model treated reaction times (RTs), measured

in milliseconds, as the dependent variable. Participants, prime and target items were also
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incorporated into the model as random effects. Two types of target words, two types of

stimulus conditions, and two semantic relatedness conditions created a three-factor

design. The predictors were the target language (MSA vs. JCA), the stimulus type (intra-

language vs. cross-language), and the semantic relatedness (related vs. unrelated). To

reduce any background noise in statistical analysis, the model incorporated word

frequency, UP, and word duration as nuisance variables.

related unrelated
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Figure 3.1: RT by language of the target word, stimulus type, and semantic relatedness
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Figure 3.1 shows that participants’ average response to the target words in the
semantically-related condition was faster than their average response to the same target
words in the semantically unrelated condition. The boxplots also demonstrate that this
priming effect was pervasive, depending neither on the language of the primes nor the
language of the targets. Inferential statistics, listed in Table 3.3, validated this finding. It
revealed that when other factors were held constant (i.e., when both the prime and the
target were presented in JCA, with zero frequency, zero UP, and zero word duration),
participants’ mean RT to the semantically-related targets was significantly (p < 0.0001)
smaller than their mean RT to the semantically unrelated targets by 183 ms. The nature of
the interactions (listed in Table 3.3) and their directions (shown in Figure 3.1) indicate
that both the language of the target and the language of the prime depend on the level of
semantic relatedness, but not vice versa. These findings are consistent with the first
research hypothesis, which predicts semantic priming effects irrespective of stimulus type

or target language.
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Table 3.3: Summary of the mixed-effects model for both categorical and continuous

variables predicting RTs to target words.

Fixed effect Estimate  SE t p(t)
Intercept 982 23.3 42.1 <0.0001
Relatedness: related —183 14.0 13.0 <0.0001
Target language: MSA 77 14.3 54  <0.0001
Stimulus type: cross-language 8 14.0 0.5 0.5721
Target language: MSA*Stimulus type: —28 246 1.1 0.2603
cross-language

Relatedness: related* Target language: 66 19.8 3.3 <0.0001
MSA

Relatedness: related* Stimulus type: cross- 115 19.8 58 <0.0001
language

Relatedness: related* Target language: -161 347 46 <0.0001
MSA* Stimulus type: cross-language

Log frequency —9.3 2.2 -4.1 <0.0001
UP 0.1 0.03 3.8 0.0003
Target word duration 0.08 0.03 2.3 0.0269

The right panel of Figure 3.1 indicates longer RTs to MSA targets relative to JCA

targets in both unrelated intra-language and unrelated cross-language conditions. The

same panel shows no average response difference between the unrelated intra-language

and the unrelated cross-language conditions, irrespective of the language of the target

word. Results of the mixed-effect model revealed that participants significantly (p <

0.0001) slowed their RTs to the MSA targets in the unrelated intra-language condition
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compared to the JCA targets in the unrelated intra-language condition by, on average, 77
ms. The model yielded no significant difference on average RTs between the intra-
language and cross-language condition when the other fixed effects were held constant
(i.e., when JCA is the target language of the unrelated condition, with zero frequency,
zero UP and zero word duration, p = 0.6). The mixed-effects model did not reveal a
significant interaction between the language of the target and stimulus type in the
semantically unrelated conditions (p < 0.26). These results agree with the second
hypothesis: in the semantically unrelated condition, native speakers of Jordanian Arabic
react to JCA targets faster than they react to MSA targets, no matter in what variety of
Arabic the prime is presented. The data also concur with the third research hypothesis:
native speakers of Jordanian Arabic react to the target words of Arabic in the unrelated
language-consistent condition as fast as they react to the same target words in the
unrelated language-inconsistent condition, irrespective of the language of the target.
However, the significant interactions between semantic relatedness and target
language, and semantic relatedness and stimulus type suggest that the influences of the
target language and stimulus type on RTs were not straightforward, but depended on the
level of relatedness. As the Figure 3.1 indicates, the difference between the unrelated
intra-language JCA condition (mean = 982) and the related intra-language JCA condition
(mean = 799) is greater than the difference between the unrelated intra-language MSA
condition (mean = 1059) and the related intra-language MSA condition (mean = 942).
The significant two-way interaction between relatedness and the target language, shown
in Table 3.3, confirms this difference in the magnitude of semantic priming. Figure 3.1

also depicts that the RTs difference between the unrelated intra-language JCA condition
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(mean = 982) and the related intra-language JCA condition (mean = 799) is larger than
the RTs difference between the unrelated cross-language JCA condition (mean = 1000)
and the related cross-language JCA condition (mean = 922).% The significant two-way
interaction between relatedness and stimuli type validates this difference in the
magnitude of priming. Moreover, Figure 3.1 shows that the RTs difference between the
unrelated cross-language MSA condition (mean = 1039) and the related cross-language
MSA condition (mean = 876) is twice as large as the RTs difference between the
unrelated cross-language JCA condition (mean = 1000) and the related cross-language
JCA condition (mean = 922). The significant three-way interaction between relatedness,
target language and stimulus type (p < 0.0001), given in Table 3.3, confirms this
difference in the magnitude of semantic priming. The data analysis supports the fourth
hypothesis of the research: the priming effect between JCA primes and MSA targets is

larger than the priming effect between MSA primes and JCA targets.

22 These numbers can be calculated by adding together the Estimate Coefficients, given in the first column
of Table 3.3. The intercept is the average RTs to the basic level (i.e., the unrelated intra-language JCA
condition when the values of the other continuous variables are zero = 982 ms). The average RTs to the
related intra-language JCA = intercept + relatedness: related = 982 — 183 = 799 ms. Similarly, the
average RTs to the unrelated intra-language MSA condition = intercept + target language: MSA = 982
+ 77 = 1059 ms. The average RTs to the unrelated cross-language JCA condition = intercept + stimulus
type: cross-language = 982 + 8 = 1000 ms. The mean RTs to the unrelated cross-language MSA
condition= intercept + target language: MSA + stimulus type: cross-language + target language: MSA *
stimulus type: cross-language = 982 + 77 + 8 — 28 = 1039. The average RTs to the related intra-language
MSA condition = intercept + relatedness: related + target language: MSA + relatedness: related * target
language: MSA =982 -183 + 77 + 66 = 942 ms. The mean RTs to the related cross-language JCA
condition = intercept + relatedness: related + stimulus type: cross-language + relatedness: related *
stimulus type: cross-language = 982 — 183 + 8 + 115 = 922 ms. The average RTs to the related cross-
language MSA condition = intercept + relatedness: related + target language: MSA + stimuli type:
cross-language + target language: MSA * stimulus type: cross-language + relatedness: related * target
language: MSA + relatedness: related * stimulus type: cross-language + relatedness: related * target
language: MSA* stimulus type: cross-language = 982 — 183 + 77 + 8 — 28 + 66 + 115 — 161= 876. Now
the priming effect between any two conditions can be easily obtained. For example, the priming effect for
the cross-language JCA condition= 1000 — 922 = 78, and the priming effect for the cross-language MSA
condition = 1039 — 876 = 163. The priming effect difference between JCA and MSA targets in the cross-
language condition = 163-78= 85.
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3.6 Discussion

This study replicated Ibrahim and Peretz-Aharon’s early translation priming experiment
on a different group of Arabic-diglossic speakers. The tested participants were Jordanian
rather than Israeli native speakers of Arabic. The priming experiment of this study
revealed four main findings. First, literate native speakers of Jordanian Arabic react to
Arabic target words in the semantically-related condition faster than they react to the
same target words in the semantically unrelated condition. Second, when prime and target
words are semantically unrelated, native speakers of Jordanian Arabic respond to JCA
targets faster than they react to MSA targets. Third, native speakers of Jordanian Arabic
demonstrate no switching cost between pairs of unrelated cross-language words and pairs
of unrelated intra-language words. Fourth, JCA words are good primes for MSA targets,
but MSA primes are not that good for JCA targets. These results suggest a stronger
overall activation/connection between JCA words and their semantics. The bidirectional
priming effects for both varieties of Arabic suggest that their translation equivalents share
the same semantic network, similar to early bilinguals. The asymmetrical priming effects
indicate that JCA lexical items are more integrated into the semantic representations
compared to MSA lexical items, similar to sequential bilingualism.

Results of this experiment suggest that literate native speakers of Jordanian Arabic
process the vocabulary of JCA and MSA the same way unbalanced bilinguals process the
vocabulary of their L1s and L2s in similar experiments (Kroll, 1993; Kroll & Stewart,
1994). For example, Schoonbaert et al. (2009) conducted two masked-priming translation
experiments on two similar groups of unbalanced Dutch-English bilinguals. Results of

the two experiments showed significant translation priming from L1 to L2 (meisje-girl)
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and from L2 to L1 (girl-meisje) at two different SOAs (i.e., 250 ms and 100 ms). The
translation priming was asymmetrical: there were stronger translations priming effects

from L1 to L2 than from L2 to L1.

The present study reproduced results of Ibrahim and Peretz-Aharon’s original work
on Palestinian Arabic-Hebrew bilinguals. To determine whether MSA is a second
language to Arabic speakers, Ibrahim and Aharon-Peretz (2005) compared semantic
priming effects in the auditory lexical decision of spoken Palestinian Arabic, MSA, and
Hebrew (an L2 to all participants). Primes were either in MSA or in Hebrew and the
targets were in PCA, and vice versa. The priming effects from PCA primes to MSA or
Hebrew targets were double the priming effects from MSA or Hebrew primes to PCA
targets. Moreover, the priming effect was three times as large when both the prime and
the target were PCA compared to MSA or Hebrew primes and no difference between

Hebrew and MSA primes was found.

All these results are predicted in light of the revised hierarchical model (RHM; Kroll
& Groot, 1997; Kroll & Stewart 1994). The model argues that concepts are more strongly
linked to their phonological representations in L1 than in L2. If we assume that L2 words
can address the semantic system directly but weakly, then activating their semantic
representations will be less efficient. As a result, the amount of activation that spreads
from an L1 prime to an L2 target is more than the amount of activation that spreads from
an L2 prime to an L1 target. In the present study what may cause the difference in the
priming effect is the strength of activation from the semantic node to the lexical nodes
rather than the speed of building up the word nodes of the primes. Note that, on average,

1060 ms was enough time for the participants to recognize an MSA target, make an
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executive decision about its lexicality, and physically move their finger to press a button.
Accordingly, the one-second SOA (i.e., the time between the onset of the prime and the
onset of the target) seems to be enough time to activate the lexical nodes of the MSA
primes as robust cohort competitors. The proposed account is consistent with Weber and
Cutler’s (2004) findings. That study analyzed the proportions of their participants’ visual
fixation on a target picture, compared to other three-distractor pictures, when they listen
to its English word. The researchers observed that, byl000 ms, both their English
monolingual speakers and their professional Dutch-English bilinguals looked more often
at the target picture relative to the distractors. However, the monolingual had more
fixations on the target pictures (95 %) compared to the Dutch-English bilinguals (80%).
Weber and Cutler concluded that lexical completion is greater for non-native than for
native listeners.

The results suggest that despite native Arabic speakers’ intensive daily use of MSA
when dealing with written language and spoken language in formal situations, MSA
remains as a second language for diglossic speakers of Arabic. Reproducing Ibrahim and
Peretz-Aharon’s findings on a more stable population of Arabic diglossia casts doubt on
Boudelaa and Marslen-Wilson’s (2013) proposal that Ibrahim and Aharon-Peretz’s
(2005) findings may reflect some exceptional sociolinguistic situation that cannot be
generalized to the rest of the Arabic-speaking world. The question of why Boudelaa and
Marslen-Wilson’s findings disagreed with Ibrahim and Aharon-Peretz’s results,
reproduced in this study, is still open for further investigation. It is possible that some

methodological matters were responsible for these inconsistencies.

Psycholinguistic research on bilingualism emphasizes that the speed of access to
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semantic representation is not limited to language proficiencies and the context of
acquisition, but also affected by item characteristics, such as concreteness and cognates
(De Groot, 1992a; 1992b; 1995; Van Hell, 1998; Van Hell & De Groot, 1998). For
example, Van Hell and De Groot (1998) reported that bilinguals demonstrate stronger
priming effects between cross-language concrete nouns and cognates (i.e., words sharing
meaning and cluster of sounds in different languages) compared to cross-language
abstract nouns and non-cognates. Their results agree with the distributed feature model of
bilingual semantics (De Groot, 1992a; 1995; Van Hell & De Groot, 1998). This model
predicts that the semantic representations for concrete nouns and cognate translations are
nearly similar across languages while abstract nouns and non-cognates translations are
more distinct. This explanation is based on De Groot and colleague’s proposal that both
concrete and cognate translation equivalents share more distributed meaning and
semantic overlap compared to abstract and non-cognate translation equivalents. In a more
recent study, Ibrahim (2006) found greater priming effects when PCA/Hebrew primes
and MSA targets were cognate translations than when they were non-cognate
translations. However, neither the current study nor Ibrahim and Aharon-Peretz’s original
work examined the effects of concreteness on cross-language priming of Arabic words.
Effects of concreteness can be a topic of further future research, especially if a reliable

objective measure for Arabic word concreteness is employed.

A quick comparison between the findings of the present priming experiment and
results of the word recognition task in sentential context (Study Il) suggests two closing
remarks. First, MSA is an L2 for the diglossic speakers of Arabic. Yet, whether MSA

words have a processing disadvantage relative to CA depends on the experimental
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context. While diglossic speakers of Arabic showed processing advantages for JCA
words in the context of isolated word recognition (the current experiment), they
demonstrated faster access to MSA words relative to JCA words in the sentential context
of a metalinguistic task (i.e., Study II). Second, the experimental context can also
determine whether diglossic speakers of Arabic experience switching costs when they
listen to cross-language stimuli of Arabic compared to intra-language stimuli. Findings of
Study Il confirm that diglossic speakers of Arabic experience switching costs when an
Arabic guest word occurs in a coherent sentential context of the other variety of Arabic.
The data from the present study showed not switching cost when the target word simply

follows individual isolated words from the other lexicon.
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Chapter Four

Study IV: Phoneme Awareness in the Context of Arabic Diglossia

4.1. Introduction

Phoneme awareness refers to the listener’s ability to notice, identify, and manipulate the
individual sounds of spoken words (Anthony & Francis, 2005; Chard & Dickson, 1999).
It is a subset of a more comprehensive term, phonological awareness, which includes the
ability to identify and manipulate the most fine-grained units of spoken words (i.e.,
phonemes) as well as larger units of sound sequence such as rimes and syllables
(Goswami & Bryant, 1990; Mattingly, 1972). Phoneme awareness is a skill difficult to
acquire and developed much later than the rime and syllable levels of phonological
awareness (Cossu, Shankweiler, Liberman, Katz, & Tola, 1988; Liberman, Shankweiler,
Fischer, & Carter, 1974). According to Liberman et al. (1974), it is easier to perceive and
manipulate syllables than phonemes because syllables have peaks of acoustic energy,
which help listeners think about them as separate units. In contrast, phonemes lack
spontaneous cognitive existence because of the constant effects of co-articulation (i.e.,

phoneme boundary overlapping).

The study presented in this chapter will investigate the role of Arabic diglossia in
phoneme awareness. It probes whether and how lexical information intervenes in
phoneme identification. Results from some relevant research indicate that phoneme
identification depends not only on information directly derived from the speech signal
(i.e., prelexical information) but also affected by the stored knowledge about the lexical

information of the word (e.g., Castles, Holmes, Neath, & Kinoshita, 2003; Dijkstra,
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Roelofs, & Fieuws, 1995; Frauenfelder & Segui, 1989; Hallé, Chereau, & Segui, 2000).
This study will examine the role of four lexical characteristics of Arabic in phoneme
decision (i.e. phoneme identifying). These lexical properties are word uniqueness point,
word frequency, the diglossic status of the word, and the phonological neighborhood
density of the word (i.e. its phonological family-size). The present work will also
examine the role of Arabic orthographic depth in phoneme awareness. The diglossic
status of the Arabic word denotes how common the word is used in listening and
speaking compared to reading and writing. In the context of Arabic diglossia, colloquial
Arabic (CA) varieties are the dominant languages of verbal communication, whereas
Modern Standard Arabic (MSA) is far more common in print. Uniqueness point (UP),
also known as the recognition point, is the point of the word of which there is only one
possible candidate left in the cohort of the other competing words (Marslen-Wilson,
1987). In a word such as cappuccino /keepatfi:nou/ the uniqueness point is the point at
which the listener starts to hear the /i:/ sound because all other lexical competitors are
automatically deactivated after this sound.? Word frequency indicates how familiar
language users are with the word. In the context of this study, it means how often we hear
and articulate the word. The phonological neighborhood density refers to how words
similar in their phonological representations are clustered or stored in memory. Although
there is no perfect procedure of measuring phonological neighborhood, it is usually
assessed by the single phoneme change. The phonological family size (i.e., the
phonological neighborhood density) of a given word may include the number of words

that can be created from that word by adding, deleting, or substituting one phoneme (e.g.,

23iz] is the UP for cappuccino /kaepatfi:nov/ if we assume that the listener knows the word capuchin
/keepatfin/ ‘the type of monkey’, whose UP is the short vowel [i]. The two forms are identical until the
listener hears either the long vowel [i:] or the short vowel [i].

