
International Journal of Psychophysiology xxx (2014) xxx–xxx

INTPSY-10899; No of Pages 10

Contents lists available at ScienceDirect

International Journal of Psychophysiology

j ourna l homepage: www.e lsev ie r .com/ locate / i jpsycho
Vowelling and semantic priming effects in Arabic
Nadia Mountaj a,⁎, Radouane El Yagoubi b, Majid Himmi a, Faouzi Lakhdar Ghazal c,
Mireille Besson d,e, Sami Boudelaa f,g

a Laboratoire d'Informatique Mathématique Intelligence Artificielle et Reconnaissance des Formes (LIMIARF), Université Mohammed V — Agdal, Faculté des Sciences Rabat, Maroc
b Laboratoire CLLE-LTC (CNRS, UMR 5263), Université de Toulouse 2, Toulouse, France
c CHU Purpan— BP 3028, UMR 1043, Toulouse, France
d Laboratoire de Neurosciences Cognitives, CNRS— Aix-Marseille Université, Pôle 3C, France
e Cuban Neuroscience Center, La Habana, Cuba
f Department of Linguistics, United Arab Emirates University, United Arab Emirates
g Department of Experimental Psychology, University of Cambridge, UK
⁎ Corresponding author.
E-mail address: mountaj.nadia1985@gmail.com (N. M

http://dx.doi.org/10.1016/j.ijpsycho.2014.12.009
0167-8760/© 2014 Elsevier B.V. All rights reserved.

Please cite this article as: Mountaj, N., et al.,
10.1016/j.ijpsycho.2014.12.009
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 2 July 2014
Received in revised form 9 December 2014
Accepted 11 December 2014
Available online xxxx

Keywords:
Visual semantic priming
Vowelling effects
Standard Arabic
Orthographic depth
ERPs
Visual N400
In the present experiment we used a semantic judgment task with Arabic words to determinewhether semantic
priming effects are found in the Arabic language. Moreover, we took advantage of the specificity of the Arabic
orthographic system, which is characterized by a shallow (i.e., vowelled words) and a deep orthography
(i.e., unvowelled words), to examine the relationship between orthographic and semantic processing. Results
showed faster Reaction Times (RTs) for semantically related than unrelated words with no difference between
vowelled and unvowelledwords. By contrast, Event Related Potentials (ERPs) revealed larger N1 andN2 compo-
nents to vowelled words than unvowelled words suggesting that visual-orthographic complexity taxes the early
word processing stages. Moreover, semantically unrelated Arabic words elicited larger N400 components than
related words thereby demonstrating N400 effects in Arabic. Finally, the Arabic N400 effect was not influenced
by orthographic depth. The implications of these results for understanding the processing of orthographic,
semantic, and morphological structures in Modern Standard Arabic are discussed.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

The process of written word identification is thought to bring into
play at least three domains of knowledge: (a) orthographic knowledge
which allows the computation of graphemes and their position in the
word, (b) phonological knowledge which supports the computation of
sounds from graphemes, and (c) semantic knowledge which provides
information about the meaning of words (Coltheart, Rastle, Perry,
Langdon and Ziegler, 2001;Harm, and Seidenberg, 2004). The activation
of and interaction between these three domains of knowledge seem to
significantly depend, among other factors, on the consistency of the
mapping between orthography and phonology (Frost and Katz, 1992;
Grainger and Ziegler, 2011; Ziegler and Goswami, 2005). Some lan-
guages (e.g., Greek, Italian, Spanish, etc…) have shallow orthographies
with consistent relationships between graphemes and phonemes. As a
consequence, orthographic input systematically activates phonological
representations (Ellis and Hooper, 2001; Goswami et al., 1997, 1998).
Other languages (e.g., English, French) have deep orthographies with
inconsistent sound-spelling correspondences making the activation
of phonological representations from script a less reliable option
ountaj).

Vowelling and semantic prim
(Goswami et al., 1998; Landerl, Wimmer and Frith, 1997). Still other
languages, in particular Semitic languages like Hebrew and Arabic,
instantiate their orthographies in two versions: a shallow and a deep or-
thography (Abu-Rabia, 2001, 2007). In the shallow orthography, words
are “vowelled” with the diacritics representing the short vowels
(Azzam, 1984), thereby providing a one-to-one mapping between
graphemes and phonemes. In the deep orthography system, consonants
and three long vowels are represented by letters, but the three remain-
ing short vowels are omitted (i.e., “unvowelled”) thereby generating a
high degree of inconsistency between graphemes and phonemes
(Katz and Frost, 1992).

There are however some exceptions to the one-to-one mapping
between graphemes and phonemes in vowelled words. For instance,
the letter alif ‘ ’, corresponding to the long vowel/aa/, can be mute in
some words (e.g., اوبـتـكـ [katabuu]), “they wrote”, or pronounced as a
short vowel in other words (e.g., /i/ as [mi atun] in the word ةئـامـ , “a
hundred”). Conversely, the demonstrative pronoun كلـذ is pronounced
with a long vowel/aa/as [ðaalika] although its orthography does not fea-
ture the alif. Thus, letters can be pronounced without beingwritten and
written without being pronounced. However, in spite of these counter-
examples, the vowelled script of Arabic typically presents more regular
graphemes to phonemes mapping than other languages (Azzam, 1984;
Hansen, 2010). Interestingly, adult Arabic readers aremainly exposed to
ing effects in Arabic, Int. J. Psychophysiol. (2014), http://dx.doi.org/
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Table 1
Examples of experimental items used in the experiment. For each example, the word in
Arabic, a phonological transcription using IAP symbols and an English gloss are indicated.

