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Abstract

The aims of this study were two-fold: first, to investigate the effect of a hete-
rophonic homographic initial of a sentence (HP-HG) on the reading process
of beginning Arabic readers as they read for comprehension; and second, to
examine the role of the correct short vowels and diacritics in resolving gar-
den-path (GP) ambiguity. Thirty-nine native monolingual Arab male fourth-
grade students aged between 9 and 10, participated in reading 31 sentences
representing three reading conditions, plain, vowelized-discretized, and wrongly
vowelized, using a self-paced reading software program. The results showed
that the GP structure of Arabic sentences did not affect the reading process of
the beginning Arabic readers, nor was their process of reading such sentences
significantly improved or shortened by the disambiguating short vowels and
diacritics. However, examining the means descriptively shows that on aver-
age, the GP sentences took more time for the students to read but were com-
prehended better than their counterparts. Different proposed explanations
were suggested, and a good-enough model is a good candidate to start with.
One important factor that arose in all possible interpretations for the ineffec-
tiveness of the GP structure on the reading comprehension process of Arab
children (and adults) resides in the nature of Arabic morphology by suppo-
sedly maintaining the core root of the initial HP-HG words during GP sen-
tence processing. Assessing the same phenomenon with different populations
of low-skilled Arab children and learners of Arabic as a second language is
recommended because they are both accustomed to reading a vowe-
lized-diacritized script and their mastery of Arabic morphology is assumedly
developing.
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1. Introduction

The modern Arabic language permits a flexible sentence order in which the sen-
tence starts with a verb phrase (VP), noun phrase (NP), or prepositional phrase
(PP), with no preference for one over the other (see Table 1). Classical Arabic
and Modern Standard Arabic use various word orders for the verb (V), subject
(S), and object (O), such as VSO, SVO, VOS, and OVS, based on stylistic varia-
tions (Mohammed, 2000). VSO is the dominant word order in Classical Arabic,
whereas, for some linguists, SVO is the dominant order in Modern Standard
Arabic (Fassi, 1993; Mohammed, 2000; Shormani, 2015; Watson, 2000).

For the basic verb-initial sentences (third person singular past-tense verb), it
is expected that the initial word type would be a homographic (HG) word. This
word, or to be exact according to Seraye (2004), the heterophonic homographic
(HP-HG) word, may add some ambiguity to the sentence. In certain cases, this
would garden-path readers, particularly when the initial HG word is relatively
far from its disambiguating region (e.g., a five-to-seven-word distance, as in the
adult studies by Seraye (2004), and Hermena et al. (2015); a three-word distance
as, in Seraye’s (2016) study of children). Arab readers will certainly encounter
such sentences and are likely to have to go back to the initial HP-HG words,
sometimes several times, to review their initial interpretations before they un-
derstand the sentences. However, the garden-path (GP) phenomenon is not om-
nipresent in Arabic. It occurs only when the initial word of the sentence is an
HP-HG one when the sentence and the initial word are presented plainly with-
out appropriate short vowels and diacritics.

The Arabic writing system is characterized as both a shallow and a deep or-
thography, based on the presence and absence of short vowels and diacritics.

Short vowels and diacritics are represented voluntarily by signs that take the

Table 1. Word order variations.

Arabic sentence Translation Word order in the sentence
Ali [is] in the house S: NP, [VP], PP

ol e S
[SINP], [PP[NP]]

In the house [is] Ali S: PP, [VP], NP

ol ol 8 G i e
[S[PP[NP], [NP]]

Ali left the house S: NP, VP, NP
Sl 5 e Gods J
S[NP], [VP[NP]]

Left Ali the house S: VP, NP, NP

e ol a5 e J3all
S[VP, NP, NP]

Note. S = sentence; N = noun; P = preposition; V = verb.
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»

shapes “,” “:,” and “2.” Arabic script is distinguished by a large number of li-
gatures and the different shapes that its characters take. Depending on their po-
sitions in a text string and in relation to the surrounding characters, these letters
take up to four different allographs: independent, word-initial, word-medial, and
word-final. To illustrate, the letter “4” can be written as /<Y, /S/, /S—/, or
/&—s/. Arabic is read and written from right to left in a cursive consonantal
script based on 28 consonant symbols and three short vowels. These vowels,
called fatha, “,” kasra, “;,” and damma, “©,” are presented as marks above or
below adjoining consonants (e.g., <5, <, and ). The following diacritics represent
other functions: skun, “,%>” is a subscript sign used to indicate that the letter is

>

vowel-less; shaddah, “Z,” is a subscript sign that indicates a doubled consonant,

or “germination,” and maddah is represented by the symbol “~” and placed only

«| » «| »
\) ‘)

over the consonant, to indicate the combination of two consonants, alif,

and hamza, “.” Finally, the case-ending markings are very small visual symbols
that take the shapes ”3,” 74,” "4 and “0” to indicate syntactically different cases
(in standard Arabic), including the nominative, genitive, and accusative cases.
The short vowels might be doubled to indicate nunation, and take the following
shapes: “©,” “.,” and “.” (Mahmoud, 1979).

When the Arabic text is vowelized (and also diacriticized), its orthography is
considered to be transparent, with a consistent correspondence between the
graphemes and phonemes; otherwise, it is considered to be a deep orthography.
Unlike prepositional-initial sentences and non-HP-HG-initial sentences, this
type of HP-HG-initial sentence needs the appropriate short vowels and diacritics
to block the GP phenomenon when the sentence is read.

A potential GP sentence: {sluall & s elid) &3 33 palll xics}

The initial word, “z%,” is in its unvowelized form and is an HP-HG word that
contains the roots of many words. It has four possible forms: it can be read as
“@3,”

passive-voice verb, and “z®,” the geminate verb (causative) meaning, “I made it

a basic past-tense active-voice verb, “C-"é,” a basic gerund, “z4,” the basic

open.” However, the passive-voice form is rarely applied unless the discourse
requires it, and the last form, “z,” is reserved for special usage. Only the first
two readings, especially the first one, can be expected to be used, as was observed
in previous studies (Seraye, 2004, 2016) that included a running recording pro-
tocol while a connected text was read aloud (see Figure 1). Both Arab adults and

children, including advanced and beginning readers, have been found to make

e g SRy 8 ) ) 8yl o 05 iy 5y 5 ol 38 e
e O Lo pdie A5 ) ga g Ay ) 9 48 el 038 cille 2 (il ol ] Gl s o s Aimli
O Al ) il s ale @1yl 1l T el ol oSl e/

Sentence 1 e

<

%
oLl ) S5 la 33U ole fge $ g ca Lale yie A39E () ga day 43 pd) g Loy 2l ols _m;
i :

GV Al 6 0 il Adle (2ill gyl )l

Figure 1. Diagram of the garden-path phenomenon of sentence 1.
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use of the basic past-tense form for their initial readings. A syntactic descriptive
analysis of a GP Arabic sentence follows:

{L.. Salll e palll 28] cluall & Caaa i) D154 Galll s}

o The thief {opening} the safe of the bank [happened] in the evening
(grammatically correct).

