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Abstract
Reading in Arabic is challenging for many early learners. To improve Arabic reading fluency, a new
textbook (IQRA) was designed to enhance the visual characteristics of Arabic and, thus, help children
recognize the Arabic orthography. Despite promising behavioral improvement, it is unknownwhether
this improvement is associated with accelerated development of the brain’s reading network, which
develops overmany years. Thus, the goal of this studywas tomeasure brain responses to Arabic print
in early readers enrolled in IQRA instruction. Reading was assessed and electroencephalography
(EEG) responses were collected from 49 first-grade children in the UAE (N = 27 IQRA treatment, N =
22 control) while completing a single EEG task at the end of the school year. Behavioral measures
of word identification revealed a slight improvement for IQRA children compared to their peers in
control classrooms. EEG responses suggest improved familiarity with Arabic in IQRA children as well
as increased print-specific response, though the latter finding did not survive correction for multiple
comparisons. These findings suggest a modest effect of the IQRA curriculum on neural responses
to print in young readers. Future work is needed to understand the long-term impact of IQRA on
the reading brain.

الملخص
اѫȕصائص ѫ Ѵɶلتعز (اقرأ) جديد Ѵţمدر كتاب Ѵɽتصم Ѭɸ بية، العر للغة ѳɯ القراءة طİقة ѫ Ѵʂلتحس وائل.

Ѫ
įا ѫ Ѵʂȡتعȝا من للعديد ًѴɯد

Ѭɲ بية العر للغة ѳɯ القراءة ѳɷتعت

هذا ǒن إذا ما اȝعروف Ѵɷغ ن ѫƻ الواعد، Ѵȍالسلو التحسن من
ѫƞالر Ȼع بية. العر مİء Ѳįا قواعد Ȼع التعرف Ȼع طفال

Ѫ
įا مساعدة Ѵȹلتا ѳɯو بية، العر للغة اȝرئية

الدماغ ت ѳɯاستجا قياس هو الدراسة هذه من اȮدف ǒن ، Ѵȹلتا ѳɯو عديدة. سنوات مدار Ȼع تتطور Ѵ
Ѭʑوال الدماغ، Ѵ

ѫǋ القراءة لشبكة اȝتسارع لتطور ѳɯ ا
ً
مرتبط التحسن

مارات Ѳįا Ѵ
ѫǋ ول

Ѫ
įا الصف Ѵ

ѫǋ İًطف ٤٩ من الدماغ بية ȃر طيط ѫ Ѭɲ ت ѳɯاستجا ع ѳķو القراءة Ѵɽتقي Ѭɸ "اقرأ". Ѵɽتعل Ѵ
ѫǋ ѫ Ѵʂسجلȝا وائل

Ѫ
įا القراء لدى بية العر لȡطبوعات

عن الǣات لتعريف السلوكية اȝقاييس كشفت . Ѵţالدرا العام اية ѫʅ Ѵ
ѫǋ واحدة الدماغ طيط ѫ Ѭɲ ɋمة إǽل أثناء (٢٢ = ǻالتح ،٢٧ = "اقرأ ة ѳȕمعا) اȝتحدة بية العر

"اقرأ" أطفال لدى بية العر للغة ѳɯ ȝام Ѳįا سن Ѭɲ ȹإ الدماغ بية ȃر طط ѫɁ ت ѳɯاستجا Ѵɷتش الضابطة. الدراسية الفصول Ѵ
ѫǋ م ѫʅقرا

Ѫ
ѳɯ مقارنة "اقرأ" طفال

Ѫ
į طفيف سن Ѭɲ

ج ѫʇȝ متواضع Ѵɷث
Ѫ Ѭɯ ȹإ Ѱ

Ѫɱالنتا هذه Ѵɷتش متعددة. ت ѫɯقارȝ التصحيح من تنجو ț ة Ѵɷخ
Ѫ
įا النتيجة أن من ѫƞالر Ȼع لطباعة، ѳɯ اصة ѫȕا اįستجابة دة Ѵɯز ȹإ ضافة Ѳį ѳɯ