Prime Target

Related Unrelated

Vowelled ٌريَِسر ّيِرَكْسَع ٌةَداَسِو
[sariirun] [ askariУУun] [wisaadatun]
Bed Military Pillow

Unvowelled ريسر يركسع ةداسو
[sariirun] [ askariУУun] [wisaadatun]
Bed Military Pillow
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materialswritten usingdeep orthography,while shalloworthography is
experienced by children in their early years of learning to read or in
special reading materials like poetry and religious books.

Against this linguistic background, an interesting question that
arises is how can Arabic, or for that matter Hebrew, function equally
well with an unvowelled and a vowelled script? Boudelaa and
Marslen-Wilson (2005, 2011) have argued that this is linked to the
morphological structure of these languages. Arabic is characterized by
a non-concatenativemorphologywhereby every surface form is analyz-
able into a consonantal root, that conveys semantic meaning, and a
word pattern (made up of vowels and of a subset of consonants) con-
veying morphosyntactic and phonological information. For example,
the form تمكـ [katama] conceal, hide (in the sense of hiding a secret),
consists of the root {ktm} with the general meaning of hiding and
the word pattern {fa ala} with the morphosyntactic meaning perfec-
tive, active. The word pattern vowels are essentially conveyed as di-
acritics in the vowelled script. There is evidence to suggest (a) that
Arabic native speakers systematically parse the orthographic form
into a root and word pattern and (b) that lexical access processes are
initially oriented towards the root with information about the word
pattern (i.e., the vowels) becoming available at a later stage (Boudelaa
and Marslen-Wilson, 2005, 2011).

To date there is behavioral evidence suggesting that reading shallow
orthographies relies upon phonological decoding of small orthographic
units such as phonemes and phones, whereas reading deep orthogra-
phies depends upon the direct identification of larger orthographic
units like syllables, or onsets and rimes (Cossu, Shankweiler, Liberman,
Katz, and Tola, 1988; Frost, 1994, 1995; Grainger and Ziegler, 2011;
Ziegler and Goswami, 2005; Seidenberg, 2011). In Arabic, reading accu-
racy has been found to be significantly higher for the shallow (vowelled)
orthography than for the unvowelled (deep) orthography, both in nor-
mal children and in dyslexic children of various age groups (Abu-Rabia,
2007).

Results of experiments using neuro-imaging suggest that shallow
and deep orthographies involve different neural substrates (Bourisly
et al., 2013; Paulesu et al., 2000). Orthographic depth also has measur-
able effects on at least two components of the Event Related Potentials
(ERPs): the N170 and the N320 component (Bentin et al., 1999;
Proverbio and Zani, 2003) that are of most interest here. For instance,
Simon et al. (2006) showed that the N170 amplitude is influenced by
orthographic familiarity and word frequency. More recently, Taha
et al. (2012) reported that the amplitude of the N170 recorded from Ar-
abic adult readers was larger and its latency shorter to words written
using the most familiar connected orthographic patterns than to
words using less familiar unconnected letters patterns. Bar-Kochva
and Breznitz (2012) showed that vowelled Hebrewwords were associ-
ated with larger amplitude and longer latency of the N170 component
at occipito-temporal sites than unvowelled Hebrew words. Where the
N320 is concerned, Simon, Bernard, Lalonde and Rebaï (2006) report
an N320 response to French, but not to unvowelled Arabic stimuli, sug-
gesting that French requires the use of grapheme–phoneme conversion
while Arabic does not (Ziegler et al., 2003).

Collectively these studies provide interesting insights into the tem-
poral and topographic properties of orthographic processing in Semitic
languages. However, they fall short of making any claims about the po-
tential influence of vowelling on semantic processing. Specifically does
the presence of vowel diacritics speed up semantic processing? The
aimof the present study is to fill this gap by askingwhether orthograph-
ic depth (vowelling) and semantic processing are independent or
interactive. For this end, we used a semantic priming task, in which par-
ticipants are asked to judge whether two sequentially presentedwords,
a prime (e.g., drink) and a target (e.g., TEA) are semantically related or
not. This task is particularly well suited to our purposes since subjects
need to access their semantic knowledge in order to carry out the
task, and this will allow us to determine if the time course and topogra-
phy of access to semantic knowledge are modulated by vowelling.
Please cite this article as: Mountaj, N., et al., Vowelling and semantic prim
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Previous results using this paradigm have repeatedly shown that se-
mantically related words are associated with faster RTs and lower error
rates compared to unrelatedwords (e.g., Khateb et al., 2003, 2010).More-
over, previous results using the ERPsmethod have demonstrated that se-
mantically unexpected words in sentence contexts (Kutas and Hillyard,
1980) or in word pairs (Bentin et al., 1985; Holcomb and Neville, 1990;
Khateb et al., 2003, 2010) elicit larger negative ERP components with
maximumamplitude 400ms post-stimulus onset (i.e., N400 component)
than semantically expected or related words (for reviews see Hagoort,
2008; Kutas et al., 2006; Kutas and Federmeier, 2011).

Interestingly, the N400 effect has been documented in many lan-
guages including Dutch (e.g., Brown and Hagoort, 1993; Gunter et al.,
1997), English (e.g., Kutas and Hillyard, 1980; Boddy, 1981; Bentin
et al., 1985), Finnish (e.g., Juottonen, Revonsuo and Lang, 1996), French
(e.g., Besson and Macar, 1987; Khateb et al., 2003, and 2010), German
(e.g., Heinze, Münte and Mangun, 1994; Günter et al., 1997), Italian
(Cobianchi and Giaquinto, 1997), Japanese (Ueno and Kluender,
2009), Mandarin Chinese (e.g., Lee, Tsai, Huang, Hung and Tzeng,
2006; Ye, Luo, Friederici and Zhou, 2006), Norwegian (e.g, von Koss
Torkildsen, Syversen, Gram Simonsen, Moen and Lindgren, 2007),
Spanish (Wicha et al., 2003), Swedish (e.g., Ors, Lindgren, Berglund,
Hägglund, Rosen and Blennow, 2001) but, to our knowledge, it has
never been tested in Arabic (Bourisly et al., 2013) using the fMRI meth-
od and Taha et al. (2012) mainly examined the N170 component.

