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About the Neural Basis of Arabic
Diglossia: Behavioral and Event- Related
Potential Analysis of Word Processing

in Spoken and Literary Arabic

Asaid Khateb and Raphiq Ibrahim

1 Introduction

The question of whether or not the language acquired first in life (L1) and a second
language (L2) learnt later in life are represented (i.e., managed, processed etc...) in
the same/or different brain regions in bilinguals has stimulated a huge amount of
research during the last two decades (Mouthon et al., 2013; Perani & Abutalebi,
2005). Clinical aphasic manifestations in bilinguals following brain damage had
initially suggested that L1 and L2 might be managed by different brain areas in the
bilingual brain (Albert & Obler, 1978; Fabbro, 2001a, b; Ibrahim, 2009; Junque
et al., 1995; Paradis, 1977, 1983, 1998). In addition, experimental observations
based on intraoperative electro-cortical stimulations had suggested that while some
left brain regions could be involved either in L1 or L2 processing, other areas were
involved equally in both languages (Ojemann, 1983; Ojemann & Whitaker, 1978).
In line with such views, some early functional imaging studies in bilinguals had
concluded that some areas might contribute differently to the two languages pro-
cessing while others are shared between languages (see, De Bleser et al., 2003;
Klein et al., 1994; Marian & Kaushanskaya, 2007). Later on, other studies con-
ducted with bilinguals who were more proficient in L2 failed to demonstrate differ-
ences in brain language networks, in particular when classical language areas were
considered (e.g., Chee et al., 2001; Hernandez et al., 2001). Hence, recent views
about the brain’s represevntation of L1 and L2 tend to assume that the bilinguals’
different languages rely on a common brain network for their processing but that
differences in activation observed during functional studies are explainable by other
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factors (Mouthon et al., 2013). Among these, the age of acquisition of L2, the level
of proficiency in L2 and the exposure to/and the patterns of use of L2 appear to have
cumulative effects together influencing the bilingual’s general cognitive-linguistic
functioning (see Abutalebi, 2008; Abutalebi & Green, 2007; Bloch et al., 2009;
Hernandez, 2009; Hernandez & Li, 2007; Perani & Abutalebi, 2005; Perani
et al., 2003).

In the Arabic language, the diglossic situation is seen by some authors as a par-
ticular form of bilingualism (see, Eviatar & Ibrahim, 2000; Ibrahim, 2009; Ibrahim
& Aharon-Peretz, 2005) or as a context inducing processing patterns akin to those
seen in bilinguals (Saiegh-Haddad, 2003; Saiegh-Haddad et al., 2011). Diglossia as
first defined by Ferguson (1959) refers to a stable socio-linguistic state that includes
different spoken dialects and a remarkably different, grammatically more complex
standardized language version. In Arabic, diglossia is defined by the existence of two
main varieties of Arabic: (i) a low form which is the spoken version that is acquired
naturally and used in everyday conversation and informal communication purposes
(referred to hereafter as Spoken Arabic or SA) and (ii) a highly codified form,
referred to as Literary Arabic (hereafter LA, referred to also Modern Standard Arabic
or MSA, see Saiegh-Haddad & Joshi, 2014). LA is acquired mainly formally at
school for reading and writing! and used in official contexts, such as media (written
media and news broadcasts), speeches, religious sermons and formal discourses
(Saiegh-Haddad, 2012; Saiegh-Haddad & Henkin-Roitfarb, 2014). LA differs from
SA in almost all its linguistic aspects including the grammatical, syntactic, morpho-
logical, phonological and lexical aspects. Due to the distance between SA and LA
and the fact that the written Arabic does not represent the spoken language (where
various structures are different from LA structures), researchers suggest that diglos-
sia impacts significantly reading and writing acquisition (Mahfoudhi et al., 2011;
Saiegh-Haddad, 2003, 2004, 2018; Saiegh-Haddad & Schiff, 2016). Different stud-
ies pointed to the difficulty that the Arabic children encounter in the construction of
phonological representation and processing for words and sub-lexical units in LA
(Saiegh-Hadda & Haj, 2018; Saiegh-Haddad et al., 2020). In fact, at the beginning of
their learning to read process, children are practically asked to acquire two systems
simultaneously: a linguistic-auditory system (that normally exists in pre-school chil-
dren in non diglossic situations) and an orthographic-visual system which happens
regularly at the start of the school life (Ibrahim et al., 2002; Saiegh-Haddad, 2004).

On the basis of a series of psycholinguistic studies, Saiegh-Haddad and col-
leagues have shown that the linguistic distance between SA and LA impacts a vari-
ety of linguistic processing skills in LA (For a review see, Saiegh-Haddad, 2018;

"Because SA serves strictly for oral communication, it did not exist in the written form, until the
recent emergence of “electronically mediated communication”. The ability to exchange messages
that tend to be of an informal nature has resulted in the emergence of written messages in SA. In
the beginning and due to technical limitations, electronic communication used Roman characters
(e.g., Palfreyman & Khalil, 2003; Warschauer et al., 2002), a phenomenon, referred to as “Arabizi”.
In recent years, thanks to the advent of smart phones which enable writing messages using the
Arabic keyboard, this phenomenon has almost completely disappeared.



About the Neural Basis of Arabic Diglossia: Behavioral and Event- Related Potential. .. 195

Saiegh- Haddad in this collection). For instance, at the syntactic level, word order in
LA sentences is usually VSO (verb-subject-object) while in SA the common word
order is SVO. Also, despite a certain overlapping, the phonological systems of LA
and SA are quite different, with some LA phonemes being absent in certain SA
dialects. Finally, although SA and LA share many words in common (often with
certain phonological nuances), SA and LA may also have different words for the
same referents. In this regard, Saiegh-Haddad and Spolsky (2014) analyzed the lexi-
con of young 5 year children and reported that 40% of the words consisting of
nonstandard words that have no conventional written form, another 40% consisting
of SA-LA cognates and only 20% of the words had identical forms in SA and
LA. Also, phonological distance between SA and LA had been suggested to be at
the origin of the difficulties in reading acquisition among Arabic native children
(Saiegh-Haddad, 2007). For instance, in one study (Saiegh-Haddad et al., 2011) that
used a picture selection task for words beginning with the same phoneme, the
authors reported that the children’s recognition of LA phonemes was poorer than
that of SA ones. This finding suggested difficulty in the phonological representa-
tions for LA words, to which children are generally exposed for the first time at the
moment of their entry to school.? In an earlier study, the same author (Saiegh-
Haddad, 2003) investigated reading processes in children (kindergarten and first
grade) and compared their performance on phonemic awareness and word syllabic
structure between LA and SA words. She suggested that diglossic variables influ-
enced the children’s performance in phoneme isolation and pseudoword decoding.
In line with the assumption that diglossia might delay (or lead to difficulties in)
reading acquisition among Arabic native children, different studies have also sug-
gested that early exposure of native Arabic speaking children to LA might improve
their reading abilities in the early grades (Abu-Rabia, 2000; Feitelson et al., 1993).

