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Abstract

This study investigates lexical access in different script bilinguals; namely Arabic-English
adult speakers, a group that is rarely investigated. It covers cross-language activation, the
manner of lexical/phonological selection, and the flow of activation in different script
bilinguals, and whether proficiency level modulates cross-language activation, manner of

lexical/phonological selection, or flow of activation.

Currently there is a substantial and rapidly growing body of empirical evidence describing and
evaluating lexical access in bilinguals. However, the majority of these studies focus on same
script bilinguals (e.g., Spanish-English), with limited research addressing different script
bilinguals, such as Arabic-English bilinguals. It is argued here that the findings concerning
non-selective lexical access cannot be generalized to different script bilinguals, as script
differences can act as language cues and strict lexical access to target language. Therefore, we
conducted five different experiments to investigate the performance of highly and less
proficient adult Arabic-English bilinguals using three different tasks: a masked primed picture
naming task (experiments one, two, and three), a phoneme monitoring task (experiments four
and five), and an animacy decision task (experiment three). The use of the masked priming
paradigm to address lexical access, manner of selection and flow of activation in bilinguals is

unprecedented.

In the first experiment, the participants were required to name in the L2 (English), cognate and
non-cognate pictures that were preceded by L1 (Arabic) masked translation primes. A
significant cognate facilitation effect, and a translation facilitation effect were observed for
both highly and less proficient bilinguals. These findings suggest the bilinguals experienced

non-selective access (i.e., both languages were activated simultaneously), and that the manner



of lexical/phonological selection was language specific (i.e., considers activated nodes in the
target language only). Moreover, the findings pertaining to cognate facilitation suggest a
cascaded flow of activation for the non-target language. In experiment two, non-cognate
pictures were preceded by L1 semantically related masked primes, which were presented for
50 ms, 75 ms, and 100 ms. The semantic interference effect was evident when the masked
primes were presented for 75 ms, and 100 ms. This suggests that the lexical selection process
is language non-specific (i.e., considers activated nodes in the target and non-target language),
which contradicts the findings reported in experiment one. Experiment three investigated the
locus of the semantic interference effect to establish if it is at the conceptual or lexical level.
Thus, it compared the effect of semantically related masked primes across two tasks; i.e., the
animacy decision task, which involves conceptual processing, and the masked primed picture
naming task, which involves both conceptual and lexical processing. The results demonstrated
that the semantic interference effect was obtained in the masked primed picture naming task;
whereas semantic facilitation effect was obtained in the animacy decision task. This suggests
the locus of semantic effect is at the lexical level. In experiment four, the participants performed
a phoneme monitoring task in L2, in which they had to decide whether a visually presented
phoneme was part of the L2 picture name. The phonemes were either, part of the picture name
in L2 in the positive condition, part of the picture name in L1 in the critical condition, or
unrelated. The results revealed the participants experienced difficulties rejecting the phoneme
when it was part of the L1 picture name. Thus, the Arabic-English bilinguals’ two languages
appear to be activated simultaneously, and the activation of the non-target language cascades
to the phonological level. Experiment five examined whether the findings of the phoneme
monitoring task in experiment four would be replicated when L1 distinct phonemes (do not
exist in participants’ L2 language) were used in an additional critical condition. It was found

to be hard to reject L1 phonemes, even when the phonemes are L1 distinct. The findings



confirm non-selective access, as well as the cascaded flow of activation during the production

process by different script bilinguals.

Taken together, the results reported suggest the manner of lexical access in different script
bilinguals is language non-specific, and that activation flow cascades to the phonological level.
In addition, the results imply the lexical/phonological selection process considers the activation
of the target and non-target lexical nodes. Regarding the role of script differences and the
participants’ language proficiency level, the results suggest no modulation of cross-language
activation, manner of lexical/phonological selection, or flow of activation. The implications

for bilingual models of lexical access are also discussed.
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Chapter 1 Introduction and Background

The main goal of this research is to investigate lexical access by different script (Arabic-
English) adult bilinguals and the manner of lexical/phonological selection, namely whether it
is language specific or non-specific. It also seeks to explore the flow of activation, that is
whether the activation of the non-target language cascades to the phonological level. In brief,
the research focuses on how adult bilinguals select the target word when lexical items from
both languages are likely to be available. The second goal of the research is to test whether
participants’ language proficiency level modulates lexical access, the manner of
lexical/phonological selection, and the flow of activation in different script bilinguals. The
motivation for this research is that it offers valuable insights into our theoretical understanding
of lexical production models (cf. chapters four, five, six, seven, eight, and nine) and has
interesting practical applications (cf. chapters four, five, six, seven, and eight). Moreover, by
researching the lexical access process by two different proficiency groups (highly and less
proficient) in their second language (L2) across five experiments, it is possible to critically
evaluate how processing changes with language exposure and practice, and thereby the study’s

findings may have interesting implications for pedagogy.

Word production is defined as the process by which we translate concepts and thoughts into
patterns of sounds using our articulatory organs (Costa, Colomé, et al. 2000). Abstract nodes
are stored in our mental lexicon, and lexical access describes the process of selecting items for
production. For most adult monolingual speakers there are multiple items available to label an
object (e.g., toy, teddy, comforter), and of course for bilingual speakers there are potentially

twice as many items, leading to the obvious question of how the target item is accessed in real



time, and what factors inhibit or enhance the process of making a connection between the

concept and the corresponding target lexical node (La Heij 2005).

In the published literature (e.g., Costa and Caramazza 1999; Hermans et al. 1998), there is
compelling evidence that the activated concept (i.e., the intended message; for example, the
concept of ‘a dog’) sends activation to the corresponding lexical nodes in the target and non-
target language (namely the two alternatives ‘dog’ and ‘perro’ for an English-Spanish
bilingual). The selection process is achieved through a lexical selection mechanism that selects
the target lexical node in the target language. However, whether or not the non-target item is
also considered for selection is heavily debated. Currently, there are two opposing views in the
literature regarding the manner of lexical selection, namely language specific selection and
language non-specific selection. The language specific selection view (Roelofs et al. 1998;
Costa and Caramazza 1999; Costa et al. 1999) postulates that only the lexical nodes in the
target language are considered during lexical selection, whereas the language non-specific
selection view (De Bot 1992; Green 1998; Hermans et al. 1998) postulates that lexical nodes
in the target and non-target language are considered during selection. Another point of
disagreement in the literature concerns the flow of activation of the non-target lexical nodes,
namely whether it cascades from the lexical level to the phonological level (cascaded view)
(Caramazza 1997; Costa, Caramazza, et al. 2000; Gollan and Acenas 2000), or whether it does
not go beyond the lexical level, and thus does not cascade to the phonological level (the discrete
view) (Levelt 1989). Most recent findings of same script bilingual studies suggested a cascaded
view, however whether the same cascaded flow is applicable to different script bilinguals
remains unclear (see for review Costa 2004). The objective of the present study is therefore to
determine whether testing adult bilinguals with different scripts can shed light on these debates,
and reveal the underlying processing of lexical access, manner of selection, and activation flow

further.



The underlying mechanism of lexical access in bilinguals is typically described as complex
and complicated as it involves pragmatic, semantic, syntactic, phonological, and articulatory
processes and presentations (Costa, Santesteban, et al. 2006). The present study illustrates how
the complex nature of bilingual lexical access and the reported methodological limitations of
tasks, such as the often-used picture word interference task (Miozzo and Caramazza 2003;
Costa, La Heij, et al. 2006) have contributed to the contradictory findings in the literature
regarding the manner of lexical/phonological selection and the flow of activation. This study
identifies a need to shift to different behavioural paradigms, in order to generate more
informative data to unravel the current contradictions and develop further known theories.
Thus, this research deliberately deviates from typical studies concerning bilingual lexical
access reported in the literature, as it introduces a different experimental procedure that adopts
the masked primed picture naming and the animacy decision with the phoneme monitoring
tasks, and works with adults using different scripts, rather than the more traditional same script

bilinguals.

There is currently a substantial body of empirical data describing lexical access by bilinguals
and monolinguals (Green 1986; Levelt 1989; Schriefers et al. 1990; Roelofs 1992; Hermans et
al. 1998; Costa and Caramazza 1999). However, the vast majority of these studies examined
same script bilinguals (e.g., Spanish-English, Spanish-Catalan, and French-English bilinguals),
and little attention was paid to different script bilinguals, such as Arabic-English bilinguals. As
discussed later in chapter two, a shared script may contribute to the findings of non-selective
access, and there is a possibility that a different pattern of access may manifest if the languages
have a distinct script. Previous research on same script bilinguals (e.g., Miller and Kroll 2002)
reported that bilinguals use language specific features as a language cue that in turn reduces
the cross-language activation during production. Script differences are prominent linguistic

features, thus we expect that these differences may act as a language cue and modulate lexical



access/activation and the selection process, because, as detailed later in chapter two, it is known
that orthography plays an important role in word production, even when the written form is
absent (e.g., Han and Choi 2016). Thus, this study seeks to further the understanding of
bilingual lexical access by investigating different script bilinguals (Arabic-English speakers)
whose two languages differ substantially, especially in the written form. This research is not
the first to examine different script bilinguals, and the work of scholars such as Hoshino (2006),
Moon and Jiang (2012), and Kheder and Kaan (2019) is reviewed later in this thesis. However,
these studies adopted identical experimental paradigms to those used when testing same-script
bilinguals, namely simple picture naming, picture-word interference tasks, and language
switching, while the present study argues that these paradigms are unable to adjudicate between
the language-specific and language non-specific hypothesis (Costa, Colomé, et al. 2000), as
detailed in chapter two, section 2.2.2. Therefore, the current study employs a different
paradigm, namely the masked priming paradigm, as the main task in experiments one, two and
three (chapters four, five and six, respectively). In addition, Arabic-English bilinguals are
recruited to this study, as the population has rarely participated in bilingual lexical access
studies. Moreover, only a few previous studies examined the effect of L2 proficiency level on
lexical access in bilingual speakers (e.g., Boukadi et al. 2015), with mixed results. The findings
of the current study will therefore fill this gap, and clarify some of the previous contradictory
findings by analysing the data from two distinct proficiency level groups (highly and less

proficient) in five different experiments (chapters four, five, six, seven, and eight).



1.1 General objectives of the study

In brief the general objectives of this research are :

= To determine whether or not lexical access in different script bilinguals is language non-

specific;

= To investigate the manner of lexical/phonological selection and the flow of activation during

bilingual word production;

= To examine whether cross-language activation, manner of lexical/phonological selection,

and flow of activation is influenced by proficiency level.

The study aims to:

= Further our understanding of adult lexical access, in order to develop the current word

production models;
= Evaluate the role of orthography and proficiency level in this process;

= Conclude whether it is possible to make any recommendations for second language learning

pedagogy.

1.2 Research questions

The current research attempts to answer the following questions:

What is the manner of lexical access in different script bilinguals?

What is the manner of lexical selection in different script bilinguals?

Does the flow of activation cascade to the phonological level in different script bilinguals?

What is the manner of phonological selection in different script bilinguals?

What is the effect of proficiency level on the manner of lexical access, lexical/phonological

selection, and flow of activation in different script bilinguals?



1.3 Organizations of the thesis

This thesis is organized in nine chapters. The first chapter has introduced the topic and the
objectives of the study. The second chapter presents a literature review of lexical access in
bilinguals, including the proposed models of word production, and a review of the traditional
methods employed in such investigations. It also introduces the masked priming paradigm and
the animacy decision task that are employed by the present study, and justifies their adoption.
The third chapter summarizes the five different experiments conducted in this research, and the
methods implemented in each task. The next chapters (four, five, six, seven, and eight) describe
each experiment in turn, in detail, reporting and discussing the results and the implications of
their findings. Finally, the last chapter provides a general discussion of the overall findings and
their implications for bilingual models of language production. It also briefly discusses the

pedagogical implications of the study’s findings, and the limitations of the present research.



Chapter 2 Literature Review

This chapter commences with a concise overview of the preliminary theories of lexical access
by monolinguals, regarding the manner of activation and selection (section 2.1), in order to
facilitate readers’ understanding of the processes involved, before shifting to the discussion of
lexical access by bilingual speakers discussed in the second section (2.2). The discussion
expands in section 2.3 to include a critical evaluation of the common methods used in such
investigations. Section 2.3.5 then highlights the fact that lexical access in different script
bilinguals has received little attention to date, as well as the role of proficiency level in
bilinguals’ word production (discussed in section 2.4). This is followed by a discussion of the
implications of this gap in the extant literature. The next section (2.5) presents a brief review
of the role of orthography in spoken word production, despite the absence of the written form.
Section 2.6 discusses the role of language cues, and how specific linguistic features of any
language can influence the production process of similar/different script bilinguals. An
overview of the cross-linguistic differences between the Arabic and English language is
introduced in section 2.7. The chapter concludes with a detailed account of the priming method
(section 2.8), highlighting the ways in which this paradigm is suitable for investigating word
production by bilinguals. This is followed in section 2.9 by a brief review of the animacy

decision task, detailing how it helps to address the research questions of the present study.

2.1 An overview of lexical access in speech production in monolinguals: Stages and

processes

Early word production studies (Levelt 1989; Levelt et al. 1999) investigated the architecture
and process of the production system by monolingual speakers, and initially theoretical models
were developed (e.g., Dell 1986; Levelt 1989; Levelt et al. 1999) that captured the production

process of monolingual speakers. Subsequent studies (e.g., Green 1986; De Bot 1992; Poulisse



and Bongaerts 1994; Poulisse 1997) investigated whether these models could be extended to
bilingual speakers, which were the main focus of the present study. Since most bilingual
models are based on proposals originally made in relation to monolingual lexical access, this
section introduces these models and their predictions before proceeding to review the existing
bilingual lexical access models. The main questions addressed in the previous
psycholinguistics research concerning monolingual word production (Levelt 1989; Levelt et

al. 1999) were as follows:

(i) How many stages of processing (i.e., levels of representation) are there in speech

production?
(i) Are these levels independent of one another, or is there an interaction between them?

(iii) Does only the target! word receive activation, or do other related, non-target words also

receive activation, and then compete for selection?

(iv) If competition occurs, how do speakers select the target word?

Previous studies proposed different models of speech production to address these questions (cf.
Dell 1986; Levelt 1989; Caramazza 1997; Dell et al. 1997; Levelt et al. 1999). These models
recognized at least three stages of processing: the conceptual level, where the meanings of the
words are stored; the lexical/lemma level, where the syntactic/semantic properties of the words
are stored; and the lexeme, in which information about the word forms (morpho-phonological
properties) is stored (Levelt 1989; Levelt et al. 1991; Roelofs 1992; Bock and Levelt 1994)

(Figure 1).

1 Throughout the study, | make use of the following terms ‘target word’ and ‘target lexical nodes’
interchangeably. In monolingual studies, these terms refer to the specific word that the speaker wishes to
produce to name an object. In bilingual studies, they refer to the specific word in the language in which the
speaker is performing the task.
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Figure. 1 The different stages of processing involved in speech production (Costa, Colomé et al. 2000, p. 406).

To illustrate, when a speaker attempts to name an object, such as a dog, it is argued that not
only the concept of ‘a dog * is activated, but several semantic representations (such as ‘cat’)
also receive activation to some level, either because they share some semantic features, such
as being a four-legged animal (Levelt 1989), or because their semantic representations are
interconnected (Dell 1986; Caramazza 1997) (see Figure 2). These activated semantic
representations spread activation to the corresponding lexical nodes at the lexical/grammatical
encoding level, which is often referred to as ‘the spreading activation principle’® (Dell 1986;
Starreveld and La Heij 1995; Caramazza 1997; Roelofs et al. 1998; Levelt et al. 1999; Costa,
Colomé, et al. 2000). The speaker then must select the target lexical node corresponding to the

picture of a dog among the activated non-target lexical nodes (such as ‘a cat’).

2 Throughout this study, the following notation is used: italics for stimuli (pictures or words), italics and single
quotation marks for lexical and semantic representations, and round brackets for the meaning of the stimuli
(picture or words) if it is presented in any language other than English.

3 The spreading activation principle refers to the activation that spreads from conceptual system to the lexical
level.
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Figure. 2 Lexical access by monolingual speakers. The arrows represent the flow of activation and the thickness
of the circles represents the level of activation of the lexical nodes (Costa, Colomé et al. 2000, p. 407).

Thus, a selection mechanism is required in order to identify the lexical node that corresponds
to the intended concept. This mechanism chooses the lexical node with the highest level of
activation and is sensitive not only to the level of activation of the target lexical nodes, but also
to the level of activation of the non-target lexical nodes. That is, the higher the activation level
of the non-target lexical nodes, the more difficult the lexical selection becomes. Once the target
lexical node is selected, it spreads activation to the corresponding phonological representation
(/d/, Iol, Ig/) at the phonological encoding level. The last stage of speech production involves
the articulation of the target word. In general, existing theories of speech production by
monolinguals recognize these characteristics of the major stages of the process. However, they
differ greatly in how they are implemented (Dell 1986; Starreveld and La Heij 1995;

Caramazza 1997; Roelofs et al. 1998; Levelt et al. 1999).

The next section presents a summary of the different models of monolingual speech production
and their predictions regarding the flow of activation, concluding with their relevance to the

extant models of bilingual lexical access.
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2.1.1 Models of lexical access in monolinguals

This section describes the different monolingual models, beginning with the discrete model,

followed by the cascaded model, and lastly the interactive model.

2.1.1.1 The Discrete Stage Network Model

The discrete model assumes that when a speaker names a picture of a sheep, for example, the
conceptual representation of the target word, ‘sheep’, and the related conceptual
representations (‘sheep’, ‘milk’, ‘goat’, ‘animal’, ‘wool’) are activated (Roelofs 1992). This
activation then spreads to the corresponding lexical nodes at the lemma level*, where the non-
target lexical nodes act as competitors, and compete for selection (Figure 3). Thus, there is a
selection mechanism, and the lexical node that receives the highest activation is selected. The
activation of non-target nodes and the lexical selection mechanism are supported by the
evidence of spontaneous slips of the tongue. For example, if a speaker wants to say the dog
barks, he may say the cat barks instead (Costa, Colomé, et al. 2000). This type of slip is argued
to be a malfunction of the lexical selection mechanism (Costa, Colomé, et al. 2000), and is
termed ‘a selection error’. These slips are typically from the same grammatical class as the
target (i.e., in this example, both items are nouns), and they are phonologically,
morphologically, and orthographically well formed; the slip is that a non-target (semantically

related item) is selected.

# In lexical access studies, the following terms ‘lemma level’ and ‘lexical level® are used interchangeably, as
well as the terms ‘lexeme level’ and ‘phonological level’.
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Figure. 3 A network model of lexical access (Bock and Levelt 1994, p.951).

The discrete model differs from other models in its assumption that lexical selection occurs at
the lexical level, and not at the phonological level. That is, once the lexical node is selected,
the corresponding phonological features are retrieved for only the selected node (Levelt 1989;
Leveltetal. 1991; Roelofs 1992; Bock and Levelt 1994). The remainder of this section reviews

the findings that support this view.

Evidence that supports the discrete two-stage model was provided by studies using the picture-
word interference task, a variant of the Stroop task (Stroop 1935). In the study conducted by
Schriefers et al. (1990), for example, the participants were asked to name pictures, while
ignoring auditorily presented distractor words that were either semantically or phonologically
related, or unrelated. The distractor words were presented either 150 milliseconds (ms) before
the onset of the picture, 150 ms after the onset of the picture or at 0 SOA. The results showed
that the semantic interference effect was obtained only in the condition in which the
semantically related distractor word preceded the picture. Moreover, the phonologically related

words induced a facilitation effect when presented later, namely after the onset of the picture
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or at 0 SOA. These findings suggested that the interference effects of the semantically related
distractor words were seen early in the process of naming a picture, while the facilitation effect
of the phonologically related distractor words was seen later in the process of picture naming.
The researchers interpreted these results as evidence that semantic processing precedes
phonological processing, which supports the discrete model of lexical access. Meanwhile,
Leveltetal. (1991) conducted a similar study, in which speakers were asked to name a picture,
but before doing so were presented with an auditory probe word or non-word about which they
had to make a lexical decision. The relationship between the pictures and the probes was
manipulated, so they were either phonologically related (for example, the probe sheet for the
picture of a sheep), phonologically similar to a semantically related item (for example, the
probe goal for the picture of a sheep), or semantically related (for example, the probe goat for
the picture of a sheep). The timing of the presentation of the probes varied; they were presented
either before the onset of the picture (an average of 73 ms), or after longer delays (373 and 673
ms). The experiment sought to prove that if semantic and phonological processing is not
discrete, then when the subject names a picture of a sheep, the concept of ‘a goat’ will be
partially activated and spread activation to the lemma ‘goat’, which in turn should cause the
phonological form ‘goal’ to become active, much like the ‘sheet” becomes active for ‘sheep’.
Thus, semantically mediated priming should be obtained. However, if the semantic and
phonological processing is discrete, the partially activated lemma goat should not activate the
phonological form of the probe word goal; that is, mediated priming would not be obtained.
The results of the study showed that semantically related probes (goat for sheep) induced
interference effects when they were presented at early SOAs, but not at later SOAS;
phonologically related words induced a facilitation effect at all SOAs; and there was no effect

of the semantically mediated phonological probe (such as goal). These findings were
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interpreted as evidence that semantic processing precedes phonological processing, which

supported the discrete models of lexical access.

2.1.1.2 The Cascaded Model

Unlike the discrete model, the cascaded model (Figure 4) assumes that the activation of any
lexical nodes (lemma) spreads activation to their phonological properties (lexeme) even before
lexical selection has been achieved (Jescheniak and Schriefers 1998; Peterson and Savoy
1998). When producing the word ‘dog’, for example, the activated concepts (such as ‘dog’,
‘cat’, and ‘park’) spread activation to the linked lemma (‘dog’, ‘cat’, and ‘park’,), which in
turn activate the corresponding phonological representations. Furthermore, it is argued that the
flow of activation feeds forwards, from the lexical level to the phonological level, and not vice

Versa.

concept = —==ST"="=_ ) articulatory plan
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Figure. 4 A cascaded model of lexical access (Levelt et al. 1991, p.125).

Supporting evidence for the cascaded model came from previous studies that employed the
picture-word interference task (Jescheniak and Schriefers 1998; Peterson and Savoy 1998). In

their study, Peterson and Savoy (1998), for example, presented several experiments in which
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the participants had to name a picture when a question mark appeared at the offset of the picture
presentation for most of the trials; whereas in the the critical trials, they were required to name
a visual word presented after the picture. The relationship between the pictures and the probes
was manipulated. The critical items were pictures with two synonyms (e.g., couch and sofa),
words that were phonologically related to the picture names (e.g., count and soda), or words
that were unrelated to the picture names (e.g., tiger). In this study, Peterson and Savoy (1998)
hypothesized that the semantic relationship between these synonyms would induce
semantically mediated phonological priming. They assumed that being interchangeable, both
the lemma (e.g., ‘couch’ and ‘sofa’) would be highly active during lexical access. The study
proposed that if the processing is cascaded, the activation of the phonological properties of the
two synonyms (e.g., couch and sofa) would be present prior to the lexical selection, resulting
in the phonological properties of the phonologically related probes (e.g., count and soda) being
partially activated. The results of the study demonstrated that phonologically related words
were named faster than unrelated probes (e.g., tiger). This was interpreted as evidence for the
cascaded model of lexical access, rather than the discrete model. In addition, Jescheniak and
Schriefers (1998) tested the same kind of materials (in Dutch), using the picture-word
interference task, and again reported results that supported the cascaded model, as phonological
activation did not occur exclusively for the picture name, as the near synonym of the word was

also phonologically activated. The next section reviews the interactive model.

2.1.1.3 The Interactive Model

Like the cascaded model, the interactive model assumes that the phonological activation of
non-target words occurs before lexical selection. However, it differs from the other models as
it assumes that this phonological activation affects the lexical selection by feeding back to any

lexical nodes to which they are linked (Dell 1986; Starreveld and La Heij 1995; Dell et al.

15



1997). For example, when a speaker names a picture of a dog, before the selection of the
corresponding lexical node, the phonological segments of the target word (/d/, / o/, /g/) will be
activated, spreading activation back to any lexical nodes containing them, such as ‘doll’ and
‘dot’ (Figure 5). The non-target words that are activated from the phonological system, and not

from the conceptual system, act as potential candidates for selection (Costa 2004, pp. 201-223).

Semantics

Phonemes

Figure. 5 An interactive model of lexical access (Dell et al. 1997, p. 805).

To illustrate, Starreveld and La Heij (1995,1996) using the picture-word interference task,
asked speakers to name pictures, whilst ignoring visually presented word distractors. The
relationship between the pictures and the distractor words was manipulated, so that they were
either: (i) semantically and phonologically related; (ii) semantically related; (iii)
phonologically related; or (iv) unrelated. The findings indicated that there was an interaction
between the semantic interference effect and the phonological facilitation effect. More
specifically, the semantic interference effect was reduced when the target and distractor words
were both phonologically and semantically related. For example, when the participants named
a picture of a cat, the semantic interference effect was less for the phonologically and

semantically related distractor (e.g., calf) than for the semantically related distractor. These
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results suggested that activation feedbacks from the phonological level to the lexical level and
affects the lexical selection process, which is consistent with the predictions of the interactive

models of lexical access.

To summarize, the monolingual models recognize three different levels of processing (i.e.,
conceptual, lexical, and phonological), and the spreading activation principle that explains the
activation flow from the conceptual to the lexical level. However, this is where the agreement
ends as the models differ regarding whether they assume a discrete or cascaded flow of
activation to the phonological level. Thus, research regarding lexical access by monolingual
speakers primarily investigated whether phonological representations are activated at the
phonological level, and if the processing is cascaded what the effect of this co-activation is on
the selection process. The next section reviews how previous research concerning bilingual
lexical access reported the same stages of processing, and like the monolinguals” models, how

they differ regarding whether the flow of activation is discrete or cascaded.

2.2 Lexical access in speech production in bilinguals

Like the monolingual models, the current models of lexical access by bilinguals assume that
there are three different stages of processing, namely conceptual, lexical, and phonological.
However, the models also recognize a shared conceptual system between the two languages of
a bilingual individual, and two separate lexicons (Potter et al. 1984; Kroll and Stewart 1994;
Poulisse and Bongaerts 1994; Costa et al. 1999). Each conceptual representation is potentially
connected to its corresponding lexical nodes in both languages. This prompts several important
questions that were addressed by bilingual studies, namely: How does the spreading activation
principle, from the conceptual level to the lexical level, work in bilingual lexical access? If

both the target and non-target lexical nodes are activated, how does a bilingual select the target
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lexical node, rather than the alternative? Does the selection entail competition? And does the

activation flow to the phonological level for both lexical nodes, or only to the target node?

The next section explores the spreading activation principle from the conceptual system to the
lexical level, and then highlights the current disagreement in the literature regarding the lexical
selection mechanism (language specific vs non-specific), and the flow of activation (discrete

vs cascaded).

2.2.1 The spreading activation principle in bilingual speakers

Initially, the issue regarding the spreading activation principle in bilinguals was much debated,
and two schools of thought emerged: the target language specific hypothesis®, and the target
language non-specific hypothesis (Costa, Colomé, et al. 2000). According to the target
language specific hypothesis (e.g., McNamara and Kushnir 1972) the flow of activation is
channelled from the conceptual system to the target language lexical system only, causing
selective lexical access. It is argued that the intention to speak in the target language is
sufficient to inhibit activation of the non-target lexical nodes, therefore, lexical activation is
selective, and only those words in the target language receive activation from the conceptual
system (Figure 6). For example, when a Spanish-English bilingual person names a picture of a

cat in English, only the English lexical nodes/lemmas are activated.

® Note that we use the terms “language specific and language non-specific” throughout this study to describe
lexical access and selection in bilinguals. The manner of lexical access can be language non-specific but does
not entail that lexical selection is language non-specific.
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Figure. 6 A model of selective lexical activation (Hoshino 2006, p. 16).

In contrast, the target language non-specific hypothesis (Green 1986; De Bot 1992; Poulisse
and Bongaerts 1994; Poulisse 1997) assumes that the activation spreads from the semantic
system to both languages, regardless of the language chosen for production (i.e., non-selective
lexical access). For example, when a Spanish-English bilingual person names a picture of a
cat in English, not only are the corresponding English lexical nodes activated, but the Spanish
lexical nodes are also activated (Figure 7). This view is widely accepted by the current models
of bilingual word production and often referred to as non-selective activation, or the parallel
activation® of the two lexicons (Costa and Caramazza 1999; Hermans 2000; Kroll et al. 2000).
The findings of cross-language activation at the lexical level are widely reported in different
tasks, such as picture-word interference tasks (e.g., Hermans et al. 1998), phoneme monitoring
tasks (e.g., Colomé 2001) and language switching tasks (e.g., Meuter and Allport 1999).
However, the manner of lexical selection is heavily debated. The next section discusses the

different views concerning the lexical selection mechanism.

® Note that ‘the parallel activation principle’ refers to the activation of the two lexicons of a bilingual, and it is
different from ‘the spreading activation principle’ which refers to the activation that spreads automatically from
conceptual system to the other level of representations i.e., lexical/phonological level during
monolinguals’/bilinguals’ word production.
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Figure. 7 A model of non-selective lexical activation (Hoshino 2006, p. 14).

2.2.2 Lexical selection mechanism: language specific or language non-specific selection?

As discussed previously in relation to monolinguals, one implication of the spreading
activation principle is the activation of target and non-target lexical nodes. Hence, a selection
mechanism is required to identify the target lexical node. In the case of bilinguals, since the
spreading activation principle is also applied, a selection mechanism is required that not only
chooses the target lexical node that corresponds to the intended concept, but is also in the
correct language (Costa, Colomé, et al. 2000). As the selection mechanism is sensitive to the
level of activation, it will choose the lexical nodes with the highest activation level. According
to the parallel activation principle, both the target lexical node and its twin in the other language
will be highly activated. So how does the speaker select the correct word, instead of its
counterpart? The lexical selection mechanism can be considered in two ways: the language

specific view, and language non-specific view (Figure 8).
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Figure. 8 Schematic representation of the language specific and non-specific selection views (Costa, Colomé et
al. 2000, p. 413). The arrows show the flow of activation and the thickness of the circles represents the activation
level of the lexical nodes.

The language non-specific view assumes that the lexical nodes in both languages are active
and compete for selection, and there is an inhibitory mechanism (Inhibitory Control [IC]) that
suppresses the activation of the lexical nodes in the non-target language (De Bot 1992; Poulisse
and Bongaerts 1994; Green 1998; Hermans et al. 1998). Consequently, the activation level of
the target language nodes is higher than that of the non-target language, which facilitates the
selection of the former. Thus, lexical selection is language non-specific, because it considers
the activation of lexical nodes in both the target and non-target language. According to Costa
and Santesteban (2004), this inhibitory control mechanism is dependent on the participants’
proficiency level, which is to say that unbalanced” bilinguals apply a language non-specific
selection and rely on the IC to supress the activation of the non-target lexical node, whereas

balanced bilinguals apply a language specific selection (discussed in detail later in section 2.4).

" The term ‘balanced bilinguals’ refers to bilinguals who are equally fluent in both languages and the term
‘unbalanced bilinguals’ refers to bilinguals who are fluent in only one language, which is usually their L1, and
not fluent in the second language.
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In contrast, the language specific view assumes that the lexical nodes in the target and non-
target language are active, but only those in the target language are considered for lexical
selection (Roelofs et al. 1998; Costa and Caramazza 1999; Costa et al. 1999). Hence, there is
no cross-language lexical competition during the selection process. But how does the selection
take place? Currently, only the proposal by Roelofs (1998) that there is a binding-by-checking
mechanism which ensures that the word selected matches the meaning intended in the language
intended has addressed this question. Further discussion of the different procedures employed
in these investigations, and the contradicting findings reported in the extant literature are
presented later in this chapter. The next section explores whether or not the activated target and

non-target lexical nodes spread activation to the phonological level.

2.2.3 Is the flow of activation cascaded or discrete?

As with monolingual studies, the issue of whether the flow of activation from the conceptual
level to the lexical level cascades to the phonological level is much debated in the bilingual
studies. The cascaded view posits that any activated lexical nodes spread some activation to
their corresponding phonological representations at the phonological level. This implies that
the activation of the target and non-target lexical nodes cascades to the phonological level
(Caramazza 1997; Costa, Caramazza, et al. 2000; Gollan and Acenas 2000), and that the
selection of the target node occurs at the phonological level. In contrast, the discrete view
assumes that only the lexical nodes selected are phonologically encoded (Levelt 1989; Roelofs
1992). This implies that the non-target phonological representations are not activated at the
phonological level, and that the selection occurs at the lexical level. In the existing bilingual
studies, there is a growing body of evidence that supports the cascaded view in similar script
bilinguals (e.g., Hermans 2000; Kroll et al. 2000; Colomé 2001). However, the issue of whether

the locus of selection is at the lexical level or at the phonological level remains unclear.
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Previous studies assumed a single locus of selection at either the lexical level or at the
phonological level. According to Costa (2005), the selection of the target lexical node must be
at the lexical level, rather than at the phonological level, because the grammatical properties of
the target lexical node (e.g., grammatical gender) must be accessed before the retrieval of their
phonological properties. Opponents of this view employed the findings of phonological
activation of non-target segments as evidence against the view of the lexical locus of selection.
However, this conclusion is flawed, as finding a phonological activation of the non-target
lexical nodes (i.e., cascaded activation) does not necessary entail that there is one locus of
selection, and that this is at the phonological level. On the contrary, it suggests that there may
be another selection mechanism at the phonological level that should be examined further. This
suggestion was supported by the recent work of Blanco-Elorrieta and Caramazza (2021), who
proposed the existence of a general selection process at every linguistic level. The present study
explored this model further; specifically, the lexical selection mechanism was investigated in
experiments one, two, and three (chapters four, five, and six, respectively), and the
phonological selection mechanism in experiments one (chapter four). In experiment four and
five (chapters seven, and eight, respectively), we investigated the manner of cross-language
phonological activation using the phoneme monitoring task. To the best of the author’s
knowledge, this is the first research attempt to address the selection mechanism as a multi-level
process. In addition, this study investigated whether or not script differences and participants’

proficiency level modulate the flow of activation and selection.

To this point, in section 2.2., we have discussed different proposals regarding the bilingual
lexical selection, the spreading activation principle, and the flow of activation. We explained
that there is a consensus in the literature that assumes that activation flows from conceptual
system to the lexical level, namely a parallel activation of the lexical nodes in the two languages

at the lexical level, and that the flow of activation is cascaded. However, the manner of lexical
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selection remains unclear and is the subject of debate, namely whether or not lexical selection
involves competition (i.e., language specific vs non-specific). We argued that the disagreement
in the extant literature may be attributed to two factors: first, the use of different experimental
paradigms; and second, the testing of bilinguals whose level of proficiency and dominance in
the two languages differs. The next section critically evaluates the methodologies adopted
previously, and highlights how the decision was made to focus on different levels of

proficiency in the present study.

2.3 Methodologies previously adopted in bilingual word production studies

This section critically evaluates the methodologies typically employed by bilingual word
production studies, namely (i) the simple picture naming task; (ii) the picture-word interference
task; (iii) the phoneme monitoring task; and (iv) the code mixing/switching task. The
discussion sheds light on limitations of these approaches, explaining how they might account
for the contradictory findings in the literature. It also illustrates the commonly tested effects in
these tasks (e.g., the cognate effect, identity effect, and the semantic interference/ facilitation
effect) and their implications for models of bilingual production. It is essential that these effects
are understood at this point in the thesis, as later sections of this chapter discuss how to test

these effects in the masked priming paradigm, the main approach adopted by the present study.

2.3.1 Simple Picture Naming Task

Picture naming is one of the most popular paradigms for studying the processes involved in
bilingual lexical access; it requires the participants to name a picture as quickly and accurately
as possible, and their response time and accuracy are recorded for analysis. It is commonly
used to investigate the cognate facilitation effect that refers to the advantage that cognate

pictures have over non-cognate pictures in the speed of production (e.g., Hoshino and Kroll
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2008). Cognates are words that are semantically and phonologically similar in the two
languages (for example gato [Spanish, cat], gat [Catalan, cat]) (Costa, Caramazza, et al. 2000).
It is argued that if the phonological segments of the non-target language are activated, naming
latencies should be faster for cognates than for non-cognates. This is because the activation of
the semantic representation of the word ‘cat’ will flow to both lexical nodes, regardless of the
speaker’s intention to speak in one language: the Catalan lexical node ‘gat’ and the Spanish
lexical node ‘gato’ (see Figure 9). The shared phonological segments (/g/, /al/, It/) receive
activation from both languages, resulting in a higher level of activation (Costa, Caramazza, et
al. 2000) and the common finding is that the bilinguals are faster at naming pictures with

cognate names than pictures with non-cognate names (e.g., Janssen 1999).

Semantic nodes

L exical nodes

Sublexical nodes

Figure. 9 Schematic representation of picture naming for cognate words (Costa, Caramazza, et al. 2000, p. 1285).
The arrows demonstrate the flow of activation and the thickness of the circles shows the activation level. Some
phonological segments corresponding to the Spanish target word (gato) receive some extra activation from its
Catalan translation word (gat) (Costa, Caramazza, et al. 2000, p. 1285).

This differs from non-cognates, where the phonological segments receive information from
one language only. The presence of the cognate facilitation effect suggests that the lexical

nodes from the non-target language are activated to the point at which phonology is specified.
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The results of Costa, Caramazza, et al.’s (2000) study demonstrated that the cognate effect was
obtained when naming was performed in the first language (L1) and the second language (L2);
however, more pronounced effects were obtained when naming was performed in the L2. The
findings were replicated with a different group of bilinguals, namely Dutch-French (Janssen
1999). The cognate facilitation effect is subject to two interpretation; first, it occurs as a result
of phonological overlap, as discussed earlier in this section; or secondly, that it occurs due to
phonological interference caused by the activation of non-target segments at the phonological

level when naming non-cognates (Costa, Caramazza, et al. 2000).

The findings of the previous cognate picture naming studies supported models of non-selective
activation and language-specific selection. This is because if lexical selection entails
competition, then cognates should induce interference rather than facilitation. In addition, the
data suggested that both the target and non-target lexical nodes are active when phonology is
specified, following a cascaded pattern of activation. In the current study, the cognate effect
was examined using the masked priming paradigm to determine whether the effect is robust,
even when a different procedure is applied with a different group of bilinguals, whose
languages have different scripts. Another tension in this matter is that the findings concerning
the faster naming of cognate pictures are often contradicted by those of picture-word

interference tasks, highlighting the semantic interference effect discussed in the next section.

2.3.2 Picture-Word Interference Task

The picture-word interference task is another popular paradigm for testing the predictions of
word production models. In this task, the participants are presented with pictures to name,
along with visually or auditorily presented distractor words that may or may not share a
relationship with them (Collina et al. 2013). The participants are usually instructed to name the

pictures as quickly and accurately as possible, and to ignore the distractors. The relationship
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between the pictures and the distractors is manipulated, as is the language of the distractor word
and the timing of its presentation relative to the pictures. The response times and accuracy are
recorded for analysis. Typically, two effects are observed: the semantic interference effect, and
the orthographic/phonological facilitation effect (Zhao et al. 2012). The semantic interference
effect refers to the longer reaction times observed when the picture and distractor word are
semantically related, for example a picture of a dog and the distractor word fox, compared to
when there is no relationship between the pictures and the distractors, such as a picture of a
dog and the distractor word car (Glaser and Diingelhoff 1984; La Heij 1988). Previous studies
argued that the semantic interference effect reflects competition between the lexical nodes
during the lexical selection at the lexical level (Schriefers et al. 1990; Roelofs 1992; Starreveld
and La Heij 1995). The orthographic/phonological facilitation effect refers to the faster reaction
times observed when the name of both the distractor and the picture are orthographically or
phonologically related, for example a picture of a dog and the distractor word doll, compared
to when there is no relationship between the picture and the distractor word (Lupker 1982;
Rayner and Springer 1986; Starreveld 2000; La Heij 2005). It is argued that this effect is
localized at the phonological level, as it reflects the activation of the phonological segments of
the non-target lexical nodes that enhances the activation of the shared phonemes (Schriefers et

al. 1990; Roelofs 1992).

