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Abstract

Morphologically marked case is in Arabic a feature exclusive to the variety of Stand-
ard Arabic, with no parallel in the spoken varieties, and it is orthographically
marked only on some word classes in specific grammatical situations. In this study
we test the hypothesis that readers of Arabic do not parse sentences for case and that
orthographically marked case can therefore be removed with no effect on reading.
Twenty-nine participants read sentences in which one of the two most frequent types
of orthographically marked case was either retained or omitted, while their eye-
movements were monitored. The removal of case marking from subjects in the
sound masculine plural declension (changing the suffix-iin (s to -in 0+) had no neg-
ative effect on gaze duration, regressions out, or go-past time. The removal of case
marking form direct objects in the triptote declension (omitting the suffix -an L) did
however resulted in an increase in these measures. These results indicate that only
some forms of case marking are required in the grammar used by readers for parsing
written text.

Keywords Arabic - Case - Eye movements - Reading - Sentence processing

Standard written varieties of languages often have grammatical features not pre-
sent in spoken varieties of the same language. Users of these languages therefore
engage in two grammars, one for speech production in everyday situations and one
for reading and writing (Carter, 1999; Trudgill, 1975). In cases where features spe-
cific to the standard variety are superfluous for sentence parsing it is possible that
readers develop reading strategies where this feature is ignored and not registered as
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carrying grammatical information—over-ridden, as it were, by non-standard gram-
mar used in parsing. In the present study we investigate one such situation: morpho-
logically marked case in Arabic. As detailed below, case markers are considered a
hallmark of correct Arabic, yet they are only occasionally present in writing and
the syntactic information that the provide is redundant. In this study we investigate
whether readers parse sentences using a “case-less” grammar, akin to that of the
spoken varieties of Arabic, in which case marking is not expected, or whether they
parse sentences with a grammar that requires case marking.

Case in Arabic

Arabic is a prototypical case of diglossia (Ferguson, 1959, 1996), meaning that the
linguistic varieties used in everyday spoken interaction differ significantly from the
standard variety, Standard Arabic, which is used primarily in writing and is used orally
only in formal, public situations (speeches, lectures, news broadcasts, etc.). The spo-
ken varieties are acquired in childhood as first languages. Standard Arabic is acquired
later through formal education as a second language, although children are exposed to
it from a young age through audiovisual media (Saiegh-Haddad, 2003). The spoken
varieties are also commonly used in informal written communication in text messag-
ing and on social media (Abu Elhija, 2014; Kindt, Hgigilt, & Kebede, 2016). The vast
majority of writing is nevertheless in Standard Arabic, and readers have an advantage
in visual word recognition in written Standard Arabic over written forms of their spo-
ken variety (Nevat, Khateb, & Prior, 2014). One of the features specific to Standard
Arabic is its system of morphologically marked case: a set of suffixes on nouns and
adjectives marking their syntactic roles in the clause. None of the spoken varieties has
a system of morphologically marked case parallel to that of Standard Arabic (Fischer
& Jastrow, 1980; Versteegh, 2004), and to the extent that speakers acquire this system
they do so as part of their acquisition of Standard Arabic.

There are three cases in Standard Arabic, nominative, accusative and genitive (Bad-
awi, Carter, & Gully, 2004), but the morphological marking of these cases is largely
absent in most written text. Case is most often marked phonologically with a word
final short vowel, in indefinite nouns followed by /n/, called nunation. Short vowels
and nunation are represented in the Arabic writing system with diacritics. Diacrit-
ics are, however, only used in a limited set of text types, most importantly children’s
literature and religious source texts, while the default is for text to be undiacritized
(Saiegh-Haddad & Henkin-Roitfarb, 2014), and thus lacking a representation for most
forms of case marking. In the default undiacritized orthography, case marking affects
the orthographic shape of the word, by adding or altering a letter, only in certain words
in certain grammatical contexts. This type of case marking will here be referred to
as orthographically marked case. Only orthographically marked case as it appears in
the default undiacritized orthography is investigated in this study. Investigating other
forms of case markers would necessarily entail experimental conditions where diacrit-
ics are added to texts, which are then not representative of normal Arabic text.

The two most frequent inflectional classes with orthographically marked case
are the sound masculine plural (e.g., mu‘allimin ‘teachers’) and the triprote (e.g.,
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Table 1 Orthographically marked case in the sound masculine plural and triptote inflectional classes

Sound masculine plural Triptote

Standard Ar. Spoken Ar. Standard Ar. Spoken Ar.
Nom. mu'‘allimian ~ Ugolso m'allimin walad Mg walad
Acc. mu‘allimin =~ Guoleo m'allimin waladan [INY walad
Gen. mu‘allimin =~ oleo m'allimin walad g walad

