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Chapter 1. Introduction

1.1. Significance of Research on Bilingualism

Bilingualism is the ability to understand and speak two languages (Grosjean & Li, 2013). It is
hard to determine the actual number of people who speak more than one language, but estimates
indicate that more than half of the world’s population are bilingual (Grosjean, 2010). The rise in
bilingualism results from the requirements of living in the modern world, making it a norm for
people to learn another language for business, academic, and other endeavors. Alternatively, it is
usual to grow up bilingual in countries like Canada. Not only has bilingualism improved
communication between people, but it also offers cognitive and cultural advantages to those who
have learned more than one language (Bialystok, 1999, 2008). Undoubtedly, bilingualism leads
to better career opportunities in all sectors of modern societies.

Bilingual research focuses on linguistic, sociolinguistic, psycholinguistic, and
neurolinguistics aspects of the phenomenon. A common issue in all these fields is how bilinguals
differ from monolinguals regarding the language systems they have acquired and how they use
their acquired languages. More specific to psycholinguistics and neurolinguistics, however, are
how bilinguals manage two languages simultaneously and how they comprehend and produce
each language. In fact, one of the critical questions regarding language comprehension and
production is how bilinguals process words and access their lexico-semantic features.

A lexicon is the set of all the words and idioms of any language that language speaker
knows (Richards, Platt, & Platt, 1992a). Lexicons have a central role in language comprehension
and production, as the quantity and quality of words that speakers of a language know, and the

way they process these words, are the factors that distinguish native from nonnative speakers of a



language (Levelt, 1989). A large body of research has investigated speakers’ first language (L1)
and second language (L2) systems and their influences on one another.

Research on the connection between L1 and L2 and their mutual influence when
bilinguals perform a task in one language has theoretical and practical implications (Dijkstra &
van Heuven, 2002). On the theoretical level, these findings contribute to the models of visual
word recognition and word access in bilinguals. When bilinguals read words in one language,
they face issues that are absent in monolinguals. Because bilinguals have two language systems,
they must direct their word processing towards the language they are reading and decrease the
influence of the other language in the task. Hence, the main question is whether one language
system accounts for word recognition without the influence of the specific knowledge of another
language or both systems. An understanding of word recognition, thus, reveals the nature of this
process and the way bilinguals differ from or resemble monolinguals. The more researchers
understand bilingual word recognition, the better they understand the underlying principles of
this process.

On the practical side, the findings of these studies improve foreign language teaching and
provide educators with insights into language comprehension and production, as words are the
building blocks of sentences, and sentences, in turn, are the building blocks of larger pieces of
discourse. Any improvement in the teaching and learning of an L2 is not achievable unless one
learns more about the nature of language representation and processing in bilinguals. Realizing
that L2 learners rely on their L1 knowledge helps syllabus designers, textbook writers, and

language teachers to make better pedagogical decisions.
1.2. Bilingual Mental Organization and Word Access

A look into the literature reveals two contrasting views on the mental organization of the lexicon



(word knowledge) and word access in a bilingual brain. The language selective activation view
postulates separate mental lexicons with no mutual interlingual interactions (Macnamara &
Kushnir, 1971; Scarborough, Gerard, & Cortese, 1984), while the nonselective activation view
assumes an integrated lexicon (a combined lexicon) with shared interlingual interactions between
two language systems (Dijkstra, Grainger, & van Heuven, 1999; Dijkstra & van Heuven, 2002)
to describe the architecture of word knowledge and access. According to the language selectivity
view, bilinguals have two mental lexicons which are organized independently and kept apart.
This means that when a bilingual speaker processes one language, only words and features
specific to that language are activated (Gerard & Scarborough, 1989; Rodriguez-Fornells, Rotte,
Heinze, Nosselt, & Miinte, 2002). According to the nonselectivity view, bilinguals possess a
shared lexicon that includes words belonging to both languages. Therefore, when a bilingual
speaker uses one language, word features in that language and related word features in the other
language will automatically be activated (de Bruijn, Schriefers, & Brinke 2000; de Groot,
Delmaar, & Lupker, 2000; Dijkstra, Timmermans, & Schriefers, 2000; Dijkstra & van Heuven,
2002; Lagrou, Hartsuiker, & Duyck, 2011; Spalek, Hoshino, Wu, Damian, & Thierry, 2014).
According to the nonselectivity view, for example, when English-French speakers read the word
attend, they cannot avoid access to the meaning and pronunciation of the French word attendre
along with those of attend.

Most studies have provided evidence for nonselective access to the mental lexicon (de
Bruijn et al., 2000; de Groot et al., 2000; Dijkstra & van Heuven, 2002; Lagrou et al., 2011,
Spalek et al., 2014) even when languages were profoundly different (Zhou, Chen, Yang, &
Dunlap, 2010). Zhou, et al. (2010) collected performances on homophones and their control

words using a masked-priming word naming and a lexical decision task in a group of Chinese-



English speakers in L1-L2 and L2-L1. These researchers suggested that phonologically related
words were named faster than phonologically unrelated words in Chinese and English, one being
a logographic and the other an alphabetic language, respectively. The researchers found similar
results in the lexical decision task, although phonology was indirectly related to the task.

Interestingly, nonselective access was found in bilingual word recognition when the
language modality of the L1 and L2 varied, and when two languages had no phonological and
orthographic overlap like American Sign Language (ASL) and English (Morford, 2014). Cross-
language activation was observed in deaf ASL dominant speakers with moderate English
proficiency and hearing English-dominant ASL learners. Participants performed a semantic
relatedness judgment task in English with semantically related or unrelated pairs. Semantically
related words in English were either phonologically related in ASL (sharing features such as
handshape, location, and movement) or unrelated. Both groups made a slower judgment on the
semantically unrelated condition when the ASL translations of the target words were
phonologically related than when the translation equivalents were phonologically unrelated in
the ASL. The results, however, were more pronounced for the deaf group. Moreover, the deaf
group judged the English words to be semantically related faster when their ASL translations
were phonologically related.

Models like the bilingual interactive model plus (BIA+, Dijkstra & Van Heuven, 2002)
postulate that bilingual word processing benefits from nonselective and selective access. The
processing is nonselective when a string is encountered and the incoming linguistic information
contacts representations in both languages. Next, language selectivity operates in a top-down
processing format, inhibiting the representations in the nontarget language. This inhibition

cannot completely block the nontarget language representations, but it aims at minimizing the



cross-language interference.
1.3. Cognate and Noncognate Words

Researchers who study word processing and word access in bilinguals use words that display
different degrees of overlap between form and meaning across languages, such as homophones,
homographs, cognates, and noncognates. These words share specific features with their
translation equivalents in another language. Homophones are “words which sound alike but are
written differently and often have different meanings,” while homographs are “words that are
written in the same way and sound alike but which have different meanings”(Richards, Platt, &
Platt, 1992b). Cognates are words “that are similar in form and in meaning” in different
languages (Lado, 1956, p.32). They are translation equivalents that are conceptually and
phonologically similar in two languages, although they might be similar orthographically (same-
script languages) or not (different-script languages). Conversely, noncognates are translation
equivalents that share conceptual features without any phonological or orthographic similarity in
two languages (Nakayama, Verdonschot, Sears, & Lupker, 2014). For example, the words Appel
and Apple are cognates in Dutch and English due to their similarity in spelling, pronunciation,
and meaning. To provide more examples, analytique (analytic), tomate (tomato), créatif
(creative), and banque (bank) are cognates in French and English. Examples for cognates in
English and Spanish are academic (académico), alcoholic (alcohélico), domestic (doméstico),
organic (organico), and panic (panico). Urdu and English have cognates such as college ( &),
name (#4), chutney ( &s), and shah (sL3).

Cognates have historical origins when they belong to the same language family, or they
are borrowed from other languages (Friel & Kennison, 2001). To illustrate, filter and pyramid

are historically related in Hebrew and English (Gollan, Forster, and Frost, as cited in Friel &



Kennison, 2001) while baseball and ice cream were lent to Japanese (Hatta and Ogawa, 1983, as
cited in Friel & Kennison, 2001). Some of the Persian and English cognates have the same
historical origin, as Persian and English have a shared ancestral Proto-Indo-European language
family while a few others result from borrowing ("'List of English words of Persian origin,” n.d.).
Examples of the first type include mother (L /ma:'der/) , father (L /pe’dar/), daughter (Lisa
[dwskh'ter/), brother (22 /b@ra:'der/), and name (¢4 /'na:m/). The following words have Persian
origins: Bazaar (UL Iba'zar/), bronze( & ~/be'rendsl), caviar (ULss [khavi'ar/), and
paradise( <wis/be'hesht/). Conversely, the Persian language has loan words with English and
French origins, such as ampule (Jss/ /a:m’pu:l/), mobile (Ll ss/mu'bail/) , hamburger (S sat
I'ha@m'ber'ger/), hacker (_X4/'haker/), and schizophrenia (L ds 15w/ ['eskizu'fernia:/).

Cognates have a special status in cross-language studies in bilingualism, second language
teaching, and psycholinguistics. Cognates are a part of L1 knowledge that is transferable to L2
and can improve language comprehension when learners have limited L2 knowledge
(Vandergrift, 1997). Cognates are retrieved faster from memory, easier to learn in L2, and faster
and more accurate to translate into L1 and L2 (Otwinowska & Szewczyk, 2019). Hence, they are
essential in studying word recognition, word processing, and the architecture of the bilingual
lexicon.