During the last two decades, several researchers have also sought to assess the
extent to which SA and LA behave as real L1 and L2 in the cognitive system of liter-
ate Arabic speakers, as in more classical forms of bilingualism. To address this
question, researchers compared the processing of SA and LA words in different
language tasks using behavioral measures (reaction times, performance) or com-
pared the performance of native Arabic speakers with the performance of bilinguals
(Eviatar & Ibrahim, 2000; Ibrahim, 2009; Ibrahim & Aharon-Peretz, 2005; Ibrahim
et al., 2007). For instance, Eviatar and Ibrahim (2000) assessed the metalinguistic
abilities in Arabic speaking children (kindergarten and first grade) who were
exposed to both SA and LA and compared their performance to Russian-Hebrew
bilinguals and to Hebrew-speaking monolingual children. The results indicated that
the Russian- Hebrew bilinguals displayed the classical pattern of early bilingualism
(as attested by higher meta-linguistic abilities, but with lower vocabulary compared
to monolinguals), and Arabic-speaking children’s behavior mimicked that of the

2 Although the formal exposure to the standard language occurs when children go to school, they
are however exposed to various extent to LA through media and TV programs for children and
through oral storytelling by parents at home and by educators in kindergartens (see a discussion on
this issues in Saiegh-Haddad & Spolsky, 2014).
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Russian-Hebrew bilinguals but differed from the Hebrew monolinguals (see also
Ibrahim et al., 2007). Based on such results, the authors suggested that since Arabic
native speakers behaved as bilinguals, they could be considered as bilinguals
(Eviatar & Ibrahim, 2000). In another study, Ibrahim and Aharon-Peretz (2005)
examined intra- and inter-language (semantic) priming effects in auditory lexical
decision in 11th and 12th grade native Arabic speaking students, who were L2
speakers of Hebrew. Presentation of stimuli in Hebrew, in addition to SA and LA,
enabled comparisons between SA and LA, the processing of which was in the focus
of the studies, as well as comparisons of both language varieties to Hebrew, their
formal second a language. In this first study (Ibrahim & Aharon-Peretz, 2005), the
authors reported that priming effects were larger when prime words were in SA and
target words were either in LA or in Hebrew than when presentation was the other
way around (primes in LA or Hebrew and targets in SA). Further, the magnitude of
the priming effects for LA and for Hebrew were indistinguishable, suggesting that
both languages behaved as second languages in the diglossic situation. In another
study (Ibrahim, 2009), primes in SA yielded greater and longer lasting priming
effects on decisions regarding targets in SA than did primes in either LA or Hebrew.
Here again, effects of primes in LA did not differ from those in Hebrew. The prim-
ing effects observed by Ibrahim and colleagues resembled to previous observations
in bilinguals (Gollan et al., 1997; Keatley et al., 1994), where forward priming
(from the dominant L1 to the less dominant L2) are larger than priming in the oppo-
site direction (from L2 to L1: backward priming). This asymmetry has been taken
to indicate that words in L1 more readily initiate conceptual processing than words
in L2 (Kroll & Tokowicz, 2001). Based on such results, it was suggested that the
two varieties of Arabic are represented in the cognitive system in two separately
organised lexicons and that literate speakers of Arabic behave as bilinguals, with SA
as their first language (L1) and LA as their second language. This conclusion
seemed to hold at least as far as auditory stimuli were concerned. Actually, in a
previous study using visual presentation of words from LA, SA and Hebrew, Bentin
and Ibrahim (1996) using lexical decision and word naming (reading aloud) tasks
showed that the processing of written SA words was slower than that of LA words,
with SA ones being processed like LA low frequency words. Altogether, these
behavioral data suggested that processing of SA and LA words depends on the
modality of presentation of the stimuli with SA showing a pattern of response domi-
nance in the auditory modality and LA words showing a pattern of response domi-
nance in the visual written modality. In order to test this assumption and to shed
light into the neural basis of diglossia, a series of studies have been conducted using
electrophysiological (event-related potential: ERP), behavioral and functional mag-
netic resonance imaging (fMRI) measures.

Actually, until very recently little research has been conducted on written Arabic
and on the Arabic language and diglossic situation more generally using functional
brain imaging (Bourisly et al., 2013) or electrophysiological methods. Few studies
have investigated word processing in Arabic in general (Al-Hamouri et al., 2005;
Boudelaa et al., 2010; Mountaj et al., 2015; Pratt et al., 2013a, b; Simon et al., 2006;
Taha et al., 2013; Taha & Khateb, 2013) with ERPs and only one addressed the
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question of diglossia (Khamis Dakwar & Froud, 2007) in particular. To give some
examples, Boudelaa and colleagues (Boudelaa et al., 2010) for instance conducted
a study which focused mainly on written LA word to assess morphemic processing
using ERP analysis. In another study, Al-Hamouri and colleagues (Al-Hamouri
et al., 2005) examined the spatiotemporal pattern of brain activity during reading in
Arabic and Spanish by means of magneto-encephalographic recordings (MEG).
They found no difference between the two languages between 200 and 500 ms after
stimulus onset, but found that Arabic enhanced right hemisphere activity beyond
500 ms. Simon and colleagues (Simon et al., 2006) used ERP measures to analyze
orthographic transparency effects in Arabic and French subjects. They observed that
the N320 component, which is related to phonological transcription, was elicited
only in French subjects while reading their L1. In another study, Taha and col-
leagues (Taha et al., 2013) assessed the effects of word letters’ connectedness and
reported that fully connected words were processed more efficiently than non-
connected ones as attested by RT and ERP measures. As for studies addressing the
diglossia question, the only study found here assessed language code-switching
between SA and LA (and semantic anomaly processing) using auditory sentence
presentations in only 5 subjects (Khamis Dakwar & Froud, 2007). Although the
results of this last study must be considered with caution due to the very limited
experimental sample, the authors concluded that the diglossic switches in their
experiment between the two varieties of Arabic elicited the pattern of ERP responses
predicted from previous studies investigating code-switching between two different
languages. The authors claimed that these results support the view that the two lan-
guage varieties involve distinct and separate lexical stores.

