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Abstract

Reading is fundamental to everyday life and can appear automatic and effortless, but
this seemingly simple skill involves complex interactions between neural networks
within ~200ms of seeing a wordVhile a wealth of work has investigated when and how
orthography and phonology interact during visual word recogni{dWR) much is still
unclea aboutsuch earlynative language (L1) processing amghificantlymore so when
considering reading a second language (L2).

To investigate this, monolingual English participants (native, alphabetic L1), late
bilingual SpanisiEnglish participants (nenative, alphabetic L1), and late bilingual
ChineseEnglish participants (nenative, nonalphabetic L1) read English words,
pseudohomophones, and pseudowords in orthographic and phonological lexical
decision tasksand real English words in aworthogonal rhyne recognition task
Behavioural performance was evaluated alongside ewvetdted potential (ERP)
analysisof occipital, occipitotemporal, and frontalentral activity in the ~100mgpost-
stimulustimeframe (i.e., P10, P1OT, and N106FCcomponents, respective)yas well
asthe ~170ms timeframeat occipitotemporal sitegN1730T)following documented
associations withearly orthographic and/or phonological processing Crucially
interpretations ofanalyses took the markedly different lamage profiles into account
to examine how L1 might influence L2 processing.

Patterns of behaviour and electrophysiology showedsimilaities but
distinguished between groups based on language profAemlysis highlightedvidence
for early orthographyhonology mapping at occipitotemporal sitegarallel
orthographc/phonologcal processingat frontal-central sites at~100ms anda lack of
VWRrelated occipitotemporal N170 effects across groupgsndings, overall, suggest
that language profiles underliearly orthographic and phonologigaiocessingnd that
the three groups havelistinct neural strategiefor VWRIinked to orthographic and
phonological aspects of their language profiléditimately, the outcomse support the
importance of L1 properties andl-L2relationshigs (i.e., language profiles) in bilingual
VWR and the increased consideration of these factors in future development of
monolingual and bilingual theories and models of VWR.
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Thesis overview

Taken for granted by the literate, the ability to read and, moreover, communicate using
only lines and dots is arguably more vital today than it has ever @emelissen et al.,
2010) From books and bills to street signs and social media, how brains succeed so
rapidly, efficiently, and consistently in finding the sounds (i.e., phonology) and meanings
(i.e., semantics) associated with such markings (i.e., orthography) is, howeNemtsti

well understoodDennis & Key, 2006Furthermore, vhile there is some understanding

of the roles and relativenfluenceof orthography and phonology readinga first/native
language(L1) especially Englisht is substantiallyless so forsemnd language(L2)
reading ofEnglish and othelanguages.

Theoverarching themeof this thesisis the influence of L1 on L2 processing in
bilingualESL (English as a second language) readers, specifitatipsrofbehavioural
performance andthe early (pre-200ms) eventelated potential (ERP) timeframe of
visual word recognition (VWRrocessing Such researcincludesexploration intothe
nature of orthographc and phonologcal processing, controversially early (~100ms)
phonological activation, and the role of the N170 ERP compon&itMR The objective
of the research documented in this thesis, therefore,twofold: to investigate the
nature of orthographic and phonologicalgzessing during VW& English (in terms of
behaviourand electrophysiolog) and to examineany similarities and differences of
VWRprocessing between skillegaders of Englistvith different L1 profiles This will
be operationalized through a novel paig of complementary perspectives (both
discrete and combined orthographic and phonological tasks: orthogrgpimaological

lexical decision tasks and rhymecognitiontask, respectively), contrasting samples of



native alphabetic (English monolingualpn-native alphabetid_1(SpaniskEnglish late
bilingual), and nomative nonalphabetic L1 (ChineseEnglish late bilingual) skilled
readers of English.

Alongsideadding to the existing understanding that will be outlined and
discussed in theopening chapters, the original contributions to knowledge of this
research will concern how early orthographgnd phonologyelated brain activity
manifests within ~200ms of seeing a word within and between these populations
Crucially, his contrast extends to how1 language profiles might impact early VWR
related brain activity within ~200ms to influence L2 reading performargrlysis will
therefore,compare experimental manipulations within and between groups to evaluate
orthographic and phonological procesginthrough both behavioural measures
(accuracy and response times) and electrophysiological measures of brain activity: ERP
component latencies and amplitudes at ~100ms and ~170fusthermore, the direct
contrast between SpanisBnglish and Chinedengli$ late bilinguals as two groups of
skilledESlreaders with fundamentally different language profiles offers another novel
aspect when considered with thgarticularlyearly timeframe under investigation (pre
200ms).

The theoretical basis for this researcéntres on the naturally rapid rate of VWR
processing and how quickly orthography and phonology can infludmeen and
behaviour This involves the order and interactions of such brain responses in terms of
serial or parallel processing, as found infsMMWR theories as the Dual Route Cascaded
model (DRC; e.g., Coltheart et al., 200it)e Bimodal Interactive Activation Model
(BIAM; e.g., Grainger & Holcomb, 20089nd parallel distributed processing (PDP)

connectionist and "triangle" modelé&.g., McClelland & Rogers, 2008Yhile these

2



theories and much research has focused on monolingdigirocessingmuch less is
understoodaboutskilledL2readerscomparedwith native readers of English or, indeed,
of other languages (e.g., Spanish, Chine3bg question of how a language, specifically
English in the current research, is read by skill2ceaders therefore,is still very much
open. This is especially éhcase when considering the ways that L1 and its properties
can differ from L2even fundamentally (e.g., writing system differences).

The research was designed on stimulus, task, and study levels to investigate
when orthographic and phonological process occurs for different linguistic stimuli
(words, pseudohomophones, pseudowords, sight and sound rhymes) in variants of
lexical decision task (LDT) and rhyme recognition task (RRT), along with any differences
between groups Thework is novel in its comast between three groups not previously
compared in such a way in terms of experimental tasks, the perspective of the specific
language profiles of the groups, and, importanthg especially early timeframe of brain
activity.

Due toa corefocus of thke current research being the timing of readirejated
behavioural and brain responses anthe high temporal resolution of EEG
(electroencephalography), an ERP methodology was used for the experimental studies
with simultaneous behavioural measures. Bothithin- and betweengroup
comparisons were made using groups of skilled readers with different language profiles:
English monolingual (native alphabetic), Spaitisiglish late bilinguals (alphabetic L1
and L2), and Chinedenglish late bilinguals (neadphabetic L1, alphabetic L2)n more
specific terms of electrophysiology and ERPs, the research aimed to serve several key
psycholinguistic inquiries concerning the largest and typically most prominent pre

200ms components in visual ERPs: the occipital ecapitotemporal P1 (positive

3



deflection, peaking at ~100ms) and the occipitotemporal N170 (negative deflection,
peaking at ~170ms) From a psycholinguistic perspective, the P1 is predominantly
associated with initial visual and orthographic processirtg possible links to lexicality
(Dien, 2009) The N170 is also predominantly associated with visual and orthographic
processing, having ties with the -salled visual word form areéBrem et al., 2009;
Maurer, Brandeis, et al., 2003)ut in a more deply linguistic way than the P1, involving
sublexicalexical (i.e., lettetto-word) processingHolcomb & Grainger, 2006)hile also
reflecting the foundation of an interface with phonological processes and frontal activity
(Cornelissen et al., 2009; Grainger & Holcomb, 20BBP activity at ~100ms at frontal
central sites is also of major importance, as frontal andpitmtemporal activity at the
same early ~100ms timeframe has been somewhat controversially connected with
phonological activatior{e.g., Klein et al., 2015; Wheat et al., 2Q2@hich fuels the
debate of how parallel the processing of orthography andmiogy is during VWR
Overarching all these queries is the extent of any difference between nativeE8hd
groups in terms of the timing and nature of any experimental effects, especially where

native language profiles are relevant.



Overview of thesistructure

The theoretical background of the current research, based on both monolingual and
bilingual VWR theories with evidence from previous researihstart withan overview

of written language types and how thegandiffer orthographially and phorologicaly

in terms oflanguage profiles These will be the foundations for subsequent evaluation
of behavioural andERPevidence pertaining to the timing and nature of orthographic
and phonological processing when reading English before turning to aalbgical
account of the first ~200ms pestimulus ERP evidence to complete the rationale.
Unless pertinent,therefore, studies @ later ERP components (e.g., N400), syntactic
processing, sentenagmprehension, or languages unrelated to the current gt(elg,
Russiangre not included.

Core methodological decisions and associated issues will be outlined and
discussed, using a framework of standard experimental methods (participants, design,
stimuli,apparatus and procedure). Based on these evaluasiand in accordance with
the overall theoretical rationale, Study 1 (employing orthographic and phonological
lexical decision tasks) and Study 2 (using orthographic and phonological priming via a
rhyme judgment task)will then be reportedseparately forming the basis of the
empirical investigation Each study chapter will include its own literature review and
method sections before, importantly, the results and discussion of findings with details
specific to their respective designs withthe broader area of the research topics. The
thesis willclosewith a discussion of findings from both studies in terms of the overall
aims andhypotheses, previous findings, and background literature, explaining how they

contribute tocurrentknowledge



Chapter 1Visual word recognition anknguage profiles

1.1 Language profiles, nting systemsand language types

Characteristics of languageincluding its writing system arghonotacticrules affect
orthographic and phonological processifmgit the extent ofsuchinfluencefrom L1on

L2 VWRIn bilingualsis largely unknowr{K. I. Martin, 2017; Poeppel & Idsardi, 2022)
Orthographic and phonological processinfjan L2 is underpinned bythe language
profile (i.e., linguistic background)f the reader anongst other factors e.g., age
experience, proficiencyYeong et al., 2014) Ultimately, he mechanisms used for
reading arehighly dependent on the different cognitive requirements of different
writing systemgqTan et al., 2005) Consequently, language profiles are likely to have
major implications forreader performance and responses, being vital for aiding
interpretations of resarch outputs, such aghe linguistic properties of Spanish and
Chinesefor the current research While the current research was not designed to
comparelLland L2reading performance within bilinguals (e.g., Spanish vs English in
SpaniskEnglish bilingua)s understanding how L1 reading skills could contributé 20
VWR is an important and ebverlooked factor for understanding L2 processing that
serves as a main perspectigéthe current work Furthermore, properties of Spanish
and Chinese will help texplain any findings in terms of the reliance on orthographic
and phonological processing that maglate to the ESL groug respective native
languageqNelson et al., 2009) It is, thereforeyvital to consider the extent that L2
reading uses cognitive strategies developed for L1, especially if the L1 approach
facilitates or conflicts with L2 in any way, which is not unlikdignbearing in mind the

various ways that languages can differ.



Accordingto Ethnologue: Languages of the Wofkberhard et al., 2021}here
are7,139living languages in the worldyer halfwith some extent of writing systemnd
all of which can be defined in linguistic terms. Written natural languages can differ in
few or many ways, from surface features of their physical representations to deeper
factors of syntax and pragmatidCrystal, 2010; Yule, 1996) One of the main
overarching factors for differences between written languages is the fundamental visual
appearance of the words, which often relate to different writing systems. For instance,
alphabetic languages all use a form of alphabet, whether a variant of Latin, Cyrillic, or
other. This provides a finite set of symbols that permit a rilgfimite combination of
letter strings to be used as words. Logographic languages, meanwhile, use types of
ideogram (logographs) that also allow a nigfinite number of characterandwith a
significantly broader set of components to do so. There are also syllabariese@n
Japanese kana), Arabic (as used in Arabic), and syllabic alphabets (as used in Hindi), along
with other less common writing systems, all of which hdiatinguishingfeatures, but
are not directly pertinent to the current research.

Along with thevisual style, the direction of writing is another fundamental
distinction between writing systems, which is more explicit in some systems than others
and often requires languaggpecific knowledge. Alphabetic systems are-feftight
and Arabic is righto-left, but syllabic and logographic are more languagecific.

Some syllabic or logographic languages, such as Japanese kana (syllabary) and Chinese
(logographic), can be written vertically tdgwttom or horizontally either way, but left

to-right has lecome more typical in recent years, especially following the mandate for
left-to-right by the Chinese government in 198%orman, 1988, p. 80) Therefore, for

the language profiles in focus in the current research, this is one broad similarity.
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From these visudbrthographic examples, written languages from different
writing systems can appear to have little in commuaijle languages using the same
writing system can also appear distinctly different due to different orthographies and
scripts. ltisimjES vs 8} v}8 8Z 8§ 3Z & CBue ZAE]S]VP «C*3 u[
}vs £S E& }(SVv]v HUE S 0C p- ]Jvs & Z vP oCU pus Z}
tve] & ZC%}VvCu }( ZAE]S]VP «Ce3 u[ ]Jv 8Z &8 }ESZ}F
system. Wlike other (conceptual) systems that convey meaning and information (e.qg.,
mathematics, music), writing systems are specifically for language, but are also
independent of language in that one writing system can cover multiple languages or one
language camave multiple writing systems. English and Spanish, for instance, share a
writing system, but have different orthographies that reflect differences within that
writing system, includingrthographyphonology mappingndthe way graphemes (the
smallest maningful orthographic units of a writing system) map onto phonemes (the
smallest meaningful phonological units in a language that differentiate between words).
English and Chinese also differ in orthographies, but this is due to the fundamental
differences in writing system (alphabetic vs logographicrthographyis just one
implementation of a writing system and different orthographies can exist for the same
writing system. For instance, English and Spanish are both alphabetic, but have slightly
different orthographiest Spanish uses the same Latin alphabetic, but with diacritics and
the fi character. More specifically, orthography includes detailshadt is termedthe
script, such as the spelling, punctuation, diacritics, and capitalizatibich concerns
the classifications of the characters used in the specific implementation of that
orthography, e.g., Latin and Cyrillic alphabets, Simplified and Traditional Chinese scripts

(Coulmas, 2003, p. 35)



The fundamental linguistic architectures and the core symbols used in alphabetic
and logographic languages still differ dramatically, as is clear with alphabetic and syllabic
systems using letters or characters to form graphemes that map onto phonemds, whi
logographic systems use visual characters to represent concepts. This can be illustrated
with the numbers of letters, graphemes, and phonemes of the distinct orthographic and
phonological profiles of English, Spanish, and Chinese. Only 26 alphattet (ISO
basic Latin alphabet) are required to produce over 300,000 entries in the Oxford English
Dictionary(Pas et al., 2016¥xreated with around 250 (possibly up to 1120) graphemes
mapped to 4045 phonemes(Joshi & Carreker, 2009, p. 121; Pauleswal., 2000)
Spanish uses the same Latin script as English with aafeandmentsto have 27
letters/digraphs with optional diacritics for 224 phonemes. Chinese, however, has 29
phonemes for upwards of 4762 frequent Chinese characters, as indicepedblications
by the Hong Kong Education Bureg@g., Perfetti et al., 2012)while each Chinese
syllable (vowel with optional consonants) also has one of four tones that gives Chinese
an additional dimension of complexity. The distinctions anddaties of orthography
and phonology within and between these languages, however, go much deeper than
the sets ofsymbols and soundsvhich are simply used here to show the extent of the
complexity It is such patterns, interactions, and dependencies owhile reading L2
(English, in this case) that the current research is specifically investigating, including how
L1 might influence L2 VWR and how it might differ based on L1 language profile (i.e.,
SpaniskEnglish with an alphabetic L1 and Chinr&sglishwith a logographic non

alphabetic L1).



1.2 Visual word recognition and reading

Visual word recognition (VWR) research investigates the cognitive processing involved
in reading, focusing on understanding the ability to identify, interpret, and comprehend
viswally-presented orthographic representations of wordgrost, 1998; Rastle &
Brysbaert, 2006) However, there is an important distinction to be made between VWR
and readingin the context of research Broadly, reading involves the processing of
psycholhguistic properties of written language that fall into categories of orthography
(visual forms), including morphology (rules of how written words are constructed),
phonetics/phonology (rules underlying the sounds of words), semantics/pragmatics
(meanings,context, and nonverbal cues), and syntax (rules of how sentences are
structured), which can be considered the pillars of language from a linguistic standpoint
(Yule, 1996) While the brain may noframe the properties of language in such
categories, likmC U%0}C]JVvP u}E& "3 §]+3] (ehaeneS2D}4}¥hdse S
are useful metalinguistic tools that help to explain the processes at work when reading.
The vital point is that thesaniversallinguistic elementsmust ceoperate for the
languageto work, much like how the psycholinguistic processeat oversee the
different elements of language (orthography, phonology, semantics, syntax) must co
operate for successful language comprehensi@@rainger & Holcomb, 2009)
Ultimately, visual wordeacognition is at the core of reading, but does not necessarily
require or use all psycholinguistic factors mentioned above and can be achieved with a
lesser depth of processingFor instance, recognizintpe type of words used in the
current researchsud aspseuddomophonege.g.,cair-care), orthographicallysimilar

non-rhymes (e.g.peaddead coughdough), and even real words dseingsuch may
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not require full access to meaning, requiring only phonological activation or even only
orthographic recognition in the case of real wok@vltheart et al., 2001; McNorgan et
al., 2015) Only a subset of psycholinguistic factgesg.,orthography indirect whole
word reading), therefore, can be sufficient to successfully recognize some linguistic
stimuli, distinguishing VWR from reading in gener@hat said, to reduce repetition,
NE  ]wiP sometimesbe used interchangeabl 13 Z ~ shéhceforth

Another important element of VWR research is the different types of linguistic
stimuli used, the core of which being real words, followegbgudowords (lexical items
that are made up to look and sound like real words but are not eagrb),
pseudohom@hones (lexical items that have the same sound as real words but are spelt
differently e.g.,werd), and nonwords (strings of letters that are not woilike and
cannot be pronounced without some creativity eggyrykb). Real words can be defined
as linguistic constructs with orthographic, phonological, semantic, and other linguistic
properties that are bothegalandlegitimatefor the respective language. In this context,
legality reflects usage of the morphosyntactic and phonotactic rules and dicyiona
definitions of the relevant language, while legitimacy entails actual existence of the item
in the languaggHauk et al., 2012) Different combinations of legal and legitimate
orthography, phonology, and semantics result in different stimulus tygesh as
pseudowords and pseudohomophone$hese are commonly used in psycholinguistic
researchas contrasts for real words in such exercises as lexical decision tasks (LDTS),
where stimuli (real words and another stimulus type that are not true real words e.g.,
pseudowords) are presented one at a time, pseudorandomly, and participants indicate

whether each is a real word in the target language or not.
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Pseudowordsas thetermimplies E ++ v3] 00C ~( | yed)lidEhat ~ XP X
they have no direct legitimate semantic associations and only legal orthography and
phonology(McNorgan et al., 2015)Pseudowords, therefore, look and sound like they
could be real words, being visually, orthographically, and phonologically similar to some
extent, but lacking the crucial linguistic legitimacy and semantic cor(teéatk et al.,
2012) Crucially, it is phonology that distinguishes pseudowords from
pseudohomophones (e.gnerd, foan), which sit between real words and pseudowords
with legal and legitimate phonology and semantics, but orthography that is only legal,
not legitimate. This results in stut that look like pseudowords (and, therefore, in turn
like low frequency real words), but have the same sound as real words, allowing them
access to the associated semantic contetit another waypseudohomophones have
incongruent orthography, but cauent phonology in relation to the associated
legitimate lexical item e.g., the oftsedbraneexampleis phonologcally congruent with
brainbut orthography incongruent with it. Lastly, for completeness, true-mamds (as
opposed to pseudowords) can Ve elements of legal and legitimate sublexical
orthography, such as a common bigram in the respective language-erg.,but
otherwise violate the linguistic rules of the language in that they have no legal or
legitimate phonology or semantic associatsoag.ybgor. Nonwords, therefore, come
in the form of letterstrings and technically any other stimulus that is not pronounceable
and has no meaning.

As statedearlier, reading (in a more general sense) involves all psycholinguistic
factors (albeit tovarying extents in different situations) and is a fuller process. This is

stated again to clarify that the literature review and the current research will footis
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onthe broader concept of reading per,dauton theories of visual word recogniti@nd

predominantlythe roles andprecisetiming of orthographc and phonologral processes

1.3 The importance of timing iIVWR

Reading requires complex computations across neurophysiological time and space
(Hauk, Davis, et al., 20QG@nvolving dynamic interactions between different neural
networks dealing with different aspects of langug@®rnelissen et al., 2010; Huettig &
Ferreira, 2022; Poeppel & Idsardi, 2022Although widely accepted to happen within
around half a seconqGrainger & Holcomb, 2009; Harley, 2010arious evidence
suggests it to be much fasteifhere is a multitude of psycholinguistic factors thahca
influence the process of word recognition, from stimulus properties of the word itself
(e.g., surface properties, such as letter size and font and deeper properties, such as word
frequency and familiarity) to wider elements of context and pragmatics, (englicature

and semantic sense). However, at least for native and proficient skilled readers, this is
largely automatic and effortleggerrand & Grainger, 1994; Hauk et al., 201&8ing no
longer than a few hundred milliseconds per word on aver@auzettelKlosinski &
Dietz, 2012) Nevertheless, substantial orthographic and, likely, phonological processing
has already occurred in this time to achieve word recognition, particularly in the first
~200ms after seeing each word, forming the founola for further processingDien,

2009) As skilled readers have thousands of hours' experience in reading words, it is not
unreasonable to expect rapid, automatic, stimublisven responses that reflect a skill

learnt to such an extenCornelissen edl., 2010)
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One of thekey aims of VWR research is to answer questions about when
different types of processing, such as orthographic and phonological activation, begin
and conclude, as well as how they interact with one another. In this contextegsong
refers to cognitive activity using information either from stimuli in the real world, such
as the wordforms you are currentlgeeing(bottom-up, stimulusdriven processing) or
from memory (i.e., topdown processing), including the stored orthoghap and
phonological internal representations of wor@Baft, 1991) After a stimulus has been
perceived, this internal processing can be based on output from the same or different
network (cf., serial and cascaded processing theories) or can occuurcentty in
different networks working towards a shared goal (i.e., parallel processing), be that
word recognition or a precursor to it (e.g., phonological activation leading to word
recognition).

Questions regarding the timing of reading processes lamgtyre on how early
the brain can identify lexical and semantic information from a visual stin(iiask et
al., 2012)and understanding the specific timing of cognitive actions and interactions
involved in recognising written words has been describedasZ Z}oC P& }o_ }( &
related researchSereno & Rayner, 2003, p. 489Yisual word recognition has been
stated as identifying a written word as a lexical item from an average vocabulary of
~50000 within 500mgGrainger & Holcomb, 2009 heidea that recognition of visually
presented words, from visual input via orthographic and phonological processing to
semantic integration, occurs within such a relatively short length of time as 500ms could
appear extraordinary. However, considering aietyr of evidence from visual word

recognition research, half a second to identify a single word could, instead, be deemed
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excessivéKlein et al., 2015; Pammer et al., 2004; Segalowitz & Zheng, 2009; Wheat et
al., 2010; Woodhead et al., 2012)

The mosbasic gauge of how quickly words can be read is a measure of words or
characters per minute (wpm, cpm) referred to simply as reading speed or reading rate
(Harley, 2010; Trauzettédlosinski & Dietz, 2012; Yu et al., 201@)pr instance, the
average rading speed of ~263.16ms per English word when reading aloud from a dense
block of text(TrauzettelKlosinski & Dietz, 2018} just ~91.6ms per English word during
rapid serial visual presentatiofYu et al., 20103how lexical access to be possibie i
much less than 500ms. Interestingly, native reading speeds of English (~263.16ms per
word; 228+30wpm), Spanish (~275.23ms per word; 218+28wpm), and Chinese
character$ (~235.29ms per character; 255+29cpm) are not dissin{ilaauzettel
Klosinski & Diet, 2012) each of which also suggesting that the initial ~200ms is critical
for each native language, which extends to other language$se® TrauzetteKlosinski
& Dietz, 2012) As shown by the sustained effects of priming in tasks that involve
articulation (Klein et al., 2015the necessary response preparation and motor activity
for such behavioural responses also require time to be processed and must be
accounted for in he timeframe before the response. Therefore, if average reading
speeds based on reading aloud can be ~25(0fnguzetteiKlosinski & Dietz, 2012i

stronglyindicates the importance of the initial 200ms of the pesponse VWR process.

1 While it is noted that alphabetic words and logographic characters are not directly equivalent, the
comparison between alphabetic words and logographic characters makes more sense than comparing
words across these language types.
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Aside from the importance of the initial pestimulus ~200ms, the main point is
that lexical access (and even reading aloud) appears to require significantly less than the
500ms often cited to be the timeframe for VWR. For instance, toward the end=f thi
timeframe, the understanding is that the N400O ERP component (peaking at50860s)
represents the semantic integration of different words and concepts in context, far
beyond straightforward word recognitiofiKutas & Federmeier, 2009; Lau et al., 2008)
Based on accepting a prerequisite of more fundamental orthographic (and, likely,
phonological) processing, if such a level of comprehension can be reached by the N400
timeframe, it is reasonable to assume that such orthographic and/or phonological
processing occurs before it. At tlearliestend of the timeframe, effects of unconscious
(i.e., masked) phonological priming have been found after presenting a word for only
67ms, while orthographic priming can occur from only 38resrand & Grainger, 1993)
suggesting that these exposures are all that are necessary for orthography and
phonology, respectively, to influence neural processes. However, it is important to note
that what is necessary to influence processing, as in such masked priming effetts, a
necessary for full processing and comprehension in broader reading contexts are not
the same and different exposures in the different contexts will likely amount to different
processing patterns.

The rapid speed at which the eyes skip between words whkading sentences
is also an indicator of reading speed and should be considered, as it involves a ~200ms
average fixatior{Sereno & Rayner, 20Q3hiterspersed with saccades as short as 100ms
and typically occurring 3 or 4 times per secqRatter et d., 2014) further suggesting
that up to 200ms worth of word information could be absorbed during the fixation with

processing beginning at the onset of the fixation. However, a concession of ~100ms is
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required for the time it takes for that informatioto reach initial processing centres in
the brain i.e., the occipital cortexPotter et al., 2014; Sereno & Rayner, 2003)
Nevertheless,is leads directly into the P1 and N170 ERP component timeframes (~80
120ms and ~13@00ms, respectively) and thenteframes to be scrutinized in the
current research.

While a substantial amount of VWR research proposes brain activity at particular
post-stimulus timeframes in several key cortical areas to reflect reacktaged roles,
the specific timing and nature efrly orthographic and phonological processing are still
heavily debatedPattamadilok et al., 2017)t is, however clear that the initial ~200ms
after seeing a word is critical for visual word recognitaoml, due to being a somewhat
stable foundatbn of later processingCornelissen et al., 201,0%his initial ~200ms is
likely to be important folL2processing too, whether in terms of initial orthographic and
phonological processing or for languagependentdecisionmaking processesVitally,
this is a timeframe not widely investigatedLiBreaders with investigations of such early
processing in bilinguals and L2 reading being umdpresented in the multilingualism
literature compared with such topics as syntactic processing of L2 and canivaistL 1
processingClahsen & Felser, 2006; Kotz et al., 20@)mbined with the controversially
early effects of phonologge.g., Klein et al., 2015; Wheat et al., 20409l lexical access
(e.g., Hauk, Dauvis, et al., 200te poststimulus ~20ms timeframe (and therefore the
P1 and N170 thatesidewithin it) provides a window into the foundation of visual word
recognition through orthographic and phonological processes, which will be described,

explored, and discussed further in the followicigapters

17



Chapter 2.Theoetical perspectivesf (monolingualVWR

Theories of visual word recognition describe how cognitive processes and different
psycholinguistic properties interact to translate sound and meaning from written
language. One relatively straightforward way to conceptualize language in the mind is
as akind of mental dictionary with integrated thesaurus, glossary, and examples: a
cognitive store for all known words, their constituent linguistic parts, and meanings that
has been widely referred to as the mental lexi¢btarley, 2010; Taft, 1991Fachentry

in the mental lexicon is associated with orthographic, phonological, semantic, and
syntactic information as codd8rysbaert, 2001; Brysbaert & Wijnendaele, 2003; Xu et
al., 1999) nodes(e.g., Seidenberg & Tanenhaus, 19¥8presentationge.g, Coltheart

& Curtis, 1993)identities(e.g., Ehri & Wilce, 198@y just information, depending on

the choice of terminology. This concept of a mental lexicon, albeit also sometimes
through different terminology, has been used as a basis for desgrimany
psycholinguistic theorie@~errand & Grainger, 1994; Frost, 1998; Taft, 1991)

There are currently several mainstream theoretical perspectives on how the
cognitive processes involved in VWR work together for successful word comprehension.
Theseinclude - but are not limited to- computational models and their founding
theories, such as the DuRloute Cascaded model of reading al¢ldRC; e.g., Coltheart
et al., 2001)the Bimodal Interactive Activation ModéBIAM; e.g., Grainger & Holcomb,
2009)as an extension of the aforementioned Interactiitivation Model(McClelland
& Rumelhart, 1981) and parallel distributed processing (PDP) connectionist and
“"triangle” models(e.g., McClelland & Rogers, 2003} is important to bear in mind,

however, that these models are typically centred on theories of reading aloud (as
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opposed to just VWR or reading silently) with the DRC being exactly that and the BIAM
being based on silent reading skills mapped onto the spoken language system
(Diependaed et al., 2010X K3Z E % Ee+% S]A ¢ }v stZ % E} e++]VvP
accountge.g., Dehaene & Cohen, 2011t)e recognition potentia(RP; MartiFLoeches

et al., 1999) as well as evolutichased theoriege.g., Menary, 2014)There are als

the highly orthographi¢e.g., Hauk, Davis, et al., 20@8)d early phonologicgWheat et

al., 2010)accounts that underlie the current research, though none of these are
mutually exclusive or divorced from the arguably more established theorigs [@RC,
PDP, strong phonological, BIAM) that will be the primary focus of this review, starting
with very brief overviews of each before delving deeper into discussing the specifics of

orthographic and phonological processing during VWR.

2.1 Duatroute cascded (DRC) model

The DRC modé¢Coltheart et al., 2001 )as depicted ifrigurel, is a duaroute approach
albeit with three routes to word recognition: graphenyghoneme conversion, via the
lexicon with semantic knowledge, and via the lexicon only (bypassing the semantic
system). The lexical route uses internal orthographic representations to access
phonology/semantics directly, based on the assumption that readers create and store
orthographic representations when a word is learnt, and is the most frequently used
route for VWR in skilled readersThe slower non-lexical route provides a method of
constructing phonological representation when an internal orthographic representation
is not available and/or without relying on one e.g., pseudowodis this indirect route

uses graphemghoneme correspondence (GPC), it is only for regutdrography and
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pronunciations while operating in a serial manner, processing letters from left to right

(Ziegler et al., 2001)

speech |

-

phoneme system |
r 3

phonological

output lexicon
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grapheme-to-
phoneme rule
system
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3
orthographic
input lexicon

semantic
system

letter units |

[ 1

] visual feature units |

r
print |

Figurel: The DuaRoute Cascade(DRC) model of reading alo{@bltheart et al., 2001)

2.2 Parallel distributed processing (PDP)

Connectionist PDP models of VWR (&=ggure?2) are parallel processing approaches
with two main paths to word recognition: a direct orthograpplgonology pathway and

an indirect orthographyphonology pathway via semanti¢Simon & Lalong, 2004)

This appears similar on the surface to the DRC, but its implementation of processing is
different. According to PDBased VWR account&.g., Plaut et al., 1996word

E }PV]3]}v ]- Z] A SZEIUPZ % 35 Eve }( PE&JA 3{}v
interconnected orthographic, phonological, and semantic networks using weighted

input from orthography and phonology based on the input available (i.e., the linguistic
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information of the viewed word) with semantics accessed via phonology or dirgetl
orthography, which also activates phonology. Considering the dual routes of DRC, PDP
manages them through a single phonolemyented route where a single grapheme
(e.g., thei in pint/mint) is associated with two phonemesmift, pint) based on a
phonological continuum of spellingp-sound correspondence that stretches from "rule
governed" to "exceptions" (Harm & Seidenberg, 200&4js PDP perspectiveherefore,
emphasizes the importance of phonology reading andfollows the notion of

phonologichmediation

semantics .\

—

/ N\

orthography 4—P|:|4—r- phonology

Figure2: Connectionist triangle modgBlaut et al., 1996)

2.3 Bkmodal InteractiveActivation Model (BIAM)

Based on Interactivéctivation modelgMcClelland & Rumelhart, 198 Extending it to
includephonological and semantic processing, the orthographgnology mapping in
the BIAM Figure3) has coarse and fine orthographic codes, corresponding with feature
and ktter/word detectors of the IA, and the semantic system can be activétgd
orthography or phonolog{Grainger & Holcomb, 2009Furthermore, the BIAM did not

originally include an equivalent to the output phoneme in the DRC, but, for
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comparability betveen these two models, it adopted the phonological output buffer
from the PDFbased CDP+ model of reading aloud (Perry et al., 2007) where integration
of wholeword and sublexical phonology from the input occyBiependaele et al.,
2010) The BIAM, thencan be seen as a kind of hybrid between elagalte and PDP

approaches to VWR, though is also a distinct theory and model in its own right.
semantics
whole-word
orthography / \

car hair Chair chain pair

DIAGNOSTICITY I 1 CHUNKING
C-H C-A C-l C-R
H-A H-l H-R ch-ai-r
A-l A-R IR
coarse-grained fine-grained
orthography orthography
#  C|H| A|I R| #
VISUAL FEATURES

Figure3: The Bimodal Activation Mode|Grainger & Holcomb, 2009)

2.4 Strong/weak phonological theories

Underpinning the various models of VWR are the strong and weak phonological
theories, named not for the quality of the assumptions, but as conceptualizing the
involvement of phonology in VWR in terms of its importancéereading proces&.g.,
Frost, 2003; Rastle & Brysbaert, 20065trong phonological theories posit that

phonology is necessary for lexical access and VWR is accomplished by extracting the
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phonetic representation of written input to access the lexiosith this phonological
code(Frost, 1998) The strong phonological perspective divides phonological processing
into two possible methods: assembled phonology and addressed phon(Bgynger

& Ferrand, 1994) Assembled phonology employs a graphgpsheneme conversion
(GPC) process akin to the DRC to translate each grapheme or grapheme cluster into the
E o0 A vS e}uv eU e+ v8] 00C "~ ee u 0]JVP_ 8Z uU v ] pe
implying frequent use by beginner readd@bramson & Goldinge 1997; Grainger &
Ferrand, 1994; Van Orden, 1987Addressed phonology refers to retrieving the sound
of words and sublexical units that have been sufficiently committed to memory on a
whole-word basis, used by skilled readers for higdquency word¢Grainger & Ferrand,
1994; Van Orden, 1987)his method of addressed phonology is also reminiscent of the
DRC (its direct lexical roytebutis critically different in its dependence and necessity
for phonological processing that the direct route betDRC does not requird he crux

of the strong phonological theory is that reading is phonologigalgiated and is not
possible without some form of phonological recoding, being active regardless of task
necessity for phonologftukatela & Turvey, 1994uo et al., 1998; Perfetti et al., 1988)

In contrast, weak phonological theories, such as the DRC, do not give phonology
such a leading or important role in VWR, instead positing that phonology can influence
VWR processing (whether facilitative or iipitive) but is not necessary Weak
phonological theories deem phonology to be sufficient, but not necessary for reading,
though sometimes having a mediating rqRastle & Brysbaert, 20Q6)This contrasts
with strong phonological theories that esserlyaposit phonology as necessary and
consistently activated during reading. As per eumite and PDPmodels weak

phonological theories typically follow the notion of a direct orthograjgeynantics
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lexical pathway and an indirect phonologically mediapadhway that supports word
recognition when necessarylmportantly, though, weak phonological theories do not
deny phonological involvement, even from an early timeframe of VWR, though the weak
view, like the DRC, is still inconsistent with such phenonasrfast masked phonological

priming, as will be outlined lat§Rastle & Brysbaert, 2006)

2.5 Contrasts between theoretical perspectives of monolingual VWR

The DRCHgurel), PDP Figure2), and BIAM Figure3) have similarities in that they all
have direct and less direct pathways to wamtognition, even though the origins,

destinations, and overall definitions of the routes are different. The core difference

between stZ SZ }E] * ] E}}S lv §Z S Joe }( §Z ~E}uS o}

means for written language to be processatlaunderstood For instance, dualoute
theories propose distinct and somewhat dissociated lexical andlexinal mechanisms
for extracting phonology (and meaning) from visual stimuli, while connectionist/triangle
theories attempt to explain the whole wad recognition with a more unified mechanism.
In other words, different theories may indeed support the idea of multiple routes to
word recognition, but they are implemented and defined in different ways, requiring
and recruiting different types and extenof information along the way. Therefore, the
notion of multiple routes represents both a distinction and more common ground
between theories, albeit using different terminology. The main point is that it is widely
accepted that there are multiple pressing pathways for reading linguistic stimuli.
Importantly, different VWR theories provide different perspectives on the
reading process, but they do share important traifor instance, these theories share
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the assumptionthat phonological activatiomlepends on orthographic processing and
can be used for lexicaemantic access, whether it is an integral part of the reading
process or nofcf. strong/weak phonological theories; see Frost, 1993)reconcepts
from DRC and PDP theories together witeas from the BIAM and othdéeyevidence
(e.g., Rastle and Brysbaer{2006)amended DRC simulation, Hauk et(@006) and
Wheat et al.(2010) will provide the foundation of the discussionrAs the current
researchinvestigateghe orthographic and phonologal processeshat underpinVWR,
it is vital to understand howguch processes amccounted for by the aforementioned
theoretical perspectivestarting with several key concepts that thkave in common.
The nature of processinduring reading refers to the order of thévisual,
orthographic, phonological, semantic, and ultimately lexical accetsg)es involved
(Dennis & Key, 2006if such stages even exist per(§avomey et al., 2011)and how
these different processes intact with one another(Grainger & Holcomb, 2009)The
timing and nature are, therefore, not mutually exclusive and investigations into any
interactions often coincide with questions of timing, resulting in attempts to determine
whether lexical and semaic information is retrieved in parallel, whether reading occurs
in stages, or it is a combinatiofHauk et al., 2012) On the surface, accounts of
neurophysiological activity during reading can give the impression that different VWR
related processes ark in stages, following a serial path from visual to orthographic to
phonological and finally semantic to achieve lexical ac¢&ssomey et al., 2011)
However, there is evidence to suggetstat some processes duch astop-down
phonological and semartj likely work in parallel along multiple pathways
simultaneously(McClelland & Rogers, 2003)hile others such asinitial visual and

orthographic,do work strictly in serie@Grainger et al., 2006)Evidence of phonological
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mediation during VWR, for instance, such as stronger facilitation of real word target
responses from pseudoword primes than real word prinfes., Lukatela & Turvey,
1994)and the classic homophone effeghere homophones inhibsemantic processing
(e.g., Van Orden, 1987%hows early involvement of phonology and that the initial
orthographiephonological processing path is not purely serial (as will be discussed
later). Indeed, the wellocumented easier and faster reading regular words (e.qg.,
mint) than irregular words (e.gpint) is taken as evidence for lexical/direct and non
lexical/indirect routes resulting in a conflict from the irregular word input that needs to
be resolvedPattamadilok et al., 2015)This conitt (and resolution) suggests that the

two routes are not fully independent, but parallel and interactive for some stimuli and
with the possibility of one route confounding the otheBuch resolution takes time,
hence the process taking longer.