walad ‘boy’). The case endings in these two inflectional classes as they appear in
undiacritized text and in the spoken varieties are summarized in Table 1. As can be
seen in the table, the written Standard Arabic form differs morphologically from
the Spoken Arabic form only in the nominative for the sound masculine plural, and
only in the accusative for the triptote. The sound masculine plural takes the ending
-an (ve) in the nominative and - (..) in the accusative and the genitive. The latter
form is invariably used for these words in all spoken varieties and is commonly used
in Standard Arabic unscripted speech, even when the nominative form is prescribed
(Hallberg, 2016). The ending -7n, while commonly described as marking accusative/
genitive case, will therefore be regarded as the default form for the purposes of this
study, and as unmarked for case. Words in the triptote inflectional class take ortho-
graphically marked case only in the accusative, with the ending -an(L?), and only if
indefinite and masculine. This orthographically marked accusative ending consists
of the letter asiF(L), but it is often accompanied with the diacritic an (2 ), even in other-
wise undiacritized text. There are a few other situations, apart from these two, where
case is orthographically marked, but they are much less frequent and will not be
further discussed in this paper. In total, around 6% of all nouns and adjectives in a
natural Standard Arabic text have orthographically marked case (Hallberg, 2016).
The scarcity of case marking in writing rarely results in problems for com-
prehension since the syntactic role of constituents are determined by word order
and verb agreement (Beeston, 1970; Holes, 2004; Versteegh, 2004). Accord-
ingly, the ability to use case markers is not correlated with reading comprehen-
sion (Abu-Rabia, 2001; Khaldieh, 2001; Parkinson, 1993). When Standard Ara-
bic is extemporaneously spoken, as opposed to being read aloud, for example in
panel discussions and news interviews, case endings are used only vary spar-
ingly and inconsistently (Badawi, 1985; Hallberg, 2016; Meiseles, 1977; Parkin-
son, 1994). In spoken Standard Arabic, orthographic case markers, such as those
described above, are used at higher rates than are case markers that lack ortho-
graphic representations. Case markers that have an orthographic representation
are used at rates of around 50% in speech, with large variation between speakers,
while the rates of usage of other case markers are much lower (Hallberg, 2016).
Poor mastery of active use of the system of case marking even by highly edu-
cated speakers of Arabic has often been noted in the literature (Beeston, 1970;
Ibrahim, 1983; Kaye, 1972; Saiegh-Haddad & Schiff, 2016). It has also been
experimentally demonstrated by Parkinson (1993). We interpret these facts as
indicating that case marking is an optional feature in oral production of Standard
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Arabic. It has been suggested that speakers employ the language production sys-
tem to predict and therefore more quickly process language input (Pickering &
Garrod, 2006, 2013). Thus, according to this view, if readers use their system of
language production, in which case marking is inconsistent or absent, to predict
upcoming written input, forms that are unmarked for case will accord with the
reader’s prediction and not interfere with their parsing of the sentence.

Prescriptive anomalies and parsing anomalies

For the purposes of the present study we need to make a distinction between
two types of syntactic anomalies. On the one hand there are linguistic struc-
tures that are anomalous with regards to the prescriptive grammatical system of
a language, and on the other hand there are linguistic structures that are anoma-
lous with regards to the grammar used by the reader to parse the sentence. We
propose the term prescriptive anomaly for the former and parsing anomaly for
the latter. Prescriptive anomalies can be identified by comparing structures to
authoritative grammatical descriptions of the standard language. Omitting the
accusative marker -an from a direct object in Standard Arabic is an example of a
prescriptive anomaly. Parsing anomalies, on the other hand, can only be detected
by investigating readers’ actual parsing of sentences containing these structures.
If the omission of the accusative marker -an is not perceived by a reader as an
anomaly and obstructs the reader’s parsing of the sentence, it is only a prescrip-
tive anomaly, not a parsing anomaly. We theorize that the omission of ortho-
graphically marked case, while being a prescriptive anomaly, does not constitute
a parsing anomaly and will therefore not be noticed by readers.

An interesting point of comparison to orthographically marked case in Arabic
is number agreement in English verbs, discussed in Pearlmutter, Garnsey, and
Bock (1999). Like orthographically marked case in Arabic, gender agreement in
English is syntactically redundant due to fixed word order; it is only marked in
certain situations, namely in the third person singular in the present tense (he/she/
it reads vs. I/you/we/they read), except for the verb be, which is always marked
for number. Pearlmutter et al. (1999) speculate that “the comprehension system
might be more efficient if it largely ignored agreement information, backtrack-
ing to handle it only when other constraints were insufficient.” It is clear, how-
ever, that readers of English do not ignore number agreement, and that violations
in number agreement therefore disrupt the reading process (Pearlmutter et al.,
1999). Number agreement in English differs from orthographically marked case
in Arabic, however, in being present in most spoken varieties of English. This
most likely blocks readers from developing a parsing strategy that allows missing
number agreement to go unnoticed. For orthographically marked case in Arabic,
on the other hand, there is no such hindrance to a parsing strategy that ignores
this feature, since it does not feature in the natively spoken Arabic varieties.
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Syntactic anomalies in the eye movement record

To test the hypothesis that the removal of orthographically marked case does not
constitute a parsing anomaly we had participants read sentences from which case
markers had been removed while their eye movements were recorded using eye-
tracking. Eye tracking is a technique to study cognitive aspects of reading that has
been used to investigate reading in a large number of languages (Rayner, 1998,
2009). In Arabic, eye-tracking has been used to investigate global eye-movement
characteristics in text with and without diacritics (Chahine, 2012; Roman & Pavard,
1987), perceptual span (Jordan et al., 2013), processing of single words (Jordan,
Almabruk, McGowan, & Paterson, 2011; Paterson, Almabruk, McGowan, White,
& Jordan, 2015), and whether readers make use of grammatical information pro-
vided by diacritics (Hermena, Drieghe, Hellmuth, & Liversedge, 2015). This study
is, to the best of our knowledge, the first eye-tracking study of the processing of case
markers in Arabic.

Eye-tracking studies of reading syntactically anomalous sentences and gar-
den-path sentences have consistently revealed that increased regressions from the
anomalous word and from the next two or three words is indicative of difficulties
in syntactic processing. Eye-tracking studies of syntactic processing in reading
have primarily used garden-path sentences, where a possible initial interpretation
of the sentence is contradicted by succeeding material in the sentence (e.g., Frazier
& Rayner, 1982; Rayner & Sereno, 1994; for an overview, see Clifton, Staub, &
Rayner, 2007). In (1), for example, a mile and a half is normally interpreted as the
object of the first clause in first pass reading, an interpretation that must be altered in
the later disambiguation region. In (1) the disambiguating region is the word seems.
In the disambiguating region one typically finds longer fixation times and higher
rates of regression compared to similarly constructed sentences where no garden-
pathing occurs. Inflated reading times and increased rates of regression are thus
indicators of disrupted syntactic parsing.