In summary, the specific aims of the present experimentwere to de-
termine (a) whether semantically priming effects can be demonstrated
in Arabic both on RTs and on the N400 component and (b) whether the
effects of orthographic (vowelled-unvowelled) and semantic factors
(related-unrelated) on behavior and on the amplitude/latency of the
N400 are independent or interactive.We hypothesized that unvowelled
words can be more difficult to process (i.e., associated with slower RTs,
higher error rate and larger N400 components) than vowelled words
because different unvowelled words can share an identical consonantal
structure but have different pronunciations andmeanings. Alternatively
however, it is conceivable that vowelled words prove to be more diffi-
cult to process (and consequently yield slower RTs, higher error rate
and larger early perceptual and cognitive ERPs components, N1, P2,
N2) than unvowelled words because they are visually more complex
(due to the presence of diacritical marks) and less familiar to fluent
adult Arabic readers who mainly read unvowelled words. Additionally,
these two factors, visual complexity and familiarity, may interfere
with semantic priming effects.

2. Methods

2.1. Participants

A total of 20 students (10 women), aged between 20 and 34 years
old (mean: 27 years; sd: 9.89), from the University Mohammed V
Agdal, in Rabat, Morocco, were tested in this experiment. They were
all right-handed and without neurological disorders. Three participants
were excluded from final data analysis because of a high number of tri-
als contaminated by ocular and muscular artifacts. All participants use
Arabic on a daily basis andwereMaster or PhD. students (meannumber
ing effects in Arabic, Int. J. Psychophysiol. (2014), http://dx.doi.org/
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Table 2
Lexical characteristics of the stimuli used in the experiment. Mean and standard deviation
(in parenthesis) are provided for each variable. Logged Surface and bigram frequencies are
computed from the ARALEX database and number of reading from “Almaany” dictionary
accessible at: http://www.almaany.com.

Prime Target

Related UNRELATED

Number of letters 3.92 3.95 3.94
(0.98) (0.91) (0.91)

Logged 1.35 1.33 1.39
Surface frequency (1.74) (1.86) (1.76)
Logged 3.56 3.56 3.61
Bigram-frequency (3.54) (2.54) (3.65)
Number of reading 1.89 1.86 1.73

(1.74) (1.72) (1.29)
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of years of education: 16 years; sd: 4.24)with no reading problems. The
experience lasted 1.45 h on average. This experiment was approved by
the ethics committee of theMohammed V Agdal University and all par-
ticipants gave their written consent to participate in the experiment.
They were paid for their participation.

2.2. Stimuli

A total of 256 Arabic prime–target word pairs were used. Of these,
128 pairs were presented in the vowelled condition, with 64
Fig. 1. Vowelling effect. ERPs to vowelled (V; solid line) and to unvowelled words (UV; dotted
illustrated at nine representative electrodes. On this and subsequent figures, time in millisecon

Please cite this article as: Mountaj, N., et al., Vowelling and semantic prim
10.1016/j.ijpsycho.2014.12.009
semantically related pairs and 64 semantically unrelated pairs. The
same 128 word pairs were presented in the unvowelled condition,
again with 64 semantically related pairs and 64 semantically unre-
lated pairs. For both vowelled and unvowelled pairs, two lists were
constructed so that across lists, the same target word was paired
once with a semantically related prime and once with a semantically
unrelated prime (see Table 1 for an example). The lists were counter-
balanced across participants. The prime–target relationship for each
pair was pre-tested in a pilot study (see Appendix A for full list of
materials). In the pilot study, a total of 270 word pairs were present-
ed to 28 participants who were asked to decide whether the two
words were semantically related or unrelated on a binary scale.
Only those pairs (256) which were judged to be semantically related
by 90% of the subjects or more were included in the EEG experiment.
Prime and targets words in related pairs shared different kinds of
semantic relations. They were semantically or associatively related,
members of the same semantic category or synonyms words.
Using the Aralex database (Boudelaa and Marslen-Wislon, 2010),
we matched our prime words on two important lexical variables.
The first is surface word frequency which refers to the frequency
of the orthographic string as it occurs in Arabic text. The second
is bigram frequency which refers the frequency of each two
letters taken together within a word. Finally we matched the
priming items on their orthographic ambiguity by computing the
number of possible readings each item can lend itself to (see
Table 2).
line) are averaged across semantically related and semantically unrelated words. ERPs are
ds (ms) is in abscissa and the amplitude of the effects in micro-volts (μV) is in ordinate.

ing effects in Arabic, Int. J. Psychophysiol. (2014), http://dx.doi.org/
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2.3. Procedure

Participants were comfortably seated in a Faradized room and were
asked to silently read the twowords thatwere successively presented at
the center of a computer screen. They had to decide, as quickly and as
accurately as possiblewhether the targetwordwas semantically related
to the prime word or not by pressing one of the two response keys. Re-
sponse hand was counter-balanced across participants.