Word order in Arabic: opening + the thief + the safe + of + the bank+ hap-
pened + in + the evening

Correct structure: SINP[NP, NP, PP[P, NP]], VP[PP[NP]]

o {Opened} the thief the safe of the bank [happened] in the evening
(grammatically incorrect).

1) Word order in Arabic: opened + the thief + the safe + of the bank + hap-
pened + in + the evening

Mistaken structure: SVP[NP, NP, PP[P, NP]], VP[PP[P, NP]]

2) Word order in English: the thief opened the safe of the bank happened in
the evening

In a previous study of skilled Arab adult readers, Seraye (2004) found that
some participants would realize that their initial decisions were wrong and go
back and reanalyze the sentence at its disambiguating region. As Ferreira et al.
(2009) stated, “Subjects have a tendency to sacrifice reanalysis of the GP in order
to keep up with the later material” (p. 416). However, very few participants
would assign the correct reading form of the initial HP-HG word (as indicated
by the curly brackets) in the first place and would not then be garden-pathed.
However, the correct decisions they made would have been based on other fac-
tors, such as discourse, frequency, or experience, rather than on the text itself.
To avoid such mistakes, all Arabic readers need to have appropriate short vowels
and/or diacritics placed over some of the letters in the initial words.

Research into sentence processing, syntactic ambiguity, and syntactic com-
plexity, particularly the GP structure, has been thoroughly discussed and differ-
ent writing systems (English, Chinese, and Japanese) investigated to address the
key questions. For example, how do “people cope with rampant ambiguity, espe-
cially syntactic ambiguity, as the linguistic signal unfolds over time? And how is
sentence interpretation affected by variations in syntactic complexity?” (MacDonald
& Hsiao, 2018: p. 173; for full coverage of the topic, see Ferreira & Cokal, 2016;
Ferreira & Qiu, 2021; MacDonald & Hsiao, 2018; for the Japanese and Chinese
writing systems, see Lin & Bever, 2011; Mazuka & Itoh, 1995; Mazuka et al.,
1997). In the past two decades, extensive examinations have been done on the
reading processes of individuals for words and texts in terms of their correla-
tions to short vowels and context (for an overview, see Abu-Rabia, 2019; Ibra-
him, 2013; Hermena & Reichle, 2020; Saiegh-Haddad, 2017; Seraye, 2004; Taha,
2016). However, very few studies published in the literature have addressed the
processing of structural ambiguity in Arabic, particularly the GP structure, or
examined how Arabic’s GP structure affects the processes of Arabic readers in
terms of accuracy and comprehension. The four studies in the English literature

that provide relevant examples used different behavioral methodologies to look
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at the processing of HP-HG-initial Arabic sentences in terms of accuracy
(Abu-Rabia, 1995; Al-Fahid, 2000) and comprehension (Seraye, 2004 in particu-
lar; Hermena et al., 2015) in relation to the presence or absence of short vowels
and diacritics’.

Two of these studies used manual behavioral approaches for assessing their con-
cerns and assumptions, including the masking/unmasking procedure (Abu-Rabia,
1995) and the Diacritic Placement Task (Al-Fahid, 2000). The other two studies
involved the use of a self-passed moving window technique, with e-prime’s me-
thod for clarification on the word level (Seraye, 2004), and the eye-movement
technique (Hermena et al., 2015). In spite of the different tasks, techniques, and
research paradigms adopted in those studies, their findings generally shared a
common ground. The studies are examined extensively below, with illustrations.

The aim of Abu-Rabia’s (1995) study was to assess whether Arabic readers
whose skills are poor rely more heavily on context than skilled readers do. The
study included 40 native Arabic speakers, aged 15 years, who first read aloud, for
accuracy, the initial words of 20 HP-HG sentences (10 vowelized and 10 unvo-
welized), while the rest of the sentences were masked and corrected their read-
ings after the remainders of the sentences had been unmasked. The reasoning
was that, since Arabic is unvowelized, the initial words of sentences would be
HP-HG words, and Arabic readers would be unable to read or comprehend
them properly unless they went back. They would also need to rely on the sen-
tence’s linguistic context. The analysis revealed that readers with poor and good
skills both needed the linguistic context to read these initial words correctly
when they were presented as unvowelized.

Seraye’s (2004) study did not support this claim but found that skilled adult
Arabic readers initially used the simple form of the verb and then continued
reading the sentence, and that most of them stumbled briefly over the disambi-
guating region in the sentence before continuing to read. However, their com-
prehension was not affected by the clear example of ambiguous structures in
Arabic, which is referred to as “the GP phenomenon.”

Because of the dual representation of Arabic orthography (i.e., letters and dia-
critics), Al-Fahid’s study (2000) used qualitative modeling, the so-called Good-
man’s description of the reading process (1967-1997), to provide supportive
evidence from Arabic. The study included 15 Saudi undergraduate students, all
males aged from 19 to 25, who read five plain grammatical sentences that started
with verbs and determined the possible meaning of only the initial word (the
verb) by supplying possible short vowels and diacritics in writing. The aim was
to find out “how Arabic readers assign phonology and inflectional features in

reading unmarked (normal) texts,” and “to test the hypothesis that they use their

'Indeed, there is an earlier eye-movement study by Roman, Pavard, and Asselah (1985), but it is in
French, and I was not able to find it. Its primary concern (as extracted from the abstract and sec-
ondary sources, e.g., Hermena et al., 2015) is about the lexical access mechanisms of initial HP-HG
verbs in the absence of short vowels and diacritics. However, as the subsequent study by Hermena
et al. (2015) revisits this somewhat and incorporates the aspect of assessing reading comprehension,
I believe that this study would suffice for the purpose of the current study.

DOI: 10.4236/ce.2022.139191

3030 Creative Education


https://doi.org/10.4236/ce.2022.139191

A. M. S. Alseraye

linguistic knowledge to accomplish this task, and that skillful readers will be able
to determine almost all the possible readings for unmarked sentences by placing
the diacritics in various ways” (Al-Fahid, 2000: p. 95).

Al-Fahid’s (2000) study showed that the participants assigned almost all of the
possible grammatical forms to the initial verb, and that two of these, the active-
and passive-voice forms, were the dominant choices. However, they also showed
a preference for active reading over its passive counterpart. When asked to re-
flect on this, they attributed the choice of the active form to its common usage
and the preference for it to ease of articulation when speaking. Clearly, the active
voice sounds “more natural” because it is less marked.