Two tasks help to determine whether and to what extent words of two languages
resemble one another: similarity-rating (de-Groot & Nas, 1991) and translation-elicitation (Kroll
& Stewart, 1994). In the similarity-rating task, a group of bilinguals who speak both languages
rate the similarity of a list of words and their translation equivalents in another language on a 7-
scale continuum with very high similarity at one end and very low similarity at the other end.

Words rated as highly similar are identified as identical cognates, and words rated as highly



dissimilar as noncognates. In the translation-elicitation task, a word is provided in one language,
and raters provide a translation equivalent in the other language. Both tasks produce similar
results (Friel & Kennison, 2001).

Cognates can also be defined according to the number of letters they share in two
languages. For example, Willis and Ohashi (2012) considered cognateness the proportion of
letters that words share in two languages. They used this criterion to put cognates on a
continuum while they applied a binary classification to divide words into cognates and
noncognates in languages like Japanese and English, which do not share scripts and borrowed
words are written in a different script (Katakana) than other words (Kanji).

Likewise, cognates enjoy a special status in the lexicon because they provide a “foothold”
into the L2 lexicon (Midgley, Holcomb, & Grainger, 2011, p. 1634); they are words that
bilinguals have learned and used in their L1. Thus, they are a part of the L1 knowledge.
Cognates, therefore, are appropriate stimuli to use to understand at which level of phonology and
orthography the two lexical systems are connected and which levels bilinguals use to access the
lexicon. These aims are achievable by manipulating formal and semantic features of words when
selecting bilinguals with similar-script or different-script languages.

1.4. Representation of Cognates in the Bilingual Lexicon

To explain the faster processing of cognates, the following models are postulated.

1.4.1. Shared-morpheme view.
According to the shared-morpheme view (Figure 1.1), there exists a language-independent level
that includes the root of morphologically-related words and cognates in languages with similar
scripts (Cristoffanini, Kirsner, & Milech, 1986; Davis et al., 2010; Kirsner, Lalor, & Hird, 1993;

Peeters, Dijkstra, & Grainger, 2013; Sachez-Casas, Garcia-Albea, & Davis, 1992). This level



exists between form and lemma (an abstract conceptual form of a word) levels. Bilinguals
encounter cognates in both languages, and so their cumulative frequency increases more than
that of noncognates that occur in one language. Thus, the shared representation of cognates is
activated twice as much compared to the representation of noncognates and strengthened more
than noncognates, accordingly. This shared representation leads to the faster and more accurate

recognition of identical cognates observed in most studies.

«rich»

AR

/

\

richer rich riche richesse

Figure 1.1. Morphologically-based organization of cognates adopted from Voga and Grainger (2007)

1.4.2. Form-overlap view.

The form-overlap view states that orthographically identical cognates have one shared
orthographic representation, two phonological representations (one in each language), and one
semantic representation (Midgley et al., 2011). Noncognates, on the other hand, have one
orthographic and one phonological representation. Thus, two phonological representations
activate one semantic representation in cognates, while only one phonological representation
activates noncognates. As bilinguals use cognates in both languages, the semantic representation
of cognates is activated more strongly than that of noncognates and results in the cognate effect

in word recognition and word processing studies.



1.4.3. Two-morpheme view.
The two-morpheme view is similar to the form-overlap view, proposing that identical cognates
have one single orthographic representation and two phonological representations activating one
semantic representation (Dijkstra & van Heuven, 2002; Peeters et al., 2013). Nonetheless, each
cognate has a specific morphological representation in each language, to which the morphemic
markers, such as plural markers and past-tense markers, are attached. Upon reading a cognate,
the reader activates the orthographic, phonological, and morphological representations in both
languages. However, one of the representations receives priority depending on the nature of the
task, items on the list, and task language. Hence, the activated representation affects the response
time and accuracy of responses to cognates.

1.4.4. The BIA+ model.
The BIA+ model was developed to show the interactive nature of bilingual representation and
processing (Figure 1.2, Dijkstra & Van Heuven, 2002). The BIA+ model assumes that
orthographic, phonological, and semantic representations of words are interactive; when words
in one language are processed, the information about the associated words in the other language

is also activated.
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Figure 1.2. The BIA+ model of bilingual word recognition (Dijkstra & Van Heuven, 2002)

The BIA+ model (Figure 1.2) has two components that function independently: the word
identification and the task schema systems. The word identification system includes sublexical
and lexical orthography that are hierarchically ordered and are connected to their corresponding
phonological components. Upon reading a word, these components interact and allow the word
to be processed in a bottom-up manner. Language nodes in the model represent language
membership, and they hold relevant information about each word in the form of language tags.
The word identification system uses the linguistic information that a word or word context
provides while the task or decision system uses nonlinguistic information, such as the reader’s
expectations, strategies a reader uses, and task requirements.

Visual word processing begins with an input letter string that activates lexical

orthographic candidates in both languages in parallel. The criteria for the selection and activation
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of word candidates are their orthographic similarity to the input string and their threshold level
that depends on factors such as word frequency (the number of times a word appear in a corpus),
recency of use, word neighborhood density (the number of words made by changing, adding, or
deleting one phoneme), and language proficiency in each language, but not to which language
the word belongs. Stated otherwise, the visual word identification system initially activates the
words that are orthographically similar to the stimulus and have a lower threshold for the
mentioned lexical features, irrespective of the language to which the word candidate belongs.

According to the model, the linguistic context, such as the sentence context, affects the
threshold level of word candidates and restricts the number of word candidates that are to be
activated. In other words, contextual information decreases or increases the threshold level of the
word candidates and, consequently, influences their initial activation. The orthographic similarity
is advantageous for homographs and cognates over other word types because it limits the initial
list of activated word candidates. After the word candidates are activated, the activation spreads
to the associated phonological and semantic representations. The sequence of the activation stage
and the spread of the initial orthographic activation to other levels result in a temporal delay
between the orthographic activation and the activation of other representational levels. However,
the model assumes that interactions between orthographic, phonological, and semantic codes are
ongoing and dynamic, as shown by two-way arrows in the model. After a word is recognized,
other word candidates are suppressed.

The task scheme system functions based on nonlinguistic information, such as the
reader’s expectations and task requirements, but it does not influence visual word processing
directly. This system adapts the temporal deadlines between the activation of the orthographical,

phonological, and semantic representations and decision parameter settings to produce the most
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optimized performance. The task scheme functions independently of the identification system; it
is possible to make a decision without word recognition or delay it until more information
arrives. The following situations clarify how the task system works. If, for example, the task is a
language decision, the task system uses the information that the language codes provide.
Alternatively, if the task is a lexical decision, the task system uses the activation threshold of the
target item and temporal deadlines. In the lexical decision task, the task system binds the “yes”
response to a sufficient activation of a word at a particular moment in time while the system
binds the “no” answer to the lack of lexical information (i.e., for nonwords) after a temporal
deadline is reached.

As Figure 1.2 shows, the model uses one-way arrows to connect language nodes to
lexical orthographic and phonological representations. It means that language membership works
on the output of the word identification process, and it does not influence word activation and the
rejection of nontarget words. Language nodes retrieve language membership using lexical codes
(i.e., orthographic, phonological, and lemma representations). However, lemma representation is
excluded from the model for simplicity. Language nodes fail to affect the word identification
process, possibly because language identification occurs too late to affect the word recognition
process, and feedback that a language node sends to a word unit is much smaller than the
activation that it receives from the word. The reason the activation from the language node to the
word identification process is so small is because a language node is attached to a large group of
words, and activation is a constant. Placing language nodes in the word identification system
shows its independence of nonlinguistic information. This model has provided a detailed account
of activation and representation of orthographic codes. However, as Dijkstra and Van Heuven

(2002) have asserted, there is insufficient data regarding the relationship between orthographic,
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phonological, and semantic codes of cognates in order to implement these in the BIA+ model.
Studies have provided facilitatory, inhibitory or null effects of cognates in different-script
languages (Dijkstra et al., 1999; Khan, 2012; Lemhofer, Dijkstra, & Michel, 2004), which
originates from their phonological overlap. This issue complicates the whole picture and
necessitates investigating the role of phonology further.

1.4.5. The Multilik model.
The Multilink model (Dijkstra et al., 2019) has hold the basic assumptions of the BIA+ model

while including a localist connectionist network (Figure 1.3).
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Figure 1.3. (Color online) Standard network architecture of Multilink. Note: Input is indicated by blue underscore, orthographic (O)
representations by green underscore, phonological (P) representations by slashes. EN = English, NL = Dutch. The dashed line between two
connections from O to S (semantics) indicates that their activation is summed after taking half of the second node’s activation input (see text).
Output is task-dependent. Here slashes indicate a phonological output in the same or a different language (for word naming or
translation).Adopted from Dijkstra et al. (2019).

Similar to the BIA+ model, the Multilink model proposes an integrated lexicon for the L1
and L2 words, language nonselective word access, separation of the word recognition and
ask/decision systems, and the activation of lexical representations of word competitors depending

on their orthographic similarity with the word input and also the subjective frequency of word
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Figure 4.4. The LA, RA, VM, LP, and RP clusters. The vertical axis shows the event-related potential in uV and
the horizontal axis shows time in ms. Zero is the presentation of the prime.