Vowelled and unvowelled word-pairs were presented in separate
blocks of trials (two with vowelled words and two with unvowelled
words). An experimental trial consisted of a prime displayed at the cen-
ter of a computer screen for 500 ms followed by an empty interval of
300 ms, and a target displayed for 2000 ms or until the subject
responded. Once participant presses the response key a row of XXXX
appears on the screen for 2000 ms and participants were asked to
blink several times before the next trial started. In order to familiarize
participants with the task, the experiment beganwith a training session
whichmimicked the structure of the experimentwith 8 words present-
ed in vowelled and unvowelled formats in a related and unrelated
condition.

2.4. Recording ERPs

The EEG was amplified using SAI amplifiers (San Diego) and contin-
uously recorded from24electrodesmounted on an elastic head cap, and
located at standard positions on the left and right hemispheres at
Fig. 2. Semantic priming effect. ERPs to semantically related (R; solid line) and to semantically
ERPs are illustrated at nine representative electrodes.

Please cite this article as: Mountaj, N., et al., Vowelling and semantic prim
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frontal, central, parietal, occipital and temporal locations (10/20 inter-
national system; Jasper, 1958): Fz, Cz, Pz, Oz, Fp1, Fp2, F7, F8, F3, F4,
FC5, FC6, FC1, FC2, T3, T4, C3, C4, CP5, CP6, CP1, CP2, P3 and P4. The im-
pedance of the electrodes was always lower than 5 kΩ and EEG data
were recorded with a 250 Hz sampling frequency. The Electro-
Oculogram (EOG) was recorded from an electrode placed under the
right eye to detect eye blinks and from two electrodes placed on the
left and right mastoids. To be able to compare results with previous lit-
erature and to analyze inter-hemispheric differences, the EEG was re-
referenced off-line to the average of the left and right mastoids.

3. Data analysis

EEGdatawere averaged for each participant using EEGLAB (Delorme
and Makeig, 2004). Continuous recordings were segmented into
2400 ms duration trials starting 200 ms before stimulus onset (base-
line). Trials containing eye movements or muscles artifacts were ex-
cluded from further processing. The remaining trials were averaged
within each of the four conditions: VR: vowelled related, VNR: vowelled
unrelated, NVR: unvowelled related and NVNR: unvowelled unrelated.
Finally, data were averaged across participants to obtain the grand-
averages.

ERP data were analyzed by computing the mean ERP amplitude rel-
ative to a 200-msec baseline in successive latency bands determined
from previous results in the literature (Kutas et al., 2006; Rugg and
Coles, 1995) and from visual inspection of thewaveforms. These latency
unrelated words (NR; dotted line) are averaged across vowelled and unvowelled words.

ing effects in Arabic, Int. J. Psychophysiol. (2014), http://dx.doi.org/
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bands corresponded to the ERP components of main interest that were
modulated by the vowelling and semantic relatedness factors: N100
(0–100 ms) and P200 (100–200 ms) components (see Figs. 1 and 3)
aswell as theN200 (200–300ms) andN400 (300–600ms) components
(Figs. 2 and 4). Analyses of Variance (ANOVAs) were conducted sepa-
rately atmidline and lateral electrodes. ANOVA atmidline electrodes in-
cluded semantic relatedness (related vs unrelated), vowelling
(vowelled vs. unvowelled) and electrodes (4 levels: Fz, Cz, Pz, and Oz)
as within-subject factors. ANOVA at lateral electrodes included Seman-
tic relatedness, Vowelling along with the factors Hemisphere (2 levels:
left, right) and Regions Of Interest (ROI, 3 levels: fronto-central, central
and parietal) as within-subject factors. When the effects of Semantic
(related vs. unrelated) were found to interact with the effects of
Vowelling and/or Electrodes/ROI/Hemisphere, Tukey tests were used
for post-hoc comparisons. All p values were adjusted with the Green-
house–Geisser epsilon correction for nonsphericity.

4. Results

4.1. Behavioral data

Two-way ANOVA including Semantic (related vs unrelated) and
Vowelling (vowelled vs unvowelled) aswithin-subject factors was con-
ducted on error rates and RTs data. Themain effect of Semantic was sig-
nificant (F(1,15)= 5.20, p b .04) with semantically relatedwords being
associated with shorter RTs (699 ms) than semantically unrelated
words (741 ms). By contrast, the main effect of Vowelling was not sig-
nificant (F(1,15) = 1.05, p N .30) with vowelled (713 ms) and
Fig. 3. ERPs to vowelled (solid line) and to unvowelled words (dotted line) are presented separa
electrodes.

Please cite this article as: Mountaj, N., et al., Vowelling and semantic prim
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unvowelledwords (740ms) yielding comparable latencies. The Seman-
tic by Vowelling interaction was not significant (F b 1).

The percentage of errors was not significantly different for semanti-
cally related (8.17%) and unrelatedwords (6.34%;main effect of Seman-
tic: F (1,15)=1.11, p=0.30) and for vowelled (6.61%) and unvowelled
words (7.90%; main effect of Vowelling: F b 1). The Semantic by
Vowelling interaction was not significant (F b 1).

4.2. Electrophysiological data

4.2.1. The N1 component
The N1 component was larger for vowelled (−2.31 μV) than for

unvowelled words (−1.74 μV; main effect of Vowelling: F(1,15) =
8.40, p b .01, see Fig. 1). By contrast, neither themain effect of Semantic
nor the Semantic by Vowelling interaction were significant (F b 1 in
both cases, see Fig. 2). Similarly, at lateral electrodes, the N100 compo-
nent was larger for vowelled (−1.99 μV) than for unvowelled words
(−1.32 μV;main effect of Vowelling: F(1,15)= 11.23, p= .004; see to-
pographic maps on Fig. 5). Neither the main effect of Semantic nor the
Semantic by Vowelling interactionwere significant (F b 1 in both cases).