In this chapter, we describe the beginnings and some conclusions of a series of
studies that sought to shed light on the neural underpinnings of the diglossic situa-
tion in the Arabic language. In fact, diglossia is a complex sociolinguistic situation
that had only poorly been studied using brain research methods. While being aware
of the need to address the question of the brain basis of diglossia from various
angles (word recognition, comprehension, production etc...), we first choose to rely
on the previous findings within this research domain. Namely, we relied on tasks
using single word recognition in the auditory and the visual modalities during lexi-
cal decision paradigms. Based on the hypothesis that the two varieties of Arabic
might be processed in the brain of Arabic native literate speakers as two different
languages, the objective was to characterize the neural responses differentiating SA
and LA word processing by means of event-related potential (ERP) analysis in adult
subjects. Contrary to previous investigations which used only behavioral analysis,
the use of electrophysiological measures allow to investigate in real time the brain
responses involved in word recognition in the two forms of Arabic and to compare
them to Hebrew, the participants formal second language. The combination of ERP
and behavioral analysis allows correlating brain activity with response time patterns
and define time periods during the stream of information processing where the two
varieties could converge and where they could diverge. Indexes of convergence and
divergence were hypothesized to be reflected in the ERPs. Hence, on the basis of the
assumption that SA might be processed as an L1 in the auditory modality, we
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predicted that auditorily presented SA words will be processed faster than LA ones.
We expected to find ERP differences between SA and LA that reflect the RT differ-
ences. Furthermore, in line with the assumption and previous literature that LA
words might be processed as L1 in the visual written modality, it was predicted that
written LA words will be processed faster than SA ones. Similarly, we expected to
find ERP differences between LA and SA that reflect such RT differences. In all
cases, and in both the auditory and visual modality, the processing of Hebrew words,
the participants’ formal second language will be used as a control condition. Also,
this study relied on the fact that there are lexical items that differ completely between
LA and SA (Saiegh-Haddad & Spolsky, 2014), but designate the same referent such
as for instance the word “dallo” in LA and “satel” in SA which both refer to the
object “bucket”.* Hence, in order to enhance the putative differential effects in the
processing of SA and LA words, we selected the words mainly from this last cate-
gory, together with other words which share a minimal phonological overlapping
between SA and LA. In addition, because Hebrew is a Semitic sister language of
Arabic, a particular caution was paid to avoid Hebrew words which overlap phono-
logically either with SA and LA ones.

2 Material and Methods

2.1 Participant

Two different groups of participants were included in these studies. A total of 43
students (28 women and 15 men, mean age 22.8 + 1.75, range from 18 to 28 years)
underwent the auditory lexical decision task. Of these, 31 participants underwent
the ERP experiment. Also, a total of 45 students (23 women and 22 men, mean age
22.7 + 2.3, range from 19 to 29 years) participated in the visual lexical decision
experiment. Of these, 30 participants underwent the ERP experiment. All partici-
pants were recruited from the University of Haifa. All were self-declared right-
handers, native speakers of Arabic, whose SA is the colloquial Palestinian Arabic
and who have acquired LA through their schooling in Arabic speaking schools since
the age of 6. All had acquired Hebrew since the 2nd grade and were moderately to
highly proficient in this language, to which they were highly exposed in their every-
day life in the University. All participants had normal or corrected-to-normal vision,
with no history of dyslexia, neurological or psychiatric diseases. They were all
asked to provide an informed written consent before the participation to the experi-
ment and were paid for their participation.

3There are also words shared by SA and LA, and there are others which are characterized by vari-
able degrees of relatedness between the two forms that ranges from identical phonological repre-
sentation in both varieties, to a phonological distance that alters both the phonemic and the syllabic
structure of the words.
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2.2 Stimuli and Procedure

The same stimulus set was used for the two experiments. This was composed of 180
words and 180 legal pseudowords in Arabic and Hebrew of which one third in SA
(i.e. 60 words and 60 pseudowords), one third in LA and one third in Hebrew. Of
note is the fact that SA and LA words were exclusive such that a word in one variety
was never a word in the other variety (see examples in Appendix 1). All words were
rated as highly familiar nouns in each language and pseudowords were created in
each language condition by changing one or two letters in the word (consequently
one or two sounds auditorily). It is worth noting here that the use of pseudowords
was only intended to create a lexical decision task to assess the process of word
recognition auditorily and visually. The possible effects of lexicality (i.e., difference
between real words and pseudowords) were not in the focus of this study but all
word and non-word conditions were analyzed at the behavioral level to test the
validity of the used material in each language variety. For ERP analysis, only
responses elicited by the real words were analyzed to test this work’s predictions. In
the selected word lists, the real word lists were equated on the average frequency/
familiarity between languages. Thus, for the initial selection of the words, a first list
that contained 321 randomized words was constituted (107 in each language condi-
tion), of which each word was rated for its frequency (familiarity in the respective
language or language variety) by 46 adult volunteers using a 5 points scale (1 for
non-frequent/non familiar and 5 for highly frequent/familiar). The average fre-
quency for each item in each language variety list was computed and this allowed
the selection of the 60 most frequent items in each language condition. These values
were statistically compared using a one way ANOVA with three language condi-
tions. This analysis showed that the stimuli did not differ in terms of word frequency
(p = .88) with an average frequency of 4.3 (+0.32), 4.33 (+0.34) and 4.30 (+0.33)
respectively in SA, LA and Heb.* Once selected, these items allowed the creation of
the equivalent language lists of pseudowords. All the stimuli were then digitalized
for the auditory lexical decision task using a male voice speaking the SA, LA and
Hebrew. The digitalized words underwent computer processing, designed to equal-
ize their volume, and their length as much as possible (with an average duration of
~1000 ms). In the average auditorily, SA words were of 0.89 s (+ 0.14), LA words
of 0.91 s (£0.18) and Hebrew words of 0.89 s (+0.19). Written words in all condi-
tions varied between 3 and 6 letters in length. In the average, SA words were of 4.27
letters (£0.98), LA of 4.28 (x0.78) and Hebrew words of 4.13 (x1.04). In each
experiment, the stimuli belonging to the different language and word conditions
were then pseudo- randomized in a list that contained 360 stimuli. This list was then

4Of note is the fact that we initially relied on Arabic speakers to rate also the Hebrew words, but
because this is formally their second language, the average frequency for each of the words
appeared a little low. Since it is a well-known fact the in the average second language words are
of subjectively lower frequency than first language words, we passed the questionnaire to 10
Hebrew native students who rated them again and the frequency values reported here come from
the Hebrew speakers and as seen indeed they compare to their equivalents in Arabic.
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divided into three equivalent sub-lists of 120 items each to form three experimental
blocs, the order of which was balanced across subjects in each experiment. In addi-
tion, the order of the stimuli in each list/experimental block was randomized at each
run for each participant.