4.3.2.2.2. Individual Time-Window Analysis
The 0-100 ms post-prime onset
A within-subjects analysis of variance on the mean amplitude values in this epoch revealed no
significant main effects of prime, word type, or an interaction between these variables.
The 100-150 ms post-prime onset
A within-subjects analysis of variance on the mean amplitude values in this epoch revealed
significant main effects of word type in the RA cluster, A = .85, F(2, 38) =3.38, np2 =.15,p =

.044. HPS cognates (M= -.41, SEM=.12) produced smaller negative-going amplitudes than

140



141

noncognates (M= -.85, SEM=.13) in the RA cluster. Significant main effects of word type in the
LP cluster were observed, A = .84, F(2,38) = 3.53, np2 = .157, p =.039. HPS cognates (M= .36,
SEM=.13) produced smaller positive amplitudes than noncognates (M= .76, SEM=.14) in the
LP cluster. A significant interaction was observed between prime type and word type in the LA
cluster, A = .90, F(2,38) = 4.46, np2 = .10, p = .041. Related primes (M= -.25, SEM=.10)
produced smaller negative-going amplitudes than unrelated primes (M= -.37, SEM=.12) in HPS
cognates.

The 100-200 ms post-target onset

Significant main effects of prime type were observed in the RA cluster, A = .86, F(1, 39) = 6.41,
np2 = .14, p = .015, with related primes (M= .09, SEM=.11) producing less positive

going amplitudes than unrelated primes (M= .31, SEM= 1.00). Significant main effects of prime
type were observed in the LP cluster, A = .88, F(1,39) = 5.14, np2 = .12, p = .029. Related primes
(M= -.28, SEM=.13) produced smaller negative-going amplitudes than unrelated primes (M= -
.51, SEM=.10). A significant interaction between prime type and word type was observed in the
RA cluster, A = .75, F(2,38) = 13.15, np2 = .25, p = .001. Related primes (M= .09, SEM=.10)
produced smaller positive amplitudes than unrelated primes in LPS cognates (M= .48, SEM=
.12). A significant interaction between prime type and word type was observed in the LP cluster,
A=.75, F(2,38) = 13.36, np2 = .26, p =. 001. Related primes (M= -.22, SEM= .11) produced
smaller negative-going amplitudes than unrelated primes (M= -.60, SEM=.13) in LPS cognates.
The 200-300 ms post-target onset

Significant main effects of prime type were observed in the RA cluster, A = .90, F(1, 39) = 4.40,
np2 = .10, p = .043. Related primes (M= .29, SEM=.14) produced

smaller positive amplitudes than unrelated primes (M= .47, SEM=.15). Significant main effects
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of word type were observed in the LA cluster, A = .68, F(2,38) = 9.15, np2 = .33, p = .001.
Noncognates (M= .44, SEM=.15) produced smaller positive amplitudes than HPS cognates (M=
.82, SEM=.15) and LPS cognates (M= .72, SEM= .14). Significant main effects of word type
were observed in the RA cluster, A = .74, F(2,38) = 6.75, np2 = .26, p = .003. Noncognates (M=
.16, SEM=.14) produced smaller positive amplitudes than HPS cognates (M= .55, SEM=.17)
and LPS cognates (M= .45, SEM=.14) in the RA cluster. Significant main effects of word type
were observed in the LP cluster, A = .79, F(2,38) = 4.99, np2 = .21, p =.012 Noncognates (M= -
.22, SEM=.12) produced smaller negative amplitudes than HPS cognates (M= -.55, SEM=.16)
and LPS cognates (M= -.44, SEM=.14). Significant main effects of word type were observed in
the RP cluster, A = .80, F(2,38) = 5.00, np2 = .20, p =.012. Noncognates (M= -.57, SEM=.17)
produced smaller negative amplitudes than HPS cognates (M= -.80, SEM=.18). A significant
interaction between prime type and word type was observed in the RA cluster, A = .84,

F(2,38) = 7.48, np2 = .16, p = .009. Related primes (M= .26, SEM=.15) were less positive-going
than unrelated primes in LPS cognates (M= .63, SEM=.17). A significant

interaction between prime type and word type was observed in the LP cluster, A = .88,

F(2,38) = 5.18, np2 = .12, p = .028. Related primes (M= -.28, SEM=.14) were more positive-
going than unrelated primes (M= -.59, SEM=.17) in LPS cognates. A significant

interaction between prime type and word type was observed in the RP cluster, A = .90,

F(2,38) =4.15, np2 = .10, p = .048. Related primes (M= -.59, SEM=.14) were more positive-
going than unrelated (M= -.84, SEM=.18) primes in LPS cognates.

The 300-500 ms post-target onset

A significant interaction between prime and word type was observed in the RA cluster, A = .82,

F(2,38) = 3.47, np2 = .18, p = .04. Unrelated primes (M= -.26, SEM=.20.) were more positive-
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going than related primes (M= -.69, SEM=.17) in LPS cognates. A significant

interaction between prime and word type was observed in the MA cluster, A =.75, F(2,38) = 5.05,
np2 = .25, p = .013. Related primes (M= -.014, SEM=.09) were more positive-going than
unrelated primes (M=-.261, SEM=.10) in noncognates.

The 500-850 ms post-target onset

A significant interaction between prime type and word type was observed in the LA cluster, A

= .82, F(2,38) = 8.40, np2 = .18, p = .006. Related primes (M= -.24, SEM=.08) were more
positive-going than unrelated primes (M= .01, SEM=.12) in LPS cognates. A significant
interaction between prime type and word type was observed in the LP cluster, A = .88,

F(2.38) =5.49, np2 = .12, p = .024. Related primes (M= .32, SEM=.08) were more positive than
unrelated primes (M= .08, SEM=.10) in LPS cognates. A significant interaction between prime
type and word type was observed in the RP cluster, A = .87, F(2,38) = 5.92, np2 = .13, p = .02.
Related primes (M= - .06, SEM=.07) were more positive-going than unrelated primes (M= - .31,
SEM=.10) in LPS cognates.

In summary, the ERP analysis showed an early interaction between prime and word types
for HPS cognates at 100-150 post-prime onset in the LA. Interaction effects were also observed
for LPS cognates from 100 ms to 850 ms post-target onset. Related primes showed less positivity
than unrelated primes in the 200-300 ms time window in the RA cluster and more positivity from
200 ms to 300 ms post-target onset over the posterior clusters. Related primes produced more
positive amplitudes than unrelated primes for LPS cognates from 300 to 800 ms post-target onset
in the LP. Related noncognates showed more positive N400 than unrelated noncognates in the

VM.
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4.3.1. Data analysis.
RT, accuracy, and ERP data were analyzed using a within-subjects analysis of variance in IBM
SPSS Statistics (Version 25). Following Pallant (2016), we interpreted the output of a
Multivariate Analysis of Variance (MANOVA) for all analyses to avoid requiring the
assumption of Sphericity and reported the values of Wilk’s Lambda and Bonferroni to show
significant effects.

During item analysis, a few targets with less than 75% correct response rates were
replaced with fillers that attracted more than 75% correct responses and were in the same
category as word targets to keep the number of items equal in each word group as much as
possible. These items included the Persian translations of typhus, mammoth, bulldozer, kayak,
audience, and grocery, which were replaced with battery, jungle, grammar, method, yawn, and
eraser, respectively in Block 1. The items that were replaced with their Persian equivalents in
other blocks were bulldozer, raccoon, kayak, and audience in Block 2; typhus, raccoon, kayak,
and audience in Block 3; and typhus, bulldozer, raccoon, kayak, and audience in Block 4, in all
analyses. Correct responses and RTs within 2.5 SD and 300-1500 ms were analyzed. The
percentage of correct responses was between 91 and 97 in all blocks. Data were first analyzed
with block as a factor, and then in each block using a 3 (Word type: HPS cognates, LPS
cognates, noncognates) x 2 (Prime Type: related, unrelated) factorial design. The data were
collected through the repetition of the same stimuli four times to maximize the number of trials
for averaging the ERPs. However, the behavioral analysis of data showed that performances
differed slightly across the blocks due to the exposure to the same stimuli over time. For this
reason, it was decided to keep the behavioral analysis in the Results Section and limit the ERP

analysis to the first block. Accordingly, only the results of the first block were used to interpret
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the findings in the discussions.