One of themain challenges for theories and models of VWR is to account for fast
phonological effects, such as from masked phonological prirfifigpendaele et al.,
2010) The requirement of a VWR model to account for both pronunciation of irregular
words (inclughg pseudowords and unknown real words) and the rapid phonological
processing evidenced through masked phonological priming, dubbed the fast
phonology tes{Diependaele et al., 2010has been shown to be highly problematic for
the DRCmodel simplydue to being too fastfor it to accurately account for VWR
behaviour In contrast this is achieved by the BIAM using rapid parallel orthographic
phonological processin@iependaele et al., 2010Vltimately, the BIAM assumeisat
the mapping between letter inputs and input phonemes (as used for auditory
comprehension as opposed to speech production) is rapid i.e., fast phonology, while the

DRC does not and, therefore, does not consistently work where rapid phonological
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processing occwr in realworld VWR e.g., masked phonological priming using
pseudohomophoneg¢Wheat et al., 2010)For instance, the DRC requires the signal to
be processed through its output phoneme layer and fed back in to explain such a
pseudohomophone priming effedn a related real word targefDiependaele et al.,
2010) which is a much longer process thie interactivity between input phonemes
and lexical phonologyassuggestedin the BIAM Such fast phonology caalso be
achieved by the DRRastle & Bryshkat, 2006) but only if lexical decisions in VWR are
based on phonological activati@s opposed tavhole-word orthographic input which
is not always the cas@iependaele et al., 2010)Furthermore, there is contention
about how this amendment to g1DRGhat allowsit to work with fast phonology would
account for inhibitory effects frortrue real wordhomophone (nofpseuddiomophone)
primes(Diependaele et al., 2010YItimately, the DRC assuystion of minimal impact of
phonology on silent readinig stronglychallenged by rapid phonological activation and
does not fit with the strong phonological argumetitat phonology is necessary for
semanticYMcNorgan et al., 2015; Rastle & Brysbaert, 2006)

Another specific issue for models of VigBe time it can take to find theorrect
pronunciation of irregular words, pseudowords, and unknown real w{dspendaele
et al., 2010) The DRC modefor example,Z - v «Z}Av &} ~( ]Jo_ &} j3'8
pronunciations of pseudowords as documentedni human participant¢Pritchard et
al., 2012) This indicates serious issus modeling pseudoword reading, specifically
for the nonlexical route and its mechanism of graphepi®neme conversion,
suggesting that pseudowords and, by extension, umkmeeal words require alternative

computation than the model currently allows.
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The BIAM explains conflicts between orthography and phonology, such as when
reading an orthographicallgimilar norrhyme (e.g.mint-pint), through the use of a
fine-grained othographic code that activates and interacts with phonology in parallel
with a coarsegrained orthographic code that employs more direct orthographic
semantic processing akin to the lexical pathway of the (R&inger & Holcomb, 2009)
Whereas orthograpic-phonological processing happens using output phonemes (i.e.,
language production) according to the DRC, letters/graphemes are mapped to input
phonemes in the BIAMFollowing the "reading aloud" perspective of the DRC model,
its phonological lexicon whs for output phonology, neglecting salled input
phonology In any case, phonology is part of linguistic input and psycholinguistic
processing, but to what extent, in which contexts, and wheth@tays adifferent role
in different readers (e.glL,L1andL2) is still up for debatend a topic the current research
aims to address.

While the DRQColtheart et al., 2001gnd BIAM(Grainger & Holcomb, 200€p
not entirely agreeabout the timing of phonological activation and its relation to
orthographic processingboth posit alargelyserial relationship between orthographic
and phonological processingHowever, evidence of early angotentially parallel
phonologcal activationis no longeruncommon (e.g., Ashby, 2010; Klein et al., 2015;
Pammer et al., 2004; Wheat et al., 2010n order to investigate the serial and/or
parallel processing of orthographic and phonological processing, both must be required
by the task, which should also allarthography and phonology to facilitate or inhibit
processing and to interact with one another as per such theories as the BIAM states they
can Furthermore, it should be possible to observe the relative strength of orthographic

and phonological process The rhyme judgement task employed in theurrent
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research igreciselysuch a taskas it entailghe active processing of both orthography
and phonologywith no overt need for semantics When both orthographic and
phonological rimeprocessing are wuired (e.g., in rhyme judgement), rirmsed
phonological priming typically facilitatesesponses(Coch et al., 2008)but its
interactivity with orthographic congruency and how processing of the two elements
works is not cleaand will be addressed ihe current research.

This chapter has so far discussbdw perspectives of VWRccount for the
relationship between phonological and orthographic processingdhe research
documented in thighesis however s also concerned with this relationshipterms of

bilingualL2readers of a language.
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Chapter 3. Theoretical perspectives oflimgualism

The Bilingual Interactive Activation models BIA/BlBikstra & van Heuven, 2002; van
Heuven & Dijkstra, 201@nd the more recent Multilink mode(Dijkstra et al., 2019)
provide the most relevant and robust details due to their focus on bilingual word
recognition and processing, as opposed to languageslatione.g., Inhibitory Control
(IC)model(Green, 19860r language production e.gRevised Hierarchical Mod@HM;

Kroll & Stewart, 1994However, just as the BIA/BIA+ models were combinations of prior
theories, Multilink is a combination of characteristics from BIA/BIA+ and RHM, as well
asWEAVERNVEAVER+MWord Encoding by Activation and VERIfication; Roelofs, 1997,
2014) but features pertinent to the visual domain and reading will be the fofug to

the overlaps between learning/developing bilinguals and late bilinguhls BIAd

(Grainger etl., 2010)salso of note

3.1BIA/BIA+ and Multilink

Centring mainly on the BIA/BlAas the cornerstone of many current outlooks on
bilingual VWRthere arebroadlyconsidered to be two subsysten@seeFigure4), one

for linguistic processing e.g., word recognition and one for associatedimguistic
strategy, known in BIA/BIA+ terminology (and adopted by Multilink) as the word
identification system and the task/decision system, respectiyBijkstra et al., 209;

van Heuven & Dijkstra, 2010)he task/decision system is involved in nand extra
linguistic strategiegparticipantexpectancies, and the contexts of the linguistic material

being processed, informed by ndimguistic contextual knowledge as welé by the
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word identification system itselfThe word identification systegrhowever provides the

features most pertinent to the current research

Tazk/Decision Systermn

MNon-linguistic context * Specific processing steps for task at hand

(e.g., strategies, expectancies) P . Hec!s-i'.les -:;c-nf!nec-us input from the word ider!ﬂficaucun system
* Decision criteria determine when a response is made based on

relevant codes

Word Identification System

Linguistic context

. E—— Lexical
(e.q., preceding context) Orthography

Sublexical Sublexical
Onthography Phonology

The wordidentification system comprisew/o keyfeatures of BIA/BIA+/Multilinkbased
VWRtheory: an integrated lexicon and language remlective accessThe lexicon is
integrated in thatL1 and L2 are not stored and understood as two entirely different sets

of words and rules, but as onenified entity (van Heuven & Dijkstra, 2010)This
integrated lexicon incorporates the words, concepts, and linguistic constructs of both
languages, which can be connected across languages where viable e.g., vocabulary,
though there mayalsobe languagespecific informatiore.g., syntactic rule@ijkstra et

al., 2019) Building on the premise of a single integrated lexicanglage non
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selectivéparallel accessbackgrounds the importance of language membership (i.e.,
which language is being read), keeping options for either language open, at least during
initial VWR processingyan Heuven & Dijkstra, 2010n contrast, the main alternative

is language selectivéserial) access, where word identification processassuld be
limited to the language of the stimulus and require language membership to be
recognized very early cend as a required step before additional processing can occur
has comparatively very little evidence to supportDijkstra et al., 2019)

The orthographic, phonological, and semantic representations involved in the
word identification system interact dynamically at various points during proceésamg
Heuven & Dijkstra, 2010Wwhich is notdissimilarfrom the interactivity and feedback
medanisms described by such theories as the B{@&kiinger & Holcomb, 2009) here
are other similaritieso the BIAM(Grainger & Holcomb, 2008hd DREColtheart et al.,
2001) too, such as theBIA/BIA+ posihg that a visual linguisticstimulus activates
sublexical orthography, while wholeord orthography and sublexical phonology can be
activated simultaneously (dependent on proficiency, which will be discussed further
later), allowing orthographic and phonological dual routes to woedognition and
semantics. Furthemore, activation is also cascaded between orthographic,
phonological, and semantic stages, with the latter two also occurring after orthographic
processingvan Heuven & Dijkstra, 2010)

Oneespecially importanextensio of the monolingual/native theories is that
the orthographic and phonological processes will also recall the relevant language
membership information ("language nodest Figure4). However, this information
theoretically does not influence word identification processes, as there is no feedback

to stages of lexical activatiofvan Heuven & Dijkstra, 2010)'he assumptions of an
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integrated lexicon, language nesekctive access, and parallel L1/L2 activation form the
foundation of the current understanding of bilingual language processing and,
therefore, this research and any findings it may produce.

Anothercritical aspect of the BIA/BIA+ mod&$he temporal dehy assumption
which, put simply,saysthat L2 activatiortypicallylagsbehind L1 (Duyck, 2005) This
feature of the BIA/BIA+posits that activation of L2 phonological and semantic
codes/representations are delayed compared with L1 codes/representations in the
same linguistic conteXBrysbaert et al., 2002)More preciselyit relates tothresholds
of activation,factoring inword frequency and the proficiency of the bilinguaherel2
activation oflow frequency ofdesserknown L2 wordsvill be delayed compared with L1
activation Evidence of this on a neural level has been shaging semantic activation
andthe N400(Moreno & Kutas, 2005)he latency of which wagbserved to be longer
for L2than L1in bilinguals andonger thanin monolinguals}( $Z ]Jo]vPu o[ >1
SpaniskEnglish bilinguals and English monolinguBlsrthermore Janguage proficiency
and age of exposure (cf. early/late bilingual@re concluded to bémportant factors
for the discrepancy ilN400 latency and, by extension, the levetehporal delay that
contributes to L2 processiniloreno & Kutas, 2005)

TheBIA and BlAmodelshavethus farbeenlargelydiscussed as onand, while
the BIA+s a development ahe precedingBlA modelthere areseveral key distinctions
Perhaps the most important is that the BIA model permits interactions between
subsystems, buhe nature ofthe BIA+ is one of bottorap processing, which precludes
the task/decision subsystem from affecting the word identification subsysteam
Heuven & Dijkstra, 2010J-urther to thissmphasis on bottorrup and relativeexclusion

of top-down processing inhie BIA+jt also does not permit any influence of language
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membership on the word identification subsystem, inhibitory or otherwise, wihte t
BIAdoesallow language membership to inhibit the word identification subsystém
contrast participantexpeci@ncies(in the sense of toglown contextualcues e.g.,task
instructiong do not affect word activation in the BJBut the BIA+ permits the possibility
of such expectancies influencing the task/decision subsygtem Heuven & Dijkstra,
2010) Followingthe focus on L1 profiles in ESL bilingaadthe potential influence of
linguistic context(in terms of orthographic or phonological lexical decisions
orthographic and phonological priming between word ppirsthe current research,
these distinction®f bottom-up and topdown processindgpetween BIA and BIA+ are of
particular interest

Anotherversion or extension of the BIA/BIA+ that is especially relevant to the
current researchs the Developmental Bilingal InteractiveActivation model oBIAd
(Grainger et al., 2010dueto its focus or.2 VWR and processindaite bilingualsalbeit
thosewith L1 and L2 that share an alphabetic writing system (e.g., Spaniglsh late
bilinguals) Asthe name imples, he BIAd centres orbilingualdevelopment specifically
from adult late bilinguallearnersoperating along thdanguage productiocforiented
principles ofthe RHM(Kroll & Stewart, 1994p skilled L2 readers that the BIA more
appropriately describesUsing L1 and L2 whole word representations (forms) and the
semantic concept associated with them (meaning), the framework (as shofigune
5) incorporates the development of connectivity from standard monolingual form
meaning mapping to the initial learning of the L2 woFtom there, development
continuesalong stages of L2 vocabulary acquisittbat strengthen the connections
between the LZepresentationand both L1 word and the semantic concepihe BIAd

model links this connectivity developmetat better L2controlin terms of the ability to
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inhibit L1 activation while processing Lhput (Grainger et al., 2010) While such
inhibition exists in the BIA/BIAtaccomplishedby language nodegvan Heuven &
Dijkstra, 201Q0)complete inhibitionof L1 during LProcessings not possibléBrysbaert
& Dijkstra, 2006; Dijkstra et al., 28; van Heuven & Dijkstra, 201@nly damage control
to minimize L1 involvement ani@cilitate L2 VWRGrainger et al., 2010Nonetheless,
the BIAd presents a welcome anmtecessary extension to the BIA/Blaxdbilingualism
theory in general withits acknowledgement of the development and language
backgrounds of bilingual readersThe chief limitation ofthis BIAd accountin the
context of the current researgthowever,is that itrelatesto late bilinguals learning an
L2 with the same alphabetsa.l It is, therefore,not directly applicable tdilinguals
with fundamentally different L1 and L2 in terms of alphabetic or writing sysem,
ChineseEnglish bilinguals with a mix of logographic L1 and alphabetidHdl)gh a
similar premise couldvork for other bilingual combinationsAs with other elements of
bilingualism theory and research, howevtirther research is required with sucton-

alphabetic populationgvVan Heuven & Wen, 2018)

Exposureto L2

? -
meaning 5 5 5 5
1] P 1
v d v \
form L1 L1 #—» L2 L1 «——» L2 L1 &-—# |2

Figure5: Proposed framework for uniting RHM and BBainger et al., 2010)

Lastlyin this overview of bilingualism theoriei isworth consideringthe lexicon of a

monolingual readeras tantamount to an integrated lexicon of a bilingual reader
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perspectie recently taken by Multilink model of monolingual and bilingual
comprehension and productiofijkstra et al., 2019)The idea of an integrated lexicon
involves the different languages being treated as part of the same whole lexicon,
distinguished in @me way by language identity, similar to how social/cultural norms
might separate a lexicofvan Heuven & Dijkstra, 2010However, this might only hold
true for vocabularywhile syntax/grammar could prove problematic, possibly requiring
separate resources for the different systerf&ysbaert & Dijkstra, 2006; Brysbaert &
Duyck, 201Q) Nonetheless, conceptualizing an integrated lexicon with language non
selective access essadity as an extension of a monolingual lexicon (as opposed to an
addition to a monolingual lexicon) paves the way for VWR theories based on
monolingual/native processing to be applied to L2 readiBrysbaert & Duyck, 2010)
Indeed, a major recommendatiofor investigating bilingualism is to first consider how
theories and features from models of native/monolingual processing can be applied and
adapted if necessaryBrysbaert & Duyck, 2010, p. 359; Dijkstra et al., 20TBhe
consideration and implemeation, therefore, of both monolingual and bilingual
language processing together is perhaps the most important and pertinent aspect of the
Multilink model(Dijkstra et al., 2019)To an extent, this happened with the BIA in terms
of using existing morimgual models to develop a bilingual modBrysbaert & Duyck,
2010) but Multilink takes it further by implementing both monolingual and bilingual
processing in a single modélowever, this is not to say that Multilink can simply replace
BIA/BIA+, buits promising performance compared witA (McClelland & Rumelhart,
1981) and BIA/BIA+ alongside implementation of word frequency, length, and

interlingual similarity as lexical factors and-udficiency as a readesriented factor
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make it a valid cetender and an important milestone for language resedidhkstra et
al., 2019)

The framework oMultilink is based on the sam&calconnectionistnetwork
principlesas the BIA/BIA+but incorporatesaspects of RHM and WEAWERS well as
other new features in order to covdroth comprehension and productiofbijkstra et
al., 2019) Therefore, br the purposes of the current research, only parts pertaining to
comprehension and, where possible, VWR will be discussgedan b seen in the layers
and interconnectivity of elements figure6, Multilink itselfalso recruitsa very familiar
architecture and flow ofexicalprocessiig (Dijkstra et al., 2019not unlike that o DRC,
BIAM, or BIA/BIA+tanguage inpuhas its orthography evaluatédist, allowing it to be
linked to phonological representationand semantic conepts, as well as language
membership Importantly, however,the architecture still lacks mechanisms for
sublexical processing, phonological onset timing, and details of other potentially parallel
processesthoughthe authors acknowledge thiPijkstra etal., 2019) Unfortunately
for the currentwork, it is such sublexical and phonolegpfatedprocesses that are most
pertinent, though this does provide an opportunity fohdé current researchto
contributeto the development of Multilink and othenodels.

As is understandably typical for bilingualism models, Multilink has an emphasis
on wordlevel interlingual factors, such as cognates, which are vital to be addressed by
any bilingualism theory However, along with the missing sublexical and phogal
onset processing, the RHMéNd vocabularfocused side of Multilink leaves such aspects
of bilingualism as language background, relevant L1 VWR skills, and similarities between
L1 and L2 somewhat undeepresented Nonetheless,the interactive word-level

systemand itsconnections that are all bidirectional and variable in strength akan to
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the BIA/BIA+pverseen by task/decision systemwhich is especially important because
the output of the Multilink modelis taskdependent(Dijkstra et al.2019) Asin the
BIA/BIA+ the task/decision system providesome overarchingtop-down control of
processing and outpubased onnon-linguistic factorse.g., task instructionsthough
somewhatdifferently from the BIA/BIA+ implementationi$,can alsanspectlinguistic
factors, such arthographic/phonological/semantic activation levels and language
membership to better specify the outputiccording to tle task requirementgDijkstra

et al., 219) With this in mind, this part of Multilink is motike the top-down nature of
BIA than BIA&and could be extended to include language background factors.

The aforementioned capacity to account for L2 proficiency igsrgportant and
pertinent aspect of Multilink, as L2 proficiency is a key factor in behavioural performance
during bilingual VWR and, therefore, the cognitive strategies and brain activity that
underlies that performancéFitzpatrick & lzura, 2011; Hulstijg011) However, it is
arguably much more individualized than Multilink allows, so its inclusion is laudable, but
it appears to require significant refinement and much less reliance on assumptions that
are very generalized while also still being spedii DutchEnglish Furthermore, this
specificity or restriction to Dutcknglish bilinguals is one of the main shortcomings of
Multilink at present, at least in the context of the current researddutch-English
bilinguals represent a population that de not directly fit with either SpanigBnglish or
ChineseEnglish due to the comparable orthographic deptid same alphabetic profile
of Dutch compared with EnglisiHowever, many of the principles and features are still
relevant already to other poputns, especially due to the combined

monolingual/bilingual approach, and this will hopefully be developed further in future.
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LAYERS Standard Architecture of Multilink

Output 7 4

Phonology

Semantics

Language

Orthography

Input

Figure6: Multilink lexical processing architectui@ijkstra et al., 2019)

3.2 L2reading strategy

One of the core questions amidst VWR, L2 acquisitionpdimgualism literaturegand,
consequentlycentral tothe current researchconcerns how a second, other, or non
native language is read and, specifically, how similarly orrdiité/ the routes to word
recognition operate in.landL2readers of a languagesee Brysbaert & Dijkstra, 2006;
Guo et al., 2009; Huettig & Ferreira, 2022ative and bilingual L2 processing of the
same target language are often concluded to be corapke in many ways, using similar
processing strategie@Diependaele et al.,, 2011; Lemhdofer et al., 2088) possibly
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increasing in similarity with proficiengiKim et al., 2017)For instance tiis reasonable

to accept that bilinguals with L1 an@ that share a writing system and/or orthography

(e.g., Spanisknglish bilinguals) use L1 skills for L2 processiHgwever, various

different patternshave been observeth terms oftimeframe of activationand N170

lateralization questioning any normakading strategyHuettig & Ferreira, 2022)How

such differences manifes much less clear for less proficient and late biling(rafsora

et al., 2022; Maurer, Brandeis, et al., 2005; Yum & Law, 20219 alsonuch less clear

how the patternsof L2 processg may differ betweerbilinguals with L1 and L2 from

different orthographies and/or writing systen betweenESL readers with different

L1 language types (e.g., alphabetic L1 vsalphabetic L1)such as native readers of a

logographic language reading an alphabetic language (e.g., CHingdish bilinguals).
Considering effects across different types of bilinguaélbas been suggested

that the consistency of orthography (cf. orthographic depth) in L1 influences language

acquisition and production of L2 orthograplfiaulesu et al., 2021)However,the

difference in L1 orthographic deptietweennative English, Spanidinglish, and Duteh

English groupshowedno impact on reading performanad®iependaele et al., 2011;

Verdonschot et al., 2012) Such findings could support the idea that L2 processing in

bilinguals relies on direct, wholeord processing more than indirect, languagggecific

conversion rulegClahsen et al., 201put mightonly be supported when L1 an® are

at least broadly similar, resulting in much of the L2 processing relying on L1 techniques

Furthermore, differences in L2 processing based in any way on L1 properties could be

dependent on stimuli and their similarity to L1. For instance, natbagers of an

alphabetic language with shallow orthography, such as Spanish and lItalian, might be

expected to be faster at reading pseudowords due to the natural requirement of
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graphemephoneme conversion skills. Evidence of this was observed with Halian
English participants, who represent the saiB8lalphabeticL1population as Spanish
English bilinguals (due to using an alphabetic script with a similarly shallow
orthography), reading aloud both Italiarand Englisiderived pseudowords more
accurately ad faster than Englismonolingualparticipants(Paulesu et al., 2000)Due

to the differences between English and Italian orthographies, the orthographic
representations of the different Englisand Italianderived pseudoword types should
also provideclues to their lexical statusHowever,this was only found to benefit the
Italians, possibly suggesting that English participants, at least initially, attempted to read
the pseudowords via a direct wheleord pathway while the Italians recruited their
theoretically superior graphemphoneme skills to access accurate pronunciation
faster.

During L2 VWR, there is evidence to suggest thdihographyphonology
mappings of both L1 and L2 are activated in parallel, perhaps even simultaneously
(Brysbaert et B, 1999; Oppenheim et al., 2018; Van Wijnendaele & Brysbaert, 2002; Wu
& Thierry, 2010Q)thus allowing interlingual phonological priming and supporting the
notion of a single integrated lexicon described ear{@ijkstra et al., 2019; van Heuven
& Dijkstra, 2010) Such parallel automatic phonological activation during bilingual VWR
is a prime factor in the proposition that brain activity, processing, and reading
behaviours will differ between bilingual L2 reading and monolingual L1 reading of the
samelanguaggBrysbaert & Dijkstra, 20063.9., Spanisknglish or Chinesénglish and
native English, respectivelylndeed, with this automaticity of phonological coding
inherent in VWR, monolingual or bilinguéBrysbaert & Dijkstra, 2006)ncorrect

phonology can be activated in bilinguals with L1 and L2 that use the same or similar
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orthographic system due to different orthography/phonology mappings between the
languagege.g., /oo/ and /ou/ in English and French, respectiyelyhich mayor may

not have the same phonological representatiofile extent that this impacts bilinguals
with L1 and L2 of different language systems e.g., Chikegéish bilinguals with a
logographic L1 and alphabetic L2 is, however, much less well understoaeguices
more researcl{Van Heuven & Wen, 2018)

The relative complexity of orthographphonology mapping in English means
that reading new words, pseudowords, and pseudohomophones can be challenging,
especially forL2 readers. The need to use an indict approach to read English
pseudowords and pseudohomophoneesquires that readers have some form of
graphemephoneme conversion skills, which may not be the case based on skills
required and acquired for their L1, as is the case for Chif®@sgmour et b, 2003)
While native Spanish readers have roots in graphgieneme conversion as part of
their L1, native Chinese readers do fllis et al., 2004)This lack of overt phonological
cues found in logographic scripts portrays Chinese as a plariicwisual/orthographic
language, implying that a phonological route would not be learnt through L1 acquisition.
Expert readers of Chinese can extract phonological information from radicals in the
orthographic representations, but, unlike graphespkoneme conversion in alphabetic
languages, this is not a tool that learner or skilled readers can necessarily use to
pronounce new or unknowiiL1 or L2words (W-J. Kuo et al., 2004)Therefore, the
route used by native Chinese readers to read Englishmoape directly orthographic
phonological in the sense expected of alphabetic scripts, instead being a more direct

visual pathway.
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In a particularly relevant contrast betweetate-bilingual SpaniskEnglish
(alphabetic L1) and JapaneBaglish (noralphabetc L1)with native English as a control
groupU Uu}E ~( 0c %}*]3]1A _ EE}E+s ~]V]IEE & E *%}vse o
were made to English homophones than to orthographic controls across all giOtps
et al., 2010a) This suggests thattandL2readers might employ similar strategies that
depend on the target language e.GPC for new irregular words in English, includiag
readers with alphabetic and nesphabetic native langages and therefore somewhat
regardless of language profile. This has been previously proposed as the explanation for
native-like L2 processing in bilinguals in studies observing compaxabliebehaviour
between L1 and L2 readers(e.g., Diependaele et al2011; Lemhofer et al., 2008)
However, the proficiency of the participants in these cited studies allowed them to
perform at nativelike levels, which could have masked any underlying differences and
ones that behavioural measures alone may not beisigffit to detect(e.g., Timmer &
Schiller, 2012)Furthermore, care should be taken when making inferences from errors
alone, as the similarity of error patterns acrdskandL2readers is only evidence of the
more difficult homophone stimuli consistdy eliciting errors. Similar patterns of
correct responses and brain activation would more solidly support the idedaidL2
readers generally using the same reading strategidwerefore, deeper measures, such
as EEG/ERP, a wider variety of tasks that examine correct responses, and contrasts
between bilinguals of different proficiencies are needed to investigate these questions
further.

Language mficiency, through developmerand experiencéFitzpatrick & lzura,

2011; Hulstijn, 2011)could be key to processing requirements for reading E&r

instance, late bilinguals, defined here as individuals who did not learn L2 from an early
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age (e.g., before the critical period), leakess time with L2 and less exposure to it than
L1, particularly within the critical perio@Hulstijn, 2011) This is coupled with any
similarities or differences between L2 and L1, many of which can influence L2 processing
in facilitative or inhibitoy ways depending on L1 and L2 language types and the extent
of similarities or difference¢Maurer et al., 2008) Although the orthography and
phonology of different languages do not necessarily lend themselves to form a
framework for L2 reading (e.g., Chinese orthography for learning Eng)iskhis is
especially the case for late bilinguals, who not only have more experience with L1, but
possibly use it as a framework for L2 when posgidldstijn, 2011) The neural basis of

any such differences, ¢luding when and how the signal path diverges from native
orthographic and phonological processing, requires further investigati@spitesuch
behavioural and developmental reasons for understandable performance differences
(Fitzpatrick & lzura, 2011bilingual models of VWR have traditionally not addressed
proficiency(van Heuven & Dijkstra, 2010As mentioned earlier, howeveMultilink
(Dijkstra et al., 2019¢an be tuned to emulate different L2 proficiencies, which are
strongly linked to its concept of "frequencependent resting level activatiorfDijkstra

et al., 2019) showing proficiency is posited to besignificantfactor.

Ultimately, he charactestics of thesalienttarget languagemust play a role in
determining the way it is processed and so there are likely to be some similarities
between L2 readers regardless of L(Tan et al., 2005) It is, however, reasonable to
accept that L2 word recogfion is influenced by and at least partly based orrélated
VWR skills being used as a foundaiish Wang et al., 2003j)hough how they manifest
in L2 processing may not be the same across languages and interlingual influences may

work both waygBrysbaert & Dijkstra, 2006)
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3.3 Interlingual influences

Intrinsic tothe integrated lexicorof BIA,BIA+ and Multilink models of bilingual word
processing, it is accepted that L1 influences L2 proceésamgHeuven & Dijkstra, 2010;
Dijkstra et al., 2018 With both L1 and L2 being part of one integrated lexicon, it follows
that lexical entries between languages can interact similarly to how lexical entries within
a language carfvan Heuven & Dijkstra, 2010), including during watentification
(Brysbaert & Duijck, 2010As a key feature of language nealective access (e.g., van
Heuven, Dijkstra, & Grainger, 1998), information of language membership is not
required to access the integrated lexicon and the result is parallévadmn of
similar/related lexical items from both L1 and L2 (van Heuven & Dijkstra, .201@)
practicality of this bilingual system can appear lacking thoughthen a visually
presented word also activates orthographically or phonologically similar or
neighbouring words from L1 and L2, a process of inhibition, such as-de¢pskdent
decision process (Dijkstra et al., 2018), is theoretically required to avoid interlingual
conflicts and related performance errors (van Heuven & Dijkstra, 20d@yever it has

been shown that bilinguals are often unable to successfully control the processing in the
word identification system (van Heuven & Dijkstra, 2010), resulting in processing
conflicts between L1 and L2 that cannot be avoided (van Heuven, SchrigfessaD&
Hagoort, 2008) L2 visual word recognition is, therefore, influenced by L1 (Brysbaert &
Dijkstra, 2006), as the existing language (L1) network forms a foundation for L2
acquisition, providing L1 skills where applicable and assimilating thedrfeti et al.,
2010) To what extent, in what circumstances, and how L2 processing might differ based

on language profile, however, still requires much investigatiorparticularthe timing
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of VWR processes in the brain during L2 reading, espewaiaéiy taking the language
profile of the L2 reader into account and at early timeframes, has not been widely
addressed in the literature.The timecourseof processing during reading is key to a
number of questions about how1 and L2 readers successfullgchieve VWR and,
therefore, needs to be understoo@®ereno & Rayner, 2003)

Ll-oriented brain activations have been observed during L2 reading, strongly
supporting the idea that L1 reading skills influence L2 reading (Kim, Liu, & Caaq, 2017)
Interlingual phonological priming between L1 and L2, for instance, strongly supports a
significant role of L1 in L2 processiivan Heuven et al., 2008¢ven to the extent of
suggesting thak 2reading consistently but unconsciously activates L1 and that Lads re
using L1, if only as a mediat¢e.g., Wu & Thierry, 2010)Interlingual phonological
priming has also been shown to occur in both directions between L1 and L2 to
comparatively equal extents (Van Wijnendaele & Brysbaert, 2002), which parallel
activation in an integrated lexicon also explains (van Heuven & Dijkstra, 2@Lih
interlingual influence also extends to word form neighbours of both L1 and L2, which
have also been found to activate the L1 and L2 counterparts in parallel (Dijkstra et al.,
2018), providing further support for botlkanguagesbeing activated in parallel (van
Heuven & Dijkstra, 2010)urthermore, phonological properties of L1 have been shown
to influence L2 phonological processing of English using homophones and- near
homophones in both JapanesEnglish (alphabetic L1) and Arakieglish (non
alphabetic L1) bilingual@ta et al., 2009) This directly supports the idea that L1
phonology can influence L2 VWR in bilinguals with an alphabetic L1 (e.g., Spanish
English) or a ncalphabetic L1 (e.g., ChineEmglish) when reading English, which feeds

into how the L1 influence on L2 processing could differ between bilinguals with different
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language profiles, such as whether it is a propertg2rocessing when L1 and L2 are
distinct (e.g., English and Chinese) or whether it is supported when L1 and L2 are
linguistically closer (e.g., English and Spanish).

On the surface, it might reasonably be expected that psycholinguistic processing
in bilinguals who are equally proficient acrds$ and L2 would bequivalentwhen
reading either language Indeed, bilingualshave been shown tause nativelike
processing strategie®r readingL2 (Diependaele et al., 2011; Lemhdofer et al., 2008)
using the same brain networks as processingMah Heuven & Dijkstra, 201(nd
relying on wholeword processing in L2 readirf@lahsen et al., 2010)However, ay
languagespecific difference®etween L1 and L2 woultill need to be consideredis
distinctions between languagés.g.,orthographic depthhave beershownto influence
both behavioural performance and brain activitfamal et al., 2012; Luke et al., 2002;
Meschyan & Hernandez, 2006Yhe extent of reliance on languagdependent WR
strategies while reading L2 and the extent that i L2based processes are involved,
especially for late bilinguals with a dominant late still relatively unknownthough.
Psycholinguistic processing of the same L2 (e.g., English) between difjeoeps of
equally proficient bilinguals (e.g., SpanBhglish and Chinedenglish) could be the
same as one another, driven by the target language or could be entirely different from
other bilinguals and from native readers. However, a scenario in weatting L2 uses
expertise from both L2 and L1 is arguably more likely than relying on L1 or L2 skills
exclusivelyJamal et al., 2012gspecially when considering how different L1 and L2 can

be linguistically, but it also requires much mangestigation.
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3.4 Summary

These openinghapteishaveintroduced what written languagef different systems and
types can entailand given an overview of the main theoretical perspectives on
monolingual and bilingual VWR, respectively, providing descriptioihghe key
overarching factors The next chapter will take #sefurther into the specifics ofiow
processingrthography and phonolog are understoodincluding howthey can interact
during VWRsuch aghrough phonological mediation and the processoathography

phonology mapping.
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Chapter 4.0rthographic and phonological processing/WR

4.1 Orthograply in VWR

As the linguisti¢doundation of written language and necessary for any VWR processing
to occur at all, it seems fitting to start the breakdown of orthographic and phonological
processing during VWR with orthography Orthographic processing is, using
terminology from the Interactivéctivation (IA) modgMcClelland & Rumelhart, 1981)
separated into the concepts of feature detectors (for visual features of letters e.g.,
roundness of a letteD), letter detectors (orthographic identification of letters based on
visual features), anavord detectors (overall orthographic recognition of lexical items
based on orthographic processinghn the context of VWR, these cover a wealth of
factors potentially involved in orthographic evaluation, such as number of letters,
number of graphemes, mole-word visual familiarity, fgram frequency, orthographic
content and letter order, word shape, visual clarity, letter size, letter spacing, letter
constancy, and font style to name a few. Each of these variables contributes to word
recognition to varing extents and on different levels, at different times, and in different
combinations to constitute orthographic processing, which involves both visual and
psycholinguistic propertiegSeghier et al., 2014) It should be noted, however, that
several ofthese factors are more visual than orthographic in nature, such as visual
familiarity, visual clarity, and word shape.

The distinction between visual processing and orthographic processing in the
context of VWR and reading is an important one. Both are inherently related in VWR
Al3Z YESZIPE %ZC % E}A] JvP 8Z &po « }( o vPu P [+ A

framework fa the physical visual representations of wor(Rerfetti & Liu, 2005)
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However, orthography does not account for all visual features of linguistic stimuli (e.g.,
lines, word size, colour) and so the initial stage of word recognition involves sueh non
linguistic visual features througpre-lexical processing that precedes orthographic
processing, underpinning the whole word identification and comprehension process
(Grainger & Holcomb, 2009) Orthographic processing, meanwhile, refers to the
encoding of the visual forms of a language, including letters/characters,
letter/consonant clusters and graphemes, and arguably even word shapes and fonts
Essentiallyjnitial visual processingn the context of VWRs prelexicalactivaion of
visual features thafre not necessarily linguistend orthographic processing entails
visual processing in psychdinguistic frameworkGrainger & Holcomb, 2009; Seghier
et al., 2014)

Considering the dynamic nature of psycholinguistic processing and potentially
infinite combinations of finite linguistic paramete(§ischeBaum et al., 2014)it is
worth considering orthographic processing with a "parametric approf€agamets et
al., 2000) Instead of assuming discrete differences when psycholinguistic parameters
differ, as shown in orthographically differing stimuli (e.g., words, pseudowords,
letter/symbol strings), orthographic familiarity is considered along a continuum on
which words, pseudowordsymbol stringge.g.,¢u | ~ ¢letter strings(e.g., yhgdr)and
false fonts (e.g.,a¢ & § eeside based on how legal and/or legitimate they are within a
language or context. Moreover, orthographic familiarity can be considered on a
continuum in terms of smaller linguistic units than full weilce gimuli (e.g., letters,
morphemes), which could be the objects of statistical learning strategies of lan¢efage
Dehaene, 2014)In other words, statistical knowledge of orthography can be described

and defined in terms of characters (including lettepsinctuation, diacritics etc.),-n
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grams (e.g., bigrams, trigrams), and morphemes, as well as whole (tbirglsorn et al.,
2016)

Based on the concept of open bigraf@rainger & van Heuven, 200&)d pairs
of adjacent and nofadjacent letters(Graingr & Holcomb, 2009)it could be that
orthographic processing is not necessarily detecting letters to compute their identity
(and position), but detecting grapheme; RE u-U } E (Giaingdr & Holcomb,
2009) Rather, orthographic processing isnadikely to be a combination of the two:
letter identification for first and last letters, and grapheme/chunk retrieval dependent
on first and last letters i.e., all potential chunks surrounding thérhis entailghat the
mental English alphabet far eaeds 26 units and even ~40 graphemes in a practical
sensedue to its significant orthographic depth and irregularity, instead including all
viable (legal and legitimate) letter cluster combinations of formal alphabetic units.
Furthermore, the serial/parél processing debate in terms of orthography can refer to
whether letter identification, grapheme detection, or another method of orthographic
perception takes precedence, but the key question in focus is the timeframe and

serial/parallel processing of thrographic and phonologicalements, respectively.

4.2 Phonology in VWR

One of the most significant topics in VWR concerns the extent that phonology is involved
in VWR referring to the way phonological activation works to facilitate or inhibit
comprehensionincluding if it always occurs regardless of context, if it always occurs but
is differentially influential, or if it is a dynamic process that only occurs under particular
circumstancegFischeiBaum et al., 2014)he question of why phonological acttion
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occurs during reading is also noteworthy and can largely be attributed to the
% Z}v}io}P] o v SpE }(v SpPpE o Zpu v o VPU P v SZ % CE
presented words onto known phonological internal constructs when learning to read.
Thisis strongly related to the notion of phonology as a universal component of the
reading process and the ontogenetic primacy of phonology in language generally
(Grainger & Ferrand, 1994; Slobin, 2Q03s natural languages are primarily
phonological andmeechbased(Ferrand & Grainger, 1994; Frost, 199&urthermore,

the importance of phonology does not appear to be specific to English and is grounded
in this phonological foundation of natural human languafie®ependaele et al., 2010)
Although na surprising, it is important to note that research has shown phonological
effects in languages other than English, such as Fréfaelrand & Grainger, 1994)
Chinese(Xu et al., 1999)Dutch (Brysbaert, 2001)even SerbeCroatian(Lukatela &
Turvey, 199@nd Hebrew(Gronau & Frost, 1997)This has been taken to suggest the
involvement of phonological activation in reading or, at least, some phonological effects
to be universa(Brysbaert & Wijnendaele, 20Q3Tonsidering that writingystems first

and foremost represent spoken language and not meaning dire(@grfetti & Liu,
2005) it follows that phonology is firmly placed in the reading process. While
phonological activation, though not the phonology itself, could be univetfsalneans

of achieving it from a visualyresented stimulus is probably not universal, being
dependent on such factors as reading proficiency, native language, and stimulus
language, as well as the everesent factor of context. The basis of writtemdmage

on sounds and the apparent universality of that is enough to suggest that reading
acquisition is essentially the mapping of orthographic codes onto existing phonological

ones(Ehri & Wilce, 1980; Grainger & Holcomb, 2009)
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Phonology having sich asupporting and significant purpose VWRIis also
reinforced by research into beginner readers and the acquisition of reading skills, which
underlines the importance of phonological awareness and the phonics method of
teaching in reading skill acquisitigghri & Wilce, 1980; National Reading Panel, 2000;
Pogorzelski & Wheldall, 2005)This extends to bilingual development too, lagrnt
phonology of known language(¢)as been shown tanfluence the learning and
comprehension in additional language acijtion (Mulik & CarraseOrtiz, 2021)
Furthermore, phonological impairment from both specific learning disorders, such as
dyslexia, and psychophysical disorders, such as hearing loss and deafness, are associated
with issues for reading performand€lasen et al., 2013) If phonological processing
was not functionally useful, this would not be the case, suggesting that phonological
activation in skilled readers is not epiphenomenal and possible functions of phonology
in the mind include supporting lecal access and helping comprehension (cf.,
phonological mediation), as well as reinforcing sitertm memory(Classon et al., 2013;
Leinenger, 2014) The propositions, therefore, that beginner readers would prosper
from prior and enhanced phonology artidiat skilled readers can also benefit from an
internal phonological activation are supported by the phonological basis of written
language, the importance of phonology for reading skill acquisition, and the presence of
subvocalizationduring reading. Comvsely, there are still assertions that rapid
phonological processing might not serve a functional purp(Rastle & Brysbaert,
2006) leading to the open question concerning the extent of its use in different
paradigms and the ways in which it can fi#&ié or even inhibit lexical access. However,
it seems unlikely that phonological activation during reading is just afmoctional by

product. This also fits with the notions of language as predominantly phonological, of
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written language being basedi@peech (that precedes it in terms of both development
and evolution of all natural languages), and the precept of language comprehension
being based on triggering existing knowledge of the linguistic iipethaene, 2014;
Snowling & Hulme, 2005)

Someof the clearest evidence for phonological involvement during VWR has
been asserted to come from effects of phonology in paradigms that do not, in theory,
explicitly require phonological processing or when the effeofs phonological
processindnave a detrinental impact on VWR performance and reading comprehension
(Frost, 1998) In such circumstances, such as reading visual totwiiseers ~ XP XU ~d |

§ ¢ }( Sv & SpESo _V D pus ZeadingWithtaut ghohblogidsd 7«
activation wouldarguably lessen conflicts and increase efficiency, but the brain appears
to process ponology anyway, so the conflicts ocolario et al.,, 2007; Ferrand &
Grainger, 1994) Phonological effects in circumstances when it is not required provide
evidence of phonological mediation and involvement in VWR, suggesting a level of
phonological processing to be present during silent reading, somewhat irrespective of
the purpose of he activity. Such phonological effects can be used to refute theories of
phonology as backgrounded (i.e., weak phonological theories), but support theories that
foreground phonology and its consistent activation during VWR (i.e., strong
phonological theaes). However, an apparent lack of phonological activation when it is
required for the task could support the reliance on the orthographic/direct pathway
and, depending on the evidence, that orthographic activation is stronger than
phonological, at leasin some circumstances, strongly indicating a dynamic, but
imperfect context, stimulus, and taskdependent system that, while often accurate,

does not always get the balance rigkischesBaum et al., 2014)
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Importantly, phonological priming effectsave been shown to be relatively
unaffected when the context of the phonological (re)coding is problematic or even
inhibitive (Brysbaert & Dijkstra, 2006), such as pseudohomophone/pseudoword lexical
decisions in a phonological lexical decision task andogriaphically congruent nen
rhymes in a rhyme judgement taskThis suggests that phonological activation and,
indeed, the reliance on phonology for VWR cannot be consciously controlled through
objective or taskbased reading strategies (Brysbaert & Digks 2006) Such
phonological priming effects are, therefore, prelexical and, accepting that prelexical
phonological activation is a vital factor in VWR generally, it follows that it would also
significantly impact bilingual VWR (Brysbaert & Dijkstra, 620@specially when

JoJvPu o[ >i v >7T pe SZ e+ u }E ¢]Ju]o GEnpESENgUERIS% ZC

Dynamic processing of orthographic and phonological input also fits with the
matter of taskdependence and that observing effects in one pagadidoes not
necessarily mean they will (or will not) be present in anoffrRastle & Brysbaert, 2006)

For instancephonological processing in worthming is more necessafylcNorgan et

al., 2015)and more consisten{Ashby et al., 200%han in lexical decision and other
silent reading activities, so processing extents and differences would likely be different
between tasks, whichhas been proposed as a potential issue for using phonelogy
dependent tasks to investigate phonolo@yrost, 1998) However, differences in the
extent of phonological activity are likely due to the requirement of phonology, such as
the need for overt phonology in naming that is not necessarily present for lexical
decision, which just highlights the dynamic nature of Vavid, provided appropriate

care is taken in interpretation, does not invalidate any approach to VWR research. While

evidence of phonological processing during VWR from experiments that do not explicitly
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require it would be ideal, it is still not fully undg#ood what constitutes phonological
processing in the brain or how it works. Considering the variety of evidence, it is perhaps
an understatement to say that phonology has the capacity to be influential to word
recognition, whether in terms of facilitath and positive priming or inhibition that leads

to confusion and performance errors, but further investigatioregpuired to understand

the whole role of phonology in VW patrticular, the relative strengths of orthography
and phonology during VWR thfferent contexts (e.g., orthographic lexical decision,
rhyme judgement) are still relatively unknown, as well as how phonological processing
and the aforementioned interaction with orthography workd @readers with different

L1 language types (e.gpahishEnglish and Chinedenglish late bilinguals).