113


https://en.wikipedia.org/wiki/Voiceless_palato-alveolar_sibilant
https://en.wikipedia.org/wiki/Voiceless_palato-alveolar_sibilant
https://en.wikipedia.org/wiki/Voiceless_palato-alveolar_sibilant

Coltheart, Davelaar, Jonasson, & Besner, 1977). For example, part of the neighborhood
for the English word cat is mat, at, scat, rat, cap, etc. Words with a high number of
neighbors have dense neighborhoods, whereas those with few neighbors have sparse
neighborhoods. Orthographic depth specifies the consistency and predictability of
grapheme-to-phoneme mappings in a language (Ellis et al., 2004). The English <d> is a
shallow letter because it corresponds to one sound, /d/ while the letter <x> is
orthographically deep because it represents a combination of two different sounds, /ks/.
All Arabic and Hebrew consonant letters are orthographically deep (e.g., Arabic <s>)
because they usually correspond to the consonant sound and the following short vowel
(/mi/; Imul/, Ima/) except in the vowelized/pointed texts, which are less common in both
languages. The current study will scrutinize Arabic phoneme awareness through a
phoneme monitoring task, in which participants are asked to press a response button as
soon as they recognize a target phoneme in a spoken stimulus (e.g., Cutler, Treiman, &
van Ooijen, 2010; Dijkstra et al., 1995; Hallé et al., 2000; Morais, Bertelson, Cary, &

Alegria, 1986).

4.2. Theoretical Background and Literature Review

Sections 4.2.1 through 4.2.6 of this study will review some of the previous research on
the acquisition and development of phoneme awareness. More specifically, Section 4.2.1
will explain how lexical representations of words may influence phoneme recognition.
Sections 4.2.2 through 4.2.4 will focus on how alphabetic literacy and orthography can
affect phoneme recognition. Section 4.2.5 will discuss the relationship between spoken
vocabulary experience and segmental (i.e., phonemic) restructuring of lexical

representations. Section 4.2.6 will demonstrate the role of Arabic diglossia in phoneme
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awareness.

4.2.1. Phoneme Monitoring and Levels of Representation

Some evidence for lexical effects on tasks that tap prelexical representations such as phoneme
decision comes from the processing advantage of word phonemes over nonword phonemes. For
example, Dijkstra et al. (1995) reported that phoneme monitoring is faster for the target phonemes
in Dutch words than for the same target phonemes in nonwords. The effect increases when the
target is positioned after the UP of the carrier words and nonwords.** Moreover, Frauenfelder and
Segui (1989) found that their French-speaking participants responded faster to a given target
phoneme when the bearing word was preceded by a semantically-related word (e.g., clou
‘nail’/pointe ‘point’, oreille ‘car’/entendre ‘hear’) compared to an unrelated word (e.g., curve
‘tank’/pointe ‘point’, resort ‘spring’/entendre ‘hear’. The authors present the semantic priming
effect as a piece of evidence for the influence of lexical representation on phoneme decisions in
generalized phoneme monitoring tasks (i.e., when the target phoneme is not confined to a specific

position of the target-bearing word).

Major models of word recognition agree that word recognition influences the
phoneme monitoring task. For example, the TRACE model (McClelland & Elman, 1986),
the autonomous race model (Cutler & Norris1979), and the Merge model (Norris,
McQueen & Cutler, 2000) all predict that conscious awareness of phonemes depends on
nodes that get (part of) their activation from word nodes. However, Models of word
recognition disagree on the precise layout of those nodes. In what follows, we will briefly

see some views of how word recognition may affect phoneme monitoring.

24 The UP for nonwords is the critical point in time of the spoken item where the listener is more confident
that the stimulus is meaningless.
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The TRACE model (McClelland & Elman, 1986) argues that phoneme metalinguistic
tasks such as phoneme identification occur in the phoneme node, and there is top-down
feedback from the lexical node to the phonological node. However, proponents of the
autonomous race model (Cutler & Norris1979) disagree with the whole idea of feedback,
insisting on a multiple-outlet mechanism where the linguistic inputs map onto both the
prelexical phonemic node and the lexical node in parallel. Both layers can autonomously
be used to identify a phoneme. Whichever route reaches an output first determines the
response. The race between two processes is faster than either process alone. This, in
turn, explains why phoneme decisions are faster in words (i.e., two routes) than in
nonwords (i.e., one route). The Merge model (Norris, McQueen & Cutler, 2000), like the
race model, disputes the entire idea of feedback. The Merge model argues that there are
two different layers of phoneme nodes. The first phoneme node is between the linguistic
inputs (i.e., sound, letters) and the lexical node. The second phoneme layer is located
after the lexical layer. Conscious metalinguistic tasks such as phoneme monitoring and
categorization take place in the second layer, and there is no need for feedback to the first
layer. The second layer of phoneme units is not permanent but appears on the surface
every time we need it. Despite their mechanism differences, all of the three discussed
models argue for lexical effects on phoneme recognition.

The experiment presented in this chapter is not concerned with the specific
architecture of each model, but the broad difference between these phoneme-monitoring
models, which exploit lexical information, (e.g., Cutler & Norris1979; Norris, McQueen
& Cutler, 2000) and the phoneme-monitoring model that depends only on the acoustic-

phonetic representation (e.g., Foss & Gernsbacher, 1983). In other words, the present
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study aims to explore the relationship between phoneme monitoring and lexical access in
the context of Arabic diglossia rather than to seek support for one specific model.
Behavioral research on lexical access per se (e.g., lexical decision) found significant
effects for variables such as UP, word frequency, and word duration. Based on the
proposal that phoneme monitoring relies on lexical access, this study predicts similar
effects for these variables in phoneme monitoring tasks. It may also hypothesize that
phonemes of JCA words will be detected faster than phonemes of MSA words based on
the earlier findings that isolated CA words (i.e., L1 words) are accessed faster than
isolated MSA words (e.g., L2 words) (Ibrahim & Aharon-Peretz’s, 2005; Chapter Three

of this thesis).

4.2.2. Alphabet Literacy and the Development of Phoneme Awareness

Spoken language seems to have primacy over written language in individuals’ lives
because we talk before we read, and many human languages do not have a writing
system. Yet, a growing body of research proves that reading skills can influence basic
phonological processes (Olson, 1996), including our ability to consciously manipulate
and identify individual phonemes (e.g., Chueng & Chen, 2004; Dijkstra et al., 1995;
Goswami, 1999; Morais, Cary, Alegria, & Bertelson, 1979; Treiman & Cassar, 1997).
Morais et al. (1979) compared two groups of adult Portuguese speakers who differed only
in their exposure to alphabet reading to measure their degree of phoneme awareness. The
authors discovered that the literate adults could add and delete the target consonants at
the beginning of nonwords far better than the adults who remained illiterate. Similar
research on children suggests that whereas knowledge of syllables and rimes appears to

develop spontaneously at preschool age, knowledge of phonemes appears to develop
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when children go to school and begin to learn to read in alphabetic orthography (Chueng
& Chen, 2004; Goswami, 1999). This sequential development is evident in children of
different language backgrounds including English speaking children (Treiman &
Zukowski, 1991), Italian children (Cossu et al., 1988), German children (Wimmer,
Landerl, & Schneider, 1994), Czech children (Caravolas & Bruck, 1993), Swedish
children (Arngvist, 1992), and Arabic children (Amor & Maad, 2013). In their well-
known work, Cheung and colleagues (2001) assert that it is the alphabet literacy rather
than literacy, in general, that matters in phoneme awareness. The researchers compared
the phoneme awareness of first-grade children in mainland China, who learn the Pinyin
(i.e. alphabetic) writing system, to their peers in Hong Kong, who learn the usual
logography (non-alphabetic) characters, and English-speaking children. The Hong Kong
children scored lower levels of phoneme awareness than the mainland Chinese children,
who had learned the Pinyin writing system, and the English-speaking children (For
similar findings, see Read, Zhang, Nie, and Ding, (1986); and McBride-Chang et al.,
(2004)). To conclude, previous research suggests that as long as a language employs an
alphabetic writing system, all typically developing (non-dyslexic) children, independent
of their language background, develop their phonological awareness from awareness of

syllables, rimes, and onsets to awareness of phonemes.

Despite the alphabetic literacy constraint on the development of phoneme awareness,
research has shown cross-linguistic differences in phoneme awareness based on how
salient/important a given unit in the language is. For example, native speakers of Arabic
and Hebrew manipulate consonants in the initial position of a syllable with great

difficulty compared to the consonants that occur in the final position of a syllable
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(Saiegh-Haddad 2007a, 2007b; Share & Blum, 2005). However, the opposite pattern was
found among monolingual English children and adults (Bryant, MacLean, Bradley, &
Crossland, 1990; Treiman, 1983; 1988). The stronger cohesiveness for Arabic and
Hebrew CV body was partially ascribed to the predominance of the CV unit in the
phonologies of Hebrew and Arabic (see Section 4.2.4 below for an alternative
satisfactory account) while the stronger cohesiveness for English VC rimes was attributed
to the dense rime neighborhoods of simple English words (Saiegh-Haddad, Kogan, &
Walters, 2010). Thus, the psychological cohesion of Arabic CV (the body) and English

VC (the rime) is related to the peculiar phonological structures in both languages.

In conclusion, although a large body of evidence supports the hypothesis that
phoneme awareness develops primarily as the product of alphabetic literacy, this effect
should be understood as correlational rather than causational (Castles & Coltheart, 2004).
In the context of the present study, it is possible to hypothesize that adult native speakers
of JCA identify the target phoneme in MSA words earlier than they do in JCA words.
This prediction is based on the fact that MSA is the language of literacy for native
speakers of Arabic. This is a contrasting view of that JCA, being the L1, would have
more built-in awareness, at least at younger ages. In what follows, we will see other

aspects of how alphabetic orthography influences spoken phoneme and word recognition.

4.2.3. Spoken Word/Phoneme Recognition and Orthographic Co-activation

The above section demonstrated how phoneme awareness is, primarily, the product of
alphabetic knowledge. This section will focus on how orthographic knowledge may
affect the recognition of auditory units of language. Different metalinguistic tasks have

shown that alphabetic knowledge can influence both spoken word recognition (e.g.,

119



Chéreau, Gaskell, & Dumay, 2007; Ranbom & Connine, 2011; Ziegler & Muneaux,
2007) and phoneme awareness (e.g., Castles et al., 2003; Dijkstra et al., 1995;
Frauenfelder, Sequi, & Dijkstra, 1990; Hallé et al., 2000). Some research demonstrates
that orthographic representation is automatically activated during auditory processing
tasks and affects spoken word and phoneme recognition even in the absence of visual
information. For example, in a simple lexical decision task, Ziegler and Ferrand (1998)
found that their French-speaking participants recognized consistent French words such as
stage, where the phonological rime can only be spelled as <age> as in stage, rage, cage,
more accurately and faster than inconsistent French words such as prompt, where the
phonological rime can be spelled in different ways as in nom, prompt, ton, tronc, and
long. Another possibility for orthographic co-activation in speech processing comes from
auditory priming tasks (e.g., Chéreau et al., 2007; Taft et al., 2008). Chéreau et al. (2007)
examined the effects of orthographic overlap between a prime and the target in English
real words and pseudowords. The spoken prime and targets were related to their offsets
either phonologically (scheme-gleam) or both phonologically and orthographically
(dream-gleam). The researchers discovered a significant extra facilitation effect when the

primes and targets overlapped in both sounds and letters.

As with word recognition, research has also found consistency effects in phoneme
awareness tasks (e.g., Dijkstra, et al., 1995; Frauenfelder et al., 1990). In their study,
Frauenfelder and the co-authors found evidence that the French phoneme /k/, which can
be spelled in more than one way has higher processing costs than those that have only
one possible spelling such as /p/ and /t/. In a similar study, Dijkstra et al. (1995) found

that their Dutch speakers took longer to detect the phoneme /k/ in words where /k/ is
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spelled with its less-dominant (i.e., secondary) spelling <c> relative to the words that
spell it with <k>. They also reported that the effect was greater when the target sounds
located after the uniqueness point of the word, and monitoring times were faster for
words than for non-words.? Their findings may suggest two stages for phoneme
monitoring. In line with this earlier evidence for orthographic co-activation, Hallé et al.
(2000) found that their French-speaking subjects perceived the /p/ sound as /b/ in a word
like <absurd> [apsyrd]. All of these results concur with the hypothesis that the
orthographic representation of words could be activated in both phoneme monitoring and

lexical speech processing.

4.2.4. Orthographic Depth and Phoneme Awareness

The correlation between alphabetic orthography and phoneme awareness is also
manifested in the degree of orthographic depth. Transparent (or shallow) orthography has
a high degree of consistency between letters and phonemes (e.g., one letter represents one
phoneme). In contrast, opaque (or deep) orthography has a high degree of irregularity in
letter-phoneme correspondences (e.g., letters often represent more than one phoneme or
vice versa). Languages vary in their orthographic depth. For example, Finnish and Serbo-
Croatian have extremely shallow (transparent) orthography (i.e., one-to-one
correspondences between letters and sounds). Semitic languages such as Arabic and
Hebrew are extremely deep (opaque), as diacritic markers that correspond to short

vowels, and gemination (i.e. a sequence of two identical sounds) are usually omitted in

% The general sense here is that right after the UP, the listener becomes more certain what the word is and
stars to devote more energy to phoneme detection.
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print. Other languages, such as French and Russian, exist between these two ends of the

orthographic depth continuum (Seymour, Aro, & Erskine, 2003).

Some research has shown that listeners have more difficulty manipulating and
counting phonemes that are not present in a word’s orthographic representation (Bassetti
2006; Escudero & Wanrooij, Castles et al., 2003; 2010; Saiegh-Haddad et al., 2010). In
their study, Castles et al. (2003) found that their participants had extreme difficulty in
deleting or reversing the phoneme /s/ in English words such as fix where the /s/ is not
spelled by the letter <s> but rather it is encoded, along with /k/, by the single letter <x>.
Similarly, Bassetti (2006) discovered that native English learners of Chinese count one
fewer vowel when the vowel is not represented in the Pinyin (i.e. Romanized) spelling of
Mandarin words. In a follow-up experiment, Bassetti confirmed that English learners of
Chinese segment Mandarin vowels as they are spelled in Mandarin. Additionally,
Bassetti revealed that English learners of Chinese interpreted the L2 letters as they are
represented in their L1 and suggests that the learners are strongly influenced by L1 letter-
phoneme conversion rules. Similarly, Share and Blum (2005), and Saiegh-Haddad (2007)
consider orthography as a plausible account of the onset/coda segmentation difference
stated earlier in Section 4.2.2. The researchers ascribe the robust cohesiveness between
the onset and the following vowel to the deep orthographic systems of Arabic and
Hebrew, which utilize their consonant letter (e.g., Arabic initial letter <= >) to encode the
consonant and the following short vowel (e.g., /na/, /nu/, /ni/, etc.). Interestingly, since
the authors used one-syllable words only, their coda consonants were all word-final, and
the final shape of consonant letters (e.g., Arabic final letter < ¢~ >) only ever represents

one sound (e.g., /n/). This can explain why it was easier for the children to strip off the
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consonants when they were word final. This is less of a problem for the Hebrew results
since Hebrew has fewer different final shapes (e.g., 7). However, Share and Blum did not
present the necessary statistics to show that only a minority of words that do have strange
finals is not carrying their results. In conclusion, evidence from phoneme manipulation
and counting tasks supports the difficulty of separating letter-phoneme associations once
those associations are entrenched and crystalized by learning letters. The current research
will investigate the orthographic depth of Arabic in phoneme monitoring, postulating that
native speakers of Arabic detect Arabic consonants faster and more accurately than short

vowels.

4.2.5. Segmental Restructuring of Lexical Representations: The Effects of Word

Frequency and Neighbourhood Density

Aside from alphabetic literacy, Metsala and Walley (1998) introduce the lexical
restructuring model (LRM) proposing that the emergence of phoneme awareness is a
more natural process of language development and reflects developmental changes in the
organization of the lexicon. A group of researchers (e.g., Elbro 1996; Fowler 1991;
Walley 1993) suggest that phoneme awareness arises as a gradual change from holistic to
more explicit, segmental representations of words. This segmental restructuring of
spoken words results from vocabulary growth, which increases the pressure for fine-
grained segmental representation, and extends gradually from younger to older children
to adults. Several longitudinal studies employed gating paradigms (Grosjean, 1980; i.e.,
individuals listen to sequential parts of a word until the word is presented completely)
and found that adult listeners need less speech input to recognize words than older

children who, in turn, need less input information than younger children (e.g., Elliott,
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Hammer, & Evan, 1987; Metsala, 1997; Walley, Michela, & Wood, 1995). These
observations support the first claim of the LRM. The model proposes that young children
do not pay much attention to the fine-grained segmental representations of words because
they know a limited number of words. However, with the gradual increase in the
vocabulary size, children start to realize different acoustic overlap among words and
structure more segmental representations of the stored words (Metsala & Walley, 1998;
Walley, Metsala, & Garlock, 2003). Such segmental representation is beneficial because
it facilitates discrimination of similar words (Charles-Luce & Luce, 1990) and supports
more efficient articulation (Lindblom, 1992; Studdert-Kennedy, 1984). The positive
correlation between vocabulary size and lexical restructuring suggests that phoneme

awareness is a gradable rather than all-or-nothing phenomenon.