To process the EEG data, Makoto’s preprocessing pipeline (n.d.) was used on MATLAB
(version R2019a, Mathworks, Inc.) and EEGLAB 2021.0. EEG data were high-passed at 1 HZ
and low-passed at 30 HZ. Voltage values were re-referenced to the average voltage across all
electrode sites. Noise and artifacts from eye and muscle movements were rejected offline using
the Artifact Subspace Reconstruction (ASR) algorithm, cleanLine, and the Independent
Component Analysis (ICA) decomposition (EEGLAB, 2021.0). Visual inspection of data
ensured the removal of all artifacts. The data used for the analysis ranged from 70.83% to 100%
for each participant. The number of events (prime-target) remained for the analysis was 1128
(88.13%), 1128 (88.13%), 1142 (89.22%), 1142 (89.22%), 1124 (87.81%), and 1152 (90.00%) in
related HPS cognates, related LPS cognates, related noncognates, unrelated HPS cognates,
unrelated LPS cognates, and unrelated noncognates, respectively, for the bilingual group. Data
were time-locked to the presentation of the prime and baseline corrected at 100 ms prior to its
presentation to capture more precise time analysis. Epochs were extracted from 100 ms before
and 900 ms after the prime presentation. Data were averaged for each condition and each
participant in Block 1. We selected the time windows that reflected the processing of meaning,
including the N400 component (300-500 ms post-target onset) and late semantic effects (500-800
ms post-target onset). We also selected time windows that reflected the processing of form: (a) 0-
100 ms post-prime onset, (b) 50-100 ms post-target onset, (c) 100-200 ms post-target onset, and
(d) 200-300 ms post-target onset (the N250, Holcomb & Grainger, 2006). The N400 is a
negative-going component that appears when semantic processing is impaired (Midgley et al.,
2011). Studies suggest that a 300-500 ms time window adequately captures the N400 effect

(Sadeghi, Scheutz, Pu, Holcomb, & Midgley, 2013). The N250 reflects the mapping of
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sublexical form representations (letters and letter combinations) onto the lexical system in visual
word recognition (Holcomb & Grainger, 2006). Two windows were used to capture the N400
activity: one was between 350-500 ms and is found in most studies in L1, and the other was
between 500-650 after the target observed in L2 translation priming (Midgley et al., 2009).
Following Peeters et al. (2013), we averaged mean amplitudes to create five clusters as follows:
left anterior, LA (FP1,F3,F7,FC3, FT7); right anterior, RA (FP2, F4,F8,FC4,FT8); left posterior,
LP (O1,P3,P7,CP3,TP7); right posterior, RP (O2,P4,P8,CP4,TP8); and vertical midline, VM
(Oz,Pz,Cz,FCz,Fz).

4.3.2. Discussion.
The purpose of the present experiments was two-fold. First, we compared the prime durations of
50 ms and 70 ms in two English-Persian blocks with the prime duration of 50 ms in an English-
English block. We used a masked priming lexical decision task to adopt an appropriate prime
duration in Experiment 2. The results of Experiment 1 showed that lexical decisions were
performed faster in EP70 than EP50. Also, in EES0, related primes made the decision-making
faster in HPS than LPS cognates and noncognates. In EP70, related primes elicited more errors
in HPS cognates than unrelated primes. Overall, we observed a significant difference between 50
ms and 70 ms prime durations in Persian blocks. Thus, we increased the prime duration to 80 ms
in Experiment 2 to allow more time for the processing of the prime and raise the possibility of
priming effects on word targets while keeping the prime processing below the level of
consciousness. Prime durations between 70 ms and 90 ms in L2 English were found comparable
to the prime duration of 50 ms in L1 Chinese to produce the same error rates. These durations
caused similar prime awareness and similar level of semantic activation in these two languages

(Wang & Forster, 2014).



147

Second, we tested cross-language cognate and noncognate translation priming in a
different group of Persian-English bilinguals, using a masked priming paradigm, and collected
behavioral and ERP measures in five-channel clusters to determine the influence of the
nondominant language on visual word recognition in L1. In addition, we manipulated the
phonological similarity of cognates in Persian and English to investigate the time-course of the
interactivity of phonological and meaning representations in the absence of orthographic
similarity between these languages. Comparing HPS with LPS cognates and noncognates
provided an appropriate ground to examine whether phonological information had cumulative
effects on visual word recognition in languages with no orthographic overlap.
4.3.2.1. Supporting the nonselectivity view and the cognate effect.

The first objective in Experiment 2 was to replicate the findings of the studies that showed the
influence of L2 on the dominant L1 (Dijkstra, Timmermans, et al., 2000; Duyck, Assche,
Drieghe, & Hartsuiker, 2007; Pu, Medina, Holcomb, & Midgley, 2019; J.G. van Hell & T.
Dijkstra, 2002; W. J. van Heuven, B., Dijkstra, & Grainger, 1998; Xiong et al., 2020) using
cognates and noncognates in a different-script bilingual group, which had not been studied
before. We observed the main effect of prime type in RT and ERP measures. Related primes
made the task faster than unrelated primes, and they modulated the ERP amplitudes from 100 ms
until 500 ms post-target onset. Furthermore, significant interactions between prime and word
types showed that related primes decreased the speed of processing of HPS cognates in all blocks
except Block 4. Similarly, prime and word types interacted to modulate ERP amplitudes in HPS
and LPS cognates. In this study, primes were masked and only target words were displayed in
Persian. This situation created a monolingual setting, where the implicit effects of the

nondominant English language were observed on the dominant Persian language. These findings



148

suggest that English and Persian were activated in parallel while participants were performing
the task and that participants could not ignore English when making decisions in Persian. The
effects of the nondominant on the dominant language provides a stronger support for the
nonselectivity view of word processing across these languages than vice versa.

The results of our study support the so-called cognate effect observed in previous studies
in L1 and attribute the effect to the shared phonological similarity in Persian and English. This
effect is a stronger support for the nonselectivity view of bilingual word processing than the
cognate effect in L2 because it shows that bilinguals cannot block the nondominant language
when the setting is monolingual and only the dominant language is present. The cognate
advantage observed in L1 may result from participants’ increased exposure to the same form-
meaning association in L2, which is observed when bilinguals have daily contact with native
speakers of L2. This situation does not occur in language institutes as an academic subject rather
than a means of communication; this is how participants in this study experienced English.
4.3.2.2. Absence of the noncognate effect.

The next objective of the present study was to test the noncognate priming effect of L2 English
on L1 Persian. Although we displayed the English prime for 80 ms to allow participants to
process the prime longer than the L1 prime, we did not observe any priming effects for
noncognates. Similar to our findings, noncognates did not show any priming effects in L2-L1 in
Japanese-English (Hoshino et al., 2010) and French-English bilinguals (Midgley et al., 2009) in a
semantic categorization task. Conversely, both studies reported translation effects on the N250
and N400 components for noncognates in the L1-L2 direction. The N250 component reflects the
form-level processing of words (orthographic and phonological features), while the N400

component indicates the processing of meaning. As Japanese and English do not share
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orthographic features and as noncognates share meaning in two languages, the appearance of the
N250 component for noncognates should reflect shared conceptual features. In fact, the form-
level feedback that related primes received in the N250 time window can be attributed to the
conceptual features that were activated at higher levels of processing. L2 primes produced slower
and less robust effects than L1 primes. Thus, they failed to provide noncognates with an
advantage in the L2-L1 direction in most studies. Different from Hoshino et al. (2010) and
similar to Gollan, et al. (1997), Fotovatnia and Jones (to be submitted for publication) did not
find priming effects for noncognates in Persian and English in L1-L2 or L2-L1, but unlike
Gollan et al., they found priming effects for cognates in L2-L1. Gollan et al. found no facilitative
effects of the related primes for cognates and noncognates in Hebrew-English bilinguals in L2-
L1.

The absence of priming effects for noncognates in L2-L1 is not consistent with the
predictions of the revised hierarchical model (RHM, Kroll & Stewart, 1994), as RHM predicts
that cognates and noncognates should produce stronger priming effects in the L2-L1 than L1-L2
direction. According to the RHM, L2 words are learned by creating direct connections between
L2 lexical representations and their L1 translation equivalents, which will be used to access the
conceptual system in the initial stages of learning an L2. As learners develop their knowledge of
the L2, they create conceptual links that connect the L2 words directly to the conceptual system.
The existence of direct lexical links between L2 words and their L1 equivalents should have
produced stronger priming effects in terms of faster responses and modulations in the N250 and
N400 components in the ERP analysis in L2-L1 when related primes preceded the targets.
Participants in this study were advanced learners of English, and by extension, used English

daily in Canada for academic and nonacademic purposes. Thus, we expected them to have
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developed strong L2-L1 lexical connections, which would have resulted in the modulations in
the N250 and also direct conceptual links, which would have modulated the N400 component in
the ERP analysis. We did not observe any noncognate priming effect in L2-L1, supporting the
absence of such lexical connections and conceptual links in this group of bilinguals.

Interestingly, we observed a positive relationship between the noncognate effect and the
IELTS scores r(37) = .325, p = .041, but no relationship between the cognate effect and English
proficiency scores. This finding further highlights the importance of the knowledge of L1 and the
role of the phonological overlap in processing HPS cognates in the present study.

The absence of a priming effect for noncognates in L2-L1 supports that the cognate
priming effect observed in the present study initiated from the phonological similarity of
cognates. Presumably, the effects reflected sublexical processes, as shown by the related primes
that facilitated the processing of HPS and LPS cognates in the time windows before 300-550 ms
post-target onset. Conceptual priming occurred at the lexical level and was absent in our
experiment for noncognates. Similar to our findings, Nakayama et al. (2013) did not find any
priming effects for noncognates in L2-L1, but they observed priming effects for cognates. This
priming effect, they strongly believed, originated from the sublexical processing of cognates
given that these effects did not interact with L2 proficiency and word frequency in L2.
4.3.2.3. Testing the phonological account.

In addition to the two objectives of this study, we pursued testing the phonological account of the
cognate effect in Experiment 2. Consistent with this account, we expected the phonological
similarity between words in the two languages to cause more priming effects for HPS cognates,
lesser priming effects for LPS cognates, and no priming effect for noncognates. We found that

HPS cognates were faster than LPS cognates, and they showed earlier effects in the ERP analysis
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than LPS cognates. However, we did not find the predicted results for the LPS cognates.