(1) Since Jay always jogs a mile and a half seems like a very short distance to him.
(Frazier & Rayner, 1982)

There has been relatively little research on eye movements in reading sentences
where the processing is disrupted by an outright syntactic anomaly. The avail-
able studies do however report eye movement patterns similar to those found using
garden-path sentences. Ni, Fodor, Crain, and Shankweiler (1998) investigated eye
movements of participants reading sentences such as (2—4) where the verb is syntac-
tically anomalous, as in (2), pragmatically anomalous, as in (3), or non-anomalous,
as in (4).

(2) It seems that the cats won’t usually eating the food we put on the porch.
(3) It seems that the cats won’t usually bake the food we put on the porch.
(4) It seems that the cats won’t usually eat the food we put on the porch.
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For syntactically anomalous sentences they found no effect on the first pass
reading time anywhere in the sentence, but a sharp increase in regressions out
from the region containing the anomalous word, an increase that disappears by
the third word after the anomaly. For pragmatically anomalous sentences they
found both increased first pass reading times and regressions out, beginning after
the site of the anomaly but progressively increasing towards the end of the sen-
tence. These results were reproduced in Braze, Shankweiler, Ni, and Palumbo
(2002), with the difference that they also found an increase in first pass reading
times at the site of the syntactic anomaly that then disappeared in the following
region. They also performed a word-by-word analysis showing that the increase
in regressions out, but not reading time, began directly at the syntactically anoma-
lous word and continued to the third word after the anomaly. Several studies have
used eye-tracking to investigate the attraction phenomenon: the erroneous agree-
ment of a word with a distractor noun closer than the head noun (Dank, Deutsch,
& Bock, 2015; Deutsch & Bentin, 2001; Pearlmutter et al., 1999). These studies
include various combinations of syntactically anomalous stimulus sentences with
a distractors, such as (5), where the verb where erroneously agrees with the closes
noun cabinets, rather than the head noun key, and sentences without distractor,
such as (6), that are more clearly anomalous.

(5) The key to the cabinets were rusty from many years of disuse.
(6) The key to the cabinet were rusty from many years of disuse

These studies report increased regressions out and increased total reading
times on the anomalous word in sentences without distractor (6), as compared to
anomalous sentences with distractor (5) and to non-anomalous control sentences.
Syntactic anomalies thus reliably produce increased regressions out from the site
of the anomaly and from subsequent words, and often also longer reading time.

This study

Summing up, orthographically marked case is a morphological feature that (a)
provides syntactic information that is redundant for comprehension; (b) is only
occasionally available; (c) is not represented in speakers’ native variety; and (d)
is not mastered by most skilled readers. Based on this description we hypothesize
that skilled readers of Arabic parse orthographically marked case as an optional
feature and that the removal of case markers therefore does not constitute a pars-
ing anomaly. This would make the parsing system similar to the production sys-
tem of spoken Standard Arabic, where case marking is optional, and would differ-
entiate it from prescriptive grammar, where case marking is compulsory. We test
this hypothesis by monitoring eye movements during reading of sentences from
which case markers that are prescriptively required have been removed. If the
hypothesis is true then we expect not to find any significant increase in reading
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times and regressions for these sentences, compared to sentences where the pre-
scriptively required case markers are included. If the hypothesis is false then we
expect a significant increase in these measures.

Method
Participants

An original thirty-two participants were recruited in Gothenburg, Sweden. Two par-
ticipants were excluded due to problems with calibration and a further participant
was excluded due to scoring only 69.4% on comprehension questions that were a
part of our design (see the “Procedure” section below), which was more than 1 SD
below the mean. This left 29 participants in the final analysis. Of these 29 partici-
pants, 22 were females (mean agel 33.1, SD 10.3), and all were recent immigrants
form Arabic speaking countries (27 Syrians, one Iraqi, and one Moroccan) who had
arrived in Sweden on average 3.8 years (SD 1.7) prior to the experiment. All were
native speakers of Arabic with completed secondary education in an Arabic speak-
ing country. Twenty-three of the participants had also obtained tertiary education in
an Arabic speaking country (avg. 3.6 years, SD 1.2). Informed consent was obtained
from participants on arrival. All were naive to the purpose of the experiment and
had normal or corrected-to-normal vision.

Stimulus and apparatus

Stimulus sentences were gathered from news articles from the Al Jazeera and BBC
Arabic news sites” and modified to fit the sentence structures described below. We
chose to have stimuli representative of news discourse in order for participants to
expect prescriptively correct text. Sentences were displayed in the “Simplified Ara-
bic” font at 20-point font size with no line breaks. All stimulus sentences begin with
a pre-region and end with a post-region. The pre-region consists of three words,
either a three-word adverbial prepositional phrase or a two-word adverbial prepo-
sitional phrase followed by a temporal adverb. The post-region consists of between
three and thirteen words. Each stimulus sentence was displayed in either an unal-
tered or an altered condition. In the altered condition the target word was manipu-
lated to create a prescriptively anomalous sentence by having a grammatical marker
removed. Stimulus sentences were of three types which will be referred to as GEN-
DER-, SMP-, and TRI-type sentences, with 20 sentences of each type. The structure
of these three sentence types is illustrated in (7)—(9), with target words in bold face.
Note that while the transcribed and glossed examples are written left-to-right the
Arabic text is written right-to-left. GENDER-type sentences (7) include manipula-
tions of gender marking in subjects. This type of stimulus sentence was included

