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Abstract 
This study examines the visual processing of Arabic-English 

code-switching using an eye-tracking experiment, focusing on 
determiner-noun switching. Arabic-English bilinguals (L1 
Arabic, L2 English) read English-framed sentences that were 
either monolingual or contained a code-switched noun phrase 
with an English determiner and an Arabic noun (e.g., John 
bought the كتاب) or an Arabic determiner and an English noun 
(e.g., John bought ال book). The Matrix Language Frame 
(MLF) model (Myers-Scotton, 1993, 2002) predicts that the 
matrix language (ML) determines the selection of functional 
elements, requiring determiners to come from English. 
However, eye-tracking results revealed the opposite pattern: 
codes-witching was more disfavored if the determiner came 
from English than if it came from Arabic, contradicting the 
MLF model’s predictions. These findings suggest that 
grammatical constraints alone cannot fully explain 
code-switching patterns and that orthographic differences, 
script directionality, and switching costs play a role in 
bilingual sentence processing. 
Keywords: code-switching; determiner; Matrix Language 
Frame; Arabic; eye tracking 

Introduction 
This paper examines the visual processing of 
code-switching involving noun phrases (NPs) embedded in 
sentences by analyzing the eye movement patterns of 
Arabic-English bilinguals. Code-switching, the practice of 
alternating between two languages within a conversation, is 
widely recognized as a natural outcome of bilingualism, 
offering valuable insights into bilingual competence by 
illustrating how speakers seamlessly navigate between two 
lexicons (Yow et al., 2018). 

Code-switching within NPs has been widely studied, 
showing that both adults and children frequently switch at 
grammatical boundaries, particularly between determiners 
and nouns (Liceras et al., 2008; Mahootian, 2019). Across 
languages, nouns are the most frequently code-switched 
grammatical category (Deuchar, 2005; Eichler et al., 2012; 
Sayahi, 2011). Given this, the grammaticality and 
processing of NP-internal code-switching have become a 
primary area of interest in code-switching research and the 
main focus of the present study (Jake et al., 2002; Joshi, 
1985; Lipski, 1978; Parafita Couto & Gullberg, 2019; 
Poplack, 1980; Timm, 1975). Cross-linguistically, 
code-switching between a determiner (e.g., the) and a noun 
has been well attested, including Spanish-English, 

Welsh-English, French-Arabic, and Romance languages 
such as French, Italian, and Spanish. However, these 
switches are not random; speakers often exhibit systematic 
preferences for determiners from one language over the 
other. This observation has led to proposals about the 
grammatical and psycholinguistic constraints that shape 
bilinguals' code-switching competence. 

The Matrix Language Framework 
Among the many theoretical models, the Matrix Language 
Frame (MLF) model (Myers-Scotton, 1993) is arguably the 
most influential in describing code-switching as a 
phenomenon of language contact (Clyne, 2003; Deuchar, 
2006). The MLF model posits that code-switched sentences 
are structured by a dominant matrix language (ML), which 
determines the overall structure of bilingual sentences. In 
contrast, the other language, termed the embedded language 
(EL), primarily contributes lexical content. This model 
assumes an inherent asymmetry between the two languages 
in code-switched clauses, with the ML exerting grammatical 
control while the EL provides insertions. 

Further refinements of the MLF model introduce 
additional constraints on code-switching, such as the System 
Morpheme Principle (Jake, 1994; Jake et al., 2002; 
Myers-Scotton, 1993). According to this principle, the ML 
determines the allocation of system morphemes (or 
functional categories), thereby shaping the grammatical 
structure of code-switched sentences. For example, if there 
were a code-switch between the determiner and the noun, 
the determiner is predicted to originate from the ML, while 
the noun comes from the EL. This prediction has been 
supported by studies of various language pairs (Deuchar, 
2006; Eppler et al., 2017; Herring et al., 2010; Parafita 
Couto & Gullberg, 2019). 