القراءة. دماغ Ȼع لـ"اقرأ" اȝدى طويل Ѵɷالتأث م ѫǃل ѴȻستقبȝا العمل ȹإ حاجة هناك الشباب. القراء Ѵ
ѫǋ للطباعة العصبية ت ѳɯستجاįا Ȼع "اقرأ"
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1. Introduction

Arabic is the most widely spoken Semitic language in the world, spoken by more than
250 million people as their first language in the Middle East (Watson, 2007). Despite
its wide usage, learning to read in Arabic remains a challenge for many. Arabic is a
complex orthography and may be challenging to learn for a variety of reasons, which
has led to many efforts to improve reading instruction in the Middle East/North Africa
(MENA) region. There have been several attempts to examine reading proficiency in
Arabic children. In Jordan, for example, the Queen Rania Foundation (QRF) measured
the average benefits achievable by having children attend early childhood care and
education (ECCE; Fink et al., 2017). Children who participated in ECCE completed one
year of preschool, followed by two years of kindergarten before starting their first year of
school. Students who were exposed to ECCE had early grade reading and math scores
10–13 percentile ranks above children who entered their first year of school without
this extra education (Fink et al., 2017). Moreover, the UAE participated in the Program
for International Student Assessment (PISA) study (OECD, 2019). The PISA assessment
program is a comprehensive one, and involves assessment of the proficiency of pupils
in reading, science, and math at the age of 15. The latest reported data showed that
students in the UAE scored lower than the mean OECD score (OECD, 2019). Among
others, these data highlight the difficulty of acquiring fluency in reading Arabic and
suggest new methods of instructions.

To improve Arabic reading fluency in children, a new textbook (IQRA) was designed
to enhance the unique visual characteristics of Arabic and, thus, help children easily
recognize the orthography of Arabic letters (Wilson et al., 2020). The IQRA textbook
was designed to enhance the perceptual features of Arabic text by printing letters in
a large font size and using increased spacing. In IQRA, letters are presented in order
of visual complexity, with letters containing fewer standard forms presented first. The
curriculum was tested in a large pilot project in the UAE that included 345 students in
their first year of school (Wilson et al., 2020). The goal was to evaluate the effect of
training in decoding and repeated exposure to modern standard Arabic (MSA) patterns
on increasing reading performance (measured by speed and accuracy) in early-grade
readers. After one year, students who used the IQRA textbook were able to accurately
identify more letters and make fewer errors compared to a matched control group of
children who received the standard curriculum. The students that received the IQRA
curriculum were more accurate at recognizing printed words and read more words
per minute than the business-as-usual control group (Wilson et al., 2020). However,
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it is currently unknown whether this improvement in behavioral reading performance
is associated with accelerated development of the brain’s reading network, which
develops over a long trajectory. Because behavioral data collected from children using
IQRA suggests that it is a promising educational intervention with positive effects on
improving reading fluency, the goal of the present study was tomeasure brain responses
to Arabic print in early readers enrolled in IQRA instruction.

One reason Arabic may be difficult for readers concerns the visual complexity of
the Arabic orthography. The visual characteristics of written Arabic text, such as the
use of vowel markings and whether the letters are connected to each other, slow the
reading speed (Abdelhadi et al., 2011). The visual complexity of Arabic letters may
increase perceptual load, thus slowing down the process of word identification. For
example, some Arabic letters have up to four different writing shapes depending on
where they appear within words. Moreover, some pairs or triplets of Arabic letters are
identical in their basic shapes and can only be distinguished by the number of dots
and their positions (above or below the letter; Saiegh-Haddad & Roitfarb, 2014). All of
these complexities along with the mapping between similar graphemes and different
phonemes may add to the cognitive demands while the brain is decoding the letters,
which therefore increases reading difficulty in Arabic.