Seraye’s (2004) second experiment responded to the claims of previous stu-
dies, including the necessity to reread plain Arabic sentences to understand
them. The study identified major factors involved in the process of reading
Arabic sentences (reading time and comprehension) that need to be controlled
to assess their effects in isolation and in terms of their correlation with other
factors. These factors included HP-HG- vs. non-HP-HG initial words, absence
vs. presence of short vowels and diacritics, economically vs. non-economically
presentation of short vowels and diacritics, and lastly the GP vs. non-GP struc-
tures.

The study involved 35 native Arabic speakers, aged from 26 to 40, who were
graduate or post-graduate students living temporarily in Pittsburgh and Indiana,
PA. They read three sets of sentences (108 actual sentences and eight practice
ones) in three sessions that took place in one setting.

The results showed that when Arab adults read an HP-HG- and non-HP-HG-
initial plain sentence (i.e., ambiguous but with no-GP structure), their reading
processes were not affected (p-values = .839 and .318, consecutively). However,
their performance on the GP and non-GP sentences was affected in terms of the
reading time variable (p = .016) but not for the reading comprehension variable
(p = .053). Also, it took the participants longer on average to read the GP sen-
tences than the non-GP ones (M = 6747.14 ms for the GP sentences with SD =
2071.86 ms; M = 6259.30 ms for the non-GP sentences with SD = 1413.28 ms).
However, their performance with regard to reading comprehension was very
good for both types of sentences (overall mean for the GP sentences was M
= .89, SD = .17; overall mean for the non-GP sentences was M = .83, SD = .08).
Therefore, a positive relationship exists between the time spent on reading the
GP/non-GP plain sentences and the percentage of correct answers.

With regard to the word naming in the e-prime experiment, Seraye (2004)
found that reading latency was “positively correlated with the gradual increase of
the number of short vowels and diacritics” to the consonants (p. 214), and the
GP sentences in Arabic can be resolved by adding some short vowels and/or di-
acritics to the consonants of the initial HP-HG words. The question became
whether the economical representation of short vowels and diacritics that would

help in blocking the GP phenomenon would also minimize the reading time by
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speeding up the parser’s checking process. Four reading conditions were compared:
plain (rcl), short vowels-plus-shaddah (rc2), skun-only (rc3), and case-ending
marking-only (rc4).

The analyses did not show any significant results for reading conditions with
regard to either reading time (p = .283) or reading comprehension (p = .237). It
took the participants the same amount of time on average to read the GP sen-
tences, and the participants’ comprehension was on average very good. The total
means for the reading times were rcl, M = 6747.14, rc2, M = 7277.76, rc3, M =
6997.33, and rc4, M = 7230.64. The total means for the reading comprehension
were rcl, M= .89, rc2, M = .80, rc3, M = .88, and rc4, M = .86. Note that it took
the participants more time to read the GP sentences in rc2 and rc4, that might be
attributed to the orthographically unfamiliar representation to which the partic-
ipants are not accustomed in those two reading conditions.

In their study of eye movements, Hermena et al. (2015) examined the effect of
Arabic orthographic representation on the reading processes of 25 adult native
Arabic speakers as they silently read HP-HG verb-initial clauses (active vs. pas-
sive voice) that were embedded in complex structural Arabic sentences (40 tar-
get sentences) under five reading conditions. In the initial sentence in the active
voice, the verb and the entire sentence were either plain or fully vowelized and
diacritized. In the sentence using the passive voice, the verb and the entire sen-
tence were plain or fully vowelized and diacritized or the verb alone was fully
vowelized and diacritized. Only when the initial HP-HG word was passive and
presented as plain would the reader be garden-pathed. Some of the sentences
(25%) were followed by yes/no comprehension questions.

The example below of a sentence in the passive voice illustrates the four re-
gions and the GP structure that were examined. Removing the PP (%) changes
it into the active voice:

3leili) 250 Jaxall ) Lghy sk (8 cils A1 Al iady Labs 3530 48 jea gen ) e
Ll Allae D e

The analysis of the study by Hermena et al. (2015) revealed the following:
Arab adults took longer to read the GP structure, but their comprehension was
not affected (the score ranges = 70% - 100%), descriptively speaking, it took the
participants more time on average to read the plain active-voice sentence (M =
8185 ms, and SD = 1451.15 ms) than its fully vowelized-diacritized counterpart
(M= 8119 ms, and SD = 1190.58 ms), participants spent more time (disruption)
on the disambiguating region (PP) when the passive verb was presented as plain
than when it was vowelized-diacritized, there was more sensitivity to the GP
structure in the PP region when the entire passive sentence was disambiguated
by the presence of short vowels and diacritics than when only the passive verb
was disambiguated, and the initial preference of the parser was to read the
HP-HG past-tense simple verb as an active verb.

The results obtained from using the eye-movement technique are somewhat

aligned with those for the offline tasks, particularly with the self-paced reading
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procedure. The findings are as follows: there was an effect for the HP-HG initial
structure (particularly the GP) in terms of the reading processes of the Arab
adults, as reflected in their processing times for reading but not in their reading
comprehension, the short vowels and diacritics, when presented indiscriminate-
ly, sometimes had a negative effect on the reading processes, as reflected in both
the total reading times in the self-paced reading (and in the e-prime word nam-
ing in Seraye’s 2004 third experiment in) and the fixation time/visual spans in
the eye-movements, and the HP-HG verb in its base form was most frequently
parsed as a verb in the active voice. Note that in the self-paced reading task (in
Seraye’s second experiment) the participant cannot reanalyze their first inter-
pretation by going back to the HP-HG word; however, in eye-movement’s (as in
Hermena et al.’s, 2015, study), they can.

The descriptive analysis of the reading behavior of Arab adults as they read
two paragraphs with embedded potential GP sentences for accuracy showed that
almost all of them were garden-pathed, because their initial decisions were to as-
sign the active-voice form to the initial HP-HG word. As Figure 1 illustrates, the
participants paused immediately after reading the final word in the previous
sentence (“dii” followed by a period) and before reading the first word in the
next sentence (“z”). They would always select the basic past tense until they ar-
rived at the disambiguating region, where they would make an exclamation,
sometimes sounding out the word “¥,” meaning “oh no!” or “sorry!,” indicating
their awareness of their mistakes of assigning the initial HP-HG word to its past
tense and not to its gerund form.

Some of the participants also tried other possible forms mentioned earlier be-
fore moving on to the second word. Indeed, participants reluctantly tried vir-
tually all possible forms before finally selecting one, generally the incorrect one,
that is, the active-voice basic verb. In addition, they would construct verb-initial
sentences even when these began with nouns, gerunds, or prepositions; for ex-
ample, reading the gerund “<iliul,” which means appealing, as “<ilivl,” meaning
to appeal, even though these words can be distinguished orthographically.
However, they corrected their “miscues” immediately.