For example, Hermans et al. (1998) tested Dutch-English bilinguals in a picture-word
interference task in which the participants were required to name the picture in English, and to
ignore the auditorily presented word in the L1. The relationship between the picture name and
the distractor word was manipulated. For example, when a picture of a mountain was presented,
the participants had to ignore the L1 distractor words that were either semantically related to
the picture name (for example dal [Dutch, valley]), phonologically related (for example mouw

[Dutch, sleeve]), unrelated (for example kaars [Dutch, candle]), or phonologically related to
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the Dutch translation of the picture’s name berg (for example berm [Dutch, verge]). The
phonologically related distractors induced shorter naming latencies, hence revealing a
facilitation effect. In contrast, the semantically related distractors induced longer naming
latencies and caused a semantic interference effect. Similarly, the phonologically related
distractor to a Dutch translation name induced longer naming latencies, revealing the so-called
‘phono-translation effect’. The semantic interference effect suggested that the lexical nodes in
the non-target language were activated at the lexical level and competed for selection. The
phono-translation effect occurred at the SOAs (defined in section 2.1.1.1), where semantic
interference effects have been observed. Thus, this phonological interference effect was
interpreted as evidence of the activation of the lexical nodes of the Dutch translation of the
picture’s name (berg) at the lexical level. In combination, the findings of the study supported
a model of language non-specific selection in which the lexical nodes from both languages are

active and compete for selection at the lexical level.

As stated earlier, the task has a few drawbacks, one of which is that the findings reported have
multiple interpretations. For example, (Costa, Colomé, et al. 2000) argued that the phono-
translation effect, found in the research conducted by Hermans et al. (1998), may not be
evidence for competition at the lexical level, but could instead be interference at the
phonological level. They argued that the distractor word berm may activate its phonological
segments (/b/, /e/, Irl, Im[), some of which (/b/, /e/, Ir/) may receive further activation from the
lexical node ‘berg’, which is activated by the semantic representation of the picture mountain,
and thus delay the retrieval of the phonological segments of the target word mountain.
Moreover, Costa et al. (1999) and Costa, Colomé et al. (2000) argued that the semantic
interference effect observed across languages cannot be taken as evidence of competition
between lexical nodes in the target and non-target language, and thus cannot adjudicate

between the language-specific and language non-specific hypothesis. According to Costa,
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Colomé, etal. (2000), the competition between the lexical nodes in both languages at the lexical
level created by semantically related distractors in the non-target language may have two
sources. First, according to the language non-specific selection view, the target word and the
semantically related non-target distractor word compete for selection at the lexical level, and
therefore delay the lexical selection of the target word, causing cross-language interference.
Secondly, according to the language specific selection view, the semantic interference created
by the semantically related non-target distractor might reflect competition between the target
word and the translation of the semantically related non-target distractor word resulting in
within-language lexical interference. For example, when a Spanish-English bilingual is asked
to name a picture of a dog in English, the semantically related Spanish distractor gato (cat)
activates the semantic representation of the word ‘cat’, which according to the parallel
activation principle sends activation to the corresponding lexical nodes in the two languages
(‘cat’ and ‘gato’) (Costa, Colomé, et al. 2000). In this scenario, the activated English lexical
node ‘cat’ can interfere with the selection of the target lexical node ‘dog’, and thus causes a

delay in the lexical selection process.

Other studies (e.g., Costa et al. 2005; Finkbeiner and Caramazza 2006; Mahon et al. 2007;
Janssen et al. 2008) suggested that interference effects reflect articulatory processes outside the
lexical system, that is at the articulatory output buffer, as this buffer can be engaged with only
one process at a time. Moreover, they claim that related distractors prime target words at the
conceptual level (Costa et al. 2005) or lexical level (Mahon et al. 2007) therefore inducing
facilitative, rather than inhibitory effects. So according to these views, the interference effect
is located at the phonological level and the facilitation effect is located at the conceptual level
or lexical level. Abdel Rahman and Aristei (2010), in their monolingual German study,
investigated the conflicting views by comparing two tasks: one that involved activating the

conceptual, lexical, and phonological levels, and the other requiring only activation at the
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conceptual and lexical levels. The first task was a picture-word interference task in which the
distractors were semantically related or unrelated to the name of the target pictures. In the
second task, they asked the participants to perform a binary classification task with the name
of the picture. For example, the participants were presented with a picture of a whale paired
with a semantically related distractor word squid in the related condition, and an unrelated
distractor word throne in the control condition. The participants had to manually press a button
to confirm whether the last segment of the picture name was a vowel or a consonant. The same
set of stimuli were used for both tasks. The results showed that in both tasks, semantically
related distractors induced an interference effect, and this was interpreted as evidence
upholding the lexical competition view. However, this finding cannot be considered as
conclusive evidence of competition at the lexical level, as lexical representations were not the
only representations activated across both tasks and, thus, the lexical level is not the only
possible locus of a semantic effect. More specifically, conceptual representations were also
active in both tasks, and the conceptual level may well be a better candidate for the locus of a
semantic interference effect given that this is where the semantic knowledge is stored. This
issue is addressed in experiment three (chapter six). The rest of this section discusses the
identity effect which was employed to investigate the manner of lexical selection as a

replacement for the semantic interference effect.

According to Costa et al. (1999) and Costa, Colomé, et al. (2000), the identity effect across
languages can adjudicate between the language-specific selection view and the language non-
specific selection view. In the identity condition, the translation equivalent of the target word
acts as a distractor during picture-naming tasks. In their study, Costa and Caramazza (1999)
tested Spanish-English bilinguals in a picture-word interference task. The distractor word
employed was either the translation of the picture name or an unrelated word. For example,

when the speaker was required to name the picture of a dog in English, the Spanish distractor
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word perro, the translation equivalent of the English word dog, was presented. If lexical
selection is language non-specific, then longer naming latencies would be expected in the
identity condition than in the unrelated condition. This is because the highly activated Spanish
distractor lexical node ‘perro’, as it receives activation from the picture and the written word,
will compete with the target language lexical node ‘dog’. However, if lexical selection is
language-specific, faster naming latencies are expected in the identity condition than in the
unrelated condition. This is because the target lexical node receives extra activation from the
Spanish distractor word through its semantic representation and because, according to the
language-specific view, only target language lexical nodes are considered for selection, and the
activated non-target language lexical nodes are ignored. The study found that faster naming
latencies were observed when the distractor word was a translation equivalent of the target
word, regardless of the language in which the distractor word was printed. These results were
in accordance with the predictions of the language-specific view, which argues that the lexical
selection mechanism considers only the activated lexical nodes in the target language. The
same results were obtained when Costa et al. (1999) tested Catalan-Spanish bilinguals. Faster
naming latencies were obtained in the identity condition than in the unrelated condition and
the authors thus concluded that the identity effect phenomenon is robust. However, it could be
argued that the processing mechanism within the two languages is similar, given the
phonological/orthographic similarities between Spanish-English, and so the faster naming
latencies might be due to this overlap. It could also be attributed to the use of distractor words
that share the same onset as the picture name. For example, the participants were presented
with a picture of a nose with the Spanish distractor word nariz (the translation of the target
English word nose). The evidence would be more conclusive if the same finding was obtained

when testing bilinguals with languages that employ different scripts, such as the Arabic and
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English languages using the same/different paradigm, and this was one of the gaps addressed

by the current research.

As discussed previously, the picture-word interference task is frequently used to understand
the bilingual production process, and specifically to explore whether lexical nodes are activated
in the non-target language while producing the target lexical nodes in the target language.
Previous researchers argued that this task is not ideally suited to answering this question,
because it is unclear whether this parallel activation occurs due to top-down activation (i.e.,
naming a picture which starts by conceptual activation) or bottom-up activation (i.e., from the
presentation of the printed distractor word) (Costa, La Heij, et al. 2006). According to Kroll et

al. (2010, p. 3)

in word recognition, there is evidence for bottom-up parallel activation of word form
information in both languages (e.g., orthography and/or phonology). In word
production, there is evidence of top-down activation of meaning-related neighbours

(e.g., semantic relatives in both languages, including translations).

Therefore, this study employed the masked priming paradigm in picture naming that enabled
the elimination of word recognition processing (i.e., reading the visually presented word) by
applying a mask over the prime word. In this way, the effects of the picture word interference
task reported in the previous literature could be reinvestigated in a similar paradigm, whilst
avoiding its drawbacks. The priming paradigm was not the only method of investigation
employed in this study, as the phoneme monitoring task was also used to test lexical access
and the flow of activation in different script bilinguals. Thus, the next section provides a
comprehensive review of these methods, including the most common findings reported in the

extent literature, and their interpretations.
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2.3.3 Phoneme Monitoring Task

In previous studies, the phoneme monitoring task was used to explore the phonological
representations involved in speech production in bilinguals (Wheeldon and Levelt 1995;
Colomé 2001). In this task, participants listen to an auditorily presented word and are required
to decide whether a specific phoneme, or a letter corresponding to that phoneme, is present.
For example, Wheeldon and Levelt (1995) asked Dutch-English bilinguals to listen to a list of
English words and to translate the English words into Dutch in the first task. Then, in the second
task, they were presented auditorily with a phoneme followed by an English name. The
participants had to press a button when the Dutch translation of the English name contained
the target phoneme. Later, Colomé (2001) adopted this task to investigate whether non-target
phonological representation is active during word production. The study required Catalan-
Spanish bilinguals to decide whether or not a Catalan target phoneme was present in Catalan
picture names. The presentation of the printed target phoneme preceded the presentation of the
picture. For example, in the critical condition, the participants were presented with a picture of
a taula (the Catalan word for table) and asked whether the phoneme /m/ (which is present in
mesa, the Spanish name for table) was present in the Catalan name of the picture. In the
unrelated condition, they were asked whether the phoneme /f/ was present in the Catalan name
of the picture. In the study, Colomé (2001) argued that if the non-target Spanish lexical node
‘mesa’ is active, along with its phonological segments, longer reaction latencies would be
expected when rejecting the phoneme /m/, than when rejecting the phoneme /f/. The study’s
results showed that the reaction latencies were longer when the target phoneme was part of the
non-target Spanish word than when rejecting the unrelated phonemes. These findings were
interpreted as evidence for the cascaded model. When a picture of the table is presented, its
conceptual representation activates the lexical nodes in the target and non-target language

(‘taula’ and ‘mesa’), which in turn sends activation to their phonological segments at the
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phonological level. Moreover, Hermans (2000) obtained the same results when testing
bilinguals with a different language pair (Dutch-English). However, the phoneme monitoring
task has some disadvantages. First, it is possible that the presentation of a non-target phoneme
might trigger the activation of the non-target name of the picture. Also, these studies employed
languages with similar scripts (e.g., Dutch-English), and phonologically similar languages
(e.g., Catalan-Spanish), which might contribute to the activation of the non-target language.
Meanwhile, Hermans et al. (2011) argued that Colomé (2001) used a list of stimuli that
consisted of cognate and non-cognate filler items, which would account for the cross language
phonological activation found in that study. Therefore, Hermans et al. (2011) employed the
same task to determine whether the magnitude of phonological activation of the L1 names
increases if cognate pictures are used as fillers in the task. They conducted three experiments
in which Dutch-English bilinguals were asked to decide whether a specific phoneme was part
of the L2 name of the pictures concerned. The size of the cognate fillers was manipulated in
the three experiments; the list of picture names had 0 cognate names in experiment one, 100%
cognate names in experiment two, and 25% in the third experiment. Cross language
phonological activation was found only in experiments two and three, but not in one. The
authors concluded that the findings suggested a dynamic production system in bilinguals that
can operate in different modes, depending on the composition of the stimuli list. However,
despite these drawbacks, the phoneme monitoring is the only task available that can access
cross-language phonological activation, especially the unshared phonemes across the two
languages. Thus, this study adopted the task to investigate whether non-target phonemes

(shared and non-shared) are active during the production process of different script bilinguals.

In short, previous studies employed the phoneme monitoring task to investigate whether the
activation of the target and non-target languages cascades to the phonological level. Most of

the results supported a cascaded model, in which the lexical activation is language non-specific,
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and the activated lexical nodes of both languages are specified at the phonological level. The
next section reviews the final method, code switching/mixing, which is the most widely-
employed paradigm when investigating cross-language competition, and how it is resolved by
an inhibitory control mechanism, as discussed in section 2.2.2. Most previous code
mixing/switching studies explored the role of proficiency level, and whether it modulates
lexical selection. Since the current study addressed the same question, it is important to review

their findings to ground the present research appropriately.

2.3.4 Code Switching/Mixing

The phenomenon of code switching is the ability of the bilingual speaker to switch from one
language to another, often several times in a single utterance (Kroll et al. 2012). As Kroll et al.
(2012, p. 232) explained, “The observation that both languages are active but that bilinguals
are able to select the intended language with relative accuracy suggests that they develop
cognitive control that enables them to negotiate the potential cross-language competition”.
Several studies employed the code switching/mixing paradigm to investigate whether lexical
access in bilingual word production involves cross-language competition, and the possibility
of inhibitory control. For example, Miller (2011) asked bilinguals to name pictures, or to read
words/numbers in one of their languages in a mixed language sequence and reported that
language mixing affects the L1 and the L2 differently which supports the non-specific selection
view. Similarly, Meuter and Allport (1999) asked unbalanced bilinguals to name numerals in
their L1 and L2 unpredictably as they had to switch language according to the background
colour on which each numeral was displayed. For example, the English-French participants
were instructed to name the number in their L1 if the background was blue, and in their L2 if
the background was yellow. The results demonstrated that the response latencies in the switch

trials were slower than those in the non-switch trials indicating that the cost of language-
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switching® was higher when switching from the less dominant language (L2) to the dominant
language (L1) than when switching from the L1 to the L2, as the L2 responses were faster than
the L1 responses, showing that there was greater inhibition of the dominant language (L1)
during the production of the weaker language (L2). The greater suppression of the L1 during
the production of the L2 made it harder to reactivate the L1 in subsequent trials, in which the
L1 was the target language. The findings support a model of non-selective activation and
language non-specific selection, in which the two languages are active at the lemma level and

compete for selection.

In addition, the suppression of the L1 observed in language switching tasks was in accordance
with the assumptions of the Inhibitory Control Model proposed by Green (1998) which
assumes that both the L1 and the L2 are active at the lexical level (both are activated from the
semantic system), and that the selection mechanism is sensitive to the level of activation of the
target and non-target lexical nodes. The level of activation of the non-target lexical nodes is
controlled by a task schema. It is assumed that the task schema suppresses the activation of the
non-target language when the speaker intends to speak in the other language. Moreover, the
model assumes that it is more difficult to inhibit the activation of the L1 than the L2, because
the former is normally more active. Several previous studies have reported a similar pattern of
results, with larger switch costs from the weaker language to the dominant language (e.g.,
Jackson et al. 2001; Philipp et al. 2007; Schwieter and Sunderman 2008). However, the
participants in these studies were unbalanced bilinguals; that is, one of their languages was
dominant. In order to explore whether this inhibitory control is also present in the language

production of balanced bilinguals, or if it is exclusive to unbalanced bilinguals, Costa and

8 The term “switch cost’ refers to the phenomenon that bilinguals have worse performance in switch trials
relative to non-switch trials.
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Santesteban (2004) tested two groups of unbalanced bilinguals (Spanish-Catalan bilinguals and
Korean-Spanish bilinguals) and a group of highly proficient balanced bilinguals (Spanish-
Catalan bilinguals). The study’s participants were asked to name pictures in a language-
switching task. They were informed that the language in which they were required to name the
picture was determined by the colour in which the picture appeared. For the two groups of
unbalanced bilinguals, the results showed that switching from the non-dominant language (L2)
to the dominant language (L1) was harder than vice-versa. In contrast, the balanced bilinguals
produced symmetrical switch costs when switching between their two dominant languages.
According to Costa and Santesteban (2004), this symmetrical switch cost was due to the fact
that the balanced bilinguals were equally proficient in their two languages (L1 and L2), and
the amount of suppression needed to speak in the intended language was thus similar for both
languages. An unexpected finding of the study was that the balanced bilinguals produced the
same symmetrical switch costs when switching between their dominant L1 language and their
much weaker third language (L3), namely English. Accordingly, Costa and Santesteban (2004)
argued that once they have reached a high level of proficiency in at least one of their additional
languages, balanced bilinguals do not use inhibitory control, and instead apply a language-
specific selection mechanism, even for their less proficient L3. Moreover, Calabriaetal. (2012)
replicated the same symmetrical findings with highly proficient Catalan-Spanish bilinguals.
The results of these studies suggest that the presence of inhibition in bilingual language
production depends on the level of proficiency of the speakers (see section 2.4 for further

discussion), a claim challenged by the present research.

Costa, La Heij, et al. (2006) argued that whilst these language-switching studies might be
helpful for understanding the control mechanisms used by bilingual speakers during word
production, they are not informative regarding the question of whether the non-response

language is active during the speech production process; “This is because, arguably, in a
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language switching task participants may have their two languages active in a way that is not
comparable to cases in which they are speaking in only one language” (Costa, La Heij, et al.
2006, p. 141). This gap in understanding was addressed in the present study through its
examination of two proficiency groups in a monolingual masked priming task in which any

factor that might trigger the activation of the non-target language deliberately were eliminated.

Kroll et al. (2000) developed a cued picture naming paradigm, in which they combined the
picture naming and the language-mixing paradigms. Highly proficient Dutch-English and
French-English bilinguals were instructed to name pictures in one of their two languages after
the presentation of a tone cue. In the mixed language condition, a high tone was used to signal
one language and a low tone to signal the other language. In the blocked condition, a tone was
used to signal constant naming in one language. The cued picture naming task sought to
compare the performance of the bilinguals in the mixed condition, in which both languages
were deliberately forced to be active, and in a blocked condition, where only one language was
required to be active. If the L1 was active during the production of the L2, then forcing it to be
active should have few consequences for performance. To investigate whether phonological
information relating to the non-target language was active at the phonological level, the naming
latencies of the cognate and non-cognate names of the pictures were compared. If the lexical
nodes of the target and non-target languages were active at the phonological level, the cognate
facilitation effect should have been observed. The study found that the facilitation effect was
obtained in the mixed condition for both the L1 and the L2, but only for the L2 in the blocked
condition. The participants were slower at naming the pictures in the L1 in the blocked
condition than in the mixed condition, whereas there was no difference between the mixed and
blocked conditions in naming the pictures in the L2. In other words, requiring both languages
to be active came at considerable cost to the L1, but not to the L2. The results were interpreted

as evidence of the normal activation of the L1 during L2 production, and of the activation
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feeding forward to the phonological level. The data supported a model of non-selective lexical
access, in which the target and non-target lexical nodes are activated at the lexical level, and
cascade to the phonological level. Kroll et al. (2000) challenged the cognate effect in the
language mixing task and tested highly proficient bilinguals whose languages shared the same
script, and the present study, sought to extend this research to include different script bilinguals,

employing a different paradigm.

In summary, among the extant literature there is consensus regarding non-selective lexical
access, namely the parallel activation of the two languages during bilingual word production.
However, the manner of lexical selection remains unclear, and the flow of activation is viewed
recently as cascaded in similar script studies. Furthermore, the question of whether proficiency
level affects language activation and the manner of lexical selection was rarely explored. An
important point to note is that the findings reported previously were from studies that involved
bilinguals who spoke languages that employed the same script, namely the Roman alphabet. A
shared script may contribute to the finding of non-selective lexical access observed by these
studies. It is possible that different script would act as a language cue and direct bilinguals to
selectively access the target language (further discussion of this view is in section 2.6). To the
best of the author’s knowledge, only a few studies investigated the selectivity issue among
bilinguals whose two languages have different scripts, such as Japanese-English (Hoshino
2006) and Korean-English (Moon and Jiang 2012). These studies adopted the same
experimental paradigms used in testing same-script bilinguals, namely simple picture naming,
picture-word interference tasks, language switching, and phoneme monitoring tasks which
have some drawbacks as we discussed in this review in sections 2.3.1, 2.3.2, 2.3.3, and 2.3.4.
The next section reviews the previous studies that involved different script bilinguals, and

concludes with the justification for the use of the chosen procedures for the present study.
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2.3.5 Lexical access in different-script bilinguals

As discussed previously, compelling evidence exists that shows that lexical access is non-
selective in bilinguals whose languages have similar scripts. In order to establish whether this
finding can be generalized to bilinguals whose languages have distinct scripts, a small number
of studies examined lexical access in different script bilinguals (e.g., Kheder and Kaan 2019);

two of these are reviewed in this section.

Hoshino (2006) compared the performance of bilinguals whose languages possessed different
scripts (Japanese-English) and bilinguals whose languages shared the same script (Spanish-
English) in two different tasks: picture naming and picture-word interference. In the L2 picture
naming task, the performance of the bilinguals in naming pictures with cognate and non-
cognate names was compared and cognate facilitation effect was observed in the performance
of both groups of bilinguals supporting the cascaded view that both languages are activated at
the level of phonology. In the L2 picture word interference task, four types of L1 distractor
words were used: semantically related, phonologically related, translation, and phono-
translation distractor words. The aim of the picture-word interference task was to determine
whether the script differences modulated the cross-language activation and the locus of
selection, since the written script was present in this task, unlike in the simple picture naming
task. The language in which the distractor word was presented was manipulated, as was the
timing of the presentation of the distractor word relative to the pictures, and the relationship
between the picture and the distractor words. The key finding was that both groups of bilinguals
exhibited the phonological and translation facilitation effect, whereas only the Spanish-English
bilinguals demonstrated both semantic interference and the phono-translation facilitation

effect.
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The presence of the phonological facilitation effect in the absence of semantic interference for
the different script bilinguals was explained as being due to the recognition of the L1 distractor
being automatic, which caused the immediate activation of the L1 phonology, and influenced
the speech planning in the L2. By the time the semantic representation of the L1 distractor
became active, the different script bilinguals exploited the perceptual information of the unique
scripts of the distractor word as a language cue, thus inhibiting the activation of the L1 semantic
representation, and selecting the language of production. Thus, only the target lexical nodes
were considered for selection. The results supported the fact that two processes are involved in
picture-word interference, namely word reading and word production. In word production, the
semantic representation is activated first, whereas in word reading the phonological
information is activated before the semantic representation. Thus, the presence of phonological
information prior to semantic information is expected in the picture-word interference task. It
could therefore be argued that the picture word interference task does not tap into the process

of speech production exclusively.

The presence of the translation facilitation effect, and the absence of the phono-translation
facilitation effect was also explained by the time course during processing. The L1 translation
distractor word sends activation to its semantic representation. This extra activation at the
conceptual level, from the picture and the translation distractor word among other related
concepts, contributed to the facilitation effect found. In contrast, in the case of the phono-
translation distractor, the process takes longer, as the L1 distractor is required to activate its
phonological representation first, which then causes the activation of the L1 translation name
of the picture, which in turns sends activation to the conceptual level. By the time the
conceptual representations of the L1 distractor word were activated, the Japanese-English
bilinguals may have selected the target lexical node. This finding was interpreted as evidence

that the distinctive script of the distractor words facilitates language and lexical selection. This
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finding suggested that the manner of lexical selection in different script bilinguals is modulated.
This view was challenged by the current study, as the identity effect (i.e., translation facilitation
effect) was examined, along with the semantic interference effect, with a different group of

bilinguals whose languages have distinct scripts.

Combining the findings, Hoshino (2006) concluded that: (i) lexical access is language non-
specific, and that different scripts facilitate language selection at an early point of production;
and (ii) the manner of lexical selection in different script bilinguals is inconclusive, as it is
unclear whether these bilinguals attend to the target language selectively, or supress the non-
target language earlier in the process. This matter was addressed further by the present research

(see chapters four, five, and six).

Moon and Jiang (2012) also investigated whether lexical access is non-selective in bilingual
speakers whose languages have different scripts. They adapted Colomé’s (2001) phoneme
monitoring task to test highly proficient Korean-English bilinguals. The participants were
presented with pictures and asked whether the name of the picture contained a target phoneme.
The target phoneme was visually presented, followed by the picture. The task was conducted
in Korean and in English. For example, in the Korean task, there were three conditions: (i) a
positive condition, in which the Korean picture name contained the target phoneme; (ii) a
critical condition/ interference condition, in which the target phoneme existed in only the
English picture name; and (iii) a control condition, in which the target phoneme was not present
in either the Korean or the English picture name. The rationale of the task was that if the non-
target language was active, then longer response latencies would be observed in the
interference condition, where the target phoneme existed in the name of the picture in the non-
target language, than those in the unrelated condition. If the non-target language was not active,
no difference should be found between the interference condition and the unrelated condition.

The results showed that longer response latencies were observed in the interference condition
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than in the unrelated condition. This was reported as evidence that the non-target language is
activated during the production of the target language, and that the response delay is because
of competition between the activated lexical nodes from the two languages. In addition, it was
claimed that language dominance does not affect the non-selective activation of the two
languages. Thus, the authors concluded that lexical access in bilinguals whose languages have
distinct scripts is non-selective and this finding will be compared with the results here from

Arabic-English (different script) bilinguals.

In summary, the findings of these two studies suggested that lexical access in different-script
bilinguals is non-selective, and that script differences cannot direct lexical access selectively
(Hoshino 2006; Moon and Jiang 2012). However, the differences trigger bilinguals to select
the language of production at an earlier point in speech planning (Hoshino 2006). It should be
noted that there are limitations to Hoshino’s (2006) experimental paradigms, as mentioned
earlier. Specifically, it was argued previously that the picture-word interference task is not
ideally suited to investigating the parallel activation of two languages during the course of
production, as it is unclear whether this parallel activation occurs because of top-down
activation (i.e., naming a picture) or bottom-up activation (i.e., from the presentation of a
printed distractor word) (Costa, La Heij, et al. 2006). In addition, the effect of proficiency level
on lexical access has not been tested adequately to date, as previous studies tested only highly
proficient bilinguals (e.g., Moon and Jiang 2012), and thus, the present research also tested the
abilities of less proficient, different script bilinguals to determine whether the results

illuminated the nature of lexical access further.

The present study employed the masked priming task to test the reported effects found in the
picture word interference tasks, namely the cognate facilitation effect, the translation
facilitation effect, and the semantic interference effect, as these were the major effects reported

previously that shaped the current models of word production. To the best of the author’s
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knowledge, this masked priming paradigm in picture naming has rarely been used in previous
studies that tested lexical access in bilinguals whose languages have a shared script. We note a
single Event-Related Potentials (ERP®) study which used this paradigm to study English-
French bilinguals’ picture naming processing (Chauncey et al. 2009) (for a review of ERP
method see Blackwood and Muir 1990). The study did not assess the flow of activation and
whether it was cascaded or discrete, or the manner of lexical selection in bilinguals. In terms
of different script bilinguals, this paradigm has never been used in the investigation of lexical

access in general, or in exploring the manner of lexical selection and the flow of activation.

The present study tested Arabic-English bilinguals in a masked priming task; this group has
rarely been investigated in bilingual lexical access studies. In addition, this study also
employed the phoneme monitoring task to test the effect of the different scripts on cross
language-activation and the flow of activation, and to explore whether the differences in
proficiency level affected lexical access, cross-language activation, and the manner of lexical

selection.

The next section discusses the relevance of studying word production in different script
bilinguals, exploring the role of proficiency level and script differences in the cross-language
activation. It then introduces the cross-linguistic differences between Arabic and English

languages.

9 ERPs are “very small voltages generated in the brain structures in response to specific events or stimuli”
(Blackwood and Muir 1990, p. 96). In psycholinguistics research, this method is used to record the brain waves
when it processes certain event such as speech production, perception, etc.
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2.4 The role of proficiency level in bilingual word production

Before discussing the role of proficiency level in the production process, it is important to
understand what language proficiency level is, and how researchers typically assess an
individual’s level of proficiency in any language. Language proficiency level refers to how
well an individual uses language in its oral and written form in different situations (Cloud et
al. 2000). Previous researchers employed different assessment methods to examine bilinguals’
proficiency level, either for controlling purposes, namely to ensure that all of their participants
were matched on proficiency level, or for categorizing them under different proficiency groups
(e.g., highly proficient group vs less proficient group). These methods fall into three categories:
(i) the standardized tests, such as the International English Language Testing System (IELTS)
test; (ii) the placement test administered by teaching units in educational institutions to place
students into language classes that match their level; and (iii) proficiency measures/tests
administered by academic researchers, such as lexical decision tasks, and self-rating in the
language history questionnaire. In word production studies, the most frequently used measure
is self-rating in the language history questionnaire (e.g., Miller and Kroll 2002), which is
sometimes is combined with another assessment tool, such as the lexical decision task (e.g.,
Hermans 2004; Jacobs et al. 2016). We believe it is important to combine two or three
assessment methods of language proficiency testing to obtain robust categorizations.
Depending solely on self-rating, for example, may cause the inaccurate classification of
proficiency, because some participants might overrate/underestimate their proficiency level.
Also, placement tests can differ greatly across institutions, as highly proficient bilinguals at
one institution, might be classified as less/intermediate proficient bilinguals at a different
institution, unless they are all rated according to a single unified test. Thus, this study (cf
chapter three) used more than one assessment measure to ensure that the participants were

categorized robustly as either highly or less proficient. This section now reviews the published
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work concerning the role of proficiency level on word production processes, and whether the

findings were conclusive.

Despite the growing interest in understanding the role of proficiency level on word production
processes (e.g., Kheder and Kaan 2019), it remains unclear whether proficiency level
modulates the lexical selection and retrieval process. Nevertheless, there is compelling
evidence that highly and less proficient bilinguals experience parallel activation of their two
languages (e.g., Kheder and Kaan 2019), and that as proficiency increases, the speed and
accuracy of lexical retrieval in the L2 are enhanced (Costa and Caramazza 1999; Kroll et al.
2005). However, the extant findings regarding the manner of lexical selection in highly and
less proficient bilinguals are contradictory. While Costa, Santesteban, et al. (2006) argued that
less proficient bilinguals rely on language non-specific lexical selection (defined in section
2.2.2), and highly proficient bilinguals employ a language specific manner, Hermans et al.
(1998) argued that the manner of lexical selection was language non-specific for all the Dutch-
English bilinguals in their study. Moreover, others (e.g., Kroll et al. 2006; Hermans et al. 2011;
Grosjean and Li 2013; Boukadi et al. 2015) claimed that the manner of lexical selection is
dynamic, and is dependent not only on proficiency level, but also on other factors, such as
language context and semantic constraints. For example, Kheder and Kaan (2019) investigated
lexical selection, cross language interaction, and switch costs in Arabic-French bilinguals. In
their study, the participants listened to a sentence in French or Arabic (e.g., | need money, |
have to go today to [...... 1), and then performed a naming task on a visually presented target
word (e.g., the bank) that completed the sentence they had heard. In the switch trials, the
sentences were in Arabic and were completed with a French target word, and in the non-switch
trials the sentences and the target word were all in French. The study manipulated two factors:
the sentence context, namely semantically constraining towards the target word (e.g., every

time we brush the teeth, we should rinse [the mouth]), and neutral, (e.g., this boy did not sleep,
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because he had pain in [the mouth]), and the type of target words, namely cognates (e.g., the
bank) and non-cognates (e.g., the mouth). The findings demonstrated that there was significant
interaction between the cognate effect, and the semantic and language contexts in the less
proficient group only. Based on this finding, Kheder and Kaan (2019) concluded that lexical
selection is more language specific for highly proficient bilinguals, but more language non-
specific for less proficient bilinguals, supporting the claim that the stronger the L2, the more

language specific lexical selection is.

A possible reason for the contradictory results is that the conclusions were drawn from different
studies that employed different procedures, applied different proficiency measures, and
compared the effect of proficiency level within bilingual/trilingual groups (i.e., comparing
between the L1 and L2, or between the L1 and L3). For example, the findings of Costa,
Santesteban, et al. (2006) were based on trilinguals’ performance in their L3 and their L2.
Meanwhile, the study conducted by Hermans et al. (1998) featured bilinguals whose level of
proficiency was ambiguous, as it was recorded that the participants had received five years of
education in English, but it was not known whether they were beginner, intermediate, or

advanced L2 learners.

Most existing studies in bilingual word production tested mainly balanced bilinguals, and
currently only a small number of studies compared the performance of two different
proficiency groups in an L2 (e.g., Kheder and Kaan 2019), and these were mostly in language
switching tasks, as reviewed earlier in this chapter. In order to establish the role of proficiency
level in bilinguals’ word production, further investigation is needed of less and highly
proficient bilinguals that conducts a comparison between the bilinguals’ performance in their
L2. The present research sought to fill this gap in understanding, and to untangle some of the

contradictory findings. It tested two different proficiency groups in their L2 using tasks not
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typically employed in word production studies, namely a masked primed picture naming task,
an animacy decision task, and a phoneme monitoring task. Moreover, the bilinguals recruited
in the previous studies were mostly same script bilinguals. Only recently have a limited number
of studies sought to bridge this gap by conducting investigations with different script bilinguals
(e.g., Moon and Jiang 2012; Boukadi et al. 2015); the present research added to this by working

with Arabic-English (different script) bilinguals.

The differences between highly and less proficient bilinguals in terms of lexical retrieval and
selection in production was evaluated previously in relation to two theories: the Language
Inhibitory Control theory (IC) (Green 1998), which was introduced earlier in this chapter
(2.2.2), and the Revised Hierarchical Model (RHM) (Kroll and Stewart 1994). Thus, it is
important to review these theories and their implications, as they are utilized in the discussion

of the findings of the present study.

2.4.1 Language Inhibitory Control

As discussed earlier in this chapter (section 2.2.2), the language non-specific view proposes
that competition between the lexical nodes in the two languages is resolved through the
inhibitory control mechanism that supresses the activation of the non-target lexical nodes (De
Bot 1992; Poulisse and Bongaerts 1994; Green 1998; Hermans et al. 1998). According to the
IC model, the dominant language is more strongly inhibited than the weaker language among
unbalanced bilinguals. So, for less proficient bilinguals, stronger inhibition is applied to the L1
than the L2, whereas for balanced bilinguals, symmetrical inhibition is applied to both the L1
and the L2. Therefore, previous studies that employed language switching tasks (reviewed in
section 2.3.4) reported that highly proficient bilinguals exhibit symmetrical switching costs
(namely, reactivation costs), whereas less proficient bilinguals exhibit asymmetrical switching

costs (Costa and Santesteban 2004; Costa, Santesteban, et al. 2006), indicating that as
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proficiency increases, the language control mechanism is enhanced during language processing
(Meuter and Allport 1999; Costa and Santesteban 2004; Costa, Santesteban, et al. 2006;
Blumenfeld and Marian 2007; Verhoef et al. 2010; Mosca and de Bot 2017). In brief, less
proficient bilinguals apply language non-specific selection, and thus use inhibitory control to
supress the activation of the non-target language, while highly proficient bilinguals apply
language specific selection, and thus do not need to use the inhibitory control mechanism
(Costa and Santesteban 2004). The present study tested the predictions of this model in
experiments one, two, and three (chapters four, five, and six, respectively) as the main focus

of these experiments was lexical selection in bilinguals.

2.4.2 Revised Hierarchical Model (RHM)

The RHM concerns the nature of the connections between concepts and words in bilinguals’
two languages (Kroll and Sunderman 2003), assuming that there is an asymmetry in the
strength of the connections between the words in the two languages and concepts (Figure 10).
The model accounts for the development of conceptual processing with increasing L2
proficiency level, and suggests that less proficient bilinguals have weaker links between their
L2 lexical nodes and their conceptual representations, whereas L1 lexical nodes are strongly

connected to their conceptual representations, and have direct access (Kroll and Stewart 1994).
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Figure. 10 The Revised Hierarchical Model (Kroll and Stewart 1994, p. 158). The dashed lines signal weak
links, and the solid lines signal strong links. The arrow signals the direction of the access.

The weak links between an L2 and the conceptual system are asymmetrical in the sense that
access from lexical nodes to their conceptual representations is accomplished easily, but access
from conceptual representations to the corresponding lexical nodes is effortful (Kroll et al.
2010). These weak links reflect negatively on their performance, causing delayed L2 lexical
activation and retrieval compared to that of the L1 (e.g., Van Hell and Tanner 2012). In contrast,
highly proficient bilinguals have symmetrically strong links between L2 lexical nodes and their
conceptual representations, thus faster retrieval and activation of L2 is expected than in less

proficient bilinguals.

In summary, these two theories explain why highly proficient bilinguals are faster at lexical
retrieval than less proficient bilinguals, and explain that they apply language specific selection,
whereas less proficient bilinguals apply language non-specific selection. These two theories
are complementary in the sense that one accommodates for the contradictory findings in the
literature regarding the manner of language selection, and the other one accommodates for the

findings of enhanced lexical retrieval as proficiency level increases. The current study tested
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these assumptions on different script bilinguals across all of the tasks. Since the focus of the
study was different script bilinguals, the next section reviews the role of orthography in lexical

access, selection, and retrieval.

2.5 The role of orthography in word production

This section discusses the role of orthography in word production, and how it affects the

process, even if the written form is not present in a task.

There is a general assumption that the verbal production of a word involves the activation, or
retrieval, of its syntactic, semantic, and phonological representations, but not its orthographic
information (e.g., Chen et al. 2002; Roelofs 2006). This is primarily due to the written form
being absent from the spoken word production process. However, several behavioural studies
(e.g., Frauenfelder et al. 1990; Chéreau et al. 2007; Han and Choi 2016) concluded that the
orthographic representation is active, to some degree, in all adult literate language
comprehension and production activities. For instance, Frauenfelder (1990) noted the
activation of orthographic representation during spoken word recognition in phoneme
monitoring tasks and a similar finding was observed by Chereau et al. (2007) and Taft et al.
(2008) in primed auditory lexical decision tasks. This finding was replicated across different
languages with an alphabetic orthographic system, such as English (Miller and Swick 2003),
French (Pattamadilok et al. 2007), Portuguese (Ventura et al. 2004), and across the non-
alphabetic orthographic system, such as Chinese (Zou et al. 2012; Qu and Damian 2016). It
was attributed to the fact that phonological representation is bi-directionally related to
orthographical representation, namely access to phonological representation entails automatic

parallel access to the orthographical representation.
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The same pattern of results was observed in language studies that explored the impact of
orthography on language production. For example, Lupker (1982) tested his participants with
a picture-word interference task, in which they named pictures while ignoring visually
presented distractors. In one experiment, the pictures and distractor words were either
orthographically related but phonologically unrelated or orthographically unrelated. In the
orthographically related condition, the name of the picture and the distractor word had identical
spellings, except for the first letter, and their single vowel sounds were different (e.g., foot-
boot), whereas in the orthographically unrelated condition, the words had different
phonemes/graphemes (e.g., foot-bar). The study found that picture naming was facilitated
significantly when the distractor word and the picture name overlapped in their orthography.
Meanwhile, in the second experiment, three conditions were created in which the distractor
words and the picture name were: (i) phonologically and orthographically related, such as
broom-room; (ii) phonologically related but orthographically unrelated, such as flower-hour;
and (ii) unrelated distractor words, such as broom-truce. The results confirmed a facilitation
effect of 55 ms in the phonological and orthographical overlap condition, while there was a
facilitation effect of 23 ms in the phonological overlap only condition, relative to the unrelated
condition. In addition, Weekes et al. (2002) tested Chinese speakers in a picture word
interference task, and found that they produced facilitation effects relevant to the unrelated
condition when the distractors were phonologically and orthographically related. Thus, the
findings suggest that both phonological and orthographical similarity contributed to the
facilitation effects observed in naming pictures. These results were therefore further evidence
of bi-directional connectivity between phonological and orthographical representation during

word production.

The facilitation effect reported, due to orthographic overlap, between distractor words and

target picture names, motivated the present study to argue that orthographic overlap may
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contribute to the cognate facilitation effect found in naming cognate pictures. Thus, this study
investigated the cognate facilitation effect in different script bilinguals (i.e., with zero
orthographical overlap) to determine whether orthography plays a role in the cognate
facilitation effects observed in word production studies. If an orthographic overlap is essential
for obtaining the assumed facilitation effect, then bilinguals whose languages possess different
scripts should not reveal this effect (this was addressed in experiment one, chapter four). Such
a finding would indicate that the lack of competition reported during lexical selection was not
due to bilinguals attending selectively to the target language, but due to script similarity (i.e.,
orthographic overlap) that facilitates lexical access and the retrieval of a word in same script
bilinguals.

In order to exclude any potential influence of visual word recognition, this study employed the
masked priming technique, in which the prime words were fully masked and unconsciously
available to the participants. The next section discusses how the different scripts might act as

a language cue and modulate lexical access and selection for different script bilinguals.