Another related claim for LRM is that phoneme awareness is word-specific, relying
on the lexical characteristics of the word compared to the other vocabulary in the same
lexicon. Neighborhood density and word frequency are two major lexical characteristics
proposed to be associated with phoneme awareness (Metsala & Walley, 1998; Walley et
al., 2003). Since words with dense neighborhoods have many phonologically similar
words, LRM hypothesizes more phonemic details in words with dense neighbors
compared to words from sparse neighborhoods. According to LRM, words with high
neighborhood density should be reacted to more accurately and faster than words with
low neighborhood density in phoneme awareness tasks. The model also predicts strong
segmental (phonemic) representations for high-frequency words but more holistic
representations for low-frequency words. This hypothesis also indicates that familiar

words should have better-segmented representations much earlier than unfamiliar words.
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Although the model does not specify how our word experience can contribute to lexical
restructuring, Hogan, Bowles, Catts, and Storkel, (2011) suggest a “word that is produced
by multiple speakers, multiple times would contain more phonemic detail as a result of
contrasting tokens of phonetic variations of the same word” (p. 50). Adults can also be
more sensitive to phonetic details in familiar and frequent words compared to unfamiliar
and less frequent words (White, Yee, Blumstein, & Morgan, 2013).

The hypothesized effects of neighborhood density and word frequency have been
tested fairly on children (De Cara & Goswami, 2003; Hogan et al., 2011; Metsala, 1999;
Roth, Troia, Worthington, & Handy, 2006; Troia, Roth, & Yeni-Komshian, 1996) and
scantily on adults (Ventura, Kolinsky, Fernandes, Querido, & Morais, 2007). For
instance, Metsala (1999) found that preschool children tend to delete individual sounds
more correctly in a phoneme deletion task when they occur in words of a dense
neighborhood. Troia et al. (1996) showed that their kindergarteners and second-grade
students blended sounds to form low-frequency words with more effort relative to high-
frequency words. However, the advantage of high-frequency words was not replicated in
their phonemic segmentation task. Garlock, Walley, and Metsala, (2001) did not find
word frequency or neighborhood density effects, neither for children nor for adults, when
they asked their participants to delete or add an initial sound. The author suggested floor
and ceiling effects as a possible account of their findings: the tasks were very difficult for
children or very easy for the adults. In a more recent study, Hogan et al. (2011) reported
that second and fourth-grade children’s performance on their phoneme deletion task was
better for high-frequency words than for low-frequency words and for words from a

dense phonological neighborhood than words from a sparse phonological neighborhood.
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To conclude, results of some research are consistent with the prediction of LRM
concerning the positive relationship between vocabulary growth and phoneme awareness.
These findings concur with the LRM claim that lexical characteristics (i.e., word
frequency and neighborhood density) contribute to lexical restructuring. My proposed
research will consolidate and extend the findings of the previous research on the role of

word familiarity and phonological density in phoneme awareness.

4.2.6. Phoneme Awareness in Arabic Diglossia

Effects of the phonological distance between standard and colloquial Arabic on the
acquisition of basic language and literacy skills has recently begun to attract some
attention. Saiegh-Haddad (2003; 2004; 2007a) conducted a series of studies to examine
the effects of the phonological and lexical differences between MSA (the literary variety)
and CA (the spoken variety) on the phonemic performances of kindergarteners and
elementary school children. The results showed that the children, who accurately
articulated the target phonemes, found it more difficult to isolate the Arabic sounds that
exist in literary Arabic than those that exist in both varieties of Arabic. The researcher
ascribed the difficulty to the children’s deficiency in the phonological representation of
MSA words. To rule out any probable production effect, Saiegh-Haddad, Levin, Hende,
and Ziv (2011) used a phoneme recognition task, which does not require any
phonological production, and found that five-year-old kindergarteners recognize MSA
phonemes less efficiently than CA phonemes in their carrier words. Thus, it is safe to say

that children’s weak phonemic representation for MSA words is predictable by virtue of
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their little experience with MSA and literacy.?® However, one interesting question that
has still gone unanswered is “Do CA words keep the advantage of their phonological
representations over MSA words when diglossic speakers of Arabic minimize their
linguistic distance and develop more stabilized knowledge of alphabetic literacy through
MSA?” To answer this question, we need to know how adult literate speakers of Arabic

react to the target phonemes in both varieties of Arabic.

4.3. Summary and Research Hypotheses

The present study examines the role of word frequency, neighborhood density,
uniqueness point, cross-linguistic diglossia, and orthography in Arabic phoneme
awareness. More specifically, this study will determine how fast and accurately literate
speakers of Jordanian Arabic recognize target phonemes of the same linguistic affiliation
(i.e. exists in both phonological inventories of Arabic) in the vocabulary of MSA and

JCA. This work will test five proposed hypotheses.

The first hypothesis is built on the proposal that phoneme monitoring involves
lexical access, and listeners commence phoneme detection after they recognize the carrier
word. However, this does not entail that the listener has to wait until the end of the word
to start phoneme searching. A more plausible proposal is that auditory lexical access is a
gradual and proportional process of activation. That is, right after the UP the listener
becomes fairly certain what the word is, e.g., 60%, and shifts part of his/her attention to
phoneme identification, where he/she also obtains some certainty about whether the word

contains the target phoneme, e.g., 60%. Towards the end of the word, the listener’s

26 The authors argue that equivalent phoneme transfer from children’s CA phonological inventory is
another reason for children’s poor performance in MSA phoneme identification.
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certainty about the word increases, e.g., up to 90%, especially if the word is frequent.
Consequently, the listener becomes more confident about whether the word contains the
target phoneme. Thus, the earlier the listener accesses the carrier word, the faster he or
she will proceed to the phoneme detection stage. The current research hypothesizes a
direct relationship between UPs and the time a listener takes to detect phonemes.
Moreover, since both word frequency and duration are strong predictors of word
recognition, this research postulates a direct relationship between word duration and
response latencies to target phonemes, and an inverse relationship between word

frequency and RTs to target phonemes. More specifically, this study hypothesizes:

H1.4: (a) the earlier the UP of a word is, the faster the listener would react to the
target phoneme; (b) the shorter the spoken word is, the smaller RTs to the target
phoneme would be; and (c) the more frequent the carrier word is, the faster the

listener would detect the target phoneme.

The second hypothesis predicts a stronger performance on phoneme monitoring
when the target phoneme occurs in MSA words compared to JCA words. The present
study introduces this hypothesis based on two previous findings. First, alphabetic literacy
is a crucial factor for individuals’ development of phoneme awareness (Cheung et al.,
2001; McBride-Chang et al., 2004; Morais et al., 1979). Second, orthographic
representation of words is engaged in phoneme monitoring tasks (e.g., Dijkstra et al.,
1995). Since MSA is the language of literacy, the one that Arabic speakers encode and

decode with alphabetic orthography, we predict:
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H2.4: adult diglossic speakers of Arabic detect the Arabic phonemes within MSA

words faster than they detect the same phonemes within JCA words.

However, if the first hypothesis (H1.4) proves valid, we expect the literacy advantage for
MSA to be reconciled or minimized by the processing advantage of JCA words found in
Ibrahim and Aharon-Peretz’s (2005) and duplicated in Chapter Three of this thesis. The
rationale behind this prediction is that isolated CA words are processed faster than MSA
words and lexical access precedes phoneme monitoring. So it would not be surprising to

postulate:

H3.4: adult diglossic speakers of Arabic respond to a target phoneme in MSA

words as fast as they respond to the same target phoneme in JCA words.

The fourth hypothesis pertains to the effects of phoneme identity on phoneme
awareness. As stated earlier, beginning readers of Arabic are exposed to transparent
phoneme-to-grapheme correspondences, but this shallow orthographic representation
does not last for a long time. Usually, after the third grade, children start to use the less
transparent (i.e. deep) orthography of Arabic where the diacritical marks that represent
short vowels of Arabic are omitted from most Arabic texts. Since then, vowelized Arabic
orthography is confined to children’s stories and some religious scripts. As Arabic

phonemes are different in their orthographic profiles, the present study predicts:

H4.4: speakers of Arabic detect Arabic consonants faster than Arabic short

vowels.
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The fifth research hypotheses will examine the prediction of LRM (Metsala &
Walley, 1995; Walley et al., 2003) on the phoneme awareness of adult diglossic speakers
of Arabic. According to LRM, the quality of phonological representation is word-
specific, depending on listeners’ familiarity and experience with the word as well as its
phonological neighborhood density. In support, my proposed research hypothesizes that
adult native speakers of Arabic will detect phonemes of high-frequency words faster than
phonemes of low-frequency words when the other variables are held constant (the same
as H1(c), but built on a different justification). Moreover, adult native speakers of Arabic
are expected to identify phonemes of Arabic words with many phonological neighbors
easier than phonemes of Arabic words with few phonological neighbors when the other
variables are partialled out. However, phonological neighborhood density can play an
opposite inhibitory effect at the lexical access level as words of the same phonological
family compete with the target word for selection (e.g., Goh et al., 2009; Luce, & Pisoni,
1989; 1998). If lexical access proves to be a prior step for phoneme identification, then it
would be difficult to predict ahead of time which effect of neighborhood density would
be stronger or whether they would cancel each other out. Thus, there are three possible

contrasting sub-hypotheses:
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H5.4 (a): adult native speakers of Arabic identify phonemes of Arabic words with
many phonological neighbors faster than they identify phonemes of Arabic words

with few phonological neighbors when the other variables are partialled out;

H5.4 (b): adult native speakers of Arabic are expected to identify phonemes of
Arabic words with many phonological neighbors slower than they identify
phonemes of Arabic words with few phonological neighbors when the other

variables are partialled out;

H5.4 (c): adult native speakers of Arabic identify phonemes of Arabic words with
many phonological neighbors as fast as they identify phonemes of Arabic words

with few phonological neighbors when the other variables are partialled out

4.4. Methods

4.4.1. Participants

Thirty participants from the same population of the previous studies were recruited to
participate in the fourth experiment for monetary compensation. The participants were
native speakers of North Jordanian Arabic, a local form of rural Jordanian, and had their
primary and secondary school education in Arabic. None of them had participated in the
pretests or the other experiments. The participants reported normal hearing and reading

abilities as a prerequisite for taking part in this experiment.
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4.4.2. Materials and Design

The target phonemes consisted of two consonants and two short vowels. The consonant
phonemes were the voiceless pharyngeal fricative /h/ and the voiced alveolar lateral /1/.
The short vowels included the front high vowel /i/ and the back high vowel /u/. Each pair
of consonants and short vowels is part of the MSA phonological inventory and exists in
all vernaculars of Jordanian Arabic.?” The carrier items were 144 JCA words (40 with /h/,
40 with /1/, 24 with /i/ and 40 with /u/) and 160 MSA words (40 with /h/, 40 with /I/, 40
with /i/ and 40 with /u/). The carrier words were composed of one to three syllables.
Some words had phonological structures common to both varieties of Arabic (i.e.,
CVICVC), other items had phonological structures that occur in JCA only (i.e.,
CCV/CCVC), and a third group of words included a syllable structure common in MSA
but less common in JCA (i.e., CVCC; Al-Sughayer, 1990; Holes, 2004). The target
phonemes varied in their positions in the carrier words. The researcher asked another
group of the same population to rate the frequencies of the spoken carrier words on a 7-

point scale using an online questionnaire.

%" These sounds are just random examples of many other sounds present in both MSA and JCA.
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Table 4.1: Correlation matrix between the four continuous variables. Correlation
Values larger than 0.4 were considered high and printed in bold.

Word Duration  UP Rating Neighbourhood

Frequency Density
Word Duration 1.00 0.55 -0.08 -0.23
UP 0.55 1.00 0.04 0.26
Rating Frequency -0.08 0.04 1.00 0.06
Neighbourhood Density -0.23 0.26 0.06 1.00

Table 4.2: Descriptive statistics for the tested variables.

Word UP Word Neighbourhood
Duration (ms) (ms) Frequency Density
MSA-Consonant
Range 495-1365 279-854 2.5-6.32 0-18
Mean 745 542 4.54 4.7
S.D. 139 148 0.9 4
MSA-Short
vowel
Range 390-1000 229-768 2.5-5.3 0-28
Mean 672 449 4.2 4
S.D. 108 119 0.6 5
JCA-Consonant
Range 444-1028 155-894 2.5-6.8 0-43
Mean 700 484 5 5.9
S.D. 141 133 0.9 7
JCA-Short vowel
Range 333-831 226-745 3.5-6.3 0-32
Mean 635 417 5 5
S.D. 112 106 0.8 7.8
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The researcher computed the phonological neighborhood densities for the MSA
and JCA words by substituting, adding or deleting a single sound at any position in the
word (Coltheart et al., 1977; Luce & Pisoni, 1998). A Python program generated all
potential neighbors by changing one phoneme at a time. | manually looked through the
list and counted all those | recognized as real words. The UPs for MSA and JCA words
were identified based on Al-Mawrid (Baalbaki, 2008) and mu¢dszam ‘alfaad‘ 7alkhayaah
Ifaamyah fi l2urdun (Dictionary of the Everyday Language in Jordan; 2006).?® These
dictionaries list the surface forms of MSA and JCA words, respectively, and provide the
possible competitors for every word. After the UP phonemes had been identified, the
carrier words were recorded. Then the UPs were measured in milliseconds, from the
onset of the spoken word, both aurally and visually using a waveform editor. Following
Radeau, Mousty, and Bertelson (1989), the beginning of the release noise was defined as
the UP for oral stops, whereas the midpoint of the segment duration was defined as the
UP for all other sounds. Table 4.1 demonstrates the correlation between the four
continuous variables. ?° Table 4.2 summarizes the characteristic of the continuous
variables across language and sound class conditions. The experiment included 304 filler
items (i.e., words that do not contain the target phoneme; 144 JCA filler words and 160
MSA filler words). The filler words were comparable to the carrier words in the number

of phonemes and syllable structures.

28 | also checked the same dictionaries to assess the phonological neighborhood densities of the tested
words.

29 The correlation between word duration and UP is relatively high (0.5). However, this correlation is
unproblematic, as the two variables were used to test the same hypothesis.

134


https://en.wikipedia.org/wiki/Voiced_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiced_pharyngeal_fricative
https://en.wikipedia.org/wiki/Glottal_stop
https://en.wikipedia.org/wiki/Pharyngealization
https://en.wikipedia.org/wiki/Glottal_stop
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiced_pharyngeal_fricative
https://en.wikipedia.org/wiki/Glottal_stop

4.4.3. Procedure and Apparatus

A male native speaker of North Jordanian Arabic recorded the stimuli on a digital audio
tape recorder. The subjects were asked to make a speeded response to the target
phonemes occurring anywhere in the spoken words. The participants were instructed to
press the designated button with their dominant hand if they heard the target sound, and
to withhold the response if they did not hear the sound. Their reaction times (RTs) were
collected with a SONY portable computer PC (CPU 2.40 GHZ) running Windows 7 and
E-prime 2.0 presentation software (Psychological Software Tools, Inc., Pittsburgh, PA,

USA; http://www.pstnet.com). The computer reported RTs, measured from the onset of

the carrier word, and the response accuracy. The experiment consisted of two lists of
items with two blocks in each list. List A comprised the voiceless fricative /h/ and the
vowel /u/ while list B contained the voiced alveolar lateral /lI/ and the vowel /i/. The
participants were tested on only one experimental list and began the experiment with a
block of 10 practice trials. The subjects were instructed to respond to the consonant target
in the first block and to the short-vowel target in the second block of the experiment.
There was a five-minute break between the two tested blocks. The participants were

tested individually in a quiet room.

4.5. Results

Data from one participant were removed because he or she had overall error rates
exceeding 30%. No items were rejected as a result of excessive error rates. Responses
shorter than 500 ms and longer than 1500 ms, identified as upper and lower limits
between outliers and the other responses, were also removed from the analysis (3% of the

data).
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To test the research hypotheses, | created mixed-effects models in R, version 3.2.3
with Ime4 (Bates et al., 2016) and ImerTest (Kuznetsova et al., 2016) packages. The
mixed-effects models incorporated reaction time, measured in milliseconds, as the
dependent variable, with three categorical and four continuous independent variables.
The language of the carrier word (JCA versus MSA), phoneme type (consonant vs. short
vowel), and syllable type (JCA-specific, MSA-specific, versus language-unspecific
syllables) created a three-way categorical design. The model also included word duration,
UP, word frequency, and neighborhood density (continuous variables), creating multiple
regressions of correlational design. The participant, the carrier word, and the target sound
were also incorporated into the model as random effects. | had the computer program
include all variables at step one and eliminate the insignificant ones at each step until the
final model was developed. Participants’ error rates were also analyzed using a logistic

function and binomial variance.

Figure 4.1 through 4.4 show the partial effect of a particular predictor, given that
all other predictors are held constant at their means. For example, Figure 4.1 illustrates
the relationship between word duration and RTs taking into account the hypothetical
situation in which words are equally frequent, have the same UPs, and have the same
neighborhood density, etc. Table 4.2 summarizes the results of the fitted model with the
estimated coefficients in the second column, and their standard errors, t-values and p-

values in the subsequent columns.
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Table 4.3: Summary of the mixed-effects model for both categorical and continuous

variables predicting phoneme-monitoring time.