4.2.1Phonological mediation

While there is a compelling argument that phonology is a necessary part of VWR and
more vital than somée.g., weak phonologicaheories typically allow, phonology is still

not collectively deemed essentitd VWRand the possibility of a balanced usage of the
orthographic andndirectroutes is not always embracé¢tuo et al., 1998)For instance,
lexical accesmight only beindirect or phonologicallynediated when the stimuli are

low frequency words, otherwise unfamiliar (e.g., rerds), or just difficult to readXu

et al., 1999) Therefore, skilled reademight rarely use phonology in VWR, instead
using the direct orthographitexical pathway unless the stimulus or task demands the
involvement of phonologVan Orden, 1987)Early beginner readers, however, will rely

heavily on the phonological route because initially and until they become more skilled,
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all languagdike inputs are low frequency words, unfamiliar, or just difficult to read
(Abramson & Goldinger, 1997)

The mental manifestation of phonological mediatianwvhether discussed in
terms of internal phonology, phonological recodirgybvocalization(Baron, 1973;
Lanenger, 2014)or "Jvv E <%t is Assentially a translation to the internal
articulation of a word for it to be heard in the minygotsky, 1986, p. 22%nd an
integral part of the speech planning procd¥gheeldon & Levelt, 1995l is descibed
here as a translation and not tethered to reading processes because such
subvocalization also occurs when thinking and does not require visual presentations. It
is, therefore, a translation from one cognitive code (whether orthographic or not) to the
internal phonological representation.  This is distinct from phonratioustic
articulation, overt speech, and the associated explicit motor function that is required for
reading aloud but not necessary for silent readiffgpramson & Goldinger, 1997;
Brydaert & Wijnendaele, 2003) The salience a&fubvocalizatiorcan vary from reader
to reader and word to word, being most reported for more difficult and unfamiliar words
(Brysbaert, 2001) However,it is conceivable that subvocalization is automaticla
always happens, but is simply not always salient enough to be consciously realized,
perhaps only occurring in certain circumstances, such as when the stimuli or task
demand it. The existence of subvocalization in the minds of both beginner and skilled
readers, however, does suggest phonology to have a prominent purpose in VWR.

One classis example of this internal phonological recoding and its effect on
reading comprehension iSE &+ "Z a@®@Jwdphone of a word semantically
related to a categorysuch agesponding in the affirmative to the worldrakebeing a

word related to the categorar when the visual stimulus was actualtyeak (Van
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Orden, 1987) This effectshows automaticity and clear reliance on internal phonology,
at least in some aaexts Sucherrors also occur in skilled readers and with high
frequency as well as lofvequency words, despite the homophone only having the
phonology and not also the orthographic that is linked with the semantic content of the
category(Van Orden & Kloos, 2005)The phonological similarity between the stimuli
(the homophones in this case) leads to poorer behavioural performance and suggests
that phonological processing can occur even when it inhibits accurate performance
(Frost, 1998) It is reasonable to aept such findings as evidence for phonological
activation, while noting the strength of that phonological activation and its ability to
override orthographic and even lexical/semantic processing outcomes. Importantly, it
could suggest automatic phonolagi activation and that, when available, it will be
relied upon over and above other psycholinguistic codes, which makes sense in terms of
VWR being evolutionarily and perhaps cognitively based on sp@daeiaene, 2014;
Menary, 2014; Snowling & Hulme, 2003 he same pattern found in English readers of
phonologybased semantic priming has also been observed in Dutch reéideeghe &
Brysbaert, 2002)proposing that such an early phonological mechanism might be similar
across readers of similarly odbraphic languages (e.g., alphabetic languages).
Likewise, phonological priming effects were found to be similar between native English
monolinguals and Duteknglish bilinguals, which could again be accounted for by the
orthographic similarities betweerEnglish and Dutch(Timmer & Schiller, 2012)
However, it remains to be seen how this extends to other bilingual groups with an
alphabetic L1e.g., Spanisnglishiandcertainlyto bilinguals witha non-alphabetic L1

(e.g., Chines&nglish)
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In researb contexts(commonly through priming tasksphonological mediation
is observed when phonology is activated by orthogiaphputbefore lexical access is
achievedthusshowingthe involvement ofphonology facilitaihng VWR It provides one
explanation f@ how word recognition is still possible when more than just the physical
visual representations are required to easily recognise a word, such as with irregular
words (e.g., knight), loan words (e.g.,cukde-sag, phonologically incongruent
homographs (hetronyms, e.g.bassfor low frequencypitch andbassfor the fish), and
even words with pronunciations dependent on context ortert (e.g., abstract; Perea
& Carreiras, 2008 By extension, it could also explain successful recognition in cases of
NESZIPE %Z] %}A ESC_. Az v A})E « & u} ](] 1 E
orthographically and phonologically similar pseudowords (e.tesk tecks,
orthographically odd pseudohomophes (e.g.tekst), and transposedetter stimuli
(e.g., txet, anwser; Frankish & Turner, 200H)rthermore, phonological priming effects
where target identification is facilitated by pseudohomophones i.e., not real words, such
as through masked primingf a realword target e.g. FLOORY a pseudohomophone
prime e.g.flore (in contrast with a pseudoword control prime e.fjop), shows that the
phonological activation occurs due sublexicalgraphemephoneme correspondence
as opposed to any workkvellexical processing (Brysbaert & Dijkstra, 2006).

Lexical accesduring VWRhas also been shown to be influenced bgth
homophonesand pseudohomophones of semanticaliglated words e.g.main and
maynwould both facilitate readingjon due to their phomlogy being the same asane
(Lukatela & Turvey, 1994Word-naming responses to a target word are expected to be
faster following semanticallyelated words than controls (i.e., facilitative semantic

priming), but this is based on the actual semanticaélated word being presented,
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which is not the case with these homophones and pseudohomophoNesetheless,
semantic activation and lexical access are clearly facilitated by the phonology of such
stimuli (Lukatela & Turvey, 1994; Van Orden & Kloo$520The pseudohomophone
evidence is especially important because pseudohomophones, unlike homophones and
other real words, do not have legitimate orthography, so would have no wiolel
orthographic representation in memory to activate either the @sponding
phonological or the semantic representation of the readrd counterpart (i.e., the
whole-word orthography alone afnayncannot activate the phonology or semantics of
mane). This could suggest that phonology can at least influence word recognition earlier
than or in parallel with orthograph{l_einenger, 2014)even if it does not consistently

do so in normal, less tagslependent circumstances.

Some of the strongest evidee for phonological mediation in visual word
recognition comes from priming experiments, especially the masked priming paradigm
(e.g., BijeljadBabic et al., 1997; Brown & Hagoort, 1993; Brysbaert, 2001; see also Rastle
& Brysbaert, 2006) Using suchtinuli, effects associated with phonology have been
proposed to occur earlier than effects associated with orthograptguk, Patterson, et
al., 2006; Wheat et al., 201,0)hich does not tally with a purely serial account (if it is
accepted, as is reasahle, that orthography must be processed before phonological
processing can begin). However, rapid phonological activation and parallel processing
could explain such activity, while also concreting the role of phonology in VWR.

Support for phonological mediation from results of werdming tasks have also
suggested that phonological processing can take priority over direct orthographic routes
(Ashby, 2010; Lukatela & Turvey, 193pugh this could just be a side effect ofkas

dependence and context, again proposing dynamic procegdag Orden & Kloos,
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2005) The importance and possible primacy of phonological mediation poses an
important proposition for models of reading aloud, implying that silent reading could
involvedifferent mechanisms and not simply be the precursor to reading aloud without
the motor and articulatory actionsindeed, the observation of phonological but not
orthographic priming effects on behavioural performance proposes that phonological
processingtakes precedence when the task involves an overt performance of the
phonological codgTimmer & Schiller, 2012) This is perhaps to be expected and,
generally, it shows how the task at hand can influence processing (cidowp
processing). Considag this comparison in terms of a silent reading task that does not
necessarily require phonological activation (lexical decision) and a reading aloud task
that does require explicit and overt phonology (word naming), one way to build upon it
would be to eplore phonology in silent reading tasks that require it expligtlgh as in

the phonological lexical decision task, pseudohomophone processing, rhyme

recognitionemployed in the current research

4.3 The mapping of khographyand phonology

There is littlequestion that phonology holds a place in the reading process, but its
importance, purpose, and position in thiene-course of that process are still unclear.
Investigations into such things often focus on whether phonological activatipreis
lexicalor postlexical, referring to a time before or after finding the entry in memory,
respectively (Leinenger, 2014) Prelexical phonological activation entails direct
orthographyphonology conversion, while po#xical activation suggests that an
orthographc-lexical pathway has been used and the phonological representation is
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activatedfrom it. Some theories posit that orthographic input is rapidly converted to
internal phonological representations on which the word recognition process is then
based(Rastt & Brysbaert, 2006) Indeed, it has been suggested that eape-lexical
phonological activation is automatic in the sense that it is rapid, involuntary and, as
Perfetti, Bell, and DelanefPerfetti et al., 1988)% usS ]SU ~v}v }(BsByv20i6;C
Ferrand & Grainger, 1994; Gronau & Frost, 1997; Lukatela & Turvey, 10949 is the
case- even if it is also epiphenomenghbramson & Goldinger, 1997}he question of
whether phonology is necessary for lexical access is moot, as it is an involuntary
prerequisite in the reading proces$he questions that are stitery much open concern
the extent of involvement in both different contexts (e.g., phonolagpendent and
orthographydriven) and different populations (e.g., ESL bilinguals with other alphabetic
or nonalphabetic native languages), including how orthquyia and phonological
processes interact during VWR and what timecourse they take.

The orthographies of alphabetic (e.g., English, Spanish) and logographic (e.g.,
Chinese) languages work differenthguch ofwhich relates to the information that can
be obtined from the visual representations alone. This is of major importance when
considering L2 reading and the influence of L1 skills, such as the way native logographic
readers process alphabetic scripts as in Chisgsglish bilinguals. Orthography
phondogy mapping, therefore, presents a clear contrast between reading alphabetic
languages and reading logographic script3his link between orthography and
phonology represents one of the most significant questions of how reading is achieved,
especially by 2 readers with an L1 that does not have such direct connect{erts,

ChineseEnglish bilinguals).

62



Graphemephoneme correspondence can vary dramatically between written
languages, which manifests itself in how phonology maps onto orthography and the
extent of the relationship between graphemes (orthography) and phonemes
(phonology). While the influence of phonology on VWR can be considered in terms of
strength (i.e., weak vs strong phonological accouras,mentioned earlier), the
relationship between gdhography and phonology in a language can be labelled in terms
of orthographic depth, being shallow or deep or anywhere in between and referring to
a scale that indicates how closely the visual representations are to their phonetic ones,
involving the reglarity of orthographic vowel and-gram pronunciatior(Harley, 2010;

Katz & Frost, 1992)For example, the English wdkde is more directly related to its
phonetic representation than the English wdkdight, which is highly irregular due to

the silent k, gh consonant cluster, and lack of wefithal e (to inform the vowel shape).
Albeit with many regular words that use relatively clear graphggheneme conversion
rules, the English language has a higher proportion of irregular words than many other
| vPu P U =« (E] - Pyl etal., 1996)and is, therefore, considered

to have a deep orthography.

Orthographic depth is primarily a factor of languages with direct links between
orthography and phonology (e.g., grapheipleoneme convesion rules that describe
graphemephoneme correspondence), as found in alphabetic languages, such as English
and Spanisl(Ellis et al., 2004)According to the orthographic depth hypothe@fatz &
Frost, 1992)shallow orthographies should be eagieread, especially when the writing
system involves phonological cues, which relates to the importance of phonological
recoding in different languages This isdemonstrated throughEnglish being less

phonologydependent than Serb&roatian, but more phoologydependent than
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Hebrew(Frost et al., 1987) Furthermore, languages with shallow orthographies should
allow learning how to read aloud and spell more quickly than languages with deeper
orthographies(Ellis et al., 2004) Children from many Eupean countries were found
to be proficient in reading familiar words and pseudowords before the end of the first
school year with word reading accuracy of >90% in all but Portuguese, French, Danish,
and, markedly, Englistteymour et al., 2003)These languages all have deeper, more
opaque orthographies than the languages for which >90% accuracy was achieved (e.g.,
Spanish and even German). Furthermore, the rate of learning English in particular is
worse than twice as slow as other orthogragh(Ellis et al., 2004) However, unlike
Spanish orthography, for example, which can generally be trusted for grapheme
phoneme conversion links, English is orthographically deep, hence English children
finding it more difficult to read pseudowords, psgahomophones, and low frequency
words (Perfetti & Liu, 2005) While other factors are involved in differences between
learning and reading different languages (such as differences between education
systems and pedagogies beyond the scope of the cures#arch), orthographic depth
clearly has a significant impg®aulesu et al., 2021Yhis is a particular point of interest
for L2learners and readers, especially ones with orthographically and/or phonologically
distinct native languages (e.g., Cheed=nglish bilinguals), as the profound effect of the
writing system and orthography is likely even more profound when reading new L2
words, L2based pseudowords, pseudohomophones, and low frequency words.

The Ju%}ES v }( Jo]vPu oe[ v grbdessmgvan alfhabélich 2
often relates directly to the orthographic depth hypothe$i&atz & Frost, 1992)r, at
least, the relationship between orthography and phonology. The continuum between

shallow and deep orthographies is analogous to the extémeliance on phonological
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information compared with visual/orthographic information, which further
distinguishes between English, Spanish, and Chinese native languages .profiles
Graphemeto-phoneme conversion, for instance, in languages with deepagntéiphies

e.g., Englishis potentially more difficult, especially for L2 learners with an
orthographically shallow L1 (e.g., Spanish) or an L1 with a very differently complex
orthography (i.e., without GPC, e.g., Chinesg)least until it is sufficientlypracticed
(Seymour et al., 2003)

Spanish and English are alike as far as using a largely similar alphabet, though
orthographic depth differs considerably with Spanish being much more phonological
and open to more straightforward graphenmoneme mappig, making it easier to
learn (Seymour et al., 2003)Iin contrast with English, Spanish has a relatively shallow
orthography with relatively few irregular words and almost eéneone grapheme
phoneme correspondence. dan therefore,be considered an gpecially phonological
language that naturallyencouragesorthographyphonology pathways Despite the
difference in orthographic depth, howeveBpanishs relatively close to English on the
Language spectrum and, due to using an alphabetic writing syateiargely similar
orthography, objectively much closer than Chineselt remains to be seenthough,
whether these similarities are an advantage or a dotgdlged sword in practice: the
prior experienceand expertise with a very similar alphabetic stigpuld provide an
advantage for SpanisBnglish bilinguals reading English, though the different
dependency on phonology in English will also play a major role in orthographic
phonological processing. For instance, the visual/orthographic similaritiegd co
increase the difficulty of reading English low frequency words as well as pseudowords

and pseudohomophones in particular, which all essentially force the reader to resort to
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a graphemephoneme conversion process. Processing Spanish words phonologicall

likely the easiest route due its nature, but doing the same in English can be more

cumbersome (e.g., irregular wordsilpeit sometimes essential to determine intended

meaning (e.g., homographs). However, considering Spanish as a very phonological or
AvVv "%Z}v 8] _ o vPu P A]l83Z +Z 00}A }ESZ}PE %ZCU ]

readers will automatically take a phonological approach to EngNSR especially if L2

processing uses L1 foundations, as the current research is investigating.

Languages with alphabetic (e.g., English, Spanish) or syllabic (e.g., Japanese kana)
writing systems typically have orthographies with direct links to phonology, which can
vary in strength due to orthographic depth and phonological transparency, while
logographic languages (e.g., Chinese) simply do not have such orthographies. Ordinarily,
Chinese would not be considered to have "orthographic depth" due to its logographic
(non-alphabetic) writing system and the lack of direct relationship between its
charaders and their pronunciations. If considered in such terms, though, Chinese (and
other logographic languages) could be described as mirroring a deep orthography, even
conceptualized as bottomless, due to the visual/orthographic focus and lack of direct
phonological cues in such written forn(Bllis et al., 2004)

Approaching Chinese phonologicallyould be largely fruitless in most cases,
especially without substantial expertise, due to its visual/orthographic basis and general
lack of direct phonologal markers(Perfetti et al., 2010; Tan et al., 2005stead,
Chinese phonology is retrieved from orthographic input through a direct (addressed
phonology) pathway or an indirect (assembled phonology) path{Zay et al., 2005)

It has been suggestl that addressed and assembled pathways to phonology in Chinese

VWR roughly correspond to the direct lexical and 4encal/indirect routes for
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alphabetic scripts (e.g., DRC), but implemented in distinctly different lay<t al.,
2011) For instanes, assembled phonology is distinct from graphgwheneme
conversion due to there being no sglllabic links or reliable cues for pronunciation in
Chineseg(Perfetti & Liu, 2005)resulting in the divergent and undefined orthography
phonology relationsip (Lu et al., 2011) However, the majority of Chinese characters
do include a phonetic component that provides an indication of pronunciation along
with the semantic radical that specifies meaniitposain, 1991; 41. Kuo et al., 2015;
Williams & Bever2010) Some expert readers of Chinese may use the statistical
information expressed through phonetic radicals as an indirect sublexical route to
pronunciation(Dehaene, 2014; \Ad. Kuo et al., 2004; Lee et al., 2002he statistical
information cotained in phonetic radicals is essentially an indication of frequency and
familiarity, as opposed to direct graphespdioneme correspondencedlechelli et al.,
2005) This draws a broad comparison with grapheph®neme conversion, but also
somewhat of aparallel with alphabetic scripts in that frequency and regularity
determine pronunciation of otherwise undefined combinations of letters, such as the
vowel cluster-ea being /i:/ in English unless defined in an exception word (bgp)).

As charactersare recognised via a direct orthographgmantic route, however, this
apparently phonological outcome from sublexical evaluation still likely has a semantic
basis(W-J. Kuo et al., 2004; Perfetti & Liu, 200Reading such a logographic language,
therefore, entails recognising whole characters, resembling a direct lesecantic
route of VWR that essentially bypasses or does not require phonology. This also
proposes phonology to be a iproduct, echoing the debates of weak or strong

phonological theries of reading alphabetic scripts
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Although phonology is consistently activated (through addressed phonology)
when reading Chinese, it appears to be at least backgrounded, perhaps being
unnecessary, and not as important as the focus on orthogrgpleyfdti et al., 2010)
which is understandable considering the strongly visual and phonologically implicit
nature of the language However, it can lead to greater potential for orthographic
confusion in terms of relying on orthography when phonological @ssig is needed
(e.g., reading phonologicallgcongruent homographs/rhymes) Conversely, less
phonological coding might entail less potential for confusion from phonology, but it
ultimately leads to increased difficulty for phonological tasks that nexquxplicit
phonological processingM. Wang et al., 2003; Zhan et al., 2013)or instance,

% E&E » vS S]}ve }( NulAE %o U }ZIu}%Z}v o ~}v }( 3A} PE
replaced with a homophonic component; an English example migphhisthe v " %o u E
pseudohomophones" (both graphical components are replaced with homophonic
components; an English example might kece resulted in a lack of phonological
activationin native Chinese readers to the pure pseudohomophones, mirroring non
word response¢Zhan et al., 2013)These findings demonstrate the skills to process the
strong visual/orthographic nature of Chinese that suggest processing English by €hinese
Engli$ bilinguals occurs through learning English words as whole units and reading them
in the same direct fashion as skilled native readers and as Chinese characters are read
(Ellis et al., 2004) Alternatively, some form of graphersphoneme conversion roet

could be learnt to decipher alphabetic words, which often require orthography
phonology links to be read.

The lack of regularity and increased orthographic depth is a point about English

that could prove problematic for both ESL groups considering @gis foundsymbol
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relationship beside the shallow orthography of Spanish and the relative lack of
phonological cues in Chinesé&or instance, Chinedenglish bilingualehon-alphabetic
L1 orthographyhave been shown to make more errors thoreanEnglishbilinguals
(alphabetic L1 orthography with orthographic depth comparable to Englisha
phoneme deletion task using English stinfivli Wang et al., 2003)Moreover, many of
the errors made by the Chinedenglish group were phonologically incorrecttbu
orthographically acceptable, suggesting that phonological stimuli/tasks in an alphabetic
L2 can be problematic for bilinguals with a logographic&uch evidence also suggests
that reading noralphabetic scripts, such as Chinese, use and even relytlomgoaphic
information more than phonological informatiatue to the visual/orthographic nature
of their L1(M. Wang et al., 2003gspeciallyvhen processing alphabetic scripts, such as
English.

Whether in terms of orthographic depth or orthograppiionology mapping,
the relationship between orthography and phonology offers a critical contrast between
languages Its manifestation, including how phonological cues in scripts can drastically
differ between languages, is likely to affect L2 reading peréorce and processing,

which the current research aims to examine.

4.4 The temporal nature obrthographc and phonologcal processing

One crucial question concerning the nature of both orthographic and phonological

processing is whether phonology directlyléots some form of orthographic activation

or whether phonology can be processed in parallel with other orthographic processes.
Somewhat overarching the main theories of VWR as discussed earlier is this
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conceptualisation of processing within and betweerthography and phonology as
"overlapping'(Grainger & Holcomb, 2009cascaded{DRC; Coltheart et al., 200and
even "parallel'(PDP; McClelland & Rogers, 2003ome orthographic processing is
required for phonological processing to begin anctrlap before further orthographic
processing proceeds The notion that reading involves cascaded processes with
interactive elements has been an intrinsic part of many VWR theories for some time
(Barber & Kutas, 2007; Dien, 2009; Grainger & Holcoml8;Z@vermduller et al., 2009;
Sereno et al., 2003)Essentially, while one process must logically hand off to another at
some point, it appears it is more like a relay race than the flow chart often ironically used
to illustrate such models.

Several pespectives, such as the DRC and BIAM, share the concepts of
overlapping processes and of phonology generally following orthograployvever, it
is possible that not all orthographic properties are required for phonology to be
activated or that different ppperties or combinations of properties work together in
different contexts. Different levels of reading performance in different situations based
on task demands suggestise latter is most likely and that the reading process is
dynamic(FischesBaum etal., 2014) Considering this variance in reading performance
and variety of psycholinguistic effects (and the various interactions between them), it is
not unreasonable to accept VWR as a dynamic process dependent on variable
contextual cues and, whethen series or in parallel, a combination of perceptual,
orthographic, phonological, semantic, and pragmatic information being required for
successful VWR (Laszio & Federmeier, 2014). Dynamic processing in reading essentially
entails that different possikl routes to VWR can be more or less efficient dependent on

the stimuli, task, and context at hand (Cecere et al., 20THis is where the idea of
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interactions between adjacent processes (e.g., orthographic, phonological) as not
entirely serial or distinty parallel becomes important.

Processing during reading likely involves "sequential overlapping steps"
(Holcomb & Grainger, 2006, p. 1634&)key phrase that somewhat embodies the BIAM
(Grainger & Holcomb, 2009)t suggests that processes are pately serial or parallel,
but involve some serial steps and other processes in parallel along with interactions
between them at several points in théime-course where orthographic and
% Z}V}0o}P] 0 % E} e «(Graipgéo &EHSIcomb, 2009) Furthermore,
different processes may not only operate in a fdedvard, stagewise fashion, but also
work with feedback mechanisnm{womey et al., 2011kuch as the proposition in the
DRC that feedback from phonological analysis to orthographic procesamgccur
(Coltheart et al., 2001) Communication between cognitive processes could, therefore,
be bidirectional and, if the feedback is distributed in time, it can influence word
recognition(Grainger & Holcomb, 2009)_exical and phonological rostée.g., of dual
route models), while both based on the same iewvel perception, theoretically interact
through reciprocal connections that can feed backwards as well as forw@ids,
2009) using bidirectional and bimodal activatior(cf. BIAM; Griager & Holcomb, 2009;
Twomey et al., 2011) The reading process could, therefore, be not entirely serial and
not entirely parallel either, instead involving dynamic combination of serial and
parallel processing in terms of stimulus, taskd overallcomprehensioncontext
dependence(FischeBaum et al., 2014; Twomey et al., 2011ndeed, processes
required to occur consecutivegpuldoverlap alongside potentially competitive parallel
processes, resulting in lexical access ultimately being amthiby the strongest and

most efficient line of processing, as indicated in the Bi&vhinger & Holcomb, 2009;
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Holcomb & Grainger, 2006 However, deeper research into the relative strengths of
different potentially serial or parallel processgsg., orthographic and phonological) is
required to determine if this is the case and, indeed, whether the relationship changes
based on different contexts and the readers themselves (cf. language profiles).

There is no question that initial bottomp visual processing must take place
before further bottomup and/or top-down lexical processing can begin, as it is the
fundamental basis of visual word recognition. The question, th@mcerns the
orthographic an/or phonologicalactivity immediately following the initial visual pre
linguistic processingAs orthography is concerned with languagdated properties of
visual stimuli and, therefore, has a closer relationship with them than the somewhat
arbitrary associations of phonology and semantics, it is a logical and more palpable
assumption that the processing of orthography, following the initial visual evaluation,
occurs before and not after phonologgGrainger & Holcomb, 2009) Indeed,
orthographic prining effects have been shown to occur earlier than phonological ones
(Grainger et al., 2006)However,phonological effecthave also beerfiound to occur
earlier than orthographic effect&.g., Wheat et al., 2010)ndicating thatthe extent of
orthographic processing required before further processing can oaosdr mportantly,
how orthographic activation does not always or entirely occur before phonological
activation are still unclear Furthermore, in a study of both orthographic and
phonological priming effects, orthographic priming effects were detected in ERPs but
not in behavioural measures while phonological priming effects were found in both
behavioural and ERP resulf8mmer & Slailler, 2012) This shows the bottorup nature
of orthographic processing and associated effects being somewhat subtler than

phonological effects, but also suggests that the strength of orthographic priming might
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not be enough to influence performancen@ behavioural level or that phonological
processing could sufficiently suppress it. There are, therefore, competing views on how
serial or parallel and how interactive orthographic and phonological processes are
during visual word recognition.

The natue of interactions between the orthographic and phonological is a key
point where theories diverge, typically based on how serial or parallel the processing is
of these elementsIn terms of VWR beginning with visual and orthographic letter form
decoding lefore moving on to phonology (or more directly to semantics) to achieve
word recognition, an element of serial processing is commonly accepted th@igb.
Martin et al., 2006) However, recent findings have questioned the exclusivity of this,
proposirg at least some parallel processing of orthographic and phonological codes
(e.g., Cornelissen et al., 2009The debate of serial and parallel processing is directly
associated with the speed of different processes, including findings of concurrent,
corflicting, or overlapping orthographic and phonological activations, some of which will
be discussed in this section and othersha followingchapter on timing.

Developmentally (i.e., from beginner to skilled reader), phonological encoding
from orthographic input has been described as following a trajectory: from slow and
serial (contrary to rapid phonological activation) to fast and parallel, becoming less serial
and more parallel as reading skills are acquired and impré&é&dio et al., 2007) This
ties in with the somewhat accepted premise that beginner readers process words
serially through assembled phonology, while skilled readers access the lexicon directly,
processing orthography and phonology in parallel and using addressed phonology, as
proposed in the DRC modg&Toltheart et al., 2001)It should, however, be noted that

the distinction between slow serial and fast parallel hypotheses somewhat ignores the
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possibility of fast serial processing, which is not unreasonable when considering
dewelopment and reading acquisition as activities that essentially improve the
performance of reading i.e., from slow and serial to fast and serfiiatleed, as an
alternative to this notion of serial processing becoming more parallel as reading skills
develop(Alario et al., 2007yeading acquisition could simply be the speeding up of serial
processing and skilled readers could, therefore, just be much faster serial processors of
words than beginner reader§van Orden & Kloos, 2005) This also highlighta
metalinguistic distinction that may not exist psychologically: orthographic and
phonological processing could be two parts of the same whole with reading beirg non
linguistic in the sense of processing a picture or ideogi@oitheart, 2005) This waild

entail the physical visual representation of a word being immediately processed in terms
of its lines, shapes, dots, and stroKdseiman & Kessler, 20Q0%imilar to how a simple

line drawing might be processed. This would arguably be a simpkt albrently less
substantiated view of reading in which physical orthographic representations, the actual
written words, are recognized directly, akin to how other visual stimuli, such as pictures,
are perceived in the visual domafian Orden & Kloos0B5) In this case, phonology
would be either activated directly from orthograpbr via semantic activation when the

u v]vP }( S$Z "]obtRined Bnd lexical access is achieyedHowever, such a
theory is not out of line with direct lexical gavays toVWRand fuelling such direct
pathways are lexical frequency and the extentasfguageexposure, which contribute
significantly toVWRwhen processing visual/orthographic inpi\lechelli et al., 2005)

This is especially true for learners aifireaders and is perhaps due to the statistical
way that the brain might encode language on both word and language l»elsaene,

2014) Visual and orthographic familiarity are therefore vital factors for word
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recognition and phonological familiarity also likely to be significant due to its primacy
in language.

Although serial processing of phonology remains a possible explanation for some
contexts of VWRColtheart et al., 1999)increasing evidence of early phonological
activation based on thdistinction between the slow serial and fast parallel hypotheses
strongly suggests phonological processing occurs rapidly and in parallel with
orthographic and other psycholinguistic processiag., Klein et al., 2015; Pammer et
al., 2004; Wheat et al2010) Comparisons of onsetand rimebased phonological
priming, for instance, can provide insight into the siegrial/fastparallel debate, but
they also present further contention in terms of whether one is stronger than the other
Slow serial pragssing entails rindased priming to be slower and weaker than onset
based priming, Phonological onset priming (edpg-doll) and rime priming (e.gfpg-
dog) have been found to similarly facilitate behavioural respor(gdario et al., 2007)
suggesting that phonological processing of onset and rime occur in parallel and fast
parallel processing might not discriminate between orseid rimebased phonologial
priming or that, at least for such relatively short words, onsets and rimes are not
separate entities in internal phonology. Investigating a phonological effect based on
word rimes, therefore, would provide insight into whether phonological activaison
slow and serial or fast and parallel.

In stark contrast to longtanding and prevalent theories of visual word
recognition that posit a more serial nature of processing (visual/orthographic before
phonological and semantic), recent findings have easingly supported parallel
orthographic and phonological processing and for phonological processing that occurs

much earlier than previously thought, sometimes even before timeframes associated
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with orthographic processin¢e.g., Klein et al., 2015; Wheat al., 2010) Taking this
idea further, the notion of orthographic and phonological processes needing to
cooperate to achieve word recognition, as foregrounded in the Bl&@vhinger &
Holcomb, 2009)is particularly important. However, it appeacstie somewhat flouted
by the consideration of parallel orthographic and phonological routes as competitive
(Coltheart et al., 2001; e.g., Coltheart & Curtis, 1993; Rastle & Coltheart, 1998; Zorzi,
2010) Routes, pathways, codes, and nodes need to coatdifor optimal word
recognition and conflicts between them can result in processing delays and performance
degradation (Grainger & Holcomb, 2009) Although the difference between their
performances is often based on spe@deyer et al., 1974; Xu et.all999) the notions
of processes being competitive and cooperative relate to connectionist theories
(McClelland & Rogers, 2003; Plaut et al., 1996; Zorzi, 2bL0also link to the idea of

Jvd £5p 00C Cv u] §]1A 3]}v v EEsthastk déplrjdent @B thd« 3

stimuli and task at han¢FischesBaum et al., 2014)

4.4.1Accounts of ERP timing

Despite the volumes aksearch intoVWR, accounts of when and how different forms
of linguistic information are processed in the brain até sften incomplete, unclear, or
non-specific(Cornelissen et al., 2010Findings that different readinglated activities
occur within particular posstimulus timeframes have been vital. For instance,
descriptions of orthographic processing ocaogr before 250ms and lexieaémantic
effects predominantly beginning at 300ms pasimulus provide a useful general

framework (Grainger & Holcomb, 2009; Hauk et al., 2012Jowever, much neural
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activity, including one or multiple processes, can happéhin these phases. In terms

of VWR, 10200ms poststimulus is one of the most critical timeframes and the
question of what happens within that initial ~200ms, leading up to lexical and semantic
access, is still wide opé@ornelissen et al., 2010)

With some functional and temporal overlap, several distinct ERP components are
associated with readingelated processes: the occipital P1 at ~100R&@), right
occipitotemporal P1 at ~100mBLOT), P156Cz/VPP at ~150ms, left occipitotemporal
N170 at 470ms N1700T), the N2P3 complex from ~180ms, the recognition potential
at ~250ms, the MFN/N300/PMN/P2 between 200ms and 400ms, and N400 at ~350
500ms provide a temporal and topographic map of the visual word recognition process
from initial visual processing to semanintegration(Dien, 2009) However, even this
more detailed timecourse with more specific associations with language processes is
arguably too simplistic and does not accommodate the nuances of. \NéRertheless,
the overlapping processing timeframeare avital aspect, showing a relation to the
sequential cascading processes of cognitive theories discussed dartierthe DRC,
Coltheart et al., 2001; and especially the BIAM, Grainger & Holcomb,.2009)

Another account posits analysis of sublekiarthography (i.e., letters and letter
clusters) occurs at ~18800ms (cf. VPP, N170), lexical processing at ~325ms-(~300
400ms) and orthography to wholeord mapping at ~350ms before semantic and
conceptual integration occurs at ~400n(ldauk et al., 202). Although it does not
disregard phonological processing, this timeline focuses on orthography and the
timeframes appear too conservative and regimented, especially considering the reading

speeds mentioned earlier and that some processes may overfapthermore, the
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stagewise feedforward nature of these accounts does not accommodate possible

bidirectional and feedback process@avomey et al., 2011)

4.4.1.1~100ms

As discussed previously, the orthograghtyonologysemantics “feedforward"
perspectivebased on serial processing is still a common trope in VWR thédmesney

et al., 2011)which is understandable due to the need to perceive visual (and, arguably,
orthographic) elements before tegown internal (phonological, semantig
representationscan be involved. Indeed, according to fast masked phonological priming
studies(e.g., the classic Ferrand & Grainger, 1993; Ziegler et al., ,200dnological
activationis ~20-30ms after orthographic activatiofAlario et al., 2007) Despite such
accounts alongside ERP activity at ~100fagy., P1; Dien, 200¥eing strongly
associated with lowevel visual perceptioriDien, 2009)and a specializationto print

being observed in the P1 timefran{@ong et al., 2016)eft IFG activation assocét

with phonological processing has been found at ~136ms(Cornelissen et al., 2010)
phonology has been reported to be accessed by ~10Qwikeat et al., 2010)
subphonemic priming has been observed at ~80(shby, 2010) Importantly,
however, othographic processing covers a range of (psycho)linguistic elements and
findings of orthographic processing at these early pgishulus timeframes do not
refute the possibility of such early phonological processing, even if some element of
orthography dos require processing first. It is not questioned that some bottgm
orthographic processing must occur before tdpwn phonological activation, but

parallel processing would permit phonological processing to begin before orthographic
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processing is comple. Furthermore, the unusually early phonological activation, some
of which is controversial, is reasonable when considering simply how quickly and
efficiently we read. Therefore, processing of phonology could occur in parallel with,
after some, and evemefore the remaining orthographic elements are processed, so
further evidence for or against such early phonological processing (<200ms, ~100ms
even) is needed.

Early processing in visual word recognition is broadly represented by activity up
to and aroum ~100ms during readin@@ien, 2009) This timeframe is associated with
the initial, pre-lexicalanalysis of raw visual featuré&rainger & Holcomb, 2009)hich
permits lexical processing in the case of linguistic sti(ién, 2009) In terms 6 ERP
measures of electrophysiology, this includes the P1 component at occipital and
occipitotemporal sites, along with its negatideflecting frontaicentral counterpart
(N100OFQ, and the P150/VPP at central/vertex sites. The P1 (~100ms) and P150
(~150ms) are particularly sensitive to orthographic factors, such as word length, visual
familiarity, ngram frequency, and lexicalifHolcomb & Grainger, 2006; Sereno et al.,
1998) Due to the early timgoint, such experimental effects in language studias
often be interpreted in terms of physical visual features, such as visual familiarity, word
length, word size, and word shape. While these properties are not necessarily linguistic
exclusively, effects associated with true psycholinguistic propertiese also,
somewhat controversially, been found in this early timeframe, such as sublexical
phonological processing\shby, 2010and phonological judgemerf¥Vheat et al., 2010)
in frontal-central areas.

Sensitivities to linguistic forms have also been observed at thd58mns

timeframe from various other locations, including both left and right occipital, left
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occipitotemporal areas, as well as left frontantral (Cornelissen et al., 2010)As the

left frontal-central and left occipitotemporal activations (possibly related to early N170
activity) were not found to differentiate real words from consonant strings or fals¢s
(Cornelissen et al., 20103uch activity could reflect lettdevel sublaical processing,
while occipital (PXelated) responses reflect initial visual familiarity effects. It must,
however, be noted that activity associated with frontantral regions is not linked with
visual form and, instead, its linguistic associatidies with phonology and speech
production. This, therefore, is primarily of interest for its consequence for the
serial/parallel debate concerning orthographic and phonological processing and how
phonology is involved in early VWR processing. Overahigitires about whether any
activity in this early timeframe is linguistic in nature, how early it becomes linguistic, and
which regions are involved and to what extent. For instance, if the P1 is as directly
physical as some literature might suggest, esgly considering its presence is likely
involuntary(Luck et al., 1994n lack of differences in P1 could, therefore, be due to the
matching of prelexical (i.e., visual), stbxical and early lexical parameters (e.g., bigram
frequency), as such vial and coarse orthographic tuning processes drive the

amplitudes of such early componern(Grainger & Holcomb, 2009)

4.4.1.1.10ccipital and occipitotemporal P1 components

Maximal at occipital and occipitotemporal sites within anlDms timeframe, the P1
is usually the most pronounced ERP response to visual stimuli around its typical latency
of ~100ms. The occipital P1 occurs prominently and involuntarily to any physical visual

stimulus, reflecting lowevel perception and is not linguistic in nature. Howewséfects
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of linguistic manipulations have been found on both its amplitude and latency, leading
to debate regarding how linguistic properties might modulatgHauk et al., 2009)lt is

most likely that lowevel visual properties, such as orthographiord length, size, and
luminance, could influence this occipital P1, but these factors are not linguistic per se,
instead being visual properties, even if they are manifestations of language, such as
word length or frequencyHauk & Pulvermuller, 2004)Therefore, if linguistic factors

do influence processing as early as ~100ms, it is perhaps more likely to be in
occipitotemporalor frontal-central areas and not on the occipital P1. Howesaswill

be discusseth the rationale for Study 1, lexicalieffects on the P1 have been reported

to exist(Sereno et al., 1998)

4.4.1.1.2Frontal-central activity

Inasimilartimeframe as the occipital/occipittemporal P1, studies have reported early
brain responses to phonology gt.00ms at left frontakentral siteCornelissen et al.,
2009; Klein et al., 2015; Pammer et al., 2004; Wheat et al., 2010; Woodhead et al., 2012)
As discussed previously, however, ~100ms stistulus is more typically associated
with the beginnings of orthographic processing, but thierent topography, potential
relationship to the left inferior frontal gyrus (and surrounding areas), and the evidence
itself is compelling.