2.6 The Language Cue Hypothesis

The concept of a language cue was represented in several ways in previous word production
studies. For example, in Green’s (1986) Inhibitory Control Model, the language cue is a tag
that forms part of the lexical item and helps to identify which language it belongs to, namely
either the L1 or the L2, while other researchers have identified orthography, script, and task
processes, such as the translation Stroop task (e.g., Miller and Kroll 2002; Hoshino and Kroll
2008) as cues. Previous researchers argued that these cues might modulate the parallel
activation of the lexical nodes in the target and non-target language, and direct lexical access
to the target language (e.g., Meuter and Tan 2003). Therefore, it is a possible that the non-

selective lexical access observed in same script studies is due to script similarities of the
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bilinguals’ two languages. The present study aimed to test this view. If script differences
modulate lexical access and selection, we anticipated finding no cross-language activation in
our experiments, as the participants were Arabic-English bilinguals whose languages have
different scripts. Next, we discuss briefly the studies that investigated the effect of language

cues in production.

In their study, Miller and Kroll (2002) tested whether the same pattern of lexical competition
reported in picture-word interference tasks could be replicated in a different task when a
language cue is available visually to the participants. They asked English-Spanish bilinguals
to perform a translation Stroop task, in which they were required to translate words from one
language into another as rapidly and accurately as possible, whilst ignoring visually presented
distractor words. The distractor was either semantically-related, form-related, or unrelated.
Moreover, the distractor was presented either in the language of the word to be translated (i.e.,
in the L1 when the translation was from the L1 to the L2), or in the language of the production
(i.e., in the L2 when the translation was from the L1 to the L2). The results demonstrated a
semantic interference effect, along with a form facilitation effect when the distractor word
appeared in the language of the production. However, no semantic interference or form
facilitation effect was observed when the distractor word appeared in the language of the word
to be translated. This was attributed to the presence of a language cue that eliminated lexical
competition in the word translation task. Miller and Kroll (2002) argued that unlike in a picture
naming task, in terms of translation, a cue was present in the target word for each language
group, which thus acted to reduce cross-language activation. In order to illustrate this, the
participants were instructed to translate a Spanish target word into English, and hence were
aware that they should not use Spanish. This thus enabled them to ignore a Spanish distractor
word easily. Hence, the study provided evidence for the language cue hypothesis in a

translation Stroop task by same script bilinguals.
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The current study examined these findings using a prominent language cue, namely the
different script. In the priming paradigm, the prime words were masked, which should not have
been an issue, as discussed previously when reviewing how orthography affects word
production, even when it is not present. The study investigated whether different scripts
modulate not only lexical selection, but also lexical access and retrieval. This is because
previous investigations of the role of different scripts in word production (e.g., Hoshino 2006;
Hoshino and Kroll 2008) reported that when the script is perceptually present, bilinguals
exploit the script differences to obtain cues regarding the intended language, thus reducing
cross-language activation, and engendering a more rapid retrieval of a target lexical node

during single word production.

In summary, the current study expanded on known findings to investigate whether the language
cue hypothesis holds true for languages with different scripts, such as Arabic-English
bilinguals. It employed the masked priming paradigm in picture naming to avoid the
methodological flaws associated with the other methodologies discussed in section 2.3. An in-
depth review of this method is presented later in this chapter, but first, we briefly discuss the

linguistic features of the Arabic language to illustrate its differences from the English language.

2.7 Linguistic Features of the Arabic Language

Arabic is a Semitic language. The term ‘Arabic’ refers to three forms of the language: (i)
classical Arabic, which is the language of the Holy Quran and religion; (ii) modern standard
Arabic, which is the language of education and formal spoken/written communication; and (iii)
colloquial Arabic, which is the language of everyday informal oral communication (Boudelaa
and Marslen-Wilson 2010). Phonetically, modern standard Arabic has six vowels (short /a/, /i/,
/u/ and long vowels /aa/, /ii/, /uu/), two diphthongs (/ae/ and /ao/), and 28 consonants (Alotaibi

and Meftah 2013). The duration of vowel sounds is phonemic, which is one of the major
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distinctions of Arabic compared to English. Each short Arabic vowel is phonetically identical
to its long counterpart, which is to say the only difference is the duration, whereas in English
there are more than 13 different vowels, depending on whether it is the American or British
dialect, and these include several diphthongs. In terms of the Arabic text, it is written/read from
right to left, and uses a cursive script, compared to English, which is written/read from left to
right uses the Latin script (see appendix J for an illustration of Arabic letters). Finally, there is
no distinction in the Arabic language between upper and lower cases as there is in English
language. These differences indicate that the Arabic and English languages are distinct from
one another, and that they share no similar features that would automatically trigger the
activation of the non-target language. The prime words were presented visually in modern
standard Arabic, i.e., the standard written form (in experiments one, two, and three [chapters
four, five, and six, respectively]). The next section critically reviews the masked priming
paradigm, highlighting how it was employed to address the research questions in the present

study.

2.8 The masked priming paradigm

The present research employed the masked priming procedures in a picture naming task to test
the reported effects found in the picture word interference tasks, namely the cognate facilitation
effect, the identity facilitation effect, and the semantic interference effect reviewed in section
2.3. This section provides a critical review of the priming procedures, and how they are used
to test these effects, including a justification for adopting this method as the main approach,
for addressing the research questions of this study.

In the masked priming paradigm, a prime word is generally presented visually, and is briefly
preceded and followed by a mask, which is typically a series of # symbols, with the target word

subsequently presented either for a specific period, or until the participants provide a response.
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Previous studies used the priming paradigm varied the status of the prime word, with some
employing the visual mask (#######) to ensure the unconscious processing of the prime words,
while others used unmasked prime words, and depended on the rapid duration of the prime to

ensure unconscious processing. The parameters associated with this paradigm are:

(1) The modality of the presentation of the prime, either visually or auditorily;
(if) The time course of the event (the SOA and the duration of the presentation of the prime);
(iif) The relationship between the prime and the target.

It is reported that any difference in these parameters causes a variation of performance within
the priming task; for example, longer presentation times enable the participants to notice the
relationship between the prime and target, and thus to use predictive strategies (Ferrand et al.
1994; Alario et al. 2000, p. 743). The most common dependent measure reported in these
studies was mean response latencies (i.e., measuring participants’ reaction times in ms). The
next section reviews the studies that employed this paradigm, and discusses how it is suitable

for investigating the semantic interference effect.

The masked priming paradigm is mainly used in word recognition studies in which a prime
word precedes a target word that the participants are required to read aloud, or make a lexical
decision about. In word production studies, this paradigm has typically been employed to
investigate the production process by monolingual speakers. The investigations mainly
manipulated the semantic relatedness between the prime word and the target picture, in order
to investigate the lexical selection process. For example, Alario (2002) asked French speakers
to name a picture that was preceded with a prime word that remained on screen for 100 ms,
followed by a blank screen for 14 ms, (a short instance SOA, prior to the picture being
presented). An inhibition effect was observed when the picture and the prime word were

semantically related. Similarly, Bajo et al. (2003) manipulated variables so that the prime
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words were masked with a forward and backward mask, and were either semantically related
to the name, or unrelated. The prime duration was also manipulated at 50, 75, or 100 ms.
According to Alario et al. (2000), semantic interference appears at 100 ms exposure to the
prime, and thus Bajo et al. (2003) manipulated the prime duration to cover the minimum time
for the effect to appear. The results confirmed a semantic interference effect at the 100 ms, but
not at 75 or 50 ms, suggesting a critical processing time. In other words, primes presented for
50 and 75 ms are processed at the semantic level, but do not cause interference. The
interference effect found at 100 ms was attributed to the co-activation of lexical nodes at the
lexical level that impeded the selection process. The current study employed masked priming,
and challenged the semantic-interference effect by examining the performance of bilinguals
using different scripts. We now extend our discussion to explain why masked priming is

suitable for investigating the identity effect.

As discussed in section 2.3.2, the identity effect (i.e., reported in picture-word interference
task) is located at the lexical level, and occurs due to the activation of the non-target lexical
nodes (i.e., it is triggered by the translation distractor word), which in turn sends extra
activation to the target lexical node, facilitating its selection. The present study argued that the
identity effect can be tested in the masked priming paradigm, as its underlying process is like
the picture word interference task, with the exception of the visual availability of the
prime/distractor word. Several previous word recognition studies employed the masked
priming paradigm to investigate the within language identity effect in monolinguals (i.e., the
same word is presented as a prime and as a target word) and the results showed that the masked
prime word activates its corresponding lexical representation at the lexical level, which causes

faster lexical decision processing (e.g., Forster and Davis 1984).
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Moreover, in a pioneering monolingual word production study, Ferrand et al. (1994) combined
the masked priming and the picture naming task, and found that an identical prime facilitates
the naming of the target picture. Inspired by Ferrand et al. (1994), Chauncey et al. (2009)
replicated the study by testing English-French bilinguals using ERP recordings (defined in
chapter two, section 2.3.5). The participants were asked to name a picture of a common object
in their L1 or L2, and the picture was preceded by a brief visual presentation of a masked prime
word, half of which were in the participants’ L1 (i.e., English), and the other half in their L2
(i.e., French). The prime words’ language varied from trial to trial within a block, namely
switch trials, and consisted of: (i) the name of the picture (i.e., in English or French) in the
related condition; for instance, the words ‘milk’ and ‘lait’ primed a picture of a gallon of milk;
or (ii) the name of a different object, in English or French, in the unrelated condition; for
instance, the words ‘drum’ and ‘tambour’ preceded a picture of a gallon of milk. The prime
words were presented for a duration of 70 ms. The results demonstrated a significant
facilitation effect resulting from the same name primes, namely repetition primes, as well as
the translation primes. This finding supported the argument that, despite being masked and
presented only briefly, the prime word activated its corresponding semantic and lexical
representation, thus increasing the speed with which the picture names were retrieved. So far,
this section has discussed how the priming paradigm is suitable for investigating the semantic
interference and the identity effect. Next, we discuss how this paradigm can also test the

cognate facilitation effect.

The cognate facilitation effect found in picture naming task is attributed to the phonological
overlap between the L1 and L2 picture name, as discussed in chapter two (section 2.3.1). In
the picture naming task, there is no visual presence of the target word or the non-target word,
yet facilitation was observed, and interpreted as evidence for the language-specific view and

the cascaded manner of activation. Using the masked paradigm, the present study aimed to
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raise the activation level of the phonological representations of the non-target lexical node by
priming the picture with its L1 name. It was intended that this would enable the current views
of lexical selection and the flow of activation to be tested, as detailed later in chapter four
(experiment one). The question of interest was whether a masked cognate name would activate
its phonological representation at the phonological level? According to previous word
recognition studies, the recognition of a target word, such as made, is facilitated when preceded
by a briefly presented phonologically related prime word, such as maid, or a non-word, such
as mayd (Dufour 2008). This therefore suggests that the prime word activates its phonological
representations. Moreover, previous word production studies argued that the “phonological
priming effect may shed light on the nature of bilingual lexicon and the lexical retrieval in
speech production” (Collins and Ellis 1992, p. 376). In their work, Collins and Ellis (1992)
requested that their English speaking participants repeated aloud a number of auditorily
presented prime words, followed by named picture targets. The relationship between the prime
words and the name of the pictures was manipulated, with the prime and the name of the target
picture either phonologically related or unrelated. They also tested whether the position of the
shared phonemes had the ability to modulate the phonological priming effect. More rapid
naming latencies were observed for target words that shared phonemes in the same position,
relative to the unrelated target words. The identification of a phonological facilitation effect
suggested that the prime word activated its corresponding representations at the lexical level
and at the phonological level. Thus, it was plausible to employ it in our investigation of the
process of cognate naming, as this process involves not only lexical activation, but also
phonological activation. Therefore, the present study used the masked priming paradigm as a
new technique to investigate the manner of lexical selection when naming cognates and the

flow of activation in different script bilinguals.
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In conclusion, masked priming methods were primarily employed in previous studies to
investigate visual word recognition by monolinguals and bilinguals, with, to the best of the
current researcher’s knowledge, only a few studies using this paradigm to investigate word
production in monolinguals (e.g., Alario et al. 2000; Bajo et al. 2003; Finkbeiner and
Caramazza 2006), and one study in same script bilinguals (Chauncey et al. 2009), although
they did not address the problem of lexical access, selection, and retrieval. Thus, the present
study employed masked priming procedures to access the different stages of the word
production system in bilinguals, and to identify whether the non-target lexical nodes are
phonologically encoded. In addition, this study employed the animacy decision task, the

inclusion of which is discussed briefly in the next section.

2.9 The animacy decision task

The animacy decision task involves conceptual processing in which the participants indicate
via a button press whether a target picture represents a living or non-living object. According
to Bugaiska et al. (2019, p. 882) “animates are living things that are capable of independent
movement and can suddenly change direction without warning”, such as animals and humans
(i.e., they are self-propelled, unlike robot and vehicles). The present study adopted this
definition and the participants were informed that they should respond to the task according to
this criterion. Animacy decision is a conceptual task that requires deep semantic processing
(Fliessbach et al. 2010), as the participants must focus on the meaning of the stimuli during the
task. It was employed previously in several semantic memory studies investigating the context-
dependent nature of semantic memory (Pecher and Raaijmakers 2004), and the effects of
semantic processing on enhancing memory encoding (Fliessbach et al. 2010). The common
finding of previous animacy decision tasks is that animate objects are recognized faster than

inanimate objects, namely the animacy effect (New et al. 2007; Pratt et al. 2010), and it was
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argued that this is because animate objects, such as rabbits, sheep, and persons, are more
important for fitness and reproduction than inanimate objects (e.g., mountain, fork) (Gelin et

al. 2017).

The animacy decision task was employed in the present study to help to identify the locus of
the semantic interference effect (experiment three, chapter six). In this study, the animacy
decision task enabled access to the conceptual processing only, which was considered a
possible candidate for the locus of the effect. To the best of the author’s knowledge, this task
has never been used to investigate the locus of semantic interference effect in bilingual’s word

production.

The next chapter discusses the research methods used in the five experiments included in this

study, along with the research questions addressed.

62



Chapter 3 An Overview of the Experiments and General Methods

As detailed in chapter one, the main objective of this study is to generate an understanding of
how lexical access is achieved by adult bilinguals (Arabic/English) using different scripts and
to advance a theory that accounts for contradictory findings in the literature regarding the
manner of language selection (i.e., language specific vs non-specific selection), and the flow
of activation (i.e., discrete vs cascaded flow). To this end, we re-investigated the commonly
reported effects on lexical access i.e., the semantic interference\facilitation effect, cognate
effect, identity effect, and the phonological interference effect. Five experiments were
conducted implementing three different methods: masked priming in a picture naming task
(experiments one, two and three), the animacy decision task (experiment three), and the
phoneme monitoring task (experiments four and five) which were evaluated (see section 2.8,
2.9, and 2.3 respectively) as being the most robust approach for the investigation. These
experiments were conducted in a sequential order. The findings of each experiment influenced
the design and objectives of the next experiment until the researcher was confident that the

research questions had been addressed fully.

A critical evaluation of the literature determined that the masked priming task in picture naming
was the best methodology to tap into the cognate effect, the semantic interference effect, and
the identity effect. The animacy decision task was employed to locate the main cause of the
semantic interference effect and, the phoneme monitoring task was adopted to further examine
whether the activation of non-target lexical nodes cascaded to the phonological level or not.
The five experiments addressed different part of the research questions as shown in Table 1,
which summarises the experimental conditions and main objectives of the experiments which

are detailed further in chapters four, five, six, seven, and eight.
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name of the picture.
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(Ch. 4) | ¢°9 Highly
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priming task cross language activation and
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P g less proficient interference effect can be found
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. To investigate the following:
Phon_em_e * Phonen;eh n the L1 o Lexical access in different script
monitoring name of the picture. Two groups of | pjjinquals.
task: ~using | Phonerpeh n the 1.2 Argblc-En.gllsh « Flow of activation (cascaded vs

Exp4 | shared name of the picture bilinguals: discrete)

e o o 8 | R | » The e f ey vl i
two name of the picture. less proficient. cross _Ianguage activation and

selection.
languages.
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the L1 name of the e Lexical access in different script
Phoneme picture. bilinguals.
{noi?.ltormg e Phoneme (distinct) in | Two groups of |  Flow of activation (cascaded vs
ask: USING | the L1 name of the | Arabic-English discrete).
distinct and : 9 - .
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(Ch. 8) honemes e Phoneme in the L2 | Highly cross language activation and
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WO e Phoneme that is not | less proficient.
languages part of the L1 or L2

Table. 1 Summary of the five experiments.
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3.1 Study participants

This section provides a general description of the participants recruited across all experiments.
A total of 466 Saudi females'® who speak English as their second language were recruited.
They have normal or corrected-to-normal vision and reported no learning difficulties, such as
dyslexia or dyspraxia. Their ages ranged between 19 and 43 years. They were all bilingual
speakers as those who speak more than two languages were excluded. It is important to note
that, each participant took part only once in this study so that there was no overlap of
participants across the experiments. The participants were English language teachers or
students recruited from two different university language institutes in Saudi Arabia. The
language institutes are restricted to the education of preparatory year students, i.e., first year
college students who are required (in addition to other basic courses in several different
subjects) to follow comprehensive English language courses, to enhance their English language
skills and facilitate their college entry. Following the successful completion of this preparatory
year, the students select their major and enter their chosen department. Enrolment on these
English courses was based on the students’ IELTS scores, namely students with overall average
scores of 2.5 to 5 were required to take these comprehensive English language courses, whereas
those who had a score of greater than 5 were exempt. Those enrolled on English language

courses formed the less proficient group in this study.

On the other hand, the English language teachers were holders of MAs in TESOL, TEFL or
Applied linguistics. The majority had taken the CELTA (Certificate in Teaching English to
Speakers of Other Languages) examination from the Cambridge English Language
Assessment, which forms part of the Cambridge University. Furthermore, 90% of these

teachers had taken part in various language teaching courses provided by the Cambridge

10 The participants recruited in the five experiments were all females, because we had permission to access only
the female campus to collect data for this study in Saudi Arabia.
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Institute. Their IELTS scores ranged from between 6 and 9, and they comprised the highly

proficient group.

In every experiment, a different group of less and highly proficient participants was recruited,
and their IELTS scores were tested statistically to ensure that the two groups differed
significantly with regard to their proficiency level (see chapters four, five, six, seven, and
eight). In addition, further proficiency measures were administered, including a language
history questionnaire involving a self-assessed proficiency rating and a lexical decision task,
as detailed in the next section. Following a description of these measures, the ethics procedures

for this research are detailed in section 3.2.

3.1.1.1 Proficiency measures

31111 IELTS Test

All the English language learners had taken the International English Language Testing System
(IELTS). The English language teachers had also taken the IELTS test, with approximately
80% possessing recent test scores, so that they could apply to undertake PhD programmes in
the UK, while the remainder had a score, gained two or three years previously, due to having
recently acquired their MA degree. In this research, the IELTS score formed the primary
measure of proficiency alongside a language history questionnaire which was given to provide

information about the linguistic background of the participants.

3.1.1.1.2 Language history questionnaire

A language history questionnaire was distributed to all of the participants, in order to collect
information about their L1 and L2, namely their daily usage of their L1 and L2, the amount

and type of their L2 language learning experience, their age of L2 acquisition, and how long
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they had lived in an English-speaking country. It also asked whether or not the participants
spoke more than two languages, and if this was the case, they were instructed not to complete
the questionnaire. Lastly, the questionnaire asked the participants to rate their L2 proficiency
level under the four language skills: reading, writing, speaking, and listening. A blank copy of
the language history questionnaire is provided in appendix C. The next section discusses the
lexical decision task employed in this study (experiments three, four and five), including the

task procedures, the selection of material used, and the analysis of the data collected.

3.1.1.1.3 Lexical decision task

Most bilingual studies, within experimental psychology (e.g., Jared and Kroll 2001; Prebianca
2014) rely on participants’ self-ratings of proficiency and language background questionnaires
as the only source of proficiency information which we did in experiment one and two, along
with their IELTS scores. As discussed in section 2.4, it is recommended that combined
proficiency measures are adopted to increase the reliability of the classification of the

participants’ proficiency level.

In experiments three, four, and five, a lexical decision task was used as an objective measure
of proficiency level, because these experiments were executed online, due to Covid 19
restrictions, and not in labs as experiments one and two (see section 3.4) were, and thus it was
necessary to employ this additional measure of ability as the researcher did not meet the
participants in person. One of the advantages of this online procedure was that the participants
were more available than they might be otherwise, and it was possible to set appointments at
more convenient times for both the participants and the researcher than would be the case with
the lab-based experiments, for which the timings were subject to lab availability and the

participants’ study/teaching schedule.
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The lexical decision task is a standard psycholinguistic tool for measuring word recognition
skill and is considered an effective measure of vocabulary size in L2. It has been used in several
studies as a measurement of proficiency level (e.g., Hermans et al. 1998; Huibregtse et al.
2002). It is a forced-choice categorisation task in which an individual is presented with a set of
lexical items consisting of words and non-words. The non-words used in the test are
pseudowords, which are phonologically and orthographically possible words in the target
language. For each item, participants decide whether the item meets some pre-specified
criteria, usually whether it is a word in the language or not (Harley 2001). Accuracy (Acc) is
measured by the ability to distinguish between the two item types, and speed is measured by
the time it takes to respond to each item i.e., reaction times (RTs). A high rate of accuracy
indicates a large vocabulary size, and a faster response time indicates the development of L2
processing skills (Segalowitz and Hulstijn 2005; Mochida and Harrington 2006). Hence, the
highly proficient group was expected to provide more accurate responses and faster

performances than the less proficient group.

a. Material selection for the lexical decision task

The material was sampled from a list used by Azuma and Van Orden (1997) in their lexical
decision task. It consisted of forty-eight English words and forty-eight English pseudo-
homophones. The words varied in number of meanings (i.e., few or many). In Azuma and Van
Orden’s norming study, a word with four or less meanings was classified as few, while a word
with six or more meanings was classified as many. Also, the words varied in the relatedness of
word meanings (low, high) i.e., words with relatedness scores < 3.0 were classified as low and,
words with relatedness scores > 3.5 were-classified as high. So, there were four categories of
words that were included in our task: twelve words with few meanings and low relatedness

(e.g., bark), twelve words with few meanings and high relatedness (e.g., rake), twelve words
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with many meanings and low relatedness (e.g., plot), and twelve words with many meanings
and high relatedness (see full list in appendix D). All non-words were pseudo-homophones i.e.,

non-words that share pronunciation with real words (e.g., treet).

To ensure that no more than three words from the same condition (e.g., many-low) were
presented in a row, we created four stimulus lists in which each list had 12 words and 12 non-
words. The 12 words consisted of: three (many-low), three (few- high), three (many- high),
and three (few-low). The lists were counterbalanced across participants (full list can be found

in appendix D).

b. Lexical decision task procedure

The task was performed online due to the outbreak of the Covid-19 pandemic which meant that
physical labs were shut and potential participants could not leave home. The task was created
using PychoPy 3 which is a free cross-platform package used to run experiments in behavioural
sciences (further description is provided in section 3.4.2). Responses were collected via mouse
click or touch screen clicks. Each participant attended a video conference meeting with the
researcher in which she received oral instructions in English about the task. We did not use the
participants’ L1, in order to avoid activating the L1 lexicon before commencing the task. Our
objective was to observe the effect of L1 prime words on the L2 production. Thus, it was
necessary not to establish any conversation in the L1 ahead of the tasks. This was applied to
all tasks’ procedures employed in experiments one, two, three, four and five. Following ethical
clearance (see section 3.2), and after receiving instructions, a training and task link were sent
to participants. They used their own computers/tablets to perform the task. They were informed
that strings of letters would be presented one at a time on the screen and they had to decide
whether each string of letters was a real English word or not. A training link with 6 trials was

sent first to familiarize participants with the task. Once the researcher received confirmation
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from participants that they were ready to start, the link to the main task was sent. To ensure no
disturbance would occur during the task, participants were instructed to be in a quiet room, to
stay focused as much as possible, and to turn off their camera and microphone during the
performance of both the training and main task. The researcher’s camera and microphone were
turned off as well. On each trial, a fixation sign (+) was presented for 500 ms at the centre of
the screen. When the fixation sign was replaced with a string of letters, participants were
required to judge whether the string of letters was a real English word or not. If it was an
English word (e.g., hide, lock, etc.), they clicked (mouse click or screen touch click) the “yes”
button on screen; if it was not a real English word (e.g., korn, frum, etc.) they clicked the “no”
button on screen. After they responded, a fixation sign appeared for 500 ms again and another

string of letters was presented.

c. Data analysis of the lexical decision task

Reaction times (RTs) were calculated only for correct responses. Reaction times that were 2.5
standard deviations above or below the mean were identified as outliers (i.e., extreme values)
separately for words and nonwords and excluded from the analyses. This was done as it is
recommended to remove outliers, in order to maintain the integrity of the mean, as the statistical
tests used in this study are sensitive to outliers. Then, the final mean reaction times and
accuracy for the correct responses were calculated for each condition, and these results enabled
the researcher to place the participants in the high or low proficiency group. In the next section,
we discuss the research ethics of this study, and how the study’s participants were approached

and recruited.
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3.2 Research ethics

The ethical approval for this study was obtained from the Research Ethics Committee at the
School of English, Communication, and Philosophy (ENCAP) at Cardiff University, then
consent was obtained from the relevant institutions in Saudi Arabia, as well as every
participant individually. In order to obtain ethical approval to conduct the study, the researcher
first attended a mandatory training course on Research Integrity, provided by Cardiff
University, which seeks to help researchers understand their responsibilities, and ensure that
their research is conducted to the highest professional standards. The researcher then prepared
and submitted to the ENCAP Research Ethics Committee the following: (i) an application form
that included a detailed description of the intended study (i.e., the research objectives and
questions; a description of the targeted participants and the type of information to be obtained;
and the data collection method, including the procedures, and the handling of anonymous data);
(i) a participant information sheet that explained the purpose of the research and what the
participants would be required to do, how they would be involved, and how their data would
be confidentially stored; (iii) the recruitment letters for the five experiments and the online
survey (the semantic and phonological similarity rating), which introduced the participants to
matters including the general objectives of the study, and the participants’ role and
benefits/risks, if applicable; (iv) the consent form that the participants were required to read
carefully and sign; and (v) a list of written stimuli words, and a sample of picture stimuli. Once
ethical approval from the Research Ethics Committee at Cardiff University had been granted,
the researcher contacted the language institutes at the two universities in Jeddah, Saudi Arabia,
to seek approval to recruit the participants and conduct the data collection. The approval letter
from the Research Ethics Committee at Cardiff University, and the fact that the researcher was
a staff member at the two universities in Jeddah was sufficient to grant approval. Details

concerning how the participants were approached and recruited is provided in the next section.
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The data collection method was lab-based initially (i.e., experiments one and two [chapters
four and five, respectively]), but due to the outbreak of the Covid-19 pandemic, online methods
were adopted subsequently to conduct the last three experiments (i.e., experiments three, four,
and five [chapters six, seven, and eight, respectively]). The change to the process was reviewed
by the Research Ethics Committee at Cardiff University, and continued ethical approval was
granted. For the lab-based experiments, the participants were recruited via an email that
provided an overview of the experiments. The email was sent to the Head of Scientific
Research Unit at the university, who oversaw the circulation of the recruitment emails to the
relevant staff and students at the institutes. Upon receiving a positive response, appointments
were then set for the individuals willing to participate in the study. A follow-up email that
confirmed the appointment and its location (lab-room) was sent to the participants individually.
The researcher orally presented the participants with a brief overview of the experiment, in
order to guarantee that all the participants received the same information. They were then given
a participant information sheet, which detailed how their data would be anonymously
used/stored. They were required to read it carefully and ask for clarification, if needed. If they
were still willing to participate in the study, they were required to read and sign the consent
form. For the online-based experiments, the participants were approached and recruited via
email, as for the lab-based experiments. Those who were willing to participate received an
email individually, with the participant information sheet (pdf file) and the consent letter (see
appendix A and B for an example of these). The email emphasized the fact that the information
sheet, along with the consent form, must be read carefully before giving consent to participate
in the study. If the individuals approached had any further questions, they were asked to contact
the researcher via email. Once, the electronic consent form was signed and returned, an
individual Blackboard video conference call was set up between the participant and the

researcher, in order to perform the experiments. The participants were informed that
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participation was entirely voluntary, and that they were free to withdraw their consent to
participate at any time, prior to the data analysis phase, which commenced seven days after
their completion of all the tasks required, without giving a reason, even after signing the
consent form. All the information collected from (or about) the participants during the research
project was kept confidential (i.e., it could not be traced back to the individual participants, and
the data was accessible only by the researcher), and any personal information they provided
was managed in accordance with data protection legislation. Cardiff University was the Data
Controller, and as a university is committed to respecting and protecting their personal data, in
accordance with their expectations and with data protection legislation. The next section

provides further details on how data was stored and managed.

All the information collected by this study was stored in such a way that it could not be traced
back to participants. With the exception of the signed consent forms, the researcher
anonymized all the participants’ data (age, gender, nationality, education and linguistic
background, button-press responses, and reaction times) collected for the research project, from
the point at which the participants conducted the tasks involved. In addition, the participants’
vocal responses were held confidentially and were accessible only by the researcher, and were
retained for a period of three months after commencing the tasks, then were permanently
deleted. All anonymized, confidential data was stored under each participant’s ID number in
the researcher’s space on Microsoft OneDrive (a secured, password protected drive provided
by Cardiff University). A scoring sheet was used to represent the data collected from the vocal
recordings, and these records were processed anonymously for interpretation in the data
analysis phase, later stages of this research project, and in future journal publications and
presentations. The anonymised information and the signed consent forms will be retained for

a minimum of five years and then will be permanently deleted (i.e., the paper records will be
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shredded and the digital records will be permanently deleted). The next section elaborates on

how data were removed upon participants’ withdrawal from this research project.

If any of the participants decided to withdraw from this research project (during the seven-day
grace period for withdrawal), they were simply required to provide the researcher with their
participant number. If they performed the tasks online, the participant number was the ID
number they created and entered at the beginning of each task. If they performed the tasks in
the lab, it was the ID number that the researcher provided them with, which referred to their
order of participation. The researcher did not retain any record that connected this number to
the participants. Thus, the participants were required to remember this number to give the
researcher should they wish to withdraw their contribution. As stated earlier, withdrawing was
possible at any point prior to the data analysis phase, which commenced seven days after the
participants’ completion of all the tasks required. At that point, the researcher discarded the
participants” numbers from all scripts, which meant that the researcher could not identify and

retrieve the individual files.

The next section discusses the two main paradigms employed in this study to address the
research questions, namely the masked priming paradigm and the phoneme monitoring task.
As the animacy decision task was used once in experiment three (chapter six) for a short role,
it was considered to be a secondary paradigm, and it is thus discussed in the related section
(3.3.1.3). A brief description of these tasks is provided, along with the objectives and the related

hypothesis; more detail is given in the chapters for the relevant experiments.
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3.3 Paradigms employed in this study

3.3.1 The First paradigm: the masked priming of picture naming task (Experiments one,

two, and three)

This paradigm was implemented in three different experiments (one, two, and three [chapters
four, five and six]), in order to investigate lexical access/selection and the flow of activation in
different script bilinguals. It also tested whether or not these processes were affected by the
differences in the participants’ proficiency level. The paradigm enabled the testing of the
cognate effect, the identity effect, and the semantic interference effect reported in the picture
word interference task (defined in sections 2.3.1, and 2.3.2). As discussed earlier, this paradigm
was employed due to the presence of a mask that promoted the unconscious processing of the
L1 prime words and allowed us to investigate the production process free from any linguistic
influence (see section 2.8). Two different types of pictures were used i.e., cognate and non-
cognate pictures. The prime-target relationship and the presentation time of the prime words
were manipulated based on the objective of each experiment. The highly and less proficient
Arabic-English bilinguals were asked to name the pictures in their L2, and were unaware of
the existence of the masked priming words. The next section summarizes the three
experiments, which are detailed in chapters four, five, and six, and discusses how the masked

prime paradigm was implemented in the investigations.

3.3.1.1 Experiment one: (Naming cognate and non-cognate pictures)

Experiment one investigated the commonly reported cognate facilitation effect (see section
2.3.1) in picture naming tasks, and the identity effect (see section 2.3.2) in picture word
interference tasks. As discussed in section 2.3.1, the cognate facilitation effect typically

supports the view that the manner of lexical selection is language specific, and that the flow of
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the activation of the lexical nodes in both languages cascades to the phonological level. The
identity effect was typically reported in previous picture-word interference tasks, and the
finding of a facilitation effect challenged the view of lexical competition, due to semantic

similarities.

However, since these effects were typically reported in studies that used the picture-word
interference task, and tested same script bilinguals, further examination of the underlying
process was required. Specifically, as reviewed in chapter two, this study questioned the
findings of the picture word interference task, due to its design flaws, i.e., the presence of the
visually presented distractor word might confuse the participants and cause them to process it
for production, prior to the processing of the target picture, hence the interference effect
(Finkbeiner and Caramazza 2006). Thus, experiment one of the present study adopted a
different methodology, namely the masked paradigm, which similarly requires a picture to be
named, and a non-target word is introduced. However, unlike the picture word interference
task, the non-target word is unavailable for conscious processing as it is masked, ensuring that
the participants prepare vocal responses to the target picture only. The presentation time of the
masked prime word for the investigation of the cognate effect and identity effect was set at 50
ms, because previous monolingual studies reported a priming effect for repetition and

phonological priming at short presentation times (e.g., Ferrand et al. 1994).

As discussed in section 2.3.1, the cause of the cognate effect was attributed to the shared
phonological segments across the two languages (Costa, Caramazza, et al. 2000). Thus, we
hypothesized that, if the flow of activation cascades to the phonological level, then priming a

cognate picture with its masked cognate name in L1 (i.e., the critical condition'?), would induce

1 we employ the use of the term “critical condition’ to refer to the condition in which we manipulated the
relationship between the prime and the target picture, whereas the term ‘control condition’ is used to refer to the
condition in which there is no relationship between the prime and the target picture.
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an interference effect or at least slow down the speed of naming. This is because the non-target

lexical nodes should be highly active, and thus impede the selection process.

With regard to the identity effect, it was hypothesized that if lexical selection is language
specific, then the facilitation effect should be found when a non-cognate picture is preceded by
its L1 name. However, if lexical selection is language non-specific, then an interference effect
should be found because of the competition between the activated lexical nodes in the target
and non-target language at the lexical level. We ensured that the prime and target picture did

not overlap phonologically.

The data analysis and discussion of the results is presented in chapter four; the research

questions are presented next.

3.3.1.1.1 Research questions for experiment one

- What is the manner of phonological selection/activation by different script bilinguals?
- What is the manner of lexical selection by different script bilinguals?
- What is the effect of different script on lexical access and manner of selection?

- What is the effect of proficiency level on lexical access and manner of selection/activation?

3.3.1.2 Experiment two: (priming non-cognate pictures with semantically related

words)

As stated in chapter two, the semantic interference effect found in the picture word interference
task was considered as evidence supporting the view of language non-specific selection.
However, since the finding was based on investigations carried out using picture word-

interference tasks, they can be challenged (Finkbeiner and Caramazza 2006), as described in
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section 2.3.2. Therefore, there was a need to test the semantic interference effect using the

masked priming technique.

Thus, in experiment two (chapter five) we compared the performance of highly and less
proficient bilinguals in a masked priming picture naming task manipulating the semantic
relationship between the masked L1 prime word and the target picture. The time of the
presentation of the masked prime words was also manipulated based on previously published
findings (see section 2.8). Therefore, different presentation times (50 ms, 75 ms, and 100 ms)
were employed to determine whether the effect would manifest at avsimilar SOA or earlier in
bilinguals using different scripts. We avoided using a longer presentation time as it may allow
participants to recognize the prime word; even more they might be encouraged to translate the

prime word into the target language as discussed in section 2.8.

In this experiment, an L1 semantically related masked prime word preceded a target picture
and participants were asked to name the picture in L2 as fast and accurately as possible. The
mask and the short presentation time of the prime word would make the prime word
unconsciously available for processing, thus minimising the chances of any sort of confusion.
If lexical selection entails competition between target and non-target lexical nodes, longer
naming latencies should be found in the critical condition. More specifically, the L1 prime
word would send activation to the corresponding lexical node in the non-target language (L1)
and thus increase its level of activation which should lead to competition. However, if lexical
selection does not entail competition, naming latencies should not be affected in the critical

condition.

The data analysis and discussion of the results of this experiment is presented in chapter five;

the research questions for experiment two are listed below.
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3.3.1.21 Research questions for experiment two

- What is the manner of lexical activation/selection by different script bilinguals?

-What is the effect of script differences on lexical access and manner of lexical

selection/activation?

- What is the effect of proficiency level on lexical access and manner of selection/activation?

3.3.1.3 Experiment three: (masked priming vs animacy decision task)

This experiment was conducted to investigate our hypothesis about the discrepancy in the
findings between experiment one and two regarding the manner of lexical selection. Strikingly,
the semantic interference effect is the only indicator of lexical competition and thus, it is
important to investigate the locus of this effect to determine whether it originates at the lexical
level or at the conceptual level. To this end, we compared the performance of our Arabic-
English bilinguals in both proficiency groups in two different tasks in experiment three:
masked priming and an animacy decision task. The animacy decision task (reviewed in section
2.9) involved conceptual processing where participants had to indicate via button press whether
a target picture represented a living or non-living object. The other task (the masked priming
in picture naming task) involved conceptual and lexical processing i.e., target pictures in both
tasks were primed with a semantically related masked word in L1. If the semantic interference
effect originates at the conceptual level, we hypothesis longer reaction times in both tasks as
they both involve conceptual processing. However, if the semantic interference effect
originates at the lexical level, we hypothesis longer reaction times in the picture naming task
only as this task involved lexical processing. The data analysis and discussion of the results is

presented in chapter six; the research questions for experiment three were as follows:
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3.3.1.3.1 Research questions for experiment three

- What is the locus of the semantic interference effect?

- What is the effect of proficiency level on lexical access and manner of lexical

selection/activation?

- Do script differences modulate the cross-language activation in both tasks?

The next section discusses the second paradigm employed in this research, namely the

phoneme monitoring task, and summarizes experiments four and five.

3.3.2 The second paradigm: the phoneme monitoring task (Experiments four & five)

The phoneme monitoring task (reviewed in section 2.3.3) was employed in experiments four
and five to investigate lexical access and the flow of activation in different script bilinguals. It
also examined whether the participants’ proficiency level modulated lexical access and the

flow of activation.

In the three masked priming experiments (chapters four, five and six), we manipulated the
lexical properties of the prime word and we observed the outcome of this lexical activation at
the lexical/phonological level. Although the priming method is a good candidate for
investigating cross-language lexical activation, this study employed a different paradigm that
would tap specifically into the sub-lexical processing i.e., the cross-language phonological
activation, in order to examine whether the activated non-target lexical nodes would spread
activation to the phonological level. Since the cognate effect (investigated in experiment one)
is based on the existence of shared phonemes, it was necessary to investigate the cross-
language phonological activation, in which there is no phonological overlap, before making

any generalization. The phoneme monitoring task was employed to examine the cross-language
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activation with zero phonological overlap. The next two sections detail the manipulations

administered in each experiment, and the related hypothesis.

3.3.2.1 Experiment four: (phoneme monitoring task: shared phonemesin L1 & L2)

In experiment four (detailed in chapter seven), highly and less proficient Arabic-English
bilinguals were presented with target pictures that were preceded by phonemes (shared by both
languages) and they had to decide whether the phoneme was part of the English picture name
or not. For the picture of a lion, for example, the phonemes were of three types: (i) part of the
L1 name of the picture in the critical condition (e.g., /s/); (ii) part of the L2 name of the picture
in the positive 2 condition (e.g., /I/); and (iii) not part of the picture name in L1 or L2, i.e.,
unrelated in the control condition (e.g., /k/). Only the phonemes that are legal in both languages
were employed. In total, 14 phonemes that are similar in Arabic and English, in terms of place
and manner of articulation (cf. Alotaibi and Meftah 2013), were selected. They were
consonants with a single letter-representation that corresponds to English letters (see appendix
J for full list). Although the participants were expected to monitor every syllable of a picture
name, we ensured that the target phoneme appeared at the onset position in the critical and
positive conditions to avoid the effect of different syllabic positioning. We hypothesized that
if the phonological segments of the non-target language are active, then longer reaction times
should be observed in the critical condition. However, if the phonological segments of the non-
target language are not activated, then reaction times in the critical condition should not be
different from those in the control condition. The analysis and discussion of the results is

presented in chapter seven; the research questions for experiment four are listed below:

12 The terms ‘positive condition’ and ‘critical condition’ refer to the conditions in which the relationship between
a phoneme and the target picture was manipulated, whereas the control condition refers to zero manipulation
between a phoneme and target picture. The positive condition should elicit a positive response (i.e., click Yes),
whereas the control and critical condition should elicit a negative response (i.e., click No).
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3.3.2.1.1 Research questions for experiment four

- Is the flow of activation in different script bilinguals cascaded or discrete?