Fixed Effect Estimate SE t p(t)
Intercept 940 25.4 37.0 <0.0001
Language: JCA 41 20.3 2.0 0.044
Sound class: short vowel 119 5.8 205 <0.0001
Word duration 0.25 0.03 8.9 <0.0001
UP 0.04 0.03 1.24 1.241
Rating frequency -36 34 -10.8 < 0.0001
Phonological density 0.8 0.9 0.88 0.380
Language: JCA* UP 0.1 0.04 2.3 0.022
Language: JCA* Phonological density -4 1.03 -3.8 0.0002

Figure 4.1 illustrates a direct relationship between RTs to the target phonemes and

word duration. It shows that a word of 1000 ms delayed RTs to the target phonemes by

approximately 250 ms. Figure 4.2 also depicts an adverse effect for UPs. When the UP

occurred after 1000 ms from the onset of a JCA word, this slowed RTs to the target

phoneme by approximately 130 ms. However, Figure 4.2 illustrates that the effect of UPs

was weak for MSA words compared to JCA words. Inferential statistics, summarized in

Table 4.3, demonstrates a non-significant effect for the UPs of MSA words (p = 1.241),

and a significant interaction between UP and the language of the carrier word (p = 0.02),

indicating a significant effect for UPs of the JCA carrier words. Word frequency had

positive (i.e., facilitative) effects on the target phonemes regardless of the language of the
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carrier words, as Figure 4.3 illustrates. The fitted model revealed that every point of

increase in frequency rating significantly decreased RTs to the target phoneme by 36 ms

(p < 0.0001). Generally, these results are consistent with H1.4, postulating significant

effects for word length, UP, and word frequency on the speed of phoneme recognition.
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Figure 4.1: Effects of word duration when RT is adjusted to the mean values of the other significant
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Figure 4.2: Effects of UP across MSA and JCA words when RT is adjusted to the mean values of the other
significant variables.
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Figure 4.3: Effects of word frequency when RT is adjusted to the mean values of the other significant
variables.

Figure 4.4 indicates a small difference in participants’ RTs to the same target
phonemes in MSA and JCA words. However, the figure shows that mean RTs to short
vowels were noticeably larger than mean RTs to consonants. This considerable difference
occurred in both MSA and JCA carrier words. Inferential statistics, listed in Table 4.2,
validates the visual representation of the data. The table demonstrates that mean RTs to
the target phonemes in JCA words were longer than mean RTs to the same target
phonemes in MSA words by 41 ms. Nevertheless, the difference was marginally
significant (p = 0.044) at p < 0.05 and non-significant at p < 0.01. This finding is more
consistent with H3.4, which predicts a non-significant difference in RTs to the target
phonemes occurring in JCA and MSA carrier words. The statistical analysis revealed a
significant main effect for the sound class (p <0.0001) with faster responses to the target
consonants relative to the short vowels (mean difference = 119 ms). The significant delay
in reacting to a short vowel relative to consonants agrees with the fourth research
hypothesis (H4.4). Results of the mixed-effects model, listed in Table 4.2, revealed a
non-significant effect for the phonological neighborhood density of the MSA carrier
words (p = 0.380), partially validating H5.4(c), but a significant interaction between

neighborhood density and language of the carrier word (p = 0.0002), partially confirming
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the first contrasting hypothesis (H5.4(a)). When the phonological family size of the JCA
word increased by one phonologically-related word, this significantly corresponded to 3-
ms faster responses to the target phoneme of that word. That is, a JCA word with 45
phonological neighbors could speed RTs by 135 ms (see Figure 4.5). This significant
facilitative effect did not show up in the MSA carrier words. Finally, the syllable type
variable was excluded from the final mixed-effects model. This is because RTs to the
carrier words with language-specific syllables were not significantly different from RTs

to the carrier words with syllables legitimate in both varieties of Arabic.
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Figure 4.4: RT by sound class and language of the carrier word.

140



Language
~— - JCA
-—— = MSA

1000 1050 1100

RTs
1

950
|
1
1/
i
|
I

900

850

Number of Phonological Neighbors

Figure 4.5: Effects of phonological neighborhood density across MSA and JCA words when RT is adjusted
to the mean values of the other significant variables.

The analysis of accuracy performance shows very high accuracy rates for both
language and sound class, as Figure 4.6 depicts. The participants recoded 97% accurate
responses to the target consonants of MSA words and 94% accurate responses to the
same consonant in JCA words. Of the total responses to the short vowels, there were 93%
accurate responses to the target vowels in the MSA vocabulary and 86% accurate

responses to the same target vowels in the JCA vocabulary.
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Figure 4.6: Accuracy rates for sound class and language of the carrier word.

141



Table 4.4: Summary of logistic regression model for response accuracy, with
correct responses scored as 1 and incorrect as 0. df = 8826

Estimate SE z p(2)
Intercept 3.6807 0.1917 19.198 < 0.0001
Language: MSA 0.8064 0.1345 5.995 < 0.0001
Sound class: short vowel -0.9446 0.2448 -3.859 0.00011

Table 4.3 sums up the logistic regression model used to analyze the small error data,
with the estimated coefficients in the second column, and their associated standard errors,
z- and p-values, in the subsequent columns. Results of the logistic model revealed
significant differences between the two languages and sound classes. The logistic
regression coefficients give the change in the log odds of the correct responses for MSA
words compared to JCA words, and for vowels compared to consonants. In the fitted
model above, the log odds of the correct responses for MSA were higher than the log
odds for the JCA words by 0.8064. The vowel stimulus reduced the log odd by —0.9446,
compared to the consonant stimulus. As stated earlier, these differences are small in the
actual probabilities because the odds ratios for the accurate responses were already high

(i.e., close to 100%) for both languages and phoneme types.

4.6. Discussion

The present study addressed the relationship between lexical information and phoneme
awareness through an online phoneme monitoring task. To glean insight into this
proposed relationship, the study investigated the role of three lexical factors in Arabic

phoneme awareness: UP, word frequency, and word duration. Moreover, the present
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study addressed the relationship between the cross-linguistic situation of Arabic diglossia
and the phonemic representations of Arabic words. This study raised the question of how
lexical status (L1 vs. L2) and literacy affiliation (written vs. spoken) of the two varieties
of Arabic can affect Arabic phoneme monitoring. The third purpose of this work was to
examine the effect of Arabic orthographic depth in phoneme recognition.

This study has shown that phoneme monitoring goes through two successive stages of
processing. In the first stage, listeners access and recognize the spoken word. Then they
start to determine whether the recognized word contains the target phoneme. Some of the
investigated factors contributed to the first stage of phoneme monitoring (i.e., the lexical
stage), other factors involved the second stage of phoneme awareness (the post-lexical
stage), and the third group of factors pertains to both stages. The Arabic phoneme
monitoring task demonstrated inhibitory effects for both UP and word duration, whereas
word frequency revealed a robust positive effect. Roles of these factors are very common
in lexical decision tasks, as the three previous chapters and a large body of research
reported (e.g., Cleland, Gaskell, Quinlan, & Tamminen, 2006; Goh, Suarez, Yap, & Hui
Tan, 2009). Word frequency proved valid in both spoken word recognition (e.g., Cleland
et al. 2006), and in offline phoneme awareness tasks such as phoneme manipulation
(Hogan et al., 2011; Roth et al., 2006; Troia et al., 1996). The word frequency effect
attested to in the present study can be attributed to its positive role in word recognition
and its additional facilitative role in the post-lexical phoneme searching stage. At the
lexical level, frequent words are easier to map onto their semantic representations. At the
phonemic level, frequent words are more facilitative, as they have more segmental lexical

representations (Metsala & Walley, 1995; Walley et al., 2003), perhaps because they vary
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in their pronunciation (Hogan et al., 2011). That is, since different speakers pronounce
frequent words many times with different articulatory fine details, this variation may
entrench the phonological representation of these frequent words. The adverse effects of
UP and word duration and the robust positive effects of word frequency attested to in this
experiment support the hypothesis that phoneme detection occurs post-lexically after
having the target word processed at the lexical level. These results agree with the three
models of word recognition introduced earlier in this study: the TRACE model, the
autonomous race model, and the Merge model. All of these models predict that phonemes
get (part of) their activation from the lexical node of the language apparatus.

However, the effects of UPs for MSA words found in the morphology experiment
(Study 1) and the priming experiment (Study Ill) were not replicated in the current
experiments. Radeau, Morais, Mousty, and Bertelson (2000) observed for French that the
effect of UP was restricted to slower speech rates. In the present experiment, it happened
that the speaker recorded the JCA words and the MSA words in two different sittings.
When the recoded stimuli were analyzed, it was found that the speaker’s average speech
rate for the MSA words was faster than his average speech rate for the JCA words by 2.4
syllables per second.* Thus, it is possible that this interaction is due to faster speech rates
being characterized by more acoustic reduction.

More importantly, the present study found that participants reacted to the target
phonemes in the MSA carrier words as fast as they responded to the same target
phonemes in the JCA carrier words. This result should not be interpreted as if there were

no advantage for MSA in phoneme processing. On the contrary, the findings confirm this

30 The average speech rate for the MSA words in this study was 5.6 syllables per second.
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advantage. Again, we can propose two stages of phoneme monitoring tasks to account for
the observed processing balance. For each variety of Arabic, there is an advantage in one
of the two stages and a disadvantage in the other stage. JCA is faster at the word
recognition level. This is evident in lbrahim and Aharon-Peretz’s priming experiment
(2005), which was replicated in Chapter Three. Alternatively, MSA is faster at the
phoneme awareness level. That is, MSA has a stronger opportunity to scaffold the
phonological representations of its words through their orthographic representations and
through familiarity in print. The two influences pull each other in the opposing directions.
MSA words delay word recognition but speed phoneme access, whereas JCA words
speed word recognition as an L1 but slow phoneme tracking because they lack strong
orthographic representations. This experiment suggests that the positive and negative
effects of each stage neutralized the participant’s performance in the vocabulary of both
varieties of Arabic. These results do not agree with Russak and Saiegh-Haddad’s (2011)
finding that phoneme awareness is easier in the lexicon of L1 compared to the lexicon of
L2.3! The current analyses showed that the phonemic performance in L1 is not better than
the phonemic performance in L2 when the L1 lacks salient orthographic representations.
As for accuracy, literate native speakers of JCA scored very high accurate responses to
the target phonemes in both languages, though their responses were somewhat more
accurate to the target phonemes in MSA words (95%) relative to the same target
phonemes in JCA words (90%). This indicates that literate speakers of JCA are not as

poor at phoneme awareness of JCA words as illiterate adults or Hong Kong Chinese

31 The authors investigated phoneme awareness in three different experiments: phoneme deletion, phoneme
isolation, and phoneme segmentation. Since these are offline tasks, the lexical access stage (i.e., the first
processing stage) attested to in the online phoneme-monitoring task becomes irrelevant.
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children are (Cheung et al., 2001; McBride-Chang et al., 2004; Morais, 1991; Morais et
al., 1979).

This study provided more evidence for the effects of Arabic literacy on phoneme
awareness. It showed that literate native speakers of Arabic recognized Arabic
consonants faster than Arabic short vowels. Arabic orthography is opaque because the
short vowels correspond to diacritic marks rather than full letters, and these superscripted
diacritics do not exist in most Arabic written material (e.g., handwriting, publications,
printed media, and street signs). Previous studies emphasized that both Arabic and
Hebrew native speaking children find it more difficult to isolate initial consonants in CV-
units compared to the final consonants in VVC-units (Saiegh, 2003; 2007a, 2007b; Saiegh
et al., 2010). These studies ascribe the cohesiveness of the CV-units to the salience of the
CV syllable in both Arabic and Hebrew (i.e., CV is by far the most frequent syllable in
both languages). They also propose the visual representation of phonemes in the voweled
Arabic/Hebrew orthography as another/alternative reason for the cohesiveness of CV-
units. That is, superimposing the diacritics of short vowels onto the full letters of
consonants (and sometimes long vowels) renders the CV phonological unit as one
integral orthographic unit. Accordingly, this integrated orthographic unit reconstructs the
consonant and the following short vowel as one holistic phonological unit, making them
difficult to be segregated.

The present findings are consistent with the orthographic restructuring account of the
CV integration. The results suggest that the non-salient and scarce orthographic
representations for Arabic short vowels delay their recognition in the spoken modality

relative to consonants. The findings show that effects of Arabic orthography on
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phonological representation appear not only in offline metalinguistic tasks (e.g., Saiegh-
Haddad, 2004; 2007b) but also in online phoneme-monitoring tasks. Moreover, the
results extend the evidence for the Arabic orthographic effects on phoneme awareness to
incorporate adult perceptions. The present study demonstrated that the influence of
Arabic deep orthography on phoneme monitoring is not confined to MSA words, which
are commonly used in reading and writing. Short vowels also had a processing advantage
over consonants in JCA bearer words. This indicates that the Arabic orthographic system
reconstructs the phonological architecture of the Arabic lexicon in general, though the
effect is stronger in MSA words. Pertaining to accuracy, it was somewhat surprising to
find high accuracy rates for short vowels. Although native speakers of JCA were less
accurate in detecting short vowels compared to consonants, their accuracy rates were still
very high. This finding indicates large effects from small exposure. Arabs go to school
and learn to read and write Arabic using diacritic marks for two or three years. Yet, this
could be enough to give them accurate, but slow, phoneme awareness for the short
vowels. This is similar to the performance of Chinese children in mainland China who
can accurately delete and distinguish phonemes with only short-term exposure to Pinyin
(i.e., alphabetic; Cheung et al., 2001; McBride-Chang et al., 2004). The high accurate
responses to the short vowels of JCA words suggest that JCA short vowel awareness
obtains free ride in MSA short vowel awareness. This claim is based on the fact that
participants’ early literacy education with diacritics has been exclusively in MSA and the
diacritics disappeared long before they started to write in JCA (e.g., before they had their

first cell phones).*

32 None of the forty participants reported any ever experience with JCA words that were diacritically
marked.
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Phonological neighborhood density is another lexical factor attested to in this
experiment. Word recognition and phoneme awareness are affected by how many
phonologically similar words a speaker knows. Dense phonological family sizes have
inhibitory effect at the word recognition level (e.g., Goh et al., 2009; Luce, & Pisoni,
1989; 1998) and a facilitative influence at the phoneme recognition level (Hogan et al.,
2011; Metsala; 1999; Ventura et al., 2007). The adverse effect for dense phonological
neighborhood results in a large number of similar words that would be activated and
compete for selection when a listener hears the target word. Alternatively, words with
large phonological families have stronger internal phonemic representations compared to
words with sparse neighbors. This experiment revealed an interaction between
phonological neighbors and the language of the carrier word. The experiment reported
that neighborhood density facilitated phoneme awareness in JCA words but not in MSA
words.

One possible account of the interaction between language and neighborhood density
is that the facilitative effect of phonological neighborhood density at the phoneme
recognition level outperforms its inhibitory effects at the word recognition level in the
JCA words. The absence of a similar facilitative effect on the same target phonemes in
MSA carrier words could be attributed to a possible balance in the two opposite effects.
However, the nature of this observed interaction is a subject for further investigation.
Another potential explanation for why the effect of neighborhood size is non-existent in
MSA words is that the research estimates of the listeners’ neighborhoods may have been
less useful for the MSA vocabulary compared to the JCA vocabulary. The researcher’s

JCA vocabularies are probably fairly similar to the JCA vocabularies of the participants
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in this study. So the procedure for estimating of the neighborhood sizes using the JCA
dictionary and the researcher’s lexicon probably gave a reasonably accurate estimate of
the average neighborhood sizes in the participants’ lexicons. However, the vocabulary of
MSA dictionaries could be substantially different (i.e., bigger) than the participants’
MSA vocabulary, and participants’ MSA words could even be very different from each
other. This is possible if we take in to account that MSA is an L2, as a spoken language,
for literate native speakers of Arabic. As a result, the procedure may have given a much
noisier estimate of the neighborhood sizes for individual listeners, and we expect the
relationship between the noisy estimate and response time to be weaker. Guessing the
vocabulary of a typical experiment participant is still the trickiest issue in defining
neighborhood size in languages such as English, and researchers have been thinking
about it for decades.®® In general, this finding agrees with the LRM proposal (Metsala &
Walley, 1995; Walley et al., 2003). It partially confirms that words with dense
phonological neighbors have strong segmental (phonemic) representations while words
with sparse phonological neighbors have more holistic representations (Hogan et al.,
2011).

A growing body of research has reported that literacy can affect how listeners process
spoken language (e.g., Castles et al., 2003; Dijkstra et al., 1995; Hallé et al., 2000;
Ranbom & Connine, 2011). However, there is still a debate about whether its effect is a
result of online feedback or offline learning. According to the bi-model interactive
activation model, orthography is automatically activated and feeds back information to

the phonological systems of both lexical and sublexical levels (Grainger & Ferrand,

33 The neighborhood density was also measured based on the consonantal roots only. Again, the root neighborhood
density for the MSA words had no effects on RTs.
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1996; Kiyonaga, Grainger, Midgley, & Holcomb, 2007). In the context of Arabic
diglossia, it is possible that written forms of MSA words are co-activated more strongly
than written forms of CA words. This is because written MSA is pervasive, whereas
writing in CA is limited to electronic messages within the young population (Al-Khatib
& Sabbah 2008; Haggan 2007; Mostari 2009). Similarly, this framework can explain how
the phonological representation for a word with short vowels is formed through reading.
Phoneme activation via spelling co-occurs with the generation of a phonological form
consistent with the orthography. This framework proposes that phonological units are
indirectly mapped onto orthographic units via an intermediate orthography-phonology
interface at the prelexical level and directly at the lexical level. In the case of Arabic

words, mapping short vowels onto orthography is weak or may not exist at all.

