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Abstract 
In this study, we investigated the role of interword spacing and 
its interaction with Arabic root frequencies by studying 
readers’ eye movement patterns when they read Arabic 
sentences. Our eye-tracking experiment results did not show 
any significant evidence for the interword spacing effect on 
Arabic word processing, which concurred with the earlier work 
by Leung et al. (2021). On the other hand, we replicated an 
earlier experiment conducted by Hermena et al. (2020) on the 
effect of Arabic root frequencies on word processing. Contrary 
to their finding, our results showed that words that differed in 
root frequencies significantly modulated eye movement 
measures. This provided further support to the status of Arabic 
non-concatenative roots as a morphological unit. 

Keywords: Arabic; orthography; root frequency; interword 
spacing; roots 

Introduction 
The purpose of this paper is to investigate Arabic visual word 
processing by focusing on the effect of interword spacing (an 
orthographic feature) and root frequencies (a linguistic 
feature). Like other Latin-script languages, Arabic employs 
interword spacing as a spatial indicator to create word 
boundaries and assist readers in visual word segmentation. 
The studies conducted by Rayner et al. (1998) and Paterson 
et al. (2015) revealed that enlarging the space between words 
in English text led to a reduction in fixations, whereas 
compressing interword spaces resulted in a longer fixation. In 
the same vein, Mirault et al.’s (2019) study on French 
sentence reading revealed a decline in reading proficiency 
when interword spaces were eliminated. Although the 
importance of interword spacing is prominent in Latin-script 
languages, it remains uncertain whether the same 
phenomenon is found in Arabic, which has a distinct 
orthographic system. Leung et al. (2021) examined the 
interaction between different interword spacing conditions 
and eye movement measurements during Arabic sentence 
reading. Their experiment manipulated three interword 
spacing conditions, i.e., no spacing, normal spacing, and 
double spacing. They found that, overall, manipulating 
interword spacing had no significant effects on the duration 
of the first fixation nor total gaze duration on the target word. 
Although enlarging interword spaces improved sentence 
readability, the effect was not statistically significant. Based 
on these results, Leung et al. concluded that the primary 

purpose of including interword spacing in Arabic written text 
is to visually separate words, as opposed to serving other 
functions such as guiding saccadic movement (cf. Paterson et 
al., 2015). 

On the other hand, the word frequency effect has been 
occasionally discussed in relation to the research of Arabic 
visual word recognition. Since Rayner and Raney’s (1996) 
influential study, it has been widely accepted that there are 
distinct categorical disparities between high-frequency and 
low-frequency words in relation to different eye movement 
metrics. In Arabic, Hermena et al. (2019) and Lahoud et al. 
(2023) successfully reproduced the phenomenon known as 
the word/orthographic frequency effect. Overall, their 
experiments showed that high-frequency Arabic words 
received shorter fixation durations and had higher skipping 
rates than low-frequency words. To further support the claim 
that word frequency is de facto orthographic frequency, i.e., 
the frequency of the word “man” is the frequency of the 
occurrences of the letter “m” followed by the letter “a”, which 
was in turn followed by the letter “t”, in corpora, Hermena et 
al. (2017) looked into the frequency effect of the word’s 
initial bigram by focusing on saccadic targets. Contrary to the 
expected word frequency effect, they found negligible 
modulation of saccadic programming such as saccade 
amplitude and initial fixation location by initial bigram 
frequency, a result which accorded with previous works such 
as Hyönä (1995) and White and Liversedge (2004, 2006). 
These apparently contradictory results seemed to suggest that 
word-level information, such as word frequency, might not 
entirely stem from sub lexical information such as initial 
bigram frequency, which led Hermena et al. to test the effect 
of root frequencies in Arabic word processing. 