Current Study 
Our current study investigated whether the MLF model is 
applicable in Arabic-English code-switching, a language 
pair with distinct orthographic systems. While 
code-switching is common in spoken language, 
Arabic-English bilinguals are also reported to code-switch 
in written contexts, particularly in informal settings such as 
emails, text messages, and social media posts.  In these 
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contexts, bilinguals use both Arabic script and romanized 
Arabic (often referred to as Arabizi), switching not only 
between languages but also between writing systems 
(Alsulami, 2019; Warschauer et al., 2006) 

Despite its prevalence, research on Arabic-English 
code-switching remains limited (Altarriba et al., 1996; 
Alzahrani, 2016; Hamed et al., 2018). One notable study by 
Hamed et al. (2018) analyzed a corpus of spontaneous 
conversations by Egyptian Arabic-English bilinguals, 
revealing  that the most common code-switching pattern 
involved the Arabic definite determiner ال, followed by an 
English noun. While this finding supports the MLF’s 
predictions, their corpus was predominantly Arabic, leaving 
open the question of how code-switching operates when 
English serves as the ML. Additionally, a more controlled 
approach is needed to examine bilingual speakers' 
competence in code-switching. 

Two key factors make determiner-noun switching 
particularly relevant to this investigation. First, because 
Arabic is read from right to left, integrating an Arabic 
determiner into an English-dominant code-switched NP 
(e.g., ال book ‘the book’) involves a shift in reading 
directionality. Conversely, when an English determiner 
precedes an Arabic noun (e.g., the كتاب ‘the book’), readers 
encounter a transition between two different scripts. While 
both languages follow a determiner-noun order, such script 
and directionality shifts may create distinct patterns of 
determiner-noun integration. ​​ 

Second, English and Arabic differ in how definite 
determiners are represented orthographically. In English, 
determiners are independent words, while in Arabic, ال  
‘the’ is a bound morpheme attached to the noun, forming a 
single orthographic unit. As a result, when  ال  appears in an 
English sentence, it remains bound to the Arabic noun, 
preventing separation (i.e., كتاب ال  (book the) is 
ungrammatical and must be لكتاب (book-the)). These 
structural differences raise important questions about how 
bilingual speakers select determiners when code-switching 
and whether MLF model predictions hold in this context. 

​​Since English determiners and Arabic determiners 
function differently in terms of morphological attachment, 
we examine whether determiner-noun switching patterns 
align with the MLF model. Specifically, we compare: 

 
(1)​ An English determiner followed by an Arabic noun 

(e.g., the كتاب). 
(2)​ An Arabic determiner followed by an English noun 

(e.g., ال book). 
 

​​By analyzing these two types of determiner-noun 
switches, our study investigates whether bilingual speakers 
systematically follow the MLF model's prediction that the 
ML (English in this case) dictates determiner selection or 
whether other structural factors influence code-switching 
patterns. 

Predictions and Hypotheses 
The MLF model posits that the ML dictates the structure of 
code-switched sentences, including the selection of function 
words (or system morphemes) such as determiners. 
Applying this model to Arabic-English code-switching leads 
to the following prediction: 
 
(3)​ When English is the ML, the determiner should 

also be English in Arabic-English code-switching. 
 
This prediction assumes that bilinguals adhere to the 

structural constraints imposed by the ML, even when 
processing a language pair with distinct orthographic 
properties. However, given the challenges of reading 
directionality and morphological attachment, deviations 
from this expectation may emerge in eye-tracking data. 

Although the MLF model is not a processing framework, 
if its structural predictions extend to online processing,  we 
further hypothesize that: 

 
(4)​ Eye movement measures will significantly differ 

between English and Arabic determiners in 
code-switched noun phrases.  

 
This hypothesis assumes that determiners are processed 

differently depending on their language, and such 
differences will be reflected in  measures such as first 
fixation duration, gaze duration, and regressions, metrics 
that offer insight into how bilingual readers allocate 
cognitive resources during NP processing. Since 
code-switching occurs at the NP level, we also predict: 

 
(5)​ Eye movement measures will differ not only at the 

determiner but also at the noun. 
 
Differences between switching from English to Arabic 

(e.g., the كتاب) and from Arabic to English (e.g., ال book) 
may reflect how bilingual speakers manage determiner 
selection while adhering to language-specific morphological 
constraints. 