The other possible account of orthographic effect is based on the idea that learning
about orthography can permanently change the way people perceives spoken language.
Frith (1998) compared the acquisition of an alphabetic code to a virus that “infects all
speech processing, as now whole word sounds are automatically broken up into sound
constituents. Language is never the same again’’ (p. 1051). The rationale behind the
emergence of orthographic effects on speech processing can be described within the
framework of the lexical restructuring model (Metsala & Walley, 1998). In the context of
Arabic diglossia, literacy reinforces the phonological representation of MSA words
relative to CA words and consonants compared to short vowels. Learning to read in a
language modifies existing phonological representations in the lexicon of that language
by creating more detailed (i.e., finely specified) phonological representations for its

words. The data suggest that reading in a language not only produces a more detailed
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phonological representation for its vocabulary but can also create an additional

phonological representation that lacks features or segments present in the spoken form.

In sum, this study has shown that phoneme monitoring is a two-stage process.
Listeners recognize the target word before they start to detect the target phoneme in an
immediate follow-up stage. Sometimes, the two stages push our attention in the same
positive direction, resulting in fast responses to the target phoneme. This is reflected in
the profound effect of word frequency. The two stages may also resist each other in
opposite directions. The balanced responses to the target phoneme in the vocabulary of
both varieties of Arabic demonstrate the pros and cons of each variety in each stage. The
literacy advantage of MSA words compensates their processing disadvantage at the
lexical level. The effects of Arabic diglossia on phoneme awareness are not the same for
school children and literate adults. While school children show a phoneme-awareness
advantage for CA phonemes and words (Saiegh-Haddad, 2004; 2011), the present work
revealed that with years of MSA literacy, MSA becomes more influential in phoneme
awareness. More supporting evidence for the effect of literacy on Arabic phoneme
awareness comes from the deep orthography of Arabic. The dominant unvoweled
orthography of Arabic explains the significant delay in detecting Arabic short vowels

compared to consonants.
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Chapter Five

General Discussion and Conclusions

5.1 Introduction

This research was designed to investigate the effects of various linguistic components on
Arabic lexical access in the aural modality. It revealed that morphological, sentential,
semantic, phonological, and orthographic constituents of the Arabic language could
influence Arabic language processing. The present work shows some effects of Arabic
morphology and diglossia on word recognition. This dissertation consisted of four
separate studies from perspectives of four different metalinguistic contexts. This chapter
summarizes the research results and discusses their implications for theories of lexical
representation and processing. The results obtained have implications for theories of
(Arabic) morphological processing and representation, theories of bilingual lexical
activation, theories of Arabic diglossia, and theories of orthographic and literacy
knowledge on spoken word/phoneme recognition. This final chapter also proposes some
future experiments to help establish the correct interpretation of some of the results
presented in this thesis. The final section of this chapter concludes with how this project

contributes to the broader scholarship of language processing.

5.2 Summary of Results and Implications for Theories of Lexical Processing

A number of previous psycholinguistic studies on Arabic morphology found priming
effects between words that share the same word patterns and, more importantly, words
that share the same roots. Some research concluded that effects of root priming were
independent of the degree of semantic overlap between the prime and the target.

Researchers introduced these results as evidence for the nonconcatenative view of Arabic
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morphology. That is, roots and word patterns are abstract morphemes of Arabic. The first
experiment of this thesis focused on the role of Arabic morphology in lexical access. It
investigated the role of Arabic morphology in lexical processing directly through a single
lexical decision task rather than through priming techniques. This method paves the way
to examine the role of two possible approaches of Arabic morphologies; namely, the root-
based approach (Bauer, 2004; Cantineau, 1950; McCarthy, 1981) and the stem-based
approach (Benmamoun, 1999, 2003; Ratcliffe, 1998, 2004). A group of literate native
speakers of Arabic reacted to a number of MSA words varied in their whole-word
frequencies, cumulative root frequencies, cumulative stem frequencies, root family sizes,
and stem family sizes. The analysis revealed that the statistical model that incorporated
all of the three types of frequencies and the root family size accounted for more
explanatory data than any other complex or simple model. The higher the values of these
variables in a word, the faster the response times to that word would be. The data showed
that words, roots, and stems all played comparable roles in Arabic lexical access through
their frequencies. According to these results, native speakers of Arabic activate or access
the Arabic word tafadsdsar ‘to petrify’ as one whole unit, as a prefix-stem constituent
[ta-hadzdzar], and as a root-pattern constituent {hdzr/cvcaccac}. All of this suggests that
Arabic is both a root-based and a stem-based language.

As discussed in Chapter One, these results can also be used to evaluate four major
theories about how lexical items are processed and represented. The first theory is the
whole word hypothesis. Proponents of this hypothesis suggest that words are fully listed
in our lexicon (i.e., mental dictionary), and words are the only basic units of lexical

representation. The second theory is the morpheme-based theory. This theory is in sharp
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contrast to the full-listing hypothesis. It proposes that words are accessed in the central
system only through their obligatory decomposed morphemes. The third theory is the
dual access hypothesis (e.g., Burani & Caramazza, 1987; Schreuder & Baayen, 1997).
This account suggests hybrid processing in which words are accessed directly as whole
units and indirectly through their decomposed morphemes. The fourth main theory for
lexical processing is the distributed connectionist theory (Gonnerman, 2000). According
to this theory, words are connected through networks and the network for a set of words
becomes stronger when their shared components are more frequent and more consistent.
(Davis et al., 2003; Gonnerman et al., 2007). The results are compatible with the last two
hypotheses (i.e., the dual route hypothesis and the distributed connectionist hypothesis),
but not with the first two hypotheses (the word-based hypothesis and the morpheme-
based hypothesis). This is because the whole-word frequency and the morpheme
frequencies together accounted for more data (participants’ latency times) compared to
any single account of frequency.

Turning to the issues of Arabic diglossia, the second study was designed to
determine whether the language-processing bias that pertains to classical bilingualism
could also be relevant in the context of Arabic diglossia. Diglossic speakers of Arabic use
two coexisting varieties of the same language rather than typical independent languages.
Previous studies on bilingualism found that unbalanced bilinguals process their first
language (L1) faster than their second language (L2). Other works found that bilinguals
recognize target words in language-consistent contexts faster than the same target words
in language-switching contexts (Grosjean, 2008; Soares & Grosjean, 1984). Native

speakers of Arabic use two varieties of Arabic, colloquial Arabic (CA) and Modern
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Standard Arabic (MSA), in different contexts of their daily life. Although each of these
two varieties has its domain of use, literate speakers of Arabic sometimes alternate
between them at the word level to serve different functions. This study addressed the
question whether native speakers of Arabic experience a lexical switching cost when they
process an Arabic target word hosted in a carrier sentence of the other variety of Arabic.
It also asked whether MSA is an L2 for literate native speakers of Arabic, as Ibrahim and
Aharon-Peretz (2005) proposed.

To test the research hypotheses, a group of literate native speakers of Jordanian
Arabic performed a lexical decision task in sentential contexts (i.e., to decide whether the
last word of a sentence has meaning or not). The carrier sentences ended with a target
word of either the same or the other variety of Arabic. The data showed that the
participants reacted significantly faster to the target words in the non-switching
conditions compared to the same target words in the language switching conditions. This
finding is consistent with the BIMOLA model of word recognition (Grosjean, 1997;
2008). This model suggests possible feedback from the higher language level of the
processing hierarchy to the lower lexical and sublexical levels. This switching cost
indicates that the base language (i.e. the carrier sentence) pushes the participant to think
of code switches as base language words.

Contrary to expectations, the participants reacted 24 ms faster to the MSA words
than they reacted to the CA words. This latter finding is of particular interest because it
makes it impossible to expect language processing just based on the simple view that L2
has to be disadvantaged. It is possible that the differences in the literacy status of the two

lexicons of Arabic were responsible for the processing advantage of the MSA
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vocabulary. In the context of Arabic diglossia, MSA has a stronger orthographic
representation compared to JCA because MSA is the language of literacy for speakers of
Arabic. This could make literate native speakers of Arabic take less time to separate the
final word out of the carrier sentence, as a metalinguistic judgment, when it is a MSA
word. Accordingly, it is proposed that literacy facilitates some metalinguistic tasks such
as word segmentation (i.e., identifying spoken word boundaries in sentential contexts),
which occurs prior to lexical access in the context of this experiment. As the second
experiment was indecisive about whether MSA is an L2 for literate native speakers of
Arabic, the third study was devoted to answering this initial question through replicating
Ibrahim and Aharon-Peretz’s experiment on a group of literate native speakers of
Jordanian Arabic.

The third study compared semantic priming effects within and across MSA and
JCA words. The results showed that JCA target words were accessed faster than MSA
targets when the primes were unrelated to the targets. Moreover, effects of semantic
priming were greater when the primes were presented in JCA relative to effects of
semantic priming when the primes were presented in MSA. The priming effect within
JCA pairs was also larger than the priming effect between languages. These results are
consistent with Ibrahim and Aharon-Peretz’s findings (2005) on Arabic-Hebrew
bilinguals of Israel. The reproduced results challenge Boudelaa and Marslen-Wilson’s
(2013) proposal that MSA is an L2 for Israeli Arabic-Hebrew bilinguals because of their
insufficient exposure to MSA compared to the other Arabic speakers living in the rest of
the Arabic-speaking world. The findings could be explained through the revised

hierarchical model (RHM, Kroll & Groot, 1997; Kroll & Stewart 1994), which predicts
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stronger links between L1 words and their semantic representations compared to their L2
translation equivalents.

The fourth study compared the phoneme monitoring of consonants and short
vowels in MSA and JCA carrier words. An important aspect of Arabic diglossia is that
MSA words have strong orthographic representations, as it is the language of literacy,
whereas any CA variety has a very marginal role in reading and writing. Arabic
consonants have salient orthographic representations while the orthographic
representations for the short vowels are diacritical and sporadic. The results confirmed
the hypothesis that phoneme monitoring is a word recognition process in which the
listeners access the lexical representation of the word before they decide on the phonemic
representation of that word (e.g., Dijkstra et al., 1995; Norris et al., 2000). A large body
of empirical research reported significant effects for word frequency, UP, and word
duration on lexical access. The present data showed a similar effect for these factors in
the phoneme monitoring task. Results of this study also agree with the general
assumption that sounds and words that correspond to alphabetic representations have
stronger phonemic representations relative to sounds and words that have no or
occasional alphabetic forms (e.g., Cheung et al., 2001; McBride-Chang et al., 2004;
Saiegh-Haddad, 2007). The experiment demonstrated that literate native speakers of
Arabic detect Arabic consonants, which correspond to salient and frequent orthographic
representations, faster than Arabic short vowels, which have weak and occasional
representations. Most importantly, the fourth study reported no significant differences in
participants’ RTs to the target phoneme in the two varieties of Arabic. This latter finding

is of particular interest, as it concurs with the two aforementioned general assumptions.
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At the lexical access stage, JCA words are accessed faster than MSA words are (Study
I11). However, because languages with alphabetic orthographies have stronger phoneme
representations compared to languages without (alphabetic) orthographies, then
phonemes of MSA words are identified faster than phonemes of JCA words at the
phoneme awareness level. Consequently, it is possible that JCA outperforms MSA at the
lexical access stage, whereas MSA outperforms JCA at the phoneme identification stage.
As a result, the two opposing advantages cancel each other.

Results of the three experiments on Arabic diglossia together underscore two
general conclusions. First, MSA is an L2 for literate native speakers of Arabic. In
general, literate native speakers of Arabic access the spoken vocabulary of CA faster than
they access the spoken vocabulary of MSA (see Study I1l). This finding is based on the
view that there is earlier and more frequent exposure to CA, compared to MSA, as oral
means of communication. Second, it is impossible to expect language processing just
based on the simple view that L2 has to be disadvantaged. This research concluded that
some metalinguistic skills rely on the literacy status of the target words over and above
their spoken familiarities. This includes the ability to mark word boundaries in spoken
carrier sentences (Study Il) and the capacity to identify the target phoneme in spoken
carrier words (Study V). In such auditory metalinguistic tasks, the advantage of MSA as
the dominant language of literacy competes with and sometimes overcomes the
advantage of CA as the dominant language of speaking.

Outcomes of the three experiments suggest that these tasks are processed
differentially. The priming task seems to be motivated by the listening and speaking

competence, resulting in a processing advantage for the spoken language over the literary
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one. However, recognizing target-word boundaries in spoken sentential contexts seems to
be elaborated via the literacy competence. This is because the task involves separating a
target word from the rest of the utterance. So it appears that identifying word boundaries
is easier if spoken words correspond to written codes in the listener’s visual experience.
Phoneme monitoring tasks tend to be motivated via the spoken language experience at
the lexical access level and via the literary language experience at the phoneme
identification level. As each variety of Arabic (i.e. spoken vs. literary) has a processing
advantage over the other in only one of the two necessary stages in a phoneme
monitoring task, the two opposing advantages cancel each other out. Consequently,
listeners identify the target phoneme in MSA words as fast as they identify the same
target phoneme in JCA words. This research emphasizes that literacy and spoken
language experience both contribute to the phonological and lexical awareness in
perceiving speech. The data may suggest two possible loci for the literacy/orthographic
effects in spoken word recognition. It is possible that the orthographic codes are activated
during word recognition, or that the literacy introduces new representations of language.
According to the latter assumption, phonological and holistic representations of words are

affected by orthography during literacy acquisition.

5.3 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 prompted. Below is a short list of directions for future
research.

a. The results of Study | show positive effects for both stems and roots in Arabic lexical

processing. These findings suggest that Arabic has two coexistent types of morphologies:
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concatenative and nonconcatenative. However, it is possible that one of these
morphologies has been externally superimposed on the lexical representation of native
speakers of Arabic. Perhaps Arabic is a stem-based language, and the cognitive reality of
roots is the outcome of school instructions. Alternatively, it could be that Arabic is a root-
based language, and the cognitive reality of stems is the result of participants’ good
command of English. To reach a more decisive conclusion, future research may
reexamine effects of Arabic roots and stems on monolingual illiterate speakers of Arabic,
who do not know literary Arabic or any L2 at all, using words from their dialectical
variety of Arabic.

The results of Study Il indicate a chance of potential interaction between the language of
the target word and the language of the carrier sentence, but the experiment might not
have enough power to detect the interaction. This study can be replicated with a larger
sample of stimuli. If a larger sample of data shows the proposed interaction, then H3.2
will be confirmed: the magnitude of switching cost from MSA into JCA is significantly
larger than the magnitude of switching cost from JCA into MSA. This possible
hypothesis is based on the belief that switching into JCA is less common than switching
into MSA.

Study IV argues that MSA words have stronger representations at the phoneme-level, as
opposed to the lexical-level, than CA words do. However, this advantage did not appear
on the surface because the lexical advantage of the JCA words and the phonological
advantage of the MSA words cancel each other out in online phoneme monitoring tasks.
Further research should compare the phonological representations of MSA words to the
phonological representations of CA words using offline phoneme awareness tasks, where
lexical processing (i.e., step one) becomes irrelevant. For example, future work may ask
how well literate speakers of Arabic can manipulate (delete or segment) target phonemes

in literary (i.e., MSA) and spoken (i.e., CA) words. On the basis of their literary
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experience, literate speakers of Arabic are predicted to manipulate the target phoneme in

MSA words more easily than the same target phoneme in JCA words.

5.4 Contributions

This project provides some new insights into the way diglossic speakers of Arabic
process their language. It concludes that Arabic speech processing is a complex
mechanism and the result of multiple sources of information: information from the
surface structure of words, information from their decomposed morphemes, information
about how early they are acquired and experienced, and information about their literacy
status. This research demonstrates that Arabic speech processing involves both bottom-up
and top-down mechanisms. This section will summarize the bigger picture aspects of
Arabic speech processing and how the results fit in the field broadly.

This thesis suggests that Arabic diglossia is a case of bilingualism from a
psycholinguistic point of view. It demonstrates some analogies between Arabic diglossia
and previous findings on typical bilingualism in auditory word recognition. Diglossic
speakers of Arabic are biased toward processing Arabic target words in the context of the
same variety of Arabic more easily than processing Arabic target words in the context of
the other variety of Arabic. This finding indicates that when native speakers of Arabic
access a target word, they access it based on the lexicon of the base language. When the
target word is a code-switched word, the listeners switch their search to the other lexicon
of Arabic. However, what remains unclear is the locus of switching cost in the context of
Arabic diglossia. One possibility is that language processing is part of the general
cognitive controls (Garbin et al., 2010; Abutalebi et al., 2012). Alternatively, it is

possible that diglossic speakers of Arabic, and typical bilinguals, develop language-
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specific mechanisms to control language (Abutalebi et al., 2008; Calabria et al., 2011). In
a recent work, Blanco-Elorrieta and Pylkkanen (2016) used magnetoencephalography
(MEG) to monitor the brain activity of proficient Arabic-English bilinguals while they
were processing language switching vs. category switching in both perception and
production. The neuroimaging data have shown that language switching in
comprehension recruits the anterior cingulate cortex while language switching in
production and the categorical (i.e., non-linguistic) switching in both comprehension and
production activate the dorsolateral prefrontal cortex. This difference suggests that the
general cognition control is responsible for language switching in production, whereas
language switching in comprehension is dominated by a language-specific control
mechanism. Similar neuroimaging research is needed to determine whether the language
switching cost found in the switching task of Arabic diglossia (Study II) is motivated by

the general cognitive control or a language-specific control.