In the auditory lexical decision experiment, the stimuli were presented to the
subjects through earphones. Participants were instructed after the presentation of
each stimulus (in the mixed list of SA, LA, and Hebrew spoken words and pseudo-
words) to respond using two button presses as quickly and accurately as possible
whether each stimulus was a word or not (in Arabic or Hebrew). Each stimulation
trial started by a fixation cross that appeared for 650 ms on the center of the screen
in black over a white background, then the auditory stimulus was presented within
an allowable response window of 2 s (with the fixation continuing to appear), and
then a blank screen for about 1050 ms (varying between 950 and 1200 ms) as an
inter-stimulus interval announcing the eminence of the next trial.

In the visual lexical decision task, participants in each trial saw a string of letters
and were required to respond using two button presses as quickly and accurately as
possible whether or not these letters constitute a word they know. Each trial started
with a 500 ms fixation cross, followed by the stimulus during 150 ms. A blank
screen appeared during 1850 to allow for the subject’s response.

The participants were seated comfortably in front of a computer screen, approxi-
mately at 90 cm distance and were asked to perform a speeded lexical decision task
(LDT) by pressing as quickly and accurately as possible using two keyboard keys.
All participants responded with their dominant right hand. Half of the subjects in
each experiment responded with their dominant major and index fingers for word vs
non-word (pseudoword) and the other half responded using the inverse, major for
non-words and index for words. All subjects in each experiment underwent the three
experimental blocs (separated by a short break of ~3—5 min) the order of which was
balanced across subjects. In addition, all underwent a short training session to famil-
iarize with their task.

2.3 Electroencephalographic (EEG) Recordings and Analysis

The experiments were carried out in a quiet and sound attenuated room. EEG
recordings were collected continuously using a 64 channel BioSemi Active Two
system (www.biosemi.com) and the Active view recording software. 64 pin-type
electrodes were mounted on a customized Biosemi head-cap (distributed all over
the scalp according to the 10-20 international system) using an electrode gel.
Additionally, two flat electrodes were placed on the sides of the eyes in order to
monitor horizontal eye movements and a third electrode was placed below the left
eye to monitor vertical movements and eye blinks. The EEG was collected reference
free (i.e., the so called “Biosemi active electrodes”) with a 0.25 high pass filter,
amplified and digitized with a 24-bit AD converter, at 2048 HZ sampling rate.


http://www.biosemi.com

About the Neural Basis of Arabic Diglossia: Behavioral and Event- Related Potential. .. 201

The ERP epochs for trials with correct responses were averaged and analyzed off
line for the two experiments using the Cartool software© (v.3.51; http://brainmap-
ping.unige.ch). Briefly, the ERP epochs were filtered between 1 and 30 Hz and
averaged separately for each word condition from —100 ms before the presentation
of the auditory/visual stimulus to 700 ms post-stimulus. Before accepting the ERP
epoch for each trial for which a correct answer was provided, the EEG data passed
also a visual inspection to exclude trials with eye-movement artifacts and to exclude
sweeps exceeding =100 pV. After ERP averaging, the individual ERPs of each con-
dition were down-sampled from 2048 Hz to 512 Hz, baseline corrected using the
100 ms pre-stimulus period, referenced to the average-reference (Lehmann &
Skrandies, 1980) and averaged separately in each language to compute the grand-
mean ERPs for SA, LA and Hebrew.

2.4 ERP Wave Shape Analysis

The individual ERPs were then subjected to a waveform analysis based either on
exploratory statistical analysis or on the visual inspection of the superposition of the
grand-mean waveforms. These analyses allowed determining the earliest time win-
dows where reliable differences seemed to occur after stimulus onset. In order to
assess statistically the data driven hypotheses based on the waveforms inspection,
the signal for the period of interest and the electrodes of interest (see the Results
section for details), both from subsets of left and right hemisphere recording sites,
was extracted. This signal was then subjected to repeated measures analysis of vari-
ance (ANOVA) using language condition (SA, LA and Heb), hemisphere (left and
right) and electrodes as within subjects’ factors.

2.5 Behavioral Analysis

The median of the individual reaction times (RTs) for correct trials (>75% accuracy
in all conditions in both experiments) was computed for each language condition
separately for words and pseudowords conditions. This detailed analysis was done
only for the purpose of verifying the validity of our tasks and the stimuli used here
for the two experiments. In both experiments, we expected real words to be recog-
nized faster than pseudowords as generally found in lexical decision tasks. For the
RT measures, the response times below 250 ms were discarded from the individual
computations. Individual values of the different RT measures were compared statis-
tically between word conditions and language conditions using 2 x 3 ANOVA with
word type (i.e., lexicality: word vs pseudoword) and language as within subjects’
factors.
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3 Results

In this section, behavioral and electrophysiological results will be presented first for
the auditory lexical decision task and then for the visual lexical decision task.

3.1 Auditory Lexical Decision Task

Response Time Table 1 shows the mean RTs (+SD) over subjects for the different
conditions in the three language conditions. The 2 x 3 repeated measures analysis of
variance (ANOVA) performed on the subjects’ individual median RTs showed a
significant main effect of word type (F(1, 42) = 282.39, p <.00001) due to the fact
that RTs were in the average faster for words (M = 1182 ms) than for pseudowords
(M = 1392 ms). A significant main effect of language condition was also observed
(F(2, 84) =69.85, p < .00001) due to the fact that RTs increased gradually from SA
through LA and Hebrew (in the average, M = 1238 ms, = 1298 ms and = 1326 ms
respectively for SA, LA and Heb). A significant interaction between the factors was
also found (F(2, 84) = 7.37, p < .005), due to the fact that the difference between
word and pseudowords condition was not homogeneous across language condi-
tions. Interestingly, the lexicality effect was larger here for SA (M = 229 ms) than
for LA (M = 173 ms). More particularly for our purpose, the one-way ANOVA
performed on RTs for the words only showed a highly significant language effect
(F(2, 84) = 45.68, p < .00001). Post-hoc Fisher’s LSD tests showed that RTs were
shorter in SA than in LA (p <.00001) and in Hebrew (p <.00001), with the later two
exhibiting no significant difference (p = .89, see Fig. 1).