Experiment 

Participants 
Initially,  76 Arabic-English bilingual speakers  participated 
in the study; However, four participants were excluded in 
the final analysis due to either not completing the 
experiment or not meeting the selection criteria based on the 
language history questionnaire such as having an age of 
acquisition (AOA) for either language later than age 7. The 
final sample consisted of 34 males and 38 females (𝜇 = 
19.95 years, σ = 1.71), all recruited from the American 
University of Sharjah in the United Arab Emirates.The 
mean AOA was 1 year for Arabic (σ = 2) and 3.3 years for 
English (σ = 2.3). A paired-samples t-test showed a 
significant difference between the two AoAs, t(71) = 6.9, p 
< .001, indicating that participants acquired Arabic 
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significantly earlier than English. All participants reported 
engaging in code-switching between the two languages, 
with all but three doing so habitually; the remaining three 
indicated occasional code-switching. All participants had 
normal or corrected-to-normal vision. They received a 
compensation of USD 16 for their participation. The study 
received ethics approval from the university’s International 
Research Board, and all participants provided written 
informed consent prior to the experiment. 

Stimuli 
A total of 100 English sentences were created, each 
containing a target NP intended for code-switching, inserted 
in the middle of the sentence. Each NP began with the 
definite determiner "the" followed by a noun. All 100 
English nouns were high-frequency words, ranked in the top 
10% according to Davies and Gardner (Davies & Gardner, 
2010). Each target noun was then translated into Arabic, 
which was also checked for its frequency using Buckwalter 
and Parkinson (Buckwalter & Parkinson, 2014). Each 
sentence frame was used across all three code-switching 
conditions: (1) no code-switching, (2) English the + Arabic 
noun, and (3) Arabic ال + English noun (25 items per 
condition). An additional 25 sentences featured both Arabic 
determiners and Arabic nouns, with no switch between the 
determiner and the noun; these were excluded from the final 
analysis. no code-switching (25 sentences), code-switching 
with All stimuli were pseudorandomized using a Latin 
Square design, with participants viewing each sentence 
frame in only  one of the three experimental conditions. The 
conditions in (6) describe the three code-switching 
conditions using the same sentence frame (ENG: English, 
ARB: Arabic): 
 
(6) ​ a. ENG ‘the’ + ENG noun (cond: ENG_ENG) 
      ​  ​ e.g., We sadly missed the train for our winter trip. 
 

b. ENG ‘the’ + ARB noun (cond: ENG_ARB) 
   ​ e.g., We sadly missed the قطار for our winter trip. 
 

c. ARB ‘ال’ + ENG noun (cond: ARB_ENG) 
    ​ e.g.,  We sadly missed ال train for our winter trip. 

Apparatus 
Eye movements of the participants were recorded while 
reading using the Eyelink Portable Duo (SR Research, Ltd.) 
with a sampling rate of 1,000 Hz. To minimize head 
movement, participants used a chinrest. Although 
participants read with both eyes, only data from the right 
eye were recorded. Stimuli were presented in black, 
20-point Times New Roman font on a white background on 
a Dell 2N5OTVQ Precision 5760 display monitor (1920 x 
1200 x 60Hz). Participants were seated at a distance of 45 
cm from the eye tracker and 65 cm from the computer 
screen displaying the sentences. At this distance, each 
character subtended approximately one degree of visual 
angle. Each sentence was displayed on a single line. 

Procedure 
The experiment was conducted in a quiet, isolated room. 
Instructions were presented on-screen in text and explained 
verbally by the experimenter before the session began. A 
default nine-point grid calibration and validation was 
performed before starting the experiment. Participants 
completed seven practice trials and were encouraged to ask 
questions before proceeding.  

The experiment was divided into two blocks, with a 5- to 
10-minute break between them. Drift correction was applied 
at the beginning of each block. Each trial began with a 
left-aligned fixation asterisk positioned at the onset of the 
first letter of the sentence. The asterisk disappeared just 
before the sentence appeared. Sentences were displayed 
only after participants fixated continuously on the asterisk 
for at least 500 ms. 

Each experiment lasted approximately 40 minutes. 
Participants indicated the end of each sentence reading by 
pressing the ‘spacebar’ on a standard keyboard. After 
reading each sentence, the participant was asked to rate the 
sentence in acceptability on a four-point Likert scale worded 
as Very Bad, Bad, Good, and Very Good.  