Another reason learning to read in Arabic is challenging is because Arabic is con-
sidered a Diglossic language (Ferguson, 1959), meaning there are multiple forms of
the language in use. In Arabic, there is one standard form (the MSA) as well as many
regional colloquial Arabic (CA) forms. MSA is used in most Arab countries in different
situations and locations including on street signs, in newspapers, television news, and
schoolbooks (Alsulaiman et al., 2022). In daily communication, individuals use their
own CA dialect for speaking but use MSA for reading (although CA may be used in
informal writing, such as text messaging). Moreover, the Arabic language has a dense
morphology (Mahfoudhi et al., 2010), which requires increased cognitive effort by the
reader to accurately recognize the printed words. (Elbeheri et al., 2006). In other words,
Arabic exhibits a discontinuous morphology that is based on the combination of two
abstract phonemes: the root and the word pattern (Boudelaa & Marslen-Wilson, 2005).
The roots and word patterns are intertwined to form words across different lexical
categories (e.g., nouns, verbs, and adjectives). For example, the root KTB (Table 1)
carries the meaning of the word “writing” (Tucker, 2011), and various forms of this root,
in combination with other verb and noun patterns, imply different aspects of “writing.”
These increased complexities of Arabic may impact the brain’s ability to develop a fluent
reading network in childhood.
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Table 1

Words derived from the /ktb/ root. These examples are from different lexical categories and
are supplied with vowels and prefixes.

English orthographic transcription Arabic orthographic transcription Word meaning in English

Kataba كـَتَبَ He wrote

Kitaab كِتَاب Book

Maktaba مَكتَبَة Library; bookstore

Kaatib كاتبِ Writer

Although reading is a critical skill, children are not born with a reading network. Rather,
they rely on a dispersed neural network during reading acquisition before converging
onto the adult reading network (Dehaene-Lambertz et al., 2018; Feng et al., 2020). Over
the course of reading acquisition, the visual word form area (VWFA), a region on the
fusiform gyrus, becomes sensitive and eventually specialized for print stimuli (Centanni
et al., 2017; McCandliss et al., 2003; Van der Mark et al., 2009). The VWFA is functionally
defined by its preferential response to printed words, compared to other visual stimuli
such as faces, false fonts, checkerboards, scrambled visual stimuli, and line drawings
(e.g., Centanni et al., 2017; Cohen et al., 2000; Stevens et al., 2017; Xiang et al., 2019). The
development of this region is protracted, lasting into early adulthood (Centanni et al.,
2017), and the trajectory of this process is guided by home literacy environment (Powers
et al., 2016) and educational practices (Hruby & Goswami, 2011). The brain’s response
to print is detectable using electroencephalography (EEG), which is a noninvasive form
of neural imaging that is well tolerated in young children (Bathelt et al., 2013). In EEG,
print sensitivity is reflected by a negative-going event-related potential (referred to as
the N1 or N170), and this component is usually absent in preschool children who do
not read (Brem et al., 2013). Although the exact location of the VWFA is subject to
individual variation (Baker et al., 2007; Brem et al., 2013; Centanni et al., 2017; Glezer &
Riesenhuber, 2013; Vinckier et al., 2007), this region is most frequently located on the
occipital–temporal cortex near the left occipital–temporal sulcus (Centanni et al., 2017;
Hornickel & Kraus, 2013).

Although there is a large body of work characterizing the VWFA in a variety of
orthographies and populations, research on reading in Arabic populations is still scarce.
Most of the research on the VWFA has been conducted with English readers, or readers
of Western languages in general (Feng et al., 2020). This is unfortunate, especially
because of the visual complexity of Arabic orthography, which makes it difficult to
draw or generalize conclusions across alphabetic systems. An event-related potential
(ERP) investigation of the effects of Arabic orthographic complexity in fluent adults
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showed that the VWFA is activated during printed Arabic processing regardless of the
connectivity of the words (Khateb et al., 2013). However, it is unknown whether the
complexities of Arabic text require a longer trajectory for the VWFA to specialize in
this alphabet. If so, it would explain the behavioral lag of children reading in Arabic
compared to other orthographies. However, no study to date has investigated neural
responses to print in early readers of Arabic to investigate the impact of this complex
orthography on the VWFA development. Therefore, the present study was designed
to examine whether the IQRA intervention, which enhances the perceptual features of
the Arabic orthography, influences the development of neural specialization for print
in early Arabic readers. Given prior evidence suggesting a significant improvement in
reading fluency following this intervention, we hypothesized that we would observe a
greater N1 amplitude in the group of children who have undergone the IQRA curriculum
compared to a matching-control group.