As mentioned above, the participants’ understanding of the sentences was not
affected, and this result does not agree with the claims of previous studies that
Arabic readers must read a sentence twice to understand it (Abu-Rabia, 1995, for
sentence level; Abu-Rabia, 1999, 2001, for text level). Therefore, the results of
Seraye’s (2004) study do not support the claim that Arabic readers must reread
any plain Arabic sentence in general and GP sentences in particular to under-
stand them. Indeed, this claim cannot be supported logically, because the sen-
tence in Arabic could start with an HP-HG or a non-HP-HG word. However,
within a special type of sentence that was presented as plain, the less skilled and
even the highly skilled readers needed context to activate the correct form of the
initial HP-HG word in the first place (i.e. in terms of pronunciation/ sounding
out the word). Thus, skilled readers need the context for the plain initial HP-HG
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words that turn a sentence structure into a GP structure. However, the readers’
understanding of the meaning of the GP sentences was unaffected; their perfor-
mances were expected to be the same regardless of the structure of the sentence.
The question, then, is whether the same phenomenon would hold for beginning
Arabic readers, as represented by fourth-grade students. Would they be able to
use their morphological knowledge in understanding the GP sentence and acti-
vate all possible forms or interpretations initially and later on at the disambi-

guating region, to be able to arrive at the correct interpretation?

2. Method
2.1. Participants

A total of 39 fourth-grade native Arabic male students, aged 9 and 10, from three
public elementary schools in Riyadh, Saudi Arabia, were chosen for the study
and offered R20 as compensation for participating. Almost all of them had nor-
mal vision and reported no learning or reading difficulties The teachers’ ratings
and pre- and post-criteria procedures were taken into account, and only the
skilled readers from the previous study (Seraye, 2016) who were at grade level in
reading were included in the sentence-reading experiment. Also, only those who
scored 40 out of the 50-word list were included. Furthermore, a post-criteria
judgement (reading a short passage) was administered to each participant in the
second session to ensure that only those who demonstrated reading fluency were

included. Official approval and consent for participation were obtained before-
hand.

2.2. Material

Two sets of sentences were constructed as the stimuli for the experiment: the
first included 31 sentences, seven of which were for the practice session. Twelve
of the 24 remaining sentences were plain without short vowels or diacritics (rcl),
with only the consonants presented, and four of these 12 were potential GP sen-
tences. The other 12 sentences were presented as fully vowelized and diacriti-
cized (rc2), supplemented with short vowels, shaddah, and skun, and four of
them were potential GP sentences. The short vowels and diacritics on the initial
words in the sentences would convert into HP-HG words that would gar-
den-path the readers only if they did not assemble them.

In the second set for the incorrectly vowelized condition (rc3), there were 13
sentences, one of which was used for the practice session. Four of the 12 re-
maining sentences were potential GP ones. Only the short vowels were manipu-
lated incorrectly. Hence, by the end of both sessions, all 39 participants should
have read 36 actual sentences and eight practice sentences representing three
reading conditions (see the Appendix for more details). Some of these sentences
were extracted from the participants’ reading textbooks with modifications for
control purposes.

Each sentence included a question followed by three responses: true, false, and
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I dor’'t know. The last option, I dor’t know, was given to prevent guessing and
offer participants an option to respond when the sentence did not make sense to
them. Only two possible responses were considered and collected: true and false,
and only the participants’ textually based comprehension was measured.

The sentences represent, to some extent, the form that Arabic sentences take
and the types of sentences that Arabic readers encounter in connected texts. The
target sentences were those with GP forms, and the remaining stimuli were used
as filler items. The sentences were also equalized in terms of their lengths, num-
bers of words, and morphological units. Each sentence included seven words,
and approximately three words separated the initial HP-HG word from the
disambiguating area. All of the sentences included only words that the partici-
pants could see in their textbooks and texts designed for their age group.

In general, the sentences and questions were judged in terms of naturalness,
authenticity, accuracy, age- and grade-level appropriateness, capability of cap-
turing comprehension, and so on, by a team of Arabic fourth-grade teachers and
graduate students in an Arabic teaching program (see the Appendix for the sen-

tences and questions used in the experiment).

2.3. Measures

Two dependent variables were measured: reading time, measured to the nearest
millisecond, and comprehension product, measured and coded as true, false, and
I don’t know. Each correct answer was assigned a 1; otherwise, the response

(being false or I don’t know) was given a 0.

2.4. Procedure

The study followed the procedure from the text reading study (Seraye, 2016) and
identified participants based on their numbers of miscues and reading times, se-
lecting only the skilled readers for the sentence processing study.

The task was conducted on three 14-inch display laptops, running a mov-
ing-window software program that I designed and tested (Seraye, 2004).

This was a word-by-word, self-paced reading procedure, in which participants
used a button (space-bar key) that showed every word sequentially when clicked
but hid the previous ones. Once the participants had finished the last word
(which was followed by a stop sign) and pressed the space-bar key, a question
would pop up with three options for responding, and the same process contin-
ued through to the final sentence, after which the participants were thanked and
informed that their session had ended. There were no brackets between the
words. The order of the reading conditions was counterbalanced, and the ran-
dom presentation of the sentences was controlled by the software program.

Participants were asked to read the instructions and complete the practice part
of the experiment before proceeding to the actual experiment. Further, they were
informed orally before starting the practice and the actual experiment, about the

nature of the reading task and how the self-paced reading software works. They
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were all given the test individually in empty, secured rooms at their schools. The
task was explained to them orally, and they were told to read the sentences at
their own paces, word by word, and then to answer pop-up questions with three
response options: true, false, and I dor’ t know. They were told to choose “7 dor’t
know” only when they did not know the answer or wanted to guess. The Internal
Research Board (IRB) protocols were also conducted accordingly

Because of the different materials and instructions, the task was given in two
sequential sessions at the same meeting time, with the sessions including the
same task and procedure. The only difference between the two sessions was in
the reading materials: the students in the second session were informed that they
would read sentences in which the words were presented with the wrong short
vowels. They were also informed that assembling the wrong short vowels would
lead to constructing words that had no meaning in Arabic; that is, the graphemic
form (consonants) of the words was intact, but the phonological aspect was dis-
torted. Assembling only the consonants and ignoring the short vowel signs
would lead participants to read a real word in Arabic.

A small-scale pilot study was conducted on 10 participants who volunteered
before the actual experiment. Some concerns about potential problems in the

setting conditions were identified and resolved before the full study began.

2.5. Design and Analysis

Four analyses were conducted to evaluate the effects that the GP structure, by it-
self and in terms of the correlation with short vowels and diacritics, had on the
reading processes of Arabic children, their reading times and comprehension.
Two statistical procedures were employed separately, the dependent samples
t-test, and the one-way repeated measures analysis of variance. The tests as-

sumptions were checked before running the analyses.