We observed an early interaction effect between the prime and word types in HPS
cognates at 100-150 ms post-prime onset. Also, related primes decreased word decision RT in
HPS cognates (45.4 ms) more than LPS cognates (8.02 ms) and noncognates (12.16 ms). These
observations highlight the importance of high-phonological overlap in visual word processing in
Persian-English bilinguals and support the hypothesis that English and Persian words are
connected at the level of phonological representations. Like HPS cognates, we observed
significant interactions in LPS cognates in the ERP analysis. However, the interactions started
later than HPS cognates (i.e., at 100-200 ms post-target onset) and continued until 500-850 ms
post-target onset. Related primes showed less positivity than unrelated primes in the 200-300 ms
time window in the RA cluster and more positivity from 200 ms to 300 ms post-target onset over
the posterior clusters. This finding suggests that the mapping of orthographic to phonological
representations was easier for LPS cognates over posterior clusters. We further speculate that
mapping phonological representations to meaning required less neural resources for this group of
cognates over these regions due to the more positivity of related than unrelated primes at 300-
500 ms post-target onset. It is highly possible that LPS cognates activated the existing posterior
L1 knowledge (Midgley et al., 2011). This group of cognates faced less competition when
mapping orthographic to phonological representations in Persian, as LPS cognates were regarded
as original Persian words more than HPS cognates. These conclusions agree with other
observations in our study.

ERP analyses showed that interaction between the prime and word type was later in L2
than in L1 (Chapter 3). Similar to our results, an earlier interaction in L1 than in L2 has been

found in previous studies. For example, in Midgley et al.'s study (2011), the cognate effect



152

started at 200 ms in L1 (English) and was distributed across the scalp from 300-500 ms but did
not continue to a 500-800 ms time window. In L2 (French), cognate effects started at 300 ms and
were widespread after 550 ms. A similar pattern was observed for the cognate effect in our study,
although the effect occurred earlier in our study than in other studies. For example, the
phonological priming appeared in Japanese-English bilinguals at 200-250 ms in L2 (Ando et al.,
2014) and Dutch-English bilinguals and English monolinguals at 120-180 ms in L2 but at 180-
280 ms in L1 (Timmer & Schiller, 2012). We also observed similar results to those of Fotovatnia
and Jones (under review). We observed that Persian primes interacted with English targets earlier
(at 0-100 ms post-prime onset, Fotovatnia & Jones) than English (L2) primes (at 100-150 post-
prime onset in the present study) in HPS cognates. In the present study (Exp. 2), related English
primes interacted with Persian targets earlier than the studies we have just reported.

Conversely, high-phonological overlap increased the number of errors in HPS cognates
more than LPS cognates and noncognates. We observed that related primes produced
modulations from 100 to 500 ms post-target onset for LPS cognates. Related primes also
produced smaller positive amplitudes than unrelated primes in all conditions in the RA cluster,
but they produced more positivity at 100-200 post-target onset in the LP cluster. Presumably, the
higher phonological similarity between two phonological representations of cognates made it
harder for the participants to decide whether the target was a Persian word. One reason might be
the frequency that the participants used English compared to Persian in their day-to-day lives.
Participants lived in an English-speaking province in Canada, so while they spoke Persian with
family and friends on social occasions, they spoke English more frequently at school, work, and
in other public locations. We found a positive relationship between the time the participants had

resided in Canada and their reported listening frequency, speaking frequency, reading frequency,
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and writing frequency in English, r(37) = 48., p=.005; r(37) = .72, p< .001; r(37) = .43, p=.014;
and r(37) = .46, p=.008, respectively. While speaking Persian and English simultaneously,
participants used cognates more than noncognates. Thus, the connections between cognates were
made stronger than noncognates in their two languages. These connections may have helped
participants perform the task faster, as they could access the concepts faster for cognates than
noncognates.

Increasing exposure to cognates in English, nonetheless, made the lexical decision more
challenging in Persian, particularly for cognates with high-phonological overlap. We also
observed a positive relationship between the reported reading frequency and RT in HPS
cognates, r(37) = .34, p = .039; participants who reported a higher reading rate in English
performed the task faster. The results of the ERP analysis showed that the amplitudes of HPS
and LPS cognates were more positive and larger than noncognates from 200 to 500 ms post-
target onset over the anterior clusters, while they produced larger negative amplitudes than
noncognates in posterior clusters.

A reversed cognate effect was observed in Midgely et al.’s study (2011) at 300 ms post-
stimulus onset but in L2 French. They attributed this observed anterior N40O distribution to
lower proficiency in the L2 and the competition that cognates face when mapping their
orthographic onto phonological forms. These researchers argued that cognates produced
comparatively larger posterior N400 because they activated the existing posterior L1 system.
Noncognates produced little activity over these regions because their representations in the L2
were not yet fully developed in their low-proficient speakers. They speculated that the cognate
effect will expand to the posterior regions of the brain when proficiency increases in L2 and thus

making L2 representations more stable. Put differently, advanced L2 speakers are not expected



154

to show more anterior N400 distributions and a reversed cognate effect in L2. Midgley and
colleagues also hypothesized that the reverse cognate effect reflected the competition that
cognates had while mapping their orthographic onto their phonological representations in French
and English; cognates have one orthographic and two phonological representations, and these
phonological representations compete against each other. No such competition is available for
noncognates that have one orthographic and one phonological representation in French and
English.

In our study, we observed a reversed cognate effect in the time windows that are
associated with sublexical (200-300 ms time window) and conceptual (300-500 ms time
window) processing of words in posterior clusters but in L1. There are two differences between
our study and Midgley et al.’s study (2011). Our participants were more advanced than the
participants in their study, as their overall average of self-reported reading frequency in L2 was
3.6 in their study vs. 5.9 in our study, and they obtained an average of 7 on an academic module
of IELTS. Also, these effects were observed in the dominant language in Persian and English,
which are languages with different scripts. Thus, cognates face no competition resulting from the
same reading and two different pronunciations they observed in English and French. We,
however, present a similar explanation. For one, noncognates showed more positive amplitude in
the posterior clusters than cognates, as their processing relied mainly on the L1 knowledge in
these areas, which is also supported by Midgley and colleagues. Recall that the lexical decision
was in Persian, which was the dominant language for participants. At the same time, related
primes were more positive over the posterior and more positive over the frontal clusters for LPS
cognates in the 200-300 ms, as related primes facilitated their mapping of orthographic to

phonological representations. This effect was reflected in the RT analysis.
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4.3.2.4. Related LPS shown more negativity.
We observed significant interactions between prime and word types in LPS cognates from 100 to
850 ms time windows. Related primes were less positive-going than unrelated primes between
100 and 300 ms post-target onset in the RA cluster, while they were more positive going than
unrelated primes in posterior clusters in the same time window and the postN400 time window.
However, the behavioral analysis did not show any priming effects in LPS cognates. For the ERP
analyses, we expected related primes would produce larger positive amplitudes in the N250 and
smaller negative amplitudes in the N400 components, compatible with the phonological account
of the cognate effect. In line with the phonological account of the cognate effect, we also
hypothesized that LPS cognates were processed more slowly than HPS cognates and faster than
noncognates. A discrepancy between the behavioral and ERP measures appeared in our study.
This type of discrepancy in the results of neural and behavioral measures was also
observed in previous studies. Bice and Kroll (2015) observed no priming effects in behavioral
analysis but found priming effects in their ERP analysis of English-Spanish beginning learners.
The learners showed larger negative amplitudes in the N400 component for cognates than
noncognates but no significant behavioral effects in a lexical decision task in English. Bice and
Kroll attributed the appearance of negative amplitudes to the effects that the developing L2 had
on L1; learners in their study attempted to decrease the influence of their developing L2
knowledge on the L1 system by suppressing cognates, as they mistook cognates as being solely
part of their L1 knowledge. Similarly, learners showed slower performance but greater parallel
activation and inhibitory control in L1. Bice and Kroll agreed with (McLaughlin, Osterhout, &
Kim, 2004) that ERP effects precede behavioral effects but maintained that the magnitude and

direction of such effects needed further investigation. We have reached the same conclusion, as
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we observed the influence of the developing English on Persian in this study.

We found that prime and word types significantly interacted in LPS cognates in the ERP
analysis, but they failed to interact in the behavioral analysis. We presume that these ERP effects
are detectable before behavioral effects arise for LPS cognates. Unexpectedly, unrelated English
primes produced more positive amplitudes in form-related components, such as the N250, and
they produced smaller negative amplitudes in the N400 component. As discussed before, we also
observed a discrepancy between the behavioral and ERP results in HPS cognates. HPS cognates
produced negative amplitudes in a 100-150 prime-onset time window, and the related primes
produced smaller negative amplitudes. Related primes also decreased RTs but increased
incorrect decisions in HPS cognates. Different from Bice and Kroll’s study (2015), our
participants were advanced learners of English, who used English and Persian simultaneously.
They used English in society and Persian at home and in meetings with friends and relatives.
Consequently, they encountered cognates more frequently than noncognates, as cognates are
found in both languages. The appearance of ERP modulations in the LPS cognates supports that
participant attempted to avoid the influence of their developing English on the yet dominant
Persian. We conclude that the appearance of the ERP effects on LPS cognates although
detectable, were insufficient to alter their behavioral responses. Hence, we predict that more
frequent use of English as an L2 results in changing the speed and outcome of the processing of
LPS cognates in a masked-priming lexical decision task in Persian-English bilinguals. This topic
requires further investigation.