2. Methods

2.1. Participants

Children in first grade were recruited from private and public primary schools in Ras Al
Khaimah, United Arab Emirates and grouped based on their classroom’s participation
in the IQRA intervention. In brief, children received either the Ministry of Education
curriculum (control) or the IQRA curriculum (treatment). The IQRA curriculum consists
of two additional 45-min Arabic lessons per week utilizing a novel textbook designed
to maximize salience of the perceptual features of Arabic letters by increasing letter
size and spacing (Wilson et al., 2020). In total, 49 children (N = 27 treatment, N = 22
control) were enrolled. Informed consent was obtained from each parent, and verbal
assent was given by each child prior to participating. All data were collected in a
quiet room in the child’s school or a dedicated space at the Sheikh Saud Saqr bin
Al Qasimi Foundation for Policy Research. All study procedures were approved by the
(anonymized) Institutional Review Board, and children received their choice of a small
toy or book for their participation.

2.2. Behavioral testing

Children completed several measures in Arabic as part of their participation in the
larger study (Wilson et al., 2020). In brief, children completed letter identification and
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Table 2

Demographics and scores on all available Arabic reading measures reported as mean ± std.
Note that there is only 1 child with both pre- and posttest data in the control group and only 15
children with both pre- and posttest data in the IQRA group.

Measure IQRA (N = 21, 1 female) Control (N = 19, 7
female)

t-value P-value

Age 6.81 ± 0.47 6.84 ± 0.57 0.19 0.85

Letter identification (pretest) 41.14 ± 42.66 11.00 ± 16.03 (N = 5) 1.49 0.15

Words per minute (pretest) 12.86 ± 17.96 0.60 ± 1.20 (N = 5) 1.47 0.16

Letter identification
(posttest)

34.56 ± 8.23 41.71 ± 8.17 0.55 0.59

Words per minute (posttest) 13.63 ± 3.36 11.29 ± 3.63 0.42 0.68

fluency tests. During the letter identification task, children were asked to identify as
many Arabic letters and short letter combinations as possible within 1 min. During the
reading fluency task, children were given 1 min to read a 49-word paragraph in Arabic,
and the child was stopped after five errors were made. Children were tested on these
measures once at the beginning of the academic year (pretest) and again at the end
of the academic year (posttest). Accuracy and reading speed were calculated for each
child on each measure. Participant demographics and scores for the final sample are
reported in Table 2. Unfortunately, there was significant data loss due to rates of online
school in the fall semester and absences in the spring (full pre- and posttest data
available for 15 children in the IQRA group and 1 child in the control group). Thus, for all
subsequent analyses reported, we only analyzed posttest reading data with respect to
neural responses for all group comparisons.

2.3. EEG data collection and task

All children completed a single EEG task at the end of the school year lasting no longer
than 20 min. Of the 49 children enrolled in the study, 4 withdrew prior to the EEG
portion of the study and data could not be collected from 1 child due to an equipment
malfunction. The remaining children were fitted with a 24-channel semi-dry portable
EEG system (smarting mobi, mBrainTrain, Belgrade, Serbia) by a trained researcher and
impedances were lowered <30 kΩ. Data were acquired at a sampling rate of 500 Hz
and referenced to the vertex using the smarting Streamer 3.4.3 software (mBrainTrain,
Belgrade, Serbia).

A practice block consisted of common objects while the researcher provided instruc-
tion and feedback, followed by test blocks containing connected Arabic words and
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Figure 1

Study design. (A) Example of a test block containing connected Arabic words. Each stimulus
was presented for 700 ms followed by a 1000 ms fixation delay. The presentation of a cat was
the vigilance target, at which time children pressed a button. (B) Electrodes of interest are
highlighted in grey and include O1/O2, P3/P4, P7/P8, and M1/2.