The present research has also revealed an analogy between how early bilinguals
access their L2s and how diglossic speakers of Arabic access their MSA lexical items.
The results demonstrate a MSA-CA priming effect, though weaker than CA-MSA
priming. A similar pattern of priming has been found between French primes (L2) and
English targets (L1) in both simultaneous and early English-French bilinguals but not in
late English-French bilinguals (Sabourin et al., 2014). Accordingly, results of the Arabic
diglossia experiment indicate that MSA lexical items are integrated into the CA-based
semantic network because diglossic speakers of Arabic acquire the two varieties in early
succession. However, Sabourin and colleagues’ results are more decisive because their

experiment was a visual masked-priming task, a more (subconscious) task, while Study 11
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employed a regular auditory priming experiment. To obtain more valid results about how
effective MSA senses of translation equivalents incorporate into the L1-based semantic
network, future research should eliminate the task strategic effects. A future version of
this experiment can employ more subconscious auditory priming techniques where the

volume of the prime is attenuated and compressed (Ussushkin, 2015).*

This work contributes to the body of research investigated the effects of literacy
on speech processing. Previous findings have shown that the lack of (alphabet) literacy
for pre-readers and illiterate adults adversely affects some aspects of speech processing
such as phoneme awareness and word segmentation. The current thesis further revealed
that literate adults who receive their literacy in one language but not in the other develop
a stronger phonological representation for the language of literacy even if it is their L2.
This finding presents some new evidence for the interface between spoken- and written-

language experience in speech processing.

Part of this research contributes to the body of literature on Arabic morphology by
exploring how Arabic morphology affects word perception from both non-linear and
linear standpoints. More specifically, the research here contributes to the literature on
Arabic morphology processing in two ways. First, the current research supports previous
findings and claims from morphological priming tasks regarding the positive effect of
Arabic consonantal roots in word recognition. Second, the current findings give an
insight into the relevance of stems and whole words in Arabic word recognition. What

remains to be seen is why diglossic speakers of Arabic develop two distinct paths of

% Many thanks to Dr. Laura Sabourin for drawing my attention to this masked priming technique in
auditory word recognition.
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morphology. If it turns out that Arabic is a stem-based language and the Arabic root is the
byproduct of literacy instructions (i.e., formal teaching of language structure), then the
role of Arabic literacy in speech processing would not be limited to phoneme awareness
and word boundary identification; but it would further extend into lexical access. Be that
as it may, this research proposes that the dual model of word recognition can be dual not
only in the sense of having surface and morphologically decomposed representations of
the word, but also in the sense of its ability to incorporate two distinct paths of

morphology.
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Consonants

Appendix A
Arabic Phoneme Inventory

Arabic Consonants

IPA Description
Symbol

Glottal stop

Voiced bilabial stop

Voiceless dento-alveolar stop

Voiceless inter-dental fricative

Voiced post-alveolar affricate

Voiceless pharyngeal fricative

Voiceless velar fricative

Voiced dento-alveolar stop

Voiced inter-dental fricative

Voiced alveolar tap

Voiced alveolar fricative

Voiceless alveolar fricative

Voiceless alveo-palatal fricative

Voiceless alveolar emphatic fricative

Voiced alveolar emphatic stop

Voiceless dento-alveolar emphatic stop

Voiced inter-dental emphatic fricative

Voiced pharyngeal fricative

Voiced velar fricative

Voiceless labio-dental fricative

Voiced uvular stop

Voiceless velar stop

Voiced alveolar lateral

Voiced bilabial nasal

Voiced alveolar nasal

Voiceless glottal fricative

Voiced labio-velar glide

G |6 | B ] |G| Cjrerfee [ b 5| G |GG |G [ fe [ e[ ey | [ G G | e

Voiced palatal glide

“colloﬂquial”

Q< S|z |3 |—|xle|+wR |73 EL v |N | oo X |G |~ o~

Voiced velar stop
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Vowels

Arabic Vowel IPA Description
Symbol
a Central, nearly half-open, unrounded, short
u Back, nearly close, rounded, short
i Front, nearly close, high, unrounded, short
| aa Central, nearly half-open, unrounded, long
s uu Back, nearly close, rounded, long
< i Front, nearly close, high, unrounded, long
“colloquial” e Front, half close, unrounded
“colloquial” 0 Back, half open, rounded
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Appendix B
Items of Study | with Their Characteristics

Root Family Neighbors More
Freqguent than the Stimulous
Stem Cumulative Frequency
Stem Family Neighbors More
Frequent than the Stimulous

Root Cumulative Frequency
Stem Family Size

Surface Frequency
Root Family Size
Word Duration

UP

Word

330
[mirwad] 0.03
eye pencil

Jals

[kaahil] 008 22 10.29 2 1 0.46 0 515 453
ankle

[taxmiir] 005 21 18.62 8 1 0.16 0 685 623
fermentation

G

[taqrii€] 018 25  53.68 4 1 1.22 0 634 543
scolding

WA

[hurgah] 031 24  168.23 8 1 1.48 0 657 418
agony

tjj}f’

[nuzuu€] 159 24 39746 5 1 8.12 0 577 518

inclination
et
[luzuum] 463 29 3833 7 1 8.91 0 720 611
need
BY-X
[faxuur] 135 27 1125 4 1 4.18 0 727 431
proud
&30
[balaa?] 164 26 8151 2 1 5.26 0 699 589

adversity
&) il 718 21 119.89 1 1 2548 0 873 747

(8]
~
-

372.33 22 1 0.07 0 674

w
B
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[xad‘raa?]

green.Feminine

[dzaliis]
associate
pse
[fawm]
floating

i

4
[tatimmah]
continuation
[musthaf]
The Holy
Koran
Ll
[6umaamah]
millet
[matdzar]
shop
[Falaaniyah]
publicity
bl s
[muwaadfib]
diligent
[Jaakasa]
to quarrel with
[¢4'5]
waa?ama
to suit
Sola
[dzaazafa]
to take a risk
ka3
[talaat‘amal]
to clash each

other
¥ EN P
[mumaazaha]
joking
zal
[?adzdzadsa]
to inflame

0.13

0.16

1.01

0.78

0.03

3.36

3.23

0.05

0.03

0.03

0.18

0.13

0.13

0.19

12

11

14

12

12

12

10

2535.35

4439.27

1595.88

1094.71

1136.41

1157.11

1575.18

3.32

4.8

21.68

9.99

6.67

10.12

10.81

0.99

0.79

3.98

4.9

0.16

9.5

6.01

3.36

4.87

9.71

10.09

2.04

2.53

4.14

942

539

642

757

822

609

750

841

849

645

740

796

874

651

716

466

233

302

624

315

428

489

576

444

513

433

491

425
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lad jin
[mufargaSaat] 0.36
fireworks
[muballad3] 0.1
frozen
sales
[mufaadza?ah] 20.21
surprise
L3
[tawarrata] 15.53
to get involved
EG
[naafada] 6.55
to entreat
A
[sat‘t‘ara] 2.05
to draw lines
i;{e_i
[muhayya?] 2.31
prepared
PRy
[tabaadara]
to cross 4.76
someone’s
mind
Axy )5
[tawziifah] 0.03
a delivery
o sl
[?usluubiyyah]  1.02
stylistics
sl
[taasiq] 0.47
nineth
e
[fawt®] 2.78
round
SUE=S
[dzawharah] 1.56
diamond

3

[xafabiyy] 1.25
wooden
uden 6.81
[hamaasah] '

11

11

10

12

11

11

16

19

11

10

10

3.39

26.82

139.65

84.31

109.08

40.04

38.2

322.28

293.39

584.01

321.32

80.34

207.52

69.34

243.23

3.42

1.77

86.04

75.21

52.08

4.04

30.86

257.79

183.6

224.4

104.9

73.81

180.6

64.01

207.0

1188

767

841

766

706

708

846

806

830

966

632

607

798

768

839

461

663

530

569

460

531

697

620

459

390

307

506

462

377

619
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Enthusiasm

DR

[tadriib] 3581 12 467.61 0 2 2740 0 881 739
training

skl

[xut'wah] 9436 7 42311 0 1 3831 0 711 558
step

&._\I.AA

[sfash] 2406 11  405.56 0 1 2276 0 753 595
hard

B
[mihradzaan] 5293 2 175.65 0 1 1771 0 890 403
festival

[yambayiy] 108.82 14  236.46 0 1 1541 0 751 479
ought to

i

[ragam] 89.68 10 34145 0 2 2329 0 469 386
number

oks

[kiyaan] 2159 6 11715 0 3 1125 0 699 599
entity

dellad

[gatt'aafah] 0.03 53 183865 14 2 3.95 1 75 593
a pair of pliers

[mugtabal] 169 50 5073.8 20 1 2.17 0 805 711
prime of life

¢l

[migdaam] 0.18 43 417342 18 1 0.85 0 727 644
courageous

o

[baa?in] 0.1 43 478673 19 2 0.85 0 643 560
obvious

b

[0fihaar] 005 38 182482 20 1 0.1 0 719 719

!/az
[maSmal] 1012 37 829417 8 2 268 0 662 577

workshop
dlac

[Sidaad] 1069 36 518282 9 1 1621 0 784 678
among
[fahiim] 1033 23 832.09 4 1 13710 0 770 39
intelligent
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H

[tasiyyr]
handling
il
[taa?ilah]
great
[mulabbas]
covered with
[mubatitian]

lined
[tahadzdzara]
to petrify
[muSadzdzal]
accelerated
i
[gaamara]
to gamble
[tastallub]
hardening
[mutaSas‘sfib]
fanatic
[tayayyaba]
to absent
himself
Calalad
[taCaat uf]
sympathy
33lac
[Simaadah]
deanery
Slas
[mamaat]
death
S0
[raawiy]
narrator
P
[mubram]
irrevocable

12.2

10.51

0.36

0.49

0.34

0.55

0.08

1.09

9.29

5.18

0.39

0.1

0.42

0.7

25

28

29

25

21

22

21

24

24

28

32

33

24

24

23

1457.73

956.08

167.54

41.57

231.61

161

114.06

131.12

196.16

340.98

257.48

414.61

346.81

420.6

81.25

27.62

20.25

8.81

3.32

7.24

9.99

3.35

9.99

32.7

23.21

42.25

74.76

51.16

24.69

24.69

901

597

974

803

700

808

566

814

866

718

827

824

731

577

700

819

402

793

385

629

711

426

707

810

556

653

684

612

460

578

171


https://en.wikipedia.org/wiki/Pharyngealization
https://en.wikipedia.org/wiki/Pharyngealization
https://en.wikipedia.org/wiki/Pharyngealization
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
https://en.wikipedia.org/wiki/Voiced_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
https://en.wikipedia.org/wiki/Pharyngealization
https://en.wikipedia.org/wiki/Voiced_pharyngeal_fricative
https://en.wikipedia.org/wiki/Pharyngealization
https://en.wikipedia.org/wiki/Pharyngealization
https://en.wikipedia.org/wiki/Voiced_velar_fricative
https://en.wikipedia.org/wiki/Voiced_pharyngeal_fricative
https://en.wikipedia.org/wiki/Pharyngealization
https://en.wikipedia.org/wiki/Voiced_pharyngeal_fricative

ol
[nigaab]
veil
(383
[daqiiq]
fine
s

-

[basiit]

simple, humble

¥y
[zahrah]
rose
s p
[quruud®]
loans
Jua
[xayaal]
imagination
m
[munagqat‘]
dotted
Jle
[Faanada]
to oppose
&3
[?azzama]
to aggravate
LU
[sallat‘a]
to inflict
Gile
[faanaqga]
to hug
ol
[haaraba]
to fight

[mubaqqaf]
educated
[takayyafa]
to adjust
himself to
AEY
[?ahraam]
pyramids
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17.43

16.85

7.33

24.92

9.75

0.08

0.13

0.05

0.91

0.34

2.68

5.72

1.35
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23
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14
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378.15

464.48

275.84
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198.01

738.01
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1115.38
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27.96

1324.66

566.86
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269.4
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72.09
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15.45
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27.56
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727
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757
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747

821
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412
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[gaahir]
congqueror
La
[harbah]
bayonet
ERI
[masaas]
violation
uala
[maadsin]
past
ol
[lidzaan]
committees
(G-RY-Y
[hadaf]
target, goal
u:’;\f*é
Canaawiin
headlines
gk
[tat*wiir]
development
[tabanniy]
adoption
A3k
[saawama]

to compromise

A

[raakama]

to accumulate

el
[naad‘ala]
to struggle
o
[saytiarah]
control
e
[yaadara]
to leave
[falsafah]
philosophy

0.73

3.1

3.54

5.28

37.09

77.56

10.04

153.89

31.52

0.08

0.26

0.83

34.75

28.84

23.3

9.57

10

14

13

11

12

11

25

11

10

14

12

770.82

1324.66

1975.14

1629.11

1050.31

1249.79

1586.7

1102.79

1428.21

11.78

58.1

95.34

337.11

225.31

173.76

170.02

726.4

1042

25.45

1482

1472.9

599.2

31.96

452.77

58.91

24.57

53.79

28.77

336.68

186.47

152.84

94.99

567

520

891

677

774

655

853

834

693

729

641

662

668

646

710

961

269

431

683

551

649

472

442

762

368

558

469

503

357

571

448

378
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[mukaf6af]
Condensed
[muxayyam] 10.77
camp
A
[muraffah] 37.71
candidate
[mu/faakalah] 0.16
resemblance
g i
[mu/arri{] 0.73
legislator
[mudzaama¢gah]
sexual
intercourse
[muhas‘sfal] 0.16
obtained
3o
[zaawad3a]
to couple, to
pair
Caolad
[taCaarafa]
to know one
another
abalas
[taSaad‘ama] 4.27
to intensify
[tataabuq] 4.94
identification
[tasawwuq] 2.05
shopping
[baydfawiyy] 0.13
oval
[taxallas‘a]
to dispense
with
Al 3.8

0.05

0.13

1.3

3.98

11

11

30

32

41

16

26

31

23

23

28

24

23

21

257.61

518.74

3934.07

2501.17

6902.46

1069.75

544.43

2735.71

623.92

712.59

1358.12

252.37

303.87

420.08

11

19

12

13

68.52

347

7.6

23.15

5.62

241

8.51

15.61

20.18

31.32

19.6

40.86

77.36

47.1

741

907

845

644

882

876

879

788

797

811

729

771

864

840

641

382

686

559

522

728

734

585

458

451

632

547

603

729
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[tagallub]
turning over
a5k
[muSawwad']
compensated

[mudszallad]
volume
[tamaasaka]
to hold together
iud
[giyaamah]
resurrection
R IXS
[kamaaliyyaat]
luxuries,
nonessentials
ol
[gad‘aa]
to judge
[harraka]
to move
Ll
[naasaba]
to suit
[ta?allafa]
to consist of
[fuSuubiyyah]
all nation
[mutafarriq]
separated
[taCarrad®a]
to be exposed
to
[muxaalafah]
violation
[tahaggaqa]
to come true

7.33

2.52

5.49

1.59

0.31

12.09

2.13

0.08

0.65

0.21

0.21

91.47

20.65

98.94

22

27

27

43

23

28

12

24

32

26

43

47

35

29

239.91

95.31

274.09

5132.33

1084.33

1103.01

1294.16

4216.78

1556.78

1581.62

2169.44

2973.11

1891.48

3941.03

11

27.51

17.22

40.86

449.81

145.8

375.48

393.37

482.04

240.86

201.53

49.77

400.33

149.74

758.26

1150

895

859

693

1175

437

642

639

776

1060

989

659

793

762

977

782

586

562

541

296

455

467

566

572

867

483

602

556

175


https://en.wikipedia.org/wiki/Voiced_pharyngeal_fricative
https://en.wikipedia.org/wiki/Pharyngealization
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
https://en.wikipedia.org/wiki/Pharyngealization
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiced_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiced_pharyngeal_fricative
https://en.wikipedia.org/wiki/Pharyngealization
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative

[mubaafarah]
directly
33e Lk
[musaaSadah]
help
Jled i
[turdzumaan]
interpreter
At
[dasiisah]
intrigue
okl
[nuSaas]
drowsiness
[huma]
stupidity
[famS]
wax
P
[Oady]
bosom
[mufaafahah]
orally
Aenl)
[raadzimah]
rocket launcher
e,
[zimaam]
reins of power
“aua)
[ras‘iif]
sidewalk
[tagiyy]
pious
[fatiil]
fuse
[fabah]

ghost
FLARW

150.62

48.38

0.31

0.08

0.55

0.23

0.34

0.47

0.1

0.16

9.42

541

12.43

6.22

7.23

0.26

32

27

12

10

11

16

997.55

21154

193.58

5.24

3.97

24.58

121.97

4.43

9.31

35.06

34.54

32.32

23.6

10.48

24.64

5722.49

437.25

746.42

4.24

0.26

2.93

1.94

10.03

4.14

0.89

2.99

19.56

19.86

17.29

8.94

15.12

154.49

756

795

945

736

871

673

614

519

861

694

784

857

548

796

731

884

459

493

606

358

706

575

540

273

524

522

415

694

548

719

575

717
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[mudaawalah]
Deliberation