Electrophysiological Results Due to a high number of eye movements and other
artefacts in the auditory EEG data, 23 (16 women, 7 men) of the 31 participants
were included in the following ERP analysis.’ In order to identify the earliest ERP
differences between language conditions, we first conducted an exploratory point-
wise t-test analysis (see details of methods in Khateb et al., 2010; Taha & Khateb,

Table 1 Auditory lexical decision: Mean reaction times in ms. (+standard deviation, n = 43) for
word and pseudoword conditions in the three languages: SA (Spoken Arabic), LA (Literary Arabic)
and Hebrew (Hebrew)

SA LA Heb
Words 1123 1211 1212

(129) (138) (118)
Pseudowords 1352 1384 1438

(125) (133) (143)

31t is worth noting the re-analysis of the 23 subjects’ behavioral data yielded very similar statistics

on the RTs (not included here).
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Fig. 1 Graph depicting the RTs for Words: Auditory LDT
mean RTs (in ms.) in the 1300
auditory lexical decision

task for the words

conditions in the three 1250
language varieties: SA
(Spoken Arabic), LA
(Literary Arabic) and
Hebrew (Hebrew). Vertical
bars denote 0.95 1150
confidence intervals

1200

ms

1100

1050

SA LA Heb

2013) on all electrodes and all time frames. This aimed at determining time points
of reliable response differences between SA and LA, between SA and Hebrew and
between LA and Hebrew after stimulus onset. This analysis (not illustrated here)
showed that the earliest differences occurred at around 300 ms after word onset
between SA vs LA and between SA vs Hebrew but not between LA vs Hebrew.
Figure 2a illustrates the superposition of grand mean ERP traces from the different
language conditions on a subset of left and right (anterior and posterior) electrodes
which maximally depicted such differences. The traces on FC1 (upper left row)
shows the P1-N1-P2 components’ sequence as can be seen on the frontal electrodes.
P1 occurred at around 130 ms, the N1 occurred at around 200 ms and the P2 occurred
at around 300 ms. The posterior aspect of the P2 component showed the first reli-
able differences between SA and the other languages (see PO7 and POS). The pos-
terior aspect of the frontal P2 component was characterized by a negative response
on the parieto-occipital electrodes (see blue shadow on Fig. 3a). In order to statisti-
cally assess these differences, we computed the mean signal in this time period
between 280 and 330 ms from 3 left (P5 P7 PO7) and 3 right (P6 P8 PO8) posterior
electrodes (see PO7 and POS8 in Fig. 3a, see inset in lower right panel). The 3 x 2 x 3
ANOVA performed on the P2 mean amplitude using language condition (SA, LA
and Heb), hemisphere (left vs right) and electrode (3 sites) showed a significant
language effect (F(2, 44) = 7.7, p < .005), and an electrode effect (F(2, 44) = 14.0,
p <.00005), with no significant interaction between the analysis factors. The lan-
guage effect was due to the fact that ERP amplitude to SA was on the average more
negative (mean = —1.04 mV) than to LA (= —0.52 mV, p < .005) and Hebrew
(= -0.48 mV, p < .001), with the later two not differing (p = .83). This finding is
illustrated in Fig. 3b which shows a more negative response in SA than in the other
language conditions on all tested electrodes.

A similar 3 x 2 x 3 ANOVA performed on the P2 mean amplitude on frontal elec-
trodes (3 left, FC3, FC1, C1 and 3 right: FC4, FC2, C2, see examples of FC1 and
FC2 in Fig. 2a) showed also a significant language effect (F(2, 44) = 5.7, p < .01),



204 A. Khateb and R. Ibrahim

A  Grand-mean ERPs to SA, LA and Heb words
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Fig. 2 (a) Superimposition of the grand mean ERP traces (from O to 700 ms post- stimulus)
induced by SA words (black traces), LA words (red traces) and Hebrew words (green traces). The
selected electrodes represent left (FC1) and right frontal (FC2) electrodes, left (PO7) and right
(POB8) posterior electrodes where differences appeared maximally at the level of the P2 compo-
nent. (b) Graph illustrating the mean signal for the P2 over left and right posterior electrodes as a
function of language condition with SA (black) inducing responses being significantly different
from LA (red) and Hebrew (Green, see text for statistics). Inset in the lower right shows the local-
ization of the left and right posterior electrodes included in this analysis

and an electrode effect (F(2, 44) = 22.6, p < .00001), with no significant interaction
between the analysis factors. Again here, the language effect was due to the fact that
the frontal P2 response in SA was on the average more positive (mean = 1.03 mV)
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RTs for Words: Visual LDT
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Fig. 3 Graph depicting the mean RTs (in ms.) in the visual lexical decision task for the for the
words conditions in the three language varieties: LA (Literary Arabic), SA (Spoken Arabic) and
Hebrew (Hebrew). Vertical bars denote 0.95 confidence intervals

than in LA (=0.82 mV, p =.09) and in Hebrew (=0.62 mV, p < .005), with the latter
two not differing (p = .11).

To summarize, the results presented here showed that in terms of RTs, SA dif-
fered from both LA and Hebrew and behaved as the dominant language variety
Electrophysiologically, the analysis of the participants’ responses showed that the
P2 component amplitude was larger in SA than in LA and Hebrew. Taken together,
the results of this study in the auditory modality confirms that SA holds the status of
the dominant language variety since SA and LA behaved differently during early
the processing steps which seemingly strongly influenced word recognition speed
and thus determined subjects’ reaction times. During these early steps of informa-
tion processing, LA which is acquired later in life and Hebrew which is the partici-
pants’ formal second language behaved quite similarly.