 

disconnected Arabic false font strings (Figure 1A). Children viewed images on a screen
and completed a vigilance task in which they pressed a button when a picture of a cat
appeared (10% of trials). Each test stimulus category contained 10 unique items that were
repeated 10 times each. Items were presented for 700 ms with a 1000 ms fixation cross
between each item. Items were presented in pseudorandom order over four blocks,
with each block lasting 3 min. Between blocks, children were given a break to stretch,
move around, and prepare for the next block. The entire task lasted approximately
15 min. Stimuli were presented and responses were recorded using custom Python
programming (PsychoPy; Peirce et al., 2019).

2.4. EEG preprocessing and analysis

All EEG data were preprocessed in Matlab (The Mathworks, Natick, MA) using a com-
bination of EEGLab (Brunner et al., 2013) and custom code. Data were filtered with
cut-offs of 0.1 – 30 Hz and then re-referenced offline to an average reference. Eye blink
artifacts were identified through independent components analysis and regressed out
of the signal. Data were then cleaned to remove movement artifacts and bad channels
using the Clean Rawdata plugin (transition band [0.25 0.75], bad channels defined
as a channel exhibiting a flat line of at least 5 s and/or correlation to their robust
estimate based on other channels <0.8). Interpolation was used as needed to replace
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Figure 2

Grand average across all 8 electrodes to Arabic words and disconnected false font in the
IQRA group (A) and the Control group (B). The P1 time window was defined as 175 to 195 ms
post-stimulus onset. The N1 time window was defined as 215 to 235 ms post-stimulus onset.

 

bad channels, which impacted mostly frontal electrode sites. Epochs were then created
for each stimulus category (–500 to 600mswith respect to stimulus onset) with baseline
correction using the 500 ms prior to stimulus onset. Neural data for each participant
were included when there were >10 good trials available within a stimulus condition.
Given this criterion, data from four children were excluded (N = 2 IQRA, N = 2 control).
The final EEG sample thus contained data from 21 children in the treatment group (IQRA
curriculum) and 19 children in the control group (standard instruction). In left hemisphere,
data were analyzed from electrodes M1, P3, P7, and O1, and complementary electrodes
were analyzed in the right hemisphere (M2, P4, P8, and O2; Figure 1B).

2.5. Statistical plan

Repeated measures ANOVA was used to evaluate the effects of group, hemisphere,
and stimulus type on neural response amplitudes (the P1 and N1). Time windows for
each component were identified by visual inspection of the average neural response
across all participants (Figure 2). The P1 was quantified as the average amplitude 175
to 195 ms post-stimulus onset. The N1 was quantified as the average amplitude 215
to 235 ms post stimulus onset. These time windows are in line with prior reports of
these peak latencies in early readers (Brem et al., 2013; Eberhard-Moscicka et al., 2016;
Maurer et al., 2006). Post-hoc t-tests were used to probe any significant effects and
interactions. All t-tests were two-tailed unless otherwise stated. Spearman’s rho was
used to evaluate correlations between brain activation and reading scores, given the
non-Gaussian distribution of reading scores in this sample. The Bonferroni correction
was applied to analyses including multiple comparisons.
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3. Results

3.1. No differences in reading across groups

There were no reading differences across groups in either letter identification or in the
word reading tasks at the posttest time point (ps > 0.59; Table 2). Although we only
had pre- and posttest data from one control child, we were able to collect pre- and
posttest data from 15 IQRA children. In these children, no improvement was observed
in letters (posttest – pretest, 4.87 ± –0.79 letters; paired t-test; t [14] = 0.86, P = 0.40),
however, a modest improvement was observed in words of 6.33 ± 0.22 over the course
of the academic year (t [14] = 2.03, P = 0.06). This improvement is approximately half of
what was reported in a much larger study of the IQRA curriculum (Wilson et al., 2020),
perhaps reflecting challenges due to the COVID-19 pandemic during our data collection
period.