- What is the effect of language proficiency level on the cross-language phonological

activation?

3.3.2.2 Experiment five: (phoneme monitoring task: L1 distinct phonemes vs shared

phonemes)

In experiment four, we used only shared phonemes across the two languages to investigate the
cross-language phonological co-activation and we observed the outcomes of this manipulation.
In experiment five, by contrast, we tested whether the findings of experiment four could be

replicated when a language specific phoneme (L1 distinct phoneme e.g., Arabic /§/ g ) is used.

So, in experiment five (chapter eight), the same phoneme monitoring task was adopted in four
experimental conditions. For example, for a picture of a spider, four experimental conditions
were created: (i) a bilingual critical condition in which the phoneme was shared across the two
languages and part of the picture name in L1 (e.g., /n/), (ii) a monolingual critical condition in
which the phoneme was language-distinct and part of the L1 name of the picture (e.g., /S/ &
), (iii) a filler condition in which the phoneme was part of the picture name in L2, and lastly
(iv) a control condition in which the phoneme was not part of the picture name in L2 or L1. It
was hypothesized that if the phonological activation of the non-target segments is restricted to
shared phonemes across the two languages, then longer reaction times would be observed only
in the bilingual critical condition where shared phonemes that are part of the L1 name of the
picture were presented. However, if parallel activation is applicable to both shared and non-
shared phonological segments in the two languages, then reaction times in the two critical

conditions should be longer than in the control condition. The results of this experiment are
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analysed and discussed in chapter eight; the research questions for experiment five are listed

below:

3.3.2.2.1 Research questions for experiment five

- Are the L1 distinct phonemes (i.e., non-target phonological segments) activated at the
phonological level? And what is the impact of this activation?

- What is the effect of proficiency level on the cross-language phonological activation?

The previous sections discussed the five experiments conducted in this study to test the
production process of different script bilinguals, and described the two paradigms that were
employed, namely the masked priming paradigm and the phoneme monitoring paradigm. The
next section provides a detailed account of how these experiments were administered, along

with the justification for their use.

3.4 Study experimental procedures

This study conducted the experiments involved via a face-to-face lab-based method, and
subsequently an online web-based method, due to the Covid-19 restrictions that were imposed
during the data collection, which meant that it was necessary for all research activity to be

conducted online, or via other remote means, from March 2020 until the end of the restrictions.

3.4.1 Lab-based procedures (experiment one and two)

Experiments one and two (masked primed picture naming task) were performed in labs where
the researcher recruited participants and explained the nature of the task in one-to-one meetings

using the computer screens and experiments tools. Participants were tested on individual basis,
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and in isolated rooms. They were placed in front of high performing multimedia personal
laptop, which had a 15" FHD screen and a resolution of 1920 x 1080. The viewing distance
was approximately 60 cm. Both pictures and words were shown in black on a white
background, and the picture size was 300 x 300 cm. All of the pictures were reproduced with
sufficient clarity to be identified easily, i.e., only an image of the object was presented, with
nothing accompanying it on the screen. For example, a picture of a bird showed only that

particular bird, rather than a bird standing on the branch of a tree.

The participants’ responses were recorded using an external electric microphone connected to
the response device Chronos, which also measures reaction times (RT). The experiment was

designed using E-Prime 3.0. which is widely used software in behavioural research.

The participants received oral instructions in English (reasons discussed in section 3.1.1.1.3)
prior to commencing the test, with additional English written instructions being delivered on
screen throughout the test. The participants were informed that they were required to look at
the centre of the screen and name the pictures as rapidly and accurately as possible, and to say
‘pass’ if they did not know the name of the picture. The participants were also requested to
avoid undesirable responses (such as ‘ah’ or ‘uhm’) when thinking of an answer, and to avoid
laughing, as this would trigger the voice key. They were not informed of the presence of the
primes. They had a trial training session, which was performed with separate stimuli and prime
words from those employed in the actual test. The experimenter was present only during the
trial sessions, to ensure that the participants fully understood the procedures and performed
them according to the instructions given. The next section provides a description of the online
procedures, detailing the software used for the implementation of the online tasks and how

these tasks were administered.
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3.4.2 Online procedures (experiments three, four and five)

The study initially planned to conduct all of the data collection face-to-face with the
participants in labs, however we lost access to labs and study participants due to the outbreak
of Covid-19 pandemic. Thus, experiments three, four, and five were administered online. A
web-based data collection method was adopted, and we recruited different groups of Arabic-
English participants who took part in the study remotely from their own computers. Revised
ethics was achieved for the online data collection (see section 3.2 for detail). Lately, this form
of experimental setup has become popular because researchers can easily access and collect a
large amount of data from a wide range of locations and populations (Gosling and Mason 2015;
Woods et al. 2015; Stewart et al. 2017). Moreover, different tools have been developed to
facilitate the building of web-based experiments to ensure careful display timing of the stimuli
and accurate recording of participants’ responses within web-browsers (Kochari 2019). This
has made web-based data collection suitable for many experimental paradigms typical in
cognitive psychology (Semmelmann and Weigelt 2017; Kochari 2019). A discussion of the

web-based tool that was employed is presented next, along with the justifications for its use.

Experiments three, four and five were thus designed on-line. At the time of online data
collection, an online version of E-Prime was released i.e., (E-Prime Go) that allows researcher
to send a task file to participants through emails. However, this online version was compatible
only with Windows and not the other operation systems such as Android or OSX and has
additional challenges including that the reaction times are measured by the participants’ local
personal computers rather than a reliable server, and thus results are subject to variability across
participants owing to different computing powers and E-Prime Go is dependent on participants’
cooperation and computer skills as they need to go through several steps including

downloading the file, running and saving the trials, and uploading and sending the file to the
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researcher. Thus, we decided against this package and instead adopted PyschoPy3, a more
practical and reliable option which has been used extensively, as summarised below and is
proven to generate accurate data. This software (PsychoPy3 v3.1.5 Builder GUI) is a free cross-
platform package that is used to run a wide range of experiments in behavioural sciences (e.g.,
neuroscience, psychology, psychophysics, linguistics, etc.) with precise spatial control and
timing of stimuli (Peirce et al. 2019). Bridges et al. (2020) compared different software
packages (including E-Prime) used to conduct online behavioural experiments to measure
response times and performance of participants as well the precision and accuracy of visual
and auditory stimulus timing and response times across these packages and concluded that
PyschoPy 3 v3.1.5 achieved impressive reaction time precision of under 4 ms on all web
browsers and thus was adopted here in this study. Next, we provide further details regarding

how the tasks were administered, and what instructions were given to the participants.

After being created on PyschoPy, the tasks were exported to PsychoJS v3.1.5 and uploaded to
Pavlovia.org using the GUI, where the tasks were run from a browser. PsychoPy can run
efficiently on different web browsers like Chrome 76 (Windows), Chrome 75 (macOS), Firefox
68 (Windows), Firefox 69 (macQOS), Safari 12 (macOS), but not on Edge at the time we
executed this experiment, thus participants were informed not to use it, but we were confident
that there were sufficient browsers available to ensure that participants were not excluded.
Since all tasks required full-screen preview; we ensured this using the experiment settings in
the builder view. The one major obstacle with PsychoPy is that its online version does not have
the option to record reaction times to vocal responses or record participants’ actual responses.
Thus, in the masked primed picture naming task only (experiment three, chapter six),
participants were asked to record their screens with audio and send the recording to the
researcher. At the data analysis stage, Praat, a software for analysing, synthesizing and

manipulating speech and other sounds, was used to measure voice onset time manually. In
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addition, a tone (a gentle mouse click) was added at the onset of the target picture which
allowed us to identify the start point of measuring the reaction time to each trial in Praat. Then
each trial sound file was analysed manually by measuring the length of the silence between the

onset of the tone and participant’s vocal response.

When conducting the online tasks (the masked primed picture naming, phoneme monitoring,
animacy decision, and lexical decision tasks), participants were tested on an individual basis
on a video conference call with the researcher. They were instructed to be seated in front of
their own personal laptop, desktop, or tablet with a suitable viewing distance of approximately
60 cm if possible. They were asked to be in a quiet room and avoid any distractions and to
minimize any sort of disturbance from family members while performing the tasks. They had

all be cleared through our ethics procedures as described in section 3.2.

3.5 Selection of materials used in all experiments

3.5.1 Pictures

The pictures used in all the experiments were black and white line-drawings of objects (e.g.,
food, animals, furniture, body parts, clothing and musical instruments, etc.) collected from the
International Picture Naming Project online-database (Szekely et al. 2003; Szekely et al. 2004)
(see appendix K for pictures samples). We matched the picture names on variables that are
often considered critical to the type of processing level involved in the tasks and the
experimental conditions. More specifically, variables including familiarity and imageability,
which are usually thought to influence the semantic processing level (Brysbaert et al. 2000),
whereas frequency typically impacts the lexical-phonological processing stages (Levelt et al.
1999). Moreover, the age of acquisition of a semantic category is known to affect both the

speed and accuracy of the individual’s lexical/semantic processing (Réling et al. 2017). In
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consideration of this, the MRC Psycholinguistic database (Coltheart 1981) was utilized to
match the target names for familiarity and imageability, and the International Picture Naming
Project database!® (Szekely et al. 2003; Szekely et al. 2004) to number of letters, frequency,

number of syllables, visual complexity and age of acquisition.

3.5.2 Prime words

All the related and unrelated Arabic prime words, used in experiments one, two and three
(chapters four, five and six), were carefully matched in terms of number of letters, number of
syllables, and frequency. The data was taken from the published normative online
databases for nouns, “The Gulf Arabic Nouns” (Khwaileh et al. 2018) and the Modern

Standard Arabic lexical database “ARALEX” (Boudelaa and Marslen-Wilson 2010).

3.6 Data Trimming for all experiments

Each participant’s reaction times data was exported to an Excel file for analysis, and the vocal

recordings/ button press responses were analysed manually by the researcher.

For the masked primed picture naming tasks, the researcher listened to every trial response,
scoring it as either a correct or incorrect answer. We applied a liberal criterion for accuracy,
i.e.,, synonyms of a given non-cognate picture name in experiments one, two, and three
(chapters four, five, and six respectively) were scored as correct answers. Responses that did
not match the expected picture names, began with hesitation/ a ‘pass’ response, or were not

recorded due to technical issues were scored as errors. For the animacy decision task and the

13 We used the MRC Psycholinguistic database as a secondary source, because familiarity and
imageability data were not available on the International Picture Naming Project database.
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phoneme monitoring tasks, we matched the participants’ responses (yes/no) against the answer

key sheet prepared previously by the researcher.

For all the tasks, the reaction times for correct answers only were included in the analyses.
When trimming the correct responses data, we employed two methods that are applied widely
in psycholinguistic research; namely the absolute cut-off and the standard deviation rule.
Following the absolute cut-off rule, we trimmed responses that were less than 300 ms or greater
than 3000 ms, as typically applied in most picture naming studies (e.g., Hoshino 2006; Hoshino
et al. 2021). Then, reaction times that were 2.5 standard deviations above or below the mean
were identified as outliers, and excluded from the analysis. The percentage of errors and
outliers excluded from the analyses are reported in each experiment (chapters four, five, six,
seven, and eight). For each of these experiments, an ANOVA analysis was performed for the
mean response latencies and accuracy per subject and item. The participants’ mean reaction
times for their correct responses in each condition were obtained and used for the subject
analysis. The item analysis was based on the means for correct responses to each item under

each condition.

The next chapter reports the first experiment in this study which is naming cognate and non-
cognate pictures in a masked primed paradigm. A full account of the experimental procedures,

analysis of results and discussion of the major findings are presented in chapter four.
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Chapter 4 Experiment 1: Masked Priming of Cognate and Non-Cognate

Pictures in a naming task

This experiment investigated the manner of lexical access by different script bilinguals, namely
Arabic-English speakers, to determine whether the previous findings of non-selective lexical
access in same script bilinguals (Green 1986; De Bot 1992; Poulisse and Bongaerts 1994) is
also applicable to bilinguals with distinct scripts. Moreover, it examined whether the flow of
activation cascaded to the phonological level in different script bilinguals. Section 2.2.3
discusses the fact that the present study argues against there being a fixed locus of selection,
and instead proposes that there is a selection mechanism at every representation level. Thus,
this experiment investigated the manner of lexical and phonological selection to determine if
competition occurs. Finally, it investigated the participants’ language proficiency level, in
order to determine whether it plays a role in cross-language activation, the manner of the

lexical/phonological selection and the flow of activation.

To address these questions, we used cognate and non-cognate pictures for a naming task
preceded by L1 masked prime words. As discussed in section 2.3.1, in the majority of word
production studies, naming cognates and non-cognates were employed in picture naming tasks
(e.g., Hoshino 2006; Hoshino and Kroll 2008) and picture word interference tasks (e.g., Costa
and Caramazza 1999) to assess cross language interaction in bilinguals. More specifically, they
were used to investigate whether the non-target lexical node (i.e., non-selected) spreads
activation to the corresponding phonological segments. The typical finding in the previous
literature is that cognate pictures are named faster than non-cognates, and this was taken as

evidence supporting the non-selective access and a cascaded flow of activation.

However, it is unclear yet what the implication of this co-activation of the phonological

representations at the phonological level is; that is, do they facilitate or hinder the phonological
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selection of target segments? According to Costa, Caramazza, et al. (2000), similar
phonological segments in the non-target cognate name facilitate the selection of the target
segments, but what if the non-target phonological segments were to receive extra activation
and become highly active, will they interfere with the selection of the target segments? In other
words, is the phonological selection sensitive only to the activation level of the target segments,
and does it not consider the activation level of the non-target segments and will this cascaded

activation manifest if the two languages shared different scripts?

To answer these questions, we explored Costa, Caramazza, et al.’s (2000) theory with regard
to the manner of cross-language phonological activation and selection (detailed in section
2.3.1). In experiment one, the cognate picture was primed with the non-target name (i.e., the
name of the picture in the non-target language) to increase the activation level of the non-target
lexical nodes at the lexical level. If activation of non-target lexical nodes flow from the lexical
level to the phonological level as assumed, the phonological segments corresponding to the
non-target word should also be highly activated (i.e., the shared segments and non-shared
segments). Now regarding the phonological selection, if it is sensitive only to the activation
level of the target segments and does not consider the activation of non-target segments, then
we anticipate a facilitation effect. However, if the phonological selection is sensitive to the
activation level of both target and non-target segments, then we anticipate an interference
effect. In other words, this will reverse the cognate effect; i.e., an interference effect will take
the place of facilitation, due to the activated phonological representations of the non-target
word being highly active and thus interfering with the selection of target segments. This
interference effect would thus provide evidence that during word production, the phonological
selection mechanism considers the activation level of the target and non-target segments.

Figure 11 illustrates this hypothesis.
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L1 Masked prime word
O

Figure. 11 A schematic representation of picture naming in L2 for cognate words words (/lemoan/ and /laimu:n/)
when primed by a masked L1 word. The arrows represent the flow of activation, while the thickness of the circles
represents the level of activation of the representations.

The second objective of this experiment is to utilise the identity condition'* to gain insights
into the manner of lexical selection. The current debate is whether lexical selection is sensitive
to the level of activation of both target and non-target lexical nodes, and thus entails
competition (language non-specific view) or whether it is sensitive to only the target lexical
nodes and there is no competition involved (language specific view). The findings of the
identity effect in picture-word interference tasks indicates a language specific view of
selection, as the facilitation effect was observed, instead of interference (Costa and Caramazza
1999). Therefore in experiment one, the participants were asked to name non-cognate pictures
primed by the name of the picture in L1(masked). If only the target lexical node is considered
for selection, more rapid naming latencies should be observed in the identity condition relative
to the unrelated condition. However, if target and non-target lexical nodes are considered for

selection, longer naming latencies should be found in the identity condition compared to the

14 The identity condition refers to the condition during which the distractor word is the translation equivalent of
the picture to be named in a picture interference task (Costa, Caramazza, et al.’s 2000).
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unrelated condition. We also used non-cognate pictures to compare the reaction times in this
condition to those in the cognates condition to determine whether the cognate pictures, despite
the lack of orthographic overlap, would still be named faster than for non-cognates; details of

this are provided next.

The third objective of this experiment was to test the effect of different script on lexical access
and manner of selection. As discussed in sections 2.5 and 2.6, different script might influence
lexical access and modulate the cross-language competition (e.g., Hoshino 2006; Miller and
Kroll 2002). In experiment one, the prime words were written in Arabic script, which is
linguistically different from English as reported in section 2.7. In addition, the task was
monolingual, that is only English responses were required and the task instructions were given
in English, in order to maintain the same mode. Thus, if different script modulates lexical
access and selection, we expected the bilinguals in this study to ignore the prime word, and
selectively access/select the target lexical nodes only. In other words, there would be no effect
of prime type in the performance of the participants, as they would easily identify the prime
being in the non-response language, and thus disregard it before processing it (see the language
cue hypothesis discussed in section 2.6). If different script does not modulate lexical access,
then we expected to find an effect of cross-language activation, i.e., either facilitation or
interference. In addition, as discussed in section 2.5, that orthographic overlap is essential for
obtaining the phonological facilitation effect in word production, which implies that
orthography modulates phonological processing (Lupker 1982). Thus, we hypothesized that a
similar orthography contributed to the cognate facilitation effect reported in same script studies
(Costa, Caramazza, et al. 2000). If this theory holds true, then the performance of the different

script participants would be the same when naming cognate and non-cognate pictures.
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The fourth objective of this experiment was to identify whether the differences in the
participants’ proficiency level would have an impact on the nature of cross-language activation,
the flow of activation, and the manner of lexical/phonological selection. Previous same script
studies reported an enhanced speed and accuracy of lexical retrieval for highly proficient
bilinguals, compared to less proficient bilinguals (e.g., Van Hell and Tanner 2012). Moreover,
as discussed in section 2.4, the manner of lexical selection was argued to be modulated by the
participants’ proficiency level, namely highly proficient bilinguals applied language specific
selection, whereas less proficient bilinguals applied language non-specific selection. However,
the evidence available remains inconclusive, as most of these studies (e.g., identity condition:
Costa and Caramazza 1999; cognate effect: Costa, Caramazza, et al. 2000) did not compare the
performance of the two different proficiency groups in a single study. Therefore, here we aimed
to fill this gap by testing two groups of bilinguals, the first of whom were being less proficient
English-Arabic bilinguals, and the second highly proficient English-Arabic bilinguals. The

next section provides a detailed account of the method used by the present study.

4.1 Method

4.1.1 Participants

As introduced in section 3.1, the research participants were seventy-six adult volunteers, all of
whom were Saudi female Arabic-English bilinguals, for whom Arabic was their native
language. All the participants had given consent to their data being used anonymously for
research purposes prior to the study (see chapter three for further details about our ethics
procedures). The data obtained from nine of the participants (of a total of seventy-six) was
excluded from the analysis: six, due to technological malfunctions that caused no recorded
responses to be retrievable, and two because they later explained to the researcher that they had

been rushing and could not concentrate on the test, and the final participant was excluded for
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being trilingual (Arabic, English, and Indonesian), and was thus outside the scope of this

bilingual trial.

In addition, all participants had taken the IELTS test. An independent-samples t-test was
conducted to compare the IELTS scores for the two groups. This resulted in the identification
of a statistically significant difference in proficiency level between the highly proficient group
(M =6.7,SD =.779) and the less proficient group (M = 3.8, SD = .84), t(65) =-14.85, p < .001.
In the next section, the data acquired from the self-assessed rating for L2 proficiency level were

analysed and reported.

4.1.1.1 The results of the language history questionnaire

As demonstrated in Table 2, the participants’ average age at L2 acquisition was uniformly
between ten and nine years old. All participants had primarily acquired English as a second
language at an early age. In addition, all participants had received instruction in Arabic
throughout their education, i.e., in their elementary, intermediate and high schools. The
participants were asked to estimate their use of L1 and L2 on a daily basis. As shown in Table
2, the daily average estimation of the use of L1 and L2 by the less proficient group was 75.8%
and 24.03%, respectively, while the average estimation for the highly proficient group for L1

and L2 usage daily was 44.44% and 55.56%, respectively.
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The Highly Proficient Group (n= 36) Minimum Maximum  Mean  Std.Deviation

Age (years) 29 36 32.83 4.372
IELTS Score 6 8 6.7 0.779
Mean daily L1 usage (%) (5 pt scale) 25 100 55.56 18.039
Mean daily L2 usage (%)(5 pt scale) 25 100 44.44 18.039
Age of acquisition (years) 4 11 9.69 2.253
The Less Proficient Group (n=31) Minimum Maximum  Mean  Std.Deviation
Age (years) 19 21 19.71 0.783
IELTS Score 3 4 3.8 0.832
Mean daily L1 usage (%) (5 pt scale) 50 100 75.81 16.437
Mean daily L2 usage (%)(5 pt scale) <25 50 24.03 16.453
Age of acquisition (years) 5 11 10.23 1.783

Table. 2 Descriptive statistics for the participants in experiment one.

All participants in the less proficient group had never experienced a long period of residence
outside Saudi Arabia, i.e., in a location in which English was used as the primary mode of
communication. All participants were residents of Saudi Arabia, aged between seventeen and

twenty, who had been educated up to high school level.

Meanwhile, the highly proficient group (who were primarily teachers) were in possession of
an MA. They were all resident in Saudi Arabia, but had spent some time living in the UK and/or
the USA, where they had read for their Master’s degree. Furthermore, many communicated
with their colleagues in English during working hours, as these colleagues were non-Arabic

speakers.

4.1.1.2 The results for the self-rating

An independent-samples t-test was conducted to compare the mean scores of the self-assessed
rating for each skill between the two groups, leading to the identification of statistically

significant differences between them in all skills areas: (i) Reading t(65) = -8.75, p <.001, (ii)
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writing t(42.4) = -6.90, p < .000, (iii) speaking t(50.36) = -7.9, p < .000, and listening t(49.3)
= -9.691, p < .000. The results suggested that, based on their own perception of their
proficiency level, the highly proficient bilinguals considered themselves to be native like,
whereas the less proficient bilinguals considered themselves to be language learners. The

results of the self-rating in the four skills are listed in Table 3.

Group Statistics Proficiency N Mean Std. Deviation St(lj\./leE;rl]‘or
Self-Rate Reading High 36 4.12 0513 0.086
(5 pt scale) Less 31 ’9 07 0126
Self-Rate writing High 36 4.64 0.487 0.081
(5 ptscale) Less 31 2.84 0.898 0.161
Self-Rate speaking High 36 4.81 0.401 0.067
(5 ptscale) Less 31 3.16 0.86 0.154
Self-Rate listening High 36 4.94 0.232 0.039
(5 pt scale) Less 31 3.03 0.983 0.176

Table. 3 Descriptive statistics for the self-assessed rating in participants’ skills in L2 across the two groups

4.1.2 Materials

4.1.2.1 The selection of the target pictures

In total, sixty black and white line drawings of objects were selected for the stimuli list (further
details in section 3.5.1). Six more pictures (with non-cognate names) were selected for the
practice list and twenty for the filler list. Half the stimuli list had cognate names in Arabic and
English, while the other remaining thirty were non-cognates (see appendix K for sample
pictures). Each cognate picture name was carefully matched as closely as possible with a non-

cognate picture name on the number of syllables and characters, frequency of words,
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imageability, familiarity and age of acquisition (see section 3.5.1) with which potential
variables may impact picture naming latencies (Alario et al. 2004). The characteristics of the

picture names used for the cognate and non-cognate conditions are summarised in Table 4.

An independent-samples t-test was conducted to ascertain whether any significant differences
existed between the name of the cognate and the non-cognate pictures in English (means and
results of t-test are reported in Table 4. The results revealed that the cognate and non-cognate
pictures were matched in terms of the frequency of words, number of characters, imageability,

familiarity, and the age of acquisition.

Cognate Non-cognate

Variables Pictures Pictures t-test fe;/f)llue (t-
Mean (SD) Mean (SD)
Name Agreement (%) 2.3(1.6) 2.7(2.1) t(58) = -1.006 p>.05
Visual Complexity (KB) ~ 18916.9 (10168.8) 15266 (6426.9)  t(58) = .650 p> .05
Syllable Length 2.3(.75) 1.9 (.63) t(58) = 2.20 p<.05
CharacterLength 6.0 (1.8) 5.9(1.3) t(58) = .078 p>.05
\fvrgﬂj‘f”cy per million 2.6 (1.5) 25(1.1) t(58) = .276 D> .05
Q(?ifno:c';‘;‘;“ismon (13 51 (899) 2.1(973) {(58)=.000  p>.05
Imageability (100-700) 605 (31.02) 597 (22.6) t(58) = -.858 p>.05
Familiarity (100-700) 518 (142) 499 (120) t(58) = 1.251 p>.05

Table. 4 The characteristics of picture names in English that are used in experiment 1. Standard deviations are in
parentheses.

The cognate words were longer in terms of their number of syllables than the non-cognate
words, but we did not anticipate that this would be a problem as the critical comparisons would

be made mainly between naming the cognate when it was preceded by related prime words vs.
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unrelated prime words, and the same for the non-cognate pictures. Moreover, the
speed/accuracy level of naming the cognates was not affected by their syllable length in the
study by Hoshino et al. (2006), as the cognate facilitation effect was reported in their study,
despite the cognate items having a greater number of syllables than the non-cognate items. In
addition, a group of 33 Arabic-English balanced bilinguals were required to listen to audio
recordings ° and rate the phonological similarity of two types of sound pairs: (i) an English
cognate name and its Arabic translation prime, and (ii) a non-cognate name and its Arabic
translation prime. We employed a 5-point Likert scale, with “1” denoting very different and
“5” very similar. The mean rating for each pair was then calculated and analysed. The results
of the independent samples t-tests revealed significant differences in the rating scores between
the cognate names paired with their L1 translation names, and the noncognate names paired
with their L1 translation names [ t(58) = 23.11, p < 0.001]. These cognate pairs were rated as
phonologically similar more than the non-cognate pairs. The mean rating for cognate and non-

cognate names is provided in appendix E.

4.1.2.2 The selection of prime words

All the pictures were preceded by prime words in the Arabic language, with two types of prime
word being selected for each cognate picture, as follows: (i) a prime word forming the cognate
name of the picture in L1 and (ii) a prime word unrelated to the name of the picture in L1. For
example, a cognate picture of a lemon was primed with the cognate name in L1 (c.s</ [English
lemony]) in the related condition, and primed with an unrelated L1 word (et [English car]) in
the unrelated condition. Two types of prime words were selected for each non-cognate picture:

(i) a prime word in L1 consisting of the translation word for the name of the picture, and (ii) a

15 The word pairs were recorded by a female balanced Arabic-English bilingual, who is an English language
instructor at the English department, at Jeddah University. Following this, 33 Arabic-English postgraduate
students at the English department were asked to rate these pairs.
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prime word in L1 unrelated to the picture name. For example, a non-cognate picture of a bicycle
was primed with the name of that picture in L1, i.e., the translation equivalent (<=/,2[English
bicycle]) in the related condition, and with an unrelated prime word in L1( < [English grapes])

in the unrelated condition.

Each related prime word was carefully matched with an unrelated prime word in terms of
number of letters, number of syllables, and frequency (see section 3.5.2). Related and unrelated
prime word lists were found to be similar in frequency, number of syllables, and nhumber of

characters (see Table 5 for these means) (all ps > .05).

Related Unrelated
Variables Primes Primes t-test p value (t-test)
Mean (SD) Mean (SD)
Syllable Length 2.4 (.852) 2.3 (.800) t(118) = 1.215 p>0.05
Phoneme Length 5.3 (1.37) 5.0 (1.40) t(118) = 1.32 p > 0.05
Written Form Frequency 2.6 (3.56) 2.7 (4.88) t(118) =.093 p > 0.05

Table. 5 Characteristics of L1 prime words used in experiment 1. Standard deviations are in
parenthesis.

4.1.2.3 The organization of material

Each participant was presented with sixty prime-target pairs: thirty of which were prime-target
pairs for the cognate condition (i.e., fifteen related-cognate pairs and fifteen unrelated-cognate
pairs); and thirty prime-target pairs for the noncognate condition (i.e., fifteen related-
noncognate pairs and fifteen unrelated-noncognate pairs). To counterbalance the presentation
of these pictures, two lists were created. The cognates pictures that were paired with related

prime words in the first list were paired with unrelated prime words in the second list, and the
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same approach was applied for the noncognate pictures. Half the participants were presented

with list 1 and the other half with list 2.

4.1.3 Design

The experiment was of a mixed design (i.e., a 2 x 2 x 2 design) with proficiency level ( highly
and less) representing the between-subjects factor, and the type of prime word (related and
unrelated) and cognate status (cognate/non-cognate) of the pictures as within-subjects factors.
Thus, all the participants in both the less proficient and the highly proficient group were asked
to name pictures under the four conditions, as follows: (i) L1 related prime word preceding
cognate pictures; (ii) L1 related prime word preceding non-cognate pictures; (iii) L1 unrelated
prime word preceding cognate pictures; and (iv) L1 unrelated prime word preceding non-

cognate pictures.

4.1.4 Procedures

The participants completed a six- question trial training session, which used different stimuli
and prime words from those employed in the actual test. Then, they were directed to start the
test when ready. As shown in Figure 12, each trial consisted of the following sequence of
events: (i) the tests initially commenced with a fixation point (+), which appeared in the middle
of the screen for 500 ms; (ii) the appearance of a visual mask of (########) symbols replaced
the fixation point, which remained for 500 ms; (iii) the appearance of a prime word (related or
unrelated) appeared on screen for 50 ms; (iv) a visual mask of (#########) symbols, again
appeared in the centre of the screen for 14 ms; and (v) a target picture, which appeared and
remained on the screen until the participants responded. Further details regarding the
experiment procedures are discussed in section 3.4. The next section presents an analysis of

the reaction time and accuracy data.
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Figure. 12 The priming procedures applied in experiment 1. In this example, the picture of a balloon is primed with its
cognate name in L1.

4.2 Analysis of Results

4.2.1 Reaction times analysis (RT)

The results of sixty-seven participants were included in the analyses. After trimming the data
(as detailed in section 3.6.1), we then calculated reaction time and accuracy for correct
responses again. Incorrect responses (5.80%) were excluded from the calculation. Errors and

outlier trials were excluded from the following analysis:

(1) Inthe related cognate condition, errors formed 3.68% and the outliers formed 0.40%;
(i)  Inthe related non-cognate condition, errors formed 5.67% and outliers formed 0.90%;
(iii) In the unrelated cognate condition, errors formed 5.87% and outliers formed 0.50%;

(iv) Inthe unrelated non-cognate condition, errors at 7.96% and outliers at 1.79%.

The mean reaction times and percentage of accuracy rate are given in Table 6.

102



Highly Proficient Group (n = 36) Less Proficient Group (n = 31)

Prime Type Prime Type
Picture Type Related Unrelated Related Unrelated
Condition Condition Condition Condition
RT ACC RT ACC RT ACC RT ACC
Cognate 820 99.81 922 97.21 927 92.24 1051 90.54
Pictures (64) (0.11) (83) (4.3) (81) (6.2) (103) (7.8)

Non-Cognate 1014 96.61 1181 9552 1136 9157 1271  87.71
Pictures (133) (48)  (131) (45  (105)  (7.5) 87) (7.7)

Table. 6 The mean response latencies (in ms) and accuracy of responses (in percentage) under the four
conditions. Standard deviations are in parentheses.

A mixed ANOVA analysis was performed for the mean response latencies per subject, with:
(1) proficiency level as a between-subjects factor, and (ii) the prime word type (related and
unrelated prime words) and the cognate status of the pictures (cognate and non-cognate
pictures) being within-subjects factors. Also, a mixed ANOVA was performed for the mean

response latencies per items in each condition.

The results showed the main effect of the prime type was significant in the analysis by subjects
F1(1, 65) = 112.27, MSE=1.16, p < 0.001, and in the analysis by items F2 (1, 58) = 241.38,
MSE = 1.02, p < 0.001. The main effect of the cognate status of pictures was significant in the
analysis by subjects F1(1, 65) = 345.88, MSE = 3.23, p < 0.001], and in the analysis by items
F2(1, 58) = 733.20, MSE = 2.91, p < 0.001. Additionally, there was a significant main effect
of proficiency level in the analysis by subjects F1(1, 65) = 68.30, MSE = 0.83, p < 0.001], and
in the analysis by items F2(1, 58) = 196.93, MSE = 0.75, p < 0.001. The interaction between
prime word type and proficiency level was insignificant in the analysis by subjects F1(1, 65)
=0.05, MSE =0.000, p = 0.830 and in the analysis by items F2(1, 58) = 0.11, MSE = 0.001, p
= 0.744. The interaction between the cognate status of the picture and proficiency level was

insignificant in the analysis by subjects F1(1, 65) = 0.26, MSE =0.002, p = 0.612 and in the
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analysis by items F2(1, 58) = 0.51, MSE = 0.002, p =0.478. The interaction between prime type
and picture type was insignificant in the analysis by subjects F1(1,65) = 2.49, MSE = 0.024, p
= 0.119], and significant in the analysis by items F2 (1,58) = 4.21, MSE = 0.018, p = 0.045.
The interaction between prime type, picture type, and proficiency level was insignificant in the
analysis by subjects F1(1,65) = 1.28, MSE = 0.012, p = 0.263, and in the analysis by items

F2(1,58) = 1.76, MSE = 0.009, p = 0.190.

The results showed that the prime word type and cognate status of the pictures had a significant
impact on the reaction time in general. The cognate effect and prime type effect were the same
across the two proficiency groups, because the interaction between prime word type,

proficiency level and the cognate status of pictures was insignificant (see Figure 13).

Proficiency Level

==@==Highly Proficient Less Proficient

1350
[%]
£ 1250
£ 1150
& 1050
.E 950 /
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§ Cognates Non-Cognates Cognates Non-Cognates
o2

Related Primes Related Primes Unrelated Primes Unrelated Primes

Experimental Conditions

Figure. 13 The effects of prime word type and cognate status of pictures on reaction times across the high and less
proficiency groups

As shown in Figure 13, the related prime words induced faster reaction times compared to the
unrelated prime words for both proficiency groups. Moreover, the effect of prime type was the
same for both the cognate and the non-cognate pictures, as the interaction between prime type

and cognate status was insignificant. Moreover, cognate pictures were named significantly
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faster than the non-cognate pictures across all conditions for both the highly and less proficient
groups. To examine the significance of the above noted differences, a paired sample t-test was

conducted for each proficiency level. The results are given in Table 7.

Average RT Difference

- (SD) between Effect .
Proficiency —_— t-test . Effect size
Level Groupl  Group2 Group Group group 1 (df) p-value 3128 tabulation
1 5 & group 2 (Bonferroni (Cohen'
correction) s
(SE) ion) s d)'*
Related +
Related + 820 1014 -194 -9.74
Non- <0.001 -1.62 large
Cognate Cognate (64) (133) (19) (35)
Related + Unrelated + 820 922 -102 -6.59
Cognate Cognate  (64)  (83) (15) (35) <0001 -1.10  large
Related + 00" go0 1181 361 -183  _ o o arge
Highly Cognate Cognate (64) (131) (23) (35)
roficient
bilinguals o Unrelated + 1014 922 02 359 _0003 080 large
Cognate Cognate (133) (83) (33) (35)
Related + Unrelated +
Non- Non- (1103133 %11311) '(12696; i355§31 <0001 094 large
Cognate  Cognate
Unrelated + 00021 * 922 1181 250 978 _ oo o e
Cognate Cognate (83) (131) (26) (35)
Related +
Related + 927 1136 -209 -9.46
Non- <0.001 -1.70 large
Cognate Cognate (81) (105) (22) (30)
Related + Unrelated + 927 1051 -124 -4.97
Cognate Cognate  (81) (103) (24) (30) <0001 -0.89  large
Related + UMElAA+ 950 1971 _3a4 -14.06
Coanate Non- (81) 87)  (24) (30) <0.001 -2.53 large
Less 9 Cognate
roficient
bilinguals REd T Unrelated + 1136 1051 85 378 0002 068 large
Cognate Cognate (105) (103) (22) (30)
Related + Unrelated +
Non-  Non- (11103563 1@% i2153;5 i350')25 <0001 094 large
Cognate  Cognate
Unrelated +LNJ2Le_'at6d Y1051 1211 -220  -834 <0001 -150 large
Cognate Cognate (103) (87) (26) (30)

Table. 7 The results from the paired t- test to investigate the effect of prime word type and cognate status of pictures on the
reaction times across the two proficiency groups.

16 Cohen’ d is one of the common ways to measure the effect size. It assesses the effect size of the differences
between two means. According to Cohen (1988), d = 0.2 is considered a 'small' effect size, 0.5 represents a
'medium’ effect size, and 0.8 a 'large’ effect size (McLeod 2019).
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Table 7 indicates that the fastest reaction times were naming cognate pictures preceded by
related prime words, and the same result was observed for both the highly and less proficient
participants. The differences in reaction times between cognate and non-cognate pictures in the
related and unrelated conditions were statistically significant across both proficiency groups.
This suggests the facilitation effect found in the cognate condition is not equal to that found in
the non-cognate condition. Although unrelated prime words induced longer reaction times
when they preceded cognate pictures, the reaction times under this condition were significantly
faster than for the related and unrelated non-cognate conditions. This suggests that the cognates
have privileged access compared to the non-cognates. As shown in Table 7, these differences
proved to be statistically significant for both proficiency groups. For both proficiency groups,
the longest reaction time was in the case of non-cognate pictures preceded by unrelated prime
words. All the differences in reaction time for this condition and the other experimental

conditions were statistically significant (Table 7).

As stated earlier, there is a significant main effect of proficiency level and as shown in Figure
13, the highly proficient group were faster at naming pictures than the less proficient group
across all experimental conditions. Thus, we conducted a follow-up independent samples t-test
to investigate the significance of the differences between the two proficiency groups across all
four conditions (Table 8). As shown in Table 8, the average reaction time values for the highly
proficient participants were significantly shorter compared to the average reaction time for the
less proficient participants across all experiment conditions. The overall findings of reaction

time analysis will be discussed in section 4.3.
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_ (SD) between Effect
Svr(;?:je Picture iahl g%gg t- test p- size Effect size
type Highly Less e (df)  value Cohen's tabulation
type proficient  proficient ~ proficient d
Group Group group
(SE)
820 927 - 106 -5.90 .
Related Cognate (64) (81) (18) (57.24) <0.001 0.65 medium
Non- 1014 1136 -122 -4.18 .
Related cognate (133) (105) 29) (64.63) <0.001 0.45 medium
922 1051 -128 -5.54 .
Unrelated  Cognate (83) (103) 23) (57.42) <0.001 0.61 medium
Non- 1181 1271 -89 -3.23
Unrelated cognate (131) 87) (26) (65) 0.002 0.35 small

Table. 8 The results for the independent samples t-test which investigates the differences in reaction time between the highly
and less proficient groups across the experimental conditions.

4.2.2 Accuracy analysis (ACC)

We conducted a mixed ANOVA by participant with proficiency level (highly and less) as a
between-subjects factor and prime word type (related and unrelated) and the cognate status of
the picture (cognate and non-cognate) as within-subjects factors. In addition, we conducted a
mixed-effect ANOVA by items with the cognate status of the pictures as a between-subjects

factor, and proficiency level and prime word type as within-subjects factors.

The mixed ANOVA analysis showed a significant main effect of prime word type in the
analysis by subjects F1(1, 65) = 10.27, MSE = 357.77, p = 0.002 and in the analysis by items
F2 (1, 58) = 8.77, MSE = 349.85, p = 0.004. The main effect of cognate status was significant
in the analysis by subjects F1 (1, 65) = 8.55, MSE = 293.91, p = 0.005 and in the analysis by
items F2 (1, 58) = 5.84, MSE = 258.94, p = 0.019. However, the interaction between the prime
word type and proficiency level was insignificant in the analysis by subjects F1 (1, 65) = 0.41,
MSE = 14.33, p = 0.522 and in the analysis by items F2(1, 58) = 0.44, MSE =14.55, p = 0.508.

This suggests the effect of prime type on accuracy was mostly the same for both proficiency
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groups and we discuss the implication of this finding in section 4.3 (see Figure 14). Moreover,
there was an insignificant interaction between the cognate status of pictures and proficiency
levels in the analysis by subjects F1(1, 65) = 0.23, MSE = 8.01, p = 0.633 and in the analysis
by items F2 (1, 58) = 0.06, MSE = 2.26, p = 0.803. This suggests the effect of the cognate status
of the pictures on accuracy did not differ considerably between both proficiency groups (see
Figure 14). Similarly, the interaction between the cognate status of pictures and prime type was
insignificant in the analysis by subjects F1(1, 65) = 0.04, MSE = 1.75, p = 0.838, and in the
analysis by items F2(1, 58) = 0.09, MSE = 3.40, p = 0.771. This suggests that, overall, the

effect of prime type was the same for both cognate and non-cognate pictures.