3. Results

Four analyses were conducted to respond to the concerns that were raised, with
a subset of the data, the plain reading condition, analyzed first using a dependent
samples t-test. This involved a comparison between GP and non-GP sentences
in terms of reading time and percentage of correct responses.

With regard to the data on reading times, the analysis (Table 2) did not reveal
a significant difference for the GP structure, #38) = —.37, p = .710. However, a
difference in the mean values was observed (roughly 60 ms); it took the partici-
pants longer to read the GP sentences than the non-GP sentences (4 = 8172 ms
for the GP sentences; M = 8113 ms for the non-GP sentences).

Also, because the data were not normally distributed due to the outliers, a
nonparametric test, the Wilcoxon matched-pairs signed-rank test, was used
along with the dependent samples #test analysis. The results did not reveal any
significant differences between the means, z values (-.07), and p values (.944);

therefore, only the results of the #test are provided in Table 2.
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Table 2. Results of the t-test on the reading times of GP and Non-GP sentences.

Non-GP sentences GP sentences
M SD M SD t df P
8112.7 2380.6 8172.3 2486.3 -.374 38 .710

Note. GP = garden-path.

These results, in terms of significance, are not in accordance with those of a
study of adults (Seraye, 2004) that revealed (p = .016) that the GP structure af-
fected the skilled Arabic readers as they read, comparing GP and non-GP sen-
tences (M = 6747.1, §D = 2071.9; M = 6259.3, SD = 1413.3, respectively). The
overall means showed real differences; that is, the participants took more time
on average to read the GP sentences than the non-GP ones (487-ms difference).
However, the sentences in our study had seven words, whereas they had about
11 words in the adult study. Furthermore, the distance between the initial
HP-HG word of the sentence and the disambiguating region was five words on
average in Seraye’s (2004) adult study and three words in this study (except for
one sentence, in which the distance was four words). Such distances are reported
to have an effect on successful reanalysis of the GP sentences (Ferreira & Hen-
derson, 1998; Ferreira et al., 2001: p. 4; for an illustration, see Figure 1).

With regard to the data on reading comprehension, the analysis did not reveal
any significant differences between the means of the percentages of correct res-
ponses to both types of sentences, #38) = —1.66, p = .105 (Table 3). The partici-
pants’ correct responses did not differ significantly on average between the GP
and non-GP sentences (the overall mean for the non-GP sentences was M = .73;
the overall mean for the GP sentences was M = .80). Since the data were not
normally distributed but extremely skewed because comprehension was good on
the whole and because of the outliers, a nonparametric test, the Wilcoxon
matched-pair signed-rank test, was used along with the dependent samples #test
analysis. The results did not reveal any significant differences between the means, z
values (—1.17), and p values (.242); therefore, only the result of the #test is pro-
vided in Table 3. However, based on the overall means, the participants scored
better on average on the GP sentences than on the non-GP sentences (M = .80
(80%) and M= .73 (73%), respectively).

These results, showing no significant differences between the two, are in ac-
cordance with those of Seraye’s (2004) study on adults, which used both para-
metric and nonparametric tests (p = .053) and revealed that on average the GP
structure did not affect the comprehension of skilled Arabic readers; their per-
formances on both structures were on average very good (M = .89, SD = .17 for
the GP and M = .83, SD = .08 for the non-GP). Furthermore, the results of this
study were in line with those of the adult study in terms of the differences be-
tween the overall means in favor of the GP structure. Both studies showed that
Arabic readers took more time to read GP sentences than non-GP sentences and

then answered the comprehension questions correctly.
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Table 3. Results of the t-test on the reading comprehension of GP and Non-GP sentences.

Non-GP sentences GP sentences
M SD M SD t df P
.73 22 .80 .32 -1.66 38 .105

Note. GP = garden path.

Because the GP sentences can be resolved and understood by adding the cor-
rect short vowels and diacritics to the initial HP-HG words, a one-way repeated
measures analysis of variance was conducted on a subset of the data to respond
to the second concern of whether such a supplement of short vowels and dia-
critics would make any difference. The GP sentences were compared using the a
priori or potential GP sentences supplemented with the correct short vowels and
diacritics that would, if being processed, convert the sentences into non-GP ones
or lead only to phonological distortions when supplemented with the wrong
short vowels, while the graphemic representation (consonantal structure) re-
mained intact. The GP and the potential GP sentences in reading conditions 1, 2,
and 3 were compared in terms of reading time and comprehension. The vowe-
lized condition that was incorrect was included for control purposes; that is, if
the participants were not affected by adding the wrong short vowels to the con-
sonants, this indicated that beginning Arabic readers might not process such
sub- and superscripts, and that their reading habitually depended on processing
only the consonants in the words (Seraye, 2004). Therefore, the main question
would be whether supplementing with short vowels and diacritics would have
any value for the reading process of GP sentences.

For the data on reading times, the analysis showed that it did not matter
whether the GP sentences were supplemented with the correct short vowels and
diacritics or presented as plain ones. The participants’ reading times were on av-
erage the same (2, 76) = .58, p = .565). Also, it took the participants on average
8172.33 ms to read the GP sentences that were presented as plain ones, 8007.64
ms to read the GP sentences that were supplemented with the correct short vo-
wels and diacritics, and 7882.74 ms to read the GP sentences that were supple-
mented with the wrong short vowels (Table 4).

The overall means showed that it took the participants more time on average
to read the plain sentences than their vowelized-diacritized counterparts. This
can be attributed to the short vowels and diacritics that helped the participants
to process the sentences more rapidly. However, the fact that it took less time on
average to process the potential GP sentences with the incorrectly vowelized
sentences than the other two types of sentences presents a problem. Different
scenarios have been suggested to resolve this. The first involves a description of
the contextual abnormality in the reading conditions, in which rcl and rc2 were
given together in one setting, whereas rc3 was given by itself in one setting due
to the different instructions. Furthermore, the participants in rc3 were provided

with a prompt about the reading condition and informed that assembling those
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Table 4. Overall means on reading time for GP sentences.

GP sentences

Reading condition (Sentence stimuli)

M SD
Plain (no short vowels or diacritics) 8172.3 2486.4
Group Fully vowelized and diacritized 8007.6 2274.3
Wrong short vowels 7882.7 2273.0

incorrect short vowel signs would result in the construction of words with no
meaning in Arabic. The results showed that it took considerably less time to
compare this reading condition to the others. Therefore, could this be an extra
attention-based process that resulted in the participants giving the sentences a
deeper reading? However, in addition to accepting this last assumption, it would
be reasonable to anticipate that the reading comprehension would, at the very
least, not be affected, and this extra attention-based process would turn into ac-
curate comprehension of the GP sentences, which was not the case since the par-
ticipants scored the lowest with this reading condition (Table 5). Furthermore,
the reading time values in rc3 were not even close to their counterparts in rcl
(see Figure Al in the Appendix).