EXe)

e
[munawwas] 013 12 749.01 6 6 11832 4 716 616
varied
U3
[mumawwal] 1.33 13 110575 2 5 55.59 1 785 696
financed
(s
[ta?assasa]
to be

established

551 15 2297.14 5 6 917.89 3 716 575

Rl
[muSaskar] 2978 8 114254 0 8 11425 1 697 470
camp
aalu
[saahama] 2273 11 906.04 2 4 38265 1 762 559
to contribute
[mulaahad®ah] 1758 12 549.96 1 4 26376 1 695 559
notice
[ta?akkada] 1274 9 170343 3 7 15119 2 737 581
to ascertain
e
[naariyy] 198 37  587.82 2 2 216,12 1 690 494
fiery
zh
[naazih] 1.14 8 46.22 0 1 2643 0 927 418
emigrant
[miflyyah 0.18 40 5184.02 16 3 98494 0 848 391
homosextuality
e
[mabii€] 065 21 48759 1 2 12217 0 524 469
sale, selling
las
[mayaarib] 003 31 170626 6 2 2124 0 791 559
west areas
<3
[dabbaab] 018 12 8359 0 2 4908 1 961 820

buggy
pile
[faadim]

0.44 14  1028.05 8 1 2.04 0 747 628
Exhaust
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By
[buwr]
Uncul}ivated
P~
[hazm]
determination

3.59

4.92

35

14

145.9

124.31

0

1

1

7.63

21.17

0

695

642

695

522
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Appendix C

Items of Study 11
Jordanian Colloquial Arabic Words Modern Standard Arabic Words
BESY K
[birwaaz] [?abkam]
Frame Deaf
PrS Juis)
[bafkiir] [?ihtyaal]
Towel Fraud
ady A =
[xarbattah] [?afCaa]
Chaos Snake
SO0 Al
[duyrii] [?alam]
Straight Pain
de s pa s
[zaSal] [tarmiim]
Anger Renovation
(6 s <l
[sarsarii] [talaf]
Scoundrel Damage
gl laa
[tust] [d3zidaar]
Washtub Wall
5 jils <5
[sufrah] [zukaam]
Dinning-table Cold
all g Y™
[sawaalif] [suruur]
Gossip Happiness
Al i
[fat‘t“ah] [safiih]
Hot Sauce Silly
b‘)A.'\S Cu“
[kundarah] [siyaads]
Shoes Fence
[xityaar] [s‘uhuf]
Shoes Newspapers
PR b
[manaakiir] [tabiib]
Nail Polish Physician
[nas‘aahah] [Fabad]
Uselessly
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Obesity

[taksi] [mufaadzarah]
Taxi Fight
S PEECH)
[?asakkir] munhadar
I close Slope
g.a\‘): JJL(:i
haraami [?ayaadir]
Thief | leave
S R
[faakuu/] [munSataf]
Hammer Curve
Syl aila
[furt] [haatif]
Power Failure Telephone
[yalat®] [wifaah]
Mistake Scarf
zI S J
[karaads] [?ibil]
Garage Camel
il L
[kalsaat] [sabaak]
Socks Plumber

N T NP T |
This is a coward as he’s still afraid of a curve/ thief.

Calaris \ el o il L) e all g oL 22
While the young guy was hanging around, he passed by a thief/ curve.

S \ gl dany BN ) al ad Jady A i) -3

Open the drawer and remove the stuff, you’ll find a drawing of a snake/hammer.

280\ sSLa 4 s3ia (g il Ja )l 2 AT 4
The old man has taken a hammer/snake out of his box.

e \all sl pvie s anally dze xSl Ul -5
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| was certain that he had some gossip/a telephone.
Call sl \cila 451 (ye Aliliais 480 5 Caual Tanaat i 130 6
For this reason, in particular, his mother has become upset about any
telephone/gossip.
TS\ (o Lm0 S dal i) caia) (& -7
Beside the bank there is a large lot, after which there is a slope/garage.
D33 \z ) S e ol callaat 38 45 jlaw Ol WA JE -8
The lawyer said that his car had broken down near a garage/slope.
ST\ gy ol Al Sy Yy SEY -9
Don?t think that today | am going to close/leave.

s\l o 0 @l Gogar 39 18 Gl Y a2 10

Well do not worry too much as | will wait for you before | leave/close.

8 Gl preay Lo (e g eludY) (sla 2y 211

Take these things away to avoid any damage/power failure.

Cali \ % e aail Allall oda B it oy il g Ui a0 12

Eventually the report has proven that this is a result of power failure/damage.

Ge\Che Tadif Le Jggmeall M 1) Sia Ul 213

I?m sure this person-in-charge wasn’t appointed straight (directly)/uselessly.

Ci \ e d Al Caal el Ll B i 14

I was certain that Salim spent half of his life uselessly/straightforward.

de 3 \g b (el sl ) e oo SI-15
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The worst thing is to see a fence/anger in front of me.

gl \J2 5 sl e paliall e e il 138 Saeli) Cagu-16

This thing will help you to get rid of any anger/fence.

Juia) \adas 3 aible LY alilioald 3 Legi) s ac L-17

I think the country isn’t good as it’s full of chaos/fraud.

‘\L-.’)i\dl_-_ﬁ;\a\)\;ﬁ}j\we“ ’ iﬁi\.’m-lg

Since its establishment, the country has not experienced any cases of fraud/chaos.

o€\l e ol i day 39) Ldd @y 13219

If you want let’s match the same color with a scarf/a pair of shoes.

L5 \o i€ (a3 LY (e sy A e i al 20

Abeer has never afforded a pair of shoes/a scarf.

ol \ S5 e JalS i 53K agl) e 21

It’s unusual to write an entire newspaper article about a taxi/fight.

S\ palin 28l Loyl 53 LEL wdaies &L 1 6 a8l a3 22

Yes, he told me that you can see it wherever you see a fight/taxi.

LI\l (gl st Sl g 4 S5 Y g 3y 1323

If you want my advice, don’t think about it and try to forget any pain/mistake.

ANl Glllh (W1 Y TS ) Saen 24

I thanked God much because there was no mistake/pain.

Aol e i) A5 5 il 2 8] 5 s 323225
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After waiting for a long time, Mustafa and his wife suggested adding a physician/hot
sauce.

G\ Jaally gvie ja il Cian 5 L 2ny 26

When she came back, Sahar found hot sauce/a physician in his shop.

oS\ sy (i e i) Jalay ) L (il 27

It is not hard for your son to deal with a bad person\deaf.

6 m e \oSH S Cala sl ) e e sands Leanes 28

After two weeks they knew that the employee was deaf/a bad person.

S \cadla daa Sy skl ) 4% ¢ ddlud ol 229
= U= ) D J

Osama has left his room to the kitchen carrying newspapers/a towel.

il \ Sl o3l (35 (g e 2l ey i s (1S-30

He was sleeping when Ahmad threw towel/newspapers at him over the attic.

Dt \Jbk A28 ima Lo Cipmy Y Al ia 3]

Even he does not know the meaning of the word bucket/happiness.

Cata \ 5 s (B0 (g o sy e 58l (o) =32

Just | want you to know that you can’t find happiness/a washtub/easily.

ASH abial ) (sa50m 5aY) 128 Gl aie | Y 233

I do not think that matter will cause obesity/a cold.

aaliad oS5 408 o aledl) iy i b oy L34

I wish it had been just a matter of cold/obesity.
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LS\ Ay 4sil ) oda cilS 130 La 1aSlie G 35

| am not sure whether this is a smell of camels/socks.

SN\ Gl g 5Ll 3 Y g I3 20 A pala 36

That’s enough! I’ll get off here because this street is full of socks/camels.

s \aasi Gl anid o 230 13 G 500 Y 237

It does not seem that this thing looks like any renovation/frame.

ar 5\ 310 Ll s G S pmas Sl 5 Lgia ala I3 131238

If you want to sell it for a good price, make a frame/do renovation for it.

o\ Sl A 3) Gl Bl s o 139

She was not convinced that the issue was not removing some nail polish/a wall.

¢ Sla\E a0 58 3 elile dily o1kl Jlas-40

Please come and see if there are any cues for a wall/nail polish here?

DLEa i 05 A3 TS5 151y Lyl il 41

I have told you more than once that he is a silly/an old-man customer.

A \ Ui ol o S8 dlie 934 g La e il Jgla 42

Try to avoid doing this as you don’t want them to think you?re an old man/silly.

aﬁ\é&ajjhﬂ\w\&&uéq‘,u_43

There will be a plumber/dinning-table in that nearby area.

AL ol cunile J8 SE1 AUl (544

You should think well before getting a dinning-table/plumber.
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ol oa\cabaais BN ey HES AL il 5-45

You can go, but take care as you might find a curve/thief.

Cadani \ el s G5l (e Al 020 5125 315 8 0L il 246

| swear that there is almost no thief/curve in this city.

GiSLE \adl e 55 Giiel (e STl Jlee 50847

The circus workers spent more than two hours looking for a snake/hammer.

28\ sSLE Al gay o il 1agd Gllia Ll 48

Look there! That thing looks like a hammer/snake.

Neither the police nor the judge can send people to prison for gossip/a telephone.

call g\l 2%k AL Jaal b o) AY) aiiay 250

The brothers think that the debate has developed from a mere telephone call/gossip.

Z S \)3s e aaai) (paay g ghadl) Gulll J o8 juay be e 251

Shame on you! It is inappropriate to tell people “come in” and then seat them on a
slope/garage roof.

53 \g S 5l o Tam 3T s gaad o (952

Try to find another location away from any garage/slope.

ST 25 L e ) ) Jasy 15253

| swear by God that I’ll never close/leave.

SSUsel G ) (s 0% o asSall ) e o 3 -54
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After | had learnt about the government decision, | could not do anything but to

leave/close.

Copd\aliad Jla 13 A jual 7 55

There will be no problem if a damage/power failure has happened.

Qali \cys el ol o1 sl o slUd Wikl Y 56

I do not think that you care even if this causes a power failure/damage.

Ce \ g e d Ly S Le ol ¢ 50157

Last week they didn’t build it straight/uselessly.

e 3 \he L)ad o ad Vs o i Y slidl) iS58

The girl did not want to try it uselessly/straight.

del \plw da JS i) Ganal ald (e 0Y) cuaal 59

| still can’t believe that all of this is a fence/anger.

CL}‘," \dé:) fsi M uj ay d_)éi > 30 )§_60

Think again because anger/a fence is not good for you.

Juiah \aday )2 Jla g ie) Ol 9 gaan b (Bra 61

Believe me, sir, the neighbors considered what has happened chaos/fraud.

Adas i \Jliin) e a3 (o (S L i ol 55 o 62

You can expect this and avoid what might happen of fraud/chaos.

o8 \o iy ULVl Lo U 2500 5 e Y (a3 Y63

Don’t worry! I’m not going to go home before finding a scarf/a pair of shoes for you.
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Zlis Ve onE (5ym a5 Aae leae BLE-64

Mohammad saw his uncle burning a pair of shoes/a scarf.

o alih \ o€ Gy 4058 30 a0 Jlay-65

He decided not to come back again because of a taxi/fight.

oS3 \oyaliia 8 (puel AL Alladae L) 33 38166

Last night the young man lost his wallet in a fight/taxi.

Lale \oIf M i) panl i€ 0 g0 US 681 il gls 267

| tried a lot, but day after day | felt that was a pain/mistake.

Aldale Gl Cuinal o (S (i€ @l e cile s i 38168

You have taught me how to avoid any mistake/pain.

A\l 25 e olie 38 35l b gL (53 Al 138 469

This product sold in markets is a physician’s/hot sauc product

b b lua T4 iy U ey 13270

If you want to please yourself and him, bring him hot sauce/a physician.

o541\ i e A5V (a2l 134 paY gl de sanall IS 7]

The group cared about this person because he was a bad one/deaf.

(§omm \aSal i o e il g il J ) Al 2272

Be careful! Don’t forget and disclose the secret that he’s deaf/a bad person.

S\ la AT el (5 e Gl Gl il Sty Spna 56173
He has come and forgot his stuff, so he asked me to bring him some newspapers/a towel.
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Caala\ Sl agd as g el il IS ale alal) 74
It is very easy: bring a bag and put a towel/some newspapers in it.
s \Jhl Siliaal Mo § & ol Cuiad 8175
You wished that your friends had a washtub/happiness.

cazda \ 5k oy e J33) - e dlet 176

You will never bring happiness/a bucket to your home.

oS \aliai Lo o Ll il JSLER 538 JS-77

All of these problems that you have are natural consequences of obesity/cold.

aaliai ol gaie jual an LS Lially las e 78

None in this world likes to have a cold/obesity.

LY g siaia Al &l 1) S35 1) e e o) 28179

He often claimed that he was a small dealer selling camels/socks.

SN\ elia CHa3 0 5e Jsl 53 S clalil daai) -80)

Believe or not! | was very happy because it was the first time I try such these socks
(on)/camels.

s \asa s O3 (e e (0 5Sms LelSE Ol aaal a8

Ahmad thinks that it would look nice without renovation/ a frame.

ase A\l 039 (e L) )3 # Le-82

You can’t start without a frame/renovation.

Jan \Slie il of il G U4 L83
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Khaled asked his fiancée to put (apply/build) some nail polish/a wall.

OSle \las e daade o el clilay) & -84

Have you ever seen water gathering on a wall/ nail polish.

The people of the quarter have agreed that the janitor is a silly person/an old man.

Al \ i ) Sode) Jlay Y s 286

| don’t like him because he keeps telling me I’m an old man/silly.

ol \l jlmal iy daladd a3l (8-87

The grandfather was planning and arranging to get a plumber/dinning-table.

A \o i (s BN il Y lile La s L-88

Don’t worry man! You can find any dining-room/plumber.
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Appendix D
Items of Study 111

MSA JCA Unrelated Unrelated
prime/target prime/target MSA Prime JCA Prime
hagiibah Janteh 11.89 naafidah Jubaak
bag bag window window
i G iLs s
?affaa hayyeh 0.49 gitt'ah bisseh
snake snake pussycat pussycat
e <k als s s
Jurfah balkoneh 4.08 qublah boseh
balcony balcony Kiss Kiss
G 83 il oS
mashuug bodrah 1.77 lakmah buks
powder powder fist fist
g 8l zlis J&
sitaarah burdaayyeh 1.09 wifaah Jaal
curtain curtain scarf scarf
Chlaeo SITNEN P 3 sula
miSt'af dzaaket 0.75 2unbuub maasuurah
coat coat pipe pipe
Ja5 5 ila sl
radzul zalameh 112.18 haatif talafon
man man telephone telephone
(i Jai sl J3ia B
funduq utel 5178 migwad stiiring
hotel hotel ' steering steering wheel
) wheel
nuquud mas‘aarii 2.42 Oadii biz
money money bosom bosom
) BIES pshiA BTy
?it‘aar birwaaz 0.94 xurttuum barbiif
frame frame hose hose
ablala 80y 920 elda 353K
t'lamaatfim bandorah 0.26 hidaa? kundarah
tomato tomato shoes shoes
mustagiym duyrii 1.92 musin Xityaar
straight straight elderly elderly
485k o AL slixe Ly
mitraga Jaakuu/f 1.33 midfa?ah Sobah
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304.17
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machine
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Appendix E
Items of Study IV with Their Characteristics

2 < 2 &
MSA g 2 g 5 2 g
/h/ = G g 5 & g
e ) A = e o A =
= Z 2 A = Z 2 A
[suhub] 5.55 2 439 531 [mahramah] 6 5 436 520
clouds tissue
[tahaddu6] 5.55 4 631 783 [kaha[] 536 11 457 621
talking to dismisse
[mashuuq] 4.64 12 574 667 [suhlyyeh] 455 4 314 756
powder lizard
il i
L [hafartalii]
[?igtihaam] 4.64 2 353 770 low-class 382 0 651 848
breaking into ow=c
, person
[hafaawah] 3.73 4 608 800 [hanafyyen] 6.32 0 531 859
welcoming faucet
RECEN BETES
[hugnah] 5 4 371 544 [haawwz] 3.64 0 509 875
shot reservoir
[hagiibah] 5.41 6 538 731 [fabbaah] 5.05 8 894 1028
bag trousers strap
gha —
[mubaah] 5.41 6 775 775 [tafliih] 545 15 811 967
permissible robbery
- S
[?id3tiyaah] 4.86 4 800 938 [mkarsah] 559 2 463 932
invasion handicapped
[nubaah] 4.5 2 359 774 [hof] 5 9 595 730
barking backyard
[hafnah] 336 6 409 640 LMWl o0 45 715
handful dragging on
the ground
HA sl
[haana] 5.27 6 562 677 [?afkah] 414 8 559 707
bar waddle

193


https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative
https://en.wikipedia.org/wiki/Voiceless_pharyngeal_fricative

sa
[makaabih]
brakes
las
[mis‘baah]
lamp
-t
[nikaah]
matrimony
Dl
[?inhidaar]
descending

zls
[wifaah]
scarf
o
[riyaah]
wi st
i
[Juh]
scarsity
FEPN|
[2ut‘ruuhah]
disser}ation
35
[hufuud]
crowds
)
[rahib]
spacious
[stahiifah]
newspaper
Ol
[?istihsaan]
admiration
s
[?istahd*ara]
to rgcall
[tahaffud®]
reservation
CGA
[mutaah]
available

4.36

5.23

4.86

5.05

3.82

5.95

4.09

3.64

4.09

4.27

5.27

4.55

4.05

491

5.82

13

745 912

279 867

648 783

317 747

647 784

630 778
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Appendix F
Instructions and the Consent Form

The English Translation for the Frequency-rating Instructions
A Side-experiment
Part I: You will listen to a number of Jordanian Arabic words. After each word, you
will be asked to rate how frequent the word is used by Jordanians on a 7-point scale.
Press play to listen to the word.
1=not frequent 2 3 4= moderately frequent 5 6 7=very

frequent.