Moreover, the three-way interaction between the cognate status of pictures, prime word type
and proficiency was insignificant in the analysis by subjects F1(1, 65) = 1.36, MSE = 55.88, p
=0.249, and in the analysis items F2(1, 58) = 1.94, MSE = 63.67, p = 0.169. This suggests that
the effect of prime type and cognate status of the pictures on accuracy did not differ

significantly for either proficiency group.
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Figure. 14 The effect of prime type and cognate status of pictures on accuracy across the highly and less proficient groups.

As shown in Figure 14, the related prime words increased the accuracy rate for both proficiency

groups when naming both the cognate and non-cognate pictures. However, as shown in Table
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9, the analysis of group comparisons revealed that the differences were only significant when

comparing the related-cognate condition to the other experimental conditions for the highly

proficient group. The other differences noted in accuracy between related and unrelated prime

conditions were not significant for the non-cognates for either the high or less proficient group.

Average ACC  The difference value Effect
Proficiency Group ~ Group (SD) between t-test (B?)nferroni size  Effect size
level 1 2 Group  Group group 1 & (df) correction) (Cohen's tabulation
1 2 group 2 (SE) d)
Related +
Related+ 99.81 96.61 3.20 4.00
Non- <0.001 0.67 large
Cognate cognate (0.11) (4.8) (0.80) (35)
Related Unrelated + 99.81  97.21 2.61 3.63
Cognate Cognate (0.12) 4.3) (0.72) (35) 0.003 0.60 large
Related 100 9081 9552 430 533 _ .o oo arge
Highly Cognate cognate (0.11) (4.5 (0.81) (35)
proficient Related +
bilinguals Non- Unrelated + 96.61 97.21 -0.60 -0.56 > 0.999 -0.09 small
cognate Cognate (4.8) 4.3) (1.07) (35)
Related Unrelated +
96.61  95.52 1.10 0.97
+Non-  Non- >0.999 0.16 small
cognate cognate (4.8) (4.5) (1.13) (35)
Unrelated
Unrelated 97.21 9552 0.00 1.53
Non- 0.407 0.25 small
Cognate cognate (4.3) (4.5) (0.00) (35)
Related +
Related 9224 9157 0.68 0.36
Non- >0.999 0.06 small
Cognate cognate (6.2) (7. 5) (1.89) (30)
Related Unrelated + 9224  90.54 1.71 0.98
Cognate cognate (6.2) (7.8) (1.74) (30) >0.999 0.18 small
Unrelated +
Related 92.24  87.71 4.54 2.31
Less  cognate Non- t 6.2) .7 (1.96) (30) 0.084 0.42 small
proficient Tted T cognate
bilinguals €'+ ynroated + 9157 9054 1.03 055 _ios0 010 smal
cognate cognate (7.5) (7.8) (1.86) (30)
Related + Unrelated +
9157 87.71 3.86 1.70
Non - Non- 0.298 0.31 small
cognate cognate (7.5) (7.7) (2.27) (30)
Unrelated ﬁg:ﬁ'ated T 9054 87.71 2.83 133 ose1 004 small
Cognate Cognate (7.8) 7.7) (2.13) (30)

Table. 9 The results of the paired t-test to investigate the effect of prime type and cognate status on accuracy rate across the

two proficiency groups.
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Moreover, the data in Table 9 indicates that the cognate status of the pictures had a significant
impact on the performance of the highly proficient group only when the pictures were preceded
by related prime words. The magnitude of the impact was insignificant for the highly proficient
group in the unrelated condition. Conversely, for the less proficient group, the effect of cognate
status of pictures on the accuracy rate was insignificant in both the related and unrelated

conditions.

With regard to proficiency level, the ANOVA analysis showed the main effect of proficiency
level was significant in the analysis by subjects F1(1, 65) = 131.69, MSE = 3058.19, p <0.001,
and in the analysis by items F2(1, 58) = 59.74, MSE = 1461.67, p < 0.001. The accuracy rate
for the highly proficiency group was greater across all the conditions relative to the less

proficient bilinguals (see Figure 14).

An independent sample t-test was conducted to calculate the size of the differences between
the two proficiency groups under all conditions. As indicated in Table 10, the size of the
difference between the two groups in terms of accuracy rate when naming those cognate
pictures preceded by related primes was significantly large. Meanwhile, the difference in
accuracy when naming non-cognate pictures in the related condition was small, and similar to
the difference in accuracy rate for naming cognate pictures preceded by unrelated primes.
Moreover, the difference between the two groups in terms of accuracy is of a medium size
according to the calculated Cohen’s test when naming non-cognate pictures preceded by
unrelated prime words. All these findings will now be evaluated in the next discussion section

(4.3) in light of how they address the research questions.
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Difference

between
Average ACC (SD) the Effect Effect
Prime Picture High and T- test P- size size
Type Type less (df) value (Cohen's bulati
; roficient d) tabulation
Highly Less P
proficient  proficient groups
group group (SE)
99.81 92.24 7.57 6.68
Related Cognate (0.11) (6.2) (1.13) (31.65) <0.001 0.78 large
96.61 91.57 5.05 3.22
Related Non-cognate (4.8) (7. 5) (157) (49.58) 0.002 0.36 small
97.21 90.54 6.67 4.38
Unrelated Cognate (4.3) (7.8) (1.52) (65.00) <0.001 0.35 small
95.52 87.71 7.81 4.95 .
Unrelated Non-cognate (4.5) 7.7) (1.58) (46.96) <0.001 0.56 medium

Table. 10 The results of the independent samples t-test to assess the differences in accuracy rate between the
highly and less proficient groups across different conditions.

4.3 Discussion

This section first summarizes the findings and contributions of this study, and then compares

them with those findings previously reported in the literature.

a) What is the manner of phonological selection/activation in different script bilinguals?

The results of this experiment revealed that cognate pictures in the related condition were
named faster and more accurately than when preceded by unrelated prime words. The average
difference in reaction time between the two conditions was 113 ms. The highly activated non-
target segments, especially the non-shared ones, did not interfere with the selection process.
This finding suggests that phonological selection considers only activated target segments,
which contributes to answering the research question regarding the manner of phonological

selection. The finding supports a language specific view of phonological selection. It also
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provides support to the view of Costa, Caramazza et al. (2000) that similar phonological

segments in the non-target cognate name facilitate the selection of the target segments.

However, there is another possible explanation for the cause of the facilitation effect found in
cognate naming that requires further investigation. It is possible that the phonological selection
considers both the target and the non-target segments, but as the number of non-shared
phonemes in the non-target node were relatively small compared to shared segments in this
study, they were not strong enough to interfere. Even when it receives extra activation, as in
this experiment, the non-shared phonemes do not cause interference. In order to investigate
this hypothesis, a comparison should be made between two different types of cognates, i.e.,
cognates with high vs low phonological overlap. For example, the cognate name ¢+« /laimu:n/
[English, lemon], has three overlapping phonemes (/l/, /m/, and /n/) and two different
phonemes, whereas the cognate name cxé/s2 /dolfi:n/ [English, dolphin] has five overlapping
phonemes and one different phoneme. If the size of phonological overlap modulates selection,
then we would expect to find naming cognates with a low phonological overlap (e.g., lemon)
is not as fast as those with a high phonological overlap (e.g., dolphin). The manner of
phonological selection should be noticeable when making within-cognates comparisons, rather

than when comparing cognates to non-cognates.

In terms of this study’s research questions regarding first the flow of activation, the findings of
the cognate naming suggest a cascaded flow of activation, as it was evident that the non-target
segments were activated at the phonological level, and that they facilitated the selection
process. However, it is not possible to generalize this finding, as this cascaded pattern was
found in the cognate condition only. The non-cognate pictures, which overlap in meaning only
with the prime words, did not show any pattern of phonological activation, i.e., interference. If

the non-target phonological segments were highly active, they would interfere with the
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phonological selection and cause interference. However, we found a facilitation effect that was
not as equal as that identified in the cognate condition, which suggests a semantic overlap as
the main cause of this effect. Thus, we argue that the findings suggest a cascaded flow of
activation for cognate names only, and that phonological overlap is essential to allow a
cascaded flow of activation. Secondly, the manner of phonological selection seems to be
language specific in different script bilinguals, yet the view of non-specific selection cannot be
ruled out completely. Moreover, this finding cannot be generalized as the cognate names have
specific features that made them easily accessible in both languages, unlike the non-cognates.
This was evident from the finding that even when preceded by unrelated primes, the cognate
pictures were named faster and more accurately than the non-cognates in both the related and
unrelated condition. Further research is therefore required to tap into the underlying processing
of cognate naming; this lay outside the scope of the current study. However, the manner of
phonological activation was examined further, but with non-cognate names, in the phoneme

monitoring task in experiments four and five (chapters seven and eight, respectively).

The question of whether the dynamics of phonological activation are cascaded or discrete was
investigated through various tasks. The finding of the cascaded view in the literature was the
result of naming cognate pictures (Peterson and Savoy 1998; Janssen 1999) and phoneme
monitoring tasks (Hermans et al. 1998; Colomé 2001). The results of this experiment confirm
and expand upon the previous findings, as it demonstrates that the cognate facilitation effect,
and the cascaded flow of activation are not limited to same script bilinguals, but are also the
case for different script bilinguals. In terms of the manner of phonological selection, the results
of this study confirm the typical findings of previous studies regarding naming cognates in
picture word interference tasks and simple picture naming tasks (e.g., Costa, Caramazza, et al.

2000; Hoshino 2006).
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b) What is the manner of lexical selection in different script bilinguals?

Regarding the manner of lexical selection, which is the second objective of this experiment, it
was hypothesized that if the selection mechanism is sensitive to the activation level of both
target and non-target lexical nodes in both languages (i.e., language non-specific view), an
interference effect would be found in the identity condition; i.e., when participants named non-
cognate pictures preceded by related primes. In contrast, if the selection mechanism is sensitive
only to the level of activation of the target lexical nodes in the target language (i.e., language-
specific view), a facilitation effect in the critical condition would be noted. This is because the
non-target lexical node should be highly activated as it receives extra activation from the prime
word (the L1 name of the picture), thus if selection is by competition, this highly active

alternative should impede the selection process.

The results showed that naming non-cognate pictures in L2 produced a facilitation effect when
preceded by masked related prime words in L1. Non-cognate pictures preceded by related
primes were named faster than non-cognates preceded by unrelated primes, and the size of the
difference between the two conditions was 150 ms. Furthermore, a higher accuracy rate was
noted for the non-cognate pictures preceded by related primes, than for those preceded by

unrelated primes.

The results indicate that both target and non-target lexical nodes were active at the lexical
level, but only those in the target language were considered for selection. The observed
facilitation effect could be attributed to the non-target lexical node sending extra activation to
the target lexical node, as suggested by the language specific view. To illustrate, when
participants named a picture of a ring preceded by the related prime word in the L1 (~is
[English ring]), the non-target lexical node at the lexical level received activation from the

picture and the prime word (s [English ring]). The target lexical node received activation
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from the picture of a ring and the non-target lexical node at the lexical level. Being highly
activated as it received activation from both the picture and non-target lexical item, the target
lexical item was selected. The extra activation received from the non-target lexical item at the
lexical level facilitated the production process. Thus, the non-target lexical node was not

considered for selection.

Taken together, these findings are in accordance with the language-specific hypothesis, in that
the two lexical items were activated at the lexical level but did not compete for selection. In
other words, the language selection mechanism was not sensitive to the activation level of the
non-target lexical nodes. In the following sections, these findings are explained in reference to
previous studies on L2 word production.

In the psycholinguistic literature, the majority of support for language non-specific selection
was derived from findings related to the semantic interference effect in the picture word
interference tasks (Schriefers et al. 1990; Roelofs 1992; Starreveld and La Heij 1995; Hermans
et al. 1998), while support for language-specific selection came from findings related to the
identity effect in the picture word interference tasks (Costa and Caramazza 1999; Costa et al.
1999; Costa, Colomé, et al. 2000). As explained previously, the interference was interpreted to
be a result of competition between the target and non-target lexical nodes. However, Costa et
al. (1999) and Costa, Colomé, et al. (2000) argue that the semantic interference effect resulted
from competition between lexical nodes in the target language (i.e., within language
competition). For example, when a Spanish-English bilingual named a picture of a dog in
English but was presented with a semantically related distractor word in the non-target
language (e.g., the Spanish word gato [English cat], the semantic properties of ‘gato’ would
activate the corresponding lemma node in the target language ‘cat’, which then might interfere
with the selection of the target lexical node ‘dog’. Accordingly, it was argued that the semantic

interference effect cannot adjudicate between the two views (Costa, Colomé, et al. 2000). In
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addition, the identity condition across the two languages was proposed as an alternative method
when testing the predictions of the two views. Only a small number of previous studies tested
this effect in same script bilinguals (e.g., Costa et al. 1999), and to the best of the author’s
knowledge, only one study examined different script bilinguals, namely that conducted by
Hoshino (2006), who used a picture-word interference task and replicated the same facilitation
effect. Thus, experiment one extends the findings of the identity effect in picture-word
interference tasks by using a different method and a different group of bilinguals (Arabic-

English speakers) whose two languages employ a distinct script.

Examining the two opposite views of lexical selection, we argue that the identity effect and the
semantic interference effect can be traced back to different origins. Under the identity effect
condition, the translation equivalent shares similar meanings (total overlap with the target
picture name) but has a different orthography and phonological form; whereas, under the
semantic interference condition, a semantically related word is used that partially shares the
meaning with the target picture (e.g., orange and apple) but has completely different forms. At
the conceptual level, it is possible for the presentation of a semantically related word to increase
the number of activated concepts, unlike the presentation of the identical concept which is the
case in the identity condition. Therefore, we posit that using prime or distractor words that have
related concepts would lead to interference whereas using words with identical concepts would
lead to facilitation. For example, we might present participants with three different pictures
and ask them to name the picture in L2 if it includes an apple. In the task, picture A has a green
and a red apple; B has an orange and an apple; and C has two unrelated objects. It is expected
that picture A would elicit a faster response compared to B. Because to provide a correct
response to picture B, the speaker has to untangle first the activated semantically related
concepts (‘orange’ and ‘apple’) and then retrieve the correct answer, unlike picture A where

the concepts are identical, and speakers must retrieve only the target name of the item.
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Therefore, what is being argued here is that the semantic interference effect could be located
at the conceptual level, and not at the lexical level. Thus, the long naming latencies observed
under such conditions are not necessarily caused by competition at the lexical level but could
be caused by competition at the conceptual level. This theory is addressed in the next chapters
to help us address the research question regarding the manner of lexical selection by different
script bilinguals. As a first step, we need to replicate the findings of the semantic interference
effect found in the picture word interference tasks by using the masked priming task to exclude
the possibility that this effect manifests only in such tasks due to the nature of the task’s design,

as explained in chapter two (section 2.3.2).

c) What is the effect of different script on lexical access and manner of selection?

The results of this experiment showed that L1 related prime words significantly affected the
performance of the participants in the cognate and non-cognate conditions. This finding
indicates that despite being presented in a different script, the Arabic prime words were
processed and facilitated the production of the cognate and non-cognate names in the target
language. Moreover, the different script did not act as a language cue to inhibit lexical access
to the non-target lexical nodes. The non-target lexical nodes were activated at the lexical and
phonological level, and this activation facilitated the production of the cognate names in the
target language. These findings reflect those of the existing studies that tested different script
bilinguals (Japanese-English: Hoshino 2006; Korean-English Moon and Jiang 2012; Arabic-
French: Kheder and Kaan 2019), which reported different script did not inhibit lexical access
to the non-target language. Moreover, Hoshino (2006) argued that a different script facilitated
access to the target lexicon, as the performance of the different script bilinguals in their study
was enhanced, compared to that of the same script bilinguals. The finding of experiment one

in the present study is not informative in this matter, as we only tested different script
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bilinguals. Thus, further research is needed to validate this view across different scripts

bilinguals.

Regarding the question of whether similar orthography is essential for obtaining the cognate
facilitation effect in same script studies, the findings of the present study indicate that the
cognate facilitation effect is robust, and that semantic and phonological overlap are sufficient
to produce this effect. Therefore, finding a cognate facilitation effect by different script
bilinguals indicates that the effect would manifest, despite script differences. The finding of
this experiment concurs with that of Hoshino (2006), who found the presence of a cognate
facilitation effect in Japanese-English bilinguals. Regarding the second research question
concerning whether different script modulates lexical selection, the results of this study support
the same pattern of findings reported in same script studies, in relation to language specific
phonological selection (cognate naming: Costa, Caramazza, et al. 2000) and language specific
lexical selection (identity condition: Costa and Caramazza 1999). However, the question of
whether the manner of lexical/phonological selection entails competition was examined further
using different experimental conditions by the current study (i.e., in experiments two, three,

four, and five [chapters five, six, seven and eight, respectively]).

d) What is the effect of proficiency level on lexical access and manner of

selection/activation?

The findings of cognates and non-cognates naming indicated that the different script bilinguals,
specifically Arabic-English speakers, experience non-selective access that is similar to the
same-script bilinguals, as discussed in the previous section (c). This section discusses whether
or not the proficiency level of our participants modulated this cross-language activation pattern

and lexical selection. In other words, as proficiency increases, do bilinguals selectively access
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the target lexicon and select the target lexical node? Also, do highly and less proficient

bilinguals experience the same manner of cascaded flow?

The analysis of the data confirmed the presence of significant differences in the performance
of the two groups under all the experimental conditions regarding reaction times and accuracy.
In brief, proficiency level did affect retrieval time, as the highly proficient bilinguals named
the pictures faster and more accurately than the less proficient group under all of the
experimental conditions. This finding supports the assumptions of the Revised Hierarchical
Model, as the speed and accuracy of lexical retrieval were affected by the bilinguals’
proficiency level (Kroll and Stewart 1994). It also reflects same script studies that report
delayed lexical activation and the retrieval of the weaker language (i.e., L2) in less proficient
bilinguals compared to highly proficient bilinguals (e.g.,VVan Hell and Tanner 2012). Therefore,
the present study replicates the findings of previous same script studies, and provides evidence
for the symmetrical effect of proficiency level on the performance of same and different script
bilinguals during word production, in terms of speed and accuracy of retrieval/activation. Next,
we discuss whether the two groups of bilinguals exhibit a different pattern of flow of activation

and phonological selection.

An important finding concerning cognate naming was that both the less and highly proficient
bilinguals experienced the same cognate facilitation effect, and that proficiency level did not
impact the size of the cognate effect, as it was large for both the highly and less proficient
bilinguals. This finding suggests that both proficiency groups experienced phonological
activation and that the manner of phonological selection was language specific for both groups.
Thus, to answer the research question regarding the effect of proficiency level on activation
flow, and the manner of phonological selection, the findings suggest a cascaded flow and

language specific phonological selection for both group of bilinguals. However, as discussed
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in section (a), this issue was investigated further in this study (experiments four and five
[chapters seven and eight, respectively]), in order to confirm these findings and to address the

research questions fully.

The findings of similar size of cognate effect for both proficiency groups is contrary to the
claims made in previous studies (e.g., adult bilinguals: Costa, Caramazza, et al. 2000; bilingual
children: Poarch and Van Hell 2012), which suggest that recognition of a cognate is affected
by differences in proficiency level, and that the size of the effect is typically larger in one’s
weaker language. In the current experiment, a statistically considerable cognate effect size was
identified for both the highly proficient and less proficient bilinguals, which suggested that
proficiency level did not modulate the effect. The effect was noticeable for the less proficient
bilinguals performing in their weaker language (i.e., L2) and also for the highly proficient
bilinguals performing at near native ability in their L2. This experiment has the advantage of
comparing two groups of bilinguals sampled form the same population (Arabic-English
bilinguals) and using the same task, materials, procedures and response measurements. The
arguments presented previously were based on studies that tested the effect of different
proficiency level in L2 in naming cognates in L1 and L2, and found the size of the cognate
effect in the L1 is smaller than in the L2 (Costa, Caramazza, et al. 2000). However, in this
experiment we compared less and highly proficient bilinguals’ performance in L2, which
represents the weaker language for less proficient bilinguals, and relatively stronger language
for highly proficient bilinguals. We strongly argue that when assessing the effect of proficiency
level, comparisons be made between the performance of bilinguals in their second language,
and not as a comparison between the mother tongue and the second language, because there
are essential differences between L1 (the first language) and L2 (the second languages). For
example, the acquisition of L1 differs from L2, as bilinguals are not only acquiring a means of

communication, but also enhancing their knowledge of the world through their first language,
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unlike when acquiring their L2, which affords them a new way to talk about the world (Chenu
and Jisa 2009). So, it is argued here is that judgments regarding the effect of proficiency level
cannot be based on a comparison between first and second language, as the two languages
differ essentially; no matter how proficient a speaker is in their L2, this cannot be compared to

proficiency level in L1.

In his study, White (2015) addressed the same question, i.e., whether proficiency level
modulates the cognate effect, by comparing the performance of two different proficiency
groups (less and intermediate level) in a cognate naming task. She found a cognate effect
occurred only in the group of less proficient bilinguals. However, there is a methodological
flaw. The total number of participants was 22; half named the cognate pictures, and the other
half named the non-cognate pictures, and thus formed a control group. So, five highly
proficient participants in the cognate condition were compared to the performance of six highly
proficient participants in the control condition and the same procedure was applied to the less
proficient participants. We suggest that the sample size is too small to be representative. Also,
Poarch and Van Hell (2012) compared the performance of less proficient children (e.g., 51" and
8™ grade) with highly proficient adult bilinguals which is not a robust comparison as children
have an underdeveloped L1 and L2 system. Experiment one addresses the gap in the literature
by comparing the performance of adult bilinguals, and tests the effect of their different

proficiency levels in the L2 in the same study, i.e., applying same experimental methods.

In terms of demonstrating an identity effect, the findings of the present study extend those of
Costa and Caramazza (1999) and Costa et al. (1999), as facilitation was observed not only for
the highly proficient bilinguals, but also for the less proficient bilinguals. This suggests that
the manner of language selection is similar for both highly and less proficient bilinguals, and

is not dynamic. This finding also adds to the existing literature regarding the manner of lexical
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selection by highly and less proficient bilinguals. The identify effect supports a language
specific selection, however the previous investigations into this matter were conducted with
highly proficient bilinguals. Thus, the present study bridges the gap in understanding by
extending the findings to include less proficient bilinguals whose two languages have a
different script. Finding a facilitation effect for both proficiency groups suggests that the
manner of lexical activation is specific, however this view was further examined further in

experiments two and three (chapters five and six, respectively).

This finding is contrary to reported findings in the literature. The question of whether
proficiency level affects manner of lexical selection in bilinguals has been investigated
primarily using language switching and mixing tasks (Meuter and Allport 1999; Jackson et al.
2001; Miller 2001; Costa and Santesteban 2004; Philipp et al. 2007; Schwieter and Sunderman
2008; Verhoef et al. 2010; Calabria et al. 2012), see sections 2.3.4 and 2.4.1 for a discussion
of this matter. Such studies aimed to test the assumptions of the language non-specific selection
view, that is the existence of an Inhibitory Control mechanism as proposed by (Green 1998).
This control mechanism is thought to be responsible for controlling or suppressing the
activation of the non-target lexical nodes at the lemma level. Green (1998) also assumed that
it is harder to suppress the activation of the dominant language than the non-dominant
language, because the dominant language is normally more active than the non-dominant
language. The findings of these studies suggest inhibitory control tends to be found in the
language production of unbalanced bilinguals (Jackson et al. 2001; Philipp et al. 2007,
Schwieter and Sunderman 2008; Verhoef et al. 2010) but not in balanced bilinguals (Costa and
Santesteban 2004; Calabria et al. 2012). This is because these speakers have reached a high
level of proficiency and are able to apply a language-specific selection mechanism. Thus,

previous findings suggest that the highly proficient bilinguals apply a language-specific
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selection mechanism, whereas less proficient bilinguals apply a non-specific language

selection.

However, as discussed previously in the literature review chapter, (see section 2.3.4), there are
limitation to the language-switching paradigm. According to Costa, La Helij, et al. (2006), this
paradigm might clarify the control mechanism, but it is not informative regarding whether the
non-response language is active during the speech production process. “This is because,
arguably, in a language switching task participants may have their two languages active in a
way that is not comparable to cases in which they are speaking in only one language” (Costa,
La Heij, et al. 2006, p. 141). The task artificially stimulates cross language activation by
requiring participants to name target words or pictures in two languages. The procedures and
the stimuli force the participants to adopt a bilingual mode, which according to Grosjean (2001)
could result in the nonselective activation reported in these studies. Therefore, the findings of
these studies might not be adequate to describe the normal/natural production process. In
contrast, we argue that the methodology applied in this study provides a good simulation of the
natural process of single word production. The participants were not forced to use a bilingual
mode as they were only asked to name the pictures in their L2. Additionally, they were not
informed about the prime words. The instructions given were to name the pictures as fast and
as accurately as possible. In summary, the findings of this experiment suggest that highly and
less proficient bilinguals activate both lexicons (L1 and L2) when naming an object in L2, and

that proficiency level does not modulate the cross-language activation.

4.4 Conclusion

In this experiment, the cognate effect and the identity effect were used to explore the issue of
lexical access and selection using the priming method instead of the traditional method of

picture word interference tasks, in order to address our research questions concerning the
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manner of lexical access, the flow of activation, and lexical/phonological selection in different
script bilinguals. It also addressed the matter of whether a different script modulates the manner
of activation/selection. In addition, we investigated the effect of proficiency level, and whether
it modulates lexical access and the manner of lexical/phonological selection. We concluded
that different script bilinguals (i.e., Arabic-English speakers) experienced non-selective lexical
access when naming pictures in their L2. Moreover, the flow of activation was cascaded when
naming cognate pictures (i.e., at the phonological level). Regarding the language selection
mechanism, we found that the lexical and phonological selection mechanism was language
specific for both proficiency groups. These findings extended the existing knowledge regarding
lexical access and manner of selection to include different script bilinguals. Furthermore, the
experiment provided evidence that the identity and cognate effect is robust, even when tested
in adifferent paradigm, i.e., the masked priming paradigm. However, we concluded that further
research is essential to establish whether the contradiction of findings in the literature was due
to differences in the locus of the semantic effect and the identity effect. Finally, we concluded
that proficiency level did not modulate cross-language activation or the manner of
lexical/phonological selection. We investigated less proficient bilinguals, a group who received
little attention previously, and compared their performance to a highly proficient group in
different critical conditions, i.e., identity and cognate naming. We provided a preliminary
analysis of the manner of selection and activation by this group, which the findings of
experiment one demonstrated was like that of highly proficient bilinguals. Further comparisons
of the performance of these two proficiency groups were conducted via different experiments
included in this study (chapters five, six, seven, and eight), in order to gain a comprehensive

overview of the production process.
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Chapter 5 Experiment Two: Semantically related Primes in a Picture

Naming task

In experiment one, it was evident that priming a non-cognate picture with its translation
equivalent in L1 yielded a facilitation effect consistent with the language-specific view in that
non-target lexical nodes were not considered for selection. This finding contrasted with several
studies in the literature (e.g., Schriefers etal. 1990; Roelofs 1992; Starreveld and La Heij 1995),
which argued in favour of the non-specific selection view due to the semantic interference
effect. These studies mainly used the picture-word interference paradigm. Counter arguments
attributed the findings associated with the semantic interference effect to the nature of the task.
More specifically, they (e.g., Kroll et al. 2005) argued that the presence of a distractor word
was easily detectable by participants, who might formulate a (covert) verbal response to the
distractor word, which would become available for production prior to the picture-naming
response, resulting in the observed interference effect (Finkbeiner and Caramazza 2006, p.
790). Therefore, in experiment two, detailed here, we tested whether priming a picture with a
semantically related masked prime would yield an interference effect. The advantage of this
paradigm was that the semantically related prime was masked and presented briefly, so as not
to be visually detected nor consciously processed, thereby ruling out any task related factors,
and enabling us to observe how a semantically related prime affects the cross-language
activation process. Thus, the primary objective of experiment two was to test whether we can
replicate the reported findings concerning the semantic interference effect by using a different
paradigm. More specifically, finding semantic interference would imply: (i) there is parallel
activation across the two languages, and (ii) the manner of language selection at the lexical

level may entail competition.
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In experiment one, non-cognate pictures produced a facilitation effect when preceded by a
translation equivalent at stimulus onset asynchrony (SOA) of 64 ms. Here in experiment two,
we wanted to establish if the non-cognate pictures would produce interference when preceded
by semantically related primes. Semantic interference effects were generally found, in picture
word interference tasks when the distractor word was presented before the target pictures
(Starreveld and la Heij 1996). Also, in the two masked priming studies with monolinguals, the
effect was found at 100 ms (Alario et al. 2000; Bajo et al. 2003). Thus, in this experiment we
varied the time of the presentation of the masked prime to 50, 75 and 100 ms to determine
whether any semantic interference effect, if found, would vary in different script bilinguals

with distinct proficiency levels.

Regarding the question of whether script differences modulate lexical access and cross-
language activation, the findings of experiment one suggest that Arabic-English bilinguals
experience non-selective access, and that script differences do not affect the manner of
selection/activation. This issue was examined further in this current experiment and the next
three experiments (three, four, and five [chapters six, seven, and eight, respectively]). Before
making any generalization, it was necessary to determine whether non-selective access and
cross-language activation persisted, despite the manipulations carried out in these experiments.
Thus, we hypothesized that if different script acts as a language cue, then related prime words
should not affect the speed and accuracy of retrieval. This is because they were written in the
non-response language (i.e., Arabic), and the participants were required to respond in English.
As there are no similarities between the Arabic and the English language in the written form
(see section 2.7), the participants would be able to ignore or inhibit processing the prime words
easily. Moreover, finding a semantic interference effect that is typically reported in same script

studies would suggest that script differences do not modulate the manner of lexical selection.
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Also, in this experiment we investigated whether proficiency level would modulate cross-
language activation. In experiment one, when we primed cognate and non-cognate pictures
with related prime words, we found no effect from proficiency level on either cross-language
activation, or the selection process. To investigate whether this finding would hold when
priming target pictures with semantically related words, we tested two groups of adult Arabic-
English bilinguals (highly and less proficient). If proficiency level modulates cross-language
activation, then we would expect the size of the semantic interference effect to be dependent
on the participants’ proficiency level. The following section presents a detailed account of the

methods used in this experiment, followed by an analysis of the results and a discussion section.

5.1 Method

5.1.1 Participants

The research participants were sixty-three new (not previously recruited) adult volunteers, all
of whom were Arabic-English bilinguals with Arabic as their native language. All participants
had given consent to their data being anonymously used for research purposes before joining
the study ( see section 3.2 for further details). The participants were divided into two groups
according to their proficiency level (highly and less) as detailed in chapter 3, section 3.1. The
data from three participants (from a total of sixty-three) was excluded from the analysis due to
technological malfunctions, whereby no recorded responses were collected. That left sixty

participants remaining.

An independent-samples t-test was conducted to compare the IELTS scores of the two groups.
This resulted in the identification of a statistically significant difference between the highly
proficient group (M =7.4, SD=1.08) and the less proficient group (M = 3.73, SD =.783), 1 (52.8)

=-15.320, p <.001, in terms of proficiency.
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5.1.1.1 The results of the language history questionnaire

As demonstrated in Table 11, the participants’ average age of acquisition of L2 was uniformly

between nine and ten years of age. All participants had primarily acquired English as a second

language through formal classroom teaching. In addition, all had received instruction in

Arabic, i.e., at their elementary, intermediate and high schools. The participants were asked

to estimate their daily use of L1 and L2. As shown in Table 11, the daily average estimation

of the use of L1 and L2 by the less proficient group was 76% and 23%, respectively, while the

average estimations for the highly proficient group of L1 and L2 usage per day was 48% and

51%, respectively. Refer to appendix C to see a copy of the language history questionnaire.

The Highly Proficient Group (n=30) Minimum  Maximum Mean Std.Deviation
Age (years) 27 36 31.23 2.3
IELTS 6 9 7.43 1.08
Mean daily L1 usage (%) (5 pt scale) 25 75 48.67 16.23
Mean daily L2 usage (%) (5 pt scale) 25 75 51.33 16.13
Age of acquisition (years) 4 11 9.43 2.38

The Less Proficient Group (n=30) Minimum  Maximum Mean Std.Deviation
Age (years) 19 22 20 0.794
IELTS 3 5 3.7 0.783
Mean daily L1 usage (%) (5 pt scale) 50 100 76.6 16.47
Mean daily L2 usage (%) (5 pt scale) <25 50 23.17 16.47
Age of acquisition (years) 5 11 10.2 1.8

Table. 11 Descriptive statistics for participants in experiment two.

5.1.1.2 The results for the self-rating:

An independent-samples t-test was conducted to compare the mean scores for the self-assessed

rating in each skill between the two groups, leading to the identification of statistically
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significant differences between the two groups across all skills: (i) Reading t(32.6) = 15.28, p
<.001, (ii) writing t(58) = 16.15, p < .001, (iii) speaking t(46) = 15.41, p <.001, and listening
t(29) = 14.32, p < .001. The results suggested that, based on their own self-perceived
proficiency level, the highly proficient bilinguals considered themselves as native like, whereas
the less proficient bilinguals considered themselves to have achieved a basic level of

proficiency level. Table 12 presents the descriptive statistics for the self-assessed rating.

Group Statistics Pro[::i/':rcy N Mean Dei?:fion Stcli\'/lgrzor
Self-Rate Reading High 30 4.97 0.183 0.033
(5 ptscale) Less 30 287 073 0.133
Self-Rate writing High 30 4.67 0.479 0.088
(5 ptscale) Less 30 247 0571 0.104
Self-Rate speaking High 30 4.87 0.346 0.063
(5 ptscale) Less 30 29 0.607 0.111
Self-Rate listening High 30 5 0 0

(5 pt scale) Less 30 2.9 0.803 0.147

Table. 12 Descriptive statistics for the self-assessed rating in participants’ skills in L2 across the two groups.

5.1.2 Materials

5.1.2.1 The selection of the pictures

Sixty-five words were adopted from the Prototypically norms for 26 Semantic Category
(Uyeda and Mandler 1980). Thirty for the stimuli list, twenty for the filler list, and six for the
practice list (see appendix F for a complete list of pictures). Then the corresponding black and
white line-drawings were adopted from the International Picture Naming Project database as
detailed in section 3.5.1(see appendix K for sample pictures). All picture names were non-

cognates and some were included in the non-cognate condition in experiment one. However,
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this did not affect the result of this experiment, as a different group of participants took part

in this study. All selected pictures have high imaginability, frequency, and familiarity rating.

5.1.2.2 The selection of the prime words

For each of the target pictures, two types of prime words were selected: (i) a semantically
related prime word (e.g., fork -spoon), and (ii) an unrelated prime word from a different
category (e.g., fork-monkey). Similar to pictures names, eighty-six prime words were selected
from the Prototypically norms for 26 Semantic Category (Uyeda and Mandler 1980): (i) sixty
related and unrelated primes for picture stimuli; (i) twenty unrelated primes for fillers; and

(iii) six unrelated primes for practice list.

A group of 50 Arabic-English bilinguals were requested to rate the two lists to establish their
similarity on a 5-point Likert scale, with “1” denoting very different and “5” very similar. The
mean rating for each prime-target word pair was calculated and analysed. The results of the
paired samples t-tests revealed a significant differences in the rating scores, [ t(29) = 43.2, p
< 0.001]. The semantically related list was rated as more similar than the unrelated list. The

mean rating for each list (semantically related pairs and unrelated pairs) is summarized below

in Table 13.
Conditions Mean SD
Semantically Related Pairs (n 30) 4.3 .297
Unrelated Pairs (n 30) 1.3 301

Table. 13 Similarity rating for semantically related prime-target picture pairs and unrelated prime-target picture pairs.
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We ensured that each related prime word was matched as closely as possible with an unrelated
prime word on number of letters, number of syllables, and frequency (see section 3.5.2).
Related and unrelated prime word lists were found to be similar in frequency, number of

syllables, and number of characters (see Table 14 for these means) (all ps > .05).

Related

Variables Primes Unre:&t«igé’)rlmes t-test P Vf: :,3 (t
M (SD)
Syllable Length 2.23(0.89) 2.1(.77) t(58) = .95 p > 0.05
Phoneme Length 5.4 (1.6) 5.0(1.3) t(58) = 1.106 p > 0.05
Written Form Frequency 9.8 (32.0) 10.5 (13.4) t(58) =.108 p > 0.05

Table. 14 Characteristics of L1 prime words used in experiment two.

1.1.1.1  The organization of material

In experiment two, each participant was presented with 30 prime-target word pairs: fifteen
were prime-target picture pairs for the semantically related condition (set A), and fifteen
prime-target picture pairs for the unrelated condition (set B). The prime-target picture pairs
were counterbalanced, resulting in the creation of two lists. We matched picture names (across
conditions) on variables that are often considered critical to the type of processing level
involved in the task and experimental conditions (see section 3.5.1). The picture names were

controlled at ps > .05 (see Table 15 for these means).
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p value (t-

Group Statistics set A(N=15) set B (N=15) t-test test)

Name Agreement (%) 2'3766) 0.92 (0.158) t(28) =.869 p>.05
Visual Complexity (KB) (18756945(?) (1875625((3))7 t(28) = -.090 p>.05
Syllable Length (l.'ész) (1_'8628) {(28) = -.743 0> .05
CharacterLength ?1'?;31) ?i?EZSl) t(28) =-.199 p>.05
Frequency per million words ?1'?"1763) ?ii;?) t(28) =.215 p>.05
Q:%?e())f Acquisition (1-3 point (1,.6:;3137) (1..;113) t(28) = -.535 D> .05
Imageability (100-700) ?f,ff) ?é’olf; t(253)=-244  p>.05
Familiarity (100-700) ?1175721) ‘(5;51)'93 1(28) =.329 0> .05

Table. 15 Characteristics of pictures and pictures’ names used in experiment two.

Pictures that were paired with related prime words in the first list were paired with unrelated
prime words in the second list. Since there were three different presentation times (50, 75, and
100 ms), we ensured that each list was presented for 50, 75, and 100 ms. Therefore, a total of

six task files were created, and divided between the participants.

5.1.3 Design

The experiment was of a mixed design (i.e., a 2 x 2 x 3 design) with proficiency level and the
presentation time of the prime words (50, 75, and 100 ms) representing the between-subjects
factor and the type of prime (i.e., related and unrelated) as within-subjects factor. Thus, all
participants in both the less proficient and the highly proficient group were requested to name
pictures preceded by masked prime words. Overall, there were six experimental conditions: (i)
semantically related primes presented for 50 ms; (ii) unrelated primes presented for 50 ms; (iii)

semantically related primes presented for 75 ms; (iv) unrelated primes presented for 75 ms; (v)
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semantically related primes presented for 100 ms; and (vi) unrelated primes presented for 100

ms.

5.1.4 Procedures

The procedure was identical to that used in Experiment one, with the exception that the
presentation time for the prime words varied i.e., primes were presented for 50 ms, 75 ms and
100 ms. The interstimulus interval (ISI) was fixed to 14 ms. Hence, in this experiment, three
Stimulus-Onset-Asynchronies were used: 64, 89 and 114 ms, respectively. See methodology

(chapter 3) for further details.

5.2 Analysis of Results

5.2.1 Reaction times analysis (RT)

The data were collected from 60 participants. After trimming the data (detailed in section
3.6.1), we calculated the reaction times and accuracy for correct responses again and removed

errors and outliers. Table 16 lists the percentages of errors and outliers that were removed.

. Related Unrelated Related Unrelated Related Unrelated
Prime Type Primes primes primes primes primes primes
Presentation times 50 ms 50 ms 75 ms 75 ms 100 ms 100 ms
Errors 7.0% 6.6 % 4.33% 5.33% 21.0% 7.0%
Outliers 6.2 % 1.0% 1.33% 1.33% 1.67% 0.67 %

Table. 16 The percentage of errors and outliers removed from the analysis in the six conditions.