Any assumption that Arabic readers benefit from the supplemented vowels
and diacritics in rc2 when processing the GP sentences, as reflected in the short-
er times, cannot be substantiated, knowing that they scored lower on the reading
comprehension compared to their performance in rcl (Table 5).

Finally, the carryover (and order effects) could become confounded with the
effect of the independent variable in a within-subjects design with a repeated
measures analysis of variance. However, although the current study involved a
counterbalancing procedure that was conducted between reading conditions,
and random presentations of sentences were controlled by the software pro-
gram, a follow-up experiment with new materials and designs (between-subjects
design with the same target sentences) is needed to determine whether the as-
sumptions can still hold.

The analysis of the data on reading comprehension revealed a significant dif-
ference between the three reading conditions (A2, 76) = 3.85, p = .026). Fur-
thermore, pairwise comparisons showed a significant difference between reading
condition 1, the plain one, on one side, and reading condition 2, the vowelized
and diacriticized one (p = .045), and reading condition 3, the wrongly vowelized
one (p = .012), on the other side. However, there was no significant difference
between reading condition 2 and reading condition 3 (p = .618). To some extent
the participants scored on average higher on reading condition 1 (M = .80),
where the GP sentences were presented as plain ones, than on reading condition
2 and reading condition 3 (Table 5). Indeed, descriptively speaking, the partici-
pants scored the worst on average on the incorrectly vowelized condition (see
Figure A2 in the Appendix). In his study of adults, Seraye (2004) also found

scores to be higher on the plain reading condition (the mean values in Seraye’s
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Table 5. Overall means on reading comprehension for GP Sentences.

GP sentences
Reading condition (sentence stimuli)

M SD

Plain (no short vowels or diacritics) .80 .32

Group Short vowels-plus-diacritics .69 29
Wrong short vowels .66 .25

2004 study were .89 for the plain reading condition and .80 for the vowe-
lized-diacriticized condition). Adding the correct short vowels and diacritics to
turn the GP sentences into non-GP sentences did not seem to have a major ef-
fect on the reading comprehension of experienced or beginning Arabic readers.
However, the analysis did show that the participants comprehended the actual
GP sentences better when they were presented as plain sentences than when they
were supplemented with the correct short vowels and diacritics. This is unex-
pected result, because there is no extra benefit from the presence of short vowels
and diacritics that should limit the potential readings to one correct reading and
subsequently make the structure easier to understand. Since the fourth grade
children are accustomed to reading texts provided with short vowels and dia-
critics, the “lack of familiarity” interpretation might not be endorsed.

4. Discussion

The results of our study showed that the GP structure of Arabic sentences did
not affect the reading processes of beginning Arabic readers as indicated by their
reading times and responses to the comprehension questions. Nor were their
processes for reading such sentences significantly improved or shortened by the
supplementation of the correct and appropriate short vowels and diacritics that
should have eliminated the ambiguity that the GP structure caused. Although
the design of the self-paced reading software program prevented the participants
from returning to other parts of the sentences to clarify or verify their under-
standing of them, the GP structure did not affect their comprehension. As the
mean values indicate, the participants did well on both GP and non-GP struc-
tures, and this is consistent with Seraye’s (2004) study of highly skilled Arabic
readers.

To provide an overview of the topic of sentence processing that responds to
the central questions mentioned previously regarding how the syntactic ambigu-
ity is handled as the linguistic signal unfolds over time and how it affects sen-
tence interpretation, MacDonald and Hsiao (2018) arranged the responses into
two broad theoretical approaches. These included an approach that emphasized
innate processing mechanisms and one that focused on the role of prior linguis-
tic experience (p. 173). They then put the theoretical models into a very concise
diagram with two intersecting axes: one representing “the model’s general em-
phasis in explanation for comprehension data”; the second representing “the

type of materials most typically studied by proponents of the approach” (Mac-
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Donald & Hsiao, 2018: p. 174).

Based on experimental and observational studies, researchers have proposed
different models to explain the process of converting a string of words into a
structural representation (Mitchell, 1994; for a review, see MacDonald & Hsiao,
2018). The experimental studies cite the effect of garden-pathing, and different
models have been suggested for explaining this (Mitchell, 1994; Ferreira & Cok-
al, 2016; Wonnacott et al., 2016; Ferreira & Qiu, 2021).

Observational studies that involve reading aloud, such as Seraye’s (2004) study
and the current one, explicitly demonstrate the effects of GP for both highly
skilled Arabic adults and beginning-level Arabic children. Both groups of read-
ers hesitated over the initial HP-HG words of the GP sentences and activated
one of the possible forms of the initial HP-HG words. When they arrived at the
disambiguating regions, they showed stunned expressions and then went back to
the beginnings of the sentences to reanalyze their first choices. It was expected
that this reanalysis process would result in delays and subsequently lead to some
extra reading time to process the sentence. This extra reading time can be ex-
plained on the basis of two assumptions: “on the basis of the implicit checking
process that operates with a delay cost, or on the basis of the processing load in
the ambiguous region.” The effects were demonstrated by several studies that
employed different techniques, eye-tracking studies (Ferreira & Henderson,
1990, Experiment 1), first fixation data (Frazier & Rayner, 1982), self-paced
reading tasks (Mitchell et al., 1994, Experiment 1, as cited in Mitchell, 1994: p.
381; Seraye’s 2004, Experiment 1), and brain imaging (Mason et al., 2003; Seraye,
2004: p. 178).

A comparison of the two overall means of the times for the beginning readers
in this study to process the GP sentences and their non-GP counterparts showed
that on average it took them somewhat longer (60 ms difference) to process the
GP sentences (Table 2). However, as was pointed out earlier, this difference was
not statistically significant. According to Seraye (2004), there are two models of
explanations that can be proposed to account for such results: the resource-free
parallel model and the resource-limited parallel model. “By saying that there is
no difference between the reading time of the GP sentences and the non-GP
sentences, then the former model can be suggested to account for the finding of
no difference. However, by accepting that, there is a discrepancy in the reading
time between GP and non-GP sentences, only a resource-limited parallel model
can account for such discrepancy in reading time between the two types of
structures (Mitchell, 1994). That is, the existence of unexplored options might
somehow be tagged or marked at the choice point, perhaps providing the basis
for relatively efficient re-analysis procedures (Frazier & Rayner, 1982, cited in
Mitchell, 1994: p. 378). It is suggested that tagging or marking, for Arabic, is based
on the core element, the root, that the alternative forms of [the heterophon-
ic]-homographic initial share (p. 178).