Results 

Acceptability  
To investigate whether the MLF model predicts the 
language choice of the determiner in Arabic-English 
code-switching, we analyzed the experimental conditions as 
follows.  To assess the overall impact of code-switching at 
the NP level, condition ENG_ENG (6a) was compared to 
conditions ENG_ARB (6b) and ARB_ENG (6c), evaluating 
whether the presence of a code-switched NP influences 
acceptability judgments. 

Next, to evaluate whether the ML determines determiner 
selection, condition ENG_ARB was compared to condition 
ARB_ENG. This contrast specifically tests whether 
participants prefer determiners from the ML, in line with the 
MLF model’s predictions. The analysis was conducted using 
Helmert contrast coding with the following weights: (0.63, 
-0.33, -0.33, 0, 0.5, -0.5). Finally, the response levels were 
categorized into two groups: "(very) good" and "(very) 
bad", allowing for a clearer evaluation of participants' 
preferences regarding determiner-noun switching. 

A generalized linear mixed-effects model was fitted  
using the glmer function in R (Bates et al., 2015) with 
maximal convergence settings. The results, presented 
graphically in Figure 1, revealed that the condition 
ENG_ENG was rated significantly more acceptable than the 
conditions ENG_ARB and ARB_ENG (β = 2.45, SE = 1.35, 
z = 21.09, p < 0.001), indicating that code-switching 
generally lowers acceptability.  

Additionally, the condition ARB_ENG received higher 
acceptability ratings than condition ENG_ARB (β = -0.32, 
SE = 0.06, z = -3.91, p < 0.001), suggesting that 
code-switching is more acceptable when the determiner 
comes from Arabic (EL) than when the determiner comes 
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from English (ML), contrary to the predictions of the MLF 
model (see Table 1).  

 
Table 1: Model Comparisons between the condition 

ENG_ENG  and the conditions ENG_ARB and ARB_ENG, 
as well as condition ENG_ARB vs. condition ARB_ENG, 

using Helmert contrast coding. 

 
 

 
Figure 1: Percentage of responses categorized as:  

VG(Very Good), G(Good), B(Bad), and VB(Very Bad) 

Eye-Tracking Reading Time Results 
For the reading time (RT) analysis, the critical regions 
(target NPs) were divided into two components: determiners 
and nouns. At the determiner level, the conditions were 
grouped based on the language of the determiner. 
Conditions ENG_ENG and ENG_ARB contained an 
English determiner, whereas condition ARB_ENG 
contained an Arabic determiner. Similarly, at the noun level, 
the conditions were grouped based on the language of the 
noun. Conditions ENG_ENG and ARB_ENG involved an 
English noun, whereas condition ENG_ARB involved an 
Arabic noun. Each region was analyzed using Helmert 
contrast coding to systematically compare the conditions. 

Prior to data analysis, single fixations shorter than 100 ms 
and longer than 1000 ms were excluded. Five reading time 
measures were reported: First Fixation (FF), First Pass 
(FP), Go-Past (GP), Re-Reading (RR), and Total Reading 
(TR). FF refers to the duration of the first fixation on the 
target region while FP refers to the sum of all fixations 
before exiting the target region for the first time. GP is 
defined as the sum of all fixations from the moment the 
target region is gazed at until the gaze exits. RR measures 
the total duration of fixations on the target region following 

FP, including regressions. TR includes all fixations on the 
area of interest, regardless of regression. FF and FP are 
classified as early-stage measures, primarily reflecting 
lexical access difficulty. In contrast, GP, RR, and TR are 
considered late-stage measures, capturing overall processing 
complexity, encompassing both initial processing difficulty 
and regression/reanalysis. 

For the data analysis, a linear mixed-effects model was 
fitted for each region using the lme4 function in R with 
maximal convergence settings. The results are graphically 
represented in Figures 2 and 3. 

 
Figure 2: Five eye-tracking measures at the determiner.   

 

 
Figure 3: Five eye-tracking measures at the noun.  

   
At the determiner level (Table 2), no significant effect of 

code-switching was found, except for TR, as shown in Table 
2. This finding suggests that code-switching at the 
determiner level does not significantly increase processing 
costs. 