3.2. Effect of IQRA pilot on neural responses to print

We first conducted repeated measures ANOVA on each ERP component (stimulus
condition x group x electrode; Figure 3). With respect to P1, there was a main effect
of group (F [1, 614] = 3.98, P = 0.047) and a main effect of electrode (F [1, 614] = 25.5,
P < 0.0001). No significant main effect of stimulus type (F [1, 614] = 2.12, P = 0.15) was
observed. There was one significant interaction between electrode and group (F [1, 614]
= 2.5, P = 0.015). No other interactions were significant (ps > 0.78). With respect to the
N1, there was no main effect of group (F [1, 614] = 1.04, P = 0.31) and no main effect of
stimulus type (F [1, 614] = 2.05, P = 0.15). There was a significant main effect of electrode
(F [1, 614] = 2.86, P = 0.006). There was no interaction between electrode and group (F
[1, 614] = 0.72, P = 0.66). Significant interactions were observed between stimulus type
and electrode (F [1, 614] = 3.27, P = 0.002) and between stimulus and group (F [1, 614] =
4.85, P = 0.028). Given the main effect of electrode, we evaluated the N1 responses to
each electrode individually for additional analyses.

Next, we investigated whether participation in the IQRA program impacted the P1
and N1 responses to print and false font string stimuli at the O1 and O2 electrode sites,
which are commonly used in studies of print perception, including studies in Arabic
(Taha et al., 2013; Figure 3B). At the O1 electrode, there was a marginally significant
group difference in the P1 response to Arabic words such that control children exhibited
a stronger response (t [40] = 1.73, P = 0.046), but no difference in the response to Arabic
false font strings (P = 0.16). At the O2 electrode, no group differences were observed
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Figure 3

Average ERP component amplitudes by electrode and stimulus category. Left column
corresponds to P1 amplitudes and right column corresponds to N1 amplitudes in P3/P4 (A),
O1/O2 (B), P7/P8 (C), and M1/M2 (D). Control children exhibited a stronger P1 response to
Arabic words at the O1 (B-left) and P3 electrodes (A-left) and IQRA children exhibited a
stronger N1 response to Arabic words at the M1 electrode (D-left).

 

in the P1 response to Arabic words (P = 0.19) or Arabic false font strings (P = 0.77). At
the O1 electrode, there were no group differences in the N1 response to Arabic words
(P = 0.38) or Arabic false font strings (P = 0.77). At the O2 electrode, there was also no
group difference in the N1 response to Arabic words (P = 0.90) but there was a trend
for Arabic false font strings (t [34] = 1.64, P = 0.055).

To confirm that small differences in child head size and EEG cap placement did
not impact these results, we also evaluated additional electrodes in left hemisphere
(electrodes M1, P3, and P7) vs right hemisphere (electrodes M2, P4, and P8; Figure 3).
In response to words, there was one significant group difference in the P1 response at
electrode P3 (t [40] = 1.76, P = 0.04) such that control children exhibited a stronger
response. There was also one trend in P8 (t [40] = 1.39, P = 0.085) in the same
direction. No other comparisonswere significant (ps>0.15). In response to false fonts, no
group differences were observed at any electrode (ps > 0.22) other than one marginal
difference at electrode P8 (P = 0.06) such that control children exhibited a stronger
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response. With respect to the N1 response to words, only one significant difference was
observed in electrode M1 (t [40] = 2.29, P = 0.014) such that children in the IQRA group
exhibited a stronger response than control children (all other ps > 0.11). No differences
were observed in the N1 response to false font (ps > 0.44). Importantly, neither of the
two significant comparisons survived the correction for multiple comparisons.

Since prior work has suggested that specificity for print (a greater response to print
compared to other stimuli) is associated with better reading performance, we evaluated
whether the IQRA program increased the N1 response to print versus the response to
false font strings. We analyzed electrodes O1–O2 for their common use in studies of
print perception, as well as electrodes M1–M2 since they exhibited a group effect in the
hypothesized direction. No significant group difference was observed in specificity for
Arabic print in O1 (P = 0.74) or O2 (P = 0.20). A significant difference was observed in M1
(t [33] = 2.32, P = 0.027) but not in M2 (t [33] = 0.80, P = 0.43). The significant difference
in M1 did not survive the correction.