We calculated reaction times and accuracy for correct responses again. The mean reaction

times and percentage for accuracy rate are shown in Table 17.
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High Proficiency (n = 30) Low Proficiency (n = 30)

Prime Type Prime Type
P.'If:;gge Related Unrelated Related Unrelated
Condition Condition Condition Condition
RT ACC RT ACC RT ACC RT ACC
coms 1240 91.90 1214  97.33 1363 9395 1330  91.90
(86) (6.9) M) (64 @) @) €)@
75 ms 1286 96.62 1218 94 1426 94.67 1384 92.67
(82) 4.7 (104) (6.6) (66) (6.1) (102) (5.8)
100 ms 1391 81.81 1214 95.33 1555 75.52 1306 90.56
(108) (9.4) (84) (5.4 (86) (9.4) (78)  (13.01)

Table. 17 Mean response latencies (in ms) and the accuracy rate of responses (in %) across all experimental conditions.
Standard deviations are in parentheses.

A mixed ANOVA analysis was performed on the mean response latencies per subject with: (i)
proficiency level and prime presentation times (50, 75 and 100 ms) as between-subjects factors,
and (ii) prime type (related and unrelated prime words) as a within-subjects factor. In addition,
we conducted a repeated measure ANOVA on the mean response latencies per items, with

prime word type, presentation times, and proficiency level as within-subjects factors.

The results showed a significant main effect of prime type in the analysis by subjects F1(1, 54)
= 56.46, MSE = 0.30, p < 0.001, and in the analysis by items F2 (1, 29) = 53.06, MSE = 0.84,
p < 0.001. Moreover, a significant main effect was found for the presentation time of prime
words in the analysis by subjects F1 (2,54) = 5.95, MSE = 0.06, p = 0.005, and in the analysis
by items F2 (2,29) = 8.90, MSE = 0.18, p < 0.001. There was a significant main effect of
proficiency in the analysis by subjects F1 (1, 54) = 50.52, MSE = 0.54, p < 0.001, and in the
analysis by items F2 (1, 29)=73.98, MSE = 1.59, p < 0.001. Also, a significant interaction was

found between the type of the prime word and prime presentation times in the analysis by
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subjects F1(2, 54) = 18.86, MSE = 0.10, p < 0.001, and in the analysis by items F2(2, 58) =

12.09, MSE = 0.30, p < 0.001.

This interaction indicates that the effect of prime type on reaction times was dependent on the
presentation time. Longer presentation times caused longer reaction times in the related
condition relative to the unrelated condition. Figure 15 shows that as the presentation time
increased from 50 to 75 ms, reaction times increased in the related condition, but
insignificantly. However, further increasing to 100 ms led to a significant increase in reaction

times. This difference will be explained in the discussion section 5.3.

Prime Type

e Related Primes Unrelated Primes

1600
1550
1500
1450
1400
1350

Reaction Times in ms

1300

1250
50 ms 75 ms 100 ms

Presentation Time

Figure. 15 The effects of presentation times on reaction times across the related and unrelated conditions.

There was an insignificant interaction between proficiency level and the type of prime words
in the analysis by subjects F1(1, 54) = 0.45, MSE = 0.002, p = 0.50 and in the analysis by items
F2(1, 29) = 0.68, MSE = 0.01, p = 0.417. In addition, the interaction between proficiency level

and presentation times was insignificant in the analysis by subjects F1(1,54) = 0.29, MSE =
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0.03, p = 0.119, and in the analysis by items F2 (2, 58) = 0.23, MSE = 0.01, p = 0.797.

Moreover, the interaction between the type of prime words, presentation time and proficiency

level was insignificant in both the analysis by subjects F1 (2,54) = 1.21, MSE = 0.01, p = 0.305,

and in the analysis by items F2 (2, 58) = 0.36, MSE = 0.01, p = 0.701.

Having said that, the type of prime words, presentation time, and proficiency level had a

significant impact on reaction times in general, and the effects were the same across the two

different proficiency groups, because there was an insignificant three-way interaction as

reported herein.

A post-hoc test was conducted to check the significance of the noted differences in reaction

times between the three different types of presentation times under the related and unrelated

prime word conditions (Table 18).

Average RT (Sp)  Difference
J (5D) between p-value Ef.feCt Effect
Type of  Group Group Groun 1 & T-test (Bonferroni size siize
primeword 1 2 Group  Group P (df) . (Cohen .
1 2 Group 2 correction) tabulation
s d)
(SE)
1302 1356 -54 -1.62
50ms 75 ms (108) (102) (33) 38) 0.226 0.263 small
1356 1473 -117 -3.19 .
Related 75 ms 100 ms (102) (127) (36) (38) 0.006 0.517 medium
1302 1473 -171 -4.57 .
50 ms 100 ms (108) (127) 37) 38) 0.000 0.741 medium
1272 1301 -29 -0.78
50 ms 75 ms (98) (131) (36) (38) 0.878 0.127 small
1301 1260 41 1.14
Unrelated 75 ms 100 ms (131) (92) (36) (38) 0.524 0.185 small
1272 1260 12 0.40
50 ms 100 ms (98) (92) (30) (38) > 0.999 0.065 small

Table. 18 Independent sample t-test results of the effect of duration time on RT.
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The results indicated that the differences in reaction times between the three different
presentation times in the unrelated condition were not significant. In addition, the differences
in reaction times between the two conditions (50 ms and 75 ms) was insignificant in the related
condition. However, when comparing reaction times in the 100 ms condition with the other
two conditions (i.e., 50 ms and 70 ms), the difference reached significance level. The same
pattern was noticed for both proficiency groups, as the interaction between prime types and

proficiency level was insignificant.

We conducted a paired t-test to examine the significance of the differences in reaction times

between related and unrelated distractors at each presentation time (see Table 19).

Average RT Difference
Presentation (SD) between T-test P- Effect  Effect size
times Related  Unrelated related & (df) value size tabulation
prime prime unrelated (SE) (Cohen's
words words d)
1302 1272 30 1.13
50 ms (108) (98) 26) (19) 0.272 0.260 small
1356 1301 54 2.47 .
75 ms (102) (131) 22) (19) 0.023 0.567 medium
1473 1260 212 10.89
100 ms (127) 92) 20) (19) 0.000 2.497 large

Table. 19 The results of the paired t-test to investigate the effect of the prime word type and different presentation times on
reaction times.

According to Table 19, the effect of prime type was insignificant on reaction times when the
presentation times were 50 ms. However, the related prime words presented for 75 ms and 100
ms induced statistically significant longer reaction times, relative to the unrelated prime words.
This pattern was evident in both proficiency groups, because the three way interaction between

prime type, presentation and proficiency level was insignificant.
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Further, as reported earlier in this section, proficiency level had a significant effect on reaction
times. We conducted an independent sample t-test to compare the differences in average
reaction times between the highly and less proficient participants under related and unrelated

prime word conditions (Table 20).

Average RT Difference
Prime word (SD) between T-test P- Effect  Effectsize
type . the two (df) value size tabulation
ngh_ly Less groups (SE) (Cohen's
proficient  proficient d)
1306 1448 -0142 -4.91 <
Related (110) (114) (29) (58) 0.001 0.644 large
1215 1340 -124 -5.41 <
Unrelated (85) (93) 23) (58) 0.001 0.710 large

Table. 20 The results of the independent sample t-test to investigate the effect of proficiency level on reaction times for
different prime word types.

As shown in Table 20, the reaction times for the highly proficient participants were shorter on
average than for the less proficient participants where there were both related and unrelated
distractors. This pattern proved to be the same for all durations, because the interaction between

presentation times and proficiency level was insignificant.

An independent t-test was conducted to see the effect of proficiency level across all
experimental conditions (Table 21). According to Table 21, the size of difference between the
highly proficient and less proficient bilinguals was significantly larger in the related condition
when presentation times were 75 ms and 100 ms. More specifically, the impact of the related
primes in these two conditions on the less proficient participants was greater than that on the

highly proficient bilinguals.
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Average RT Difference Effect

Presentation svr(')?:je (SD) between  T-test p- size Effect size
times tvoe . high & (dfy  value (Cohen's tabulation
P Highly Less — jess (SE) d)
proficient  proficient
1240 1363 -122 -3.02 .
Related (86) (94) (40) (18) 0.007 0.713 middle
50 ms
1214 1330 -116 -3.23 .
Unrelated (73) (87) (36) (18) 0.005 0.761 middle
1286 1426 -140 -4.17
Related (82) (66) (33) (18) 0.001 0.984 large
75 ms
1218 1384 -166 -3.60
Unrelated (104) (102) (46) (18) 0.002 0.848 large
1391 1555 -164 -3.74
Related (108) (86) 43) (18) 0.001 0.882 large
100 ms
1214 1306 -91 -2.49 .
Unrelated (84) (78) (36) (18) 0.023 0.588 middle

Table. 21 The results of the independent test for the effect of proficiency on reaction times across all experimental
conditions.

5.2.2 Accuracy analysis (ACC)

For the subject analysis, we conducted a mixed ANOVA analysis on the accuracy data in each
condition with proficiency level (highly and less) and presentation times (50, 75, and 100 ms)

as between-subjects factors and prime type (related and unrelated) as a within-subjects factor.

For the item analysis, we conducted a factorial ANOVA analysis on the accuracy data with

prime type, presentation times, and proficiency level as within-subjects factors.

The ANOVA analysis showed a significant main effect for the type of the prime word in the
analysis by subjects F1(1, 54) = 13.75, MSE = 622.26, p < 0.001, and in the analysis by items
F2(1, 29) = 14.61, MSE =1711.74, p = 0.001. Also, there was a significant main effect for
prime presentation times in the analysis by subjects F1(2, 54) = 13.42, MSE = 928.79, p <

0.001, and in the analysis by items F2 (2, 58) = 17.55, MSE = 2611.88, p < 0.001. Moreover,
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there was a marginal significant effect of proficiency level in the analysis by subjects F1 (1,
54) = 3.782, MSE = 261.71, p = 0.057, and a significant effect in the analysis by items F2 (1,
29) = 6.75, MSE = 795.07, p = 0.015. The interaction between the type of prime words and
proficiency level was insignificant in the analysis by subjects F1(1, 54) = 0.53, MSE = 23.77,
p =0.472, and in the analysis by items F2 (1, 29) = 0.59, MSE = 95.07, p = 0.451. This suggests
that the effects of prime type on accuracy did not differ essentially for either of the proficiency
groups. Likewise, the interaction between presentation times and proficiency level was
insignificant in the analysis by subjects F1 (2, 54) = 0.72, MSE = 49.69, p = 0.492, and in the
analysis by items F2(2, 58) = 0.77, MSE =125.49, p = 0.468. This indicates that the effects of
prime type on accuracy rate did not vary significantly for either of the proficiency groups.
Finally, the interaction between presentation times and prime type was significant in the
analysis by subjects F1(2,54) = 16.57, MSE = 749.71, p = 0.000, and in the analysis by items
F2(2, 58) = 10.39, MSE = 2205.49, p < 0.001. This suggests that the effect of presentation
times differs under the related and unrelated prime word conditions. As shown in figure 16, the
accuracy rate under the unrelated condition dropped when the presentation times increased.
However, for the related condition, the accuracy rate was high when presentation times were
50 ms and 75 ms, but lower when the presentation times increased to 100 ms. Finally, the three-
way interaction between presentation times, prime type and proficiency level was insignificant
in the analysis by subjects F1(2, 54) = 1.36, MSE = 61.34, p = 0.267, and in the analysis by
items F2(2, 58) = 1.28, MSE = 179.65, p = 0.287. This suggests that the pattern of effect of the

prime type and presentation times was the same for both proficiency groups.
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Figure. 16 The effects of presentation times on accuracy rate across related and unrelated prime type conditions.

We conducted a post-hoc test to examine the significance of the differences in accuracy rate
between the several presentation times separately, under the related and unrelated prime words

conditions (see Table 22).

_ Average ACC  Difference Effect
Prime (SD) between p-value - Effect
Group  Group T-test . size .
word 1 5 group 1 & (df (Bonferroni (Cohen's size
type Group ~ Group group 2 correction) tabulation
1 2 (SE) d)
9293 95.64 -2.71 -1.57
50ms 75ms (5.5) (5.4) (1.73) (38) 0.249 0.255 small
95.64 78.67 16.98 6.80
Related 75ms 100 ms (5.4) 9.7) (2.50) (38) 0.000 1.103 large
9293 78.67 14.26 5.69
50ms 100 ms (5.5) 9.7) (2.51) (38) 0.000 0.924 large
94.62 93.33 1.29 0.59
50ms 75ms (7.6) (6.1) (2.20) (38) 1.124 0.095 small
93.33  92.95 0.38 0.15
Unrelated 75 ms 100 ms 6.1) (10.02) (2.63) (38) 1.769 0.024 small
94.62 92.95 1.67 0.59
50ms 100 ms (7.6)  (10.02) 2.82) (38) >0.999 0.096 small

Table. 22 The results of the independent sample t-test investigating the effect of presentation time on accuracy rate.
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According to Table 22, the differences in accuracy rate between the three presentation times
were not significant when the pictures were preceded by unrelated primes. In the related
condition, the differences were insignificant when the pictures were presented for 50 ms and
75 ms; however, when the presentation time increased to 100 ms, the accuracy rate decreased

significantly relative to the other presentation times.

Moreover, we conducted a paired t-test to assess the significance of the differences in accuracy

rate between the related and unrelated distractors at each presentation time (Table 23).

Average ACC (SD) Differences Effect Effect
Presentation between T-test P- size size
times Related  Unrelated the two groups (df) value (Cohen's tabulation
primes primes (SE) d)
92.93 94.62 -1.69 -0.78
50 ms (5.5) (7.6) (2.16) (19) 0.443  0.180 small
95.64 93.33 2.31 1.66 .
75 ms (5.4) (6.1) (1.39) (19) 0.112  0.382 medium
78.67 92.95 -14.28 -5.37
100 ms 9.7) (10.02) (2.66) (19) 0.000 1.233 large

Table. 23 The results of the paired t-test to check the effect of the prime word type on accuracy rate across the different
presentation times.

According to Table 23, the effect of the prime word type on accuracy rate was insignificant
when the presentation time was 50 ms and 75 ms. This effect was significant only when the
presentation time was 100 ms. In addition, we conducted an independent sample t-test to

compare the performance of the two proficiency groups under the related and unrelated

conditions (Table 24).
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Average ACC (SD) Difference

Prime between T-test Effect Effect
word tvpe the (df) p-value size size
yP Highly Less two groups (Cohen'sd) tabulation
proficient proficient (SE)

90.11 88.05 2.06 0.77

Related (9.4) (11.19) 2.67) (58) 0.443 0.101 small
95.56 91.71 3.84 1.90

Unrelated (6.1) 9.2) 2.02) (58) 0.062 0.250 small

Table. 24 The results of the Independent sample t-test to compare the performance of the two proficiency groups in the
related and unrelated conditions.

According to Table 24, the differences between the highly and less proficiency groups were
statistically insignificant. This indicates that the effect of prime word type on accuracy was
similar for both the highly and less proficient bilinguals. Likewise, the differences between the

two groups were insignificant when evaluated across the various presentation times, as shown

in Table 25.
Difference
Average ACC (SD
Presentation  Prime g (SD) between T-test p- Esfif;é:t Effect size
Time word type  Highly Less high & less (df) value (Cohen's d) tabulation
proficient  proficient (SE)
91.90 93.95 -2.05 -0.83
0.423 0.194 small
50 ms Related (6.8) (3.7) (2.48) (18)
97.33 91.90 5.43 1.65
0.117 0.389 small
Unrelated (6.4) (8.1) (3.29) (18)
96.62 94.67 1.95 0.80 0.436 0.188 small
75 ms Related 4.7) (6.1) (2.45) (18) ' '
94.00 92.67 1.33 0.48
0.639 0.113 small
Unrelated (6.6) (5.8) (2.79) (18)
81.81 75.52 6.29 1.49 0.155 0.350 small
100 ms Related 9.4) 9.9) (4.23) (18) ' '
95.33 90.56 4.77 1.07
0.300 0.252 small
Unrelated (5.4) (13.01) (4.47) (18)

Table. 25 The results of the independent t test to check the differences in accuracy between the two proficiency groups
across the different presentation times and prime word types.
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5.3 Discussion

The main objectives of this experiment were to first test whether semantic related prime words
would induce interference in the masked primed picture naming task, and second to establish
whether proficiency level would modulate the manner of lexical selection and cross language

activation.

a) What is the manner of lexical activation/selection in different script bilinguals?

The results obtained in experiment two showed a significant main effect of prime words and
presentation times, and a significant interaction between the type of the prime word and the
presentation time. Longer naming latencies were detected when related prime words were
presented for 100 ms and 75 ms before the target picture, indicating the presence of the
semantic interference effect as typically found in the picture word interference task. The effect
was not detectable when the presentation times were just 50 ms. However, the accuracy data
shows a large effect of prime type at 100 ms presentation. In brief, longer exposure to related
prime words induced inaccurate responses in both proficiency groups. The difference was also

noticeable at 75 ms, but it did not reach a significant level.

Thus, these findings ruled out the argument that the cause of the semantic interference effect
is a consequence of visually detected linguistic information coming from distractor words that
force participants to form a verbal response to the distractor word prior to the target picture.
We argue here that the longer naming latency is not only caused by the presence of the visual
distractor, but also by the semantic relationship shared with the target picture. This result was
consistent with studies that found a semantic interference effect when using the picture word
interference tasks (Hermans et al. 1998; Hoshino 2006; Zhao et al. 2012), and the studies that

used masked priming with monolingual participants (e.g., Alario et al. 2000; Bajo et al. 2003).
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Next, we question what these results tell us about the nature of lexical access and selection by
adult bilingual speakers? To answer this, we posit that finding semantic interference at 100 and
75 ms can be interpreted as evidence of lexical competition at the lemma level. To explain, we
argue that the masked prime word initially activated the corresponding conceptual
representations at the concept level, and then the activation spread to the corresponding lexical
nodes at the lemma level, at which the competition occured between the target and non-target
lexical nodes. We then asked why this effect was present at 100 ms and 75 ms, but not at the
shorter presentation time (50 ms)? To answer this, we posit that when the masked prime was
presented for 50 ms, the time available to process the prime word was only sufficient to
partially activate the phonological representations, and thus did not activate the corresponding
conceptual/lexical representation. By the time the conceptual representation of the target

picture was fully active, any prior partial activation was ignored at the conceptual level.

Reflecting on the findings of this experiment, it is evident that the selection process takes into
consideration both lexical nodes in the target and non-target language, and that there is a
competition between lexical nodes at the lemma level. This contrasts with the findings from
the first experiment demonstrating that the selection process does not consider non-target
lexical nodes. We might explain this discrepancy as being a consequence of the different
duration time (SOA). When testing the identity effect in experiment one, the prime words were
presented for 50 ms and they yielded a facilitation effect; whereas when investigating the
semantic interference effect in experiment two, the effect was found to occur at 100 ms but not
at 50 ms. Thus, it could be argued that under longer durations: i.e., 100 and 75 ms, the non-
target lexical nodes become highly activated, and this activation is high enough to impede the
selection process, while under the short presentation times they fail to have an effect. However,

this explanation may not hold, as Costa et al. (1999) reported an identity effect in the picture-
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word interference task when the translation distractor was presented for 200 ms at -200 SOA.

Thus, further investigation is required to test the validity of the impact of duration of SOA.

Nevertheless, as pointed out in chapter four, there is an additional explanation for this
discrepancy. The cause of this semantic interference effect might originate at the conceptual
level. That is to suggest that the delayed naming is caused by competition at the conceptual
level, due to the activation of several related concepts. In the next chapter (six), this explanation
is investigated by comparing the performance of bilinguals in two tasks: one involving
conceptual activation only, and the other conceptual and lexical activation. In these tasks,
semantic relatedness was manipulated. If the effect originated at the conceptual level, then
longer reaction times should be reported in both tasks. If the effect originates at the lexical

level, then longer reaction times should be reported in the task involving lexical activation.

b) What is the effect of script differences on lexical access and manner of lexical

selection/activation?

As discussed in section (a), the results of this experiment revealed that Arabic-English
bilinguals experience a semantic interference effect, suggesting that different script bilinguals
experience non-selective access, and that the non-target lexical nodes are sufficiently active at
the lexical level to impede the selection process. This implies that the visually presented prime
words boost the activation level of the non-target lexical nodes, which became high enough to
compete for selection. Processing the prime words indicates that when a different script is
perceptually available to bilinguals, it does not inhibit the cross-language activation. The
finding concurs with that of the second experiment conducted by Boukadi et al. (2015), in
which they tested Arabic- French bilinguals in a picture-word interference task, and reported a
semantic interference effect. In Boukadi et al.’s (2015) experiment, the distractors were

presented auditorily, i.e., they were not visually presented, yet they contributed to the cross-
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language activation. However, in a recent study, Hoshino et al. (2021) tested different script
Japanese-English bilinguals in a picture-word interference task, in which the distractors were
semantically related, or the translation equivalent. They found the presence of a translation
facilitation effect (i.e., the identity effect) only, but no semantic interference effect. They
explained that the target and non-target lexical nodes were active briefly, but then as the
bilinguals exploited the language cues in the distractor words, the selection process became
language specific. Thus, the bilinguals selected the target node earlier in their speech planning.
We contribute the contradictory outcomes of the study by Hoshino et al. (2021) and the current
experiment to differences in experimental procedures; the difference between our experiment
and that of Hoshino et al. (2021) was the presentation modality of the distractor/prime words.
In their study, Hoshino et al. (2021) presented the distractors word 25 ms after the presentation
of the picture in red ink, and they remained on screen until the participants responded. In our
study, the primes were masked and presented briefly for 100 ms before the presentation of the
target picture, in order to produce the semantic effect. Thus, a longer visual exposure
(unmasked) of different script distractors may facilitate lexical selection by inhibiting the
activation of the non-target lexical nodes. However, further research is needed to validate this
argument, perhaps by applying paradigms other than the picture-word interference task. For
example, the effect of presenting masked vs unmasked related primes can be tested in a picture

naming task in which the presentation time is manipulated (shorter vs longer exposure).

The findings of experiment two provide an important indication regarding the role of different
script in lexical access and selection. The experiment to this point replicates the finding of the
semantic interference effect in same script bilinguals, and provide evidence that non-target
lexical nodes are active, regardless of script differences. In order to provide a clear picture of

the effect of script differences on the manner of lexical activation and selection, further
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investigations were conducted in experiment three, four and five (chapters six, seven and eight,

respectively).

c) What is the effect of proficiency level on lexical access and manner of lexical

activation/selection?

Regarding the question of whether proficiency level modulates cross-language activation and
manner of lexical selection, the results showed that priming the target pictures with related
words did yield a semantic interference effect for both highly proficient and less proficient
bilinguals. This indicates that proficiency level did not modulate cross-language activation nor
the manner of lexical selection. An interesting finding here was that both groups experienced
a semantic interference effect at 100 and 75 ms, but not at 50 ms, which means they both
required the same processing time to show an effect. These findings contradict other studies
(e.g., Kheder and Kaan 2019) claiming that proficiency modulates lexical selection, because
highly proficient bilinguals apply a language specific selection whereas less proficient
bilinguals apply language non-specific selection. However, proficiency level did influence
retrieval timing for both groups, as the highly proficient participants were faster at naming the
pictures relative to the less proficient bilinguals. Similar to experiment one, the results revealed
a significant difference in the performance of the two groups, as the highly proficient bilinguals
named the target pictures in all conditions more rapidly. Further, there was no significant
interactions with other factors: i.e., prime type and presentation times. In addition, the analysis
of accuracy data indicated that the highly proficient participants were more accurate. This leads
us to question where the difference in the performance of the two groups with regard to naming

latencies comes from?

We argue that there are two plausible explanations for these differences: the weak link as

proposed by the Revised Hierarchical Model (RHM) (Kroll & Stewart, 1994; see also Kroll et
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al. 2010) and the Inhibitory Control mechanism proposed by Green (1998). The RHM model
claims that greater experience with a language increases overall frequency of access over time;
thus, the connection between the concept system and the L2 lexicon is weaker in less proficient
bilinguals when compared with highly proficient bilinguals who access their L2 lexicon more
frequently. Thus, the time required to retrieve L2 lexical nodes is longer for less proficient
bilinguals compared to highly proficient bilinguals. The second explanation for this
phenomenon is the Inhibitory Control (IC) mechanism proposed by Green (1998). According
to language non-specific selection, the resolution of competition between two activated lexical
nodes in the target and non-target language is achieved via a control mechanism that is
responsible for controlling or suppressing the activation of the non-target lexical nodes at the
lexical level. Additionally, it is assumed here that highly proficient bilinguals are consequently
faster at resolving lexical competition due to their enhanced language control mechanism.
Hence, it is logical to argue that the IC mechanism was operating, but that the strength of the
suppression was dependent on the proficiency level of bilinguals: i.e., the highly proficient
participants required less time to control the activation of non-target lexical nodes relative to

the less proficient bilinguals.

When comparing the findings of experiments one and two, regarding the faster retrieval and
accuracy of the highly proficient bilinguals compared with the less proficient bilinguals, the
explanation proposed by the revised hierarchical model is compatible with the overall findings
of the two experiments. The inhibitory control mechanism cannot account for the performance
of the highly and less proficient bilinguals in experiment one, as the manner of selection was
language specific. Thus, it seems that the Revised Hierarchical Model provides an accurate
explanation for the pattern of findings in experiments one and two, regarding the better

performance of the highly proficient bilinguals.
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5.4 Conclusion

In summary, this study investigated whether a semantic interference effect would be apparent
when testing Arabic-English bilinguals in a masked-priming picture naming task. Our purpose
was to determine whether lexical selection in different script bilinguals entails competition,
and whether proficiency level modulates lexical access and cross-language activation. The
results showed that both groups experienced a semantic interference effect when naming
pictures preceded by related primes. This indicated that both target and non-target lexical nodes
were activated here and considered for selection. We argued that further investigation is
essential to establish the root of this effect, whether it is located at the lexical level or at the
conceptual level. Also, the findings indicated that proficiency level did not modulate cross-
language activation among Arabic-English bilinguals. In the next chapter, we further expanded
our investigation by combining two tasks (i.e., primed picture naming and animacy decision

tasks), to locate the origin of the semantic interference effect.
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Chapter 6 Experiment Three: Masked Priming of Non-Cognate picturesin a

Naming Task and Animacy Decision Task

In experiments one and two, we investigated the manner of lexical selection during the
production process, so as to determine whether the non-target lexical node competes with the
target lexical node for selection or not. We used the masked priming method, and manipulated
two experimental conditions (the identity effect and semantic relatedness). The findings from
experiments one and two were contradictory as priming target words with translation words in
L1 induced a facilitation effect; i.e., there was a lack of lexical competition between the target
and non-target lexical nodes at the lexical level, whereas priming the targets with semantically
related words in L1 induced an interference effect (i.e., created competition). We believe that
these contradictory findings, are unlikely be a consequence of the sampling techniques or
experimental procedures as they were carefully matched. This led us to consider the locus of
the semantic interference/facilitation effect. We noted in the literature review (section 2.3.2),
that several studies (e.g., Costa et al. 2005; Finkbeiner and Caramazza 2006; Mahon et al. 2007;
Janssen et al. 2008) suggested that the interference effect found in picture-word interference
tasks is located at the phonological level, and the facilitation effect at the conceptual level or
lexical level. However, Abdel Rahman and Aristei (2010) found that semantic interference
effect was present in tasks that do not involve phonological processing. This suggests the
lexical level is a possible locus of the semantic interference effect. As discussed in section
2.3.2, we hypothesise that the conceptual level may be a better candidate for the locus of a
semantic interference effect, because this is where semantic knowledge is stored. Thus, we
asked firstly: What if semantic interference is caused by conceptual competition and not lexical
competition? This is possible as different concepts are activated by the distractor word/prime

word and the picture presented. Secondly, where does the semantic facilitation effect originate?
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Recall, interference occurred when we primed the pictures with semantically related primes (cf
chapter five), but facilitation occurred when we primed the pictures with their translation
equivalents (cf chapter four). We question whether this is because the semantically related
word has a different concept from the picture, whereas the translation equivalent shares the
same concept, and thus instead of hindering the activation process it enhances it by sending

additional activation to this concept thereby facilitating its selection?

To further explore this hypothesis, we contrasted these two alternative positions by exploring
the semantic interference effect over two different tasks; (i) a task that requires access to
conceptual, lexical and phonological level processing through to articulation, and (ii) a task

that requires only conceptual processing.

In task one, the participants were presented with a series of pictures of an object (e.g., apple)
preceded by an L1 masked prime word. They had to name these pictures in their L2. There
were two experimental conditions: semantically related primes (e.g., J4 »[English orange]) in
the critical condition and semantically unrelated primes (e.g., ok= [English snake]) in the
unrelated condition. In this task, the conceptual, lexical and phonological features of the word
are activated to a certain level based on its type (target vs non-target). As discussed previously,
the interference effect observed in this task can be accounted for by either competition at the

conceptual, lexical, or phonological level.

In the second task, the participants had to respond (by pressing a button yes or no) whether the
identical pictures used in task one, were animate or inanimate objects. These pictures were
preceded by semantically related or unrelated masked prime words in the L1. This animacy
decision task involved conceptual activation only, as no lexical activation or overt naming of

the pictures was required.
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We hypothesized that if a semantic interference effect occurs at the conceptual level, there will
be longer naming latencies in the picture naming task and in the animacy decision task when
the pictures are preceded by semantically related words rather than unrelated words. However,
if the semantic interference effect occurs at the lexical level, then there will be longer naming
latencies across the semantically related condition in the picture naming task, but not in the
animacy decision task. This is because the picture naming task involves lexical activation,

unlike the animacy decision task which only involves the activation of concepts.

Similar to experiments one and two, in experiment three we examined the role of proficiency
level and script differences on cross-language activation. We contrasted the performance of
two groups of Arabic-English bilinguals (highly vs less proficient) across both tasks. In
addition, we investigated whether bilinguals could exploit Arabic prime words as language
cues and inhibit the activation of non-target language in the animacy decision task (which
involves conceptual processing), and in the picture naming task (which involves conceptual,

lexical and phonological processing).

6.1 Methods

6.1.1 Participants

The research participants were 182 adult volunteers, with eight participants excluded as their
responses were not recorded. In addition, six more participants were removed owing to their
high-test error rate with a very short reaction times (less than 100 ms), which indicated that the
participants were not appropriately engaged with the task. So, in total, 168 participants were
included in this experiment. The participants were all adult Arabic-English bilinguals. They
were Saudi females for whom Arabic was their native language. All the participants had given

consent to their data being used anonymously for research purposes prior to the study (see
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chapter three section 3.2), although none of the participants had contributed in experiment one

or two.

In terms of the other experiments, the participants were divided in two groups according to
their proficiency level (highly and less), as detailed in Chapter 3. An independent-samples t-
test was conducted to compare the IELTS scores between the two groups. This resulted in the
identification of a statistically significant difference between the highly proficient group (M =

7.5, SD = .515) and the less proficient group (M = 3.6, SD = .562), t(166) = 46.387, p < .001.

6.1.1.1 The results of the language history questionnaire

As summarised in Table 23, the participants’ average age of acquisition was uniformly found
to be around ten years old. The participants were also asked how they acquired English as a
second language: whether through formal classroom teaching and/or interactions with other
people. The results revealed that the highly proficient participants had primarily acquired
English as a second language through a mixture of formal classroom teaching and interactions
with other people (mostly native English speakers). This was because they had acquired their
postgraduate degree from universities in: the United Kingdom, the United States of America,
and/or Australia, meaning they had lived in an English dominant environment for a minimum
of two years. On the other hand, the less proficient participants reported that they acquired
English as a second language principally through classroom teaching. In addition, they had
received instruction in Arabic throughout their early school education, i.e., in their elementary

and intermediate school.

Moreover, the participants were asked to estimate their daily use of L1 and L2. As shown in
Table 26, the daily average estimation of the use of L1 and L2 by the less proficient group was

71.22% and 28.77%, respectively, whereas the average estimation for the highly proficient
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group for L1 and L2 usage per day was 29.87% and 70.12%, respectively. Table (26) shows
the descriptive statistics for each question across the two groups. The data extracted from the
language history questionnaire showed that the groups differed in terms of their daily use of
their L1 and L2, language of instruction at high school and university, their age and their level

of education.

However, the age at which they started learning English was similar. In summary, the data
indicated that the highly proficient group had been and continue to be more exposed to English

as a second language than the less proficient group.

The Highly Proficient Group (n=82 ) Minimum Maximum Mean Std.Deviation
Age (years) 26 43 33.18 5.06
IELTS 6.5 8.5 7.15 0.569
Mean daily L1 usage (%) (5 pt scale) >25 50 29.8 154
Mean daily L2 usage (%) (5 pt scale) 50 100 70.122 15.43
Age of acquisition (years) 3 10 10.488 2.3425
The Less Proficient Group (n=86 ) Minimum Maximum Mean Std.Deviation
Age (years) 19 20 195 0.826
IELTS 3 4.5 3.64 0.562
Mean daily L1 usage (%) (5 pt scale) 50 75 71.28 9

Mean daily L2 usage (%) (5 pt scale) 25 50 28.77 9.01

Age of acquisition (years) 3 13 10.279 2.2786

Table. 26 Descriptive statistics for participants in both groups.
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6.1.1.2 The results for the self-rating

The average scores for both groups for each skill were shown in table 27. An independent-
samples t-test was conducted to compare the mean scores for the self-assessed rating in each
skill for the two groups, leading to the identification of statistically significant differences
between the two groups across all the skills: (i) Reading t(164.4) = 30.25, p <.001, (ii) writing
t(153.4) = 22.36, p <.001, (iii) speaking t(166) = 26.59, p <.001, and listening t(166) = 23.93,
p <.001. The results suggested that, based on their own perception of their proficiency level,
the highly proficient bilinguals considered themselves native like; whereas the less proficient

bilinguals considered themselves to be maintaining a basic level of proficiency.

Group Statistics Proficiency N Mean De\?it:fion St?\heE;rfor
Self-Rate Reading High 82 459 0.496 0.055
(5 pt scale) Less 86 2.33 0.471 0.051
Self-Rate Writing High 82 4.26 0.492 0.054
(5 ptscale) Less 86 2.19 0.695 0.075
Self-Rate Speaking High 82 4.3 0.463 0.051
(5 pt scale) Less 86 1.91 0.68 0.073
Self-Rate Listening High 82 3.96 0.508 0.056
(5 pt scale) Less 86 2 0.553 0.06

Table. 27 Descriptive statistics for the self-assessed rating in participants’ skills in L2 across the two groups.

6.1.1.3 The results of the lexical decision task

An independent-group t-test was performed on latencies and accuracy for L2 words and
nonwords with proficiency (highly proficient bilinguals vs. less proficient bilinguals) as an
independent variable. The highly proficient bilinguals were faster and more accurate for

nonwords than the less proficient bilinguals [t(120.4) = 14.68, p < .001 for latencies; t(166) =
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16.41, p < .001 for accuracy]. In addition, the highly proficient bilinguals were significantly
faster and more accurate for words than the less proficient bilinguals [t(135.68) = 10.978, p <
.001 for latencies; t(109) = 13.24, p < .001 for accuracy]. These results suggested that there
was a significant difference between the two groups in terms of L2 proficiency. The mean

accuracy and reaction times for words and non-words are shown in Table 28.

Non-word Word
Proficiency Groups Reaction Times . Accuracy Reaction _Accuracy
In percentage In percentage
'(:]fgg Proficient Bilinguals 921 (166) 95.27(9.4) 769 (161) 98.04 (3.12)
Less Proficient Bilinguals 1566 (365) 7297 (82) 1156 (285) 85.29 (8.2)

(n=86)

Table. 28 Lexical decision results for the highly and less proficient bilinguals in experiment three. Standard deviations are
in parenthesis.

To conclude, the results of the language history questionnaire, the self-assessed rating and the
lexical decision task suggest that the two groups varied significantly in terms of their

proficiency level.

6.1.2 Materials

6.1.2.1 The selection of the pictures

Sixty-six stimuli words were adopted from the Prototypically Norms for 26 Semantic
Categories (Uyeda and Mandler 1980). These words were used to construct: (i) a target stimuli
list with forty words; (ii) a practice list with six words; and (iii) a filler item list with twenty
words. The words were the names of objects from the different semantic categories (e.g.,

human, animals, furniture, food, clothing, and musical instruments) and all were non-
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cognates. Half the total word list (i.e., thirty-three) named animate objects, and the other half
inanimate objects. Then, sixty-six corresponding black and white line-drawings were selected
from the International Picture Naming Project online-database (Szekely et al. 2003; Szekely
et al. 2004) (see appendix K for pictures samples). Each animate picture name was carefully
matched with an inanimate picture name on variables that are often considered critical to the
type of processing level involved in the task and the experimental conditions (for details, see

section 3.5.1). In brief, the picture names were controlled at ps > .05(see Table 29 for these

means).
Animate Inanimate
Variables list (n = 20) List t-test p value (t-test)
B (n = 20)
Name Agreement (%) (Odgg) (Ol'gg) t(38) = .122 p>.05
Visual Complexity (KB) Z(gﬁié? 1(%222;3 t(38) =.385 p>.05
Syllable Length (1égg) (1922) (38) = -1.506 p>.05
CharacterLength (15 ££6) (26'73306) t(38) =-1.81 p>.05
Frequency per million 3.35 3.21 _
words (1.13) (1.40) 1(38) = .346 p>.05
Age of Acquisition (1-3 1.75 1.90 _
point scale) (.967) (.968) (38) = -.490 p>.05
Imageability (100-700) 5(225? ?gjg? t(38) = -1.41 0> .05
Familiarity (100-700) ?1165'3307) 53050'1369) t(38) = 1.67 0> .05

Table. 29 Characteristics of pictures and picture names in English used in experiment three.
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6.1.2.2 The selection of the prime words

With regard to the selection of the prime words, for each target stimuli, we chose: (i) a related
word from the same semantic category to form a related prime; and (ii) another unrelated word
from a different semantic category to form an unrelated prime. In addition, six unrelated prime
words were selected for the practice list, and an additional twenty unrelated prime words were
selected for the filler items, each adopted from the same database (for a full list, see appendix

G).

The chosen prime words were translated into Arabic. We ensured that all the Arabic prime
words and target picture names had a different onset and did not rhyme. Moreover, each
related prime word was carefully matched with an unrelated prime word on number of letters,
number of syllables, and frequency (see section 3.5.2). Related and unrelated prime word lists
were similar in their frequency, number of syllables, and number of characters (see Table 30

for these means) (all ps > .05).

. Related Primes Unrelated Primes
Variables M (SD) M (SD) p value (t-test)
Syllable Length 2.28 (.857) 2 (.805) p>.05
character Length 5.44 (1.46) 5 (1.469) p>.05
Written Form Frequency 10.62 (30.20) 19.53 (33.35) p>.05

Table. 30 Characteristics of L1 prime words in used in experiment three.

To assess the semantic relatedness of the chosen prime words to the target picture names, we
asked a group of seventy-eight Arabic-English speakers to judge the similarity of the prime-
target picture name pairs in terms of meaning on a 5-point Likert scale; where “1”” meant very

different and “5” very similar. Each participant was presented with eighty prime-target picture

159



name pairs: forty were prime-target picture pairs for the semantically related condition, and
forty prime-target picture pairs for the unrelated condition. The presentation of these prime-

target name pairs was randomized.

The mean rating for each prime-target word pair was calculated and analysed. The results
from the paired samples t-tests showed a significant difference in the rating scores, [ t(39) =
48.076, p < 0.001]. The semantically related list was rated as more similar than the unrelated

list (see Table 31).

Conditions Mean SD
Semantically Related Pairs (n 40) 4.22 .378
Unrelated Pairs (n 40) 1.38 224

Table. 31 The similarity rating for prime-target pair

6.1.2.3 The Organization of Material for Animacy decision and picture naming task

The final stage of the organization process involved counterbalancing the presentation of the
stimuli list across the participants and controlling for the animacy factor over the two tasks.
For the animacy decision task, we kept the list of stimuli divided in half, according to their
animacy status. When organizing the prime words in the related condition, we assigned
animate-related primes to animate target pictures and inanimate-related primes to inanimate
target pictures. Whereas, in the unrelated condition, we assigned a combination of
animate/inanimate unrelated primes to the target pictures, regardless of their animacy status.
Thus, an animate picture could be preceded by an animate/inanimate unrelated prime. If

unrelated prime words were always matched to the target pictures in terms of their animacy,
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this would affect their decision, as the participants could use primes as cues to facilitate their
decision. We created two versions of stimuli A and B to counterbalance their presentations
across the participants. Therefore, the pictures names primed with related primes in version A
were primed with unrelated primes in version B, and those primed with unrelated primes in A
were primed with the related primes in version B. The participants completing the animacy
decision task were then divided into two groups. The first group was assigned to version A,

and the second group to version B.