Arabic roots and root frequency 
The theoretical status of morphological roots is a prominent 
distinctive character in Arabic/Semitic linguistics. Following 
McCarthy’s (1981) seminal work, it has been widely 
accepted that many Arabic lexical words could be 
morphologically decomposed into roots (the meaning-
defining unit formed by three to five letters which can be 
nonconcatenative) and patterns (a phonological template 
created by a sequence of vowels and consonants, which 
further derive the lexical/grammatical meaning of the word). 
In addition to the preponderance of real-language examples 
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and theoretical arguments, there is also psycholinguistic 
evidence for the presence of non-concatenative roots, 
primarily from Hebrew (Deutsch et al., 2003; Frost et al., 
1997; among others). The series of masked priming 
experiments conducted by (Boudelaa & Marslen-Wilson, 
2001; Boudelaa et al., 2010) in Arabic were likely the initial 
studies that presented evidence for the presence of Arabic 
roots as distinct morphological units. The validity of Arabic 
roots was further reinforced by research on language 
impairment (Idrissi et al., 2008; Prunet et al., 2000) and 
morphological awareness (Saiegh-Haddad & Geva, 2008; 
Taha & Saiegh-Haddad, 2017; Tibi et al., 2019). One ensuing 
question about the morphological status of Arabic roots is 
whether the above-mentioned evidence can be further 
verified via other modes of experimental research, e.g., eye 
movement research. One immediate test, following the word 
frequency effect on eye movement, is on the positive 
evidence of the ‘root frequency effect’ in Arabic. ‘Root 
frequency’ is a measure of how often all grammatical words 
that have a common root appear in corpora (Hermena et al., 
2019), analogous to the notion of word family size 
(Schreuder & Baayen, 1997). For instance, the root frequency 
of the Arabic root ب - ت – ك  /k-t-b/ “write” is determined by 
counting the total number of word tokens derived from /ktb/, 
such as باتك  [kitab] “book”, بتكم  [maktab] “office”, بتاك  
[katib] “writer”, and so on. In the latest eye-tracking and 
lexical decision experiment done by Hermena et al. (2019), it 
was found that Arabic root frequency did not have a 
significant impact on the visual word identification of the 
target words. Their eye-movement tests did not reveal any 
parafoveal-on-foveal effect. In other words, the difference in 
Arabic root frequency did not result in a significant difference 
in the gaze duration of the pre-target word. Similarly, the 
difference between words formed by high and low root 
frequency did not differ significantly in the skipping rate at 
the target word. The outcome of the lexical decision task was 
somewhat intricate. There were no significant differences in 
response latencies when readers processed real words, 
regardless of whether the words had a high or low root 
frequency. The accuracy of the readers' answers was not 
affected by root frequency either. Nevertheless, they 
discovered a correlation between the lexicality of the target 
word (i.e., word vs. nonwords) and its root frequency. For 
actual real words, high-frequency root words resulted in 
greater accuracy compared to low-frequency root words, 
whereas the opposite was observed for nonwords.  

In our current study, we replicated Leung et al. (2021) and 
Hermena et al.’s (2019) experiment and combined interword 
spacing and Arabic root frequency in a single eye movement 
experiment. If the conclusion of the previous studies 
remained tenable, the following hypotheses would be further 
supported: 1) There would be no interword spacing effect on 
word processing in terms of eye movement measures; 2) 
There would be no root frequency effect on word processing 
in terms of eye movement measures; 3) There would be no 
significant interaction effect between interword spacing (as 
an orthographic feature and Arabic root frequency (as a 

linguistic feature) on word processing in terms of eye 
movement measures. 
 

Methods 

Participants 
We recruited 45 undergraduate students to participate in the 
study (MAge = 19.6, S.D. = 1.92, Range 18-24). All 
participants reported being native Arabic speakers, having 
normal or corrected-to-normal vision and no language 
impairments. All received a partial course credit for their 
participation. 

Materials & Stimuli 
Table 1. Example stimuli 
 
  

Root Frequency 
  

high low 

Inter-
word 
space 

regular ىلع ةنجللا تصرح 
 ھمدق امل ریزولا میركت

 ةمدخ يف دوھج نم
 نطولا

 ىلع ةنجللا تصرح
 ھمدق امل خرؤملا میركت

 ةمدخ يف دوھج نم
 نطولا

reduced ركت ىلع ةنجللا تصرح
ھج نم ھمدق امل ریزولا می

 نطولا ةمدخ يف دو

ركت ىلع ةنجللا تصرح
ج نم ھمدق امل خرؤملا می

 نطولا ةمدخ يف دوھ

 

gloss The committee 
was keen to 
honor the 

minister for the 
efforts he made 
in serving the 

country. 