! One participant did not wish to reveal their age.
2 www.aljazeera.net, www.bbcarabic.com/arabic.
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in order to provide eye-movement data for a syntactic anomaly where we do expect
a strong effect on eye-movements, that is, where we assume that the prescriptive
anomaly is also a parsing anomaly, since the non-standard spoken varieties of Ara-
bic also require gender congruency between verb and subject. In GENDER-type
sentences, the fourth word, directly following the pre-region, is an intransitive verb
in the third person feminine singular past tense with the suffix -a¢ (-.). The fifth word
is the target word and the subject of the preceding verb. It is a singular, human,
and definite noun. In its unaltered condition, the target word is marked as feminine
with the suffix -a (), thus agreeing with the preceding verb. In the altered condi-
tion, this suffix is removed, producing the masculine form. It is a syntactic anom-
aly as the subject does not agree in gender with the verb. SMP-type sentences (8)
were designed to test the effect on eye movements of the removal of the nominative
case marker in the sound masculine plural. In these sentences the word following
the pre-region, the fourth word, is an intransitive verb in the third person masculine
singular past tense. The fourth is a definite sound masculine plural subject and the
target word.> This word has the nominative marking suffix -gn (vs) in the unaltered
condition and a prescriptively anomalous -7 (.,.) in the altered condition. TRI-type
sentences (9) were designed to test effects on eye movements of the removal of the
accusative marker in indefinite triptotes. In TRI-type sentences the fourth word, the
word directly following the pre-region, is a transitive verb in the past tense. The
fifth word is a definite and animate noun and the subject of the preceding verb. The
sixth word is the target word. It is an inanimate indefinite direct object in the triptote
declension. This word has the case marking suffix .a; ) in the unaltered condition,
while in the altered condition this suffix was removed. Fixed or common phrases
with the accusative marker, such as la‘iba dawran ‘play a role’ or sajjala hadafan
‘score a goal’, were avoided in stimulus sentences.

(7) GENDER-type sentence

a,5L9g | daludl wdlwl e WlsIfas)l cwlSs s ObS o

17 kitab jadid takallamat al-katib-a/-0 ‘an ’asalib as-sulta as-sufiyitiyya ...

in book new talked.F DEF-author-F/-M about methods DEF-authority DEF-Soviet ...

'In a new book, the author talked about the methods used by the Soviet authorities ...'

(8) SMP-type sentence

SMl 89 iz VI il (59 Guanalll/0ganldl it Gundp)l Ol o>

hasab xitab ar-ra’is ragiba al-libiyy-iry-in 17 at-tadaxxul al-’ajnabiyy 17 al-bilad
according.to speech DEF-president wanted DEF-Libyan-PL.NOM/-PL in
DEF-intervention DEF-foreign in DEF-country

'According to the president's speech, the Libyans wanted a foreign intervention in the
country.'

3 In Standard Arabic, the verb is inflected for the singular in the default VS word-order, even if this sub-
ject is plural (Badawi et al., 2004).
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(9) TRI-type sentence

SMl @lsn (58 e/l AogSall cundys slaml 9.5 a2y

ba ‘d tadahwur al-’as ‘ar tawaqqa ‘at al-hukdma ‘ajz-an/-o f7 mizaniyyat al-bilad
after fall DEF- prices expected DEF- government deficit- Acc/- @ in budget

DEF- country

'After the fall in prices the government expected a deficit in the national budget.'

The stimulus sentences were designed to be as simple as possible with regards to
case assignment; all three sentence types follow the default VSO word order and the
target word is directly preceded by the verb (GENDER- and SMP-type sentences) or
the verb and the subject (TRI-type sentences). None of the target words are part of a
complex nominal phrase with an adjective or a nominal possessor. The first three post-
target words do not contain any anaphora or congruency referring to the manipulated
grammatical category (gender or case) that may interfere with spillover effects. To
ensure that none of the words in the critical word positions (4-5 in SMP- and GEN-
DER-type sentences and 5-6 in TRI-type sentences) were infrequent and therefore dif-
ficult to process, words in these positions were checked for occurrence in Buckwalter
and Parkinson (2011), a list of the 5000 most frequent words in written Arabic. All
target words are at least three letters long to minimize the chance of skipping.

Monocular eye movements were recorded with a desk-mounted EyeLink 1000
eye-tracker at a sample rate of 1000 Hz. A head rest was used to reduce head move-
ments. Stimuli were displayed on a Dell 1704FPVs computer screen at 1280 x 1024
resolution.

Procedure

Participants were informed that they were to read sentences from news articles and
were instructed to read each sentence for comprehension at their normal reading
pace. Instructions were given both orally and in writing. Interaction with the partici-
pants, including the consent form, oral and written instructions, and debriefing, was
done in Arabic. After instructions and camera setup a nine-point calibration and val-
idation procedure was performed. Calibrations with an average error exceeding 0.5°
were repeated until a calibration error below 0.5° was achieved. The mean calibra-
tion error, including subsequent re-calibrations within sessions, was 0.36° (SD 0.13)
with a mean maximum error for individual calibration points of 0.74° (SD 0.24).
Before each trial, participants looked at a fixation point at the center of the
screen. After 2 s a cross appeared at the right-hand side of the screen, and when a
fixation was detected on the cross, the whole sentence appeared with the first letter
positioned at the location of the cross. Participants were instructed to look at the
bottom left corner of the screen after finishing reading a sentence. When a fixation
was detected in this part of the screen, the sentence was removed from the screen.
Each participant read a total of 115 sentences, of which the first five were practice
sentences not included in the analysis. Sixty stimulus sentences, twenty of each sen-
tence type, were displayed in random order, together with 50 filler sentences of com-
parable length and complexity to the stimulus sentences. Half of the twenty stimulus
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sentences of each type were displayed in the altered condition, and the other half
in the unaltered condition. For every other participant the conditions were inverted.
Twenty-four of the stimulus sentences, eight of each type, and ten of the filler sen-
tences, were followed by a yes-or-no comprehension question displayed on the
screen. Questions and correct answers were balanced between sentence types and
conditions. Participants answered ‘yes’ or ‘no’ by pressing the left or right arrow
key on the keyboard, marking either the word ‘yes’ or ‘no’ on the display screen.
They could change their answer after the initial key press. When satisfied with their
answer, they pressed the space bar on the keyboard to continue to the next trial.
Answers to comprehension questions were recorded. Halfway through the experi-
ment participants had the opportunity to take a break, after which the eye-tracker
was re-calibrated. Other calibrations were also performed during the experiment
when needed, as determined by visually inspecting the gaze position on a second-
ary monitor during the experiment. The session lasted on average 26 min. After the
session the purpose of the experiment was explained to participants and they were
rewarded with a cinema ticket for their participation.