4.2.2. The P2 component
No significant effects were found at midline electrodes (Vowelling:

(F(1,15)=3.24, p b .09, Semantic: F(1,15)=1.21, p b .28 andVowelling
by Semantic: F b 1). However, at lateral electrodes, the P200 component
was larger for Unvowelled (−0.03 μV) than for Vowelled words
(−1.64 μV; main effect of Vowelling: F(1,15) = 4.65, p b .05, see
Figs. 1 and 5). Moreover, the Semantic by Laterality interaction was
tely for semantically related (left) and for semantically unrelatedwords (right) at midline

ing effects in Arabic, Int. J. Psychophysiol. (2014), http://dx.doi.org/
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also significant (F(1,15)=5.36, p b .03)with larger P200 to semantical-
ly related (−1.03 μV) than to unrelated words (−1.61 μV) over the left
but not over the right hemisphere (−1.35 μV; see Figs. 2 and 5). Neither
the main effect of Semantic nor the Semantic by Vowelling interaction
were significant (F b 1 in both cases; see Fig. 2).

4.2.3. The N2 component
The N200 component was larger for Vowelled (−0.80 μV) than for

unvowelled words at midline electrodes (1.41 μV; main effect of
Vowelling: F(1,15) = 9.61, p b .007; see Fig. 1). Neither the main effect
of Semantic nor the Semantic by Vowelling interaction were significant
(F(1,15)=1.71, p b .20 and F b 1, respectively). Similarly, at lateral elec-
trodes, the N200 component was also larger for vowelled (−0.48 μV)
than for unvowelled words (1.56 μV; main effect of Vowelling:
F(1,15)=9.65, p b .007; see topographicmaps on Fig. 5). The difference
was larger over the left (2.25 μV) than over the right hemisphere
(1.82 μV; Vowelling by Laterality: F(1,15) = 4.76; p b .04). Neither the
main effect of Semantic nor the Semantic by Vowelling was significant
(F b 1 in both cases).

4.2.4. The N400 component
The N400 component was larger for semantically unrelated words

(1.30 μV) than for related words (3.24 μV; main effect of Semantic:
F(1,15) = 8.61, p b .01; see Fig. 2). By contrast, neither the main effect
of Vowelling nor the Semantic by Vowelling interactionwere significant
(F(1,15) = 2.84, p b .11 and F b 1, respectively; see Figs. 3 and 4). Sim-
ilarly, at lateral electrodes the N400 component was larger for
Fig. 4. ERPs to semantically related (solid line) and semantically unrelated words (dotted line)
electrodes.

Please cite this article as: Mountaj, N., et al., Vowelling and semantic prim
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semantically unrelated (1.23 μV) than for related words (2.83 μV;
main effect of Semantic: F(1,15) = 8.97, p b 0.009). Moreover, the
N400was slightly larger over the right (1.92 μV) than over the left hemi-
sphere (1.26 μV; Semantic by Laterality interaction: F(1,15) = 5.66,
p b .03; see Figs. 2 and 5). Neither the main effect of Vowelling nor the
Semantic by Vowelling interaction was significant (F(1,15) = 2.33,
p b .14 and F b 1, respectively).

5. Discussion

The results are clear-cut: There is a vowelling effect on the early N1,
P2 and N2 components and a semantic priming effect on both RTs and
on the N400 component. Moreover, the Vowelling by Semantics inter-
action is not significant either in the behavioral or electrophysiological
measures. The implications of these findings are considered in the fol-
lowing discussion.

The first goal of the present experiment was to determine whether
semantically related Arabicwords are processed faster and elicit smaller
N400 components than semantically unrelated words, as has been re-
ported in many other languages (see Kutas and Federmeir, 2011, for re-
view). Our results show semantic relatedness effects in Arabic with
primed targets yielding faster RTs than unprimed targets. Additionally,
primed Arabic words elicit smaller N400 components than unprimed
Arabic words. This priming effect starts at around 300 ms post-word
onset and is maximal at around 400 ms, as is typically reported in the
literature. Consistent with previous results, the N400 effect are slightly
larger over the right than the left hemisphere (e.g., Kutas and Hillyard,
are presented separately for vowelled (left) and for unvowelled words (right) at midline
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1980, 1988). These results are interesting not only in showing that the
N400 effect can be elicited by Arabic as well as by Latin characters, but
also because they suggest that the N400 effect abstracts away from
other low level factors such as the direction of reading/writing, which
is from right to left in Arabic words but from left to right in Latin script.

Our results are compatible with two competing accounts of the
N400 effects: the integration view and the anticipation view (for further
detail see Cermolacce et al., 2014 and Van Petten and Luka, 2012). On
the integration view, semantically related words are associated with
faster RTs and smaller N400 components because they are easier to in-
tegrate within the context of the prime (Hagoort, 2008; Van Berkum
et al., 2005; Van Petten and Luka, 2012). According to the anticipation
view, the prime word pre-activates the representation of semantically
related target words in memory before they are actually presented so
that upon presentation they are easier to process (DeLong et al., 2005;
Federmeier, 2007; McClelland and Elman, 1986; Morton, 1969; Collins
and Loftus, 1975). Our goal was not to adjudicate between these two
views, but to examine the behavioral and neurophysiological correlates
of semantic processing in Arabic. Now that we have demonstrated that
such effects hold for this language, future research can build on this to
test for different models of word recognition and for specific issues re-
lated to the direction of reading and reading preferences. Further stud-
ies should also use different tasks (e.g., lexical decision task) and
different stimulus onset asynchronies between prime and target to dis-
entangle the automatic and more controlled aspects of semantic prim-
ing effects in Arabic.