The committee 
was keen to 
honor the 

historian for the 
efforts he made 
in serving the 

country. 

 
A list of 80 high- and low-root frequency target word-pairs 
was constructed in Modern Standard Arabic. Root token 
frequency was established using Aralex (Boudelaa & 
Marslen-Wilson, 2010) and raw frequencies were log-
transformed to obtain standardized Zipf frequency using the 
formula below.  

frequency = log10	!""#	#"%&'	(!&)*&'+,	-	./0
	+ 	3 

A paired samples t-test confirmed that average root frequency 
was statistically significantly higher for high frequency 
words (M = 4.86, SD = 0.32) than for low frequency words  
(M = 3.32, SD = 0.22,  t(79) = 33.5, p < 0.001). All words 

2128



were between five to seven letters, and pairs were matched 
for length. Orthographic frequency was controlled by only 
selecting target words with high orthographic frequency. 
Eighty single-line frame sentences were constructed for each 
word pair, maintaining a neutral context with low 
predictability. These sentences were rated for naturalness and 
predictability by a separate group of students. 
Comprehension questions were constructed for 25% of the 
sentence trials. Interword spacing was manipulated, with 
sentences appearing in either regular or reduced spacing 
using the Unicode 'Hair Space' character. an additional set of 
12 sentences were constructed as practice trials. 

Apparatus 
Sentences were displayed in black font type set to a size of 
45 pt such that all sentences occupied a single horizontally-
centered line, where a single letter spanned 0.4° of visual 
angle. The EyeLink 1000 Plus system with a high-speed 
camera was used to record eye movements in head-stabilized 
mode. A head-and-chin reduced head movements for 
accurate recording. 

Design 
We designed a 2 x 2 mixed factorial study with interword 
spacing (no spacing vs. single spacing) and root frequency 
(high vs. low) as our experimental conditions. Participants 
were exposed to all levels of the two stimuli conditions. We 
created four Latin square counterbalanced lists of possible 
stimuli condition combinations such that each sentence was 
only read once by each participant. 

Procedure 
Participants gave their written consent and demographic 
information before sitting in an isolated room, approximately 
80 cm from a monitor screen. Calibration and validation were 
conducted using a nine-point grid. Trials began with a central 
fixation screen, followed by self-paced silent reading of each 
sentence. Participants used the spacebar to move to the next 
sentence, and whenever a comprehension question was 
displayed, they clicked on the corresponding 'correct' or 
'incorrect' images on the screen. 

Results 
We performed a series of linear and generalised linear mixed 
models to explore the results of our study. Our analysis 
showed that first fixation duration (FFD) and gaze durations 
(GD) for target words were significantly shorter for words 
with high frequency roots (MFFD = 261 ms, SDFFD = 5.7; MGD 
= 271 ms, SDGD = 12) than for words with low frequency 
roots  (MFFD = 279 ms, SDFFD = 6.7 ; MGD = 304, SDGD = 12). 
However, there were no significant differences in FFD and 
GD across interword spacing conditions. We found a main 
effect of interword spacing on initial landing position (ILP), 
where ILP was significantly shorter for sentences with 
reduced interword spacing (M = 57.8 px, SE = 1.8) compared 
to regularly spaced sentences (M = 61.5 px, SE = 1.8). 