Analysis

Fixation classification was performed by the EyeLink 1000 host software (version
4.594) with the “cognitive” configuration. Fixations on the target word and the
first three post-target words were analyzed. For these four word positions, data is
reported on (a) gaze duration, the single-word equivalent to first pass reading time,
that is, the sum of all fixations on a word from the first fixation on that word until
but not including the first subsequent fixation on another word; (b) regressions out,
the proportion of saccades from the word during the first pass reading targeting a
previous word in the sentence; and (c) go-past time (also known as regression path
duration), the duration from first fixating on the word to fixating on a subsequent
word in the sentence, thus including any rereading of previous parts of the sentence
and re-fixations on the word prior to a fixation on a later word in the sentence. Gaze
duration is often taken as a measure of lexical processing, and increased regres-
sions out and go-past time as an indication of difficulties in higher level processing
(Rayner, Pollatsek, Ashby, & Clifton Jr, 2012).

Fixations longer than two standard deviations above the mean (572 ms) and shorter
than 80 ms were excluded, resulting in an exclusion of 8.4% of fixations. The effects
of the alteration condition on the aforementioned eye-movement measures were tested
separately for each sentence type and word position in a Linear Mixed-Effects Model
using the /me4-package (Bates, Michler, Bolker, & Walker, 2015) in the R statistical
software (R Core Team, 2013). The LmerTest-package (Kuznetsova, Brockhoff, &
Christensen, 2017) was used to to extract p-values from regression models. We per-
formed the analysis on log-transformed data for the numerical measures of gaze dura-
tion and go-past time, and on the logit of the binary data of regressions out. In all
models, item and participant were included as random effects with a maximal effect
structure (Barr, Levy, Scheepers, & Tily, 2013). Where models did not converge, we
removed random effects until convergence was achieved, first by removing correlation
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between participant intercept and slope, then participant slope. This was only done in
the model for regressions out, as noted in the results section. For go-past time, we also
computed Bayesian factors for the null-hypothesis.

In Bayesian statistics, two models are compared with regards to their complemen-
tary probability in producing the observed data (Morey, Romeijn, & Rouder, 2016).
The strength of the evidence in Bayesian statistics is measured in the form of Bayes fac-
tor, which is the ratio of the probability of one hypothesis to predict the data, relative to
some alternative hypothesis. A Bayes factor of 2 for hypothesis A means that the data
is twice as likely to occur under this hypothesis than under an alternative hypothesis B.
The Bayes factor thus allows us to assess evidence in favor of a null-hypothesis, which
is not possible in frequentist statistics (Kass & Raftery, 1995; Rouder, Speckman, Sun,
Morey, & Iverson, 2009). We computed the Bayes factor for the null-hypothesis (BF,)
using a Bayesian 7-test (Rouder et al., 2009) performed with the BayesFactor-package
in R (Morey & Rouder, 2018) in the three sentence types using the same maximal ran-
dom effects structure as in the frequentist analysis presented above. We first computed
BF,, for each sentence type in the target word and in the first and second post-target
words. These are the word positions where any affect has been found in at least one of
the three sentence types in the other analyses. We then computed BF,,, for each sen-
tence type with these three word positions together and with word position as an addi-
tional random effect.

Results

Participants gave on average 88.5% correct answers to the comprehension questions
(8D 5.3), including questions following fillers. One participant scored more than 1SD
below the mean, at 69.4%. Data from this participant was removed from further analy-
sis (as mentioned under “Participants” above). For stimulus trials, and with the low
scoring participant excluded, participants gave on average 90.4% and 91.0% correct
answers for sentences in the unaltered and altered conditions respectively. The differ-
ence is not significant (p = .81). 8.4% of target words, 50.4% of first post-target words,
13.5% of second post-target words, and 22.7% of third post-target words were skipped
on first pass. Descriptive data for gaze duration, regressions out, and go-past time is
plotted in Fig. 1. Results from the regression models are listed in Table 2.

Gaze duration

Average gaze durations are shown in the top row in Fig. 1. There was no differ-
ence between the two conditions in any of these word positions in GENDER-type
sentences. In SMP-type sentences, interestingly, the only significant difference
was a 55 ms shorter gaze duration on the target word in the prescriptively anom-
alous altered condition (r = —2.02,p < .001). In TRI-type sentences the altered
condition yielded a 41 ms longer gaze duration on the first post-target word
(t = 2.54,p = .011), with no other significant differences. The effect of the alteration
condition was thus delayed one word in TRI-type sentences.
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- Altered — Unaltered

GENDER SMP TRI

Gaze duration
(ms.)
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3
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(p.)
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N
[=]
o

Target Post1 Post2 Post3 Target Post1 Post2 Post3 Target Post1 Post2 Post3

Word position

Fig. 1 Descriptive data for gaze duration, regressions out, and go-past time in GENDER, SMP, and TRI-
type sentences. Error bars indicate standard errors and asterisks significant differences (p < .05)

Regressions out

Average proportions of regressions out are shown in the middle row in Fig. 1. The
maximal regression models for regressions out failed to converge. Only random
intercepts of participant and item were included in the models for TRI and SMP-
type sentences, and only the random intercept of participant for GENDER-type
sentences was included. In GENDER-type sentences there was a large and imme-
diate difference in rate between the conditions in the target word and in the first
two post-target words of .16, .24, and .24 respectively (zs > 4.4, ps < .001), and this
difference had disappeared by the third post-target word (z = —1.06,p = .288). In
SMP-type sentences there was no significant difference in regressions out in any of
the word positions. In TRI-type sentences there was a significant difference in rate
of .10 in the first post-target word (z = 2.0, p = .046). This pattern is similar to that
found for gaze duration in TRI-type sentences in that there is only a difference on
the post-target word, but not on the target word itself.