The second goal of our experimentwas to determinewhether the ef-
fects of the orthographic (vowelled-unvowelled) and semantic (relat-
ed-unrelated) factors are independent or interactive. Our results
reveal no vowelling by semantic interaction either in latency or accura-
cy data, suggesting that the semantic priming effect is equivalent for
vowelled and unvowelledwords. This outcome is consistentwith previ-
ous results from Hebrewwhere RTs and percent errors were not signif-
icantly different for vowelled and unvowelled words (Bentin and Frost,
1987; Frost, 1994, 1995; Koriat, 1984). This suggests that performance
in the semantic task is not modulated by the presence/absence of
Fig. 5. Topographic maps for each ERP component of interest elici
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vowel diacritics. Importantly, the N400 effect is not significantly differ-
ent for unvowelled and vowelled words suggesting that there is a sub-
stantial degree of independence between the effects of visual
orthography and semantics. Since the N400 amplitude is typically mod-
ulated by semantic processing difficulty (e.g., Kutas et al., 2006), the
similarity of the N400 in both conditions indicates that unvowelled
words are as easy to process as vowelled words at the semantic level,
possibly because all words are high frequency and none of the partici-
pants reported problems recognizing them.

The absence of an N400 difference across the vowelled–unvowelled
contrast supports the general view that reading in Arabic is oriented to-
wards and dominated by processes of consonantal root extraction that
are required for both vowelled and unvowelled words (Boudelaa and
Marslen-Wilson, 2005, 2012). Specifically, Boudelaa and Marslen-
Wilson (2005) used incremental masked priming to show that prime
and target words sharing the consonants of the root (e.g., [maktab]-
[kitaab] office-book) show reliable priming at a Stimulus Onset Asyn-
chrony (SOA) of 32, 48, 64 and 80ms, while primes and targets sharing
a word pattern (e.g., [kataba]-[xaraja] write-go out) show facilitation
only at 48 ms. This was interpreted as suggesting that information
about the root consonants is used prior to information about the word
pattern vowels and for a longer period of time. This interpretation
found support in a follow-up experiment by Boudelaa and
collaborators (2009) using the Mismatch Negativity (MMN) paradigm
(Näätänen et al., 2007; Kujala, et al., 2007). In that study the results
showed that word pairs differing by a root consonant elicited an MMN
response at 160 ms after their deviation point, while items differing
by a word pattern vowel elicited an MMN response at 250 ms after
thedeviationpoint (Boudelaa et al., 2009). Itwill be of interest in further
experiments to vary word frequency to determine whether the effects
of orthographic depth and semantic priming are more likely to interact
for low than for high frequency words.

Our results using a semantic task contrast with those reported by
Bar-Kochva and Breznitz (2012) using a lexical decision task. Rather
than an N400 component, Kochva and Breznitz (2012) report a larger
P3 amplitude for unpointed (unvowelled) than for pointed (vowelled)
ted by the target words in the four experimental conditions.
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Unrelated prime Related prime Target

Father Window Glass
فورخ لاوسر صيقم
ٌفوُرَخ ٌلاَوِْسر ٌصيَِقم

[xaruufun] [sirwaalun] [qamiisʕun]
Sheep Pants Shirt
خأ ةروص راطإ
ٌخَأ ٌةَروُص ٌراَطِإ

[ axun] [sʕuuratun] [ itʕaarun]
Brother Photo Frame

لفق قيربإ ياش
ٌلْفٌق ٌقيِرْبِإ ٌياَش

[quflun] [ ibriiqun] [ʃaayun]
Lock Tea-pot Tea

باسح ةيذحأ براوج
ٌباََسح ٌةَيِذْحَأ ٌبِراَوَج

[saħaabun] [ aħðiyatun] [ʒawaaribun]
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Hebrew words. This result is surprising insofar as real words and pro-
nounceable pseudo-words typically elicit N400 components, unlike un-
pronounceable nonwords that elicit P3 components (e.g., Ziegler et al.,
1997). While the authors did not discuss this issue, they claimed that
the decrease of the P3 amplitude for vowelled words could reflect re-
duced processing efforts when dealing with vowelled words which
are phonologically fully specified, while the larger the P3 response
was attributed to the phonologically underspecified nature of
unvowelled words which would require more processing efforts. The
different pattern of results (P3 vs N400) between our experiment and
Bar-Kochva and Breznitz's (2012) may be due to the tasks used in the
two studies, or itmay simply reflect a genuine cross-linguistic difference
betweenArabic andHebrew. Itwill be interesting to compare lexical de-
cision and semantic priming tasks (within subjects) with Hebrew and
Arabic words (between-subjects) to disentangle the effects of each
factor.
Clouds Shoes Socks
مامح ةغابص ةاشرف
ماَُمح ةَغاَبِص ٌةاَشْرُف

[muħaamin] [sʕibaa atun] [furʃaatun]
Lawyer Painting Brush

يترشم ةوهق ناجنف
يَِترْشُم ٌةَوْهَق ٌناِجْنِف

[muʃtarin] [qahwatun] [finʒaanun]
Buyer Coffee Cup

راشنم ةيلديص ءاود
ٌراَشْنِم ٌةّيِلَدْيَص ٌءاَوَد

[minʃaarun] [sˁaydaliyyatun] [dawaa un]
Saw Pharmacy Drug

ضياير سورع ءانح
6. Conclusion

Our findings show that the presence or absence of vowel diacritics
does not affect the N400 component thereby suggesting independent
processing of the orthography and semantics. However, processing
within the N400 time windowmay largely depend on the uptake of in-
formation from consonants that are always present in both types of or-
thography. Future research will have to adjudicate between these two
interpretations.
ِّضياَيِر ٌسوُرَع ٌءاّنِح
[riyaadˁiyyun] [ʕaruuːsun] [ħinnaa un]
Athlete Bride Henna
ريسر لجم ءارصح
ٌريَِسر ٌلََجم ُءاَرَْصح