Discussion and Conclusion 
The findings from our experiment demonstrated that there 
was no significant interword spacing effect on Arabic word 
processing, yet there were notable disparities between 
matched Arabic words formed from high-frequency and low-
frequency roots when readers mentally represented the target 
words within sentences. The first conclusion is consonant 
with the earlier study by Leung et al. (2021) who further 
argued that the lack of interword spacing effect might stem 
from the peculiar features of Arabic orthography, i.e., letters 
are position informative and automatically define word 
boundaries without the mandatory use of interword spacing. 
The second conclusion about Arabic root frequencies aligns 
with the argument made previously in support of the 
morphological status of Arabic non-concatenative roots 
(Boudelaa & Marslen-Wilson, 2001; McCarthy, 1981), yet 
contradicted Hermena et al.’s 2019) eye movement results. 
Notice that Hermena et al.’s results stemmed from two 
sentence reading experiments and two lexical judgment tasks. 
The two eye- tracking tests specifically examined the 
influence of orthographic and root frequency on Arabic word 
perception. Their findings indicated that Arabic 
word/orthographic frequency had an impact on word 
processing. Specifically, words with low frequency were 
associated with longer periods of fixation compared to words 
with high frequency. In contrast, words generated from 
differing root frequencies (i.e., high vs. low) did not have a 
significant effect on eye movement metrics. In order to 
conduct a more thorough examination of the potential impact 
of root frequency, Hermena et al. employed two additional 
lexical judgment tasks, utilizing the identical word stimuli 
employed in the preceding eye-tracking tests. Unsurprisingly, 
readers displayed notable variations in both the time it took 
them to react and their accuracy rates when reading words 
with high vs low word frequencies, i.e., high-frequency 
words elicited quicker response times and higher accuracy 
rates compared to low-frequency words. Additional lexical 
judgment tasks were conducted using words and nonwords 
that varied in root frequencies, resulting in more complex 
findings. Real word derived by high-frequency roots elicited 
faster response times than words formed by low-frequency 
roots. The scenario was inverted in the processing of 
nonwords. The accuracy scores for nonwords formed by low-
frequency roots were significantly higher (i.e., judged as a 
nonword) compared to those created by high-frequency roots, 
which means that readers were better able to identify 
nonwords produced from low-frequency roots. The 
examination of response latency produced marginally distinct 
findings. No significant correlation between root frequency 
and reaction time was found for real words. However, a 
significant correlation was observed for nonwords, with 
nonwords formed by high-frequency roots resulting in 
shorter response times compared to those formed by low-
frequency roots. Hermena et al. expanded upon the observed 
inverse relationship between words and nonwords and linked 
their findings to Taft's (2004) theory of morphological 
decomposition and especially his ‘reverse base frequency 
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effect’. Leaving the theoretical and experimental specifics 
aside, Taft's lexical decision tasks demonstrated that although 
two words might have different word frequencies (e.g., the 
common word "seem" versus the less common word 
"mend"), these two words could still serve as the base of 
complex words that have comparable frequencies (e.g., the 
derived word "seeming" and "mending" have similar word 
frequencies) which did not differ in word processing. As a 
result, Taft suggested that the high-frequency base (in this 
case, "seem") potentially caused a reverse base frequency 
impact on the processing of the derived word (i.e., 
“seeming”). In other words, because the word "seeming" is 
used less often than its base form "seem", readers would need 
to exert more effort to decipher its meaning. On the other 
hand, since both "mend" and "mending" are low-frequency 
words, readers tend to pass the whole-word processing and 
engage in morphological decomposition (i.e., breaking down 
the word into its base form "mend" and the progressive 
suffix"-ing") and then combine these morphemes to complete 
the morphological process. Hermena et al. hypothesized that 
the lack of a root frequency effect on Arabic word processing 
could be attributed to the above-mentioned reverse base 
frequency effect. Additionally, they accurately pointed that 
Arabic root letters may not be spatially concatenated which 
further obscured visual root identification. For example, in 
the word باتك  [kitaab] meaning "book," the root letters ت - ك 

ب -  are separated by the non-root letter ا. This separation 
further contributes to a decrease in visual saliency during 
lexical processing. Another potential explanation for the 
absence of a root frequency effect is that Arabic words are 
shorter than words in other European languages (Paterson et 
al., 2015). Consequently, readers may process a higher 
cognitive load when visualizing Arabic words due to the need 
for more extensive mental processing. This assertion was 
further substantiated by the observation that Arabic words 
were omitted to a far lesser extent compared to English words 
(AlJassmi et al., 2022). All these factors potentially led to the 
lack of a significant impact of root frequency on Arabic word 
processing. Our experimental findings by replicating one eye 
movement experiment by Hermena et al. appeared to confirm 
the morphological breakdown at the root level. However, the 
potential existence of a reverse base frequency effect requires 
further investigation, which we will defer to future research. 
If Hermena et al.'s observation that the absence of root letter 
concatenation hinders lexical processing is accurate, a 
possible avenue for future research would be to examine if 
the concatenation and positioning of root letters have any 
impact on lexical processing.   
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