At the noun level (Table 3), fixation durations were 
significantly longer across all five reading measures when 
the noun was Arabic (condition ENG_ARB), compared to 
when it was English (conditions ENG_ENG and 
ARB_ENG). This result indicates that code-switching at the 
lexical category level impacts processing costs, with an 
Arabic noun being less expected when preceded by an 
English determiner, particularly when the ML is English. 

Additionally, fixation durations increased significantly 
when the preceding determiner was Arabic (condition 
ARB_ENG) compared to when it was English (condition 
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ENG_ENG), as reflected in early-stage measures (FF and 
FP) as well as TR. This difference may be attributed to the 
fact that condition ARB_ENG involves multiple 
code-switchings, e.g., from English (ML) to Arabic at the 
determiner level, followed by English at the noun level, 
whereas condition ENG_ENG does not. 
 

Table 2: Model comparisons (determiners) 

 
 

Table 3: Model comparisons (nouns) 

 

Discussion 
This study investigated whether the Matrix Language Frame 
(MLF) model accurately predicts determiner selection in 
Arabic-English code-switching and how bilinguals process 
code-switched NPs in real time. By analyzing acceptability 
judgments and eye-tracking reading time measures, we 
examined whether the matrix language (ML), English in this 
study, determines the grammatical structure of 
code-switched NPs, particularly at the determiner level, as 
predicted by the MLF model. 

The results from both acceptability judgments and 
eye-tracking suggested that determiner selection in 
Arabic-English code-switching did not fully align with the 
MLF model’s prediction that the ML dictated the 
grammatical structure of functional elements. Instead, 
bilinguals exhibited preferences that deviated from 
cross-linguistically attested patterns, suggesting that 
additional linguistic and cognitive factors influenced 
determiner-noun integration in mixed-language contexts. 

The acceptability judgment results clearly showed that 
code-switched sentences generally lowered acceptability. 
However, condition ARB_ENG, in which the determiner 
came from Arabic, the embedded language (EL), was rated 
more acceptable than condition ENG_ARB, where the 
determiner came from English, the ML. This pattern 
contradicted the MLF model’s expectation that the ML 
should determine the language of functional elements such 
as determiners. Instead, Arabic-English bilinguals preferred 
structures in which the determiner came from their first 
language (L1) Arabic, which functioned as the EL in this 
case, rather than the ML English. This suggests that 
determiner selection in Arabic-English code-switching did 
not strictly adhere to the hierarchical constraints proposed 
by the MLF model. 

At first glance, the occurrence of the Arabic determiner in 
isolation is anomalous, as it is orthographically a prefix that 
should always attach to its host, which is not the case in 
code-switching. Here we observe a divergent observation 
between the determiner used in monolingual Arabic and 
Arabic-English code-switching: in monolingual Arabic, ال 
/əl/ always functions as a prefix and its pronunciation is 
subject to further allophonic variation across all Arabic 
dialects (Leung et al., 2020). On the contrary, in 
Arabic-English code-switching, the standalone ال is 
considered acceptable and it is always pronounced as [əl] 
regardless of the phonetics of the following noun. This 
suggests that the theoretical status of آل may differ in 
code-switching, i.e., bilingual speakers may process it as an 
independent morpheme rather than bound morpheme. 

The eye-tracking results further reinforced this pattern.  
Arabic nouns preceded by an English determiner (e.g., the 
 elicited significantly longer fixation durations than (كتاب
English nouns preceded by an Arabic determiner (e.g., ال 
book). This asymmetry suggests that bilinguals process 
code-switching at the noun level differently from the 
determiner level. One possible explanation is that 
encountering an Arabic noun in an otherwise 
English-dominant sentence increases processing difficulty 
due to script and orthographic differences, requiring 
additional time for lexical access and integration. This effect 
may be heightened because the noun carries semantic 
content and is central to sentence meaning 

In contrast, when the code-switched element is limited to 
the Arabic determiner ال (as in condition 6c), the disruption 
is reduced, likely because the following noun remains in the 
ML (English). Grammatically, the combination of ال + a 
bare English noun is semantically interpretable (i.e., it forms 
a definite noun phrase). However,, the reverse combination 
of the + a bare Arabic noun can be semantically ambiguous, 
as Arabic bare nouns are typically indefinite by default, 
creating a mismatch in definiteness marking Moreover, 
since ال is orthographically short, its following noun is 
likely to be parafoveally processed. Bilingual readers may 
extract basic orthographic cues such as the language of the 
upcoming word (in this case an English noun), enabling 
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them to skip the determiner more easily and facilitating a 
smoother transition across the language boundary. 