3.2 Visual Lexical Decision Task

Response Times Table 2 summarizes the mean (+SD) of the subjects’ median
response time (RTs) for the different word types in the three language conditions. A
2 x 3 repeated measures analysis of variance (ANOVA) was conducted on the sub-
jects’ individual RTs with word type (2: word vs pseudoword, or lexicality) and
language (3: LA, SA and Heb) as within subject factors. The analysis showed first a
highly significant main effect of word type (F(1, 44) = 65.48, p <.00001) due to the
fact that RTs were faster to words (M = 722 ms) than to pseudowords (M = 839 ms).
This analysis showed also a highly significant main effect of language condition
(F(2, 88) = 25.22, p < .00001) due to the fact that, in the average, RT augmented
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Table 2 Visual lexical decision: Mean reaction times in ms. (xstandard deviation, n = 45) for word
and pseudoword conditions in the three language conditions: LA (Literary Arabic), SA (Spoken
Arabic) and Hebrew (Hebrew)

LA SA Heb
Words 661 737 766

(94) (120) (130)
Pseudowords 825 817 874

(133) (134) (192)

gradually from LA (M = 743 ms) to SA (M =777 ms) to Hebrew (M = 820 ms). A
significant interaction was also found between the two factors (F(2, 88) = 12.21,
p <.0001) due to the fact that difference between words and pseudowords was again
not homogenous. Interestingly, and contrary to the results in the auditory lexical
decision, the lexicality effect was larger here for LA (M = 164 ms) than for SA
(M = 80 ms). Of more interest for our purpose, the one-way ANOVA performed on
median RTs for the words conditions only showed a highly significant language
effect (F(2, 88) =45.49, p <.00001). This was due to the fact that RTs were shorter
in LA than in SA (p <.00001) and in Hebrew (p < .00001), and to the fact that RTs
were also shorter in SA than in Hebrew (p < .01, see Table 2 and Fig. 3).

Electrophysiological Results Due to the presence of a high amount of artefacts in
the EEG data of one subject, the following analysis was performed on 29 out of 30
recorded subjects. In order to determine time periods of possible reliable response
differences between the three language conditions, we first conducted a visual
inspection of the grand-mean ERP traces of the different conditions. As shown in
Fig. 4a which illustrates a superposition of the traces from a subset of frontal and
posterior recording sites from LA (Black), SA (Red) and Hebrew (Green), the earli-
est response differences occurred around the N1-P2 component complex (see label-
ling of PI-NI-P2-N2 on electrode POS8). In order to statistically assess these
differences, we computed the mean signal in two regions of interests that included
four left (PS5, P7, PO3 and PO7) and four right (P6, P8, PO4 and POS) posterior
electrodes (see inset in lower right panel, Fig. 4b). From the individual averaged left
and right traces of each participant in each condition, we determined the time points
of the successive P1-N1-P2-N2 components.® The 3 x 2 ANOVA performed on the
amplitude of each of these early components using language condition (LA, SA and
Heb), hemisphere (left vs right) showed no significant language effects for the P1
and N1 components. In contrast, a significant language effect (F(2, 56) = 4.74,
p <.02) and a hemisphere effect (F(1, 28) =74.76, p < .00001) was found for the P2
component. As shown in Fig. 4b, the language effect was due to the fact that ERP
amplitude to LA was on the average more positive (mean = 0.51 mV) than to SA
(=0.05 mV) and Hebrew (= —0.97 mV). A similar finding was also found for the N2

®These points determined from around 100 ms onwards refer to the first highest positive value
around the P100 component (~100 ms) and its time latency, then successively the most negative for
the N170 (~170 ms), then for the P2 and the N2.
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A Grand-mean ERPs to LA, SA and Heb words
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Fig. 4 (a) Superimposition of the grand mean ERP traces (from 0 to 700 ms post- stimulus)
induced by LA words (black traces), SA words (red traces) and Hebrew words (green traces). The
selected electrodes represent left (AF7) and right frontal (AF8) electrodes, left (PO7 and PO3) and
right (PO8 and PO4) posterior electrodes where differences appeared maximally at the level of the
P2/N2 components. (b) Graph illustrating the mean signal over the left and right regions of interest
including 4 posterior electrodes showing a significant effect of language (and hemisphere) on the
P2 component (black for LA, red for SA and Green for Hebrew, see text for statistics). Inset in the
lower right shows the localization of the left and right posterior electrodes included in this region
on interest analysis
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component which demonstrated again significant language effect (F(2, 56) = 3.78,
p <.03) and a hemisphere effect (F(1, 28) = 11.86, p < .002) due to a more positive
signal in LA than in the other conditions. No effect of language was found for the
time latency of either component. In the average in all conditions, the P1 occurred
at ~105 ms, the N170 at ~173 ms, the P2 at ~250 ms and the N2 at ~300 ms.

To summarize, in terms of RTs, LA differed from both SA and Hebrew and behaved
as the dominant language variety. The results of the P2-N2 complex showed a rela-
tion between the ease with which the words are recognized (as attested by RTs) and
the amplitude of the response. Taken together, the results of this study in the visual
modality indicated that LA holds the status of the dominant language variety both
behaviorally and electrophysiologically during word recognition processes.