For the picture naming task, we used the identical stimuli-prime pairs to those used in the
animacy decision task, but we organized the list differently to fit the task. More specifically,
we created two lists: each list with 20 animate and 20 inanimate pictures names. Prime-target

name pairs were organized as follow:

0] The semantically related condition consisted of 10 animate and 10 inanimate
pictures, preceded by a semantically related prime;
(i) The unrelated condition consisted of 10 animate and 10 inanimate pictures were

preceded by unrelated primes.

The pictures preceded by related primes in the first list were preceded with unrelated primes in
the second list, and those preceded by unrelated primes in the first list were preceded by a
related prime in the second list. The prime-target picture pairs were counterbalanced across the
group of participants. The participants were also divided into two groups, whereby the pictures
assigned for the related condition in this group were assigned later for the unrelated condition

in the second group.
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6.1.3 Designs

The experiment was a mixed design (i.e., a 2 x 2 x 2 factorial design) with proficiency level
(highly proficient bilinguals and less proficient bilinguals) and the type of the task (i.e., picture
naming and animacy decision task) representing the between-subjects factors and prime type
representing the within-subjects factor (related and unrelated primes). Thus, half the
participants in both the less proficient group and the highly proficient group were asked to
name pictures and the other half were asked to respond regarding whether the picture was

animate or non-animate in the animacy decision task.

6.1.4 Experimental procedures for picture naming and animacy decision tasks:

This experiment is administered online unlike experiment one and two (see for details chapter
three, section 3.4.2).

a) Masked priming in a picture naming task

We used the same procedures here as applied in experiment one and two. The only change we
made was that an audio tone was presented at the onset of the target picture presentation. As
explained in chapter three (section 3.4.2), the tone was added to help measure the participants’

reaction times using Praat software.

b) Animacy decision Task

Similar to the picture naming task, pictures and words were shown in black on a white
background. The picture size was 300 x 300 cm, and the font of the word was 48 pts. The
participants were informed that they were required to look at the centre of the screen to view
the picture presented. They were instructed to press the yes button on the screen if the picture
represented something animate (i.e., a human being or animal), and the no button if the picture

represented something inanimate (i.e., a musical instrument, furniture, etc.). They were not
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informed of the presence of the primes, which occurred prior to the presentation of the pictures
during the task. Example pictures of living and non-living things were provided during the oral
instruction phase. Then the participants completed a six- questions training session, which was
performed with separate stimuli and prime words that differed from those employed in the

actual test. Each trial consisted of the following sequence of events:

(i)  The tests initially commenced with a fixation point (+), which appeared in the middle of
the screen for 500 ms;

(i) A visual mask of (######) symbols then replaced the fixation point, and remained for
500 ms;

(iii) A prime word (related or unrelated) appeared for 100 ms;
(iv) A visual mask of ####t##t) symbols remained for 14 ms;

(v) A target picture which remained on screen until the participants responded by clicking

the yes/no button on the screen (mouse click or touch click).

6.2 Analysis of Results

The data were collected from one hundred and sixty-eight participants. After trimming the data
(described in section 3.6.1), we calculated the reaction times, and accuracy for correct
responses again. Errors at 1.9 % and outliers at 2.2 %, in the picture naming task and errors at
2.1 %, and outliers at 1.0% for the animacy decision task were excluded from the following

analyses. The mean reaction times and percentage of accuracy are shown in Table 32.
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Highly Proficient Less Proficient

Task Prime Type
Reaction accuracy in Reaction accuracy in
times percentage times percentage
Semantically 1872 99.13 1963 97.07
Picture related (195) (3.8) (273) (4.9
naming
Semantically 1125 98.97 1510 96.95
unrelated (312) (4.0) (275) 4.7
Semantically 1040 98.46 1026 96.93
Animacy related (263) 4.4) (253) (6.8)
decision Semantically 1777 99.24 1159 97.04
unrelated (421) (2.1) (196) (5.02)

Table. 32 Reaction times and accuracy data for the highly and less proficient bilinguals across in the two experimental
conditions across the tasks. Standard deviations are in parentheses.

6.2.1 Reaction times analysis (RT)

A mixed ANOVA analysis was performed on the mean response latencies per subject with (a)
proficiency level (highly proficient vs less proficient) and task type (animacy decision task vs
picture naming task) as the between-subjects factors, and (b) prime type (semantically related
and unrelated prime words) as the within-subjects factors. In addition, a repeated ANOVA was

performed on the mean response latencies per items in each condition.

The results showed a significant main effect of prime type in the analysis by subjects F1 (1,
164) = 8.57, MSE = 0.57, p = 0.004, and in the analysis by items F2 (1, 152) = 47.51, MSE =
0.56, p < 0.001. A significant interaction was found between the type of prime word,
proficiency level and the task type in the analysis by subjects F1 (1, 164) = 63.24, MSE = 4.23,
p <0.001, and in the analysis by items F2 (1, 152) = 328.86, MSE = 3.89, p < 0.001. Therefore,
reporting the main effects is misleading, because the impact of the prime word could vary (and

even become contradictory) in different subgroups.
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Also, a significant interaction was found between prime type and task type in the analysis by
subjects F1(1, 164) = 335.16, MSE = 22.41, p<0.001, and in the analysis by items F2(1, 152)
= 45.09, MSE = 0.53, p < 0.001. This interaction suggests that the effect of the prime words
differed across tasks, and was dependent on the nature of the task. Figures 17 and 18 show the
different effects of prime type on reaction times across the different tasks and proficiency
levels. More specifically, in the animacy decision task, the related prime words induced faster
naming latencies for the highly proficient group and the less proficient group relative to the
unrelated prime words (Figure 17). Reaction times were considerably longer in the case of
unrelated prime words for the highly proficient group when contrasted with the less proficient
group. In other words, the size of the semantic effect is greater for the highly proficient group

than the less proficient group and we discuss the implication of this finding in section 6.3.

Animacy Decision Task
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Prime Type

=@==Highly Proficient Less Proficient

Figure. 17 The effect of prime type on reaction times for different proficiency groups in cases of the animacy judgment task.

A different pattern was observed for the picture naming task. As shown in Figure 18, related
prime words produced longer naming latencies for both the highly proficient and less proficient

bilinguals. Similarly, reaction times were shorter for the unrelated prime words when compared
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with related prime words for both proficiency groups. Similar to the animacy decision task, the
size of the semantic effect was greater for the highly proficiency group when compared to the

less proficient group.

Picture Naming Task

2100
1900
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Figure. 18 The effect of Stimulus on RT for different Proficiency groups in cases of Picture tasks.

In addition, the partial eta-squared values were close to 0.06 for the effects of prime type, and
the interaction between prime type and proficiency level, indicating a “small” effect size in
Cohen’s terms (1988). The values of eta-squared were > 0.14 for the differences in the effect

of prime type for different proficiency-task subgroups, indicating a large effect size.

We conducted a paired t-test to examine the significance of the differences noted for various
tasks and proficiency levels. Bootstrapping was used (1000 samples) to avoid any issues with
data distribution (cf.,Field 2013). As summarised in Table 33, the differences were statistically
significant at the level 0.05. The calculated Cohen’s d was > 0.8, indicating a large effect size
for prime type in all cases excluding the less proficient subgroup in the animacy naming task
where the Cohen’s d was around 0.5, indicating a medium effect size. The implications of this

are discussed in section 6.3.
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Average RT Difference

(SD) ?;2’;’:52 T-test \%Iue sEi];f:(:t Effect size
ici d tabulation
PLrg\tlecllency %;I; Related Unrelated  unrelated (@ oft-  (Cohen's
(SE) test d)
Animacy 1040 1777 =737 8.810
decision  (263)  (421) (83) 39 0001 3209  large
Highly 14.14
proficient Picture 1872 1125 747 X
naming (195) (312) (53) (39) 0.001 3.468 large
Animacy 1026 1159 -133 -6.341  0.001 0.522 medium
Less decision (253) (196) (20) (45)
proficient
Picture 1963 1510 453 7825 0001 3309 large
naming (273) (275) (57) (41)

Table. 33 Paired t-test results to test the effect of semantically related primes on RT across different proficiency-task
subgroups.

As mentioned earlier, there was a significant interaction between proficiency level and task
type as a between-subjects effect indicating that variations in reaction times between highly
and less proficient bilinguals are a consequence of differences in task type. The corresponding
eta-squared has a value of 0.309 (> 0.14), indicating a large effect size describing these
differences. Figure 17 shows that reaction times are approximately equal for both groups
(highly and less) within the task “Animacy decision” in the case of related primes, and that the
reaction times for the highly proficient group is longer than the reaction times for the less
proficient group in the case of unrelated primes. Figure 18 indicates that the less proficient
bilinguals had longer reaction times than the highly proficient bilinguals when completing the

picture naming task in both conditions, regarding related and unrelated primes.

We conducted a paired follow-up independent sample t-test with bootstrapping to test the

significance of the above-noted differences (Table 34). As shown in Table 34, the difference
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between the two groups of bilinguals was insignificant for both tasks when the primes were
semantically related. The less proficient bilinguals demonstrated longer reaction times
compared with the highly proficient bilinguals in both the picture naming task and the
semantically related condition, but shorter reaction times in the animacy decision task in the

case of unrelated stimulus.

Average RT (SD)

Task Prime ) Diff P Effect Effect size
Type Type Highly Less ITlerence  T.test - -TTec tabulation
proficient  proficient ~ Petween (df) value  size
highly & oft-  (Cohen's
less (SE) test d)
1040 1026 145 271 micro (<
_ Related (263) (235) (53) (84) 0.799 0.058 small)
Animacy
decision 1777 1159 618 8.507
Unrelated (421) (196) (69) (53.43) 0.001 2.001 large
Related (1189752) (12976333 (E?g) -1.727  0.108 0.385 small
Picture (74.3)
naming
1125 1510 -385
Unrelated (312) (275) (65) ?8%2)6 0.001 1.310 large

Table. 34 Independent samples t-test results to test differences in RT between high and less proficiency groups across
different tasks and Stimulus

6.2.2 Accuracy Analysis (ACC)

The results of mixed ANOVA indicated no significant impact of prime type on accuracy in the
analysis by subjects F1(1, 164) = 0.12, MSE = 1.88, p = 0.735, and in the analysis by items
F2(1, 152) = 0.20, MSE = 2.27, p = 0.654. Moreover, there was no significant interactions
between prime type and proficiency level in the analysis by subjects F1(1, 164) =0.13, MSE =
2.11, p = 0.720, and in the analysis by items F2(1, 152) = 0.07, MSE = 0.77, p = 0.795.
Similarly, there was no significant interaction between prime type and task type in the analysis

by subjects F1 (1, 164) = 0.43, MSE = 7.06, p = 0.512, and in the analysis by items F2(1, 152)
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= 0.36, MSE = 4.06, p = 0.550. Finally, no interaction was found between prime type,
proficiency level and task type in the analysis by subjects F1(1, 164) = 0.16, MSE = 2.64, p =

0.688, and in the analysis by items F2(1, 152) = 0.59, MSE = 6.63, p = 0.445.

The follow up paired t-test indicated no significant impact of prime type on accuracy across

different tasks and proficiency levels (Table 35).

Average RT Difference  T-test Effect
Proficiency Task (SD) between (df) p- size Effect size
Level Type related & value (Cohen' tabulation
Related Unrelated unrelated s d)
(SE)
Animacy 98.47 99.24 -0.78 -1.03
. 0.330 0.187 small

Highly decision (4.4 (2.1) (0.70) (39)

Proficient . 99.13 98.97 0.16 <small
Picture 336 0.741  0.030 -
naming (3.8) (4.0) (0.44) (39) (micro)

Animacy 96.94 97.04 -0.10 < small
. -090 0.937 0.018 .

Less decision (6.8) (5.02) (1.15) (45) (micro)

Proficient
Picture SZZ? 30(2976; (8'5% 136  0.887  0.055 micro
naming ' ' ' (41)

Table. 35 Paired t-test results to test the effect of prime type on accuracy across different proficiency-task subgroups.

In addition, the results of ANOVA indicated a significant main effect of proficiency level in
the analysis by subjects F1(1, 164) =11.64, p = 0.001, and in the analysis by items F2(1, 152)
= 0.59, MSE = 6.63, p = 0.445. There was no significant main effect of task type or significant
interaction between proficiency level and task type (p =0.884 and p = 0.882 respectively). As
shown in Table 36, we observed a higher accuracy rate for the more proficient group across
the different tasks and conditions, and these differences were significant for the animacy
decision task in the case of unrelated primes, and in the picture naming task in the semantically
related prime condition. The effect size is classified as medium in Cohen’s terms, as Cohen’s

d values were around 0.5 (Cohen 1988).
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Average RT (SD) Difference Effect

$ask |3_|[|me between p-val size Effect
ype ype High Less High &  T-test of t- (Cohen's size
proficiency  proficiency  Less (SE)  (df) test d) tabulation
Related  98.47 96.94 1.53 1.20 0.227 0.270 small
Animacy (4.4) (6.8) (1.23) (84)
decision
Unrelated 99.24 97.04 2.20 2.5 0.016 0.614 medium
(2.1) (5.02) (0.79) (84)
Related  99.13 97.08 2.05 2.2 0.030 0.494 medium
Picture (3.8) (4.9) (0.91) (80)
naming
Unrelated  98.97 96.96 2.02 2.08 0.054 0.461 medium
4.0 04.7) (0.98) (80)

Table. 36 Independent samples t-test results to test differences in RT between high and less proficiency groups across
different tasks and prime type

6.3 Discussion

a) What is the locus of the semantic interference effect?

To determine the locus of the semantic effect (interference and facilitation effect) for word
production in bilinguals, we tested the effect of semantically related primes on the performance
of two groups of Arabic English bilinguals (highly proficient and less proficient) across two
different tasks, namely the picture naming task and the animacy decision task. We
hypothesized that if the semantic interference effect originates at the conceptual level, then
longer naming latencies should be evident in the picture naming task and in the animacy
decision task when pictures are preceded by semantically related words that are relevant to
unrelated words. However, if the semantic interference effect originates at the lexical level,
then longer naming latencies should be notable in the semantically related condition in the
picture naming task only, but not in the animacy decision task. This is because the picture
naming task involves lexical activation, unlike the animacy decision task which involves only

the activation of concepts.
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The results of experiment three revealed a significant main effect of prime type, and a
significant interaction between prime type and task type. This means that the type of prime
words considerably affected the reaction times in both tasks, and the nature of the effect varied
across the two tasks. In the masked primed picture naming task, semantically related prime
words induced longer naming latencies relative to the semantically unrelated prime words.
Whereas, in the animacy decision task, the semantically related primes induced a shorter
reaction times relative to the semantically unrelated primes. The same pattern of effect was
present for both highly proficient and less proficient bilinguals. The only distinction was that

the size of the semantic effect was greater for the highly proficient bilinguals in both tasks.

The findings suggest that semantically related primes induced interference in the picture
naming task, whereas in the animacy decision task, they induced facilitation. This pattern of
findings can be interpreted as evidence supporting the view that the locus of the semantic
interference effect is at the lexical level, because the effect was evident only in the task that
required lexical activation. Thus, we argue that the semantically related prime word activated
its concept at the conceptual level from among other activated concepts (the concept of the
target picture and other related concepts). These semantically active related concepts send
activation to the target concept at the conceptual level, and to their corresponding lexical nodes
at the lexical level too. Thus, at the conceptual level, several concepts are active, which,
according to the parallel activation level, will activate all the corresponding lexical nodes.
Thus, the activated lexical nodes, at the lexical level, will compete for selection. For example,
if a target picture of a strawberry is primed with a related prime word in L1 (e.g., <=s7 [English
cranberry]), the target concept, related concepts and the prime word concept will be activated
at the conceptual level (Figure 19). The target picture will activate its corresponding concept
and other related concepts e.g., (‘grapes’, ‘blueberries’, etc). The prime word cranberry will

send activation to its corresponding concept at the conceptual level. All the activated concepts
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will then send activation to the corresponding lexical nodes in the target language and the non-
target language. Now, there are several active lexical nodes in the target and non-target

language at the lexical level, which in turn will compete for selection.

Picture of a strawb
A prime wordin L1 ieureo aﬂs R
‘ éﬁ’ // \\
///// ‘\
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Figure. 19 A schematic representation of picture naming in L2 primed with semantically related masked words in
L1. The arrows represent the flow of activation, while the thickness of the shapes represents the level of activation
of the representations.

The other significant finding concerning the semantic facilitation effect in the animacy decision
task supported our explanation that the interference effect manifests only if the task requires
lexical activation. In the animacy decision task, semantically related concepts were not required
to activate corresponding lexical nodes, as the task was purely conceptual. A possible
explanation of this finding is that the activated concepts send activation to the target concept,
which will eventually lead to facilitation not interference (Figure 20), since no activation of the

target lexical representation is required here. Thus, the pattern of findings suggests that
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activating semantically related concepts will result in interference if the task requires the lexical

retrieval of a target node or processing, whereas, if it does not, which is the case in an animacy

decision task, it will lead to facilitation only.
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Figure. 20 A schematic representation of Animacy Decision task primed with semantically related masked words

in L1. The arrows represent the flow of activation, while the thickness of the shapes represents the level of
activation of the representations.

Considering the accuracy data, there was an impact on accuracy rate in all experimental
conditions in both tasks: animacy decision and picture naming; however this impact failed to
reach statistical significance. This means that the semantically related primes in this experiment
did not affect the accuracy rate of participants’ responses. However, the lack of a significant
impact on accuracy data does not negate the overall effect of semantic manipulation on

participants’ performance. Notably, longer naming latencies are valid evidence for the

existence of an effect.

The findings of this study are in line with the work of Bajo et al. (2003), who conducted

research into the origin of the semantic interference effect. They tested the resulting effect
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when presenting a semantically related prime in a gender decision task, which involves
processing at the lemma level. The performance of the Spanish monolinguals was affected by
the presence of the related prime which suggests that the source of this effect is at the lemma

level (i.e., lexical level).

b) What is the effect of proficiency level on lexical access and manner of lexical

selection/activation?

When comparing the performance of both groups of bilinguals, no significant difference was
noted in their reaction times overall. However, a significant interaction was found between
proficiency level, prime type and task type. In the animacy decision task, the highly proficient
bilinguals responded as quickly as the less proficient bilinguals in the related condition.
However, the less proficient bilinguals outperformed the highly proficient bilinguals in the
unrelated condition. In other words, the responses of the highly proficient bilinguals were
significantly slower than the less proficient bilinguals in the unrelated condition. This is
because in the unrelated condition, we assigned a mixture of animate/inanimate unrelated
primes to the target pictures, regardless of their animacy status. It appears that the highly
proficient bilinguals were able to fully access the semantic features of the prime words. Since
the task required retrieval of the animacy status of the target picture, it is possible that they
retrieved the animacy status of the prime words as well. Having different animacy categories
(prime-target pair) resulted in the observed delayed responses, as the highly proficient
participants had to ignore/supress the non-target activated concept. Thus, the effect size of
semantic facilitation was greater for the highly proficient bilinguals than it was for the less

proficient bilinguals (737 ms and 133 ms respectively).

In the case of the picture naming task, the highly proficient bilinguals outperformed the less

proficient bilinguals. The highly proficient bilinguals were able to name the pictures more
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rapidly than the less proficient group when they were preceded by related and unrelated prime
words. The size of the semantic interference effect for the highly proficient bilinguals was also
significantly greater than that for the less proficient bilinguals. Analysis of the accuracy data
showed that the highly proficient bilinguals were more accurate than the less proficient
bilinguals across all conditions and tasks. These differences were significant across all
conditions except for the related condition in the animacy decision task. The findings suggested
that the highly proficient bilinguals were more sensitive to the manipulations of the stimuli
types in both tasks relative to the less proficient bilinguals. It is relevant in the context of this
study that both showed a similar pattern of performance in both tasks, which means the
semantically related prime words affected their performance similarly, but that the size of the

effect varied due to differences in their proficiency level.

¢) Do script differences modulate the cross-language activation in both tasks?

As reported in section (a) the related primes induced a facilitation effect in the animacy decision
task, contrasting with the picture naming task where they produced an interference effect. This
suggests that script differences did not inhibit the conceptual processing of prime words in the
animacy decision task, nor the conceptual and lexical processing in the picture naming task. In
other words, the bilinguals processed the prime words although they were written in Arabic
script. We replicated the findings of the semantic interference/facilitation in experiment one
and two, confirming the non-selective access view in different script bilinguals. However, this
required further investigation in experiments four and five, to determine whether this pattern
of findings would persist across different experimental procurers. Regarding the manner of
lexical selection, the findings of the primed picture naming task suggested that script
differences did not modulate cross-language competition at the lexical level. This finding is in

line with Boukadi et al. (2015), and our findings in experiment two (chapter five).
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6.4 Conclusion

Attempting to find the locus of the semantic interference effect, the experiment described in
this chapter compared the performance of highly and less proficient Arabic-English bilinguals
in two tasks: the masked primed picture naming task (involving conceptual, lexical and sub-
lexical processing) and the animacy decision task (involving conceptual processing). The lack
of an interference effect in the conceptually based task suggested that the locus of the semantic
interference effect is at the lexical level. The same pattern of findings was observed in both
proficiency groups. With regard to the role of script in lexical access and manner of selection,
experiment three provided evidence that script differences neither inhibit the activation of non-
language across the different tasks, nor modulate cross-language competition for selection at

the lexical level. We return to these findings in the general discussion (chapter nine).
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Chapter 7 Experiment Four: Phoneme Monitoring Task |

The main objective of experiment four, the phoneme monitoring task, was to further investigate
the manner of lexical access and the flow of activation during the process of word production
in Arabic English bilinguals. Earlier chapters reviewed two opposing production models,
namely the cascaded model (Dell 1986; Humphreys et al. 1988; Jescheniak and Schriefers
1998; Cutting and Ferreira 1999) which postulates that the activation of non-target lexical
nodes spread to the phonological level, and the discrete model (Levelt 1989; Schriefers et al.
1990; Levelt et al. 1991; Levelt et al. 1999) which claims that lexical selection occurs first at
the lexical level and then phonological information of the selected lexical node is activated at
the phonological level. The conclusion that there is phonological activation of the non-target
nodes at the phonological level came mainly from studies that adopted phoneme monitoring
methodologically (Hermans et al. 1998; Colomé 2001) and naming cognate pictures tasks
(Peterson and Savoy 1998; Janssen 1999). Here, in experiment one, we adopted the naming
cognate task, but with modification to the priming paradigm. The results of experiment one
suggested that the flow of activation of the non-target lexical nodes cascades to the
phonological level, thereby challenging the claims of the discrete model. Therefore, it was
decided to run a further experiment using another bilingual group of Arabic-English speakers,
but adopting the phoneme monitoring task to establish whether the same pattern of findings is
obtained with a different modality, thereby increasing validity. Recently, several studies (e.g.,
Moon and Jiang 2012) have speculated that cognate-based findings do not fully reflect the
process of lexical access in bilinguals. They argued that cognate words only represent a small
percentage of vocabularies, especially for different script bilinguals, so they cannot be
considered representative of how lexical access occurs across all languages. They also assumed
that cognates may enjoy special status in the bilingual lexicon, since they are lexically bilingual

in nature; i.e., have a high level of form and semantic overlap. Thus, further investigation
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(experiment four) is required to validate our findings concerning the parallel activation of

bilinguals’ L1 and L2 languages at the phonological level.

The second objective of this experiment was to investigate further whether differences in L2
proficiency level would affect the manner of lexical access and the flow of activation; thus far,
no effect has been identified in the previous masked priming experiments (cf chapters four,
five and six). However, since the phoneme monitoring task is a different method from the
cognate picture naming task and taps into the activation of phonological representations during
lexical access, it was potentially informative to compare the performance of bilinguals with
different proficiency levels (i.e., highly vs less) to determine whether the same findings could
be obtained from different tasks. Moreover, studies (e.g., Colomé 2001) that adopted the
phoneme monitoring task to investigate lexical access typically report on highly proficient
bilinguals. Thus, data on less proficient bilinguals is lacking. We argue that more work is
needed to determine whether differences in proficiency level modulate the flow of activation

in bilinguals whose two languages have different/shared scripts.

As reviewed in chapter two (section 2.3.3), the phoneme monitoring task described has
frequently been used to study the activation of those phonological representations involved in
word production among bilinguals. The findings reported support the cascaded view (e.g., same
script bilinguals: Colomé 2001; different script bilinguals: Moon and Jiang 2012). To the best
of my knowledge, Moon and Jiang’s (2012) study is the only one to date to have tested different
script bilinguals by applying the phoneme monitoring task. Indeed, there are few published
empirical studies have used this modified version of the phoneme monitoring task to
investigate phonological activation in bilinguals. Therefore, experiment four not only

investigated processing by a group of bilinguals that are rarely explored in bilingual lexical
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access studies, but it also contributes to the body of literature discussing the rarely employed

phoneme monitoring task.

Adopting Moon and Jiang’s (2012) method, we tested Arabic-English speakers in a phoneme
monitoring task. We selected 14 phonemes that are similar in Arabic and English, in terms of
place and manner of articulation (Alotaibi and Meftah 2013), and have a single grapheme
representation in both languages. For example, the Arabic voiced bilabial stop /b/ is like the
English /b/ as in ‘Ball.” In both languages, the sound is formed by completely closing the lips,
stopping the air flow in the oral cavity then releasing it. In term of its position in a word, it can
occur initially (Bab [English door]), medially (Kabid [English liver]), or finally (Arnab [

English rabbit]).

Then we selected a set of pictures, whose labels in Arabic and English may or may not include
the target phoneme. The task was monolingual; i.e., the participants were asked to respond
whether the target phoneme was part of the target picture name in English as quickly as
possible. The participants’ responses were recorded to establish accuracy and response times.

We constructed three conditions:

Q) The positive condition included pictures whose English names contained the target
phoneme, and participants were expected to provide a positive response to the items

in this condition;

(i) The negative critical condition included pictures whose English names did not
contain the target phoneme, but whose Arabic names did. The participants were

expected to provide a negative response to the items in this condition;
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(iii)  The negative control in which the target phoneme was not part of the English or
Arabic names of the target pictures, and the participants were expected to provide

a negative response.

For example, a picture of a foot was preceded by the phoneme /f/ in the positive condition, and
by the phoneme /r/ in the negative critical condition (which is part of the Arabic name for the

picture i.e., rejel ‘d>_”) and by the ‘random’ phoneme /n/ in the negative control condition.

If the target and non-target lexical nodes are active at the phonological level, then longer
naming latencies are anticipated in the negative critical condition relative to the negative
control condition. In contrast, if only the target lexical node is active at the phonological level,
then there should be no significant difference with the naming latencies between the negative
critical and negative control condition. Thus, for the current research questions, we were
particularly interested in comparing reaction times in the negative critical condition with the
negative control condition. In addition, accuracy data was of equal importance here as we
expected to observe more errors in the negative critical condition than for the negative control
condition. If the two languages are active at the phonological level, then it would not only be
hard to reject the items in the negative critical condition, but participants would also be more

vulnerable to responding positively.

In short, this experiment allowed us to investigate whether the target and non-target lexical
nodes across the two languages of the bilingual individual are co-activated, and whether this
activation spreads to the phonological level. It also investigated the effect of proficiency level
on the manner of lexical access, and the flow of activation across bilinguals whose languages
have different scripts. Experiment four will enable us to examine cross-language phonological

activation with zero phonological overlap between target and non-target names.
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7.1 Methods

7.1.1 Participants

Ninety-eight Arabic-English adult bilinguals were recruited in this experiment, but of these, 12
were excluded due to technical errors. The majority of their responses (more than 60%) were
not captured due to poor internet connection issues. Thus, in total, eighty-six participants took
part fully in this experiment. All the participants had given consent to their data being used
anonymously for research purposes prior to the study (see chapter three [section 3.2] for further

details).

As with the other experiments, the participants were also divided into two groups (highly and
less) according to their proficiency level (based on IELTS’ scores), as detailed in chapter three
(section 3.1). An independent-samples t-test was conducted to compare the IELTS scores
between the two groups. This resulted in the identification of a statistically significant
difference between the highly proficient group (M = 7.6, SD = .433) and the less proficient
group (M = 4.16, SD = .810), t (70.7) = 25.58, p < .001. The results suggested a significant
difference between the two groups in terms of their proficiency levels, as per their IELTS test

scores. The results for these proficiency measures are discussed in the following section.

7.1.1.1 The results of the language history questionnaire

As summarised in Table 37, the similarities between the two groups were mainly related to
their age of acquisition of L2 (which was around nine-years old). In addition, all participants
received instruction in Arabic while being educated at elementary, intermediate and high
schools. However, differences were recorded in terms of how they acquired English as a second
language, and the language of instruction at university. Highly proficient participants primarily

acquired English as a second language through their interactions with other people (mostly
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native English speakers as they pursued their postgraduate studies in native English-speaking
countries), while the less proficient participants acquired English as a second language mainly
through classroom teaching. With regard to the language of education at University (bachelor’s
degree level), the highly proficient bilinguals received instruction in English mainly as it was
their major, whereas the less proficient bilinguals recruited from the institute of English
Language received bilingual instruction, as some of the courses they were enrolled on were

mainly Arabic based.

Moreover, the participants were asked to estimate their daily average use of L1 and L2. As
shown in Table 37, the use of L1 and L2 by the less proficient group was 72.28% and 27.72%,
respectively; whereas, the average estimation for the highly proficient group of L1 and L2
usage per day was 31.88 % and 68.13%, respectively. Table (37) shows the descriptive

statistics for each question across the two groups.

The Highly Proficient Group (n=40 ) Minimum Maximum Mean Std.Deviation
Age (years) 30 40 35.98 2.29
IELTS 7 8 7.6 0.433
Mean daily L1 usage (%) (5 pt scale) <25 50 31.88 12.64
Mean daily L2 usage (%) (5 pt scale) 50 100 68.13 12.64
Age of acquisition (years) 3 13 9.5 3.06

The Less Proficient Group (n=46 ) Minimum Maximum Mean Std.Deviation
Age (years) 19 22 20.15 1.13
IELTS 3 4 4.1 0.81
Mean daily L1 usage (%) (5 pt scale) 50 75 72.28 7.86
Mean daily L2 usage (%) (5 pt scale) 25 50 21.72 7.867
Age of acquisition (years) 3 13 9.5 2.8

Table. 37 Descriptive statistics for participants in both groups.
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7.1.1.2 The results for the self-rating

The average scores for both groups in each skill are shown in Table 38. An independent-
samples t-test was conducted to compare the mean scores for the self-assessed rating in each
skill between the two groups, leading to the identification of statistically significant differences
between the two groups in terms of all skill areas: (i) reading t(80) = 21.362, p < .001, (ii)
writing t(64) = 25.085, p < .001, (iii) speaking t(84) = 15.107, p < .001, and listening t(79) =
23.612, p < .001. The results suggested that, based on their self-perception of their own
proficiency level, the highly proficient bilinguals considered themselves as native-like,

whereas the less proficient bilinguals considered themselves as beginners.

Group Statistics Proficiency N Mean Std. Deviation Std. Error
Mean
Self-Rate Reading Highly 40 4.5 0504 0.08
(5 pt scale) Less 46 2.3 0.465 0.069
Self-Rate Writing Highly 40 4.38 0.49 0.078
(5 pt scale) Less 46 2.11 0.315 0.046
Self-Rate Speaking Highly 40 45 0-5%5 0088
(5 ptscale) Less 46 25 0.658 0.097
Self-Rate Listening Highly 40 4.8 0501 0.079
(5 pt scale) Less 46 2.13 0.453 0.067

Table. 38 Descriptive statistics for the self-assessed rating in participants’ skills in L2 across the two groups.

7.1.1.3 The results of the lexical decision test

An independent-group t-test was performed on latencies and accuracy for words and nonwords,
with proficiency (highly proficient bilinguals vs. less proficient bilinguals) identified as an

independent variable. The highly proficient bilinguals were faster and more accurate at
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identifying nonwords than the less proficient bilinguals [t(84) = 8.07, p = .000 for latencies;
t(84) = -7.94, p = .000 for accuracy]. Also the highly proficient bilinguals were significantly
faster and more accurate with actual words than the less proficient bilinguals [t(84) =5.92, p =
.000 for latencies; t(84) = -8.65, p =.000 for accuracy]. These results suggest a significant
difference between the two groups. The results of the lexical decision task for the highly and

less proficient bilinguals are reported in Table 39.

Non-word Word
Proficiency Groups R_??Ct'on Accuracy in Reaction Accuracy In
imes percentage percentage
Highly proficient bilinguals 1002 84.92 844 90.5
(n-40) (196) (11.3) (156) (3.6)
Less proficient bilinguals 1529 67.93 1139 78.15
(n=46) (369) 8.2 (278) (8.3)

Table. 39 The results of the lexical decision task for the highly and less proficient bilinguals in experiment four.
Standard deviations are in parentheses.

To conclude, with regard to the results of the language history questionnaire, the self-assessed
rating and the lexical decision task suggested that the two groups differed significantly in terms
of their proficiency level, which supported our system of classification based on their IELTS

test scores.

7.1.2 Materials

Several steps were taken to construct the test materials for this study. Initially, 14 phonemes
that are similar in English and Arabic were selected (see appendix J for the phonemes used for
the experiment). Then forty-five pictures (see appendix H) were selected, and formed the
stimuli list, and an additional set of twenty pictures were used as fillers (not included in the

statistical analysis). The pictures were black and white line-drawings (see section 3.5.1) of
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animals, fruits, vegetables objects, furniture, etc., whose names in Arabic and English
contained these phonemes. All pictures were non-cognates. We divided the stimuli list into

three sets to create three experimental conditions:

(i)  The positive condition consisted of 15 pictures, with English names containing the target

phoneme (this constituted fillers in Moon and Jiang’s (2012) study);

(i)  The control condition consisted of 15 pictures, whose English and Arabic names did not

contain the target phoneme;

(iii) The critical condition consisted of 15 pictures, whose Arabic names contained the target

phonemes.

To counterbalance the stimuli across conditions, we created three files to ensure that each
picture appeared in all three conditions. For example, a picture of an apple appeared in the
positive condition in file number one, in the negative condition in file two, and in the critical
condition in file three. Thus, the participants were divided into three groups, with each group
designated an experimental file. Furthermore, the frequency of the appearance of each
phoneme was controlled, so that each phoneme appeared no more than 5 times among the 65
trials (stimuli and fillers). Although the participants were expected to monitor every syllable
in the picture names, we ensured that the target phoneme appeared at the onset position in the
critical and positive conditions to avoid the effect of different syllabic positioning. In each
experimental file, we ensured that no more than two consecutive trials applied the same

condition, and no more than four identical answers in a row.

All pictures were matched across the experimental conditions (see section 3.5.1). In brief, the
picture names were controlled at ps > .05. Table 40 shows the average score for each variable

along with the ANOVA results.
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p value (One-way

Variables Stimulisetl  Stimuliset2 Stimuliset3 ANOVA Results ANOVA)
Name Agreement (%) .94 .93 .95 F(2,42) = .795 p > 0.05
zﬁg‘)a' Complexity 17506 17435 17575 F(2,42) = .001 p > 0.05
Syllable Length 14 1.7 1.6 F(2,42) = .350 p > 0.05
Character Length 5.3 5.1 55 F(2,42) = .365 p > 0.05
Frequency per million 34 3.6 34 F(2,42) = 082 o > 0.05
words
Age of Acquisition _

(1 3 points scale) 2.13 1.86 1.7 F(2,42) = .648 p > 0.05
Familiarity (100-700) 546.7 554.43 541.9 F(2,42) = .250 p >0.05
Imageability (100- 603.6 596.42 607.6 F(2,42) = 465 o > 005

700)

Table. 40 Characteristics of pictures and picture names in English used in experiment four.

7.1.3 Design

The experiment was of a mixed design (i.e., a 2 x 3 factorial design) with proficiency level

(highly proficient bilinguals and less proficient bilinguals) representing the between-subjects

factors, and the picture-phoneme relationship representing the within-subjects factor (positive,

critical and control).

7.1.4 Procedures

Each participant attended a video conference to meet with the researcher, and received oral

instructions in English (see section 3.1.1.1.3) on how to effectively complete the task. The

participants were trained individually on the phonetic symbols being used in the experiment.

With the use of flash cards, explanations were first given regarding the sound of each of the 14

phonetic symbols (as indicated by English letters between a pair of slashes e.g., /t/), with a
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word from the target and non-target language as examples, but not the names of the pictures
for use later in the experiment. We ensured that all the participants demonstrated perfect
accuracy when deciding whether a word contained a target phoneme, as represented by a

symbol, before moving on to the practice session, which was then followed by the test session.

The participants were randomly assigned to the three experimental files. They were asked to
decide whether a target phoneme was part of the picture name in English or not. For each trial,
inspired by Moon and Jiang (2012), the participants were first presented with a fixation sign
(+) for 500 ms at the centre of the screen, which was then replaced with an English target
phoneme that remained at the centre of the screen for 1000 ms. Then the phoneme was replaced
with a picture of an object, food, etc. Pictures remained on the screen until the participants
responded. If the phoneme was part of the English name of the picture, they were required to
click (mouse click or screen touch click) the “yes” button on screen; if the target phoneme was
not part of the English name of the picture, then they were required to click the “no” button on
screen. After they responded, a fixation sign appeared for 500 ms again, and another target
phoneme was presented. All the pictures were 430 by 430 pixels in size, and presented against
a white background. The participants’ responses were collected via a mouse click or touch
screen clicks. Feedback was not provided for each response regarding response correctness.

The task was created using PychoPy 3 described in chapter three (section 3.4.2).

7.2 Analysis of results

The data were collected from 86 participants. After trimming data (detailed in chapter three
section 3.6.2), we then calculated reaction times and accuracy for correct responses again.
Errors and outlier trials were excluded from the following analysis: (i) in the critical condition,

error trials formed 13.88%, and outliers formed 0.2%, (ii) in the positive condition, error trials
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formed 5.80% and outliers 0.5%, and (iii) in the control condition, error trials formed 6.51%

and outliers were 1.88 %. The mean RTs and percentage of accuracy are shown in Table 41.

Highly Proficient Bilinguals Less Proficient Bilinguals
Phoneme Type
Reaction Times Accuracy in Reaction Accuracy in
inms percentage Times in ms percentage
Positive
condition 1106 (14) 96.65 (4.7) 1661 (34) 91.94 (8.7)
Critical
condition 1815 (18) 93.23 (8.09) 2412 (37) 78.74 (9.2)
Control
condition 1350 (20) 96.83 (6.40) 1955 (38) 90.26 (9.10)

Table. 41 Mean reaction times and percentage of accuracy for the less and highly proficient bilinguals.
Standard deviations are in parentheses.

7.2.1 Reaction time analysis (RT)

A mixed ANOVA analysis was performed on mean response latencies per subject with, (i)
proficiency level (highly proficient vs less proficient) as a between-subjects factor, and (ii)
phoneme condition (positive, critical, and control) as a within-subjects factor. In addition, a
repeated measure ANOVA was performed on the mean response latencies per item in each

condition.

The results indicated a significant main effect of phoneme type in the analysis by subjects F1(1,
83) =569.24, MSE = 9.01, p < 0.001, and in the analysis by items F2(1, 88) = 245.57, MSE =
14.57,p<0.001. Also, as shown in Figure 21, there were significant differences in performance
between the two groups. The main effect of proficiency type was significant in the analysis by
subjects F1(1, 83) =245.87, MSE = 21.81, p < 0.001, and in the analysis by items F2(1, 88) =

628.47, MSE = 21.488, p < 0.001.
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Figure. 21 Mean reaction times for the two proficiency groups across the three experimental conditions.

Moreover, the interaction between phoneme type and proficiency level was insignificant in the
analysis by subjects F1(1, 83) = 0.05, MSE = 0.001, p = 0.827, and in the analysis by items

F2(1, 88) = 0.02, MSE = 0.001, p = 0.885.

We conducted a paired t-test to examine the significance of the differences noted for phoneme
type. As shown in Table 42, the average value for reaction times in the critical condition was
significantly greater when compared to the control condition for the highly and less proficient
groups (p < 0.001). However, the average value of reaction times for the positive condition
was significantly smaller when compared to the control and critical conditions (p < 0.001) for
the highly and less proficient groups. Finally, the average value of the reaction times for the
critical condition was significantly larger in comparison with positive condition for both highly
and less proficient groups. The calculated Cohen’s d was > 0.8 for all the comparisons,

indicating a “large” effect size for all conditions across participants.
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Average

Reaction Times Difference
(SE) between p-value Effect
Proficiency Group  Group T-test . size  Effect size
group 1 & (Bonferroni . .
Level 1 2 (df) . (Cohen's tabulation
Group  Group group 2 correction) d)
1 2 (SE)
. 1815 1350 465 19.03
critical  control (18) (20) 24) (39) <0.001 3.768 large
High 1106 1350 -244 -12.00
proficient positive control (14) 20) (20) (35) <0.001 2.190 large
bilinguals
- o 1815 1106 709 31.61
critical positive (18) (14) 22) (39) <0.001 6.663 large
. 2412 1955 456 15.62
critical  control 37) (38) 29) (a4) <0.001 1.780 large
Less
proficient positive control 1(22)1 %32;3 éi;" %41,45;0 <0.001 1.191 large
bilinguals
. . 2412 1661 751 24.13
critical positive 37) (34) (31) (44) <0.001 3.074 large

Table. 42 Paired t-test results to test the effect of phoneme type on RT across different Proficiency level.