Arabic morphology is based on the trilateral/quadrilateral root, and when
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Arab readers are challenged with a consonant-based writing system they are ex-
pected to exploit their knowledge of word formation in Arabic when accessing
the mental lexicon of the word representations (Abu-Rabia, 1995, 2001, 2012).
Accordingly to Seraye (2004), “very often, at the core of all activated potential
forms of the HP-HG, there will be a trilateral/quadrilateral-root which indicates
the core semantic element that is very often shared by all activated forms. In ad-
dition, the form/pattern of the word (its skeletal tier/word pattern/binyan,
McCarthy, 1979; 1981) narrows the possible readings of the HP-HG word (p.
240). In fact, as Seraye (2004) put it, “the predictability/productivity of word
forms/patterns; affixation, etc., compensate for the lack of short vowels and dia-
critics in print” (p. 259).

The role of Arabic morphology roots in the reading process has recently been
revisited, consolidated, and thoroughly documented (see, for example, Boudelaa
& Marslen-Wilson, 2005, 2015; Mahfoudhi, 2007; Mahfoudhi et al., 2010;
Abu-Rabia & Abu-Rahmoun, 2012; Taha & Saiegh-Haddad, 2016, 2017; and for
a recent overview of the claim, see Saiegh-Haddad, 2017; Abu-Rabia, 2019;
Hermena & Reichle, 2020; Wattad & Abu-Rabia, 2020; Abu-Rabia, 2021).

Two explanations, one stem-based and the other morpheme-based, have been
proposed to account for the linguistic unit of analysis in Arabic word processing,
lexical access, and lexical representation. With regard to the first, the verb stem
was considered as the linguistic unit of analysis (Benmamoun, 1999); for the
morpheme-based one, the root and word pattern were viewed to be the linguistic
unit of analysis (Boudelaa, 2014).

After merging three data types of evidence drawn from three techniques
(priming, neuropsychological, and neuroimaging), Boudelaa (2014) concluded
that “lexical processing in Arabic evolves around roots and word patterns, and
that the extraction of these units during spoken language comprehension and
reading is subserved by an obligatory decomposition mechanism” (p. 47). The
existence of sublexical accessibility in word recognition (Cole et al., 1997; Tatft,
1981a, 1981b) has also been documented. Taft’s (1981b) experiments demon-
strated that “prefix stripping occurs in word recognition and this, in turn, implies
that prefixed words are accessed through a representation of their stem” (p. 296).

The study conducted by Mahfoudhi et al. (2010) revealed that the possession
of good morphology skills among elementary students is related to better read-
ing comprehension and could explain the independent variability in their com-
prehension levels. This exploitation of the morphological knowledge, word
roots, and patterns in word processing and spelling were also found in second
graders (Taha & Saiegh-Haddad, 2016, 2017). Even among highly skilled Arab
adults, word roots were found to be helpful in reading morphologically complex
words, whether they were presented as plain or vowelized (Abu-Rabia, 2012).
However, in a study of the role of morphological knowledge (root and pattern
“units”) and awareness in the reading acquisition of primary-grade children, El
Akiki and Content (2020) found word patterns to be a playful factor in Arabic

word recognition. Nevertheless, they offer the following caution: “the absence of
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a root frequency effect should not be taken to conclude that children are insensi-
tive to root properties. In fact, it would seem hard to explain how [the children]
could isolate patterns without at the same time extracting the roots” (p. 13).

This “awareness” was also documented by Badry (1982), whose study revealed
that Moroccan children, aged 3 to 6 years, were aware of the underlying mor-
phological roots in their spoken language, and this awareness was reflected in
the production stage of their acquisition. The role of correct and appropriate
short vowels and diacritics in disambiguating the initial HP-HG word in a GP
sentence is clear. Adding these to the consonants in the initial HP-HG words will
turn them into one legal reading, and thus, the sentence must not garden-path
readers on the condition that the readers assembled such visible sub/super signs
with the consonants. However, the results of our study revealed that reading GP
and a priori/potential GP sentences was essentially the same. Although the par-
ticipants took more time on average to read the GP sentences (M = 8172.33 ms),
they took less time on the GP sentences that were provided with the correct
short vowels and diacritics (M = 8007.64) and much less time on the GP sen-
tences that were provided with the incorrect short vowels and diacritics (M =
7882.74). However, although these observations could indicate that Arab readers
are accustomed to reading consonant-based orthography because if they assem-
ble the wrong diacritical signs their reading times increase, this is not the case.
Furthermore, there is evidence that people’s previous experiences with linguistic
and nonlinguistic input play a central role and “strongly shape” their online in-
terpretations of ambiguity in sentences (MacDonald & Hsiao, 2018: p. 176).

This lack of a role for the short vowels and diacritics in connected texts can be
explained by the fact that subjects, as Ferreira et al. (2009) state, “have a tenden-
cy to sacrifice reanalysis of the garden-path in order to keep up with the later
material. This pattern of results is consistent with the assumptions of the good
enough theory of language processing, which assumes that processing resources
are limited, and; therefore, predicts that garden-path reanalysis processes will be
curtailed if upcoming material must also be processed .” (p. 416). The special GP
structure in Arabic that was assessed in this study and in Seraye’s (2004) pro-
vides the experimenter/researcher (in a reading-aloud task) with a window into
the behavior of the Parser (with uppercase “p”),—the tendency to sacrifice the
reanalysis processes.

Examining the nature of the GP phenomenon in Arabic seems to be a unique
feature of the literature. This involves the view that the incorrect first reading of
the initial word of a GP sentence would always lead readers astray, because they
would start building structures that are not compatible with the entire sentence
once they arrive at the disambiguating region. Then, when readers discover that
their initial assignments are wrong, it seems that all they can do to compensate is
to replace the noun with a verb or vice versa (the “Adjust” principle in Fodor’s
model; Fodor & Inoue, 2000) and supposedly restructure the sentence in a way
that fits the correction. Although this restructuring would not affect the meaning

extracted from the GP sentence, it would affect the type of structure that is built,
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whether the sentence starts with a noun phrase or a verb phrase. This assump-
tion is supported by the fact that Arab readers, as mentioned before, exploit their
morphological knowledge by supposedly maintaining the core root of the initial
HP-HG word during sentence processing. Furthermore, it can be justified by
assuming that the sentence processing system [may go] into “reanalysis mode,”
attempting to adjust the syntactic structure that has been built so as to create a
grammatical analysis (Ferreira & Henderson, 1991; Fodor & Ferreira, 1998; Fo-
dor & Inoue, 1994). Ease of analysis depends on the extent to which the sentence
processing system can find lexical and grammatical information that motivates
an alternative structure (Ferreira & Cokal, 2016: p. 13).