These findings can be further contextualized within the 
broader literature on switching costs in bilingual language 
processing. Some studies suggested that code-switching did 
not necessarily incur a processing cost, particularly in 
communities where it was a frequent and natural part of 
communication (Adamou & Shen, 2019). Other research 
indicated that switching costs might depend on the direction 
of the switch, with some studies reporting a higher cognitive 
load when switching from the dominant or first language 
(L1) to the weaker or second language (L2) (Bultena et al., 
2015), while others found greater costs when switching 
from L2 to L1 (Faroqi-Shah & Wereley, 2022). The mixed 
evidence suggests that factors such as proficiency, exposure, 
and structural properties of the languages play a role in 
determining the magnitude of switching costs. Our findings 
contribute to this discussion by showing that increased 
fixation durations for Arabic nouns following an English 
determiner suggest a processing cost associated with 
switching from English (L2) to Arabic (L1). However, the 
smoother transition observed when an Arabic determiner 
preceded an English noun indicates that switching from 
Arabic (L1) to English (L2) may be less disruptive, possibly 
due to the predictability of English nouns in an otherwise 
English-dominant sentence. 

Further support for our findings came from a recent study 
on spoken Arabic-English code-switching (Shim & Thaier, 
2024), which found that Arabic-English bilingual speakers 
predominantly preferred the Arabic determiner over the 
English determiner, regardless of the ML, when 
code-switched sentences were presented audibly. This aligns 
with our results in the written modality and reinforces the 
idea that determiner selection in Arabic-English bilinguals is 
not strictly governed by the ML, but influenced by 
additional linguistic and cognitive factors across both 
spoken and written contexts. The convergence of findings 
from both the reading and listening modalities suggests that 
determiner preference may be a robust pattern in 
Arabic-English code-switching, rather than an artifact of 
task-specific constraints. 

Taken together, our findings challenge the MLF model’s 
assumption that the ML determines the selection of 
functional elements in code-switched structures. Instead of 
adhering to some universal constraints, bilinguals may 
develop language-specific processing strategies that do not 
necessarily conform to models based on cross-linguistic 
generalizations. 

Future research should investigate whether these findings 
extend to additional contexts, including spontaneous speech, 
where factors such as prosodic cues, speaker intent, and 
discourse context may interact with determiner selection in 
Arabic-English code-switching. As the reviewers suggested, 
our hypothesis should also be verified in oral codeswitching, 
whether it is spontaneous or by elicitation. The use of 
written code-switching as the object of inquiry has been 
questioned by reviewers. Callahan (Callahan, 2002)  was 

likely the first to attempt an analysis of written 
code-switching and to test whether it also supports the MLF 
model. Her aim was to demonstrate, contrary to critics, that 
written code-switching is not inauthentic. Moreover, she 
argued that the MLF model of code-switching can be 
generalized to written contexts as well. Our study builds on 
this perspective, and we anticipate that the core findings will 
be replicable in oral Arabic-English code-switching.  

Additionally, individual differences in code-switching 
such as language dominance may provide further insights 
into how bilinguals manage grammatical and lexical 
integration across languages.Another important 
consideration, as one reviewer noted, is that written 
code-switching between Arabic and English involves not 
only a change in linguistic code but also a shift in script, 
from Arabic (an abjad) and the Roman alphabet. This type 
of ‘script switching’ may impose additional cognitive costs 
independent of linguistic code-switching (Li et al., 2018). 
Overall, our findings highlight the complexity of bilingual 
sentence processing and underscores the need for a 
theoretical model that integrates grammatical constraints, 
cognitive mechanisms, and language-specific properties, in 
describing a full spectrum of code-switching patterns. 
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