Left-lateralizedfrontal-central activity to wordsas elsewhere been shown as
stronger to lowfrequency words and pseudowords than to higaquency words
(Fiebach et al., 2002showing a linguistic association and that a role in phonological

encoding and recoding is highly lik¢gornelissen et al., 2010)t has also beerhswn
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that stimuli with legitimate phonology, such as real words, elicit a stronger response in
left frontal-central areas to stimuli without direct phonological cues, such as faces
(Cornelissen et al., 2009) Such sensitivity to legitimate linguistianstili and the
evidence of stronger activation to low frequency words and pseudowords than to high
frequency real words in this regiqe.g., Fiebach et al., 2002long with its activation

in both lexical and phonological decision tagk®im et al., 205), suggests that left
frontal-central activity plays at least a supporting role in processing phonology during
reading (i.e., graphemphoneme conversion).

If left frontal-central activation reflects the management of phonological
information (Carrefas et al., 2014)it could feed back to or bidirectionally communicate
with areas active for visual/orthographic processing, such as occipitotemporal areas and
the prominent sites for linguistic N170 effects, in order to support succeSaNIR
Qublexcal phonological processing and phoneme activatiotme inferior frontal gyrs
are connected with cocipital and occipitotemporal/temporoparietal cortices used for
sublexical orthographic processingglinding letter and grapheme recognitidiKlein et
al., 2015) Functional connections between left occipitotemporal and left frontal areas
during reading have been fourflujala et al., 2007yvhich has been observed to words,
pseudowords, and letter strings, but not falents (Mechelli et al., 2005 while top
down feedback from left frontatentral to left occipitotemporal areas has been
observed within 200ms for words, but not false forfoodhead et al., 2012) The
activation strengthens with reading acquisition, correlating positively with
occipitotemporal responses to linguistic stimuli and showing a strong bidirectional
readingrelated relationship between inferior frontal areas and posterior temporal and

inferior parietal cortices in the left hemisphe(&hiebaut De Schotten et al., 2014
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However such networkconnectivitydepends heavily on phonological information being
processed and available at such a relatively early {ooiat.

In a masked priming experiment using MEG (magnetoencephalography; a
technique on par with EEG for temmwal resolution), Wheat et a{2010)used real English
word TARGETS following orthographicatigtched pseudohomophones (e.drein
BRAIN, orthographicallynatched pseudowords (e.ghroinBRAIN, and unrelated
pseudowords (e.glppusBRAIN as prime. Activity in left frontatentral areas being
strongest for pseudohomophone priming compared with orthographic priming was
concluded to show that phonology is accessed within 10QWikeat et al., 2010)
Activation in these areas has been found premgiy for pronounceable letter strings in
visual LDTPammer et al., 2004)v "%, <<]A _ (Grnelissen et al., 2009)hich
strongly supports its role in phonological processing during reading. This is, therefore,
compelling evidence, though alsomewhat controversial due to the very early timing
relative to other studieg¢Grainger & Ziegler, 2011)

Evidence of visual, orthographic, and phonological processing occurring within
and around ~100ms postimulus relates to the fagparallel hypohesis and that not
only word processing is rapid, but different elements are achieved in a similar timeframe
before integrating to achieve lexical access and comprehension. This could also explain
how both orthographic and phonological effects have beewmnfl in the same P1 and
N170 timeframes, including how some evidence can be interpreted differéaity,

Wheat et al., 2010)
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4.4.1.2~100-200ms

Electrophysiological response to visually presented words between the offset of the P1
and ~200ms posstimulus ofen relates to the occipitotemporal N170 ERP component.
Peaking at ~170ms, the N170, also called N1 and even (Cah & Meade, 2016})s
typically the second prominent component along the visual ERP timeline after the P1,
often being the most promingnin terms of magnitude (i.e., amplitude amfliration).
Maximal to words at occipitotemporal sites, and possibly generated in the fusiform
gyrus or superior temporal sulcudtier & Taylor, 2004)the N170 appears to be
predominantly visual in naturebut an association with VWR in particular is undeniable
(Amora et al., 2022; Gibbons et al., 2022; Maurer, Brandeis, et al., 2005; F. Wang &
Maurer, 2017, 2020; Yum & Law, 2021)

N170 amplitude is reportedly sensitive to a variety of psycholinguistictstfe
including traditional lexicality, orthographic lexicality, phonological lexicality and
pseudohomophone effects, orthographic repetition, phonological priming, lexical
frequency,and linguistic identity. Importantly, N170 effects have shown that reade- [
brains can distinguish between different linguistic stimulus types within ~200ms
(Pattamadilok et al., 2015)For instance, N170 amplitudes have been reported as larger
to words than pseudowordéviahé et al., 2012; Maurer, Brandeis, et al., 2Q00&)ger
for word-like stimuli than for false fontéHasko et al., 2013and larger to words than
symbols regardless of tagk. Wang & Maurer, 201.7)However, N170 amplitudes have
also been reported as larger to consonant stringdcCandliss et al.1997) and
pseudowords(Compton et al., 1991gompared to familiar words, as well as larger to
low frequency words compared to high frequency wo(bksuk & Pulvermiiller, 2004;

Sereno et al., 1998)The sensitivity of the N170 is demonstrated furttieough effects
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observed to linguistic stimuli without the overt attention of the participgBentin et

al., 1999) linking it to word superiority and the automaticity of language processing
(Carreiras et al., 2014Meanwhile, however, there havdsa been studies reporting no
significant difference in N170 amplitudes between conditions, such as between words,
pseudowords and consonant strinjsauk, Davis, et al., 2006)

In between a lexicality effect or a lack thereof, more specific studies foavel
the N170 to be larger to neword letter strings than to symbol stringdppelbaum et
al., 2009; Bentin et al., 1999; Coch & Meade, 2016; Helenius et al., 1999; Mahé et al.,
2012; Maurer, Brandeis, et al., 20085 well as dots and shap@aulitzet al., 2000)and
even alphanumeric symbo(Bentin et al., 1999)These findings all relate to the notion
of letter string processing occurring at 2200ms poststimulus(Hauk et al., 2012}¥he
N170 reflecting bigram analys{®ien, 2009) and the N170 response indexing real
orthography(Simon et al., 2004)These findings also follow on from the P1/P100 being
involved with visuabased "lowlevel perception”(Dien, 2009) implying the N170
reflects a deeper level of this same process.

Due to this range of observations of the N170, there is still much more to learn
about how it reflects languagspecific orthographic processing and to what extent, as
well as whether phonological or other tegown processes influence it (not dissimilar to
the debate surrounding the swalled VWFA). Effects on the latency of the N170 are
markedly less clear and less reported than N170 amplitude effbtasrer et al., 2008)
but ERP components also differ in topography and their maximal location on the sca
It is this dimension that appears to distinguish the N170 to words from the N170 to faces

and other objects. Broadly, faces and objects have a more-latgrialised or bilateral
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N170 response, while linguistic stimuli primarily elicit a-laferaized N170(Maurer,

Brandeis, et al., 2005yvhich will henceforth be the N170 under scrutiny here.

4.4.1.2.1Visual/orthographic expertise

Whilethe VWR literaturdypicallydescribesthe N170 as an index of early orthographic
fine-tuning duringreading(Coch & Made, 2016)there is still uncertainty abouhe
extent thatorthographic processing is reflected too. Evidence leans towards the N170
being predominantly an index of visual and orthographic processing, perhaps reflecting
a direct orthographic route tevord recognition(Coch & Meade, 2016; Pattamadilok et
al., 2015) However,it is not clear what about visual/orthographic stimuli its neural
generators respond to or whether this orthographic sensitivity is related to visual
familiarity (Hasko et al.2013)

The N170 during VWR has been shown to reflect expertise for writing systems
that link graphic symbols to phonological representations and is not limited to
alphabetic writing systems or native langua@éaurer et al., 2008) It has also been
highlighted as an index of reading proficiency and print expertise (Amora et al., 2022),
S0 reasonably expected to be smaller in late bilingual ESL reatiexsever, reading
mechanisms are dependent on the different cognitive requirements of different writing
systems, so it is not yet clegpecificalljhow the processing that underlies N170 activity
contributes to L2 reading when L1 and L2 systems are diff¢flan et al., 2005)ut it
is likely that the N170 is a key index of orthograjptiznology mappingDien, 2009)

In terms of written language, familiarity is a function of frequency with a strong

positive correlation between thenfTanakashii & Teada, 2011) Effects of word
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frequency have been shown on the N170 amplitude, being smaller to high frequency
words than low frequencgHauk & Pulvermiiller, 20045uch findings of word frequency
effects, where high frequency words lead to a decreiasd170 amplitudes compared
with low frequency wordgAssadollahi & Pulvermuller, 2003; Hauk & Pulvermdiller,
2004; Sereno et al., 20Q33uggest that the N170 is sensitive to familiarity, as more
familiar words require less effort, which is reflected time decreased amplitude.
Considering the link between word frequency and familiarity, this again relates to the
left occipitotemporal neural source of the N170, which is strongly associated with visual

% ES]- v "st& (Breml}gi\aEe 2009; Br & Taylor, 2004; Maurer,
Brandeis, et al., 2005)

Leftlateralized N170 responses to English words and more bilateral responses
to novel character strings (for which visual expertise is not possible or unlikely) were
observed in both English monolingsaand JapanesEnglish bilingualéMaurer et al.,
2008) This shows that the lefateralization and specificity of the N170 is not limited
to native language and further supports the association with visual expertise while
providing some evidence ofinsilarity between L1 and L2 readers. Furthermore,
monolingual English readers (with no working knowledge of Japanese scripts) did not
respond a typical leftateralized linguistic N170 to Japanese syllabic or logographic
characters(Maurer et al., 2008)while participants with no knowledge of Chinese
presented with inverted Chinese characters show no behavioural or electrophysiological
effects of orientation as would be typically found in Chinese rea@feuset al., 2012)
These findings support theies of visual expertise by showing how a lack of expertise
also influences the N170 from an alternate perspective. However, théateftalization

of the N170 to written language appears to be dependent on expertise of the script of a
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particular languag, which has been shown to be based on script familiarity and not just
familiarity with particular visual form@Vaurer et al., 2008) This suggests that the left
lateralized N170 marks specialized visual form processing, corresponding with VWFA
theories and suHexical, letterlevel processing.However, vhile the N170 is typically
left-lateralized for English individuals reading English, it is more bilateral in Chinese
individuals reading Chinese, but less clear for ESL readers and whether theintdkean

a difference These different interpretations illustrate the necessity for further
neurophysiological research for more precise timiaugd lateralizationinformation

about these processes.

4.4.1.2.2N170 and phonology?

While the N17érelated psycholinguistg literature typically positshe N170 as more
visual/orthographic in naturethe apparent contextdependenceof the component
suggestghis not to be the whole story reportsare mixedon whether the N170 is an
index of orthographic or phonological prosisy or, indeed, a potentially dynamic
combination of the twdYum & Law, 2021)isual/orthographic processirpesappear

to be dominant, but an additional query into the nature of the N170 is whether it is
associated with any stage of phonologicabgessing. For instance, pairs of words and
pseudowords with varying orthographic and phonological relatedness were found to
elicit significantly different responses from one another and moduldédt
occipitotemporal N170 activity, reflecting a continuumof orthographic and
phonological relatednesgHolcomb & Grainger, 2006) This suggests the left

occipitaemporal N170 is associated with orthographic processing as well as the
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mapping of phonology to orthography, perhaps being part of the interface between
orthographic and phonological processif@rainger & Holcomb, 2009r between
bottom-up and topdown influencegTwomey et al., 2011)

Unlike the visual representationsf owords, phonologicaland semantic
psycholinguistic features of words do not exist as physical properties and so integration
of bottom-up visual/physical with toglown nonvisual psycholinguistic properties is
required for VWR(Twomey et al., 2011) Ths is demonstrated insuch classic
psycholinguistic effectsf word superioritywhere letters are better perceived as part of
real words than noswords (Coch & Mitra, 2010; McClelland & Rumelhart, 19&f)
pseudohomophons where the legitimate phonologpf pseudohomophones impact
reading performancele.qg., Braun et al., 2009; Briesemeister et al., 20@®d of
lexicality where real words are processed more efficiently than other linguistic stimuli
(e.g., pseudowords, pseudohomophones; McNorgan eR@ll5; Twomey et al., 2011)
Topdown processes theoretically influence the nature of the response for a given
stimulus by constraining the potential activation beforehaadhe most likely based on
encyclopaedic knowledge, context, and statistical pssteg(Dehaene, 2014)

Along with therelationshipwith visual expertise, the lefateralized N170 has
been suggested to represent the expertise of skilled readers of writing systems that link
graphic symbols to phonological representatioflglaurer et d., 2008) further
proposing it to be a critical component in orthograppiyonology mapping and not just
visual/orthographic processin@ien, 2009) It appears to be more specific to writing
systems with the capacity for graphempd@oneme conversionrad direct links between
the written and phonologalforms of the languagéV. Wang et al., 2003)Indeed, the

prominence of the N170 has been shown to positively correlate with the extent of
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graphemephoneme correspondence in the languafdaurer & Mc@ndliss, 2007)
However, leftlateralized N170 effects have also been observed to Chinese logographic
characters that do not have such a graphept®neme connectior{(Fu et al., 2012)
showing that such N170 responses are not limited to alphabetic writing systems. This
seems to support the association with visual processing due to the visual nature of
Chinese itself(Lin et al., 2011)though readers of logographic scripts also mpo
experiencing phonological recodiriiyl. Wang et al., 2003)neaning that N170 effects

to such a language without direct graphempboneme relationships is not sufficient
evidence for a purely visual or orthographic nature of the N170.

It should be notedhat phonological involvement with the N170 cannot yet be
ruled out due to the phonological basis of Language and the inherent phonological
representations of linguistic stimuli. An alternative direct visatabnology or
orthographyphonology route is @ossible explanation, though further investigation of
orthographic and phonological interactions is required for such a conclusion.
Furthermore, elements of the evidence for visual expertise often overlap with
phonological involvement. For instance, thieservation of a broad and extreme effect
of lexicality on N170 responses that differentiated between real English words (with
defined legal and legitimate phonology) and character strings (with no clear
phonological representation) in proficient readersEnglisiMaurer et al., 2008) This
is not to say that this was a phonological effect, but there was a phonological difference
between conditions, as can often be found to be the case with the evidence for the N170
as a predominantly visual componentNevertheless, @nsidering the contention
surrounding the N170n the psycholinguistic literature, the strong basis in visual

processing and extent of visual, orthographic, and phonological processing potentially
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involved,as well ashe undisputed imporance of ERP activity over left occipitotemporal
areas within ~200ms of seeing a wdf@brnelissen et al., 201Ghe N1700Tis a prime

target for electrophysiological VWR research

4.4.2L.2 VWRn bilingual brains

Significantly less is known about brain activity during L2 processing in bilinguals than L1
processing in bilinguals and, certainly, than native VWR processing in general, especially
concerned with the early pr200ms poststimulus period that is the focus the current
research(Poeppel & Idsardi, 2022; Yeong et al., 201#pwever, snilar patterns of

brain activity across both hemispheresaacipital, occipitotemporal, and frontal areas
during VWR have been observed between native readers of Eifglgabetic, deep
orthography), Spanish (alphabetic, shallow orthography), and Chinese (logographic), as
well as Hebrew (alphabetic, deep orthograptiRueckl et al., 2015)These findings
support a universal basis of reading that is independent ajuage or language type,
writing system, or orthography Considering the contrasts and complexities between
different languagessge §.1), it is somewhat surprisg that such similarities exist.
Pertinent questions about bilingualism, therefore, concern specifically how these
similarities and any differences manifest betwekh and L2 readers of a language
(Brysbaert & Wijnendaele, 2003; Perfetti & Liu, 2005or instance, there are
similarities between native English readers reading English, native Spanish readers
reading Spanish, and even native Chinese readers reading Chinese, but where any
similarities lay between native English readers reading EnglishSaaahiskEnglish

bilinguals or ChinesEnglish bilingualalsoreading English is still unclear. Although the
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current research is not directly focused on the language selectivessbective access
debate(e.qg., Dijkstra & van Heuven, 200®)e system that cognitively distinguishes the
languages of bilinguals is highly relevant.

Different networks for VWR baseon language has been shown in native
readers, but it is not clear how it manifests in bilinguals reading their L2 (Cao et el.,
2017), including how both the L2 and native languages might imipaprocessing.
There is increasing support for the notiomat the same neural networks are used for
both languagegPerani & Abutalebi, 20053 opposed to L1 and L2 being processed in
different areas of the bilingual brairHighlighted by the assertion that conflict between
L1 and L2 cannot be avoidégan Huven et al., 2008and theorized as the integrated
lexicon discussed earlidvan Heuven & Dijkstra, 201ahe understanding is that L2
processing relies on L1 expertise and understanding L2 relies on associations with L1
(Alvarez et al., 2003) This is supported further by the finding that brain activity
associated with L1 is consistently found also during L2 processing in ESL bilinguals (Kim,
Liu, & Cao, 201 Murthermore, brain activation common to both L1 and L2 has been
argued to be strongeruting L2 processing, especially in late bilinguals and/or bilinguals
with low L2 proficiencyindefrey, 2006; van Heuven & Dijkstra, 2010)

As mentioned irChapter 3; proficiencyis likely tobe a key factor. For instance,
the extent of dayto-day usage and exposure to L2 has been shown to affect brain
activation during L2 readingPerani & Abutalebi, 2005; Vingerhoets et al., 2003)
Furthermore, brain activation associated with L1 progegsalso found during L2
reading could depend on proficiency in that higher proficiency resulted in more L1
related activation(Kim et al., 2017)However, he difference(s) in activation based on

proficiency are unclear and observations of additionativdty when processing L2
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compared with L1 are not consistefd.g., van Heuven & Dijkstra, 2010; Vingerhoets et
al., 2003)

While it might seem that L-bbased L2 processing would be found more in
beginner/learner bilinguals (i.e., lower proficiencyjetnotion that proficiency is a
factor in Ltoriented activity during L2 reading also speaks to the BIA+ and Multilink
argument that L1 and L2 are part of an integrated lexicon. In this case, the lexicon would
become more integrated as proficiency increasbut the stronger/dominant L1 would
take the lead during L2 processing.he premise of L1 being dominant even in L2
processing is especially pertinent to the current research, due to using late bilingual
groups (Spanisknglish and Chinedenglish) wit such distinct L1 profiles (alphabetic,
shallow orthography and logographic, deep orthography, respectively) that are matched
for proficiency and experience of English, allowing direct investigation into the possible
effects of L1 on L2 processing.

Obsenations of interlingual involvement when reading L2 relate strongly to the
pertinent question of whether L2 reading is achieved throwgitommodation (i.e.,
acquiringand usingnew skills for L2assimilation (i.e., reading like Lay,a combination
of both dependent on the Land the linguistic contexXPerfetti et al., 2010)Specifically,
it is not clear whether native speakers of nalphabetic languages would employ similar
usdzZ} e epe (JE >i E JvP }E AZ 8Z € 5Z C %20 3] %o &
methods, such as a dual route approach that is generally accepted for alphabetic
languages, but not clear for othef&u et al., 2011) For instance, Chinesenglish
bilinguals have shown a "Chineliiee strategy” (i.e., assimilation) whenaging English
(Perfetti et al., 2010). Based on similar brain activity for L1 and L2 reading, it has been

proposed that Chines&nglish bilinguals largely use L1 strategies for reading English that
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are grounded in the visual and orthographic processingment to reading logographic
scrips(M. Wang et al., 2003yhich suggests that the skills required to read Chinese are
also at least relevant if not sufficient for reading English.

Assimilation to Chineskbased reading strategies in ChindSeglish Binguals
reading English was also concluded from ERP observations ofatigialized (Tong et
al., 2015) or bilateral occipitotemporal N170 activation, as often found when reading
Chinese(Nelson et al., 2009) However, left hemisphere dominance, as is typical for
English and alphabetic reading, was not found, suggesting that CHiregish
bilinguals assimilate to English when reading English (as opposed to accommodating and
recruiting left hemisphere regi@). Further, it has been shown that Chiné&sgglish
bilinguals exhibit bilateral occipital and occipitotemporal activation for both Chinese and
English(Perfetti et al., 201Q) Such bilateral occipital activation for reading Chinese
characters, as indated by low resolution electromagnetic tomography (LORETA), that
is typically leftlateralised for higkHrequency English words represents a potential
distinction between reading alphabetic and logographic languages that is pertinent to
the current reseach (Liu & Perfetti, 2003) Furthermore, the right hemisphere has been
found to be more involved in reading Chinese than reading alphabetic scripts, including
switches in activation from left to right hemisphere occipital ardas et al., 2011; cf.
Tanet al., 2005) Considering the formal linguistic differences between languages and
the psycholinguistic processes involved based on this metalinguistic perspective,
precisely how skills overlap is not clear. However, considering written languagess a |
linguistic and more symbolic, graphic, or even figurative sense, especially with Chinese

orthography having such a visual bias, it could simply be that the aforementioned

94



Chinesdike strategy involves the advanced spatial and configural processirg tha
logographic scripts support.

In contrast with the ChinesEnglish righthemisphere activitybrain activity of
SpaniskEnglish bilinguals reading English stimuli has been found to be more
pronounced in left frontal regions and more widespread across lefinisphere
networks overall than to Spanish stim(damal et al., 2012)Such a difference could be
due to the substantial difference in orthographic depth and phonological transparency
between the languages, especially considering the phonologicacagions of left
frontal areas(Klein et al., 2015; Pammer et al., 2004; Wheat et al., 20I®)e wider
spread of left hemisphere activity could relate to the additional processing required for
L2 reading, while lesser widespread activation to Spargfiacts more efficient brain
responses from tighter integration of necessary networks due to it being the native
language.

Differences in lexical processing and reading performance between L1 and L2 are
often attributed to differences in orthographicegth and phonological transparency
between languageg¢lamal et al., 2012) This could also relate to how L2 processing
deviates between different populations of its readers (e.g., Spaamilish and Chinese
English bilinguals reading English). Comsidgehow orthography and phonology are
associated in alphabetic compared with logographic languages, particularly in terms of
the relationship being inherently intertwined for alphabetic scripts, it is not
unreasonable to consider that processing tltainnects orthography and phonology
would be distinctly different between the two language tyges et al., 2011) Despite
the differences, the neural patterns of phonological processing when reading alphabetic

languages (e.g., English, Spanish) and legdge scripts (e.g., Chinese) have been
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shown to overlagTan et al., 2005)»such as similar regions being found to activate for
subvocal rehearsal, including grapheiplgoneme conversion (where applicable) and
phonologyorthography feedback pathways tooth alphabetic words and Chinese
characters. Ultimately, however, regions associated with phonological processing have
been shown to differ significantly, wha regions associated with lexical/addressed and
non-lexical/indirect/assembled phonology appedo be distinct according to the
language type being natively process@dn et al., 2005) Furthermore, the neural
networks active during reading are partly languatgpendent with the more prominent
pathway depending on the orthographic depth of thadmage (Cao et el., 2017). The
use of different neural networks dependent on the target language imply different
strategies and processing pathways that reflect the distinctly different techniques of
each L1 language type to access phonology (and sersaifitten the L2 orthographic
input (Nelson et al., 2009) Essentially, processesli@readers may focus on what is
necessary and what can facilitate comprehension in terms of L1 skills and L2 knowledge
to achieve word recognition, which is highly relat/to the current research due to the

variable dependence on orthographic and phonological processing.

4.5 Summary

This chapteroutlined how orthographic and phonologcal procesgs (and interactions
between then) during VWRare understoodrom acognitive perspective Evidence of
the pre-200msneuragphysiology underlying these processesnonolingual and bilingual
readerswas also presented, which is acutelysociated with the methodology used by
the current research.
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Chapter 5Methodology review

The divegence of methodological factors proposed to béhe primary explanatiorfior

the variousinconsistencies in empirical findin@Broverbio & Adorni, 2008especially

with different theories often being attached to different methoflsaszlo & Federmeiger
2014) In addition to the possible variation in data acquisition and analysis techniques,
differences between stimulus constraints, participant control, and ERP analysis
techniques are among the main caus@Slezer & Riesenhuber, 2013Wkhile task
demands between studies have also been cited for such discrepafitiesko et al.,
2013; Pattamadilok et al., 2015Based on the importance of methodology that these
sentiments endorse,his chapter will review the methods and methodological issues
relevant to the current research in terms of participants, design, stimuli (and other
materials), apparatus, and procedure), especially where a choice was required. For
instance, the inclusion criteria for the participants, constraints on the stimuli, and the
combined behavioural/ERP approach all require justification for their specifications.
Importantly, sections will focus on general methodological details that are common
across both studies with information specific to each study presented in their own

respective chapters.

5.1 Participants

It is acknowledged that language backgrounds, histories, and knowledge can never be

truly matched and, therefore, that withi#participant variability is inevitable.
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Nevertheless, several aspects can be measured and claudréed support better

comparisons both within and between groups.

5.1.1Group specifications

Participants were either native (monolingual; n=20)L@readers of English: Spanish

English bilingual (n=20) or ChindSeglish bilingual (n=20). The three groups will
henceforth be referred to interchangeably as the English or native alphabetic, Spanish

or nor-native alphabetid 1, and Chinese or nenative non-alphabeticL1, respectively.

dZ "% v]eZ v Z]v e PE}u%e+ AlJoo o0} E (EE 3§} }
native" participants or groups.

English monolinguals were defined as individuals with English as their native and
only language, being as monolingual as is possible in a multilingual world, following the
notion that the majority of people have at least some knowledge of a second language
(Brysbaert & Dijkstra, 2006) The Spanisknglish bilinguals and ChineSaglish
bilinguals (with Mandarin or Cantonese as their variant of Chinese) were late bilinguals
with English as their only other language, used prominently in daily life atirtre af
testing due to living fultime in the UK. Individuals with significant knowledge of any
other unrelated languages were not included, though it was acceptable for Chinese
English participants to have knowledge of both Mandarin and Cantonese.

All paticipants met the language inclusion criteria and were deemed
representative of their respective experimental group: the Spa#isglish participants
represent a population of.2 English readers with an alphabetic first language {non

native alphabetidt.1group) and the ChinesEnglish participants represent a population
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of L2English readers with a nesiphabetic first language (nemative nonalphabeticlL. 1

group).

5.1.1.1Why English as the target language?

On a global scale, there are more people that undergtBnglish as a second language
than as a first(Brysbaert & Dijkstra, 2006978.2 millionaccording toEthnologue
(Eberhard et al., 2021yvarranting further study into how English is processed as L2,
which is arguably even more pertinent than onlyestigating reading English as a native
language. According to the Office of National Statistics (2013), for instance, the foreign
born population of the UK in 2011 had increased by 53.3% over the previous decade to
approximately 7.5 million. This higjtits the substantial number of nemative
individuals coming to work and/or study in the UK, many of whom could benefit from
improvements to English language education (i.e., ESOL/EFL/ESL) through a better
understanding of L2 processing. Literacy and atlan of English as an additional
language is therefore a valid applied purpose for the focus on English in this research.
In terms of literacy education in particular, tests involving reading familiar words and
pseudowords showed that children from mdstropean countries were proficient in
reading before the end of the first school year with word reading accuracy of >90% in all
but the languages with deeper, more opaque orthographies, such as Portuguese,
French, Danish, and especially EngliSeymour etal., 2003) Overall, the rate of
learning English is worse than twice as slow as languages with other types of
orthography(Ellis et al., 2004 )providing motivation to focus on English and how it is

understood bylL2readers. By learning more abohbw English is known by its non
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native readers, this could eventually contribute to understanding how English is
acquired.

While vast, the second language literature more typically focuses on
comparisons between L1 and L2 and the debate of language selestnonselective
access, whereas the current study approaches L1 and L2 processing from a different
perspective, using a single target language (English) to investigate differences in
processing betweehlandL2reading. Vitally, this research hasalseen designed to
test how two groups ofL2 readers of English with two different native languages
(Spanish and Chinese, respectively) process English compared with one another and a
control group of native English readers. The wiparticipants compdsons of
experimental conditions will enable observation of how native readers of different
languages each process orthography and phonology when reading English. Meanwhile,
the betweenparticipants comparisons of the same experimental conditions achass t
native language groups will allow observation of any differences in the timecourse and
nature of processing the orthography and phonology of English between readers with
different native language backgrounds. Investigating VWR in bilingualism has not
previously been approached with this perspective, these bilingual groups (and the way
their language profiles interrelate), and the staggered differences of the native
languages involved (English, Spanish, Chinese).

Underlying these theoretical and applieglasons for the focus on English as the
target language, the native language of the researcher is English and the location of the
data collection phase of the research was Sheffield (England) were also significant
practical considerations These are inclled for transparency, but they also allowed

more achievable goals for recruiting participants with the target language as L2.
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5.1.1.2Why Spanish and Chinese BSL groug?

The SpanistEnglish group represent2readers of English with an alphabetic L1, while
the ChineseEnglish group represents? readers of English with a neaiphabetic L1.
While it must be appreciated that these languages and the groups representing them
are only samples of their respective language categories, the comparison between
languagetypes adds a valuable layer to the research, allowing observation of how
readers with different L1 types process a common alphabetic script.

SpaniskEnglish and Chinedenglish groups also represein® late bilingual
readers of English, but each overlaghnthe other two groups in important ways. The
SpaniskEnglish group overlaps with the English group through having an alphabetic
native language and much of the orthography and phonology. The CHirggish
group, meanwhile, does not share these tsawith either group, but does share the
non-native perspective of English with the Spanisiglish group. Spanifinglish
bilinguals were chosen for the nerative alphabetid.1group due to the prominent
status of the Spanish language worldwide and an element of opportunity sampling
provided an advantage over other potential groups (e.g., Fréfaffish bilinguals).
Furthermore, the difference in orthographic depth between Esigland Spanish
provides insight into the importance of L1 depende®gymour et al., 2003yvhich is
extended further when considering the complexity of orthograjpinnology mapping
of a nonalphabetic language and comparisons involving the Chiesish group. The
global status of the language was also a factor in selecting Chitregesh bilinguals for
the nonnative noralphabeticLIgroup. The decision was also based on a combination

of the increasing number of Chinese individuals in thg@fiice of National Statistics,
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2012)and the amount of literature focused on Chinese (and Chinese/English contrasts)
compared with other norEnglish and nomlphabetic languages, along with its status as
a strong exemplar of such a language.

Alongside the heoretical differences between alphabetic/naiphabetic and
native/ESL groupand potential orthography and phonology differences within groups,
the core applied rationale for focusing on these language profiles was based on them
being the top three mostvidely used languages in the world and the clearhhéavy
ratio of English. Based on figures fréthnologue(Eberhard et al., 2021}he three
languages with the most native users are Chinese (including Manaadi€antonese)
with over one billionnative speakerg~1006million), accounting for~12.78% of the
global population, followed by Spanish witfi44million native speakers-5.99%), and
then English witl869.9million native speakers-¢.6%6). Along with Hindi (600 million),
thesethree languagesalso have the highesotals ofL1 and L2 speakewdth Spanistat
543 million, Chinese (including Mandariand Cantones) at 1.2 billion, and, lastly,
Englishwith 1.35 billion (Eberhard et al., 2021)As stated previous|yEnglish is more
common as a second language than a {Bstysbaert & Dijkstra, 2008)eing by far the
mostused L2 with 603 million bilinguals having English as a second languagel(jp80
Chinese as L2, 94m Spanish as Najive speakers of Spah and Chinese, respectively,

with an L2 of English are, therefore, prime target groups for the current work.

5.1.2Participant control

Language profiles, including proficiency, was a significant factor for controlling groups

and ensuring meaningful comparisan Several mechanisms were used to screen
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participants before their formal involvement in the studies based on reseggictied
inclusion criteria and to confirm sufficient English language proficiency to satisfactorily
complete the tasks.

Firstly, bilingual participants were required to have an International English
Language Testing System (IELTS) score of 6.5 or higher, following the typical entry
requirements by UK universities for noative readers of English, or equivalent
evidence of English languagproficiency, such as the Test of English as a Foreign
Language (TOEFL; 6.5 IELTS = 9379  TOEFL;

http:/Awww.ets.org/toefl/institutions/scores/compare) or entry to Level 7 higher education

and demonstration of sufficient reaborld English communication skills. Prior to further
participation in the studies, participants were asked to complete a revised version of the
Language History Questionna{teHQLi et al., 2014)which was designed to document
participants' language usage, history, and general linguistic ability. All are vital factors
for any research focused on language, particularly when groups with different native
languages are involved.oBumenting relevant details of these factors was necessary to
allow sufficient representation and understanding of each experimental group and was
initially evaluated prior to any experimentatiorThe primary purpose of the LHQ was

to screen participants$or eligibility in terms of general proficiency as well as to allow
control over the extent of bilingualism and when learning English began. Only Spanish
and Chinese applicants with profiles as late bilinguals were invited to take part in the
studies. Lte bilinguals were defined as being raised with their native language as their
only prominent language and not learning English from an early age, instead acquiring
it later (e.g., in school or when coming to live in the UK) and only having more recent

immersion in the language (e.g., international students). Participants were accepted as
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late bilinguals if they matched the above definition and no arbitraryaftitvas used.
Furthermore, the information sheet, all correspondence about the study, and the
instructions before and during the experiment sessions were all in English. Reading,
understanding, and then following this information properly were also monitored to
gauge proficiency, as they require a good level of -vealld English language
comprehersion. Lastly, a spoken phonology test using a random selection of
pseudowords and pseudohomophones was conducted after the experimental tasks (see
85.2.1.3 for more details). This provided additional support and a baseline for
participants' proficiency in skills necessary to complete the experimental tasks (i.e.,

orthographic and phonological processing using English phonotactic rules).

5.2 Overview of partipants

Native English monolingual, Spanihglish bilingual, and ChineBaglish bilingual
individuals from Sheffield Hallam University (SHU) and University of Sheffield (UoS) were
invited to take part in the studies bymaail, in person, through onlinedaertisements,

and physical posters. Participants were offered two hours' worth of university credits
~A"WeC E + (}E “,h pv EPE p 8§ +3u vsee }E -1i A}ESZ

vouchers www.highstreetvouchers.comfor their participation.

The planned sample size of 60 (n=20 per group) was mainly based on
counterbalancing requirements (specifieddir8.2and studyspecific chapters), practical
considerations of EEG recording procedure (e.g., timeframe per participant), and being
larger and more robust than is typical for ERP studies, though power analyses were
conducted perstudy (see studgpecific chapters). To obtain this sample size, 64
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individuals were recruited and tested, including one additional Spaaigilish, one
ChineseEnglish, and two native English participants who replaced prior participants due
to technicalissues The same individuals participated in both studies.

The following information is based on sedjports by the participants through a
combination of the prestudy language history questionnaire and consent form (see
85.1.2for more information). Participants were aged-48 (M=24.56, SD=6.40) and
Table 1 shows the age distribution within groups. All participants had normal or
correctedto-normal vision and no reported language, learning, or neurological

disorders (e.g., dyslexia, reading disorder).

Tablel: Descrifive statistics of ages per group

Mean (SD) age Age range
English 20.82 (4.31) 1831
SpaniskEnglish 29.29 (6.30) 19-44
ChineseEnglish 23.70 (5.43) 19-38

The sample had a female majority within each group (English=60%, Spanish
English=70%, Chine&glish=80%), but was as balanced as the accessible recruitment
methods and availability of suitable participants allowed. Although some specific
differences insemantic processing between male and female participants have been
shown with regard to language processifWirth et al., 2007) there is currently no
known evidence for gender/sex differences concerned with the early orthographic or
phonological proceses associated with the current research. Furthermore, other
studies have shown no overall differences between the sexes inhayided individuals

(e.g., Galin et al., 1982)
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All participants reported right hand dominance, which was supported by the
results of a revised version of the Edinburgh Handedness InvefiEétly Oldfield, 1971;
Veale, 2014) The mean laterality quotient (MLQ) scores of the English group (M=4.83,
SD=0.17), Spanidginglish group (M&8, SD=0.16 and Chines&nglish group (M464,
SD=0.2Bwere similar between groups and sufficiently close to 5 (fully igintded).

Use of only righthanded participants is typical in EEG/ERP research due to the potential
difficulties of analysis and interpretation that stem from differencedateralisation
between righthanded and lefhanded individual$Galin et al., 1982)

All participants were provided witallnecessary information and answers to any
guestions before the experimentdnformed consent documents (seégpendix Aand
B) were completed in line with the institutional ethics approvakee Appendix Q.
Answers to any other questions aral full debrief(see AppendixD) were provided

afterwards.

5.2.1Control tests

The following measures and tests were included to better monitaetigipant inclusion
criteria, as well as to increase understanding of the participants involved and providing
data in the current research Therefore, these measures will also be used in study
specific and overall analyses to provide an extra dimension to aid interpretation and

conclusions of core behavioural and ERP results.
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5.2.1.1English proficiency

Based on the means of EFL proficiency (meabwith IELTS scores) not significantly (or
numerically) differing between Spaniénglish (M=6.83, SD=0.49) and Chiresglish
(M=6.83, SD=0.57)(38)<0.001, p>.999, MD=0, the ESL groups were well matched for

English proficiency.

5.2.1.2English:L1 usage ratios iESL groug

English:L1 usage ratios were calculated fromrsgdbrted language usage scores from
the LHQ (se@ppendixE) for bothESL group As these usage ratios did not significantly
differ between Spanisknglish (M=0.53, [3-0.16) and Chinedenglish (M=0.53,
SD=0.08) group$(38)=0.05=.961,MD=0.002, the ESL groups were well matched for

their everyday usage of English relative to their L1.

5.2.1.3Phonology postest

Iv JE & 3} % E}A] +}u A o] 3]}v }( GEGgksh phenuldgy |v}A«
separately from the experimental tasks, as well as to help explain any anomalies in the
results, a phonology test was administered that required participants to read aloud a
random selection of 50 pseudowords and pseudohomophones(&@ool of 100 taken

from the stimulus sets of Study 1; s@ppendix). Participants were scored on whether

they pronounced the pseudowords and pseudohomophones as designed and expected.
The English group (M=48.5, SD=2.28) scored significantly higaerthe Spanish

English group (M=44.05, SD=4.6{}%7.58)=3.83%<.001,MD=4.45, and the Chinese
107



English group (M=35.6, SD=10.5620.77)=5.34<.001,MD=12.9, while the Sparnish
English group (M=44.05, SD=4.67) scored significantly higher than the CHimgsh
group (M=35.6, SD=10.56}26.17)=3.27=.003,MD=8.45.

The English participants were understandably the most proficient, as they are
native readers of English with no significant language conflict. The Sgamgish
participants have a stronghonological profile, but the test stimuli were still based on
their L2 which explains the difference from English readers. Chikeggish
participants, however, have a primarily visual/orthographic and almost entirely different
language profile from @th English and Spanidinglish participants and the outcome of
the test reflects this through the relative difficulty of orthograpiplsonological
processing of Englidhased stimuli Overall, these results give a broad overview of the
language profilesinvolved in the current research, suggesting that behavioural
performance and possibly the underlying electrophysiological activity could relate to

these results.

5.3 Design

Both Study 1 and Study 2 used mixed factorial designs with the samay Between
participants variable (L1 language profile), but different witperticipants variables to
meet the specific aims of the respective study. The betwenicipants variable,
language profile, was operationalized through participants' native language ie thre
distinct groups: native alphabetic (English monolingual participants),-nadine
alphabeticL1(SpaniskEnglish bilingual participants), and roative nonralphabeticL1
(ChineseEnglish bilingual participants). The witiparticipants variables diffexd
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between studies and were operationalized through the respective task methodologies
and the properties of the visualyresented singlevord stimuli, all of which will be
described and discussed in the stugfyecific chaptergs.9and Chapter 75. The overall
designs, however, both employed a combined behavioural and EEGApproach
where simultaneous behavioural tasks were instrumental in providing a purpose for the
participant, focusing and maintaining their attention (as opposed to their EEG being
recorded passively). The dependent variables for both studies, theref@re accuracy

and response times (RTs) from the behavioural tasks along with area amplitudes and
50% fractional area latencies from-21 P1OT, N10&-C, and N17ODT ERP timeframes
(see 85.3.3for technical specifications). Analysis of behavioural and ERP measures,
respectively, will be used to complement one another.