Go-past time

Average go-past times are shown in the bottom row in Fig. 1. In GENDER-type
sentences there was, similarly to regressions out, a large difference between the con-
ditions for the target word and the first two post-target words, 129 ms, 355 ms, and
128 ms respectively (s > 2.5, ps < .01). In SMP-type sentences there was no dif-
ference in any of the word positions. In TRI-type sentences there was no difference
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Table 3 Bayes factors for the

T Target Post 1 Post 2 All
null-hypotheses of the alteration ype aree o8 s
condition on go-past time GENDER 1 <001 <001 <001
SMP 7.1 5.0 6.6 14.7
TRI 2.5 .01 1.1 2.6

in the target word but only in the first and second post-target words, of 130 ms and
141 ms respectively (r = 2.75,p = .006 and t = 2.08, p = .036). We hypothesized
that the removal of case markers in SMP- and TRI-type sentences would not affect
the reading measures associated with difficulties in syntactic processing. The fre-
quentist statistical models of go-past time presented above show that, at least for
SMP-type sentences, we cannot reject the null-hypotheses that is in line with our
prediction.

In order to assess evidence favoring the null-hypothesis, rather than only testing
for its rejection, we conducted Bayesian statistical analyses on the log transformed
go-past time. The computed Bayes factors are listed in Table 3.

In GENDER-type sentences, where the feminine marker was removed in the
altered condition, the BF,; is 0.111 on the target word, and < .001 on the first and
second post-target words, as well as for all word positions taken together. There is
thus decisive evidence against the null-hypothesis in GENDER-type sentences,”
which is in accordance with our prediction. For SMP-type sentences, BF,,, ranges
from 5 to 7 in the three word positions, and is 14.7 for all three positions taken
together. This provides strong evidence in favor of the null-hypothesis in SMP-
type sentences, again in accordance with our prediction. For TRI-type sentences,
Bayes factors are inconclusive for target words and second post-target words. For the
first post-target word, the BF,;; is .01, making the hypothesis of an effect 100 times
more likely than the null-hypothesis for this specific word position. The BF,,; of all
three word positions together is inconclusive, giving negligible support for the null-
hypothesis in TRI-type sentences. This provides localized strong evidence against
the null-hypothesis in TRI-type sentences, which is contrary to our prediction.

Discussion

In this study, we investigated whether skilled readers of Arabic parse orthographi-
cally marked case in Standard Arabic text as an optional grammatical feature. Our
hypothesis was that they do, and that the omission of orthographically marked
case from sentences would therefore not constitute a parsing anomaly and would
not produce altered reading behavior as revealed by eye movements. We found
support for this hypothesis in one of the two forms of case marking investigated.
In the experiment, participants also read sentences where the feminine marker
had been removed from subjects of feminine inflected verbs. These sentences
were included in order to produce eye-tracking data on a manipulation that is

4 For evaluation of Bayes factors, see Kass and Raftery (1995).
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assumed to constitute both a prescriptive anomaly and a parsing anomaly. As
expected, the removal of the feminine marker in the altered condition produced
patterns of eye-movements similar to those of previous eye-tracking studies on
syntactic anomalies, namely no or only a small effect on the early measure of
gaze duration and strongly increased regressions out and go-past time, lasting
for two to three words from the anomaly (Braze et al., 2002; Dank et al., 2015;
Deutsch & Bentin, 2001; Pearlmutter et al., 1999). These results from GENDER-
type sentences demonstrate that our paradigm is able to identify parsing anoma-
lies for the current language and population.

The other two sentence types in the experiment, SMP- and TRI-type sentences,
were designed to directly address the hypothesis. In SMP-type sentences we changed
the ending -in (vs.) Of sound masculine plural subjects to - (..), thus removing nom-
inative marking and creating a sentence of a form that is prescriptively anomalous,
but corresponds to the morphology of vernacular Arabic and that is also common in
extemporaneously spoken Standard Arabic. There was no indication that the altera-
tion had any negative effects on reading in any of the eye-movement measures. A
Bayesian statistical analysis furthermore yielded strong evidence in favor of the
hypothesis that reading behavior was unaltered. It is worth reiterating here that case
assignment in the stimulus sentences is as basic as it gets; the manipulated word is
the subject of a directly preceding intransitive verb. In other words, we made it as
easy as possible for participants to check for case marking. The lack of an effect
of the removal of the case marker is thus not due to the stimulus sentences being
grammatically complex. The fact that the omission of orthographically marked case
in this construction had no negative effects on reading makes it highly unlikely that
the same alteration would have negative effects on reading in more involved gram-
matical structures with, for example, long-distance case governance or less common
forms of case assignment. We interpret the results presented here as strong evidence
that readers do not check for orthographically marked case in the sound masculine
plural, showing that case marking in these words is treated as optional. Furthermore,
we cannot exclude the possibility that readers not only parse case marking in the
sound masculine plural as optional, but that they also parse them as entirely unre-
lated to syntax. Such a theory would predict that not only the omission of case mark-
ing, but also the addition of prescriptively incorrect case marked forms, does not
constitute a parsing anomaly.