Overall, we failed to observe consistent graded effects across all experimental conditions
when we analyzed ERP and behavioral results for HPS cognates, LPS cognates, and

noncognates. We observed that HPS cognates showed ERP and behavioral priming effects, LPS
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cognates showed ERP priming effects, and noncognates showed neither ERP nor behavioral
priming effects on the lexical decision in Persian. Cognates are part of L1 knowledge, but as
individuals use L2 more frequently for communication, they encounter cognates more often in
that language. Consequently, participants in our study found it faster to make a lexical decision
on HPS cognates but harder to keep the two language systems apart. LPS cognates possess less
phonological similarity in two languages than HPS cognates. Thus, they require more time to
develop a similar pattern of processing to HPS cognates. Future studies that involve Persian-
English bilinguals that have resided in Canada longer and have used English more often than
Persian can test this prediction.

4.4, Conclusion

The present study investigated visual word recognition to test the nonselectivity view of
bilingual word processing and the phonological account of the cognate effect in L2-L1 in a less-
examined different-script bilingual population. The phonological account presumes that HPS
cognates should show advantages over LPS cognates, and LPS cognates should show advantages
over noncognates in behavioral measures. However, we used behavioral and ERP measures and
showed that the processing of HPS cognates, LPS cognates, and noncognates in L2-L1 did not
conform to those predictions. HPS cognates were processed faster but elicited more errors, than
LPS cognates and noncognates, and they caused modulations in the N100. LPS cognates showed
no advantages over noncognates in RT and accuracy but showed modulations in the ERP
components. Different from cognates, processing of noncognates was not affected by priming.
The absence of priming effects for noncognates is consistent with previous research utilizing a
masked priming lexical decision task in L2-L1.

Future research with beginners and more balanced Persian-English bilinguals could allow
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us to determine whether the same stimuli produce a different pattern of results in these
populations. Comparing cognates with varying levels of phonological overlap in Persian and
English with noncognates shows the extent that the two languages are connected at the
phonological level in the absence of orthographic similarity. Moreover, it is also possible that
different patterns of processing for cognates and noncognates in L1 are due to learning an L2,
even at the early stages of L2 learning, which would further support the nonselectivity view in
this group of bilinguals. In addition, a similar study that uses a semantic categorization task with
more focus on meaning, and word naming with more emphasis on word production, could show

how much the results are independent of the experimental task and the modality of processing.



159

Chapter 5. General Discussion

5.1. Overview of the Chapter

A brief review of the literature on the cognate effect and the role of the phonological similarity
of words in cross-language studies is presented in the following section. The purpose and
methodology of the studies as well as the behavioral results of the second and third studies are
discussed in the context of this previous literature. Following this discussion of the behavioral
results is a discussion of the ERP results observed in each study. Finally, the implications of the

findings and suggestions for future research are presented.
5.2. The Review of Literature

Although it is not known precisely how many people are bilingual, it is estimated that more than
half of the world’s population knows two or more languages (Ansarin & Saeeidi-Manesh, 2017;
Grosjean, 2010). Research on bilingualism is important considering this growing bilingual
population (Ju & Luce, 2004; Kroll, Bobb, & Wodniecka, 2006; Kroll & Stewart, 1994; Lagrou
etal., 2011; Marian et al., 2003). Bilinguals access two language systems and researchers are
interested in understanding how they recognize words in each language and how the words in
one language influence the recognition of words in the other language. Evidence for the effect of
one language on the other language comes from studies on cognates (words that share
phonological and/or orthographic as well as semantic features in two languages) and
noncognates (words that share semantic features in two languages) among other word types such
as homophones, homographs, and false cognates, using a masked-priming lexical decision task.
In this task, a short presentation of a prime enables the subliminal processing of the word prime

(Forster & Davis, 1984), influencing the decisions and thoughts (Merikle, 2000), and behavior
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(Jiang & Forster, 2001; Zhou et al., 2010) of participants. This task also allows the same word
target to follow a related prime in one condition and an unrelated prime in another condition.
Hence, the differences caused by primes help elucidate the influence of a first language on L2
processing, and vice versa.

Studies on cognates have shown faster word decision-making in similar-script and
different-script languages in L1 (de-Groot & Nas, 1991; Gollan et al., 1997; Kim & Davis, 2003;
Voga & Grainger, 2007) and L2 (de-Groot & Nas, 1991); this pattern of responses is known as
the cognate facilitation effect (Cristoffanini et al., 1986; de-Groot & Nas, 1991; Dijkstra et al.,
1999; Dijkstra, Miwa, Brummelhuis, Sappelli, & Baayen, 2010; Dijkstra & van Heuven, 1998;
Lemhofer et al., 2004; Lemhofer, Spalek, & Schriefers, 2008; Peeters et al., 2013; Sachez-Casas
etal.,, 1992; J.G. van Hell & T. Dijkstra, 2002). Similarly, cognates have been shown to elicit
smaller N400 amplitudes in ERP studies in L1 and L2 (Dunabeitia, Dimitropoulou, et al., 2010;
Midgley et al., 2011; Peeters et al., 2013). The evidence for a noncognate effect is equivocal.
However, noncognates have been shown to have greater facilitative effects in RT and error rates
in the L1-L2 than in the L2-L1 direction (Dimitropoulou, Dunabeitia, et al., 2011; Gollan et al.,
1997; Jiang, 1999; Kim & Davis, 2003; Voga & Grainger, 2007).

There is controversy over the origin of the cognate effect. It is hypothesized that the
effect is related to task difficulty (Chee, Lee, Soon, Westphal, & Venkatraman, 2003; Chee,
Westphal, Goh, Graham, & Song, 2003) or word features (Gerard & Scarborough, 1989) such as
cross-linguistic phonological and semantic similarities (Dijkstra et al., 1999; Francis, 1999;
Gerard & Scarborough, 1989). However, the emergence of the cognate effect and the lack of
consistent finding regarding the noncognate effect has led to an emphasis on the role of the

phonological and orthographic similarity in languages with similar scripts (Gollan, Montoya,
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Fennema-Notestine, & Morris, 2005; Lemhofer et al., 2004) and an overreliance on phonology in
L2 for languages with different scripts (Voga & Grainger, 2007). If this view, called the
phonological account of the cognate effect, explains the cognate effect properly in different-
script languages, the cognate effect should correlate with the degree of the phonological
similarity of cognates in the two languages. Testing this prediction is possible when cognates
with HPS are compared with cognates with LPS and with noncognates that are translation
equivalents with no phonological similarity in bilinguals who speak different-script languages.
Using Persian and English eliminates the effect of orthographic similarity of the scripts while
simultaneously isolating the effect of phonological similarity when cognates with varying
degrees of phonological similarity and noncognates are compared. Finally, EEG recordings can
complement the behavioral data-collection techniques, as they show the electrical activity of the
brain while a task is completed. Employing both measures helps elucidate whether inconsistent
results in the literature depend on the techniques used, while also adding data with temporal
resolution to more fully uncover processes that guide language perception.

This dissertation focused on the behavioral and neural measures of the cognate effect to
show whether masked translation priming correlated with the degree of phonological similarity
between cognates and noncognates in Persian-English bilinguals. Further, this study aimed at
understanding whether masked translation priming for cognates would be observed across
Persian and English and whether the asymmetry in cross-language priming (i.e., facilitative
priming effects in L2 but not in L1) would occur for noncognates in this group of bilinguals.

This dissertation comprises three studies. The first study involved the creation of a
database to use in the subsequent studies of this dissertation and measured the lexico-semantic

features of the chosen words; the lexico-semantic features of words have been found to be
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critical in previous bilingual studies on word recognition and processing. The second study
compared the size of priming effects in HPS cognates, LPS cognates, and noncognates in a
lexical decision task with a Persian prime and an English target in Persian-English and English
monolingual speakers. Finally, the third study used the same methodology, stimuli, and task as
the second study, but in the opposite direction (i.e., a prime word in English and a target word in
Persian).

5.3. Behavioral Results

We collected four blocks of data in all studies. However, statistical analyses showed that
participants performed differently across blocks in the experiments. Thus, we reported the results
obtained in block 1 in the previous chapters and in this section. The first block, we believe,
reflects the nature of word processing more accurately because participants saw the stimuli for
the first time. Below, the findings will be discussed in a broader context.

Regarding the behavioral analysis, we found consistent results across groups. Related
primes decreased the RT in cross-language and same-language conditions. However, the priming
effect was larger in the monolingual group (55.23 ms) than in bilingual groups (26.10 ms and
25.19 ms in the Persian-English and English-Persian directions, respectively). Related primes
increased correct lexical decisions in the Persian-English direction, while they did not show any
facilitatory effects in the English-Persian and the monolingual group. We noted that related
primes decreased the RT in the bilingual groups. This facilitatory effect shows that bilinguals
benefited from the presence of the other language system in doing the task. In other words,
bilinguals could not ignore their other language system and the prime automatically affected the
RT for all participants. This is called nonselectivity in language processing and has been

supported by research studies (Dijkstra et al., 2010; Dijkstra, Timmermans, et al., 2000; Duyck et
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al., 2007; Pu et al., 2019; J.G. van Hell & T. Dijkstra, 2002; W. J. van Heuven et al., 1998; W. J.
van Heuven & Dijkstra, 2010; W. J. B. van Heuven, Schriefers, Dijkstra, & Hagoort, 2008; Zhou
et al., 2010). Unsurprisingly, a related priming condition led to larger effects for monolinguals
than bilinguals, which seems reasonable considering the fact that English was the L1 for
monolinguals and L2 for bilinguals, and monolinguals also benefited from repetition priming.