As the timing of brain activity is at the heart of this research, a methodology that
directly measures neural activity with higtemporal resolution was essential.
Behavioural measures alone and even neuroimaging techniques such as fMRI, PET, and
fNIRS are not capable of discerning between different processes in such precise
timeframes as is necessary with word recognition. ERth@dologies, however, offer
a clinical way to attempt answering questions of the relative strengths, timings, and
significance of different types of processing due to their timeked nature and the fine
temporal resolution of EE@ien, 2009) For istance, orthographic priming can be
detected more easily in ERPs than through behavioural meagtinesener & Schiller,
2012) making the EEG/ERP approach sseited to the current researchBy no means
does this imply that behavioural measures are nedant, though, as they provide an
objective record of performance on tasks at trial level per participant and, therefore,

indication of participant, trial, and task validity, as well as insight into the way brain
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activity manifests in more realorld scenaios. Response time data is used for
comparisons of overt task performance and accuracy data is necessary to allow correct
responses to be analysed alone and incorrect responses to be discarded or analysed
separately (Picton et al., 2000) Furthermore, error-related negativities in the
electrophysiological data could impact on the results if incorrect responses were also
included in the averaging. Therefore, analyses would use only data from correct
responsesso the data describes how participants resd when they are accurate and

not a mixture with when they think they are correct but wrong.

Both behavioural and EEG/ERP methodologies are widely used in
psycholinguistic research, particularly for investigating tinmelgted questions of
individual cgnitive processes associated with language. Therefore, the use of a
combined behavioural and EEG/ERP approach in this research allows integration and
comparison with a wealth of previous studies, which is vital to be able to contribute to

the existing knwledge on orthographic and phonological processing.

5.3.1Complementary study designs

To investigate different levels of orthographic and phonological processing, different
stimulus types and experimental paradigms are require8tudies in the current
researchwere, therefore, designed with parallel contrasting but complementary task
methodologies. The orthographic and phonological variations of the classic lexical
decision task of Study 1 contrasts with the rhyme recognition paradigm with orthogonal

orthographc and phonological manipulations of Study 2, but both provide insight into
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the same overall questions of orthographic and phonological processihfjand L2
readers of English.

Study 1 and Study 2 were both designed to operationalize and observe early p
200ms orthographic and phonological processingLinand L2 readers of English.
Through different stimulus and task implementations, each provides a distinct
perspective that complements the other and provides wider scope than each alone
allows. Studyl focuses on orthography and phonology separately across two tasks
(orthographic and phonological lexical decision tasks) using different stimulus types
(real words, pseudohomophones, pseudowords) presented individually to
operationalize orthographic/phaslogical processing in terms of orthographic and
phonological lexicality. Study 2 approaches orthographic and phonological processing
through direct comparisons of real word stimulus pairs in orthogonal manipulations
orthographic/phonological congruencyitiin one orthographic/phonological priming
task (rhyme recognition task).

The use of both a twaask (Study 1: oLDT & pLDT) and a sitaglke approach
(Study 2: RRT) allows observation of similar and related processes from perspectives
different from oneanother and the literature (e.g., masked priming). Due to the oLDT
and pLDT having different cognitive requirements and different stimulus types for the
experimental manipulations of orthography and phonology, comparing across them to
contrast orthographs and phonological processing shows only {dsken effects
(Twomey et al.,, 2011)which may also reflect differences in strategy, limiting
observations of relative timing between orthographic and phonological procg§3es
Zhang et al., 2009)The se of different tasks for different processes allows separated

investigation of orthographic/phonological processing and other psycholinguistic
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phenomena (i.e., orthographic and phonological lexicality). For valid comparisons of the
relative timecourses fodifferent types of processing, however, the methodology must
permit direct comparison between the(frerrand & Grainger, 1994Y o accomplish this

and build upon Study 1, the orthogonal design of the RRT used in Study 2 involves all
experimental maniplations within the same trial blocks of a task that uses the same
instructions throughout: all four permutations of phonological (P) and orthographic (O)
congruence (+) and incongruencgl{etween the prime and target of visuajtyesented
stimulus pairgClasson et al., 2013; WebEox et al., 2003)In practice, this means that

all conditions of the independent variable(s) will be presented within the same task. In
terms of analysis, this allows direct comparison of conditiesrand & Grainger, 24;

Luck, 2004) Supporting valid comparisons in this way helps to better see how
orthography and phonology may contrast, conflict, or cooperate. Using the same task
and same instructions also relates to eliciting the samedown processes, as wek a

the same bottorup processes through the same balanced stimuli for each orthographic
and/or phonologically focused condition, theoretically leaving only the stimbiased
experimental manipulations of orthography and phonology to influence responses.

As outlined earlier, real words have all psycholinguistic properties, while
pseudohomophones and pseudowords have only a subset of these. Study 1 requires
and uses pseudohomophones and pseudowords to observe the contrast between visual
familiarity and phontogy (van der Mark et al.,, 2009) However, the limited
psycholinguistic values and the infrequency of such-wonds in the real world can also
be a disadvantage as reading them is limited to demonstrating graph#maeme
conversion(Ellis et al., 200dand pseudowords can still activate semantic processes

(Nation & Cocksey, 20Q9) Furthermore, the involvement of real words,
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pseudohomophones, and pseudowords highlights the theoretical differences between
processing different types of linguisticratili. For instance, a direct lexical route will
theoretically be used for relatively high frequency real words, while both
pseudohomophones and pseudowords will require a graph@meneme conversion
route. The crux is that the comparison between real veordRW) and
pseudohomophones (PH1) in the oLDT differ in more than stimeles legitimate
orthography, but how they are theoretically processed too.

The use of only real words (and no pseudowords or pseudohomophones) for all
conditions in Study 2 helps tontrol potential contamination from different processing
routes and topdown phonology/semantic@_uck, 2004)while also allowing exploration
of validity and reliability between designs through respective measures of orthographic
and phonological preessing in Study 1 and Study 2. This will inform the relationship
strength between processing in the different stimuli and task circumstances e.g., the
measure of real word responses in the oLDT and the real words in the RRT or the
predominantly phonologial effects of the pLDT and tlwethographically incongruent
rhymecondition in the RRT

Due to the automaticity and relative simplicity of VWR and reaitapk et al.,
2012) the simpler the task in VWR studies, the more ecologically valid and a#tbileut
to reading processes any findings can be argued to be. It is also especially important for
tasks to be as easy as possiblelf@participants, while also obtaining as clear output as
possible from native readers for their data to serve as the best contraE&ir group
comparisons Lastly, using the same task, the same instructions, real (relatively high
frequency) simple words fall experimental manipulations, allowing direct comparison

between them, enhance ecological validity and are recommended when using EEG/ERP
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due to its sensitivity to external and extraneous variables, therefore increasing the

impact of any findingéLuck 2004)

5.3.2Counterbalancing

The order of tasks in Study 1 and Study 2 was fully counterbalanced within groups, as
well as within and between studies, and stimuli were presented pseudorandomly within
each task for each participant. Response bias was ngedrby using equal numbers of
trials for each condition in each tagkan der Mark et al., 2009)¥urther studyspecific
details about counterbalancing will be provided in the stsgecific chaptergs.9 and

Chapter 7).

5.3.3The ERP approach

The current research investigates the timing and nature of orthogragig phonolay-

related brain activity within ~200ms after seeing a linguistic stimulus in order to
contribute evidence to the behavioural and electrophysiological VWR literature and to
complement the existing body of neuroscience work. Behavioural response times,
recorded separately or alongside neuroimaging techniques, provide vital indications of
realworld effects, but are still not sufficient to discern between different neural
processes, especially in such short and early timeframes as is necessary with VWR
(Timmer & Schiller, 2012) In terms of brain activity, while fMRI studies have provided

a breadth of information about the nature and neuroanatomy of reading, the temporal

resolution of fMRI does not afford it insight into the specific timing of readinggaseEs
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(Pattamadilok et al., 2015)Neuroimaging methods, such as fMRI, are characteristically
limited in temporal resolution compared with spatial resolution and are therefore not
appropriate for investigating the absolute or relative timing of braitivaty (Hauk et al.,
2012) Furthermore, many neuroimaging studies are methodologically unable to
directly contrast their data with behavioural data, sometimes because the temporal
resolution of the neuroimaging method is incompatible with behaviourabsures,
other times simply because the behavioural data is not collected simultaneously (van
Heuven & Dijkstra, 2010)The combination and integration of brain and behaviour,
however, is a vital and often overlooked perspective in language researche tiemc
commitment to use such a perspective in the current resear@ime ERP approach,
however, is particularly appropriate for investigating tiinesed phenomena due to the
high (potentially submillisecond) temporal resolution of EEG, which is the prymar
reason for its usage in the current research.

Due to the specific focus on timing in this research and the nature of recording
eventrelated potentials, details of stimulus presentation timing are critical. ERP
components are typically based ¢ime-windows that are broadly accepted, but not
entirely or necessarily consistent from study to study e.g-180ms for P1, 13@10ms
for N170. Therefore, more precise timings of betwdactor processing are not usually
forthcoming, despite the possiity of millisecond (and even strillisecond) precision.

The use of peak latency measures could deceptively appear to allow such specific timing
with its single timepoint, but the methodological, statistical, and physiological issues
with this approachare now weldocumented and with the technological advances of
recent decades, researchers no longer have to rely on outmoded measurements that

they may previously have had no choice but to use.
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Variable stimulus onset asynchrony (SOA) was used in batiestto introduce
controlled jitter into the timing of the tasks. This allows cleaner responses to be
recorded by helping to prevent participants from providing anticipated responses that
can occur based on identically timed cycles of triklgrther stuy-specific details about
timing will be provided in the studgpecific chaptergs.9and Chapter 7).

Where the EEG/ERP approach is limited and how it differentiates from
neuroimaging techniques (e.g., fMRI, PET, fNIRS) concerns its lower spatial resolution
and the accompanying inability to accurately specifyriearoanatomical origins of the
neural signals it documents. In other words, EEG can detect and record the necessary
signals, but cannot deduce where in the thrdenensional headspace they came from,
which is known as thaewverse problen{see Ryynanen &tl., 2004) Due largely to this
inverse problem based on the limited spatial resolution of EEG, using an ERP
methodology precludes direct inferences about the neuroanatomical locations of neural
generators and associated experimental effects It is ackowledged that
magnetoencephalography (MEG) is capable of capturing valid temporal and spatial
measures, but it is also substantially more expensive and was not a viable financial or
practical option here. Therefore, with all factors of theory, methathiiice, and access
considered, the ERP approaishthe best option to answer questions about entwined
cognitive processes in time and, therefore, the most appropriate methodology for the

current research.
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5.3.3.1Eventrelated potentials

Eventrelated potentials (ERPs) are derived directly from continuous
electroencephalogram (EEG) by averaging the data (per electrode site/cluster) of
multiple discrete timeframes (often called epochs) that represent experiment trials of a
specific condition e.g., all the presetitans of a real word in an LD However, due to

the relatively small amplitudes of electrophysiological activity and the high sensitivity of
EEG (not only to legitimate brain activity, but extraneous noise), relatively high numbers
of trials are requiredo attain a suitably strong sign#b-noise ratio (SNR) for a valid ERP
output (Luck, 2005) ERP data collection is, therefore, largely a battle between the
specific signal that is the part of the EEG recording attuned to the cognitive property of
interest and the potentially damaging noise made from background brain activity, non
brain electrophysiological activity (e.g., EOG), and environmental interference (e.g.,
60Hz line noise). More trials resulting in more statistically powerful averages is/wide
accepted as a key solution, though special care should always be taken at the recording
stage. In some ways, this is not different from collecting behavioural data (e.g., response
times), which also need multiple trials to obtain statistical power uijio the case of

ERP data has more serious consequences. Without sufficient trials, SNR, and clean
waveforms, measurements can struggle with validity and may not accurately reflect the
cognitive property of interest.

Early pre200ms electrophysiological &n responses are reasonably stable,
especially compared with later processing, so can provide a good measure of early
processing, contributing less to the variability often seen between studies and
participants (Hauk et al., 2012) This stability is pdy attributable to the sensory

processing of physical stimulus attributes, but also to the automaticity developed from
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performing an action such as reading words so frequently over many (@arselissen

et al., 2009) Interactions between such semnggprocessing in the visual system and
languagerelated processes could begin as early as ~6@xssadollahi & Pulvermuller,
2003) but certainly occurring within the first 200ms pesttmulus(Cornelissen et al.,
2009) Considering reports of different psycholinguistic effects occurring at various
points across the timefram@Cornelissen et al., 2009)owever, it is unclear sgifically
which processes are involved in these interactions and when. For instance, phonological
effects have been found around 100if#shby, 2010; Wheat et al., 201®Qhile lexical
semantic manipulations have been interpreted to influence ERP wawvsfat 168ms
(Segalowitz & Zheng, 200&0d 200mgHauk & Pulvermiller, 2004; Moscoso del Prado
Martin et al., 2006) However, effects from ERPs support orthographic activation as
occurring prior to phonological activatigifimmer & Schiller, 2012yith fast masked
phonological priming studies proposing phonological activation to be approximately 20
30ms behind orthographic activatiofFerrand & Grainger, 1993) Furthermore,
processing of different readingelated factors could follow different mecourses
(Amsel, 2011)perhaps dynamically dependent on stimulus and task. It is important,
therefore, to note a fundamental principle of (serial and parallel) processing in terms of
ERP activity: brain activity associated with late components/suboompts will
sometimes rely on earlier activity and the processes the earlier
components/subcomponents reflect, while earlier processes may rely on stimulus
properties directly or other cognitive processes. Consequently, the understanding of
these early naral processes and their timeframe is vital for a better understanding of
the interactions between subsequent processes necessary for accurate word

recognition. For all contexts, though, further investigation of the initial ~200ms of
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electrophysiologicactivity is required to better understand this early processing and

the foundation of later processing in both L1 and L2 readers.

5.3.3.2ERP measurements

As with standard behavioural analysis, ERP analysis is based on data from each
participant that is submied for appropriate statistical analysis (e.g., paksaimpled-

tests between conditions within a group). Unlike such definitive behavioural measures
as response time, however, there are various options for measuring ERP waveforms (and
the numerical dataised to represent them), which are the root of some methodological
issues of ERP analysis.

Most commonly, ERPs are described in terms of components (e.g., P1, N170) that
have accrued typical time windows (e.g.,-B20ms for P1, 13@10ms for N170) to
denae their predominant period of activation. Furthermore, ERP components referred
to with the same name often have different unstandardized time windows between
studies. As an example, effects on a "P150" component based on -4600@s
timeframe and an "N@0" based on analyses of a 1B0Oms timeframe have been
reported (Coch & Mitra, 201Q)which typically and drastically overlap with the visual P1
peaking at ~100ms and the onset of the subsequent major negative deflection, the
N170. The same time winds are neither used consistently between studies, which
marks one key issue, nor necessarily valid for all participants in all situations with some
components being more variable in time than others. However, even if time windows
were chosen a priori ohie same ones were used in every ERP analysis, there is still the

guestion of the method of measuring in terms of obtaining numerical data that can be
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subjected to statistical analysig-or instance, ERP waveforms can be measured in a
variety of ways for bth amplitude and latency, using peak, mean, fractional area, and
other calculations.

Peak measurements of amplitude and latency were the norm, but this was
largely due to lack of computational power to calculate more complex measurements,
such as mean angdositive/negative area amplitudes. Alongside more contemporary
options that go beyond componeiitased analysis, such as the mass univariate
approach (Groppe et al.,, 2011)the measurement options for components are
positive/negative area (depending on component deflection) and mean for amplitude,
alongside fractional area for latency (e.g., 50% area latency or 25% for onset
approximation). Area measures are typically makust, being based on more than a
single data point (as in peak measures), resulting in being generally less sensitive to noise
and less sensitive to the choice of timeframe than, for example, peak measures.
Furthermore, while area measures are not aedt descriptor of the shape of ERP
components, they can provide an indication of the component height and breadth as
opposed to just the highest amplitude (as in peak measures). As with any method,
though, each have their strengths and weaknesses, batahly reasons to use peak
measurements are for direct replication or methodological review, while meaa
areabased are both preferred in any other cggeick, 2014)

Mean amplitude is sensitive to overlapping components and can be essentially
confounded if there is significant activity in opposite polarity e.g., negative amplitudes
in the timeframe for measuring a positive component, as the required measurement will
be partially cancelled outUsing signed area amplitudes (i.e., positive or negairea

amplitudes) can be preferable to overcome this when measures of the component in
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guestion are expected to be only positive or negative amplitudes e.g., large components,
such as P1 and N170, as signed area amplitude measures essentially ignore any
amplitudes of the opposite polarity e.g., offsets of previous or onsets of following
peaks/components, avoiding the cancellation that occurs for mean amplitude. This also
means that the measurement timeframe can be wider than for mean or other amplitude
measires (as long as oes notencroach the next peak/component of the same
polarity). By their nature, signed area amplitudes have a minimum of zero and so are
more sensitive to noise than mean amplitudes, which can be problematic when
comparing across grospwith different signato-noise ratios (e.g., due to different
numbers of correct trials viable for averaging), but this can be addressed with
appropriate data processing (in terms of EEG/ERP e.g., filtering, artefact correction as
well as statistical dat cleaning e.g., treatment of outliers) and can be preferable overall
to the complication of cancellation in mean amplitudes. Using signed area amplitudes
also better coincides with the usage of (50%) fractional area latencies to measure the
ERP latencieand eliminates the effects of latency jitter (e.g., within participants) for
monophasic components (e.g., P1 and N170).

The outcome is that there are numerous choices, many with significant
advantages or generally acknowledged shortcomings, but no domaaersensus about
which should be used, what each specifically mean in terms of neural processing, and
what relationship they have between one another. The consistent presence and
prominence of the P1 and N170 along with their relative stability due tor tharly
appearancesCornelissen et al., 201,0)n visual paradigms allows closer focus on
manipulations rather than eliciting the componen{tuck, 2005) which provide

advantages for the current research, not least in terms of measurement choigsh S
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nature of the P1 and N170 components alongside the aforementioned points about
robustness and sensitivity informed the selection of area amplitude and fractional area
latency as therincipalmeasures of ERPs in the current research, using a 50%fraicti
area to approximate peak amplitudesthout using peak measures

In addition to potential issues of ERP measurement, time windows, and SNR,
variability within EEG data and ERP measures is also acknowledged. The within
participants variability of th location, size, and even response of a component or region
IS one possible reason for the inconsistencies between studies supposedly investigating
the same cognitive processes with the same stimulus tyj@szer & Riesenhuber,
2013) While measuringrbm groups will still ultimately involve the potential issues of
within-participant variability, clustering electrodes from the higher density-¢@&8nnel

EEG used in the current research can help to alleviate problems.

5.4 Stimuli

The scientific method demals control of stimulus parameters Analysis cannot
discriminate between the uncontrolled variable(s) and the experimental variable and so
cannot be relied upon to accurately determine the locus of any findifdgsally, all
stimulus parameters would beatanced across conditions/sets/tasks (where applicable)
or, at least, alknown stimulus parameters would beln practice, however, suitable
stimulus sets can be difficult to create, but it is crucial that they are appropriate for the
experiment, being & core and the way participants interface with the task. Any other
factors that may be extraneous can be confounding and should also be controlled where
possible and reasonable.
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There is a wealth of psycholinguistic factors that can have potentially
confounding effects on psycholinguistic/VWR responses. Indeed, factors of lexical
equivalence (i.e., how words can be similar) are so numerous that stimulus control is a
problem that can only realistically be minimized and not elimingiéah Orden & Kloos,
2005). However, many studies only control what might be considered a bare minimum
of psycholinguistic variables, such as just number of syllables, orthographic length, and
lexical frequency(e.g., Pattamadilok et al., 2017)Instead, it is especiallytal that
linguistic stimuli are tightly controlled across as many psycholinguistic factors as
possible, whether they are the specific focus of the research or not and certainly if they
can potentially influence responses, as not doing so can impact owvdheity and
reproducibility of findingglzura et al., 2011)

One practical issue concerns which psycholinguistic factors can be controlled
with more or less leniency, as some flexibility is typically required just to allow a
sufficient number and appropriate range of stimuli for the purpose of the experimental
desiqn. It is, therefore, duly noted that ideal linguistic stimulus sets are rarely possible
to form without relaxing the control of some parametgfgan Orden & Kloos, 2005)

For instance, a common problem is attaining sufficient numbers of stimuli, which
particularly challenging in ERP studies due to methodological demands for significantly
more trials than in, for example, a purely behavioural experiment. Nonetheless, strict
control and quality for stimuli is necessary to be able to accurately inderpsults later,
further highlighting the importance of identifying which parameters can be flexible and
least likely to influence results.

Stimulus set creation was a major challenge in the current research design

Besides the ERP method itself requirsubstantial numbers of trials for sufficient signal
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to-noise ratio due to ERPs being especially sensitive to changes in stimulus properties
(hence being a strong and widely used method for such research), there were several
reasons for this challengéNamely, the experimental manipulations in both studies are
directly operationalized through the English (or Engbsled) lexical stimuli, making
stimulus selection especially criticAlVhile English is a language with a vast and varied
vocabulary, not &lEnglish words were viable for inclusion (even before considering
potential interlingual issues)This was due to them either not passing tight inclusion
criteria (based on various psycholinguistic variables that are known to influence
processingt see bllowing section) or not being viable for one of the experimental
conditions For instance, relatively few English words have an orthographically rime
matched nonrhyme counterpart e.gmint-pint, as required for rhyme recognition tasks
(such as the onased in Study 2)Furthermore, the relative novelty of the behavioural
tasks being used with English monolingual and late bilingual ESL participants also
demanded additional attention that stimuli were appropriate for all groups in terms of
not being toodifficult for ESL participants (but not being too easy for native readers).
Creating stimulus sets to be used with ESL bilinguals, especially those with an
alphabetic L1 (e.g., SpaniBimglish), without significant interlingual conflict as well as
meetingthe demands of the behavioural tasks (where the nature of the English lexical
items contributes directly to the experimental conditions) was especially challenging
While there is little direct overlap between English and Chinese that nmdloience
ChineseEnglish bilinguals' reading performance (especially on an orthographic level),
interlingual influence in bilinguals with L1 and L2 of the same or similar type (e.g., both
Germanic/alphabetic as in Dutdbnglish) is wellocumented The nherent linguistic

interlingual similarities between English (the target language) and Spanish (the L1 of one
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experimental ESL group), therefore, added another layer of complexity to stimulus
creation.

Following evidence for an integrated nonselective ascaodel of bilingualism
(van Heuven & Dijkstra, 2010; Dijkstra et al., 2018), L2 counterparts of L1 words are
activated in parallel in bilinguals with L2 being unconsciously translated automatically
(on at least phonological and semantic levels), albeivdrying extents dependent on
the stimulus While stimulus control is essential, suppression of L1 translations during
L2 reading is posited not to be possible due to this automaticity of bilingual processing
and not feasible due to the overlapping phaonie profiles of some languages (especially
in the case of etymologically related languages using the same system, such as English
and Spanish) However, such suppression (imagining it possible) would arguably be
unnatural and not truly representative oblw bilingual readers read L2 anyway, leaving
a predicament in limiting interlingual factors so artificially (as they will never be fully
eliminated) Therefore, it is reasonable to accept that stimuli of the same language type
as the ESL bilingual's Llgealphabetic as in a Spanighglish bilingual) will always and
consistently trigger both languages, albeit to varying extents based on interlingual
similarities and other psycholinguistic contexts/factor€onsequently, it is not an
exaggeration to eim that no amount of control could ever eliminate interlingual
influence in bilinguals with languages of the same type, at least not without severely
damaging ecological validity, something that is already a methodological issue in lab
based psycholinguis research Furthermore, all stimuli cannot be creshecked and
crossreferenced with all possible translations, derivations, and connotations in all
potential participants For instance, it is impossible to know the extent of phonological

overlap ona perparticipant level and/or for which stimuli automatic unconscioud.lL2
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translation occurs e.g., not all ChineSaglish readers with equivalent L2 proficiency will
experience L1 phonological priming when seeing an English stimulus pair that have
phonological similarities in their Chinese translatioktimately, controlling stimuli and

tasks for as many psycholinguistic factors as reasonably possible, maintaining the L2
context and minimizing L1 involvement, and checking #ewel data are all thatan be

done.

Due to the needs of this research to be specific about orthographic and
phonological characteristics of stimuli and any psycholinguistic factors that can
potentially influence VWR, it is recommended to be as rigorous in stimulus selection as
possible For full transparency, the method section of each study chapter will highlight
any potentially problematic stimuli and explain why each was accepted for inclusion
(over and above their properties for operationalizing the experimental task).

Esentially, in addition to usual complexities and requirements of an
experimental stimulus set, the various ways in which languages can overlap and that
bilingual readers can be influenced by crmsguage lexical properties (as discussed in
83.3), the research questions and the tasks designed to address them added further
complexity on the stimulus constraints for creating appropriate and meaningful stimuli.
Therefae, several allowances had to be made in the creation of the stimulus sets,
resulting in a small number of stimuli that are acknowledged to be potentially
problematic and slightly less representative of the cognitive processes they are being
used to operabnalize However, all stimuli will be revaluated through item analyses,
taking behavioural responses into account, with potentially problematic items being
especially scrutinized and only the strongest and most representative samples being

used in theoverall analyses.
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5.4.1Psycholinguistic variables

Many psycholinguistic variables should be controlled in research using-tveseb
stimuli due to their capacity to influence processing, which is especially the case when
using sensitive neurophysiological metls. However, it is important to note that for
some variables it is sufficient for them to be matched (e.g., lexical frequency), some
would ideally also be maintained at specific a priori values (e.g., orthographic length,
word class), whereas others sHdwsimply be minimized (e.g., semantic relatedness).

All of the following psycholinguistic variables have the potential to have a
significant impact on visual word recognition performance and therefore the potential
to skew interpretations and conclusiors those performances if not sufficiently
controlled. The criteria used in this research allow studying a precise set of
psycholinguistic properties that will assist analysis and support interpretation of the
data. They also help to limit potential comfads from cognitive processes not directly
related to the purposes of the research, such as unwanted priming and attempts to
integrate the stimuli with one another (i.e., from phrasal associations and semantic

relatedness).

5.4.1.10rthographic and phonologicaldngth

Due to the focus on visual and particularly orthographic processing, it was necessary to
control such an overt physical property as orthographic length. However, due to
EEG/ERP methodological constraints that dictate a requirement of significaotly m
stimulus presentations for usable and meaningful analyses than in, for example, a purely

behavioural experiment, sufficient numbers of stimuli with the necessary level of control
127



over other factors were not possible using onhetter, 3-phoneme words so the
stimulus pool was increased to includdedter and 4phoneme words too. This was
acceptable, as orthographic word length is one psycholinguistic parameter that has been
shown to allow some flexibility in terms of stimulus creation. More spadifi, a single
letter of difference in orthographic word length does not typically lead to word length
effects(Jalbert et al., 2011)There is also evidence that any such effects of similar word
length, such as comparing conditions with means of &8 &5 letters, disappear in
adulthood anywayAcha & Perea, 2008)

Orthographic length facilitates recognition at53letters, has no effect at-8
letters, and inhibits performance atB3 letters(New et al., 2006) This could mean that
the 4-letter words and perhaps some of thelé&ter words might facilitate responses
just based on their orthographic length, while some of thietber words will have no
length effect. However, the proportion of 4nd 5letter words as well as-3and 4
phoneme wads was equal between conditions and this controlled mix of word lengths
offers the benefit of minimising any facilitative effects of théetter stimuli, while also
reducing potential visual repetition effects and visual codidgddeley et al., 2002)

Sometimes, despite the substantial control and detail of stimuli, individual pairs
are not matched on highly relevant factors for rhyme recognition, such as orthographic
length (number of letters) or phonological length (number of phonemes), as in
chair bear, tale/snail (e.g., Grossi et al., 2001; MacSweeney et al., 20E3)lting in
some pairs not being matched for orthographic word length, while others were. It is
important to note that the word lengths were not altered or manipulated between base
words and pseudohomophones i.e., the pseudohomophone counterpart of a base word

has the same number of letters and phonemes in the same structure as the base word.
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5.4.1.2Word class

Single words are rarely seen in isolation and syntactic (along with semantstjaiots
surround word recognition processes. This highlights some potential issues surrounding
syntactic constraints that may even be important to sirglerd processing, such as
word class varying within the same stimulus set, which are not limitedigb ysing
nouns and verbs or simple forms, but ranging from singular count nouns that would
ordinarily be preceded by a determiner (e.g., article or quantifier) to past tense verbs
that are typically preceded by the patrticle to, a pronoun, adverb, or ianxiverb. For
example, the stimulus pajazzhasnot only manipulates the orthographyhonology
relationship between prime and target as intended for a rhyme condifiRiten et al.,
2009) but word class differs between them, resulting in a differesst of
psycholinguistic values attributed for each. These rules create implicit syntax for many
word forms that may or may not impact processing times. However, as there is currently
no evidence to reject the premise that syntactic constraints substfintinfluence the

way isolated words (as well as words in sentential contexts) are processed, it is sensible
to attempt controlling for these factors.

Simple nouns are typically chosen for their ease of comprehension and the
focused elements of processirggn be observed more clear{lmeida & Poeppel,
2013) while mixing the word class within experiments when it is not part of an
experimental manipulation can and likely will cause unnecessary confusion for the
participant. The even mix of singular cd@and mass nouns (i.e., no plural forms) within

each condition also allows a mechanism for keeping attention without compromising
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syntactic boundaries and the potential confound of syntactic inhibition from mixing

word classes.

5.4.1.3Phonological/phoneme strutre

The use of count nouns with a CVC phoneme structure allows thegmsonant
indefinite article 'a’ to be consistently implicit, thus controlling potential effects of
syntax. It has also been reported that the impact on word recognition processes is
different between vowels and consonar{tSarreiras et al., 2009urther supporting the

constant phoneme structure across all stimuli.

5.4.1.4Vowel types

Any vowel sounds that were deemed potentially difficult for aAwatives to produce

were avoided. Due toestrictions in the graphemhoneme mappings of English (e.g.,
many monophthongs do not have a phonotactically legal graphemic alternative), the
pseudohomophone sets (PH1 and PH2, respectively) included a more restricted usage
of vowels than the real wordnd pseudoword conditions. However, there was still a

healthy mixture of vowel types within the pseudohomophone conditions.

5.4.1.5Frequency and familiarity

High frequency, highly familiar words were used for several reasons. Most important is

that low frequency, unfamiliar words increase difficulty, which is an especially important
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factor to minimize here due to the involvement b2readers of English. English word
frequency has been found to influence behavioural and electrophysiological reading
performance in Frencknglish bilinguals (who are comparable in language profile to the
SpaniskEnglish participants), but ERP effects eveot observed until ~300m$eeters

et al.,, 2013) after the timeframe under scrutiny in the current research. Higher
frequency, more familiar, and easily comprehensible theoretically allowed fairer
comparison betweehlandL2speakers of English: ng words that_2readers may not
recognise or even that are only known by native readers would conflate findings
absolutely and negate the purpose of the study.

It is also very important to note that other psycholinguistic effects can be
attenuated throudn the control of frequency and familiarity. For instance, high
frequency words have been shown to render effects of regularity, word neighbourhood,
and visual complexity nesignificant(Coltheart et al., 2001 while word length effects
dissipate withword familiarity(Alario et al., 2007)and highfrequency wordsare much
less problematic than lovfrequency words in terms of repetition effec{dlmeida &
Poeppel, 2013) Along with its potential effect on the route used to gain lexical
recognition(Coltheart et al., 200]1these factors strongly advocate frequency to be a
vital property to control, especially when considering the brain as functioning with
statistical information(e.g., Dehaene, 2014)

Word stimuli are often erroneously splittshigh and low frequency conditions
by dividing the continuous variable of lexical frequency at some arbitrary point and
without definition (e.g., FischeBaum et al., 2014; Glezer et al., 2016Where
applicable, therefore, all stimuli were relativatigh-frequency (based on British CELEX

values) and not arbitrarily split, instead being statistically matched between conditions
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(Almeida & Poeppel, 2013)Any difficulties stemming from frequency or familiarity
were minimised and the intention was fail participants, native ok2English readers,

to reach ceiling effects for performance where possible.

5.4.1.6Age of acquisition

Age of Acquisition (AoA) is a measure of when words are initially encountered and learnt
during reading skill development in childod, literally referring to the age of children
when a word is usually first encountered and learttis important to acknowledge and
control AoA in VWR research, as it can affect how quickly and efficiently words are read
For instance penguinwill typically be learnt and used at a much earlier age than
albatross sopenguinwill be processed more quickly and efficiently thalbatrossafter

both have been learnt, even in skilled adult readeihile it is yet to be seen how
native-based AoA measusework withL2readers and L2 acquisition, AoA of L2 in late
bilinguals has been highlighted as a confound for observing how proficiency can affect
brain activation from L1 and L2 (van Heuven & Dijkstra, 201)r instance, L2
proficiency has been showo affect brain activity associated with semantics, while L2
AoA affects grammarelated areas (Wartenburger et al., 2003)his is related to L2
usage and exposure, which have also been shown to influence brain activation during
L2 processing (Perani aAdbutalebi, 2005; van Heuven & Dijkstra, 2010; Vingerhoets et
al., 2003), but has been measured by seffort and accounted for in the analysil is,
therefore, a useful complement to measurements used to balance stimulus $ets
provides an indicatin that conditions are matched on a level of general lexical

complexity, something that could be very important in observing psycholinguistic effects
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in L2readers Therefore, AOA was not only controlled through the use of relatively high
frequency short wrds, matched on many factors (including concreteness and
imageability), which is deemed sufficient for controlling AoA for the adult skilled readers
from L1and L2 groups(lzura et al., 2011)stimulus sets within each study were also

matched on the Bstol norms for AoA (Stadthaggbonzalez & Davis, 2006).

5.4.1.7Bigram frequency

Bigram analysis has been suggested to be a vital part of visual word recognition and that
its effects occur within 200ms of seeing a w@rthuk et al., 2008) This falls within the
critical time period being investigated by this research, requiring bigram frequency to
be matched between conditions. Bigram frequency also contributes to visual familiarity,
which is of particular significance in visual wordogaition studies, especially when the
focus is on such initial and early responses. It should also be noted that mean token
measurements of bigram and biphone frequency were used for comparison due to being

more appropriate for word identification taskknight & Muncer, 2011)

5.4.1.80rthographic and phonological neighbourhoods

Due to the focus on orthographic processing, orthographic neighbourhood, using
}o§Z ES3[* uSE] }( }ESZIPE %Z] Vv ]PZ }uEZ}} ]I ~
several orthographyelated variables to be controlled, especially as it has been shown

to influence lexicality decisior{®roverbio & Adorni, 2008)
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Phonological neighbourhood effects can occur for pseudowords similarly to low
frequency real words, while responses to highgitency words are not significantly
influenced, presumably because the effect of frequency essentially masks or subsumes
that of neighbourhoodColtheart et al., 2001)Controlling phonological neighbourhood
between conditions, therefore, was necessanydahelps to increase comparability

between stimulus types.

5.4.1.9Semantic relatedness

As phonological and semantic processing are directly linked and separating them is
problematic(Brunswick, 2010, p. 8/73emantic activation must also be balanced across
conditions as much as possible. Semantic processing, albeit in different forms and to
different extents, arguably percolates through every level of visual word recognition.
This is not unexpected, as per the ultimate purpose of reading, but it does have
implications for methodologies not directly investigating semantic processing.
Therefore, in order tmbserve effects of orthography and phonology more direatith
confidence that they are such and not significantly driven by semantics, a targeted
approachis required.

Semantic associations were avoided as much as possible within and across
conditions in each task and no significant semantic string, recurrent semantic theme, or
recognisable semantic field was present in the stimulus sets. Latent Semaalysia
(LSA) is a research tool that can provide a contased measure of semantic
association between words, phrases, and documéhéndauer et al., 1998)Using the

LSA scale based on general word usage up to university age, it was used to tupport
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manual checking of semantic association between all stimuli by highlighting any strongly
associated (>0.8) pairings to be reassessed. Any semantically associations suggested to
be too strong by either manual checking or LSA were either discardegbaraged into

different trial blocks.

5.4.1.10lmageability

Imageability and concreteness have been shown to affect behavioural responses and
brain activity, distinguishably influencing characteristics of ERPs, such as the response
potential (Martin-Loeches et al 2001) Therefore, as imageability is not a focus of this
research, stimulus sets were matched in terms of imageability, using values from the

MRC databasg@Coltheart, 1981)

5.4.1.11Phrasing

Due especially to the potential conflict when involved in pAfeRGET paifs.g., Landi

& Perfetti, 2007) syntactic and phrasal associations, when multiple words form an
extended or different meaning (e.goat and man are separate nominal entities, but
compounded, they fornibatman), were limited as much as posklwithin all stimulus

sets.
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5.4.1.12Interlingual factors

In addition to the already numerous psycholinguistic factors outlined in the previous
sub-e S]}ve §Z § upes Jv§E}oo A]J38Z]v 8Z & EP § o vPp
native languages must beonsidered in terms of potential crodigguistic/interlingual
conflicts i.e., factors influencing word processing between L1 and D#ferent
languages can overlap linguistically in various orthographic, phonological, semantic,
and/or syntactic ways, whbh increases with the relatedness of the languag8panish
has much greater overlap with English

As interactions between L1 and L2 cannot be avoided (van Heuven, Schriefers,
Dijkstra, & Hagoort, 2008), cognitive traces of a native language stopped iparly
development can still be found despite not consciously knowing the language (Pierce et
al., 2015), andstimuli similar to words in L1 of thESLgroups can potentially lead to
phonological priming effects when processing(CarrasceOrtiz et al., 201@; Wu &
Thierry, 2010) interlingual factors were a major concern in creating stimulus sets.
Interlingual homographs, interlingual homophones, and cognbtts/een English and
the ESLparticipants' native languages were minimized as much as reasonaldly an
practically possibleéby checking all stimuli against relevant lexical databases and

] 8]}v €] U ¢« A oo ¢ }vepo3]vP ¢« A E o v S]A *% | E-

languages who did not take part in the main study to further check forweald ard
potential colloquial usages. However, the similarity of English and Spanish due to their
largely shared alphabetic system means that interlingual crossover can never be entirely
avoided without compromising the usefulness of the stimuli, which is eafheci
pertinent, as this similarity of languages and shared language system was a significant

reason for using Spanidinglish bilinguals in this researchherefore, some carefully
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considered allowances will be made when vetting interlingual items: caigagforms
in Spanish and loan words from English will be permitted, items of notably low frequency
in Spanish will not be excluded.

One of the most important points about the design using a wholly English context
is that the focus of the work is the pressing of English (and only English) at
orthographic and phonological levels (semantic processing is not a focus, though
semantic factors are controlled)Although neither local, sentence, nor global contexts
have been reliably found to influence the amtatic initial processing of word stimuli in
both bilinguals' languages (van Heuven & Dijkstra, 2010), the wholly English global
context (in preparation and presentation of the experiment) could work to "regulate the
selection of lexical representationsVgn Heuven & Dijkstra, 2010), minimizing cross
linguistic conflicts and errors. The context is English reading and the tasks require English
cognition and responses: participants will not be included in analysis without sufficient
accuracy in responses atiem-level responses will be excluded if they are outliers
Therefore, in order to further minimise any effects of potential interlingual factors and
to focus the responses &SL participantas much as possible, it was made clear that
the experiment wa being conducted in English and was not directly concerned with

their native languages, but with their processing of English specifically.