The data for TRI-type sentences present a different picture. These sentences
were altered by omitting the accusative marker -z, 1) from a triptote indefinite direct
object. As with the manipulation of SMP-type sentences, this creates a sentence of
a form that prescriptively anomalous, but corresponds to vernacular Arabic and is
also common in extemporaneously spoken Standard Arabic. However, as opposed
to the manipulation in SMP-type sentence, this did affect the reading measures,
contrary to our expectations. Omitting the accusative marker resulted in increased
gaze duration, regressions out and go-past time. These effects, however, were only
found on the first post-target word, not on the altered target word itself. This effect
is relatively small and highly localized, as compared with the effects of gender disa-
greement presented here, as well as when compared to other reports of the effect of
syntactic anomalies found in the literature. Nevertheless, this indicates that the case
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marking on indefinite triptote accusatives is not parsed as optional, but as a compul-
sory feature. The two forms of case markers investigated here are thus parsed differ-
ently. We are unsure as to why there is such a difference in the parsing of these two
types of case marking, given the fact that both of these forms of case marking are
absent in vernacular Arabic, so their removal would be expected to have a similar
effect. One possibility is that the accusative ending on triptotes, being word final and
often accompanied with a diacritic, is more visually salient than the case marked
forms in the sound masculine plural, and is therefore more efficiently acquired on
the basis of the visual input of printed text.

The effect of the omission of the case marking in TRI-type sentences was delayed
one word on all three measures. A likely explanation for the one-word delay is the
fact that in these sentences, the unmarked form of the target word used in the altered
condition is prescriptively licensed if it is the first term in a genitive construction,
that is, if it is followed by a nominal possessor. In Standard Arabic, if a noun is the
first term in a genitive construction it does not take nunation. For a triptote noun in
the accusative this means that rather than taking the suffix -an, which is orthographi-
cally represented, it takes the suffix -a, which is not, making it unmarked for case in
undiacritized text. This is illustrated in (10) where the triptote direct object garar
‘decision’ is marked for accusative with the ending -an, as is prescriptively correct.
If this ending is removed, as in (11), the sentence is prescriptively incorrect. This
is what was done in the altered condition in TRI-type sentences in this experiment.
However, if the direct object is followed by a possessor noun in a genitive construc-
tion it does not take nunation and the case marker is therefore not orthographically
represented (12). In the stimulus sentences, the target word was never followed by a
noun, so that sentences such as (12) never occurred. This does mean, however, that
if the reader does check for case marking, the anomaly caused by the removal of the
accusative marker is detected only once the subsequent word has been identified,
thus delaying any effect of the anomaly by one word.

10 N

(10) Slodyul 58 T8 ssll acs
da ‘ama l-wazir garar-an fi I-barlaman
supported DEF-minister decision-ACC in DEF-parliament
'"The minister supported a decision in parliament.'

(11) Olodydl (58 1,8 usll pe>
* da ‘ama I-wazir garar f7 I-barlaman
supported DEF-minister decision in DEF-parliament
'"The minister supported a decision in parliament.'

(12)

Olaydl (8 Gud Il 18 505901 o>

da ‘ama I-wazir garar ar-ra’is f7 I-barlaman

supported DEF-minister decision DEF-president in DEF-parliament
'The minister supported the decision of the president in parliament.'
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The removal of case marking in sound masculine plural subjects in SMP-type
sentences (€.g., siyasiyy-in ouwlow politician- PL instead of siyasiyy-in vewlw “politi-
cian- PL.NOM’) resulted in reduced gaze duration, which indicates facilitated lexi-
cal access (Rayner et al., 2012). This happens despite these words constituting a
prescriptive syntactic anomaly in the stimulus sentences. The longer gaze duration
observed on sound masculine plural nouns in the nominative form than in the form
that is unmarked for case may be due to the fact the nominative marking morpheme
-iin does not exist in any of the spoken Arabic varieties and is thus absent in the
first language of the reader. The nominative marked form can thus only be accessed
through the Standard Arabic second language morphological system, which is pre-
sumably slower, due to familiarity and age of acquisition effects (Juhasz & Rayner,
2003, 2006). We did not, however, observe a similar facilitating effect of the removal
of the case marker in TRI-type sentences, even though the case marked form (e.g.,
watad-anTxs ‘DOYy- ACC’) is also accessed through the Standard Arabic second language
morphological system. This may be because any effect of facilitated lexical access
of the unmarked form was hidden by the effect of the syntactic anomaly that was
observed in these sentences.

Conclusion

Our hypothesis that proficient readers of Arabic parse orthographically marked case as
an optional feature was partially confirmed. The removal of orthographically marked
case from sound masculine plurals had no effect on the eye movement record that could
indicate parsing difficulties. The removal of the accusative ending from triptote direct
objects did negatively effect reading. These two forms of case marking are thus parsed
differently: one as optional and the other as compulsory. The omission of nominative
case marking from sound masculine plural is a clear case of difference between pre-
scriptive grammar and the grammar used by readers to parse the sentence. Readers
parse these words with a nonstandard case-less grammar that over-rides standard, pre-
scriptive rules of case marking.
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Appendix: Stimulus sentences

A slash separates the unaltered and the altered form of the target word.