To investigate the notable significant differences for proficiency level in all three conditions,

we conducted a follow-up independent samples t-test. As summarised in Table 43, the average

value of reaction times for the highly proficient participants was significantly smaller in all

three conditions when compared with the less proficient participants.
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Average Reaction Difference

Times (SE) between Effect Effect
Phoneme Tvpe highly & less T-test _value size size
yp Highly Less proficient (df) P (Cohen' .
. O - tabulation
proficient  proficient  bilinguals s d)
Bilinguals  Bilinguals (SE)
Critical -14.12
condition 1815 (18) 2412 (37) -596 (42) (63.86) < 0.001 1.47 large
Positive -14.62
condition 1106 (14) 1661 (34) -555 (38) (59.30) <0.001 1.52 large
Control -13.87
condition 1350 (20) 1955 (38) -605 (43) (66.00) <0.001 1.45 large

Table. 43 Independent samples t-test results to test differences in RT between high and less proficient groups across different
experimental conditions.

7.2.2 Accuracy analysis (ACC)

A mixed ANOVA was conducted with proficiency level (highly and less) as a between-subjects
factor and phoneme type (positive, critical and control) as a within-subjects factor. Results of
mixed ANOVA showed a significant main effect of phoneme type in the analysis by subjects
F1(1, 83) = 50.50, MSE = 2420.74, p < 0.001, and in the analysis by items F2(1, 88) = 19.76,
MSE = 2050.58, p < 0.001. Also, the main effect of proficiency level was significant in the
analysis by subjects F1(1, 83) = 49.75, MSE = 4689.51, p < 0.001, and in the analysis by items
F2(1, 88) =66.73, MSE = 5333.09, p < 0.001. Moreover, as shown in Figure 22, the interaction
between phoneme type and proficiency level was significant in the analysis by subjects F1(1,
83) = 13.80, MSE = 661.83, p = 0.002, and in the analysis by items F2(1, 88) = 6.23, MSE =
646.72, p = 0.014. The corresponding eta-squared has a value of 0.143 (= 0.14), indicating a

large effect size for these differences.
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Figure. 22 Accuracy data in percentage for the less and highly proficient bilinguals across all experimental
conditions.

To investigate the significant differences noted, a paired t-test was conducted. As shown in
Table 44, the accuracy rate in the critical condition was significantly smaller when compared
with the control condition for both the highly and less proficient groups. On the other hand, the
accuracy rate in the positive condition was higher in comparison with the control condition for
the less proficient group, and smaller for the highly proficient group; although these differences

were insignificant.

Finally, the accuracy rate for the critical condition was significantly smaller compared with the
positive condition for both the highly and less proficient groups. The differences in accuracy
rate between the critical vs control condition, and between the critical vs positive condition
were essentially larger (by magnitude) for the less proficient group, when compared to the

highly proficient group.
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Average

Accuracy Difference
(SD) between Effect
Proficiency  Group Group group 1 T-test value size Effect size
Level 1 2 & (df) P (Cohen's  tabulation
Group Group group 2 d)
1 2 (SE)
- 93.23 96.83 -3.61 -2.59 .
critical control (8.0) (6.40) (1.39) (39) 0.027 0.498 medium
Highly
2 - 96.65 96.83 -0.18 -0.15
proficient positive control >0.999 0.032 small
bilinguals 4.7) (6.40) (1.16) (39)
. o 93.23 96.65 -3.43 -2.41 .
critical positive (8.0) 4.7) (1.42) (39) 0.041 0.532 medium
- 78.74 90.26 -11.51 -7.29 .
critical control 9.2) (9.19) (1.58) (44) <0.001 1.257 medium
Less
proficient - 91.94 90.26 1.68 1.06
bilinguals positive control 8.7) (9.19) (1.59) (44) 0.594 0.188 small

7874 9194  -1319 774
9.2) (8.7) 1.71) (44)

Table. 44 Paired t-test results to test the effect of phoneme type on ACC (in percentage) across different
Proficiency subgroups.

critical positive <0.001 1.467 medium

Since there was a significant main effect of proficiency level, we conducted an independent
sample t-test. As shown in Table 45, the highly proficient group was significantly more
accurate than the less proficient group across all the experimental conditions. A significant
interaction between phoneme type and proficiency level in accuracy rate was also identified,
which indicated that differences in accuracy between high and less proficient bilinguals arose
due to phoneme type. Considering the data in Table 45, it was apparent that the difference
between the less proficient bilinguals and the highly proficient bilinguals was large in
magnitude in the critical conditions compared with the other experimental conditions. The

calculated Cohen’s d was = 0.8, indicating a large effect size.
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Average Accuracy Difference
(SD) between

: Effect
Phoneme Pe'gshly & t-test p-value size E;ffect
Type Highly Less proficient () of t-test (Cog)ens tabulation
proficient proficient bilinguals
bilinguals  bilinguals  (SE)
. . 93.23 78.74 14.48 7.66
Critical condition (8.0) 9.2) (1.89) (83) <0.001 0.83 large
between
o o 96.65 91.94 4.72 3.12
Positive condition @7 8.7) (1.51) (69.56) 0.003 0.33 sma_lll and
middle
" 96.83 90.26 6.58 3.88 .
Control condition (6.40) (9.19) (1.69) (78.99) <0.001 0.41 middle

Table. 45 Independent samples t-test results to test the differences in ACC (in percentage) between the high and less
proficient groups across all the experimental conditions.

7.3 Discussion

a. Is the flow of activation in different script bilinguals cascaded or discrete?

The results of this experiment showed that there was a significant main effect of phoneme type.
This indicated that the participants’ performance in the three experimental conditions (i.e.,
control, critical and positive condition) differed. When comparing the naming latencies
between all three conditions, we found that the phonemes in the critical conditions yielded
longer naming latencies (a difference of 465 ms) relative to the control condition. By contrast,
phonemes in the positive conditions produced faster reaction times (a difference of 265 ms)
relative to the control condition. The results demonstrated that although the task was based on
monitoring phonemes for the English name of the picture only, the phonological
representations of the non-target lexical nodes (in Arabic) are active at the phonological level,
as the participants were slower at rejecting them. The analysis of accuracy data showed more
errors in the critical condition relative to the control condition (an estimated difference of

15.12%). In addition, a high rate of accuracy was observed in the positive condition relative to
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the control condition (a difference of 1.86 %). As hypothesized, if the two languages are active
at the phonological level, it would be difficult to reject the items in the critical condition, and
the participants are more vulnerable to responding positively. The findings here support the
cascaded view (Dell 1986; Cutting and Ferreira 1999) and are also in accordance with Moon
and Jiang’s study (2012), in which significant differences were observed between the critical
and control condition and between the positive and the control condition when testing Korean-
English speakers. The findings suggest phonological co-activation is automatic for different
script bilinguals, even when there is no phonological/orthographical overlap between the target
and non-target names. The fact that the two languages (Arabic-English) have different scripts
did not inhibit activation of the non-target name. Experiment four extended the finding when
naming cognates (experiment one, chapter four), such that even when the two alternatives were
not phonologically similar, activation of the target and non-target name was inevitable. The
findings reported from experiment four indicate that script differences play no particular role

in bilingual lexical access. In the next chapter, we investigate this issue further.

However, the results of this experiment were not in accordance with Hermans et al. (2011), as
although all the filler items in this experiment were not cognates, cross language phonological
activation was observed, unlike in their study. A possible reason for this contradictory result
could be due to differences in the characteristics of the selected materials. The appearance of
phonemes in experiment four was controlled and the characteristics of the stimuli lists were
matched; whereas, in Hermans et al.’s (2011) study (third experiment), some phonemes
appeared more frequently than others did. In fact, the dominant presence of certain phonemes
was apparent in the filler and experimental item lists, which might have skewed their results.
To illustrate, two phonemes /t/ and /b/ had a dominant presence in specific conditions. The
phoneme /t/ appeared 8 times in the positive condition, but had zero occurrence in the critical

and unrelated conditions, while the phoneme /b/ was very dominant in the critical and control
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conditions, compared to the positive condition. Therefore, having a dominant phoneme in a
certain condition could influence the performance of the participants i.e., seeing the /t/
phoneme promoted a positive response to the target picture, whereas seeing the /b/ phoneme
promoted a negative response. This correlation could facilitate a response and thus reduce the

difference in naming latencies between the two conditions.

b- What is the effect of proficiency level on the cross-language phonological activation?

With regard to proficiency level, the results of the reaction times analysis revealed a significant
main effect of proficiency level indicating significant differences between the performance of
the highly proficient and less proficient participants. The statistical comparative analysis
revealed that highly proficient bilinguals were faster than less proficient bilinguals in all three
experimental conditions. Specifically, they were 600 ms faster in the critical condition, 560 ms
faster in the positive condition, and 610 ms faster in the control condition. Moreover, the results
of the accuracy analysis demonstrated that the highly proficient bilinguals were more accurate
than the less proficient bilinguals in the critical, positive and control conditions; i.e., estimated
differences of 14.48%, 4.72%, 6.58% respectively. The findings pertaining to enhanced
performance for highly proficient bilinguals correspond to experiments one, two and three
(chapters four, five and six, respectively), and again support the Revised Hierarchical Model

predictions regarding impediments to the performance of less proficient bilinguals.

Moreover, these findings suggest the non-target language is non-selectively activated during
production, regardless of the bilinguals’ proficiency level. The fact that both groups took longer
to reject the L1 phoneme in the critical condition, although they were asked specifically to
decide whether the English name of the picture had the target phoneme, demonstrates that L1
was active and formed some sort of interference. This finding is in line with that of Moon and

Jiang (2012) who tested highly proficient Korean-English bilinguals in a phoneme monitoring
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task, and reported that highly proficient bilinguals experience non-selective access, and that

activation cascaded to the phonological level.

In addition, an interesting finding was that a significant interaction between phoneme type and
proficiency level in accuracy rate was evident, which implied that differences in accuracy
between highly and less proficient bilinguals were affected by phoneme type and we will
evaluate further this finding in experiment five (chapter eight). In the critical condition, the
magnitude of the differences between the less proficient bilinguals and the highly proficient
bilinguals was notably large compared to other conditions. The less proficient participants were
more vulnerable to replying positively when the phoneme was part of the picture name in L1,
than the highly proficient bilinguals were. This finding can be explained in line with the
Revised Hierarchical Model (RHM) proposed by Kroll and Stewart in 1994 (described in
section 2.4.2). This model assumes that L2 learners retrieve/access the concept of L2 lexical
nodes through L1 lexical nodes (i.e., translation). As proficiency level increases, links between
L2 and concept become stronger and no reliance on L1 lexical links is needed. Considering
this, we postulated that the less proficient bilinguals in this experiment were more error-prone
than the highly proficient bilinguals, because for the less proficient bilinguals, the L2 name of
the picture is strongly connected to the L1 name of the picture, and thus more interference from
L1 nodes is predicted. Moreover in (2016), Jacobs et al. tested the effect of cross language
cognates (phonologically related words) on the production of L2 words, and found that the less
proficient bilinguals experienced more difficulty inhibiting cross-linguistic activation patterns
during speech production than the highly proficient bilinguals. As a consequence, the influence
of the non-target lexical nodes spilled over into the articulatory realization of the
phonologically related words. Therefore, at the word level, the less proficient bilinguals were

unable to control the interference of the activated phonologically-related L1 nodes, and
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seemingly this lack of control exists even when the interference is caused by a single

phonologically- related phoneme, as the accuracy data indicated in this experiment.

Prior to making any generalisation, we compared the findings of this experiment with other
studies in the literature that tested the effect of proficiency level on cross linguistic activation
in bilingual word production. In (2006), Schwartz and Kroll compared the performance of
highly proficient Spanish-English speakers with the intermediate proficiency Spanish-English
bilinguals in an L2 reading task. They examined the nature of cross-language lexical
competition in the sentence context for two groups of bilinguals. Specifically, they investigated
whether L1 (non-target language) would interfere when individuals were engaging in L2 (target

language) processing.

First, the reaction times data showed minimal interference in the critical condition compared
to the control condition, whereas accuracy data showed significant differences between the
critical and the control conditions. Of relevance, no significant differences were noted between
the two groups in their reaction times; however, the accuracy date revealed significant
differences between the two groups. They postulated that the similarities in reaction times
between the two groups were due to: (i) the nature of the task being executed over a relatively
short period of time, and thus being less likely to reflect general differences in proficiency; and
(ii) the large number of errors that were found, (not included in the calculation of RT) reduced
the average reaction time for the intermediate group; and (iii) the intermediate proficiency

bilinguals were fairly competent in L2, and capable of understanding and performing the task.

Second, a higher error rate was found for the less proficient group relative to the highly
proficient group. They attributed the differences in accuracy to the fact that the highly

proficient bilinguals had been exposed to a minimal activation of the non-target lexical nodes
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during processing in the L2, unlike the less proficient bilinguals. They concluded that as

proficiency increases, L1 is less likely to be active or interfere in an L2 processing tasks.

When comparing the results of the two studies, the chief difference between the current study
and Schwartz and Kroll’s (2006) was that the performance of the two groups of bilinguals did
not differ significantly in their study, with regard to the reaction times data, whereas in this
experiment, the two groups of Arabic English bilinguals differed significantly. A possible
reason for this discrepancy is that the size of the difference in proficiency level between
bilinguals in Schwartz and Kroll’s (2006) study was small compared to that in the present
experiment. They tested intermediate and highly proficient bilinguals, whereas in this
experiment we tested less proficient (i.e., L2 learners) and highly proficient bilinguals (L2
advanced speakers). Adjacency to their proficiency level, such as variations in performance
did not stand out. Hence, differences between them did not reach a statistically significant level.
Moreover, the sample size in this experiment exceeded that of Schwartz and Kroll (2006), and
thus more data were generated for the purpose of inclusion in the analysis. A third possible
reason for the discrepancy in findings can be attributed to the task differences and the
processing stages involved. Schwartz and Kroll’s (2006) study utilised a form-related
competitor in a sentence processing task, requiring rich semantic processing, unlike the
phoneme monitoring task which involves superficial form processing only. Conversely, the
findings from the accuracy data for both studies were similar, and supported the theory that L1

is active and affects the performance of both groups during L2 processing.

It is important to consider that in experiment four, shared phonemes across the two languages
were used to investigate cross-language activation and to which level this activation penetrates.
Thus, we believe there is a need to explore whether the same pattern of findings is obtained

when a phoneme is not shared across the two languages. Arabic for example has phonemes
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that do not exist in English, so we wished to investigate whether presenting phonemes that are
part of the L1 but not L2 picture names would induce longer naming latencies and lower rates
of accuracy or not. The final experiment (five) in this thesis addressed this question, and
compared the performance of the participants across two different conditions, shared phonemes

and distinct phonemes.

7.4 Conclusion

Experiment four was conducted to investigate the manner of cross-language activation during
single word production in bilinguals using the phoneme monitoring task. More specifically, it
examined whether the target and non-target lexical nodes across the two languages (Arabic-
English) are co-activated in bilinguals, and whether this activation spreads to the phonological
level; i.e., whether the flow of activation cascades to the lexical level only (discrete model) or
to the phonological level (cascaded model). It also investigated the effect of proficiency level
on the cross-language activations of different script bilinguals. The results showed that cross-
language activation extends to the phonological level in the case of different script bilinguals.
This finding supports those of previous studies that have examined the co-activation of
phonological presentation at the phonological level using phoneme monitoring tasks. However,
as we mentioned earlier, the results cannot be generalized, as only phonemes shared across the
two languages were used here. Thus, in the next chapter, we will expand this experiment to
include language specific phonemes, and to determine whether we obtain the same pattern of
findings or not. In terms of proficiency level, we conclude that this did not modulate cross-

language activation, as the same pattern of findings emerged for both groups.
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Chapter 8 Experiment Five: Phoneme monitoring Part Il

In experiment four, we investigated lexical access and the flow of activation during single word
production in bilinguals using the phoneme monitoring task. We presented bilinguals with
phonemes that are similar in the Arabic and English language, followed by a picture of an
object. The participants had to retrieve the name of the picture, and decide whether the
phoneme displayed was part of the English (i.e., L2) name of the picture. We manipulated the
type of the phoneme presented; i.e., a phoneme that was part of the L2 picture name, a phoneme
that was part of the L1 picture name and a phoneme not present in either name. The results
showed that it was difficult to reject the phoneme when it was part of the L1 picture name. We
concluded that L1 was activated at the phonological level, and that proficiency level did not
modulate this cross-language activation. However, this finding cannot be generalized because
we only tested part of the phonological system, namely phonemes common to both languages,
and we hypothesize that distinct phonemes will be processed differently. According to Simonet
(2016), the majority of phonological forms in bilinguals’ two languages are shared; in other
words, the phonological segments are reutilized. However, it is posited (Flege 1987) that when
phonological forms are not shared, then bilinguals will develop links between similar sounds

across the two languages.

Therefore, for example, they establish a connection (backward link) between the phonetic
category in the L2 language (the new language) and the closest similar phonetic category from
the L1 language. To illustrate, the two English phonemes /p/ and /b/ are considered to be
distinct phonemes for native English speakers, but for early Arabic-English learners, they
sound similar. Thus, those learners often produce an Arabic phoneme /b/ (i.e., a phonetically

similar phoneme) to represent the two English phonemes /b/ and /p/. In other words, they create
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backward links from L2 distinct phonemes to L1 similar phonemes. Consequently, it is logical
to propose that, since Arabic distinct phonemes do not exist in English, there are no shared
links between these phonemes and any similar phonemes in English. In summary, there is no
opportunity to create forward links from Arabic distinct phonemes to similar English

phonemes.

However, if such links do exist, they would be expected to be much weaker than backward
links, i.e., from English to Arabic. The only possible scenario for Arabic specific sounds to
occur in an English conversation involving an Arabic-English bilingual, for example, is when
mentioning the Arabic names of persons, places, ...etc. Thus, we can assume that the Arabic
distinct phonemes rarely occur in English contexts. Therefore, we hypothesized that during
(English) production, Arabic distinct phonemes would not be expected to be triggered by the
activation of any English phonemes, unlike the shared phonemes across the two languages.
Shared phonemes are highly active across the two languages, as they are likely to be produced
more frequently, whereas language distinct phonemes are produced in one language only.
Thus, in the L2 production task, shared phonemes across the two languages are more active for
a bilingual speaker than L1 specific phonemes. In addition, distinct Arabic script may serve to
inhibit the activation of language specific phonemes, as they typically appear in an Arabic
context. Shared phonemes have zero orthographic overlap, yet share the same phonotactic
features; whereas, in contrast distinct phonemes have zero orthographic and phonological
overlap. Therefore, the possibilities of co-activation when presenting special phonemes are

low.

This leads us to question how this may challenge the findings of phoneme monitoring task. We
have reported in chapter seven (experiment four) that presenting a shared phoneme that is

highly active in two languages triggered the activation of both languages. It is possible that the
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presence of a shared phoneme pushes the two languages towards a standby position. On the
other hand, presenting an L1 specific phoneme, which has a slight likelihood of occurrence in
an L2 task is unexpected, and thus the normal reaction is to totally ignore it or reject it, since
the participants were instructed to retrieve the English name of the picture. It is easier to reject
a phoneme that is L1 distinct in this task than a phoneme that is shared across two languages.
Therefore, we expected a rejection decision to be made once the L1 specific phoneme is
presented; i.e., prior to the presentation of the picture. This differs from the shared phoneme
that cannot be rejected unless a picture is presented, and its name is retrieved. Thus, identifying
an interference effect in that condition suggests the name of the picture is simultaneously

activated in the two languages regardless of the phoneme type.

We replicated the same experimental conditions (with different groups of participants) as those
used in our previous phoneme monitoring task with the addition of one more critical condition.
That is, for experiment five we created four conditions: the control condition, the positive
condition, the bilingual critical condition (shared phonemes) and the monolingual critical
condition (language distinct phonemes). This new monolingual critical condition should assist
when determining whether or not the finding of cross language phonological activation was
limited to using phonologically similar phonemes from both languages. Unlike experiment
four, we ensured that all L1 picture names had language distinct phonemes. This allowed us to
use the same picture for the two critical conditions, which enabled us to investigate whether or
not the L1 name of the picture was activated due to the type of the phoneme presented; i.e., a
shared or L1 specific phoneme. For example, the picture of a spider ‘ < x<ic > was preceded
by the phoneme /n/ in the bilingual critical condition; whereas, in the monolingual critical
condition, it was preceded by the phoneme /S/ ¢ . There were two possible outcomes identified

to describe the monolingual critical condition:
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(i)  Slower reaction times that are similar in size to the bilingual critical condition. This
would indicate that target and non-target lexical nodes were activated at the phonological
level, regardless of phoneme type. This would provide support to a fully cascaded

activation of the non-target nodes.

(if)  Faster reaction times relative to the control condition (i.e., unrelated phoneme to L1 or
L2 picture name), which suggest it would be easier to reject the L1 phoneme due to its
distinct phonological features. Thus, this would indicate that the cross-language
phonological activation seen in the phoneme monitoring task occurred due to the use of
shared phonemes across the two languages. Thus, a fully cascaded activation of the non-

target nodes at the phonological level cannot be assumed.

For experiment five, we have identified eight distinct Arabic phonemes. These are all
consonants with no equivalents in English: pharyngeal phonemes (unvoiced fricative /h/ ¢ and
unvoiced fricative /S/ ¢ ), two uvular fricative phonemes (unvoiced non-emphatic /y/ # and
voiced non-emphatic /y/ ¢ ) , one intro-dental phoneme (voiced emphatic /0% & ) and alveo-
dental ( voiced emphatic /dS/ o=, unvoiced emphatic /tS/% , unvoiced emphatic /s§/, u=)
(AlMahmoud 2013). These Arabic consonants typically present considerable difficulties for
English learners, due to their phonotactic differences from English (Rammuny 1976; Alosh

1987; Shehata 2015). For a complete list of these phonemes see appendix J.

8.1 Methods

8.1.1 Participants

A new group of participants were recruited for this experiment, who had not taken participated
in any other task related to this study. 112 Arabic-English adult bilinguals participated, but 20

were excluded due to a technical error; i.e., more than 50% of trials were not captured due to
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internet connection issues, and six participants were excluded because they had aborted the
task before allowing the software to save their results. Therefore, in total, eighty-six
participants took part fully in this experiment. All the participants had given consent to their
data being used anonymously for research purposes prior to the study ( see chapter three for

further details).

Since all the participants had taken the International English Language Testing system test
(IELTS), we used the test scores as the primary measure of proficiency to validate our
classifications of the two groups required in the study. An independent-samples t-test was
conducted to compare IELTS scores between the two groups. This resulted in the identification
of a statistically significant difference in the IELTS test scores between the highly proficient
group (M =7.9, SD = .53) and the less proficient group (M = 4.3, SD =.77), t (79) = 24.14, p

<.001.

8.1.1.1 The results of the language history questionnaire

As summarised in Table 48, the similarities between the two groups were mainly related to
their age of acquisition of L2 (which was around nine-years old), and the fact that they had
received instruction in Arabic during their education at elementary, intermediate and high

school.

However, differences emerged regarding how they acquired English as a second language, and
their language of instruction at university. The highly proficient participants had primarily
acquired English as a second language through interacting with other people (mostly native
English speakers as they pursued their postgraduate studies in native English-speaking
countries). However, the less proficient participants had acquired English as a second language

mainly through classroom teaching.
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With regard to the language of education at University (bachelor’s degree level), the highly

proficient bilinguals received instruction in English mainly, as it was their major; whereas, the

less proficient bilinguals, recruited from the institute of English Language, received instruction

in the bilingual mode, as some of the courses they were enrolled on were mainly Arabic based.

Moreover, the participants were asked to estimate their daily average use of L1 and L2. As

shown in Table 46, the use of L1 and L2 by the less proficient group was 72.83% and 27.17%,

respectively, while the average estimation for the highly proficient group of L1 and L2 usage

per day was 36.88 % and 63.13% respectively. Table 46 shows the descriptive statistics for

each question for the two groups. Overall, the less and highly proficient groups were closely

matched in terms of L2 age of acquisition (AoA).

The Highly Proficient Group (n= 40) Minimum  Maximum Mean Std.Deviation
Age (years) 30 40 36.17 2.286
IELTS 7 9 7.9 0.533
Mean daily L1 usage (%) (5 pt scale) <25 50 36.88 13.853
Mean daily L2 usage (%) (5 pt scale) 50 100 63.13 13.853
Age of acquisition (years) 3 13 9.5 3.063
The Less Proficient Group (n= 46) Minimum  Maximum Mean Std.Deviation
Age (years) 19 22 20.15 1.135
IELTS 3 4 4.3 0.775
Mean daily L1 usage (%) (5 pt scale) 50 100 72.83 13.77
Mean daily L2 usage (%) (5 pt scale) <25 50 27.17 13.77
Age of acquisition (years) 3 13 9.5 2.802

Table. 46 Descriptive statistics for participants in both groups.
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8.1.1.2 The results for the self-rating

The average scores for both groups for each skill are shown in Table 47. We conducted an
independent-samples t-test to comparing the mean scores for the self-assessed rating in each
skill area between the two groups. The results showed statistically significant differences
between the two groups for all skills: (i) Reading t(84) = -19.20, p <.001, (ii) writing t(61.29)
= -24.10, p < .001, (iii) speaking t(77) = -18.96, p < .001, and listening t (79) = - 23.61, p <
.001. These results suggest that, based on their own perception of their proficiency level, the
highly proficient bilinguals considered themselves to be native-like; whereas, the less

proficient bilinguals considered themselves as beginners.

Skills Proficiency Level N Mean Std. Deviation  Std. Error Mean
Self-Rated Reading Less Proficient 46 46 2.15 0.47
(5 pt scale) Highly Proficient 40 40 4.25 0.543
Self-Rated Writing Less Proficient 46 46 2.07 0.327
(5 pt scale) Highly proficient 40 40 4.47 0.554
Self-Rated Speaking Less Proficient 46 46 2.54 0.657
(5 pt scale) Highly proficient 40 40 4.78 0.423
Self-Rated Listening Less Proficient 46 46 2.37 0.572
(5 pt scale) Highly proficient 40 40 4.83 0.385

Table. 47 Descriptive statistics for the self-assessed rating in participants’ skills in L2 across the two groups.

8.1.1.3 The results of the lexical decision test

An independent-group t-test was performed on latencies and accuracy for words and nonwords
with proficiency (highly proficient bilinguals vs. less proficient bilinguals) as the independent
variable. The performance of the highly proficient bilinguals and the less proficient bilinguals

differed significantly terms of accuracy and reaction times for word and nonwords (Table 48).
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In the non-word condition, the highly proficient bilinguals were faster and more accurate than
the less proficient bilinguals [t(84) = 6.61, p < .001 for latencies; t(84) = -10.84, p < .001 for
accuracy]. Additionally, in the word condition, the highly proficient bilinguals were
significantly faster and more accurate than the less proficient bilinguals [t(84) = 7.33, p <.001
for latencies; 1(65.9) = -11.26, p < .001 for accuracy]. These results suggested a significant

difference between the two groups.

Non-word Word
Proficiency Grouns Reaction Accuracy in Reaction Accuracy in
y P Time percentage Time percentage
Highly Pm(fr;g'jg;B"'“gua's 1099 (332) 87 (8.1) 783 (136) 93 (3.4)
Less me('f]f:é)B"'”g“a's 1596 (359) 68 (8.2) 1135 (276) 79.06 (7.3)

Table. 48 The results for the lexical decision task for the highly and less proficient bilinguals in experiment five.
Standard deviations are in parentheses.

In conclusion, the results of the language history questionnaire, the self-assessed rating and the
lexical decision task suggested the two groups differed significantly in their proficiency level,

which supported our classification that was based on their IELTS test scores.

8.1.2 Materials

To construct the test materials for this experiment, we first identified the Arabic distinct
phonemes. As stated previously, we selected eight phonemes: /h/ &, IS/ , Iy/ ¢ , Iy/ & ,1dS/
o=, tS/4 | [sS/, u=, and /6S/ L to create the monolingual critical condition, and we adopted
the 14 similar phonemes for use in experiment four to create the bilingual critical condition

(see appendix J for a description of these phonemes).
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After this, we selected stimuli pictures which had names in Arabic containing at least one
distinct phoneme (for a full list of these picture names, see appendix I). Eighty-six pictures
were selected for this experiment: sixty pictures formed the stimuli list and an additional set of
26 pictures were used as fillers and for practice trials (20 and 6 respectively). The selected
pictures represented objects including home furniture, vegetables, fruits, animals, cloths, tools,
musical instruments...etc. (for details see section 3.5.1). All the stimuli pictures had at least one
distinct phoneme in their Arabic name, and had non-cognate names. We matched pictures and
picture name across conditions on several variables (for details see section 3.5.1). In brief, the
picture names were controlled at ps > .05. Table 49 shows the average score for each variable

along with the ANOVA results.

Variables Stimuli Stimuli Stimuli  Stimuli ANOVA p value (One-
setl set 2 set 3 set4 Results way ANOVA)

Name Agreement (%) 0.86996  0.94537 0.89018 0.89488 F(3,56) =.1.159 p >0.05
Visual Complexity (KB) 15707 13486 16263 17282  F(3,56) = .559 p >0.05
Syllable Length 1.4 1.4 1.67 147  F(3,56) = .601 p >0.05
Character Length 4.87 5.27 5.73 4.93 F(3,56) = 1.077 p >0.05
Frequency per million 2.83 3.23 2.96 278  F(3,56)=.400 p>0.05
words
Age of Acquisition (1-3 2,07 2 233 247 F(356)= 886  p>0.05
points scale)
Familiarity (100-700) 565.5 548.79 504.73  536.93 F(3,56) =2.36 p>0.05
Imageability (100-700) 597 582.5 596.1 575 F(3,56) = .737 p > 0.05

Table. 49 Characteristics of pictures and picture names in English across the four experimental conditions.

To avoid the effect of different syllabic positioning, we tried to maintain the onset position for
the distinct phonemes in all picture names. Unfortunately, we could not apply this to all stimuli

lists, since the picture names had to be controlled on multiple levels. Thus, the distinct
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phonemes, in the monolingual critical condition, appeared in the first syllable and in the onset
position for 84% of the target picture names (e.g., 4 /tfab.la/ [English drum]), while for the
remainder they appeared at the second syllable (e.g., J48 /qi.ta:.r/ [ English train]). The shared
phonemes, in the bilingual critical condition, were always in the second or the third syllable.
Since our main objective was to observe the effect of using a distinct phoneme in this task, we
prioritized the position of the distinct phonemes over the shared phonemes when selecting the
stimuli pictures. Furthermore, the participants were expected to monitor every syllable in the

pictures’ names and thus, we assumed that the impact of word position was insignificant.

We divided the stimuli list into four sets to create four experimental conditions:

(i)  The control condition which consisted of 15 pictures whose English and Arabic names

did not contain the target phoneme;

(i)  The positive condition which consisted of 15 pictures whose English names only

contained the target phoneme;

(iif)  The monolingual critical condition which consisted of 15 pictures whose Arabic names

contained the language-specific target phonemes;

(iv)  The bilingual critical condition which consisted of 15 pictures whose Arabic names

contained the target phoneme.

Then by creating four experimental files, we counterbalanced the stimuli across the conditions
to ensure that each picture appeared in all four conditions. For example, a picture of grapes
" e " appeared in the positive condition preceded by the phoneme /g/ in file one, in the control
condition preceded by the phoneme /I/ in file two, in the monolingual critical condition
preceded by the phoneme /S/¢ in file three, and in the bilingual critical condition preceded by

the phoneme /n/ in file four. The within file constrictions were:
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(i)  Shared phonemes which appeared no more than 7 times across the ninety trials (i.e., for

stimuli and fillers);
(i) The distinct phonemes which appeared no more than 6 times across the ninety trials;
(ifi))  No more than two consecutive trials applied the same condition;
(iv) No more than four identical answers (i.e., yes or no) in a row.

To avoid an order effect, we randomized the order of the trials across the four experimental
files. The participants were also randomly divided into the four groups; each group had an
equal number of highly proficient and less proficient participants and each was assigned to an

experimental file.

8.1.3 Design

The experiment applied a mixed design (i.e., a 2 x 4 factorial design) with proficiency level
(highly proficient participants and less proficient participants) representing the between-
subjects factor and picture-phoneme relationship representing the within-subjects factor with

four levels (positive, monolingual critical, bilingual critical and control).

8.1.4 Procedures

The participants were trained individually on the phonetic symbols that would be used in the
experiment. With the use of flash cards, explanations were first given regarding the sound of
each of the twenty two phonetic symbols (English graphemes put in a pair of slashes for shared
phonemes e.g., /t/, and specific phonetic symbols to represent the Arabic distinct phonemes
/n/), with a few words from the target language L2 given as examples for shared phonemes,
but not the names of the pictures that would be used later in the experiment. Before moving to

the practice session on Psychopy, we ensured that all the participants demonstrated perfect
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accuracy when recognizing the phonemes. The same procedures that were applied in
experiment three were used here and have been described in chapter three. The participants had

to decide whether or not the visually presented phoneme is part of the L2 picture name.

Ethical approval was obtained from the ENCAP Research Ethics Committee at Cardiff
University, and prior to the experiment, written informed consent was obtained from all the

participants.

8.2 Analysis of Results

The data were collected from eighty-six participants. After trimming the reaction time data
(detailed in section 3.6.2), we calculated reaction times and accuracy for correct responses

again. Errors and outlier trials were excluded from the following analysis:

() In the monolingual critical condition, the error trials formed 19.84% and the outliers
formed 1.71%;
(i)  Inthe bilingual critical condition, the error trials formed 17.05% and the outliers 1.86%;

(iii) In the control condition, the error trials formed 7.29% and the outliers were 0.85%;

(iv) In the positive condition, the error trials formed 6.20% and the outliers 0.23%.

The mean reaction times and percentage of accuracy are shown in Table 50.
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Highly proficient bilinguals Less proficient bilinguals

Phoneme Type _Reac_tion Accuracy in _Reac_tion Accuracy in

times in ms percentage times in ms percentage

Positive condition 1176 (48) 98.00 (3.4) 1664 (32) 90.11 (7.3)
Monolingual critical condition 1892 (59) 84.81 (14.9) 2564 (37) 77.21(9.7)
Bilingual critical condition 1882 (55) 87.21 (10.7) 2388 (31) 79.03 (10.7)
control condition 1463 (56) 96.83 (6.3) 2061 (36) 89.49 (9.4)

Table. 50 Mean reaction times and percentage of accuracy for the less and highly proficient bilinguals. Standard
deviations are in parentheses.

8.2.1 Reaction times analysis (RT)

A mixed ANOVA analysis was performed on the mean response latencies per participant, with
(1) proficiency level (highly proficient vs less proficient) as the between-subjects factor, and
(if) phoneme condition in (positive, monolingual critical, bilingual critical and control) as the
within-subjects factor. In addition, a repeated measure ANOVA was performed on the mean

response latencies per item for each condition.

The results indicated a significant main effect of phoneme type in the analysis by subjects F1
(1, 84) = 242.012, MSE = 5.36, p < 0.001, and in the analysis by items F2 (1, 118) = 95.38,
MSE = 7.45, p < 0.001. In addition, the main effect of proficiency type was significant in the
analysis by subjects sF1(1, 84) =106.17, MSE = 27.42, p < 0.001, and in the analysis by items
F2(1,118) =528.73, MSE = 36.168, p < 0.001. Furthermore, the interaction between phoneme
type and proficiency level was significant in the analysis by subjects F1 (1, 84) = 11.76, MSE
=0.26, p=0.001, and in the analysis by items F2 (1, 118) = 4.46, MSE = 0.348, p = 0.037. The
calculated effect size (Partial Eta Squared) was large for phoneme type, proficiency level and

the interaction between proficiency and phoneme type.
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As reported earlier, phoneme type had a significant impact on reaction times in general.
However, the size of this effect varied across the proficiency groups as indicated by the
significant interaction between phoneme type and proficiency level. As shown in Figure 23,
the average reaction times for the monolingual critical condition was slower than for the control
condition across the two proficiency groups. In addition, the reaction times for the bilingual

critical condition were slower than for the control condition.

Proficiency Level

e Highly Proficient Less Proficient

2800
2600
2400
2200
2000
1800
1600 ﬂ‘........"‘-..---.
1400

1200
1000

Reaction Times in ms

Positive condition Monolingual Critical ~ Bilingual Ccritical Condition Control Condition
Condition

Experimental Conditions

Figure. 23 The effects of phoneme type on reaction times across the highly and less proficiency.

In contrast, for the positive condition, faster reaction times were observed compared to the
control and the monolingual and bilingual critical conditions. Moreover, the difference
between the two critical conditions was smaller for the highly proficient bilinguals; whereas,
for the less proficient bilinguals the difference between the two critical conditions was larger.

To examine the significance of the differences noted in reaction times between the four
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experimental conditions, a paired t-test was conducted. The results showed that the difference

in reaction times between the monolingual critical condition and the bilingual critical condition

was statistically insignificant (i.e., p > 0.001) for the highly proficient bilinguals, and

significant (i.e., p < 0.001) for the less proficient bilinguals. The results are reported in Table

51.

Average Difference
reaction times  between p-val of t- Effect Effect
Proficiency Group Group (SD) group 1 t-statistics  test size size
Level 1 2 G G & (df)  (Bonferroni (Cohen' tabulation
r(;up rc;up group 2 correction) s d)
(SE)
Monolingual Control 1892 1463 428 10.76
critical  condiion (59) (56)  (39) 39) <0001 1167 large
Bilingual  Control 1882 1463 418 7.68
criticall  condiion (55) (56)  (54) 3g) <0001 1173 large
. Positive Control 1176 1463 - 287 -8.61
pz:‘?:ilgm condition  condition (48) (56)  (33) 39) <0001 0865 Large
bilinguals Monolingual Bilingual 1892 1882 10.3 0.21 _
citical | critical  (59) (55)  (49) (39) 0835 0028  small
Monolingual Positive 1892 1176 716 16.25
critical  condition (59) (48)  (44) 39) <0001 2103 Large
Bilingual Positive 1882 1176 705 14.18
critical  condition (55) (48)  (49) @3g) <0001 2140 lLarge
Monolingual Control 2564 2061 502 20.92
critical  condition (37) (36)  (24) (45y ~ <0001 2007 lLarge
Bilingual Control 2388 2061 327 12.67
critical  condition (31) (36)  (25) 45y ~ <0001 1429 lLarge
Positive Control 1664 2061 - 396 -14.82
Less condition conditon (32) (36)  (26) (45 ~ <0001 1705 Large
proficient Monolin -
- gual Bilingual 2564 2388 175 6.84
bilinguals ciical ~  critical  (37) (B1)  (25) 45y ~ <0001 0744 lLarge
Monolingual Positive 2564 1664 899 30.51
ciitical | condition (37) (32)  (29) (45 ~ <0001 3766 lLarge
Bilingual ~ Positive 2388 1664 724 21.75
critical  condition (31) (32)  (33) 45y ~ <0001 3328  lLarge

Table. 51 The results of the paired t-test to examine the differences in reaction times between the four experimental

conditions.
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As detailed in Table 51, the differences between reaction times in the monolingual critical
condition and the control condition, and between the bilingual critical condition and the control
condition were statistically significant (reaction times for both critical conditions were larger
compared to that for control condition) for both the highly and less proficient bilinguals, as all
the corresponding p-values were < 0.001. The difference in reaction times between the positive
condition and the control condition was statistically significant, as was that between the other
critical conditions and the positive condition for all bilinguals regardless of their proficiency
level (all p values were < 0.001, as shown in Table 51. Considerably faster reaction times were
reported for the positive condition compared to the other experimental conditions for all

participants. These findings will be discussed in section 8.3.

The mixed ANOVA analysis indicated a significant main effect of proficiency level as a
between- subjects factor; thus, we conducted a follow up independent sample t-test to further
explore the significance of the differences noted, for all the four experimental conditions. As
summarized in Table 52, the average r