3.3. Right but not left N1 correlates with reading performance

We next evaluated whether neural specificity for Arabic print was associated with
reading performance. We ran these analyses across the entire sample to increase
statistical power. There were no correlations between O1 specificity (Arabic words >
Arabic false font strings) and letter identification or word reading (ps > 0.16). There was
no correlation between specificity at O2 and letter identification (r = 0.16, P = 0.48). There
was a significant positive correlation with word reading (r = 0.41, p = 0.037), but it did
not survive correction. At M1, there was no relationship between specificity and letter
identification (r = 0.02, P = 0.94) but there was a trend toward a negative correlation
with word reading (r = –0.36, p = 0.075). There were no correlations at M2 (ps > 0.26).

4. Discussion

4.1. Summary of the main results

The aim of the present study was to examine the influence of enhanced perceptual
features of Arabic print on the development of neural specialization in early readers.
In particular, the study was aimed at evaluating whether one year of participation in
the IQRA curriculum would improve neural responses to Arabic words in first-grade
children. Behavioral measures of word identification revealed a slight but nonsignificant
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improvement for IQRA children following exposure to the curriculum compared to their
peers in control classrooms. In addition, we found that IQRA children exhibited reduced
P1 responses to words in two left-hemisphere electrodes (O1 and P3) as well as a
stronger N1 response to words and a stronger specificity for print at M1. Across the
entire sample, there was a significant correlation between specificity and word reading
in O2, with a trend at M1. It is important to note that none of the N1 findings survived
correction, likely due to the small sample size. In general, our results suggest a modest
effect of the IQRA curriculum on neural responses to print in young readers.

4.2. Task demand impact on electrical activation in the early read-
ing brain

We found that P1 amplitude was larger for control children relative to IQRA children.
This electrophysiological difference between the two groups could reflect additional
resources needed by the brains of control children to process less fluent stimuli.
Increased amplitude of this component is associated with tasks that require higher
cognitive loads (Bullock et al. 2015) and is affected by participants’ attention to the
stimulus and the task demand, with smaller amplitudes generally associated with better
cognitive skills (Hileman et al., 2011). For example, the P1 amplitude in children was
reduced while playing a memory card game; an indication of greater working memory
load during task performance (Debnath & Wetzel, 2022). Further, work by Taroyan and
Nicolson (2009) showed increased P1 amplitude in response to words for adolescents
with reading difficulty, compared to a matched control group of adolescents. The
results were interpreted as an indication of abnormalities in the occipitotemporal areas
of the experimental group with reading difficulties. The findings reported from those
studies concern reading English print; thus, it remains unknown whether the brain’s
development for Arabic reading acquisition in Arabic follows the same developmental
trajectory. In our study, the reduced P1 associated with children in the IQRA group may
indicate accelerated familiarity with Arabic letters. However, we do not know whether
these differences were due to baseline differences in letter perception, perhaps due to
a better home literacy environment. Future work is needed to quantify the P1 prior to
the start of the intervention itself and follow the brain’s development for reading over
time.

Developmental studies showed that as children acquire reading English, they develop
an N1 specialization for print, particularly over the left inferior occipitotemporal sites
(Brem et al., 2013; Maurer et al., 2006). The N1 amplitude peaks rapidly with reading
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training and continues to increase until adulthood. By the age of eight, children have
completed several years of reading instruction, and their N1 specialization to words is
already measurable. In English readers, left hemisphere specificity for print increases
as reading skills are acquired (Brem et al., 2013; Maurer et al., 2006), demonstrating
the relationship between brain specialization and reading skill. However, the nature of
developmental trajectory of Arabic has not received wide attention. In the current study,
we observed a stronger left occipital N1 to print in IQRA as well as increased specificity
for print compared to the control group. This could be interpreted as an indication that
the IQRA program accelerated brain processes specializing for print during reading
training. However, this result could also indicate that the N1 specialization has simply
not yet been present in the matching control group of children, who were not exposed
to IQRA curriculum. These differences could also be due to variation in the home literacy
environment of children, with some parents spending more time on reading instruction
and practice than others. Longitudinal studies are desirable in future work to trace the
development of neural network of brain in early readers of Arabic.