GENDER-type sentences

Sl Al i) il i il 5 gl e pliladl iz B 1

Bty Lgiulaus 800 5 Basiall Y I (e A sl sied) Aaliia audy GlUIIASLUY Cfaad Guel Allia 32
a8 51 (A (e L 3 B e A ) A JA1) 5515 sl CaaaiofAaaia el asdl G 8.3
O3S 58 U e sasadl e sheall Aflacae e SaBY) 3 5Salls 5 5 el < gl ki
el laisadl il i (e raial (B patll JRaal/Aal i o il gias s 8

g s o5 e a jnY A s Lo IS Ui IS paall ol 2aadlfssadl e sl Jaall 3

) (5 n in clelu slall g Curg 33,1 elall b S all (o SIS b s dalan sy Ja
elaall) Gy ha g o (R i S ol Y (e Canlll/ARL i€l 5l SIS (e

I gl g il toual) () a3l (g5l a5 sllf5 5l cund elay Y1 il g

) com 33l 058 DAy mall ll A 3o (S A3 o syl il Dl 138 e 10

Lol Qi 8 Al gl Al sl (e CSI/AESH oSS 2 IS 8117

© ©® N o u »

O (g hall Canda 555 55 e ) il el A il (8 Gt 1At Sl LT o sal) Lilall (3. 12
Jaial & sl paally dadaiall & e AEN lall padlfs pad) & e #lY) Alia 2y 13

Soseend) Lgnsdlin Ao ol 8 saall (o all e Al )l i yallfAand yall i g Hl) g Sainl cava .14

183 sam (el giins Ll 5 Wiy o JISSY1 ol gl isaallfiisaall Cum jad Ll ) Jiiedll 2 .15
s ZUa i Ola ez mee N QLA cale gl el ) 5,560 16

Gl o e e ST e al call calalidl o W das 81 (3 5l sl jnallfs ppaall oyl il aes 8 .17
A Aine 8 Leiell) A Aumele g play iy jall /Al ) chidl) el (DA 8 .18

Rl el all Ji Cum G 23S0 (B 2aa o ilandillfAlandil) Ciloan pveall GUATY) 32y 19

cilhuiiall ge Sl @ LAY e ce Sfiue M) ciing gelaia¥) dual sl e .20
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SMP-type sentences

Cilasiall b aglany LY Slmenll o Caliadll/o stieall 1oy o sall LS 5 3

s Cise ol Al e Gl sl sl sl T ina paiga b

i) B sis ilalia (g pgal] dnsall 8l o G gandllf G s saall 3 ) 3a 7 et

Susi e b il )5 um ge Ole Y Jlae B Gaaigall/ () saigall AS5 Ay ola 5 5 S

S i) Jaxill (8 a0 slll 5 Gt N il s

ALEN AaluY) Gt e o s jleall/ppn aall aaie) il o sagd)

eeliay! Jual sl a8l e e S aeay A b eV sedlY) i Gftaalal) oyl A
Akl a1 5 lanad) o () Cppalaiall/ o s saliall daa s (V) elise B

pel s @ (sl Ae g il jalae (& Cpalaall/( salaall 7 53 oalall jell) I8

3 ) Jsea sl (8 aelel Bnd G Lo S Jlall/ sS Jiall e Sl Al any

Lo o ala Aiae QBB ) cplilEal/ ) sl Canad) 3 pa) <l shal) say

Laiall (§ g )58l ) () Bae 33 (e piinnallf () 5 painall (S G o1l 2ay

Gl sl Ly (e o s iy Goadiall/() sariiall 68 dpaall 5 N s

AL gl g G 5 ol gl B8 el g e b

A< 48t A aal oLtV (5 an 8 Gradlisall/() sanlisall Al ) Al )

L) ) sl (s ghnall ) i 5K/ o oS sle w2335 (8

Akl (& jea culeall jie e Opadesall/ salual) Gyl Gliniladl G b

S cileSlan ) cpinad) Ala) by siadll 8 Guanadial/g) seacadial callls 5 a1 Elaal) ey
LR ke e all g 8 il Ailate b el sall/() silh sall ) oLl Ay U

waall o) 50 Gy aldad Y Gudiiall/() sidiiall gl Lol puY) oSl b

.21
.22
.23
.24
.25
.26
.27
.28
.29
.30
.31
-32
.33
.34
.35
.36
.37
.38
.39
.40

@ Springer



46 A. Hallberg, D. C. Niehorster

TRI-type sentences

O A Sa 8 Saefl jae Ao Sall Cud b lend) jaxiaey 41

s <l ke A3 Ly s 53 LS 55 ae (sl El) slas¥) sie 30500 Al 3 .42

sl Ripnn € jlang o 88 o it fluiae bl A (5 peadl o g 34 S .43

Leabuan 8 a1 (e CalSH Ll a8 llansl/Slad olalall and Goale Gl 0 3 .44
O Ol 1) 8 sl ) ) a8 Lati 5 lail/T il 2 5.8l e 55 50l) @ g s 45

Ll Leen s ) paaatll o a1 Sl (e ol s/l s a1 Dl Banaal) sy el 32y 46
Sl Aaleall 3 L3S e Jalad oLy T gl (g s e 551550 ulla B SN 55 s .47
a1 8 i) 33 Jal oy Jaiil) £ U8Y (anias/liaias )6l plel oavy muyai 4 .48

peie Aie (ge ST e el cmndly oSaflaSa oaldl) jaal 4 Sunll AeSaddl 3 49

Al Bl ALeLs A yay ol 5 1 5l (g dae flase Ll 385 (53 g jhas s 50
Uy} U 58 Gy o 8 (Bl clen¥) i Aall LA 2y 51

mBY) sl Blef Laa ANS Sl g paflis m candl g5 ,8Y1 35l DA 52

Claws¥) e il 5 ol il 8 (e o saaflasaa B el Cigal s (5550 Jdas cosa .53
Galidl 5 ke g ) (50 Laa s iy 8 aanflisn Ml Causd (553 sena .54

Lelin 5 jmgl illla ael apaniflaniad Ao Sall a4 ol Lsalll 3 55

Oy (ppeadd alay i o aay HU UL Ja /S A 30 Gl (el G b .56

S ALY acal e 505l cada Can y Gl ge (38 G ) @By i daale b .57
(g by Al gl 5 A3 G L Lgilia 5 pogun sfla sy 2 s Al o3 sl 58

santall LY g 8 il san) i ol DB/ 0 sie S ) Yl (5,53 E .59

3l S o cge 5 el 4] 5 i Rl 5 5 S g o .60
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