[sariirun] [ʒamalun] [sˁa ħraa u]
Bed Camel Desert

ترفد كسم ربح
ٌَترْفَد ٌكََسم ٌرَْبح

[daftarun] [samakun] [baħrun]
Notebook Fish Sea
Appendix A. List of words used in the experiment. For eachword, we
provide a vowelled Arabic word with an unvowelled version under-
neath it along with a phonetic transcription and an English gloss.
Unrelated prime Related prime Target

تنب ةدئام سيرك
ٌتْنِب ةَدِئاَم ِّسيْرُك

[bintun] [maa idatun] [kursiyyun]
Girl Table Chair

يركسع ريسر ةداسو
ّيِرَكْسَع ٌريَِسر ةَداَسو

[ʕaskariyyun] [sariirun] [wisaadatun]
Military Bed Pillow

لجر ترفد لمق
ٌلُجَر ٌَترْفَد َُلمَق

[raʒulun] [daftarun] [qalamun]
Man Notebook Pencil

طيشر ةروبس ريشابط
ِّطيُْشر ٌةَروّبَس ريِشاَبَط

[ʃurtҁiyyun] [sabbuuratun] [tˁabaaʃiirun]
Police officer Black-board Chalk
عم رعش طشم
َّعم ٌرْعَش ٌطْشُم
[ʕammun] [ʃaʕrun] [muʃtʕun]
Uncle Hair Comb

ذاتسأ راشنم بشخ
ٌذاَتْسُأ ٌراَشْنِم ٌبَشَخ

[ ustaaðun] [minʃaarun] [xaʃabun]
Professor Saw Wood

خابط ةقرطم راسمم
ٌخاّبَط ٌةَقَرْطِم ٌراِْسمِم

[tʕabbaaxun] [mit raqatun] [mismaarun]
Cook Hammer Nail
بأ ةذفان جاجز
ٌبَأ ٌةَذِفاَن ٌجاَجُز

[ abun] [naafiðatun] [zuʒaaʒun]

ةروبس بنرأ رزج
ٌةَروّبَس ٌبَنْرَأ ٌرَزَج

[sabbuuratun] [ arnabun] [ʒazarun]
Black-board Rabbit Carrot

لاوسر عىفأ سم
ٌلاَوِْسر َعىْفَأ ُّسم

[sirwaalun] [ afʕaa] [summun]
Pants Snake Venom

لاقب بئذ ةباغ
ٌلاّقَب ٌبْئِذ ٌةَباَغ

[baqqaalun] [ði bun] [ɣaabatun]
Shop-assistant Wolf Forest

ةروص ليل رقم
ٌةَروُص ٌلْيَل ٌرََقم

[sˁuuːratun] [laylun] [qamarun]
Photo Night Moon

ةذفان نيدسر ةبلع
ٌةَذِفاَن ٌنيِدَْسر ٌةَبْلُع

[naafiðatun] [sardiinun] [ʕulbatun]
Window Sardines Can
لجم ءانب لنزم
ٌلََجم ٌءاّنَب ٌلِْنزمَ

[ʒamalun] [bannaa un] [manzilun]
Camel Builder House

ةقرطم رطم دعر
ٌةَقَرْطِم ٌرًطَم ٌدْعَر

[mitˁraqatun] [matˁarun] [raʕdun]
Hammer Rain Thunder

دسأ ةبزمخ ىولح
ٌدَسَأ ٌةََبزَْمخ ىَوْلَح

[ asadun] [maxbazatun] [ħalwaa]
Lion Bakery Sweets

ناصح كنب لام
ٌناَصِح ٌكْنَب ٌلاَم

[ħisˁaanun] [bankun] [maalun]
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(continued)

Unrelated prime Related prime Target

Horse Bank Money
ةغابص دقع قنع
ةَغاَبِص ٌدْقِع ٌقُنُع

[sˁibaaɣatun] [ʕiqdun] [ʕunuqun]
Painting Necklace neck

ةوهق رازج لحم

ٌةَوْهَق ٌراّزَج ٌَْلحم
[qahwatun] [ʒazzaarun] [laħmun]
Coffee Butcher Meat

رازج لنح لسع
ٌراّزَج ٌلَْنح ٌلَسَع

[ʒazzaarun] [naħlun] [ʕasalun]
Butcher Bees Honey

ةدود ةرقب بيلح
ٌةَدودُ ٌةَرَقَب ٌبيِلَح

[duudatun] [baqaratun] [ħaliiːbun]
Caterpillar Cow Milk

رعش نوزلح ةعقوق
ٌرْعَش نوُزَلَح ٌةَعَقْوَق

[ʃaʕrun] [ħalazuunun] [qawqaʕatun]
Hair Snail Shell
كسم ةدود ريرح
ٌكََسم ٌةَدوُد ٌريِرَح

[samakun] [duudatun] ħarii run
Fish Caterpillar Silk

بنرأ ةرهز راهزأ
ٌبَنْرَأ ٌةَرْهَز ٌراَهْزَأ

[ arnabun] [ahratun] [ azhaarun]
Rabbit Flower Butterfly

عىفأ رايط ةيحورم
َعىْفَأ ٌراّيَط ٌةّيِحَوْرِم

[ afʕaa] [tʕayyaarun] [mirwaħiyyatun]
Snake Pilot Helicopter
دهم طيشر صل
ٌدْهَم ِّطيُْشر ّصِل