Comparing the findings across groups demonstrated that cognates have a special status
for bilinguals, as related primes significantly decreased the RT in HPS cognates and LPS
cognates in the Persian-English study (Chapter 3) and HPS cognates in the English-Persian study
(Chapter 4, Experiment 2). Related primes, nonetheless, decreased the RT significantly in both
cognates and noncognates in the monolingual group. Related primes facilitated the processing of
HPS cognates similarly across Persian-English, English-Persian and English-English groups
(40.55 ms, 45.40 ms, 46.70 ms in the, respectively). Related primes decreased the RT for
cognates. However, the priming effect was larger in LPS cognates (40.55 ms) than HPS cognates
(21.15) in Persian-English. Conversely, related primes decreased the RT only in HPS cognates
(45.40 ms) in the English-Persian direction. This observation supports the hypothesis that higher
phonological similarity in cognates produces stronger cross-linguistic effects than lower
phonological similarity, as LPS cognates did not produce consistent effects across the
experimental conditions.

Regarding noncognates, no priming effects were observed in bilinguals, but significant
priming effects were observed in the monolingual group (i.e., 70.89 ms). The absence of the
priming effect for noncognates was unexpected, especially in Persian-English, as these words
shared conceptual features across the two languages and this effect was observed in other studies

in same- and different-scripts languages in L2 (de-Groot & Nas, 1991; Dimitropoulou,
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education in Canada are familiar with French. Monolingual participants, however, stated that
they did not have any knowledge of a second language. We however can not eliminate the
possibility that they might have had familiarity with French.

Second, the lexico-semantic features of words were measured using two samples that
differed from the participants who performed the lexical decision task in the main EEG studies.
Cognates were also divided into HPS and LHS cognates based on a questionnaire distributed
among a different group of Persian-English bilinguals. Although it is common to use
questionnaires to collect such information, this method may be subjective and sample dependent.
Researchers advise that these features be measured in the sample who participates in the study.

Another limitation might be the differing ratios of female to male participants in the
experimental and control groups. Current research indicates sex differences in specific cognitive
abilities, with women showing superiority in verbal abilities compared to men (Ardila, Rosselli,
Matute, & Inozemtseva, 2011; Herlitz, Airaksinen, & Nordstrom, 1999; Maitland, Herlitz,
Nyberg, & Nilsson, 2004; Wirth et al., 2007).Words are recognized in three stages where
(Zwitserlood, 1989) (a) word forms are extracted, and their semantic and syntactic features will
be available, (b) one or more lexical representations are selected, and (c) lexical elements are
integrated by being fit in higher order meaning representations.

Findings show that females are more likely to engage in the elaborative processing of the
meaning of verbal (or verbally encoded) information than males (Maitland et al., 2004). Women
showed advantages in higher-order semantic processing (third stage according to (Zwitserlood,
1989) in ERP studies. They showed an earlier and longer lasting effect in the N400 component
when they read semantically related and unrelated word pairs. However, men and women did

not show any differences in P1-N1 pattern supporting similar lexical semantic access in both
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sexes (Wirth et al., 2007) when the early and possibly automatic lexical-semantic access in
visual word recognition is concerned (Sereno, K.F., & Posner, 1998; Sereno & Rayner, 2003).
ERP studies also reported a larger amplitude in word reading, (from 70 to 1200 ms, Skrandies,
Reik, & Kunze, 1999) and reduced latencies in the N4 component (Taylor, Smith, & Iron, 1990)
in women.

On the other hand, researchers have found the linguistic superiority of females over
males to have relatively small effect sizes, which explains about 1%-2% of the variance in the
normal population (e.g., Wallentin, 2020). For this reason, gender differences in language are
negligible when focusing on the whole population, but these differences manifest themselves
when focusing on language deficits.

We believe no potential issues raised from this discrepancy in our study's results. Our
purpose in these studies was to examine the effects of the degree of phonological overlap on the
processing of cognates and noncognates, and both males and females performed the lexical
decision on all three kinds of words in each study. For one, the interaction effect observed for
HPS cognates occurred early, and previous studies failed to show any sex differences in the first
stage of word recognition as defined by Zwitserlood (1989). Also, if we hypothesize that women
recognized words differently from men, the effects should have been observed on all word types
in our studies. There might be the possibility that gender interacts with word type or that
nonlinguistic information and other cognitive control systems, and this interaction creates sex
differences. Future research should address these issues. Overall, no reviewed studies considered

sex a confounding variable in the visual recognition of cognates and noncognates.
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5.7. Suggestions for Future Research and Conclusions

The findings of this dissertation can be investigated using tasks that create different
expectations, and thus requiring participants to adopt various strategies to perform them. A
similar study can be conducted using a masked priming paradigm with tasks such as go/no go
and word-naming to change task requirements, while focusing on the meaning or formal features
of words, respectively. It will also be critical to test the extent to which cognate primes with
varying phonological similarities and noncognate primes in Persian and English can activate the
conceptual features of target pictures. Using EEG, for example, can complement behavioral
measures to determine the extent to which the phonological similarity of HPS cognates facilitates
their speed of processing and conceptual understanding, removing the effect of language context
or list composition. Also, EEG may show the effects that are still undetectable by behavioral
measures. Indeed, we observed ERP effects for LPS cognates, which we predicted, occurred
prior to behavioral effects. Finally, further studies could address these issues by manipulating
language context in terms of the composition of the list of stimuli. Noncognates can be included
in a list one time with and another time without LPS cognates to understand whether list
composition can lead to different outcomes.

The present dissertation provides evidence for the key role of cross-linguistic
phonological similarity of cognates in visual word recognition in the absence of orthographic
overlap. By analyzing cognates and noncognates in Persian-English bilinguals, this dissertation
has shown that higher phonological similarity of cognates in these languages provides
advantages to visual word recognition, but the facilitative effects did not correlate with the
degree of phonological similarity in cognates. Also, the absence of semantic priming for

noncognates, which was unexpected, raises the question of why noncognates failed to show any
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advantages due to their semantic overlap in Persian and English. In line with the BIA+ model,
the unexpected findings may be the result of the participants’ expectations and strategies that

they adopted to complete the task, and language context.
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Appendix 1. List of Words in English and Persian, Low-Phonological Similarity Cognates (1), High-Phonological
Similarity Cognates (2), Noncognates (3), and Fillers (4)

Type Related list Ril?stfd Unrelated list Unrelated list Type Re*llifgied Re*llifgied Unrlst?tEd Unrl?;?ted
1 oY sl ambulance gk Newipape 2 s Spray Dl Fridge
1 Jhsla caviar osh plasma 2 il Standard s treatment
1 sl asthma e gossip 2 o Bronze S Oyster
1 gl spinach B cactus 2 2osh Bulldozer Kapil cathedral
1 Sl skeleton Sl musician 2 Sl Baseball Al downtown
1 sy bacteria il machinery 2 Jis personnel ey ceremony
1 3 fairy s R suite 2 s Protein Gl prophet
1 Ay pistachio g clarinet 2 s password Sl embassy
1 4l 3y pajamas ST P) flashlight 2 sl Piano o1 mirror
1 <l 8 toilet Dl giant 2 S Taxi e garage
1 e s typhus e samba 2 Sl 3 Traffic il robbery
1 BB, saffron Al asphalt 2 o Test cdly gold
1 [ star s8il trip 2 oals telephone 45 cigarette
1 s s sausage sl trophy 2 S 5 Tourist slial sunlight
1 o 5kl chimpanzee Sl bIacI;berr 2 sl Dinosaur BB broccoli
1 S sugar gk engine 2 Sl diplomat s organism
1 e chocolate UM magazine 2 uss) Raccoon ) 54lS Seagull
1 Jie gazelle Jsia apron 2 sty restaurant Sl Gentleman
1 Jse b formula P calendar 2 sy Robot na Peanut
1 8 canary EBTS) fabric 2 bgas Seminar Cia S Junction
1 Jis cable il flesh 2 3N syndrome Sas Prophecy
1 lapails candidate g s specimen 2 Jaia Sandal 3 Cabbage
1 S8 club ol month 2 Jansd Fossil <3 Gadget
1 o S congress oaiil & gravity 2 Sus Kayak A Veggie
1 B group el crime 2 S Golf oy Photo
1 <l Lip el arrow 2 A Lens S Grape
1 el lemon Ak parade 2 — List o Store
1 G sale mammoth 28 seaside 2 Sl Website a8 Cupcake
1 Ui mouse BYd hawk 2 Bt Tire S Apes
1 e se mummy s snack 2 BB Bazar < Teacup
1 ST virus oaid drama 2 Bt Tumor ded Stamp
1 Oanly Jasmin os¥a sunrise 2 S pS Kiosk Slea Teapot
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Typ Relate  Related Unrelated  Unrelated Typ Related Related Unrelate  Unrelated
e d list List List list e List list d list list

3 UiSs Hammer SS pepper 4 Soss theory G Pride

3 pse Wax By Pond 4 Jiss tunnel 4l Sweat

3 Gl Horizon A pilgrim 4 BN jungle ol Outfit

3 Slasdy Regret Sose silence 4 BEEL radiator Ol handicap
3 »b Merchant Aoy restroom 4 4l karate Sl haircut
3 S Darkness A3 gambling 4 BB casino S Dragon
3 g 58 Diversity ) e hesitation 4 oS coupon e Pupil

3 o Prize BES) Swell 4 BESIY molecule S A novelist
3 Jhaa Audience A shoulder 4 BET) violin oS Tomato
3 adls Ring Es) Fish 4 235 threat dal Image