5.4.2 Stimulus criteria

All stimuli across both studies 1 and 2 were presented visually in bold, black, lower case,
Couri er New font (42pt) on a silvery grey backgroundREme colour="gray"). This

milder contrast between font and background colour (when compared, for example, to
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black text on a white background) was used to reduce participant fatigue. The larger
size was used simply to make the stimuli more easily and immediately readable. With
regard to these technical details, however, there does not yet seem to be a consensus
from previous research and so decisions were made based on attempting to make the

stimuli as cleaand easyto-readas possibldor all participants

5.4.3Stimulus creation

The MRC Psycholinguistic DatabéSeltheart, 1981)vas used to generate a large goo

of real English nouns that were monosyllabic, three phonemes long, with a consonant
vowelconsonant (6/-C) structure. This pool was then manually filtered further,
discarding inappropriate, archaic, and uncommon words, to leave a usable pool of
semantcally simple English nouns, including no technical jargon, explicitly
dialectal/regional words (including American English words and words biased toward
British Englist), and words with accerdependent phonology (e.ghath, grass bus),
following evidence that inner speech resembles the reader's own acgeitik & Barber,
2011) The resulting pool was used for the real woldgVcondition) and as base words

for the two pseudohomophone set#Hland PHJ and the pseudoword sePW\) in

Study 1, as welas for all stimuli in Study 2, as will be described in respective study

2 While the native English participants would arguably have a predominantly British English vocabulary,
American English plays a significant part in the acquisition of English for native speakers of many other

languages, including Spanish and Chinese, dilee reach of American television and film.
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specific sections. In terms of either their base words or stimulus forms, stimuli were not

repeated across conditions or tasks.

5.4.4Stimulus control

While real words, by definition, & values for all psycholinguistic variables,
pseudowords and pseudohomophones (as used in Study 1) have only a subset of these
properties. These limited psycholinguistic values and the infrequency of suelarois

in the real world can affect ecologicadlidity, as reading such stimuli is limited to
demonstrating graphem@honeme conversiofEllis et al., 20049nd pseudowords can

still activate semantic process@sation & Cocksey, 20Q9furthermore, using only real
words for all conditions (ando pseudowords or pseudohomophones) also helps to
control potential contamination from toglown phonology and semanti¢suck, 2004)
However, the usefulness or even necessity in particular psycholinguistic paradigms is
unavoidable and undeniable (e.dexical decision tasks). Nevertheless, pseudowords
do share legitimate psycholinguistic properties with real words on alexibal level
(graphemes, phonemes, -grams) to which psycholinguistic variables, such as
frequency, familiarity, and regularitgan also be applieHauk, Davis, et al., 2006 he
number of letters, bigram and biphone frequency, and orthographic and phonological
neighbourhoods can also be measured for pseudowords, though their lack of semantic
content makes measures of whole wi frequency, familiarity, and imageability
impossible. In the case of the pseudohomophones and pseudowords for Study 1,

therefore, the criteria apply to the base word.
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5.4.4.1Statistical support

The current research focused on matching conditions across tleviog measures of
psycholinguistic factors: orthographic length (i.e., number of letters), phonological
length (i.e., number of phonemes), mean frequency (per million, British English), bigram
and biphone frequency (mean token values), orthographic nejghEZ}} ~ }os$zZ &S
n), phonological neighbourhood, imageabilifMRC; Coltheart, 1981)familiarity
(subjective frequency; Balota et al., 2008nd semantic relatednegsising Latency
Semantic Analysis; Landauer et al., 199B)e CELEX databdBaayen et al., 199%nd

MRC databas€Coltheart, 1981via NWatch (Davis, 2005)were used to obtain all
stimulus property values except for semantic relatedness, which were retrieved from

the LSA websiten(tp:/Isa.colorado.eduj. Furthermore, overt semantic and syntagmatic

links were minimised as much as possible throughout the sets.

5.4.4.2Scalebased assessment

In order to further bolster the strength and validity of the stimulus sets, sbaked
variants of the orthographic and phonological lexical decision tasks (Study 1) and rhyme
recognition task (Study 2) were created using the same pools of stimuli. Weszee

completed online (via Qualtricsyww.qualtrics.com by individuals who did not take

part in the main studies (details can be found in the stsggcific chapters). These
suneys not only support the balancing of stimuli, but support their use as exemplars in
the respective conditions. Summaries of the results and comparison tests are presented

in the stimuli section of the relevant stuebpecific chapter.
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5.5 Apparatus

Stimuliw E % & ¢ vS S} % ES] ]% vSe }v 11_ PFusiglB}1E ~>
Prime (version 2.0.10.353; Psychology Software Tools Inc.). The display ran at
1680x1050 resolution with a 60Hz refresh rate (16.67ms refresh duration) to which
stimulus presentatns and related event markers were synchronised. Tlooked

event markers for conditions and individual trials were transmitted freRriEhe on the

stimulus presentation computer to asalab (ANT Neuro) on the EEG recording computer
via the EEG amplifienssing parallel port communication. BothPEime and asalab
recorded participants’ behavioural responses, which participants made by pressing
buttons with their right hand on a handheld gamepad (Logitech Precision). This was
used over a more typical buttebased response box because it was deemed to be more

familiar to participants in general.

5.5.1EEG apparatus

During the experiments, participants were situated in ansRiElded and sound

insulated Faraday cagenfw.wardraypremise.comito helpminimise extraneous noise in

the EEG recordings and in the room. All EEG data were recorded using two cascaded

Refa 72channel amplifiers http:/Mww.tmsi.com/products/systems/item/refd using

waveguardj caps \www.antneuro.con) with 129 actively shielded Ag/AgCl electrodes

(128 channels plus grouhdrranged according to the 5% eteode systemgeeFigure
7 for electrode layout The AN-Neuro andwaveguard; system is gebased (using

conductive gel between the electrodes and scalp), which kasral advantages over
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other systems, such as being less prone to bridging and affording a consistent electrode
configuration across participants. EEG was recorded directly to hard disk using asalab

4.7.12 (Advanced Source Analysis laboratampyv.antneuro.con) from a cascaded 127

channel setup (using two linked @hannel amplifiers, sacrificing one channel as a

shared reference) through a SynFi filerUSB converter. When regied, all EEG data

was processed and averaged to ERPs using ASA wv@Batitneuro.con) before the
relevant data exported for statistical analysis using SPSS (v26; IBM).

The use of highlensity 128channel EEG affords several advantages over the
more typical 64channel system. The main benefit is the geeaspatial resolution in
terms of having twice as many electrodes to cover the same area, which allows greater
precision for results per region of scalp, improving the quality and sigpiaé ratio for
electrode clusters and theoretically enhancing seutocalisation(Ryynanen et al.,
2004) 1t is, however, recognised that EEG/ERP methodologies are generally not the
primary choice for investigations into the source(s) of neural generators and thus the
deeper analysis in this research is still focusedthe temporal order of processing.
Despite this main focus and that the increased density does not directly affect the
temporal resolution, having access to more sites and therefore more data per region of
interest is a significant advantage. The addial channels help to cover each region
more completely, as well as scalp areas not covered bgh@nel setups, resulting in
more electrodes per region (for clustering) and less critical data loss. Furthermore, by
using relevant clusters of electrodebge increased density can improve the sigtad

noise ratio considerably, especially when using the average refe&ien, 1998)
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Figure7: ANT Neuro waveguardl28-channel cap electrode layout

5.6 Procedure

Prior to any expemental sessions, the participant information sheet was supplied to

potential participants along with a revised version of the Language History

QuestionnairgLHQ; Li et al., 2014; see Appendix E and 84.2.1.2 for deteiish was

completed and used taid eligibility checks. Eligible individuals were scheduled for their

experimental session at a time that suited them, while participants whose LHQ did not

meet the inclusion criteria were politely declined from taking further part in the study.
In the eyerimental sessions, the participant information sheet (8@pendixA)

was provided again and both a consent form (8¢pendixB) and a revised version of
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the Edinburgh handedness inventory was completed &ppendixG). These were
followed by a remindr of anonymity, confidentiality, and the right to withdraw from

the study, as well as another chance to ask any questions before the EEG system was
configured with the participant. For data acquisition, participants were seated
comfortably in a sounéttenuated and dimly lit room at a suitable distance from the
screen with checks made that they could easily and effortlessly read thsrreen
stimuli. Each participant completed all tasks of Study 1 and Study 2 within the same EEG
recording session, buhe order of tasks was fully counterbalanced within each study
and each group. Further task details can be found in the sspegific chapter¢s.9and
Chapter 7).

Before each task, participants were informed in spoken English by the researcher
as well as via oescreen instructions what was expected of them to do. This formed part
of a strategy to emhasise the English basis of the research and, in particular, that the
participants were to be required consider all stimuli as English words. This emphasis
toward English stimuli and an EngHsased task was an attempt to minimise any effects
of unidenified or colloquial interlingual homographs present in the stimuli. However,
if any stimuli could be perceived as interlingual homographs, the stimulus control limits
this to a very small and likely inconsequential proportion of the trials overall.

Although the behavioural tasks across both studies can be described as
answering a yes/no question (e.g., "Is the stimulus a real word?" and "Do these words
rhyme?" in the RRT), neither task was described this way in order to promote positive
responses (e.g., pitively choosing the answer as "they are different, wibgpming
words" as opposed to "no, they do not rhyme" in the RRT). It is realised, however, that

this is tantamount to yes/no and also that researchers can never be sure of how a
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participant actuallythinks and considers such tasks. Further details about the
instructions and other procedural information specific to each task can be found in the
following studyspecific chaptergs.9and Chapter 7).

With regard to the response method, 56 published LDT studies (spanning from
1995 to 2014; sedppendixH for references)vere systematically reviewed in order to
determine the best method in terms of which hand or finger and device to be used.
However, there was no clear consensus and often no reasons provided for why one
method was used instead of another. Therefore, jgipants were asked to provide
responses with their dominant right hand and the button used for responses per task
was counterbalanced within each task and gro@&tinking and body movements (other
than to press a response button) during the tasks wererggly discouraged, particularly
when stimuli were displayed, though it was made clear that there would be ample
breaks within and between each task. To allow the breaks within each task
(approximately every -4 minutes), each task was split into trialobks that were
identical in terms of the number of trials, conditions, instructions, and timings used in
each (see studgpecific chapters for more details).

Prior to each experimental task, all participants completed a block of practice
trials, which inalded four exemplar trials per condition that were not used in the
experimental task (see stuegpecific chapters for details). If performance was deemed
poor in the practice trials or participants were still unsure about what the task entailed
after competing the practice, participants were asked to repeat the practice until both
researcher and participant were satisfied. However, this was only necessarg@onss

all 64 participants and the second practice made things clearer.
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Within each study, allgrticipants saw the same sets of stimuli per task, but each
in a different, pseudorandomized order, following recommended presentation
guidelines(e.g., Hauk, Davis, et al., 2006%timuli across all tasks were presented on
screen for 500ms, in line vintother visual word recognition research involving bilingual
participants (e.g., Guo et al., 2009; Wu & Thierry, 2010)This relatively short
presentation duration also promotes the initial automatic response from participants
and one that does not invee, for example, reading the stimulus multiple times.

Due to the importance of timing in ERP experiments as well as to avoid offset
responses and overlafuck, 2005)there are several timbased recommendations
that were followed in the design and predure of these studies. Namely, all tasks
employed a variable stimulus onset asynchrony (SOA) by pseudorandomly jittering the
interstimulus and intertrial intervals (ISI and ITI, respectively). Details of timing and
other procedural details specific tmch task can be found in the studgecific chapters.
Sufficient time and the pseudorandomised jitter between stimuli are also necessary to
help minimise overlap and offset artefacts in averaged ERP waveftunc&, 2005)
Taken together with the caful control of the stimuli (se&5.4.2), these details of
stimulus presentation allow the experiment to focus more precisely on effects of
orthography as opposed to more general visual processing and the potential confounds
of repeating visually similar stimuli.

When all tasks had been completed, participants were asked to complete the
post-study phonology test (outlined i85.1.2. Finally, participants were debriefed and

given the opportunity to ask any further questions.
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5.6.1EEG acquisition

Participants were fitted with the most suitabfzedwaveguard; cap, taking care to
position the vertex (electrode Cz) halfway between nasion and inion and halfway
between the left and right preauricular points. Fo#dnd DC EEG data was recorded
from two amplifiers in a cascaded configuration to obtain the kdghsity 128channel

EEG. Overall, it was considered that 512Hz was sufficient for the purpose of this
research and to analyse the EEG as ERPs. Using a sampling rate of 512Hz, allowing 512
samples per second, is not unusual of such ERP research, as it allows a good balance
between stability during recording and the high temporal resolution for which EEG was
used. Future research should consider increasing the recording sampling rate to at least
1000Hz to better take advantage of the millisecond precision that EEG is capable of,
provided that an analysis approach is used that embraces it.

/lu%e Vv « A E 3C%] 00C | %3 o0}A iilQ v o0A C-+ 0
recommended in the manufacturer guideés. Due to the duamplifier cascaded
configuration, either one channel (hamely, channel 95, electrode 1z) or an additional,
external electrode (depending on which provided better signal quality) was used as the
ground for the second amplifier whil@e first amplifier used the standard ground from
the cap (electrode GND). The left mastoid (electrode M1) served as the online reference
for the whole system, shared between both amplifiers, resulting in a total of 127

channels of recorded EEG.
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5.6.2EEG/ERprocessing

5.6.2.1Pre-processing

Using ASA 4.9.3, the EEG was first visually inspected for any potentially problematic
regions of data to ensure the recordings were viable for-gnmecessing and analysis.
EEG was reeferenced offline using a wholeead average reference, which was used
due to being more reliable and less biased overall in terms of electrode/region bias and
the zero potential line, particularly when using a hignsity montaggDien, 1998)and
test-retest reliability analysis has shown it to be benefi¢@ien, 2017) In terms of
processing the EEG data in preparation for analysis, these following steps were
performed in the same order and with the same settings (where appropriate and
possible) for all participant data.

Recordings were first treated with a higlass filter (halfpower, 0.01Hz cutoff,
24dB/octave slope) to remove the DC offset and help improve the sigradise ratio
(SNR; Acunzo et al., 2012Based on findings that higiass filtering with cutoffs of
0.3Hz and above can increase artefacts aeduce statistical powe(Tanner et al.,
2015) while also distorting ERP onset times that are pertinent to the current research
(Acunzo et al., 2012using a 0.01Hz cutoff was recommend@adunzo et al., 2012)
Furthermore, the software guidelinestate that using a higpass cutoff >0.02Hz can

result in discontinuities in the datavivw.antneuro.con). As a general rule, a 12 or 24

dB/octave slope is advised for both higass and lowpass filtering (Luck, 2014), though
it has also been suggested that the slightly steeper rolloff slope is recommended for
high-pass filters with such low frequency cutoffd/idmann et al., 2015)hence the

choice of 24db/octave. Both higiass and the subsequently applied lpass filters
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used in processing the data were zgyase, FFT (Fast Fourier Transform) Butterworth
filters, which work bidirectionally to avoid phase slfifanner et al., 2015)

Lowpass filtering (halipower, 30Hzutoff) with a 12dB/octave slope, increasing
only as high as 36db/octave where necessary (e.g., excessive 50Hz line noispasd.ow
filtering was used for this purpose because it is almost always preferable and less
destructive to the data than usingretch filter (Luck, 2014). It has been suggested that
low-pass filtering should be reserved until after ERP measurements are taken and used
only to make the waveforms look clearer for publication (Luck, 2014). However, the
artefact correction procedureequired cleaner data with less high frequency noise to
work more accurately and without creating artefacts of its own, so this t@ttlef best
practices was accepted and lgvass filtering was applied.

Along with the previous higpass filtering, this Mv-pass filtering created the
desired asymmetrical band pass of 0B0Hz, attenuating potentially problematic
higher frequency noise. The continuous data were then checked again for any
anomalies and any channels with remaining excessive noise were €litharled or
replaced using interpolation with neighbouring channels where appropriate.
Interpolation was only performed when the rogue channel was in relative isolation,
having good neighbouring channels to rely on, and not to attempt replacing more than
one channel in the same cluster. The EEG was then segmented according to the
experimental conditions into 700ms epochs, including a 100msstmeulus baseline.

Prototypical ocular artefacts (e.g., eyeblinks) were then marked manually to
allow a first pas of artefact correction to be performed based on values extrapolated
from visual inspection of the data (typically-#0uv following normal EEG signal range).

The artefact correction procedure in ASA uses principal component analysis to separate
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brain signal from artefacts based on topograpfiffe et al., 2002) Following the best
efforts to correct ocular artefacts, the EEG data was visually inspected again for
uncorrected and other artefacts (including significant movement or channel artefacts),
which were marked manually and subjected to subsequent passes of artefaettion,
as necessary. Automatic artefact detection (also typically based on amplitudes of +/
100pv) was also run to catch any other spikes that manual inspection missed. Amy tria
residing within segments with poor sigraknoise ratio were disabled and not used in
further analyses to prevent adverse effects on the averaged waveforms. All trials
associated with correct behavioural responses were averaged together per condition,
excluding any with overlapping and uncorrected artefagitandi & Perfetti, 2007)
Although highpass filtering can result in sufficiently corrected baseliflemnner et al.,
2016) automatic baseline correction was applied to ensure the waveformséch
condition begin as close to the zero line as their sigoadoise ratios permi{Tanner et
al., 2016) The averages from each participant were then averaged together to provide
grand averages of each condition. Weighted averaging and grandgngwere used
to compensate for the inevitable discrepancy of admissible trial counts between groups
and conditions.

For ERP measurement, the intention was to use a priori time windows specific to
each component of interest, but it is essential that théisee windows are appropriate
for the data of each participant and that the components of interest reside within these
windows. Therefore, the proposed time windows were checked against the averaged
waveforms of all individual participants. Following seechecks, ERP measurements

were taken according to the time windows for P1 and N170 at the electrodes from the

150



regions of interest (occipital, occipitotemporal, and frontaintral areas in left and right

hemispheres).

5.6.2.2Clustering

Clustering involves avaging across multiple electrode sites to improve sigrase

ratio, obtain clearer and cleaner results, and increase statistical p¢en, 2017)
However, there is no clear consensus for which electrodes should be used when
clustering at any givenraea. Due to the differences of both naming convention and
specific location of electrodes between EEG systems, the sites suggested by the
literature will be a guide and surrounding sites will also be considered for analysis.
Therefore, in order to biter define which electrodes should be grouped together to
form clusters to represent the key areas of interest, a combination of visual inspection,
physical proximity and location of electrodes, descriptive statistics, and reliability
analysis were takemto account for both P1 and N170 timeframes, using amplitudes as
a gauge The principal channel for each cluster, however, was selected a (IDiem,
2017) based on being representative of distinct component activity (e.g., O1 for left
occipital, PO8or right occipitotemporal measures, respectively).

Cluster analysis used area amplitude data per channel averaged across responses
to the real word (RW) stimuli in Study 1 and the real word primes in Study 2, as the real
word stimulus type was part of Il studies and intrinsic to the aims of the research
Additionally, responses to the Study 2 stimuli were recorded gEssively (requiring
attention, but not a behavioural responses), so less influenced by experimental factors.

Performing such analyses each variable and collating the outputs in any meaningful
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way to find suitable and reliable patterns for clustering would be impractical and prone
to many statistical and experimentwise errors, but the collapsing of related variables
(i.e., all measung responses to real words) allows a simpler, more direct, and more
powerful approach to give a relatively stable and more objective basis for clustering.

Measures for electrodes in left and right occipital, occipitotemporal, and frental
central areas werexssessed for their suitability to create clusters representing each
region. For each area, a combination of 95% confidence intervals, correlationts, and
tests was employedsee AppendixI for full statistical output) using only electrodes
eligible for the area e.g., right frontakentral electrodes were not analysed with left
occipitalelectrodes. Sites with similar ERP waveform shapes in the same area as one
another were considered for clustering with statisticaladysis used to support these
conclusions. If an electrode was supported by analysis, but not in direct proximity,
however, it would not be accepted as part of a cluster. Clusters must include only
neighbouring electrodes within a reasonable distancerfthe maximal electrode.

Visual inspection of grand average ERP waveforms was also considered to check
for any anomalies or other potential activity of interest. However, care should be taken
not to make deep inferences from this alone as investigatiots ERP/neuroscience
methodologies suggest that basing comparisons and measurements on the data too
directly can lead to Type I/ll errors that statistics cannot account for (Luck, .2014)
Instead, the statistical approaches provided guidance and a moecig, statistical
basis for supporting what visual inspection suggested to be the optimal electrode
clusters. However, visual inspection and, more broadly, examining the waveforms too
deeply before making decisions has been strongly advised againsbrbg &RP

researcherqe.g., Luck & Gaspelin, 2016Due to a lack of conformity and therefore
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possibility for a priori clusters, some cluster analysis was deemed appropriate and more

objective than simple visual inspection.

Descriptive statistics (inclilg means, standard deviations, correlations, and

95% confidence intervals) were used to highlight the site of maximal amplitude for each

component of interest within each area of interest. Similar means and SDs, positive

correlations, and largely overlpmg 95% Cls between electrodes per area indicated that

they were similar enough to be clusteredhe electrode combinations submitted for

statistical cluster analysis are presentedimble2 and marked irFigure8.

Table2: Submitted and accepted channels/electrodes of the ERP clustesianaly

Region Hemisphere Principal Neighbours Rejected Components
Left o1 POO%h, O11h  POO3h P1-O(L)
Occipital Ol2h, POO4h,
Right 02 P1-O(R)
POO10h
P09, PPO%h, P1OT(L)
Left PO7
Occipite POS5, PPOSh, Pt N1700T(L)
temporal PO10PPO10h, PLOT(R)
Right PO8
PO6, PPO6h, Pt N1700T(R)
FC5, FFC3h,
Left FC3 FFC5h N100FC(L)
FCC5h FCC3h
Frontal
FC6, FFC4h,
central ]
Right FC4 FFC6h, FCC4h, N100FC(R)

FCCé6h

GComponent naming conventioadopted fromDien(2009)
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Figure8: Electrode clusters on 2D electrode layout

Table2 also shows how cluster analysis defined the clusters, including wharimels
were accepted and rejected for inclusion in averaging per cluster and which components
they created fortwo distinct timeframes (~100ms and ~170nmm3r experimental
condition for each of the six discrete regionsing area amplitude, mean amplited
and 50% area latency measurements. These definitions were also used to create the

prime control in Study 2.

154



5.7 Analysis

Behavioural data from -Brime 2 Pro(PST, 2017pand, following necessary pre
processing (se85.6.2, ERP data from asa pf0?.9.3; ANT Neuro, 201&kre prepared

in Microsoft ExcelMicrosoft Corporation 2018) for statistical analysis using SR&3%;

IBM, 2020) JASRv0.14.1; JASP Tea020) and jamoviv1.6.23; The jamovi project,
2021) All behavioural and ERP measurements are based on data from correct responses
only. ESL groupdid not significantly differ in English language test scores (i.e., IELTS or
equivalent) or Language History Questionnaire scores, but there was a significant
difference in phonology test scores with Spanisiglish being more accurate than

ChineseEnglsh (see§5.2.1.3.

5.7.1Statistical tests

Multivariate and/or multifactorial statistics arsometimesfavoured for such rich data
sets as collected in ERP studi@en, 2017) Considering the independent and
dependent variables available for analysis in the current research, a factorial
multivariate approach could be given a strong argumertdowever, it has been
suggested that using simpler, more direct and powkunivariate statistical analyses is

a better approach, based on inherent issues with multivariate statistics (including
potentially overcomplicated interpretations) and considerations concerned with the
nature of EEG/ERP data and sample size (Luck,).20lldrge multivariate factorial
analyses may provide additional information and support for interactions between
factors, but specific answers might not necessarily be provided and could even be

missed (e.g., nosignificant interaction stemming from theomplexity of the design)
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While the widelyused factorial ANOVA approach is also not perfect e.g., when applied
to response time datgWhelan, 2008)its frequent usage in VWR and ERP studies

provides a familiar framework to present findings.

5.7.2 Statistcal analysis

All analyses were planned, methd@dsed, and literatureriven: the main comparisons

for each study were determined a priori, guided by the ERP literature, following the
respective designs, and ultimately defined by the aims of the reseafifferences
between experimental conditions and groups, respectively, will form the foundation of
all discussion and interpretation, along with the use of any further analyses (e.g.,
betweenconditions correlations, behaviour8lRP correlations, N170 corelations,
hemisphere contrasts).

Behavioural measures of accuracy (% correct) and response times (in
milliseconds) as dependent variables will be analyzed with separate univariate ANOVAS
The Condition x Group interactions are the main focus in otdezxamine pairwise
contrasts of Condition within and between grousRP measures of (positive/negative)
area amplitude and fractional 50% (positive/negative) area latency (positive/negative
depending on component and deflection) as dependent variabi#saiso be analyzed
with separate univariate ANOVASs per timeframe/cluster/measure (e.¢Q,M17060T)

While ERP dependent variables can be considered per individual
timeframe/cluster/hemisphere/measure (e.g., I(R) latency, N17OT(L) amplitude)
andso running univariate statistical analysis for each of these dependent variables was

an option, current research questions concern lateralization of ERP effects, so
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hemisphere will also be entered as a factor of the ANOM#e Condition x Hemisphere

X Goup interactions from the ANOVA will be the main focus in order to examine
pairwise contrasts of Condition within and between groups for each hemisphéagn
effects of Condition and Hemisphere and interactions not involving the Group factor,
however, ae arguably meaningless in this context because they ignore the critical Group
factor. Averaging across groups would create functionally redundant measures for
comparison and introduce confounds due to the experimental groups varying so
fundamentally on gpsycholinguistic level Interpreting such effects that effectively
ignore the Group factor, would, therefore, not be useful or advantageous, so will not be
considered This helps with the familywise error rate and issues of implicit multiple
comparisons More directly concerned with controlling error rates and for multiple
comparisons, poshoc group comparisons will use the Tukey correction, as it is more
suited to independensamples tests, and comparisons within groups will use the Holm
correction, whch is more appropriate for repeateshmples tests.

It is important to also note thattatistical tests were only conducted on viable
measures e.g., negative ERP measures were not tested for the posterior P1 components
and factors were not entered into AN@\ analyses if they were deemed to obfuscate or
potentially confound results Following Dien (2009) in treating activity at different
timeframes and different scalp locations/clusters as essentially (or, at least, potentially)
different ERP components e,d?2OT(L) akin to the PIPO7, cluster and hemisphere
were not entered as factors in the ANOVAs and each cluster was analyzed separately
with a Condition (2) x Group (3) ANOVA mixed factorial ANOVA only for relevant
measures e.g., positive area amplituded 50% positive area latency for occipital and

occipitotemporal P1 measures, while negative amplitude and latency measures were
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not tested for the positive posterior P1 deflections. This helps to reduce implicit multiple
comparisons that would otherwiseebpresent in larger ANOVAs (especially with
redundant factors/levels) and increase statistical powknplicit multiple comparisons

were reduced further still by the a priori selection of main effects and interactions of
interest in that even thouglimain effects and interactions for all entered factors would

be computed for each ANOVA, only a sdb were used as the others are practically of
less or no importance to the research e.g., a main effect of Condition might suggest a
difference in the respetive ERP measure (e.g.,-B8ftOP mean amplitude), but this
difference is based on averaging across the groups, essentially ignoring a vital element

of the research, confounding the finding and its meaning.

5.7.3Data preparation

The Zscore approach was usedd identify outliers, which were defined as absolute

A op e HiIX60 ~ (E}u 8Z u v ~«iXA9 (E}u Z v }( &z
and response times (which were additionally trimmed if <200ms or >2000rhg)same
Z-score approach was used for E&Rplitude and latency data with a difference being
that the EEG data has already been cleaned with potential outliers removed through ERP
pre-processing proceduresValues identified as outliers were replaced with the 5%
trimmed mean of the data withouthe outliers (so the replacement mean is not biased

by the outliers), as used by robust analysis of variance technigDesn, 2017)
Replacing outliers with a meaningful and potentially legitimate value that is a robust
descriptor of central tendencydips to maintain statistical power without significantly

impacting the overall mean or other statisti@ousineau & Chartier, 2015; Field, 2013,
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p. 199; Tabachnick & Fidell, 200Th other words, the use of 5% trimmed means helps
to protect the analyis from persisting outliergDien, 2010) This is preferable to
replacement with artificial upper/lower values (as in Winsorizing), which can result in
outliers not being fixed, instead creating different extreme values depending on the
unit. For examie, adding 1 unit to the next highest nautlier for an ERP amplitude
measure means that the legitimate highest value is then an entire microvolt lower than
the new highest value, which could still be an outlieastly, ShapireWilk, along with Z
skewnes and Zurtosis, will be used to check each variable for normality of
distribution. Unless stated otherwise, parametric assumptions were met without

significant violation, allowing data to be accepted as parametric.
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5.9 Summaryof rationale

Gonsidering the visual requirements of reading and the universal ontegeprimacy

of phonology in natural languages, orthographic and phonological presess the
underpinnings of VWR andfundamental to understanding howvritten language
comprehension is achieved by L1 and L2 readers. The current research, therefore, is
multithreaded, focused on orthographic and phonological processing both within and
between the English, Spaniéinglish, and Chinedenglish groups. Overarching the
research is the broad question of whether orthographic and/or phonological effects are
observed on behavioural and/or ERP measures across these groups. Aside from
investigating orthographic and phonological processing of English within the groups, the
main pemise is whether the timing and nature of processing in one group are also found
in another, including how they compare in terms of timing and/or characteristics
(behavioural or ERP).

Across groups, the focus is baw L2 processing il2readers correspods to L1
profilesand whether any orthographic or phonological effects can be at all attributed to
language profile. This also involweg extentthat theories of monolingual (e.g., BIAM,
DRC) and bilingual (e.g., BIA+, Multilink) VWR apply to L2 geaBor comparisons
between groups, the key question concerns the similarities and differerafes
behavioural and ERP measuiasthe context of orthographic and phonological VWR
processing. This is especialyated to the extent of difference betweenative and
target languags i.e., how different Spanish is from English relative to how different
Chinese is from English. This ailscludes how processing irL2 reading of English

deviates from native processingnd allows using the ative Englishgroup for
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comparisons between L1 and L2 reading in order to investigate L2 processing of
English might work.

Considering the depth of difference between language profiles of the Spanish
English bilingual (nenative, alphabetic L1) and ChineSaglish bilingal (nornative,
non-alphabetic L1) groupgcludingthe possible benefits and/or difficulties for reading
English, as well as directly relevame-200msERP comparisons of these specific groups
being spars@n the literature, it is difficult to say hoprocessing of the same nemative,
second, alphabetic language (English) will differ between groups. Nevertheless,
behavioural measures will show the potential for natlke performance through
comparable patterns to native readers, even though both aa@cy and response times
will reflect poorer performance in ESL readers e.g., slower response times and more
errors in the ESL groups. In particular, Chiriesglish will likely show poorer
performance for phonologicalgriented stimuli/tasks e.g., pseutilomophones,
orthographically incongruent rhymes, while Sparigiglish will have less issue with the
alphabetic stimuli. While overall processing, responses, and behaviour during reading
can appear similar between native and proficient ESL readers, Jewelrcognition and
electrophysiological responses are potentially very different due to the foundations of
L1 that are at least partially if not mostly relied on for L2 processing.

The focus across groups alseludes how and when late bilinguals wittiferent
types of L1, including alphabetic or naiphabetic (e.g., logographic), process L2
orthography and phonology and how processing might differ in bilinguals compared
with monolingual native readers of that same language (in this case, Endliséig is
no question that L1, in terms of its linguistic components, psycholinguistic processes,

and any languagspecific strategies, can influence L2 processing in bilinguals or that
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Jo]JvPu o v Z]-A]l v %BJ&}(] ] v C(Dikstzel & 2819; van
Heuven & Dijkstra, 2010)More typically these contrasts are between L1 and L2 within
a population e.g., Dutch (L1) and English (L2) in Dtgiish speakers, which can be
very informative, but this area has not been sufficiently invegad in terms of L1
language profiles (e.g., L1 language type; outline@liri) and their relevance to L2
processing. In other words, an important aspect of therent research is its perspective
of comparing English as the L2 across bilingual groups (as opposed to L1 and L2 within a
group), examining contrasts in L2 behaviour and brain activity between groups instead,
which is necessary to directly contrds2 VWR processes in readers with different L1
profiles. Furthermore, this is a significant extension to the typical perspective of the
bilingualism ERP literature, investigating how similar/different L2 processing is between
bilinguals of different language giiles, such as ESL populations with native languages
from different writing systems e.g., alphabetic vs logographic.

Importantly, the relative novelty of this approach also extends to contributing
evidence of orthographic and phonological processingilimgeof behavioural and early
ERP measures to the bilingualism literature. These aspects in t&dpPres timeframe
are not sufficientlyaddressed in the literatureas workin this areas largely concerned
with word-naming latencies, interlingual procesg conflicts, or sentenckevel
processing of semantic and syntactic variablé&/hilethese approachesare vital to
understanding the bilingual brajtheyare typically associated with later processing and
brain activation when considering the timeframe sihgleword recognition €300ms
per word) and, thereforethe timeframe of early brain activity (i.e., S@Y0ms) from a

neuroscience perspective (e.gRE)
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Based on a wealth of VWR research using electrophysiological measures, the first
~200ms after seeing a woilke stimulus is a vital foundation for the neural processing
necessary for language comprehension and associated behavioural respdhaizgy
concerned with orthographic and phonological (as opposed to e.g., semantic and
syntactic), he ~200ms timeframe in terms of electrophysiological activiopc@ipied by
occipital and occipittemporal P1 components at ~100ms awdcipitotemporalN170
components at ~170mgDien, 2009) which form the main ERP focus of the current
research. Serial accounts of VWR might broadly attach initial visual/orthographic
evaluation to the posterior activity at ~100niBien, 2009)with deeper orthographic
and orthographiephonological processing occurring at ~170f@sainger & Holcomb,
2009) Other accounts have, however, cast doubt on whether VWR processing is so
strictly serial, whether parallel processing plays a larger part, or simply that VWR
processing isnore dynamic than many current theories allow. For instance, such early
phonological activity as observed at ~100ms in left frontaitral regiongAshby et al.,
2009; Klein et al., 2015; Wheat et al., 2Q1@dngside the continuing debate around the
aforementioned activity up to ~200ms, question the very nature of VWR processing,
from the point of seeing a stimulue understanding it as a linguistic form with specific
sound and meaning.

The focus on the initial ~200ms of brain activity and obsersinglarities and
differences in processing across groups necessarily funnels down into the more specific
enquiries of the research: whether evidence of orthographic processing is observed in
the first ~200ms , especially on the-B1P1OT, and N17@T; awl whether evidence of
phonological processing is observed in the first ~200ms of seeing a word (without

masked priming), especially on the N1BG and N17ZOT. The first inquiry of
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orthographic and phonological stimullsvel processingtherefore,involves the initial
(~100ms) occipital activation represented by the P1 component, including whether its
nature is more than a visual response and is sensitive to linguistic features. The second
involves the stimuludased and taskelated natures of the occifptemporal N170 in
terms ofsensitivity to orthography and/or a role in phonological processimastlyearly
(~100msjrontal-central activity will be investigated with respect to it representing early
phonological processing and its involvement lamguage processingsuch as any
indications ofparallel processingMore studyspecific rationale for the focus on these
components and timeframes will be discussed further in respective sections.
Consideringthe broad support for a feedforward relationshipetween
orthographic and phonological processing (e.g., Dien, 2009; Holcomb & Grainger, 2006;
Hauk et al., 2012), taken together with the compelling evidence of ~100ms phonological
activation (e.g., Wheat et al., 2010; Ashby, 2010) and the possibilityit@l ivisual
processing followed in parallel by orthographic and phonological processing (e.g.,
Cornelissen et al., 2010; Pammer et al., 2004), orthographic effects are expected to
occur earlier than phonological effects in some scenarios e.g., grappeoreeme
conversion, but there will be an equivalency in others e.g., real words in the English
group, suggesting contextependent serial/parallel processing. However, while effects
within the early <200ms ERP timeframe (on P1 and N170 components) have been
observed in previous studies and might be expected in the English group, the lack of
prior focus on this early timeframe in the bilingualism literature makes it difficult to
hypothesize for the ESL groups. However, it is reasonable to accept that tioeaties
of orthographic expertise of the N170 could allow effects on it to be observed in the

ChineseEnglish due to the strongly orthographic focus of their L1. Meanwhile, both P1
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and N170 effects could be observed in the Spahisglish group due theslevance of

the group's alphabetic expertise to the L2 target. Nonetheless, <200ms could also be
too early to observe direct electrophysiological effects from VWR processes in late
bilingual nonproficient ESL readers, though the observed responses tiiillbe of
interest due again to the lack of prior focus on this early timeframe in ESL readers and
to help inform how bilingual readers perceive and process their L2 stimuli, especially
with an eye to their different language profiles (alphabetic vs-alpiabetic). However,

the distinct contrast between groups does provide a window for behavioural and early
ERP responses to be investigated and provide some insight Libtprocessing.
Furthermore, finding commonalities within and between groupsbéndL2readers of

a particular language (e.g., English) can provide insight into which psycholinguistic
elements are focused on most and therefore which elements of the language are most

important to its processing.
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Chapter 6:0rthographic and phonological lexicalitiesreaders

of English with different L1 profiléStudy 1)

6.1 Overview

This chapter will document the background, rationale, method, and results of Study 1,
ending with a discussion of findingBhis first studgxaminedehavioural and early pre
200ms ERP responsesorthography and phonologyoriented lexicality decisiongvith
contrasts between native (English monolingual), imative alphabeticL1 (Spanish
English bilingual), and nemative nonalphabeticL1 (ChineseEnglish bilingual) groups

of English readersin line with the aims of the thesis, these distinct ESL populations are
the focus to investigate how L1 profiles (as discusseglit) contribute to reading
English as a second languagéjle alsocontrasting with nativdevel reading of English
Alongsidecomparisonf behavioural performancévia accuracy and response times),
the main aimsof the study are to provde evidenceconcerning whether the
occipital/occipitotemporal P1 reflects lexicality, the possibility of early ~100ms frontal
central phonological activity, and therthographic and/or phonologicalature of the
occipitotemporal N170 during VR/ each withemphasis on how observations differ
across groups An orthographic lexical decision task (oLDT) using real words and
pseudohomophones and a phonological lexical decision task (pLDT) using
pseudohomophones and pseudowords will separately provide the mieastsserve the
necessary orthographic and phonological processing, respectively, within and between

groups.
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6.2 Background

Lexicality in the context of VWR;oncerns the linguistic status of a stimulus and the
recognition of it as languagéCoch & Mitra, 2010) The classic lexicality effect is
observedwhen real words are processed more efficientlg.(behaviourallyfaster and
more accurately) compared with pseudowor@@alota & Spieler, 1999; Fiez et al., 1999;
Hauk, Patterson, et al., 2006)nvestigating such lexicality effedigpically employs a
form of lexical decision task (LDT), whaparticipants indicatewhether visually
presented stimul{traditionally, real words and pseudowordas)e words or not While

the LDT paradigm is waktablished, the contrast between real words and
pseudowords is relatively dense, involving orthographic, phonological, andrgem
factors, and is much more complex than simply different stimulus types; direct
comparison between them, therefore, leaves a substantial gap in interpretatResl
words have the full array of legal and legitimaterthography, phonology, and
semartics. Pseudoword such agussandfode, however, lack legitimate orthography,
phonology, and semantic associations, making them stark contrasts to real words,
having only legal orthography and phonology to look witkd and act as fake words.
The aforenentioned examplestyss fode), for instance, are both pronounceable and
phonology can be extrapolated from their legal orthography, even though neither the

overall orthography nor the phonology exist as such in EngliBeeudohomophones

3 Legal linguistic elements are those found in the language, whereas legitimate linguistic elements follow
the rules of the language but are not necessarily found in the language. PleaSk.2&w more details.
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(e.g., kave gote), meanwhile, lack only legitimate orthography, retaining legal and
legitimate phonology/semantics that allows them to also look wikd and indirectly
imitate the phonology of real words. The contrasts between recognizing stimuli as being
real (real verds), sounding real (pseudohomophones), or not being real at all
(pseudowords)reflect the automatic retrieval of phonological/semantic information
(Twomey et al., 2011; Ziegler et al.,, 200The use of these three stimulus types (as
opposed to justwo e.g., real words and pseudoword#)erefore,operationalizsthe
lexicality decision for examinirigpoth orthographic and phonological processingpre
discretely Importantly, the ability to read pseudowords demonstrates a route to word
sound(phonology)identification using graphemphoneme conversion or, at least, an
alternative indirect mechanism to decode visual representations into internal phonology
(Coltheartet al., 2001; Ellis et al., 2004)sing pseudowords and pseudohomophones
as stimuli essentially forces the indirect, graphetogophoneme route. Therefore
research usingseudowords angoseudohomophonesan be used to demonstrate this
route by requiing readers to use ,twhile researchusing both real words and
pseudowords can provide some indication of any differences between this indirect
graphemeto-phoneme route and a more direct lexical route.