[mahdun] urtˁiyyun lisˁun
Cradle Policeman Thief
ليل بيبط ةضرمم
ٌلْيَل ٌبيِبَط ٌةَضّرَُمم

[laylun] [tʕabiibun] mumarrið atun
Night Doctor Nurse

نيدسر لجر ةأرمإ
ٌنيِدَْسر ٌلُجَر ٌةَأَرْمِإ

[sardiinun] [raʒulun] ʔimraʔatun
Sardines Man Woman

دقع تنب دلو
ٌدْقِع ٌتْنِب ٌدَلَو

[ʕiqdun] [bintun] [waladun]
Necklace Girl Boy
لنح باسح ءاسم
ٌلَْنح ٌباََسح ٌءاََسم

[naħlun] [saħaabun] [samaa un]
Bees Cloud Sky

ةرقب ذاتسأ ذيلمت
ٌةَرَقَب ٌذاَتْسُأ ٌذِيْلمِت

[baqaratun] [ ustaaðun] [tilmiiːðun]
Cow Professor Student

راهزأ خابط معطم
ٌراَهْزَأ ٌخاّبَط ٌمَعْطَم

[ azhaarun] [tʕabbaaxun] [matʕʕamun]
Butterfly Cook Restaurant

بئذ بأ مأ
ٌبْئِذ ٌبَأ ّمُأ

[ði bun] [ abun] [ ummun]
Wolf Father Mother

شع ضياير بردم
ّشُع ِّضياَيِر ٌبّرَدُم

[ʕuuʃʃun] [riyaadʕiyyun] [mudarribun]
Nest Athlete Coach
طق خأ تخأ
ّطِق ٌخَأ ٌتْخُأ

[qitʕtʕun] [ axun] [ uxtun]
Cat Brother Sister

ةجاجد عم ةلا
ٌةَجاَجَد َّعم ٌةَلاَخ

[daʒaaʒatun] [ʕammun] [xaalatun]

(continued)

Unrelated prime Related prime Target

Hen Uncle Aunt
ءانب يركسع يدنج
ٌءاّنَب ّيِرَكْسَع ّيِدْنُج

[bannaa un] [ʕaskariyyun] [ʒundiyyun]
Builder Military Soldier

ةطب مامح متهم
ٌةّطَب ماَُمح ٌمَّتهُم

[batʕtʕatun] [muħaamin] [muttahamun]
Duck Lawyer Defendant

ةدئام يترشم عئاب
ةَدِئاَم يَِترْشُم ٌعِئاَب

[maa idatun] [muʃtarin] [baa iʕun]
Table Buyer Seller

ةازعم لاقب نوبز
ٌةاَزْعِم ٌلاّقَب ٌنوُبَز

[miʕzaatun] [baqqaalun] [zabuunun]
Kid Shop-assistant Customer

ةيذحأ لفق حاتفم
ٌةَيِذْحَأ ٌلْفٌق ٌحاَتْفِم

[ aħðiyatun] [quflun] [miftaaħun]
Shoes Lock Key

ةبابذ سيئر ريزو
ٌةَباَبُذ ٌسيِئَر ٌريِزَو

[ðubaabatun] [ra iisun] [waziiurun]
Fly President Minister
ليف كلم ريمأ
ٌليِف ٌكِلَم ٌريِمَأ

[fiiulun] [malikun] [ amiiurun]
Elephant King Prince

قيربإ طق بكل
ٌقيِرْبِإ ّطِق ٌبَْكل

[ ibriiqun] [qitʕtʕun] [kalbun]
Tea-pot Cat Dog

رطم ةجاجد كيد
ٌرًطَم ٌةَجاَجَد ٌكيِد

[matʕarun] [daʒaaʒatun] [diiukun]
Rain Hen Cock

ةبزمخ دسأ رنم
ٌةََبزَْمخ ٌدَسَأ ٌرَِنم

[maxbazatun] [ asadun] [namirun]
Bakery Lion Tiger

كنب ةطب ةزوإ
ٌكْنَب ٌةّطَب ٌةّزَوِإ

[bankun] [batʕtʕatun] [ iwazatun]
Bank Duck Goose

ةيلديص فورخ ةجعن
ٌةّيِلَدْيَص ٌفوُرَخ ٌةَجْعَن

[sˁaydaliyyatun] [xaruufun] [naʕʒatun]
Pharmacy Sheep Female-sheep

رايط ةنزع
ٌراّيَط ٌةاَزْعِم ٌةَْنزَع

[tʕayyaarun] [miʕzaatun] [ʕanzatun]
Pilot Kid Goa t

بيبط ناصح سرف
ٌبيِبَط ٌناَصِح ٌسَرَف

[tʕabiibun] [ħisʕaanun] [farasun]
Doctor Horse Mare

سيئر ةبابذ ةضوعب
ٌسيِئَر ٌةَباَبُذ ٌةَضوُعَب

[ra iisun] [ðubaabatun] [baʕuudʕatun]
President Fly Mosquito

كلم ليف ةلازغ
ٌكِلَم ٌليِف ٌةَلاَزَغ

[malikun] [fiiulun] [ɤazaalatun]
King Elephant Gazelle

نوزلح دهم عيضر
نوُزَلَح ٌدْهَم ٌعيِضَر

[ħalazuunun] [mahdun] [radʕiiʕun]
Snail Cradle Infant

سورع شع روفصع
ٌسوُرَع ّشُع ٌروُفْصُع

[ʕaruuːsun] [ʕuuʃʃun] [ʕusʕfuurun]
Bride Nest Bird
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