The parser may also handle ambiguity by leaving the interpretation open and
“making a specific attachment decision only once it is necessary to do so” (Swets
et al., 2008). Evidence regarding underspecified representations has also led to
suggestions of a tendency within the processing system to delay interpretations
of HP-HG words that have multiple forms by initially activating an underspeci-
fied structure and then filling out the semantics once contextually disambiguat-
ing information becomes available.

Therefore, an account that presupposes an activation of various types of in-
formation that are being brought to bear on the interpretation of Arabic GP
sentences is still legitimate. This is supported by the fact that the Arabic parser
(with lower case) would activate one root for two pattern forms (verbal vs. no-
minal).

Reiterating the previous claim of the uniqueness of the Arabic GP structure
further emphasizes the uniqueness of its orthography, since its ability to be se-
gregated allows the researcher to examine the GP structure easily. Essentially,
when reading such structures aloud in their plain representation, the reader will
assign reading to the initial word of the GP sentence on the spot, giving it a syn-
tactic/thematic role that would immediately determine whether the reader was
garden-pathed or not. As in the examples above (Figure 1), if the initial word
“z—i4” was written as “z%” (the simple past tense), and this was the default
reading, readers would be garden-pathed until reaching the disambiguating re-
gion. They would then go back, giving only an exclamation or continuing to
read the sentence as if there was nothing wrong.

Therefore, using a behavioral approach for assessing assumptions about sen-
tence processing, the task of reading a GP sentence aloud from the beginning
would be a short-cut tool for investigating some of the hypotheses on sentence
processing. In terms of silent reading of the GP sentence, the question the re-
searcher proposes should target the type of structure readers build and then de-
termine whether the reader was garden-pathed or not (particularly in a self-paced
reading).

In summary, it is recommended that the same study be applied to Arabic
readers with poor reading skills and non-Arab learners of Arabic, since Arab

children who do not have strong skills and Arabic learners are accustomed to
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reading vowelized and diacriticized reading materials, and their mastery of
Arabic morphology is developing. The justifications for the recent findings of
this study can be assessed in accordance with this.

To conclude, I propose that the parser behavior in processing ambiguous
Arabic structures (initial HP-HG words) is driven by the two mechanisms
(Macdonald and Hsiao, 2018): the modular/innate one (i.e., the morphologi-
cal/syntactic knowledge), in which the root and/or pattern forms are activated,
and the experiential one (i.e., the prior linguistic experience), in which the sim-
ple past-tense form is activated as the default word form while building the
structure of an HP-HG-initial sentence.

However, it is worth mentioning that the findings of the current study (and
Seraye, 2004) must not be interpreted as a shift from the mainstream instruction
method of teaching reading in Arabic (i.e. phonics) to a whole language ap-
proach. That is, the “experience” explanation that is suggested here should not
be overinterpreted in a way that would entail a subsequent recommendation of
using the whole language approach in teaching reading in Arabic instead of the
mainstream one (i.e. phonics). The current findings should be restrictedly inter-
preted within the issue proposed here, the GP phenomenon in Arabic. The inef-
fectiveness of the supplemental short vowels and diacritics to the consonants in
Arabic GP sentences on the reading comprehension process, must not underes-
timate the role that short vowels and diacritics play in the accurate representa-
tion of speech in writing Arabic, and subsequently reduces the reading processing
time on the reader. Further, the current results need not convey a message to
teachers in presenting reading materials that should move the child from trans-
parent to deep orthography. Indeed, owing to the “experience” explanation, pu-
pils should be encouraged and trained to pay more attention to the supplemen-
tation of short vowels and diacritics in the reading materials. Moreover, the
writers and textbooks designers need to identify the ambiguous regions in the
reading materials, and provide them with the necessary short vowels and dia-
critics in order to remove the ambiguity from texts and thus helping in reducing

the time load of reading by speeding up the parser’s checking process.
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Figure Al. Overall means on reading time for GP sentences.
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Figure A2. Overall means on reading comprehension for GP sentences.
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The experimental items: Sentences and questions
Set I (RC1: Plain; and RC2: Vowels + diacritics, sentences)

Questions/answers

Plain; and Vowels + diacritics, sentences

Practice sentences (1 - 7)

¢ o5 ORI Gl i aaa S b

1
2EN K Canl s
0
€30 8340 oalt (e 228 L)
0
SO S ol jiae (e Y
0
¢ LAl Shlas e alis e Bl ; u@u\u;j&;; 1
’ 0 Jui G Kidady s 2
sl 80 e w528 Caia Jad b sk ol S5k e M58 3
0 ul.\.w\ﬂ.l)a.\\]u}uu ijusw 4
) G A (S <8 yial b u.\aﬂl)\)m\ucl_u FALYW Tk 5
S 0 R e 5 il 5 % CiEL Jiax 6
§ il 13l 8 AT 875 slall iy ) (Gt ol LAl 852 5m sall A (i€ 7
0
fesaa 85l sy ;‘}m}@;g Plain sentences (8 - 19)
P S P A YR RPN
£ 5312 61 O 230 "‘m:ull sae Mo, S Aeall 5y peall any 28
et L in . e o Zyansa 10l (e il o) AN 5wl ) 9
£ SIS Bl 0o A S e el o) S e Sl Qi 10
0 5 s o= .
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$lalitn 5740 gy GELD QLYY 22
0
?g;;i el i Geald B G L :j \ Vowelized-diacritized sentences (20 - 31)
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sy Himdll 081 St v Al
1 Potentially Garden-path sentences (28 - 31)
gaady g G845y 4y &8 A
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Set IT (RC3: Wrongly vowelized sentences)

Questions/answers

fpaia ) s ey Hila 0 Sl 0
0

9508 e Al o Al

0

o8 sina dasll 3 (RY15 Lo

0

913808 (& A 33 o3 Al 20

0

o 0
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0

el Ala 8 (k0 Y B

0
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1

Wrongly vowelized sentences

Practice sentence (1)

D5 Gk A RN AV sl
Wrongly vowelized sentences (2 - 9)

LS & 5y 5nall adall 1A g s
£sieh i EERR é )y J8Y )
lalaly & &350 B3 3 S (U]
A 2 U1, s o s o4
oy oy Gl i a4 g
s sl ) gl el ALy 202G s

Potentially garden-path (10 - 13)

Potentially GP ae o ol cidl dLia & sl S
Potentially GP _ndall il o1& 28,01 & QA ol
Potentially GP o z saws sié & AN dllenl) 32k JSI
Potentially GP 4tils] il o1& Al daaldl 2l

L N oL W

.10
11
12
13

Note: GP= garden-path sentence; Potential GP = if only the consonants of the initial
HP-HG word of the sentence are assembled during reading, the sentence should often

garden path the reader.
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