3 B3 Dormitory OH dressmaker 4 Ol Pl nomad YL Shaver
3 Dl Grocery S lemonade 4 o)A reptile Bl chemist
3 ugisa | Relative s R magician 4 i error ke Theft

3 ol Skirt Sla ladder 4 o el yawn AdlSs Sieve

3 At Bracelet Al 8 terminal 4 4os charity ) romance
3 <) Lipstick (s s umbrella 4 BB behavior s objection
3 b Soldier Al £ medicine 4 Moy cancer Al Script

3 ok Planet BB licence 4 Sy eraser S Mover

3 Ciia Industry il territory 4 G skewer [ Faucet
3 e Pedestrian g calculator 4 Ll mixture ok rotation
3 e Member = senior 4 sl reaction el comfort
3 ol Science B travel 4 islS nightmare [aBE underwear
3 AL Zebra Al cradle 4 S tummy 425 Milk

3 g Liguid 2 bicycle 4 a2 womb p2sa Rice

3 Giaa Researcher ailaag, bridegroom 4 Jlasad chart Sy Sport

3 S e Customer )b incident 4 e pencil BEY) Flower
3 o aa Miracle Laila desire 4 &3 ghost g Nerve

3 e Brain Cude Gold 4 Sala mask auls Sand

3 e Shortcut oLls opponent 4 2352 village e Library
3 > 530 Fruit A g Wolf 4 gl shampoo poR Turkey
3 P Poem g Item 4 xS condo b Squad

3 Suiax Sparrow Ll » lettuce 4 <l nation AR Effect

4 > Beige S Geese 4 s ribbon S Priest

4 I8 Gallery v g cocktail 4 op decade uab Writer
4 2B Grammar shan refund 4 S rabbit BES] Orange
4 oY Lamp s crown 4 i cage by Deck

4 e Method A virtue 4 Slise rocket i Jacket

4 s Menu E S5 Sofa 4 Sl clown o Beast

4 sokb Battery »K railroad 4 oS glory A gy Radar

4 05855 Projector Sl )& tablecloth 4 d: bridge gl Pocket
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Appendix 2. Features of Cognates and Noncognates of Persian and English Words Across High-Phonological
Similarity Cognates (HPS), Low-Phonological Similarity Cognates (LPS), and Noncognates (NC) in Related (R)

and (U) Unrelated Conditions, Persian-English Study

Persian primes

English targets

LPS HPS
LPS HPS NC
R U R U R U
The number of 5.75 5.75 6.22 5.75 5.69 4.78 5.66 5.66 6.19
phonemes (1.48) (1.48) (1.56) (1.48) (1.38)  (L54)  (156)  (142)  (1.67)
The number of 4.94 4.63 5.56 5.06 478 478 6.47 6.41 6.81
letters (1.41) (1.26) (1.68) (1.37) (154)  (139) (L7)  (1.78)  (1.73)
Frequency per  62.42 69.63 56.03 54.30 6533 6558  17.26 1541  18.26
million (217.97)  (21352)  (119.25)  (114.23)  (109.01) (107.66) (24.02) (21.02)  (21.02)
Neighborhood ) ) ) ) ) ) 2.85 2.72 2.56
density (5.18)  (372)  (3.96)
Concret 3.83 3.66 3.80 351 345 358 ] ] ]
oncreteness (.79) (73) (0.69) (.86) 0.86)  (83)
| il 3.93 3.89 3.96 373 3.88 338 ] ] ]
mageability (.75) (.66) (.63) (.65) (.58) (.66)
Pronunciation } ) ) ) ) 4.23 2.61
similarity (.38) (.:33)
R ) ) ) ) ) ) 2.79 2.63 253
amulfartty (.85) (.84) (.66)




Appendix 3. One-way ANOVA on the Word Features of Persian Words Across Word Types. Number(No),

related(R), unrelated (U).

Sum of Squares df Mean Square F Sig.
R_No_letters Between Groups 11.02 3.00 3.67 159 0.196
Within Groups 280.18 121.00 2.32
Total 291.20 124.00
R_No._Neighbors Between Groups 1419.00 3.00 473.00 0.70 0.553
Within Groups 80921.87 120.00 674.35
Total 82340.87 123.00
R_frequency Between Groups 34847716.91 3.00 11615905.64 0.44 0.722
Within Groups 3137695933.98 120.00 26147466.12
Total 3172543650.88  123.00
R_imageability Between Groups 1.93 3.00 064 142 0241
" Within Groups | 5456  120.00 0.45
Total 56.49 123.00
R_concreteness Between Groups 1.55 3.00 0.52 0.75 0.146
"~ Within Groups | 82.71  120.00 0.69
Total 90.26 123.00
R_No_Phonemes Between Groups 5.69 3.00 190 0.82 0483
" Within Groups | 278.34  121.00 2.30
Total 284.03 124.00
R_frequency_Mahak Between Groups 9161347781.92 3.00 3053782593.97 0.33 0.802
" Within Groups | 1110667123832.52 121.00  9179067139.11
Total 1119828471614.43  124.00
R_frequency _milllion  Between Groups 19982.83 3.00 6660.94 0.33 0.802
" Within Groups | 2422599.35  121.00 20021.48
Total 2442582.18 124.00
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U_No_letters Between Groups 3.18 3.00 106 056 0.641
"~ Within Groups | 22829 121.00 1.89
Total 231.47 124.00

U_No_Neighbors Between Groups 1714.16 3.00 57139 0.75 0.522
"~ Within Groups | 91682.36 121.00 757.71
Total 93396.51 124.00

U_No._Neighbors Between Groups 59184686534.76 3.00 1972822884492 1.04 0.376
T Within Groups | 2249102509424.37 119.00 18900021087.60
Total 2308287195959.13  122.00

U_Imageability Between Groups 131 3.00 044 096 0.415
"~ Within Groups | 55.08 121.00 0.46
Total 56.39 124.00

U_Concreteness Between Groups 0.72 3.00 024 037 0.778
" Within Groups | 79.30  121.00 0.66
Total 80.02 124.00

U_frequency_Mahak Between Groups 11707768523.08 3.00 3902589507.69 045 0.721
" Within Groups | 1060166416481.60 121.00  8761705921.34
Total 1071874185004.67 124.00

U_frequency_million Between Groups 25537.11 3.00 8512.37 045 0.721
" Within Groups | 2312446.65 121.00 19111.13
Total 2337983.76  124.00
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Appendix 4. One-way ANOVA on the Word Features of English Words Across Word Types. Number(No),

related(R), unrelated (U).

Sum of Squares df Mean Square F Sig.
R_familiarity Between Groups 111 3.00 0.37 0.61 0.612
Within Groups 72.30 119.00 0.61
Total 7341 122.00
R_ familiarity _sum Between Groups 235.51 3.00 78.50 053 0.205
Within Groups 1777322 119.00 149.35
Total 194108.73  122.00
Pronunciation Between Groups 42.12 2.00 21.06 187.19 0.000
Within Groups 866  77.00 0.11
Total 50.78  79.00
R_No._letters Between Groups 15.68 3.00 5.23 211 0.102
Within Groups 349.38  141.00 2.48
Total 365.06 144.00
R_No._phonemes Between Groups 9.71 3.00 3.24 141 0.395
Within Groups 324.66 141.00 2.30
Total 34437 144.00
R_frequency_million Between Groups 150.36 3.00 50.12 0.14 0.938
Within Groups 51566.50 141.00 365.72
Total 51716.86 144.00
R_No._Neighbors Between Groups 1.59 3.00 0.53 0.03 0.992
Within Groups 2347.85 140.00 16.77
Total 2349.44  143.00
U_familiarity Between Groups 2.22 3.00 0.74 153 0.211
Within Groups 57.67 119.00 0.48
Total 59.89 122.00
U_familiarity _sum Between Groups 31 3.00 1043.26 143 0.237
Within Groups 86739.54 119.00 728.90
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Total 89869.32  122.00

U_No._letters Between Groups 8.10 3.00 2.70 1.03 0.381
Within Groups 313.99 120.00 2.62
Total 322.09 123.00

U_No._phonemes Between Groups 5.84 3.00 1.95 0.81 0.491
Within Groups 288.90 120.00 241
Total 294.74  123.00

U_frequency_million Between Groups 961.72 3.00 320.57 0.85 0.468
Within Groups 45133.94  120.00 376.12
Total 46095.66 123.00

U_No._neighbors Between Groups 2.53 3.00 0.84 0.08 0.970
Within Groups 1240.15 120.00 10.33
Total 1242.68 123.00

Nonword_prime_letter Between Groups 6.04 3.00 2.01 0.75 0.526
Within Groups 323.40 120.00 2.70
Total 329.44 123.00

Nonword_prime_phoneme  Between Groups 1.24 3.00 041 0.18 0.908
Within Groups 27043 119.00 2.27
Total 271.67 122.00

Nonword_frequency Between Groups 552.81 3.00 184.27 0.60 0.613
Within Groups 36579.77  120.00 304.83
Total 3713259 123.00

Nonword_No._letters Between Groups 8.45 3.00 2.82 112 0.343
Within Groups 353.99 141.00 251
Total 362.44  144.00

Nonword_No._neighbors Between Groups 37.03 3.00 12.34 1.07 0.363
Within Groups 1622.86  141.00 1151
Total 1659.89  144.00
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