Lexcality decisionsduring VWRfundamentally concen identifying whether a
stimulusis associated with an item in lexical memd@Balota et al., 2004 essentially
beingorthographic(Grainger & Holcomb, 2009; Grainger & Jacobs, 1996)vever, a
the orthographic lexicon theoretically only contaiestries for letterstrings with
semantic associationfMcNorgan et al., 2015)exicality can be considered to be
fundamentally semanticThis followshe notion of a direct route from orthography to

semanticsn line with the DRC modgColtheart et al 2001)and thatlexicality decisions
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automatically activate semantic networkslicNorgan et al., 2015which act in a top
down fashion to help process the orthographic inflitvomey et al., 2011)However,

this isnot to say that semantiprocessing is necessary for lexicality decisi@s®/WR
processingcan proceed without the semantic systenf{Coltheart, 2005; Grainger &
Jacobs, 1996) Nonetheless,semanticsis integral to lexicality even if not strictly
necessaryfor the decision with initial semantic activation suggested to occur
simultaneously with lexical activation at ~200(hkuk et al., 2012)Therefore, thepre-
200ms and arguably preemantictimeframe, which includes the P1 and N17E&RP
components(introduced and discussed §4.4.11.1and 84.4.1.2 respectively)isvital

for investigating how the orthographic and phonological processes that precede

lexical/semantic activation contribute to lexicality effe¢@d VWR more generally)

6.2.1ERP wcrepancies in lexicality effects

Lexicality effects have been observed as easly B00mge.g., Sereno et al., 1998hd

as late as ~400m&.g., Lehtonen et al., 2012beingreported for a variety of ERP
componentsthat have associationsvith psycholinguistic processes, suchthe P1
(Hauk, Patterson, et al., 2006; SegalowitZl&ng, 2009P150(Proverbio et al., 2004)
N170(Hauk, Davis, et al., 2006; C. D. Martin et al., 200@8P0(Coch & Mitra, 2010)

and even N400(Lehtonen et al., 2012) Thisdemonstratesan especiallybroad
timeframe for ERP activity assaeid with a particular psycholinguistic property (P1 at
~100ms to N400 at ~35B00ms) hence indings of lexicality effects on both relatively
early components (e.g., P1, P150) and the later N40O have been taken to suggest that

both low-level, sublexical mrcessing and highdevel lexical processing can reflect
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orthographic fluencyCoch & Mitra, 2010) Amplitudes withinr=200ms in particular
(e.g., P1, N170) have shown varying differences between words and pseudowords
comparedto meaningless letter strigs(e.g.,jwpk), for exampleas well as being larger

for highfrequency than lowfrequency wordgProverbio et al., 2004)which relates to
both lexicality and the word superiority effe@Coch & Mitra, 2010; C. D. Martin et al.,
2006) Combined withevidence ofunfamiliar and irregulaorthography eliciting larger
P150ERP amplitudewithin ~200ms(cf. orthographic familiarity and regularity effects;
Coch & Mitra, 201Q)»uchlexicality and frequency effects and their interaction indicate
brain activity in this timeframe |lpying a significant role in sdbxical orthographic
processingGrainger & Holcomb, 2009Essentially, different aspects of lexicality could
be procesed at different times, raising questions about lexicality effects and specifically
which element of lexicality is the ro§gCoch & Mitra, 2010) Therefore, following the
linguistic distinctions between real words, pseudohomophones, and pseudowasds
outlined in81.2), and the discrepanciesd ERP amplitude and latenbgtween findings
discussed herglexicalityis better considered in different forms, such aghmgraphic

and phonological lexicalitiegas investigated in the current study.

In the ~100ms timeframe, lexicality effects on ERP amplitudes are inconsistent
and the way the P1 component in particular is sensitive to lexicality is un@hesak,
Davis, €al., 2006) For instance, some studisBowlarger amplitudes to pseudowords
and strings of consonants than wor@sg., Sereno et al., 1998yhile others report no
difference between words and pseudowor@dauk, Davis, et al., 20Q6)ords and
letter-strings(C. D. Martin et al., 2006pr words and symboléEmmorey et al., 2017)
Such discrepancies could be due to different task methodologies, though even in

comparable LDTshe amplitude of the P1 at occipital sites has been reported to be
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larger to real wordqgSegalowitz & Zheng, 200%9maller to real wordgTaroyan &
Nicolson, 2009)and "virtually identical" to real words compared with pseudowords
(Hauk, Davis, et al2006, p. 1389) Furthermore, in a study directly comparable to the
current research due to using orthographic and phonological LDTs with native English
participants, there were no reported differences in P1 amplitudes between real words
and pseudohoraphones or between pseudohomophones and pseudowords at occipital
or other areagTaroyan, 2015)

The variability between reported lexicality effects could reflect different types of
lexicality and underlying processes, possibly stemming from effeatdéfefent, albeit
E 0S8 %°*C Z}o]vPpuleS] % E}% ES] ¢« ]JvP SSE] pus S8}
effects of both orthography and phonology at ~100f@%., Wheat et al., 2010 is not
unreasonable to suggest that the P1 is not respondingxic#dity per se, but to a visual
or sublexical property, such as word shape agram frequency. For instance, as well
as to lexicality, ERP activity at ~1TROms (e.g., P1, P150) has shown sensitivity to
sublexical legal orthography, being of greater gnéude to both words and
pseudowords than to nofmvord letter-strings(Proverbio et al., 2004)

Akin to the P1 timeframe, there is also controversy about the direction of effects
on N170 amplitude in terms of various lexicality effe(@attamadilok et b, 2015)
While lexicality effects in the N170 timeframe are not uncomr{@ach & Mitra, 2010)
the nature of such effects is still unclear. Within VWR research and in terms of reading
English, the N170 difference in the classic lexicality effetivéen real words and
pseudowords is inconsistent; some studies have reported a larger N170 to (@odk
& Meade, 2016; Mahé et al., 2012; Maurer, Brandeis, et al., 20@%)e it has also been

reported as being smaller to real words than pseudowdf@smpton et al., 1991and
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others report no significant differena@entin et al., 1999; Maurer, Brem, et al., 2005)
Despite the discrepanciethere still seems to be a strong implication that the N170 is
sensitive to linguistic formghat distinct athographic and phonological types of
lexicality, as examined in the current study, could help expl&or instance, the N170
has been found to be larger to real words and pseudowords than letter stnrogs
words, and symbols(Emmorey et al., 2017)suggestingthat it is sensitive to
pronounceable linguistic stimur related to them looking linguistically legitimate.g.,
Coch & Mitra, 2010; C. D. Martin et al., 200&jowever, others report minimal or no
difference between different types of ¢ally orthographic stimuli, such as real words,
pseudowords, and consonant stringSimon et al., 2004)while it is also smaller to
consonant strings than pseudowor@8icCandliss et al., 1997)The N170 is larger to
legal orthographic stimuli than false fonts and typically larger to letter strings than
strings of other noringuistic symbol§Appelbaum et al., 2009; Bentin et al., 1999; Mahé
et al.,, 2012; Maurer, Brandeis, et al., 200®hie also distinguishing between letter
strings and other lettetike visual stimuli, such as symbol strirfbielenius et al., 1999;
Maurer, Brem, et al., 2005)forms" and alphanumeric symbo{Bentin et al., 1999)
shapes and dotgEulitz et al., 2000

While its specificity to language is debated, the N170 appears to be sensitive to
known and meaningful orthographic representations witm alement of word
superiority being preserand possible connections to phonolo@yaurer et al., 2008)
Furthermore, lexicalitytype effects where real words elicit larger N170 amplitudes than
non-word linguistic stimuli have been found in a number of other languages and of
various language types besides English and alphabetic, including FBardin et al.,

1999), and German(Maurer, Brem, et al., 2005as well as Korean and both alphabetic
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Japanese Kana and naiphabetic Japanese Kaffiu et al., 2012)syllabic Hiragana,
logographic Kanji, and moraic Katakana scripts of Japa(iaearer et al., 2008)
providing more support for this potentially universal response to visually presented
words.However, the classic lexicality comparigogal words vs pseudowords)ay not

be sufficientto observe the necessary detaihs more specifiorthography and
phonologyoriented psycholinguistic factors seem to be involyechlling again for

investigation into separate orthographic and phonological lexicalities

6.2.20rthographic lexicality

As outlined in the previous sectionthe classic lexicality effect (realovds vs
pseudowords)can be considerea form of orthographic lexicalitdecision as it can
theoretically beachievedbased on visual/orthographic familiarityan der Mark et al.,
2009) However, orthographic lexicality requires a more precise defmithat
constrains the broad definition of lexicality to primarily reflect an orthographic
distinction. The lexical decision between real words and pseudohomophones requires
a level of orthographic processing beyond visual evaluation that reflects aethbig
lexicality, as only legitimate orthography separates the two stimulus types: both have
access to meaning via the phonological lexicon. Real words and pseudohomophones
both have legal orthography and legal and legitimate phonology, but
pseudohomophaes lack legitimate orthography. Therefore, these stimuli likely recruit
different processing routes in that real words can be recognised directly using
visual/orthographic processes, while pseudohomophones cannot, requiring an indirect

and nonlexical pshway that activates the realord phonology and allows lexical
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accesgvan der Mark et al., 2009)Orthographic legitimacy could also be managed with
visual/orthographic processing in the sense of feature detectors of the interactive
activation model(McClelland & Rumelhart, 1981\which would also account for the
distinct responses to pseudohomophones.

Many properties of words can also be applied to sublexical @tainger &
Holcomb, 2009)so the familiarity, regularity, and frequency of graphes, phonemes,
and ngrams could contribute to the overall lexicality effect, leading to differences
between conditions that could drive misinterpretations as lexicality effects. Familiarity,
for instance, is not limited to whole words either, extenglito sublexical units, as shown
by effects of bigram frequendyHauk et al., 2012)Lexical and sublexical frequency and
familiarity are rooted in the overtly visual/orthographic nature of read{Mgchelli et
al., 2005) presenting key differences between linguistic stimuli and supporting the
importance of such visual/orthographic factors as the foundation of processing during
reading (Hauk et al., 2012; Holcomb & Grainger, 2006; Proverbio et al., 2004
legitimate orthography that differentiates pseudohomophones from the real words
with which they share phonology entails differences of familiarity and frequency, among
other orthographyrelated psycholinguistic factors, on lexical and sublexical levels
(Ziegler etal., 2001) Although the letters themselves are familiar, groups of letters do
not necessarily provide visual cues for lexical stgiilsomey et al., 2011)out it is
possible that visuat not even orthographic features allow words to be recogniseat
least as wordgGrainger & Holcomb, 2009Yisual familiarity(in terms of word length
and shape relative to font size and context, for exampe}herefore, a key factor in
orthographic lexicality decisions and familiarity may largely stem fifoaguent

exposure to a stimulus in thaxposure and familiarityare correlated(Tanakalshii &
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Terada, 2011) Furthermore, effects of sublexical familiarity in terms of orthographic
typicality (referring to spelling regularity based ofgram frequencyhave beerfound

to interact with lexicality at ~158ms at temporoparietal sites following an ~100ms effect
of typicality at occipitoparietal sitedlauk, Patterson, et al., 2006).ikely generators of
these components may not be specialized to languagiese, but in visual processing
that include such processes as letter identification and word shape recogrigign
Price & Devlin, 2003; Vogel et al., 2Q14Jisual familiarity could explain its apparent
specialization to words: it is not speczation to words, but specialization to forms that
have been seen and used hundreds or thousands of ti(@esnelissen et al., 2009)
However, the observation of visual familiarity effects when lexical frequency is
controlled shows a clear distinction tveeen these propertiegTwomey et al., 2013)
posing questions of whether lexicality can influence the P1 and N170 when orthographic
familiarity, lexicalfrequency and visual familiaritare controlled(Hauk, Davis, et al.,

2006) as in the current sidy.

6.2.3Routes tdexicality decisions

It is important to remember that the stimuli involved in tbethographic lexical decision

task (oLDT; real words vs pseudohomophones) used in the current study (described in
86.3.3 can also reflect different theoretical routes to word recognition with a direct
lexical pathway being used for real words and an indirect route involving a form of
sounding out (e.g.GP( for pseudolomophones. Due to this difference in processing

and in legitimate orthography between real words and pseudohomophones, only

orthographic evaluation is necessary for accurate responses in the oLDT and not further
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phonological or semantic processing (evieadcurring automatically), which would not
help with the task due to both stimulus types having legal and legitimate phonology and
semantics that propose all oLDT stimuli to be real wor8®wer and less accurate
performance togpseudohomophonesompared with real wordée.g., Braun et al., 2015;
Briesemeister et al., 2009; Twomey et al., 20lbuld, therefore, illustrate the less
direct and more cognitively demanding route required to identify them as stimuli that
do not precsely represent real English wordat leastin the context of the oLDT
However, this implies that different processing routesul be used between real
words and pseudohomophones, even though only initial orthographic evaluation to
indicate orthographs familiarity was require@fwomey et al., 2011; van der Mark et al.,
2009)

Considering the initial stage of psycholinguistic processing as orthographic
evaluation, stimulustype (real words, pseudohomophones, pseudowords) would
typically definewhich processingroute andwhat further processing is required (i.e.,
direct/indirect). =~ Though simplistic and assuming matched stimuli on various
psycholinguistic variables including relatively high frequengyams and only familiar
irregular spellings (if anythisdescribes a serial procef®m orthographic evaluation
to direct/lexical recognition (real words) or indirect GPC processing
(pseudohomophones, pseudowords) based on the outcome of the evaluation, resulting
in lexicality/pseudohomophone effec{womey et al., 2011) Alternatively, the same
orthographic evaluation and output could be made alongside automatic indirect
processing, where the orthographic evaluation and the orthographiegnological
conversion work in parallel, resulting in agreerhen disagreementind consequently

the pseudohomophone effectBriesemeister et al., 2009)Such parallel processing
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could be considered unnecessary if one or the other route can successfully process the
stimulus, though evidence ohow orthographic inongruence can interfere with
phonological decision@nd vice verspsuggest that automatic routes working in parallel
describes early orthographyghonological processinge.g., Twomey et al., 2011)
Therefore, it is not unreasonable to conclude tipbcessing continuebased on the
initial orthographic evaluation when seeing a linguistic stimulusal words directly,
pseudohomophonegnd pseudowordgpdirectly tand it is this difference in the extent

of processing that account®r differences in performanceand possibly early ERP
activity (Braun et al., 2009, 2015; Briesemeister et al., 2009)rthermore, he possibly
automatic processing beyond orthographic evaluation nssanse in terms of checking
negative responses, which would mainky associated with pseudohomophonasd,
therefore, accounts for additional time and effort spent on pseudohomophones in the
oLDT Essentially fiorthographic evaluation was the end of the line due to it being all
that is required for the oLDT, thereould not be any difference in processing between
real words and pseudohomophones that are balanced onatrollableorthographic

(and phonological) psycholinguistic properties (length, ngram frequency etc.)
However, this is not what studies report in contrasts between real words and
pseudohomophonesge.g., Braun et al., 2009, 2015; Briesemeister et al., 20068ugh

the specific root of the processing difference or conflict is not clear enough, especially
considering early ERPs associated with orthographic processing, such as P1 and N170
As mentioned earlier, there are various differing and even opposing contentions
concerning these components and the ~200ms ggighulus timeframe, all of which

feed into either orthographic lexicality, phonological lexicality, or ho#imd require
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deeper investigation using timgensitive neuroscience methodss in the current

research.

6.2.4Phonological lexicality

Processing pseudowords and pseudohomophones requires differential activation and
%o E} ee]vP S} N"E (@olthearvé& jal.P2001; McNorgan et al., 201&)aking
them markedly more complex than reading known real woedspecially high frequency
ones being more like reading low/nfsrequency words Due to their lack of legitimate
orthography, neither are true lexical items and so both theoretically use the same
indirect orthographyphonology pathway(Coltheart et al., 2001) Thisdifferential
processingis demonstrated through poorer accuracy, longer response times, and
modulated neural activity to such stimuli that constitute orthograp{real words vs
pseudohomophonesind phonologicalpseudohomophones vs pseudowordksjicality
effects (Twomeyet al., 2011) Akin to the pseudohomophone effect, phonological
lexicality is observed through differences in responses between pseudohomophones
and pseudowordgBraun et al., 2009) However, there is some overlap within the
comparison, as neithertismulus type is orthographically legitimate nor allows direct
access to semantigswhile lexicality can be considered fundamentally semantic
(McNorgan et al.,, 2015)the psycholinguistic features of pseudowords and
pseudohomophones do not obligate semanprocessing. Deciding that a pseudoword

is not a real word is arguably an orthographic decision based on visual/orthographic
familiarity and is not semantic at all, requiring only orthographic evaluation. Likewise,

deciding that a pseudohomophone is tha real word is also arguably a
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visual/orthographic decision, though deciding whether a pseudohomophone has the
legitimate phonology of a real word cannot be made with visual/orthographic
processing alone and is clearly phonologicalAccurate phonologica lexicality
judgements such ascorrect responsesn a phonologicalLDT therefore, require
phonological processing and access to the phonological lexicon, even if semantic
activation occurs too.

Based on theories of reading development and reading disorders, phonological
access from orthographic input depends on the word being familiar to the reader
(McNorgan et al., 2015) However, neither pseudowords or pseudohomophones are
orthographically &miliar, having never (or very rarelggenseen beforenot having a
place in the orthographic lexicofColtheart et al., 2001)and allowing only sublexical
orthography to aid their recognitian Although pseudowords can activate semantic
processes thwugh similarity to real words with large neighbourhoods or if they have
large orthographic or phonological neighbourhoogiolcomb et al., 2002; Nation &
Cocksey, 2009pseudowordsare made okublexical units in a novel configuration that
does not proide a direct path to legitimate meanirgecause they have no legitimate
meaning Pseudowordstherefore, likely require more serial processing than real words
in that a process, such as letter identification, must at least begin, if not be completed,
before other processing, such as graphepteoneme conversion, can occ(Coltheart
et al., 2001; McNorgan et al., 2015)

Such an indirect route is also required to process pseudohomophones because
the orthographic representations of these stimuli are notlexical memory either
(Coltheart et al., 2001)Pseudohomophones, however, can access legitimate phonology

in the phonological lexicoand, by extension, semantic)at pseudowords cannot,
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giving pseudohomophones a phonological benefit, but an agthphic obstacléZiegler

et al., 2001) Both pseudohomophones and pseudowordiherefore, involve an
element of incongruence. Orthographic incongruence in pseudowords is on a simpler
lexiconlevel, where the orthography of the stimulus does not matahy of the
orthographic entries in the lexicon, while orthographic incongruence in
pseudohomophones is on both lexicaand stimulusevel, where the orthography of

the stimulus does not match the real word target. The legitimate phonology in
pseudohomopbnes, therefore, results in a kind of douldedged sword of
orthographiephonological conflict.

Translating external visual stimuli (e.g., words) into internal phonological
representations involves tedown processes influencing the wabottom-up
visuallorthographic input is managed through werand languagespecific knowledge
and statistical information about sublexical characteristics, combinations, and
correspondencegMechelli et al., 2005) Some psycholinguistic information, such as
lexical and gammatical rules, psycholinguistic properties, such as lexical status,
familiarity, and the sublexical phonology of letter combinations, candresidered top
down information,conceptualized to be in the mind of the reader and not part of the
written word directly (Twomey et al., 2011)indeed, following the principle of the word
superiority effect (WSE), lexical status (i.e., whether the stimulus is a real word or not)
influences sublexical orthographic processing, demonstrating-dtmpn feedback
during VWR (Twomey et al.,, 2011) For instance, phonological lexi¢gliand
pseudohomophone effectdemonstrate topdown processing in VWR that the known
and familiar (topdown) sublexical phonology of pseudohomophones results in an

orthographyphonology conflict and impacts judgement of the (bottam) linguistic
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stimulus showingthat top-down phonological information can influence VW&Ren
when it is essentially irrelevant to the choifevomey et al., 2011)Although it involves
this conflict between the partially bottonup orthographic input and tojplown
phonological processingsuch effects areaccepted as evidence of automatic
phonological recoding during reading and tantamount to a phonological variant of
lexicality (Ziegler et al., 2001)Furthermore, this ¢p-down phonologicalinformation
appearsto be activated rapidly and can conflict with mismatching orthographic form
(Twomey et al., 2011)the resolution of which could be the root of the decreased
efficiency and increased difficulty in processing pseudohomophones compared with
relatively conflictfree words and pseudoword®riesemeister et al., 2009)t is such
automatic and rapidtop-down influence of internal phonology and of internal
orthographyphonology relationships on VWR processes that the cursardyaims to
investigate through behavioural and ERP respondesdiscrete orthographic and
phonologicalexial decision tasks

In terms of timing and ERPssqudohomophone effectiave been reportedt
~150mge.g., Braun et al., 2009yhile otherstudies reported them on the N400 (~350
500ms) but not earlier timeframe.g., Briesemeister et al., 2008gmonstrating a
discrepancy between findings that requires further investigatiéarthermore, other
findings of phonological processingservedwithin 100ms posstimulus suggest that
the orthographyphonology conflict in pseudohomophones is resolved markedly earlier
than the N400 timeframde.g., Ashby et al., 2009; Wheat et al., 2018)ch findings
propose especiallyearly phonological procesgnthat involvesparallel processing of
orthography and phonologywhile also suggesting phonological effects at-200ms

and 400ms are distinctIn the earlier timeframe of~150200ms (e.g., P15N170,
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larger ERP amplitude to pseudowords (spelling ctmols) compared with
pseudohomophone$ave been suggested to reflect orthograpplyonology conflics
(Braun et al., 2009) However, lexical memory holds no full orthographic
representations for pseudohomophones and no full orthographic or phonological
representations for pseudoword&oltheart et al., 2001) Therefore, activity in this
timeframe appears to reflect sublexical orthograpblyonologyprocessing, including
any conflicts(e.g., pseudohomophonesproposing it as an index ofgram frequengy.
This is supported by reports digram analysis and-gram frequencyeffects, which
represent a large part of sublexical processhgjng strongly associated with the N170
(Hauk, Davis, et al., 2006; Holcomb & Grainger, 20@)ce it beingmperative that
such psycholinguistic variables be strictly controlled between stimuli/conditigvtsle
low-level effects of graphemes, phonemes, egrams alone do not constitute lexicality
(Coch & Mitra, 2010Q)they underpin and can influence theqmessing required for
lexicality decisiongHauk et al., 2008)requiring such sublexical units to be tightly
controlled for effects of wholevord orthography and phonology to be observed.
Neuroimaging studies have shown a relationship between occipipieral
activity and phonological lexicality with greater activation to pseudohomophones than
pseudowords as well as real wor(lBwvomey et al., 2011; van der Mark et al., 2009)
Based on pseudohomophones requiring conflict resolution the&l words and
pseudowords do not, increased occipitotemporal activation to pseudohomophones
could represent the integration of orthographic and phonologicdrmation, providing
evidence for the role of the occipitotemporal region as an interface between boetipm
visual properties and top JAv ~v}vA]ep o ~%Z}v}o}P] o Vv e+ u V3]
(Twomey et al., 2011)it is such findings that this study aims to replicate using ERPs (in
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particular, the occipitotemporal N170 in this case), also providing insight iettirtiing
of this processing, which is a primary focus of the current work.

As with pseudowords, rthographic evaluation of pseudohomophones
concludes that the stimulus does not exist in orthographic men{Quitheart et al.,
2001) Unlike for pseudoworsl that do not have legitimateshole-word phonology in
memory, however, reading pseudohomophonesults in a processing confliathen
their legitimatephonology is activatedas demonstratedby responses to pseudowords
being typically more efficient tharotpseudohomophones in LI2ontexts(Braun et al.,
2009) For orthographic evaluation to have such an effect, it must draw its conclusions
before phonological activation, otherwise the phonological lexicon would be accessed,
the phonology of the pseudomophone would be recognized as sounding real, and the
decision would be complete. Furthermore, for the orthograiwnology conflict to
exist, itfollows that phonological activation begins before orthographic evaluation is
complete or, at least, it fadws automatically(Ziegler et al., 2001) Conceptually,
phonological activation based on orthographic evaluation implies a serial nature to early
word recognition processedollowing a more traditional duatoute model (e.g.,
Coltheart et al., 2001 while phonological activation based on visual evaluation does not
and permits parallel processing of orthography and phonalegpositedby the BIAM

(Grainger & Holcomb, 2009)

6.2.50rthographic and phonological lexicalityhiinguak

The perspectiveon bilingualism in the current researchs stated in the introduction to

this thesisjs different from the usual perspectives on bilingualism in the literatdneis
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difference isdue to the focus on LProcessingin two very different ESL bilingual
populations (SpaniskEnglish and Chinedenglish late bilingualg)nd, importantly, not
contrasting ]o]v P [L20a{d L1 processing within groups, instead examining L2

% E} se]JvP SA v PE}u%e 3 I]JvP 8Z Jo]vPpu o[ »i o vP
Therefae, previous bilingualism research relevant to the current study (in terms of
participants/samples conditions/stimuli/tasks antbr methodology i.e., behavioural,
EEG/ERP) hgenerallyusedsignificantlydifferent perspectivegSurAlperin & Wang,
2011) These have either been comparing L1 and L2 within a single population (e.g.,
Spanish and English stimuli in Sparisiglish participants), comparing groups with
similar stimuli/tasks but using native English participants with a second language (e.qg.,
Emglish participants learning Spanish and a native Spanish group), using comparable
stimuli/tasks but with ESL bilinguals very different from the current work (e.g., Butch
English, Germag&nglish or Arabi&nglish), using early/nativée bilinguals (as omsed

to late-bilinguals), investigating interlingual factors using the L1 of the ESL bilingual
sample (e.g., Spanidbnglish participants but Spanish stimuli), or using similar tasks and
stimuli to the current study but only focused on L1 processing @lgneseEnglish and
Chinese monolingual participants with only Chinese stimuli).

Even the larger and more extensive behavioural literature (i.e., without a
neuroscience component) appears to offer very few direct-likelike comparisons
regarding  condion/task  (using  English word/pseudohomophone and
pseudohomophone/pseudowordcomparisons) and group (SpaniEmglish and/or
Chinese vPo0]*Z ]Jo]vPu 0 ( S}Ee* (}E& & eposSeU (]Jv JVPeU }
performance For instance, there are studies using samples of Fr&mdiish e.gHaigh

& Jared(2007) DutchEnglish e.g.Duyck(2005) PortugueseEnglish e.g., ValR011)
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and ArabieEnglish e.g.Taha& Khateb (2013) but not SpanistiEnglish or Chinese
Emglish in astudy sufficiently comparableon other factors e.g., stimuli, task, and
methodological approachFor example studies such a8oukrinaet al. (2014) and
CarrasceOrtiz et al. (2012b)had likenesse$o the current work, but their participant
inclusion and/or conditions/tasks were still much too distinct to be directly helpful,
while studies such asurAlperin and Wang(2011) only used real words and
pseudowords (no pseudohomophones) and the Spahisylish bilinguals were young
children. In any case, there is a shortage of information about the behavioural VWR
performance and, especially, early brain activity during L2 VWR associated with
orthographic and phonological processing in late bilingual ESL readers with an
alphabetic or noralphabdic L1, such as Spanifimglish and Chinedenglish,
respectively Indeed, ths relative novelty of the current research precluded finding
previous studies so similar as to make the current one a true replicationvever, this
does strongly highlight @it novelty and the gap in knowledge about ldt#ingual ESL
processing in populations wittistinct typesof L1(SunAlperin & Wang, 2011)even
more so considering thearly timeframeand EEG/ER&pecstoo. The main reference
for behavioural hypothses and results will, therefore, be Twomey et(2011)due to
the overlapping task methodology and Ota et(@010b)due to the similar groups and
perspective ERP hypotheses and discussion of results, meanwhile, will be based largely
on these behwioural results alongside current knowledge of P1 and N170 activity in
English monolingualdinking where possible to theories of bilingualism

Although different stimulus conditions and tasks were usedl without a
neuroscience componenOtaet al. (2010b) had a similar perspective on L2 V\aiRd

involved L1 orthography and phonology in relevant late ESL bilinguals with different
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language profiles (Spanidinglish and Japaneg&mglish) The visual semantic
categorization taskemployed usechomophonege.g.,seefor seg or minimal pairsnot
% E « vS Jv §Z > %e.GBihfopdanyfdr thesdategory exemplate create

a contrast between orthographic and phonological processiMpre false positive
errors and slower processingere obsered for homophones than orthographic
controls across all groupsuggesting, at leashdhe surfacethat native andESlkeaders
employ similar strategies, including@readers withan alphabeticor non-alphabeticL1

For the minimal pairs conditigphon}o}P] o0 -2} u %o Z }effectswere reported

on accuracy but not response timé@s Japaneseéenglish(non-alphabeticLl), but not
SpaniskEnglish(alphabeticLl) participants (Ota et al., 2010b) More specifically,
certain phonemic contrasts froringlish not found in Japanefee/ t/ ¢, /b/ t/v/, and

/Il t/r/') were observed to result in more false positive errors in the Japakegésh,
while the SpanistiEnglish group was unaffectedAs the Spanisknglish participants
would be familiar with these lponemic contrasts (as they are also present in Spanish),
these results show that phonological mediation as in native (L1) processing is also
apparent in bilingual processing of noative words or, at least, sdlexical sounds
(phonemes) It was concludedthat L1 phonology influences L2 VWR, but the
homophone and neahomophone effects reported depend somewhat on the L1
orthographic system(Ota et al., 2010b) This feeds directly into the L2 processing
perspective of the current research, which is fiyrfdcused on how English is readli®

readers and explicitly not how ESL and L1 processing contrast within bilinguals.
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6.2.6 The current study

Central to both orthographic and phonological lexicalitieard, therefore, the
orthographic and phonological experiments of the current study, is the
pseudohomophone effect, which is observed when pseudohomophones are processed
less efficiently (e.g., more slowly and less accurately) than real words or pseudowords
(Braun et al., 2009)To operationalize this,ite taskmethodology for the current study
largely follows that of Twomey et a(2011) which employed orthographic and
phonological lexical decision tasks with English monolinguidig orthographic lexical
decision task (oLDT) wased to focus on orthograpt processingnd involves real
words (RW) and pseudohomophonegPH) that respectively require different
processing routes and reflect the distinction of orthographic lexicalitycontrast, he
phonology focused task is a phonological lexical decision task (pluDith uses
pseudohomophonefPH2 t matched but different stimuli froniPHJ) and pseudowords

(PW) that entail the same initial processing path as one another but diverge in terms of
phonological lexicality. These experiments represent a twask (oLDT and pLDT)
approach to studying orthographic and phonological processfrespetively),
examining how different psycholinguistic strategies for word recognition, such as a
direct lexical pathway or indirect graphespdioneme conversion, work ihland L2
readers with different language profileBue to thefMRIapproach used previolswith

this task methodologyTwomey et al., 2018nd the use of an EEG/ERP methodology in
the current work, some minor amendments were requires putlined in86.3.2), but

the current study effectively replicates this task methodology using EEG/ERP instead of

fMRI.
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The specificneuroimaging findingsf Twomey et al(2011)cannot be replicated
or directly extrapolated uponin the current work(due to the divergence in the
neuroscience methods of fMRI and EEG)ER®owever,the behavioural results and
interpretations of findingsn the context ofVWR processingre allinvaluable to the
current researchwhich aims to complaent the aforementioned findings of Twomey
(2011)and other relevant studiege.g., Braun et al., 2009, 2015; Briesemeister et al.,
2009; van der Mark et al., 2009) as discussed earlier in the chaptesuch, evidence
of orthographic/phonological mcessing of the physical visual/orthographic and
internal phonological representations occurring in series or parallel (or in a cascaded
(DRC,; Coltheart et al., 2010) or overlapping (BIAM; Grainger & Holcomb, 2009) fashion)
is an importantaspectof this gudy. Such evidence will be observitough task effects
with time-focused electrophysiological measures to complement previous fMRI findings
(e.g., Twomey et al., 20113s well as extending across bilingual ESL readers.

As a primary facet of the tists, Study 1 will contrast all measureghin and
between the English, Spanifinglish (nomative alphabetid.1), and Chines&nglish
(non-native nonalphabetic L1) groups. Specific toStudy 1 these measures are
concerned with orthographic and phonological processing throaghographic and
phonological lexicality (cf. the pseudohomophone effect), as welhrasimpact of
internal phonologyas observed througlcontrasts between the orthograph and
phonological LDTsThe mainaims are to examine the sensitivity &RP responses
around ~100ms (th@1timeframe)to lexicality manipulationgespeciallyorthographic
as per the typically more orthographglated response of the occipital Pahd to
investigate the orthographic and/or phonological nature of activity during the N170

timeframe (including visual familiarity and orthograpplgonology integration)
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In terms of ERPshé focus on Pland N176related activityhere is mainly
because these early timeframes have been shown to be important for VWR in native
readers of English, especially concerning orthographic and phonological progessing
such early ERP activity is often overlooked in bilingualism studies inrfaliater ERPs
(e.g., N40O0, P600) and, therefore, is not well understodtie context of bilingual VWR
Therefore, the current work aims to examine these timeframes in ESL readers with
different language profiles to see how similar or different readialgted brain activity
and behavioural performance are betwedrl and L2 readers as well asetween

different ESL groups (SpaniBhglish and Chinedenglish).

6.2.6.1Hypotheses

As discussed earlier in this chapter, relatively little is known about how E&jubis
(especially late bilinguals) process lexicality decisions in English (i.e., their L2) and how
different L1 language profiles (e.g., alphabetic or logographic) might impact such
processing in relation to native readers and between ESL grdd@isavourally, it can

be expected that ESL bilinguals will generally perform as well (if not better) than native
readers in VWR tasks (such as lexical decisitien they are early bilinguals with a
native-like proficiency(Clahsen & Felser, 200&iow this kehaviour and, indeed, brain
activity looks in late bilinguals with good but not necessarily ndikeslevels of English
proficiency (e.g., levels acceptable at UK universities), however, is not yet sufficiently
documented Furthermore, how differences m terms of initial orthographic and

phonological processing and associated early <200ms ERP guxiteityially stemming
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from language profiles of different ESL grobps also not yet been sufficiently studjed
but some contrasts between groups are exiget

Based on the same tasks as the current study with native English monolinguals
(Twomey et al., 2011Yyesponses to pseudohomophond3H) will be more accurate
but slower than real wordsRW) in the oLDT and more accurate but slower than a
different set of pseudohomophone®? between tasks, while pLDT responses will be
faster to pseudohomophonesPHJ than pseudowords RW) with no observed
difference in accuracy. Although no directly comparable results for these tasks and
SpaniskEnglishor ChineseEnglish participants were found, it will be of significant
interest to contrast the results of the current study and these ESL groups with results of
Twomey(2011)

Considering thelate bilingual Spanisknglish and Chinedenglishlanguage
profiles involved in the current research alongside the evidence primarily concerning
reading alphabetic scripts (discusseshrlier), some differences in behavioural
performance are expected Behavioural measures are expected to show a similar
pattern of athographic/phonological processing between native and ESL readers, albeit
the latter being slower and less accurate in generélowever some behavioural
differences are expected between ESL groups: Spdmglish being faster to
pseudowordsand pseudolomophonesbasedon their phonologyoriented L1 while
ChineseEnglish being more accurate with orthographicalhiented stimuli that can be
decoded via whole word routes.g., real wordsdue to their visual/orthographic
logographic Llwhich may also belsindrance forthe morephonologcal manipulations

e.g., pseudohomophones
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While the effects and their operationalization reported in Ota et al. (2010) are
distinct from the pseudohomophone or lexicality effects investigated in the current
study, they sti suggest a similar pattern in the Spankshglish and Chinedenglish
groups will be found in the current studySpecifically, Chinegenglish will exhibit
increased phonological errors shown through accuracy for pseudohomophones in the
oLDT and an equalent error rate between conditions in the pLDT, while the Spanish
English will not show an equivalent phonological difficulty in the oLDT and will fare
better with pseudohomophones in the pLDT.

The SpanisHeEnglish group, due to the phonological naturehadir alphabetic L1,
is likely to show gerformanceadvantage over the Chinedenglish groupn terms of
response times for accessing the phonology of pseudowords (pLDT) and
pseudohomophones (both oLDT and pLDHQwever, the objective difference betwee
English and Chineser(logographic scripts in general) could also serve as an advantage
in terms of avoiding linguistic conflicts between language typspecially when visual
/orthographic processing is all that is theoretically required for the taskn the oLDT
The lack of an equivalent grapherpdioneme conversion processtie ChineseEnglish

]o]vP u eelld>eiso make processing the pseudohomophones and pseudowords
difficult though 1t is, therefore, expected for th8paniskEnglish group to perform
better overall than the Chinesénglish group with the English group approaching ceiling
effects in most conditions. Interms of ERP response, however, some overlap is expected
between each possible pair with the most demibeing between English and Spanish
English, due to their shared experience of alphabetic orthograptganwhile, Chinese

English brain responses could show a different pattern and strategy of VWR progessing
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which would likely involve differences in Rhddor N170 lateralizatiorand condition
effectscompared withEnglish and Spanidbnglishgroups

Considering prior associations between VWR processes and ERP responses,
behavioural patterns are anticipated to be reflected in the ERP responses to some
extent, though inconsistencies from previous studies (as discussed earlier in this chapter
and in the introductory chapters) make it unclear when, where, and how (i.e., in which
component/timeframe or measure), especially in th8L group However, it is ial to
recall that one of the main rationales of this research is to examine the ear(thens
neurophysiological timeframes in distinctive language groups in the context of such
orthography and phonologyoriented experimental conditions precisely besa this
information is missing from the literature and is essential to inform related and
subsequent/consequent processes.

Despite the lack of previous findings related to early-p@®ms ERP activity
during such specifically orthographic and/or phonabad VWR contexts, it is reasonable
to expect that, along with the native English group, the SpaRisfjlish group shows ERP
effects related to phonological processing at 100ms at left frooggtral sites (cf.
Ashby, 2010; Wheat et al., 2010), while eteemost likely in the Chinedenglish group
are on rightlateralized PAIOT and N17@T. Finding how orthographic and phonological
lexicality decisions can influence early ERP activity will inform the broader question of
what psycholinguistic processingaoes or can occur as early as ~100ms fstistulus
If lexicality effects are observed at ~100ms on ERP measures (e@.PROT, or N10©
FC amplitude or latency), they will reflect more specific orthographic and/or
phonological processing in contragtith general RW/PW lexicality effects in this

timeframe, which areso farnot consistentlyreportedin the literature This unexplained
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inconsistency of findings (as discussed earlier in the chapter), however, reduces
confidence in a hypothesis one wayanother, despite various control measuresich

as matching bigram frequencwynd other psycholinguistic variablgsee 5.4.1) and
avoiding peak ERP measurdéeing strengthened oradded. Ultimately, effects at
~100ms could require the broader RW/PW distinction and the narrower comparisons of
RW/PH and PH/PW, respectively, may not be sufficient.

Considering the association Bfl-OT responses during VW4Rd orthographic
processing[Dien, 2009) a difference in its amplitude or laten®etween ESLgroups
would at leastsupport the notion thatprocessingalphabetic scripts/ariesbetween
bilingualswith an orthographically shallow L1 (e.g., Spastsiglish compared with
bilingualswith a more deeply orthographic L1 (e.g., ChinEsglish. More specifically
concerning theconditions of the orthographic tasKkRWPHJ, a distinction inright
hemisphere PAOT response is expected at least in the native Emglioup(Dien, 2009)
showing sensitivity téhe distinction betweerthe legitimate orthography of real words
and thelegal but not legitimate orthography of the pseudohomophond@he same or
similar such effectight reasonably be anticipated in the $gpshEnglish group too,
considering thé& alphabetic backgroundnd English proficiency alongside the relative
high frequency of the real word stimuliHowever, prior testing and analyses of this
component and timeframe in an L2 VWR context have not [zeilable torefine the
hypothesis.

Taking into accounthe reports of lateralized N170 activity in Chinese readers
(Maurer, Brandeis, et al., 2005; Yum & Law, 20apng with the orthographic nature
of both Chinese and the rigiateralized PA0T, it is not unreasonable to anticipate

some effect in the Chinedgénglish group betweeRWandPH1or between tasks on P1
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OT amplitude or latency that reflects orthograppiocessingRegardinghe pLDT the
matched orthographic legitimacy between pseudohomophones and pseudowords (i.e.,
neither have legitimate orthographyproposes that no effects or differences are to be
expected between pLDT conditionBHZ2PW) on P1OT ativity due to its typically
orthographic nature Neverthelessit should not be dismissed thatternativeaspects

of the PXOT could be reflected in bilinguals if VWR processing or strategies for L2
reading is sufficiently distinct from native readesshich would also open up the
possibility of group differencesAgain, however, this is conjecture duettee lack of
sufficient relevant information from appropriate previous research on the
occipitotemporal P1 of ESL bilinguals in orthographic or phaicdb contexts.