4 Discussion

Although some previous efforts have been devoted to investigate psycholinguisti-
cally the relationship between the two Arabic varieties, no previous research
addressed the question of the brain basis of diglossia. In the diglossic Arabic-
Hebrew bilinguals, previous investigations using behavioral measures only have
suggested that the cognitive system treats LA differently than SA, which is the
language variety acquired first by native Arabic speakers, and similarly to Hebrew,
which is a formal L2 acquired later in life (Ibrahim, 2009). In particular, studies
using auditory lexical decision assessing semantic priming suggested that SA
behaved as the dominant language variety relative to LA and Hebrew as attested by
the magnitude of the priming effects. Inversely, studies using visual presentation of
LA, SA and Hebrew words (Bentin & Ibrahim, 1996) showed that LA behaved as
the dominant language variety with SA ones behaving as LA low frequency words.
Based on such previous evidence, we hypothesized that in the diglossic situation of
Arabic, the status of SA and LA will be modality-dependent with SA functioning
like an L1 and LA as L2 in the auditory modality and LA functioning as an L1 and
SA as an L2 in the visual written modality. Because diglossia is a complex situation
that must be tackled from the different angles of language production and compre-
hension, but still has not been investigated by means of functional brain measures,
we first choose to rely on the these early findings related single word processing in
the auditory and the visual modalities. Based on the hypothesis that the processing
of the two varieties of Arabic in the brain of Arabic native literate speakers might
mimic that of two different languages, the objective was to assess the neural
responses differentiating SA and LA word processing by means of event-related
potential (ERP) analysis in adult subjects. The reported studies aimed at providing
for the first time both behavioral and electrophysiological evidence to test this pre-
diction using the same type of task and the same linguistic material. In this lexical
decision task, the participants’ analysis of RT first showed a lexicality effect attested
by the words’ superiority effect in both varieties of Arabic and in Hebrew. This
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expected effect is in line with previous data in the literature (Bentin et al., 1985;
Coltheart et al., 2001; Forster & Chambers, 1973; Khateb et al., 2002) and con-
firmed the validity of the task and the used stimuli. The first prediction was that
auditorily presented SA words would be processed faster than LA ones and that
ERPs will show the correlates of this difference. The differences found here in RTs
confirmed the first prediction. At the behavioral level, we found as expected that the
response times were the shortest in SA and differed from both LA and Hebrew.
These differences could be explained neither in terms of words’ general familiarity
in the Arabic language nor of word length since the words in all language conditions
were equated in these respects. The fact that LA and Hebrew behaved similarly here
in terms of RTs somewhat extends previous findings suggesting that, in certain
instances, LA presents more similarities with Hebrew than with SA in the auditory
modality (Ibrahim, 2009).

At the electrophysiological level, these first results were consistent with the
behavioral findings presented above. The results showed that the earliest differences
between language conditions appeared between words at around 300 ms after stim-
ulus presentation, during a time period referred to here as to P2. The statistical
comparisons of the ERP signals from SA, LA and Hebrew revealed reliable signifi-
cant response differences between SA and both LA and Hebrew but not between LA
and Hebew. In a previous lexical decision task involving first and second language
words (Sinai & Pratt, 2002), ERP analysis in Hebrew-English bilingual speakers
reported significantly longer latencies for N1 and P2 components to word pairs
including L2, and suggested that different processing of L1 and L2 words occurred
as early as during the stages associated with activation of the auditory cortex, but
also showed difference during N400 between the two languages.

Although a more detailed analysis of the time course of the ERPs is still needed
in order to better assess processing steps where SA and LA diverge and converge,
the direct results which arise from the data in connection with the goals of this
study are very conclusive. The fact that differences between the two forms of
Arabic appeared both in terms of response speed and brain response amplitude is
compatible with the history of acquisition of the phonological representations and
words (Saiegh-Haddad & Haj, 2018; Saiegh-Haddad et al., 2020) in these different
language varieties, and with the frequency of exposure to them in the auditory
modality in everyday life. These findings confirm the dominance of SA in the audi-
tory modality and support results from previous studies that suggested that SA
words behave as L1 ones (Ibrahim, 2009; Ibrahim & Aharon-Peretz, 2005; Ibrahim
& Eviatar, 2009).

As for the visual lexical decision task, the results presented here also confirmed
the study prediction. In fact, RT analysis showed that using the same stimuli in the
visual modality led to faster recognition of LA words. ERP analysis in parallel
showed a modulation of the P2-N2 components which reflected the ease with which
words were identified in the different language conditions. Previous observations in
ERP literature show a modulation by word frequency of ERP response during the
150-300 ms time period (Hauk et al., 2006; Hauk & Pulvermuller, 2004; Proverbio
et al., 2008). Differences during this time period were also reported between L2 vs
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L1 in ERP analysis (Khateb et al., 2016). Hence, it appears plausible to suggest that
these differences are mainly due to the visual familiarity/frequency of exposure to
words in LA. This interpretation is also compatible with the history of acquisition
and the patterns of use of LA words which are more frequently used (and the partici-
pants are more often exposed to) in the visual written modality. In fact, it is gener-
ally assumed that written transliteration of SA words has no accepted upon standard
form in Arabic. Hence, one can predict that recognition of frequent LA words pro-
ceed from print to semantics using the lexical-semantic route based on word pat-
terns while recognition of written SA words will be realized through the slower
non-lexical phonological route, through a process of grapheme to phoneme conver-
sion (Coltheart, 2005; Taouk & Coltheart, 2004). In functional brain imaging litera-
ture, one of the explanations raised to account for the differences observed between
the processing of L2 vs L1 written words was the difference in proficiency in L2
compared to L1, the age of acquisition of L2, or the difference in subjective fre-
quency of L2 words (Abutalebi, 2008; Abutalebi & Green, 2007; Perani & Abutalebi,
2005). This interpretation is certainly true here for words in Hebrew which showed
the larger difference with LA both in terms of RTs and ERP response amplitude.
However, for SA written words, and due to the currently widespread use of SA in
non-formal written communication in social media, it is possible to predict that this
change would lead to a minimization of the differences between LA and SA, a pro-
cess which is certainly occurring in our participants. In line with this prediction, the
results presented here suggest that despite the fact that the study participants were
supposed to be quite highly proficient in Hebrew, their formal second language and
to which they are highly exposed in their everyday life as students, they still recog-
nized and processed more efficiently SA than Hebrew words. Future research should
examine the long terms effects of the use of SA words in written electronic com-
munication. Altogether and more importantly to our purpose, the results of the
visual lexical decision task confirmed the prediction that in the visual modality, due
to the history of acquisition and patterns of use of the written language, LA holds
the status of the dominant language variety.