4.3. Right but not left N1 correlates with reading performance

Prior work on early reading acquisition in English showed that at the earlier stage
of pre-literacy development, five-year-old children exhibit a bilateral recruitment of
the tempo-parietal sites during letter processing (Yamada et al., 2012). This bilateral
recruitment then shifts to left lateralized as children mature and start learning pre-
literacy skills (Maurer et al., 2005). In the current study, despite the increased left
ventral print responses observed, only right hemisphere specificity was correlated with
reading in our sample. There is some evidence from studies in reading Arabic on
the involvement of the right hemisphere in identifying Arabic words in adult skilled
readers (Eviatar & Ibrahim, 2000, 2014), however, it is unknown whether this early
right involvement represents accelerated development of the adult-like Arabic reading
network and whether right lateralization is to be expected in fluent Arabic readers. Thus,
future longitudinal or cross-sectional work is needed to better characterize the reading
network’s development for Arabic specifically.

4.4. Bilingualism impact on neural processing

Given that our participants were conversational in at least two languages, Arabic and
English, we must consider the effect of bilingualism on the brain’s reading network.
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Learning to read in those additional languages may impact the laterality of the N1
(Ibrahim et al., 2002; Proverbio et al., 2002; Simon et al., 2006). As indicated earlier
in this paper, Arabic is a disglossic language and there is a wide agreement that
reading in Arabic is slower than reading in several other languages including English
and French (Abdelhadi et al. 2011). In a study that compared French to Arab readers, the
N1 amplitudes elicited by Arabic words from Arabic speakers were lower than the N1
elicited by French words from French speakers (Simon et al., 2006). In a study of Italian
and Slovenian bilingual children, it was found that the N1 was leftward lateralized for
Slovenian words in the occipito–temporal regions, but a bilateral activation for the same
areas was found for Italian words (Proverbio et al., 2002). These findings suggest that:
(1) bilingualism may be associated with different brain activation patterns in response to
print and (2) those patterns are not consistent across languages of different orthographic
systems. In addition, the linguistic experiences for children in both languages tend
to be very heterogeneous at this age. The rate at which these bilinguals use Arabic
varies considerably depending on several factors including school teaching system and
parental support. Along with the diverse regional dialects used by children tested, the
heterogeneity could explain the lack of overall differences between IQRA and control
on N1 response. While we did not collect data on home language environment and prior
language exposures, future work should include variables such as the fluency level of
each language and the age of acquisition.

4.5. Limitations and future directions

There are two main limitations to consider in the present work that may have affected
the results and the interpretation. First, the study was limited by missing data and the
fact that many children were still learning online during the IQRA intervention. We also
noted that the improvements are smaller than that reported in prior reports (e.g., Wilson
et al., 2020). This may suggest that the curriculum may not have been as effective
behaviorally with the disruptions to the current sample. Second, the study was limited by
an overall small sample size given the amount of variability in home language exposure
and literacy help that likely existed in our dataset. Future work should include a larger
number of participants and potentially children at different stages of reading. Further
information may also be obtained on language usage, possibly using a language history
questionnaire. Finally, the integration of multi-modal measures from different methods
such as detailed behavioral measures, ERP, and fMRI data, where possible, may assist in
better assessing the role of enhanced visual characteristics of Arabic print on increasing
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N1 response. FMRI data can provide subtle details on the development of the reading
brain at submillimeter spatial resolution, which cannot be achieved using EEG data
alone (Warbrick, 2022).

5. Conclusion

Results of the current study suggest that the IQRA curriculum is a promising intervention
that has the potential to improve neural responses to Arabic print in young Arabic
readers. It is important to emphasize here that research on the effect of enhancing
the unique visual features of Arabic on improving reading fluency is still in its infancy.
However, the effect of IQRA on neural responses to print observed in the current study
is promising and justifies future research on the implementation of such programs to
improve reading fluency in students in the UAE.
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