Part I1: You will listen to a number of Standard Arabic words. After each word,
you will rate, on a 7-point scale, how frequent the Standard word is used in the
contexts of Modern Standard Arabic (in newspapers, books, news, documentaries,

interviews, etc).

1=notfrequent 2 3 4= moderately frequent 5 6 7= very frequent.
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The English Translation for the Word-association Instructions
A side- experiment
You will listen to 40 Modern Standard Arabic words. Then you will be asked to
suggest, for each Standard Arabic word, its best translation equivalent in Jordanian
Arabic.

Press play to listen to the word.

The best Jordanian Arabic equivalent for this word is

lal€l) Jals ) Ay o

Suadl 1 By a g8 i gau AalS S ) pLaia) day , Analll) 4y gad) ALl CilalS (e AalS €0 ) aaiedd Cigau
dia V) dg pal) Aangdlly dalSt) o3¢l (A i) i)
o Aalsl) o3gd (Agalid) 481 e Ay yla 40 ) Aals Juad

The English Translation for the Informed Consent (the main experiments)

Informed Consent Form (The Main Experiments)

Study Name: Auditory Word Recognition in Arabic (Diglossia)

Principal Investigator: Moh’d Al-Omari

Research Supervisor: Prof. Kevin Russell

Affiliation: University of Manitoba, MB, Canada.

This consent form, a copy of which you may keep for your records and reference at this
time, is only part of the process of informed consent. It should give you the basic idea of
what the research is about and what your participation will involve. If you would like
more detail about something mentioned here, or information not included here, you

should feel free to contact us. Please take the time to read this carefully and to understand
any accompanying information.

212



Purpose of the study

Mr. Moh’d Al-Omari is conducting this study for his doctoral dissertation in partial
fulfilment of the requirements for the degree of Doctor of Philosophy in Linguistics,
under the supervision of Prof. Kevin Russell. The purpose of this research is to
investigate how fast and accurate native speakers of Jordanian Arabic recognize Arabic
words in the spoken modality. We estimate it will take no longer than -25 _minutes to
complete the experiment.

Subjects Selection

You have been chosen to take part in this project because you match the criteria that the
researcher is looking for. That is, you are a native speaker of Jordanian Arabic with at
least 12 years of formal education in Arabic.

Procedures

* You will be hearing a number of individual words. Sometimes the word is a real Arabic
word, a meaningful Arabic word. Sometimes the word is not a real Arabic word, a non-
sense (meaningless) word. Press the YES button if the stimulus is a real word of
Arabic. Press the NO button if it is a non-sense (meaningless) word. You need to
give your decision as fast and as accurately as possible. (To appear on the consent
form of the morphology experiment)

* You will listen to Arabic sentences ended with words or non-words. Press the YES
button if the sentence ended with a word in any forms of Arabic (Jordanian Arabic
or Standard Arabic). Press the NO button if the sentence ended with a non-word.
You need to give your decision as fast and as accurately as possible. There will be a
two-second interval between your response and the next sentence. (To appear on the
consent form of the code-switching experiment)

* You will listen to a list of Arabic words in pairs. In each pair, the first word is always a
real Arabic word. The second word, however, can be a real Arabic word or a non-sense
(meaningless) word. Press the YES button if the second word of each pair is a real
word of any form of Arabic (Jordanian Arabic or Standard Arabic). Press the NO
button if it is a non-sense (meaningless) word. You need to give your decision as fast
and as accurately as possible. (To appear on the consent form of the priming
experiment)

* This experiment consists of two sections. In both sections, you will listen to a number
of individual words in both Standard and Jordanian varieties of Arabic. Your task is to
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decide whether the introduced word has a specific predetermined sound in it. Press the
YES button if you hear the sound in the word, otherwise you don?t have to press
anything until the next word appears. (To appear on the consent form of sound-
monitoring experiment)

Withdrawal

You can withdraw from the experiment anytime by pressing the escape key on the
computer keyboard. If you decide to withdraw from the experiment before its completion,
you will not receive any compensation.

Confidentiality

The research data contains no personal identifiers and, thus, poses no risk of
identification to participants. The computer will only identify participants by a numeric
code — and there will be no record anywhere that ties the numeric codes to participants’
identities. The computer will be recording the participants’ answers to each stimulus and
the time (in milliseconds) that it took them to respond. This anonymous data will never
be destroyed and may be made public (e.g., disseminated to academic occasions such as

journals, conferences and/or posted electronically online).

Potential risks and discomforts

There is no more than minimal risk to individuals who participate in this research study.
Benefit

A potential benefit of participating, other than receiving the compensation, is that you
may learn something about the psycholinguistic factors that could determine how fast you

recognize Arabic words. You might also get an answer to the question of how Arabic
words are stored and processed in the lexicon (i.e. mental dictionary)

Feedback

The researcher will provide the participants with two types of feedback. The first
feedback will be a summary of the research purpose, hypothesis and methods. The

participants will receive this feedback written on a sheet of paper immediately after the
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experiment. The second feedback will be about the results and findings of the study. The
researcher will post the results on-line at thelinguisticresearch.com after analysing the

data statistically. The results feedback will be available to the participants by 06/2016.

Dissemination

The experiment results will be disseminated to the participants, the researcher’s
supervisor (Dr Russell) and to the research committee members. The results could also be
disseminated to academic occasions such as journals, conferences, etc.

Compensation

Each participant will be awarded 5 JD (about 10 CAD) for his/her participation.

Researcher: Moh’d Ahmad Al-Omari  Tel: ||
E-mail: alomamak@myumanitoba.ca

Supervisor: Prof. Kevin Russell E-mail: Kevin.Russell@ad.umanitoba.ca

Your signature on this form indicates that you have understood to your satisfaction the
information regarding participation in the research project and agree to participate as a
subject. In no way does this waive your legal rights nor release the researchers, sponsors,
or involved institutions from their legal and professional responsibilities. You are free to
withdraw from the study at any time, and /or refrain from answering any questions you
prefer to omit, without prejudice or consequence. Your continued participation should be
as informed as your initial consent, so you should feel free to ask for clarification or new
information throughout your participation.

The University of Manitoba may look at your records to see that the research is being
done in a safe and proper way.

This research has been approved by the Joint-Faculty REB at University of Manitoba. If
you have any concerns or complaints about this project you may contact any of the
above-named persons or the Human Ethics Coordinator at humanethics@umanitoba.ca.

A copy of this consent form has been given to you to keep for your records and reference.

Participant?s Signature Date

215


mailto:humanethics@myumanitoba.ca

u@utwh_uujmad
(M.\.US\ 4.9;\3\) 439) gally jladi C.UA.:

U_\.Asl\}mbd\ il 8 A yal) GLIST and) &l aY) Gl o) sie
L;‘)MJ\MA‘MMZC:._\AL:\]\H‘
] Gue) GRS 0 e pdal) sl
A A88) gl jlasY) Addee (e e e len Jaliia Dl aie Aaus o jidiall asde (A 5 13 &) gall 23 gad Jiay
e 13) | Sl Lgiaativ ) el 5 il & g s e Aale 3588 Slillacly 23 5aill 138 i
zg\jgjdatﬁ\aéjl\ﬁi;L,;JS\_d\ygaqﬂ\emﬁji@iﬁmtgidp)ﬁi@uaﬁzuhd}..a;lt.;
.l 13 ety Al Cila glaall Glagiod 5
M\J.ﬁ\u.\b
ésd}dm}ﬁ\w;);u)ﬂdu)usﬁ )}ﬁﬂ\u\).m\umm‘)ad);bd)aﬂ\.Jm..\.mﬂ\e)s.\u
m,:.ﬂ\ k_lLa.u‘JJn G&b\‘)}&ﬁ\ RESPR
u_\.asl\}mw\Lg._‘\amgs«cwml\uﬂ\wﬂ\d\)a\@gmw&aujau)d\}mm\)ﬂ\wuq@\
: Adall s
a_;@j\omss‘q;u\umf‘;d\a_,ﬂ\ﬁmdmg}}mw&ﬁﬂ\m‘;qjuausjd)ms\esﬂ
A ad) AR aladiuly (g s 5 ) elaglad Cusl Gl AaLaYl QY1 eliad oa da )Y Ay jel)
s A L) g )

Led e S (e 3 ke clalSl sda () 5Siu Gl any & LS e 230 ) adid Cagu @
S 8 ) plain¥) vie Al b e L a0 Y 3 (e 5 e (S s AT plad s i
ol (e 3 At AalS e 3 Lo Al @l il 13) e By g (San g £ yuily )8 ¢ sla )
sle sl Ayl Gl e 3 AWK CilS 1Y) and ) e darall ela ) (Led e V) AEs e
(Y Aadll) | (ra s Adaill) Sl A Y )

Ol Ll 4t Lguiany g (ime DI Ll Agind Lgudany 4 o) 51l Jean (M) plainVla o g @
ol dgale AL CuilS] o) gu) e Led Alaall (e 5 A Y1 ALK CilS 1) aad ) e daraz) | e g
ila) 0585 Gl gL e L Gl Aleall e 5 AN A € 1 Y ) Gle Taaal (st
Al ey dlila) G OidS dald a8 Cagn | plhiuall ay A88a, day e
(Al il

ClalSl (e gz 55 S (g W) AN (0 s | (il (5alS) LI (g gz 5 ) g i @
08 5k sl sina L) L8 ARS L)z 53 S com Al ARSI ) i Ll e ARS8 e
aéjg,ut))ﬁoi;\Aﬂawsnw@)dsbﬂ&mwm gl dalll g e VALK
(e e V) ddiia ).u;fd(‘_,_zuu\d)%ws&thcMU!AASS\;u\S\J\LmsMMJUSAA
P\@...aﬁé\.dﬁ\;u\s‘ ;\}uc@ﬂ\d\g‘f\uubwﬁ\uﬁm‘aﬂ)_)‘;c@\ ;\;_)S\
(AL 4 i) e 050 AalSH S I Y ) e sl dule

Wﬂ\ji@w\hﬂmwﬂmm‘;\éamdu\x@ RS e A3 el o2 allss o
um‘—uwéf—as ClalSll o3a CalS 13} Lo & Ay San By B mly 58 o a lia o sllaal
OS5l 13) 48 shaial) SN 8 conpan o (A6 s guall Cananld) pad ) e Jaraall el Y
J})Amdh]\«alﬁ\dlaumhbg_m&\e)mun)&uwcb)]\a_s}al\hmscd PN

(i eyl o 5 23

216



Lot ¢ lawdy)
etladiAa gl Jle 3 gm sl ESC zlibe o Juiall JN& (pe el g sy 55 g ol 3 Ayl (e i) i€
RS DYECVPSS L WP S R\ P PR P P [ - PPN (PR ENVE ! U SN
" 2 A pead)
LA (e oSay dlie dpadd by b ol sy Gaaldl ayp 355 L0200 o3gs oS e DA lia alla) ]
A,k Al s s O Caguy a8 & jise IS slacly ugalall Sles aly Cogu @livgn 2aad e (g5 ,AY)
e jug Ao penal) ALdlll Jsa (pSliall lla) Jaaty Csulall o6y Cogu LA 4 50 80 1aa L) 53
Gas G gl L& canliall &l gae il oda GO Caalil o gy o) Al o) jals Adadll) el dlasiay)
A 5:Sial) A58 e qm 5 (o (Saall (g LS Hpalal) ol aigall 5 0l 8 lall
s Al jidal) ey

Al S i) (alazY e s 4l il 05 ol Gise

RN
fag sl Jal 52l e L) (oamy alati f a8 giall (e Al M Apaall e oll a5 4y el o34 8 U jLia
u@@ﬂ\u\u&hj@aﬁﬂ&&gw&M\h)ﬂ\ﬁwﬂﬂs\Jd\%‘)ﬂ@o}}A\w\

b s Apalall Ay jadl L] (a6 3 Ll al Ay el Saaidd Al

s Axal ) dudaal)

oadle e ke O 5K IV g il Anal )l Adal) e Cpe st Canll G (S Ll g i Gaalill o s
a3 5 pilae w38 5 48 )5 o siSa Gadlall 138 G sSa el ol LSy L o5 Al ) Caaa e (g 5iny
oS o) a5 3 Caall o s Ayl il (adle (e 3 5o sgd Al (e AU &}mtfi Aadll ¢l yal
O OV e sl ol ilin 48 jee & jLiiall iy Liliaa) Ll Jaday & iy () 32y Canll il
thelinguisticresearch.com : Ul @ sall 3,1 5 Jue S liall Aalil daal Hll 4331l () St 2016 ple

. + lBlal) g cilizay gail)
A il e Al (g pai€ A )l 0 Aluad alae @ jidia S et
s Ul cids
odn el Loagl apd Cogus Candl B elimely Juy 02K 3 Canll (o il Ay jaill o oeilis CaliSS i g
Aoalall il e sall g ¥ aall Jie $paplSY) ol o313 &y il

FETPOGIOPNI 0 ERCPRWIRKVN RVRORILAA]
alomamak@myumanitoba.ca
kevin.russell@ad.umanitoba.ca: s AN &l Jdu) s 5 p dagl) o G jdal)

£ 55t b IS e o ety el il sleall Cragh ol iy 3 sl 138 e dledi i )
el elily a4 Ll e @il go o), canall de o i aal A i) e el 5 Canll
Loa ol Ll 5l A glal) agdgin (e Cndl Aga ) Caaldl) Cuie il A0 8N Sl gis e
Gl e U ol aad ¥ ob iy da ol G LS g 6l 38 Ll e laaaiYl sy
sus Claglen 5l o gi (f allay ddtlaall 4y all Al | il se o Cilaa) gl 050 7 5obe I sm

LS jLe A

Gy yal 83 et & e KA & 3 Jan e g YL U sisile daals o g5 o Sl pa
alia g el JS

217


mailto:alomamak@myumanitoba.ca

O3] 5 sile a8 4 il s ganll CLEDIAT Galaa U8 (e Canll 138 e 4881 gl Caa
all () 5SA Galai) aaly Jlai¥) eliSay & 5 piall 138 Jga (5 588 ol lusiiin 430 <l
ca.umanitoba@humanethics s SSIY 2l e oadall il CLENA] 45054

e Mz O

/@J\.ﬂ\
(s S il i A ymas i 13) el 5 ST )

218


mailto:humanethics@umanitoba.ca

Human Ethics
208-194 Dafoe Road
Winnipeg, MB
Canada R3T 2N2
Phone +204-474-7122
Fax +204-269-7173

UNIVERSITY

oF MANITOBA t Research Ethics and Comt}j)liance
Office of the Vice-President (Research and International)

APPROVAL CERTIFICATE
December 8, 2015
TO: Moh’D Ahmad Al-Omari (Advisor K. Russell)
Principal Investigator
FROM: Lorna Guse, Chair
Joint-Faculty Research Ethics REB)
Re: Protocol #J2015:136

“Auditory Word Recognition in Arabic (diglossia)”

Please be advised that your above-referenced protocol has received human ethics approval by
the Joint-Faculty Research Ethics Board, which is organized and operates according to the
Tri-Council Policy Statement (2). This approval is valid for one year only.

Any significant changes of the protocol and/or informed consent form should be reported to the
Human Ethics Secretariat in advance of implementation of such changes.

Please note:

- If you have funds pending human ethics approval, please mail/e-mail/fax (261-0325)
a copy of this Approval (identifying the related UM Project Number) to the Research
Grants Officer in ORS in order to initiate fund setup. (How to find your UM Project
Number: http://umanitoba.ca/research/ors/mrt-fag.htmi#pr0)

- if you have received multi-year funding for this research, responsibility lies with
you to apply for and obtain Renewal Approval at the expiry of the initial one-year approval;
otherwise the account will be locked.

The Research Quality Management Office may request to review research documentation from
this project to demonstrate compliance with this approved protocol and the University of Manitoba
Ethics of Research Involving Humans.

IThe Research Ethics Board requests a final report for your study (available at:
http://Jumanitoba.ca/research/orec/ethics/human_ethics_REB_forms_guidelines.html) in order to
be in compliance with Tri-Council Guidelines.

umanitoba.ca/research
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