The pattern of RTs and electrophysiological response differences in the auditory
and visual lexical decision tasks using SA, LA and Hebrew words confirmed the
prediction and previous findings in the literature that the status of SA and LA in the
cognitive system of native literate Arabic speakers is modality-dependent. In par-
ticular, in the visual written modality, LA words, the language variety acquired later
in life and used for reading and writing and for formal communication, were pro-
cessed faster and more efficiently than SA ones. In line with these conclusions, two
different other studies using ERP analysis during single word and sentence process-
ing during semantic tasks provided similar results. In the first study (Shehadi, 2013),
behavioral and ERP measures were analyzed during the processing of semantically
related and semantically unrelated written word pairs in SA and LA. While RTs
were faster to LA than SA word pairs, ERP showed a more negative N400 compo-
nent and a delayed response peak latency in SA compared to LA words, mimicking
other L2 vs L1 effects reported in the literature. In the study using sentence seman-
tic judgement task in SA and LA (Khazen, 2016), both semantically incongruent
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word endings in SA and LA elicited again a more negative N400 response and a
delay in its peak latency in SA compared to LA words. As for the N400, it was
shown that this component amplitude was globally more negative in SA than in
LA. This effect, which observed after both semantically congruent and incongruent
sentence endings in SA, was interpreted as reflecting the ease/difficulty with which
semantic integration processes take place in written SA sentences. This interpreta-
tion is strengthened by the observation of a delayed peak latency in SA, consistent
with the claim of LA functioning as the dominant language variety in the visual
modality. Taken together, all these results again confirm that the history of acquisi-
tion and the patterns of use are clearly the factors that determine how the brain
processes the different types of information it receive from whatever modality.
Along these lines, a recent fMRI study that analyzed the processing of LA, SA and
Hebrew words using a semantic categorization task confirmed these observations
(Nevat et al., 2014). In this first functional study on Arabic diglossia, it was found
that RTs were faster to LA than to SA and Hebrew. The comparison of brain
responses between SA and LA revealed differences that mimicked activation pat-
terns found in comparisons of L2 vs L1 word conditions. In particular, an increase
of activation was found in SA relative to LA (and not the inverse) in several lan-
guage and left hemisphere areas.

Because diglossia is a complex linguistic phenomenon that must be addressed
through the different modalities and contexts of language use including comprehen-
sion and production, a first study was also conducted by means of functional MRI
to investigate picture naming in SA and LA in a mixed diglossic context and com-
pared SA and Hebrew in a mixed bilingual context. In this completely different
linguistic register (Abou-Ghazaleh et al., 2018), this study showed that naming in
SA was slightly easier than LA, but was considerably easier than in Hebrew. fMRI
analysis showed no difference when comparing brain activation between SA and
LA. In contrast, Hebrew compared to SA revealed activation differences that could
be interpreted both in terms of recruitment of language control modules and of
second-to- first language effects. In a subsequent study, the aim was to assess the
extent to which language control modules are engaged during language switching
between SA and LA, in comparison to switching between SA and Hebrew (Abou-
Ghazaleh et al., 2020). For this purpose, naming in SA in the bilingual SA-Hebrew
mixed context, and in the diglossic SA-LA mixed context was compared to the
simple naming context. The comparison of picture naming in SA in different con-
texts was predicted to reveal differences related to language control processes. The
analysis of fMRI revealed significant effect of context that involved four main areas
sensitive to the naming contexts (namely the left inferior frontal gyrus, the precen-
tral gyrus, the supplementary motor area (SMA) and the left inferior parietal lob-
ule). Analysis of these areas, together with two other areas (the left caudate nucleus
and the anterior cingulate cortex) hypothesized to participate to language control
(Abutalebi et al., 2008) revealed very striking findings. The comparison of SA nam-
ing in the diglossic context relative to the simple pure SA naming revealed a higher
activation in all areas. These results appeared to support Abutalebi and Green’s
(2016) adaptive control hypothesis that predicts changes to the control demands of
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language use as a function of the context requirements. Also, the findings suggested
that in order for language control areas to be recruited, a high level of lexical com-
petition should exist. This was actually the case when SA and LA were mixed,
hence no difference in activation was found when comparing the activation of SA
and LA in the same context (Abou-Ghazaleh et al., 2018). The findings regarding
SA and LA in fMRI analysis during production in picture naming task contrast with
those reported by Nevat et al. (2014) using visual word stimuli, where more activa-
tion was found for SA relative to LA. These previous findings suggested that, for the
unique diglossic population of native Arabic speakers, the first acquired SA could in
the written modality ‘look’ like an L2. This same result for SA in the written modal-
ity (confirmed here in several ERP experiments at the level of single word process-
ing) contrasts with the conclusions proposing that SA words and LA words are
processed as L1 and L2 ones (Ibrahim & Aharon-Peretz, 2005; Ibrahim, 2009) and
confirmed in the auditory lexical decision experiment reported here.

5 Conclusion

These apparent contradictions in the results strengthen the primary assumption that
guided this work, according to which the place that SA and LA hold (as “L1” and
“L2” or inversely) might change as a function of the language modality in use.
Based on all the results discussed (and some presented here), we again propose, as
previously claimed (Nevat et al., 2014), that literate native speakers of Arabic who
master the use of both SA and LA in everyday life function with two first languages:
One in the auditory modality (SA) and one in the visual written modality (LA).
During a language production tasks, the available data suggest that SA and LA
might behave very similarly, although competitively (since sharing different lin-
guistic features including particularly at the phonological/articulatory and lexical-
semantic levels) as two first languages. Actually, despite their ability to manage the
use of these “two first languages”/two language varieties, it appears that, when they
are pushed to perform a lexical selection (at the single word level) in a “forced
mixed diglossic mode”, naming in each variety becomes a very competitive process
that requires the engagement of language control mechanisms. Back to the question
of whether Arabic diglossia is a form of bilingualism, the response is neither direct
nor unequivocal. The observation here that SA and LA exchange places as L1 and
L2 according to the modality used do not allow to conclude that they represent two
separate linguistic systems. The cognitive status of each of the Arabic varieties
seems to depend on several parameters that include (among other things) the nature
of the task’s demands, the linguistic register, the individuals proficiency in both
varieties, the modality of presentation of the stimuli (auditory vs visual) and the
type of processing (reception vs production, etc.). Given that we are only just start-
ing out in this area of research, the conclusions raised here might not seem war-
ranted. Hence, future research directions should not only investigate this issue in a
wide range of modalities at the level of single word processing, but also at the
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sentence level, during reading, listening, and discourse production and control for
individual language proficiency in both varieties and each modality. A better under-
standing of the representation of, and interactions between, the two language variet-
ies of Arabic is not crucial only for a greater understanding of Arabic diglossia itself
but also of the human cognition and language experience in general.
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Appendix 1: Examples of Words Used for LA, SA and Hebrew
and Their Phonetic Translation

LA SA Hebrew Referent
[Tanf/ s /xufum/ & [Taf/AR Nose
Js/dalw/ [sat’el/ Y- /dliz/77 Bucket
st /na:fida/ /fjubba:k/ sez /halo:n /11on window
/miStiaf / e /kabbu:t/ .8 /miSi:l/29n coat
.~ [sari:r/ Jtaxet/ o£ /mita/ 7un bed
/Biya:b/ ol /2awaSi:/ N /bgadi:m/0 732 clothes
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