Regarding phonology anN100FC activity, he controversyof phonological
activation during VWRccurring asearly as ~100ms, as discussed earligresents
further difficulty for hypothesizing Activity at left frontatcentral sites in reponse to
phonological manipulations has been documented and is not dispased possibility
per se, but the nature of such activityilsquestion and the context in which it occurs is
still unclear This isat leastthe case for native readeend itcouldindeed be a effect
specific to masked primin@s opposed to phonological effects, priming or otherwise)
but there is not yet any evidence ain equivalent effect during L2 VWR in bilinguals
While this may be due to the lack of focus on this ednneframe in bilingualism
researchthere is still no precedent for L2 phonology being activated either at ~100ms
post-stimulus orat these frontalcentral areas in bilinguals, so it should not necessarily
be expected to be observed in the current study.

Based on the largelyisualforthographic nature of the N170 and that many

effects on it have been reported in the VWR literatuiejs expected that N170
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responses in the nativeEnglish group will differ between real words and
pseudohomophonesOrthographic/phonological lexicality effects are expected on the
N170 in native readers, which will help determine the origin of the effects: orthographic
lexicality will imply familiarity and/or the requirement fographemephoneme
conversion GP@Q, while phonobgical lexicality will imply validity/quality of the GPC
outcome i.e.,whether it is recognized as a real word's phonologyaken together,
orthographic and phonological lexicality effects will inform whether the N170 is
associated with GPC at all or isma likely to be a visual/orthographic component that
has been associated with phonology previously through epiphenomenon.

N170 lateralization is expected to differ between the English group and the
ChineseEnglish group for real word stimult could beexpected that pseudowords (and
perhaps pseudohomophones) might be processed more bilaterally in the Chinese
English due to their orthographic novelty (or lack of whole word orthographic
familiarity), which would mirror the N170 lateralization typicallyrfal during native
reading of Chineseln contrast, it is expected that N170 lateralization in the Spanish
English group will more closely resemble that of the English group due to the familiarity
of the nativelike alphabetic stimuli in which they shareeper expertise that the
ChineseEnglish group do not.

Lastly at the overalltask level(i.e., oLDTvs pLDT PH1vs PH2, orthographic
effectsare expected taccur earlier than phonological effects in some scenarios e.g.,
graphemephoneme conversionas required for reading pseudohomophones and
pseudowords but there will be an equivalency in others edjrect lexical access as in
real words in the English @up, suggesting seriak parallel processingf orthography

and phonology to be contexdependent
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6.3 Method

6.3.1Participants

Full details of the participants can be found in secodand the following provides an
overview of the basic participant informationThe English group (n=20) included
monolingual native readers of English, while the native Spanish group (n=20) and
Chinese group (n=20) includidate-bilinguals with English as their second language
(IELTS of 6.5 or equivalent). All participants had normal or corréatedrmal vision

and no participants reported specific learning or language disabilities or neurological

disorders.

6.3.2Design

Study 1 used orthographic and phonological variants of lexical decision task (LDT),

experiments that were designeas a combined twaask approach The orthographic

> d ~}> de vV %Z}V}o}P] 0 > d ~%> de ]e-HN)RpudeZ t8Ajew 0_

of word recognition, respectively, and separate visual familiarity from
phonology/semantics between tasksan der Mark et al., 2009) The oLDT requires
participants to indicate whether real words (e.tppl) and pseudohomophones (e.g.,
fome) are ral English words or not, which highlights orthographic processing, as it can
be completed by visual information alone. In contrast, the pLDT requires participants to
indicate whether pseudoword¢ée.g.,lish) and a different set of pseudohomophones
(e.g.,gole) have the phonology (i.e., sound) of real English words, therefore focusing on
phonological activation. Following the notion of different forms of lexicality based on

different psycholinguistic properties being processed, orthographic and phonologica
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variants of LDT could show orthographic and phonological lexicality, respectively, which
can be used to isolate the processing involved.

The task methodology of the current study is a broad replication of the task
methodology used in an fMRI context witlative English readef3womey et al., 2011)
implementing several necessary methodological changes. In place of fMRI, an EEG/ERP
approachwas used and the design optimised accordingly, mainly through the stimuli
and the timings of the trials. The HEBP approach suits the focus on timing of this
research and the stimuli were more tightly constrained in terms of psycholinguistic
variables (e.g., semantic associatioithese changesould be considered a significant
departure from the originalTwomeyet al.(2011)study, but their purposeis toincrease
statistical power and the chance thahyfindingsare not due to aspects of the stimuli
not controlled adequately, but to relevant aspects of the stimlilie currentstudy also
extends it to bilingual groups as well as the previously used native English population.
The oLDT and pLDT have not previpbslen conducted using nemative readers of the

target language, which is an important novel aspafcdtudy 1

6.3.3Stimuli

The oLDT used 60 real words (RW; eanl) and 60 pseudohomophones (PH1; e.g.,
fome), while the pLDT used a different 60 pseudohomampes (PH2; e.ggole) and 60
pseudowords (PW; e.glish) as stimuli (seeAppendixF for the full stimulus sets).
General information and discussion of stimulus properties can be found in séctich

with details pertaining specifically to Study 1 below.
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6.3.3.1Stimulus creation

Using the pool of real words as base words (®4.3 for details), each
pseudohomophone and pseudoword was created by substituting a single
phonotactically appropriate phoneme in a base word. Pseudohomophones are here
defined as linguistic stimuli with legal but notglémate orthography that will
reasonably be pronounced with the same phonology as its real word counterpart. In
other words, pseudohomophones are linguistic stimuli that look fake but spelt in a way
that would still reasonably lead to the expected basadvpronunciation (and therefore

the correct meaning through the phonologyRseudoword, on the other hand, also
exhibit legal orthography, but do not have the legitimate phonology or semantics of real
words and pseudohomophonesEssentially, pseudowords are truly fake words, but
should still adhere to the phonotactic rules of the respective language (here, English)
and therefore be pronounceableVitally, pseudowords and pseudohomophones all
conformed to the same orthographic, photactic, morphosyntactic, and syntagmatic
rules of English that real words ddauk et al., 2012)

Every effort was made icreating the stimulus sets to ensure pseudowords and
pseudohomophones would only be reasonably expected to be pronounced in the
designed way.To this end and to reduce the inclusion of phonologically ambiguous
stimuli as much as possible, the values for frequency (GEbEkpXone frequency,
phonological neighbourhood, and imageability were taken from their base words (and
therefore their intended and expected phonological form) in order to compute
comparisons and ensure matching across conditions. Values true to the
pseudohomophones' orthographic forms were used for controlling number of letters

(which was matched to the base wqrdbigram frequency, and orthographic
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neighbourhood Stimuli were also trialled in a brief pilot study (conducted to check the
stimuli and task design), with native English, Spahisglish, and Chinedenglish
associates, and via scabased ratings offte orthographic and phonological efficacy of

the stimuli (see85.4.4).

6.3.3.2Stimulus control

Descriptive statistics for each condition across core psycholinguistiablesi are
presented inTable3. The necessary control of psycholinguistic variables was checked

V. U %o %} ES C v} ¢]1PVv](] v8 1(( €& v -eriate/Stafigiieal E}e-
comparison tests on all viable pairwise permutations of the conditiBvg:PH1(oLDT),
PHZPW(pLDT)PHIPH2(betweentask), as well aBBW PH2 RW PW, andPHY PW(for

completeness).

Table3: Means(standard deviations) for oLDT and pLDT stimulus sets (n=60 per copdition

RW PH1 PH2 PW

Letters 427 (0.45) 4.22(0.42) 4.23(0.43) 4.32(0.47)

CELEX frequeny  74.8 (103.82) 51.22 (84.22) 61.49 (87.65) -

Subjective 455.43 429.95 428.13
frequency * (112.62) (122.04) (121.73)

1948.65 2081.34 1918.99 1796.13
Bigram frequency

(1174.74)  (1437.64)  (1425.27)  (1047.78)
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654.72 568.87
Biphone frequency 601 (524.49) -
(618.85) (419.51)

Neighbourhood 8.87 (4.83) 7.65(4.63) 7.83(4.75)  8.25(4.31)

Phonological

20.35 (7.7)  20.15 (7.96) 20.32(8.72)
neighbourhood

476.8 489.18
Imageability * 514.53 (79.8) -
(166.93) (156.94)

296.16 320.85 309.96
Ageof Acquisitio * -
(75.58) (79.31) (77.41)

1 British Englishunits pemillion ?Balota, Pilotti, & Cortese (2003 oken measureunits per million

4 10387 ERfetriéved from the MRC database (Coltheart, 1$394dt all stimuli have AoA values in

the Bristol norms (Stadthage®onzalez & Davis, 2006), hence the enteneimber of stimuli/values per
analysis were lower than the number of stimuli in the respective condition: RW (n=44), PH1 (n=48), PH2
(n=45)

~Using data from base words for pseudohomophone and pseudoword statistics.

Note: Unless otherwise specified, aihsulus data was retrieved usingWatch (Davis, 2005)

6.3.3.2.1Simulus survey testing

Qurveydata for each stimulus type was collected online from 12 random, unknown, and
anonymousESL reademsho did not participate in the main researcihese tests were
conducted using QualtrigQualtrics, 20059n the participants’ own personal devices at

their convenience Participants were shown the real English words (RW),
pseudohomophones (PH1 & PH2), and pseudowords (PW) used in Study 1. They were

asked to rate each stimulus on a scale €, vhere 0 denoted the stimulus sounded
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nothing like a reakEnglish word and 5 denoted the stimulus sounded exactly the same
as a real English word. Stimuli were displayed one at a tirb&aakArial (24pt)on a
white backgroundvith no time limit to respond.Table4 shows the descriptive statistics

of each stimulus type.

Table4: Descriptive statistics of oLDT and pLDT stimulus checking tasks

Mean (SD) Range
Real wordsRW) 4.99 (1.67) 4.91-5.00
PseudohomophonedPH1& PH) 4.72 (0.14) 4.40-4.91
Pseudoword PW) 0.98 (0.23) 0.40-1.44

The pseudowordsoll and nishwere rated slightly less consistently than others, but all
stimuli were rated within acceptable ranges for their respective stimulus types in that

the means of stimuli that had legal and legitimate phonoldW/(PH1 andPH2 resided

within the first quatile and the mean for the stimuli without legitimate phonolo@BW)

were in the fourth quartile This also allowed a reasonable margin of error due to the
%315 v8]l o (( 8 }( %o W }Z}u}%Z}v [ 0 | }( o P]SJu § }ESZ

compared withreal words.

6.3.4Apparatus

Full details and discussion of all used materials can be found in s&chion
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6.3.5Procedure

For the oLDT, participants were asked to indiceguickly and accurately as possible
whetherreal words(RW, e.g.,tool) andpseudohomophone@PH1 e.g.,fome) were real
English words or not. For the pLDT, participants were asked to indicate whether
pseudohomophone¢PH2 e.g.,gole) andpseudowordsPW, e.g.,lish) have the exact
phonology (i.e., sound) of real English words. Both tasks shared the sanferinat,

as shown irFigure9.

Time was taken to explain the distinctions between choices in each task and the
same instructionsexamplesand practice trialg/ere gven to all participant$o attempt
controlling demand characteristics. The difference between oLDT conditions was
relatively straightforward, but clarification was especially important for the pLDT.
Through instructions, discussion, and practice,was ensured that participants
understood that stimuli responded to with the pseudohomophone button must sound
exactlythesame « E o VvPo0]*Z A}E « v Vv}$ ipges «}uv "o]l _ G
the way that the pseudoworgarm could be said to sound likeeal wordsfarm and
balm, which was not the object of the exercise and might have dissolved any effects of

it.

202



500ms

150-400ms

500ms

werd

~1.58

Figure9: Stimulus presentation format of a single trial in orthographic and phonological LDTs

The interstimulus interval (ISI) between fixation and stimulus was pseudorandomly
jittered, using a rectangular distribution of times (150, 200, 250, 300, 350, 400ms) that
follow the 60Hz refresh rate (16.67ms refresh duration) of the monitor and allotinéor
recommended minimum SOA of 640ferfetti & Liu, 2005)providing an average SOA

of 2775ms with 2650ms minimum and 2900ms maximum durations. Each task,

including the haltime break, was expected to last8&minutes.

6.3.6 Analysis

Across all behavioat and ERP measures, comparison betw&d and PH1(oLDT)
within each group provides an indication of orthographic lexicality, while comparison

betweenPWand PH2(pLDT) demonstrates phonological lexicality. Comparison of the
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two pseudohomophone conditig)PHL1(oLDT) andH2(pLDT), reflects any difference
in top-down processingn terms of a task effeqffwomey et al., 2011)

In terms of inferential statistics, oLDT, pLDT, and Task analysis of the behavioural
data each used a univariate 3 x (2) mixedttdérial ANOVA with one between
participants factor of language grour{glishSpaniskEnglishChineseEnglish and one
within-subject factor of condition (analystependent) For ERP data, a univariate
mixed factorial 2 (Condition: analysiependent, stated per analysis) x 2 (Hemisphere:
left/right) x 3 (GroupEnglisthiSpaniskEnglisnChineseEnglish ANOVA was conducted
for each combination of component/cluster (1, P1OT,N10GFC, N174DT) and
measure (positive/negative area amplitude, 50% positive/negative area latency).
Where appropriate, the ANOVA outputs will be followed by relevant pairwise hpmst
results (using Tukey corrections for group comparisons and Holm otiome for
comparisons within groups)Only statistically significant results will be reported and
any main effects, interactions, and pdsbcs not reportedshouldbe understood as non
significant Full statistical outpus, including 95% confidence imals,are includedin

AppendcesJ(behavioural) K(ERP amplitudes), andERP latencies)
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6.4 Results

For the measures of accuracy, response times, and each ERP component/region
measure, the following sections will include descriptive statistics andranfial
statistical test results from the contrasts of grouflish SpaniskEnglish Chinese
English and experimental condition®WvsPH1from oLDTPWvsPH2from pLDT, and
overalloLDTandpLDTmeasures (averaged across conditions within tasksyell as"H1

vsPH2for tasklevel effects).

6.4.1Data preparation

Data wereprepared @cording to thedescrption and explanationn section5.7.3

6.4.1.1Pre-analysis item evaluation

While crosdinguistic relationships in the stimuli were avoided as much as possible
through the stimulus creation methods described in sectibrds3and 6.3.3.1, as well

as manual checks by language experts and volunteer nateakeps of Spanish and
Chinese, the Study 1 stimulus sets included Spanish ndwas and doce as
pseudohomophones, neither being pronounced identically between languages. Neither
behavioural nor ERP responses to these stimuli were outliers in the déitn only
these items, interlingual elements in the stimulus sets were minimal (0.83% of Study 1
stimuli), effectively random throughout the experimental procedure, and without the
power to influence averaged overall result¥Vhile such a small minority ateighly

unlikely to affect any behavioural or ERP analysis, especially after rigorous data cleaning
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and processing (e.g., artefact rejection, filtering, averaging, outlier removal), all data
associated with them was removed from analysisThis, combined w#h the
comprehensive pseudmndomization and counterbalancing, minimizes any detriment

to the analysis.

6.4.20rthographic lexical decision task (o)DT

Accuracy

Based orthe descriptive statistics fooLDTaccuracyas shown inTable5, the same
patternwas observedetween conditionandbetween groups Accuracywashigher in
the English group than in the Spanishglish group and higher the Spaniskenglish
group than the ChinesEnglish group for botloLDT conditionsRWPH2J, for which
accuracy was consistently higher ®Wthan PH1lacross all groupsThenotably high
standard deviation folPH1in the ChineseEnglishgroup is due to awider spread of

accuracy scores within the group.

Table5: Means and standard deviations for oLDT accuracy (% correct)

Condition Group Mean (% correct) SD
English 97.97 3.04

RealWord SpaniskEnglish 95.51 4.23
ChineseEnglish 93.22 5.04
English 94.08 3.88

Pseudohomophone: SpaniskEnglish 87.67 7.81
ChineseEnglish 80.92 14.72
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The ANOVA on accuracy showec significant main effect of Group,
K2,57)=14.12yD X 119,633, but no significant Condition x Group interaction,
H2,57)=3.04 A X i fRgelL{ Averaging across conditions, accuracy was highénglish
than both SpaniskEnglish(p=.032) andChineseEnglish(p<.001) and higher iBpanish
Englishthan in ChineseEnglish(p=.025) There was also a significant main effect of
Condition,H1,57)=3300,p D X 114,637, where accuracy tBWwas higher than té®®H1
when averaging across groypmit thiscollapseshe Group factor and so it relevant

to the analysis

6.4.2.1Response times

Across all groups, fewer than 5% of RT scores were removed due to outlg8% (@f
English,4.086 of Spanisienglish, and 4.87% of ChindSeglish) Based onthe
descriptive statistics for response times in the oLDT conditiBig PHJ) per groupas
shown inTable6, RTsto RWwere shortest inthe English groumnd shortest inthe
ChineseEnglish groupo PH1, while RTs were longesh the Spaniskendish groupfor

both conditions

Table6: Means and standard deviations for oLDT response times (ms)

Condition Group Mean (ms) SD
English 581.12 96.38

RealWord SpaniskEnglish 672.52 111.92
ChineseEnglish 609.9 133.75
English 671.33 116.75

Pseudohomophone: SpaniskEnglish 781.08 130.75
ChineseEnglish 632.76 178.03
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The ANOVA on RTs showed significant main effects of Condiib5,7)=54.9%<
X111 49, and Groug(2,57)=4.564 A X 1iHB¥4 as well as significant Condition
X Group interaction,H2,57)=6.83% A X11i,5.4{% Pairwise poshoc comparisons
showed response times tBWwere faster than toPH1in both English (p<.001), and
SpaniskEnglish (p<.001), but no significant difference @hineseEnglish Between
groups, posthocs showed response times were only fasterChineseEnglishthan

SpaniskEnglisito PH1(p=.009).

6.4.2.2ERPs

The followingsections documenieft and rightoccipital P1 (P-D), occipitotemporal P1
(PLOT) and N17(N1700T) andfrontal-centralIN100 (N10&FCERP$&om the English
SpaniskEnglish and ChineseEnglishgroupsto the oLDT conditionsRWPHY). See

Figure8 (5.6.2.2 for the electrode cluster layout.

6.4.2.2.10ccipital P1 P1-O)

FigurelOdepictsoccipitalERRlataat 100msto oLDT conditions
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Figure10: Evenirelated potentials and topographic voltage maps of left and right occipital

clusters at 100ms farLDTconditions(RWPH2J) across groups

6.4.2.2.1.1P1-O anplitude

Table7 shows descriptive statistics for ®1 amplitude across groups for the oLDT

conditions.

Table7: Means (SDs) of FQ amplitude (uV) in oLDT

English SpaniskEnglish  ChineseEnglish

RealWord Lof 0.86 (0.55) 0.76 (0.66)
eft

Pseudohomophone] 0.69 (0.48) 1.18 (0.87)

RealWord Right 0.66 (0.41) 0.54 (0.52)

209

0.96 (0.®)
0.85 (0.62)
0.71 (0.55)



Pseudohomophone{ ‘ 0.61 (0.35) 0.83 (0.49) 0.55 (0.31)

The oLDT Condition x Hemisphere x Group ANOVA dp &mplitude showedo
significant main effects, buta significant interaction of oLDT Condition x Group,
H2,57)=3.74 A X1T:0{12 However, no posthoc tests showed s significarce after

Holm-Bonferroni correctionsvere appliedto control FWER

6.4.2.2.1.2P1-0O latency

Table 8 shows descriptive statistics for Rl latency across groups for the oLDT

conditions.

Teble 8: Means (SDs) of FQ latency (ms) in oLDT

English SpaniskEnglish  ChineseEnglish
Real Word Lot 100.06 (7.12) 96.16 (8.08) 103.12 (5.23)
Pseudohomophone] 99.31 (2.88) 94.79 (6.67) 99.02 (7.77)
Real Word Right 97.79 (6.31) 96.42 (7.8) 98.75 (8.75)
Pseudohomophone] 97.6 (6.06) 92.61 (4.72) 97.65 (6.38)

The oLDT Condition x Hemisphere x Group ANOVA-@Gnl&ency revealed significant
main effects of oLDT ConditidPHXRW), H1,57)=6.35 A X 1 i fiix0{lgHemisphere
(Right<Left) H1,57)=800p A X i1 &0{1@, and GroupH2,57)=4.83 A X i i1.5Q. &4
but no statistically significant interactien Posthocs between groups showed 1
latency @&veraging acroskemisphere and condition) to be earlier 8panishEnglish

than inChineseEnglish(p=.013).
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6.4.2.2.20ccipitotemporal P1 (PA0T)

FigurelldepictsoccipitotemporalERP datat 100msto oLDT conditions.

RW
P1-OT(L) P1-OT(R)
PH1
ata
:: P1-0T(L) P1-OT(R)
& © « & A o &
— English Spanish-English — Chinese-English
Uam
PH1 ‘ ‘s ‘ .' Q ‘ ‘ ‘ ' ‘
b ay

Figure 11: Evenirelated potentials and topographic voltage maps of left and right
occipibtemporal clusters at 100msLDTconditions RWPH1J) across group

6.4.2.2.2.1P1-OT anplitude

Table9 shows descriptive statistics for #1T amplitude across groups for the oLDT

conditions.
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Table9: Means (SDs) of FAT amplitude in oLDT (uV)

English SpaniskEnglis ChineseEnglish
RealWord Lot 0.84 (0.47) 0.78 (0.59) 0.98 (0.®)
Pseudohomophone] 0.64 (0.41) 1.06 (0.76) 0.88 (0.54)
RealWord Right 0.71 (0.38) 0.85 (0.51) 1 (0.77)
Pseudohomophone] 0.72 (0.38) 0.93 (0.D) 1.01 (0.59)

No significant main effects or interactions were shown by the oLDT Condition x

Hemisphere x Group ANOVA on®T amplitude.

6.4.2.2.2.2P1-OT hktency

Table 10 shows descriptive stestics for P1OT latency across groups for the oLDT

conditions.

Tablel0: Means (SDs) of QT latency in oLDT (ms)

English SpaniskEnglish  ChineseEnglish
RealWord et 101.61 (5.93) 98.08 (6.27) 103.42 (4.82)
Pseudohomophone] 102.36 (3.6) 98.53 (4.72) 102.75 (5.84)
RealWord | 98.62(5.11) 96.02 (5.19) 97.93 (5.61)
Pseudohomophone] Right 101.34 (5.52) 94.12 (6.12) 99.07 (4.37)

The oLDT Condition x Hemisphere x Group ANOVA-@TRdtency revealesignificant
main effects of HemispheréRight<Left) H1,57)=15.2)<.001U {=9.21, and Group,
H2,57)=10.5 D X i1ipB026, but no significant interactions Posthocs between
groups showed ROT latencydveraging acrodsemisphere and condition) to be earlier

in SpaniskEnglishthan inEnglish(p<.001) andChineseEnglish(p<.001).
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6.4.2.2.Frontal-central N100 (N10GFC)

Figurel2 depictsfrontal-centralERP datat 100msto oLDT conditions.

RW
N100-FC(L) N100-FC(R)
T %
PH1
:z N100-FC(L) N100-FC(R)
— English Spanish-English — Chinese-English

Figurel2: Eventrelated potentials and topographic voltage maps of left and rightal-central
clusters at 100ms farLDTconditions RWPH2J) across groups

6.4.2.2.3.1N100-FCamplitude

Tablell shows descriptive statistics fif100FCamplitude across groups for the oLDT

conditions.
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Tablell: Means (SDs) of N1@&C arplitude in oLDT (V)

English SpaniskEnglish ChineseEnglish
RealWord -0.54 (0.31) -0.56 (0.28) -0.61 (0.41)
Pseudohomophone] et -0.45 (0.28) -0.61 (0.38) -0.67 (0.44)
RealWord Right -0.55 (0.®) -0.49 (0.25) -0.66 (0.37)
Pseudohomophone] -0.57 (0.32) -0.66 (0.39) -0.76 (0.51)

No significant main effects or interactions were shown by the oLDT Condition x

Hemisphere x Group ANOVA on N-HID amplitude.

6.4.2.2.3.2N100-FC atency

Table12 shows descriptive statistics for NXFT latency across groups for the oLDT

conditions.

Tablel2: Means (SDs) of N1@EC latency in oLDT (ms)

English SpaniskEnglish  ChineseEnglish
RealWord et 101.35 (5.97) 96.39 (7.57) 102.18 (4.9)
Pseudohomophone] 103.75 (6.93) 96.44 (7.05) 101.03 (4.11)
RealWord | 98.89(7.23) 95.64 (5.95) 103.11 (4.02)
Pseudohomophone] Right 100.38 (5.33) 94.01(7.02) 100.43 (6.08)

The oLDT Condition x Hemisphere x Group ANOVA on-iN10&tency showed main
effects of Hemisphere (Right<Left, H1,57)=6.1p AXii¢x0{lg and Group,
H2,57)=9.79 D X i1ipB0.26, as well as a significant interaction of oLDT Condition x
Group,H2,57)=4.7§ A X 1ii50d.84. Averaging across hemispheres, NEQOlatency

to RWwas earlier irSpanishEnglishthan in ChineseEnglish(p=.002), while latency to
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PH1lwas earlier inSpaniskEnglishthan both English(p=.001) andChineseEnglish

(p=.015).

6.4.2.2.40ccipitotemporal N170 (N176DT)

Figurel3depictsoccipitotemporalERP datat 100msto oLDT conditions.

RW
N170-OT(L) N170-OT(R)
PH1
:z N170-OT(L) N170-OT(R)
1.00
2.00
“x’_:P ® & ® & ®
— English Spanish-English — Chinese-English
o @ @
\ I
u‘sm

Figure 13: Evenirelated potentials and topographic voltage maps of left and right
occipibtemporal clusters at Z0ms foroLDTconditions RWPH2J) across groups
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6.4.2.2.4.1N170-OTamplitude

Tablel3 shows descriptive statistics for KQ-OTamplitudeacross groups for the oLDT

conditions.

Tablel3: Means (SDs) ®1700T amplitude in oLDT (uV)

English SpaniskEnglish ChineseEnglish
RealWord -1.91 (0.94) -2.28 (1.42) -1.7 (0.72)
Pseudohomophone] et -2.43 (1.01) -2.79 (1.48) -2.24 (1.49)
Real Word Right -1.78 (0.69) -2.04 (1.35) 2.2 (1.1)
Pseudohomophone] -1.83 (0.95) -2.1(1.18) -2.31 (1.53)

The oLDT Condition x Hemisphere x Group ANOVA on-®L7d@mplitude showead
significant main effect of oLDT Conditi(PH>RW), H1,57)=9.1% A X 11 ¢x0{lel,and
a significant interaction of Hemisphere x oLDT Condifi{h?2)=9.76) A X i1 1,5Q. &5,

neither of which involve the Group factor so will not be investigated further.

6.4.2.2.4.2N170-OT hktency

Table14 shows descriptive statistics for RA-OT latencyacross groups for the oLDT

conditions.

Tablel4: Means (SDs) of N1-4OT latency in oLDT (ms)

English SpaniskEnglish  ChineseEnglish
RealWord 173.1(7.15) 164.49 (7.63) 170.39 (7.14)
Pseudohomophone] et 169.95 (6.09) 165.83 (6.9) 170.21 (7.54)
RealWord | 170.07 (8.34) 157.69 (8.69) 168.5 (6.96)
Pseudohomophone] Right 167.46 (8.81) 160.41 (8.03) 166.83 (5.55)
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The oLDT Condition x Hemisphere x Group ANOVA on-®IL7tency revealed
significant main effects of Hemisphere (Right<L&t),57)=15.53 D X i1 ipg. 21, and
Group, H2,57)=11.8§)D X i1 i, 209, as well as a significant interaction of oLDT
Condition x GroupH2,57)=6.1% A X i1 ¢+D{18. Averaging across hemispheres, post
hocs between groups showed N1@X latency tdRWto be earlier inSpaniskEnglish
than in both English(p<.001) andChireseEnglish(p<.001) N170OT latency taRW

(irrespective of hemisphere) was also earlier tharfPtdlin English(p=.044)

6.4.2.3Summary

Faster response time® RWthan to PH1 reflecting dfects of orthographic lexicality
were observed in dth Englishand SpanishEnglish(but not in ChineseEnglish, which
links with the hlateral N17600Tbeing earlieto RWthan to PH1in English Between
groups, overall ecuracy was higher iBnglishthan both SpaniskEnglishand Chinese
Englisrandalsohigher inSpaniskhEnglisithan inChineseEnglish while response times
were onlyfaster inChineseEnglistthan SpaniskEnglisi{to PHJ). Alsopotentiallylinked
with behavioural results, itateral N17600T was earlier ispaniskEnglishthan in both
Engish and ChineseEnglishto RW. Lastly, ldateral N1OGFC was earlier iSpanish
Englishthan in ChineseEnglish(but not English to RW, while earlier inSpaniskEnglish
than both Englishand ChineseEnglishto PH1 indicating differences iprocessing

between groups.
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6.4.3Phonological lexical decision task (pLDT)

6.4.3.1Accuracy

Based onthe descriptive statistics fopLDTaccuracyshown inTable 15, the same
pattern was observed between groups in the oLDWith accuracy being higher the
English group tham the Spaniskenglish ground higher in the SpanidBnglish group
than the Chinesdnglish group for bothpLDT conditions RW, PHJ). However,
differences imccuracybetween conditionsverenot consistent as accuracy was higher
for PWthan PH2in the English group, but higher f&H2than PWin both Spanish
English and Chinedenglish groupsThe notably high standard deviatisnsuch agor
both PH2and PWin the Chinesd=nglish grouandfor PWin the SpanisteEnglish group

are simplydue to a wider spread of accuracy scores within the gsoup

Tablel5: Means and standard deviations for pLDT accuracy

Condition Group Mean (% correct) SD
English 84.12 8.12

Pseudohomophone? SpaniskEnglish 71.23 10
ChineseEnglish 66.75 14.7
English 92.08 6.44

Pseudoword SpaniskEnglish 64.08 12.62
ChineseEnglish 62.25 17.20

The Condition x Group ANOVA on pLDT accuracy showed a significant main effect of
Group,H2,57)=41.83)<.001 { g=.60, and a significant Condition x Group interaction,
H2,57)=4.8=.012,{ g=.14 Pairwise postioc comparisons showdgnglishaccuracy to
PH2was significantly higher than in bo8paniskEnglish(p=.011), andChineseEnglish

(p<.001) LikewiseEnglishaccuracy t®Wwas also higher than in bo®paniskEnglish
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(p<.001), andChinese-English (p<.001) However, poshocs showed no significant
differences in accuracy betweeSpanishEnglishand ChineseEnglishor between

conditions within any group.

6.4.3.2Response times

Across all groupsaround 5% of RT scores were removed due to outli&®&o of
English,3.26% of SpanisiEnglish, and4.86% of Chines&nglish) Based onthe
descriptive statistics fopLDTresponse timesshown inTable 16, RTsto PH2were
shorter in the English group than in the Sparistglish groupbut only marginally
shorter than in the Chinesgénglish group, whil&Ts toPWwere clearly shorter in the
Endish group than in the SpanidEnglish group anshorter in the Spanisknglish group
than in the Chines&nglish groupBetween conditions, RTs were shorterRéi2than
PW in both English and Spanifnglish groups, bushorter to PWthan PH2in the

Chinese-English group.

Tablel6: Means and standard deviations for pLDT response times (ms)

Condition Group Mean (ms) SD
English 702.36 126.64

Pseudohomophonef SpaniskEnglish 787.51 152.01
ChineseEnglish 703.94 219.33
English 886.16 112.65

Pseudoword SpaniskEnglish 812.36 242.53
ChineseEnglish 689.69 234.01

The Condition x Group ANOVA on pLDT RTs showed a significant main effect of Condition

(PHZXPW), H1,57)=5.63=.021 { g=.09, and a&ignificant Condition x Group interaction,
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H2,57)=4.91p=.011{ g=.15 Pairwise postioc comparisons showed responsesd/
were faster inChineseEnglishthan in English (p=.014), while the only difference

between conditions was thdEnglishresponses t&®H2were faster than tdPW(p=.003).

6.4.3.3ERPs

The following sections document left and right occipital P2@ploccipitotemporal P1
(P20OT) and N170 (N170T), and frontatentral N100 (N10&C) ERPs from tlglish
SpaniskEnglish and ChireseEnglishgroups to the pLDT condition®\\,PH). See

Figure8 (5.6.2.2 for the electrode clustefayout.

6.4.3.3.10ccipital P1 (P10)

Figureld depictsoccipital ERP data at 100ms to pLDT conditions.
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Figure14: Evenirelated potentials and topographic voltage maps of left and right occipital

clusters at 100ms fqrLDTconditions PW,PH2 across groups

6.4.3.3.1.1P1-O anplitude

Table17 shows descriptive statistics fd?1-O amplitude across groups for theLDT

conditions.

Tablel7: Means (SDs) of R amplitude in pLDT (uV)

English SpaniskEnglish  ChineseEnglish
Pseudoword Lot 0.74 (0.47) 0.79(0.57) 0.76 (0.54)
Pseudohomophone? 0.69 (0.56) 0.61 (0.46) 0.71 (0.4)
Pseudoword Right 0.45 (0.35) 0.76 (0.47) 0.62 (0.46)
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Pseudohomophonez‘ ‘ 0.62 (0.39) 0.67 (0.35) 0.66 (0.35)

The pLDT Condition x Hemisphere x Group ANOVA d@b &mplitudeshowed no

significant main effects or interactions.

6.4.3.3.1.2P1-0 latency

Table 18 shows descriptive statistics for Rl latency across groups for the pLDT

conditions.

Tablel8: Means (SDs) of FQ latency in pLDT (ms)

English SpaniskEnglish  ChineseEnglish
Pseudoword Lot 102.13 (8.14) 94.04 (6.73) 98.41 (7.8)
Pseudohomophone’ 98.77 (6.72) 94.94 (9.07) 99.82 (7.21)
Pseudoword Right 97.75 (8.67) 90.75 (6.76) 93.04 (7.9)
Pseudohomophone’ 98.63 (7.04) 93.25 (5.71) 95.23 (8.16)

The pLDT Condition x Hemisphere x Group ANOVA -@h [Rtency showed significant
main effects of Hemisphere(Right<Left, H1,57)=26.73 D X i1 i,63.82,and Group,
H2,57)=5.59 A X 11 ptD{lé,as well asa significant interaction of pLDT Condition x
Hemisphere,H1,2)=6.57 A X 1iig{d.& Averaging across condition®\\,PH2J and
hemispheres, the only significant difference was that@Jlatency was earlier in

SpaniskEnglisithan Englishin the pLDT overafp=.004).
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6.4.3.3.20ccipitotemporal P1 (PAOT)

Figurel5 depictsoccipitotemporal ERP data at 100ms to pLDT conditions.

PW
\ \
W —
P1-0T(L) P1-OT(R)
PH2
jz P1-0T(L) P1-OT(R)
& s & & * ® &
— English Spanish-English — Chinese-English

Figure 15. Eventrelated potentials and topographic voltage maps of left and right
occipitotemporal clusters at 100ms foDTconditions PW,PH2across groups

6.4.3.3.2.1P1-OT anplitude

Table19 shows descriptive statistics f&#1-OTamplitude across groups for theLDT

conditions.
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Tablel9: Means (SDs) of FAT amplitude in pLDT (uV)

English SpaniskEnglsh

ChineseEnglish

Pseudoword
Left
Pseudohomophonei

Pseudoword
Right
Pseudohomophone’

0.76 (0.51) 0.82 (0.47)
0.74 (0.6) 0.71 (0.54)
0.52 (0.2) 1.36 (0.9)
0.41 (0.28) 0.81 (0.38)

0.68 (0.4)

0.86 (0.45)
0.91 (0.45)
0.82 (0.43)

The pLDTCondition x Hemisphere x Group ANOVA onrCH1amplitude showed

significant main effects of pLDT Conditi®WsPH2, H1,57)=6.08 A X i i 6,60.{ gand

Group, H2,57)=4.35HAX1i¢x0{18, as well as significant interactions of pLDT

Condition x Group,H2,57=5.61p A X i1 ox0{lé, Hemisphere x pLDT Condition,

H1,2)=8.63p A X1ifj30.48, and Hemisphere x Grouf2,57)=7.9 D X i1 i,6.22.

Posthocs for the pLDT x Group interaction (averaging across hemispheres) showed that

P1-OT amplitude was larger Win Englisithan SpaniskEnglish(p<.001), while larger

to PWthan PH2in SpaniskEnglish(p=.002) Averaging across conditionB\WW,PH2,

post-hocs for the Hemisphere x Group interaction showedAR)was smaller in

Englistthan in bothSpaniskEnglistright (p<.001), andChineseEnglishp=.004), overall

in the pLDT.

6.4.3.3.2.2P1-OT latency

Table 20 shows descriptive statistics fd?1-OT latency across groups for theLDT

conditions.

Table20: Means (SDs) of FQT latency in pLDT (ms)

’ English

SpaniskEnglish

ChineseEnglish
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Pseudoword 103.51 (5.14) 99.94 (6.13) 100.09 (6.08)
Pseudohomophone’ et 102.14 (5.7) 98.7 (6.82) 101.75 (5.95)
Pseudoword Right 98.63 (5.5) 94.57 (6.01) 96.34 (5.6)

Pseudohomophone’ 99.89 (5.65) 95.22 (6.07) 99.13 (7.16)

ThepLDT Condition x Hemisphere x Group ANOVA édPlhtency showed significant
main effects of HemispheréRight<Left, H1,57)=21.79<.001U {=8.28, and Group,
H2,57)=4.90AXi1iidQ.85 Averaging across conditionsPW{/ and PH) and
hemispheres, poshocs showed RDT was earlier irSpaniskEnglishthan English

(p=.008).

6.4.3.3.3rontal-central N100 (N10GFC)

Figurel6 depictsfrontal-central ERP data at 100ms to pLDT conditions.
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Figurel6: Eventrelated potentials and topographic voltage maps of left and right freoéaitral

clusters at 100ms fgpLDTconditions PW,PH2 across groups

6.4.3.3.3.1N100-FC amplitude

Table21 shows descriptive statistics fiN100FC amplitudecross groups for thpLDT

conditions.

Table21: Means (SDs) of N1#C amplitude in pLDT (uV)

English SpaniskEnglish ChineseEnglish
Pseudoword Left -0.45 (0.3) -0.94 (0.62) -0.63 (0.45)
Pseudohomophone’ -0.34 (0.17) -0.57 (0.34) -0.56 (0.33)
Pseudoword Right| -0.34 (0.17) -0.8 (0.49) -0.54 (0.33)
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Pseudohomophone% ‘ -0.52 (0.43) -0.71 (0.43) -0.68(0.37)

The pLDT Condition x Hemisphere x Group ANOVA on-IR1.G0nplitude showed a
significant main effect of GroupH?2,57)=6.86% A Xi118d.#9, pLDT Condition X
Hemisphere interactionH1,2)=12.219 D Xi1ipB0 83, and pLDT Condition x Group
interaction, K2,57)=5.4 A X 11 ¢t0{l6. Averaging across hemispheres, pusts
showed N10&-C amplitude was larger BpaniskhEnglishthan English(p<.001), while

larger toPWthan PH2in SpaniskEnglish(p=.013).

6.4.3.3.3.2N100-FC atency

Table22 shows descriptive statistics f?d100FC latencyacross groups for theLDT

conditions.

Table22: Means (SDs) ®f100FC latency in pLDT (ms)

English SpaniskEnglish  ChineseEnglish
Pseudoword Left 97.51 (7.88) 96.54 (6.1) 101.47 (5.15)
Pseudohomophone’ 101.26 (6.01) 97.14 (7.18) 100.35 (7.38)
Pseudoword Right 100.87 (6.89) 95.27 (6.05) 95.36 (6.07)
Pseudohomophonei 99.38 (8.69) 95.35(5.3) 99.82 (6.17)

The pLDT Condition x Hemisphere x Group ANOVA on-IN10datency showed a
significant main effect of GroupH2,57)=3.85 A Xi11¢x0{12, and a significant
interaction of pLDT Condition x Hemisphere x Grdg@,57)=5.24) A X i 1 $20{1&

Pairwise poshoc comparisons revealed only that NJF@R)was significantly earlier

than N10GFCL)in ChineseEnglishto PW, (p=.037).
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6.4.3.3.40ccipitotemporal N170 (N178DT)

Figurel7 depictsoccipitotemporal ERP data at 170ms to pLDT conditions.
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- \\
1.00
2,00
e & & & & ®
— English Spanish-English — Chinese-English
" ~ @
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Figure 17: Evenirelated potentials and topographic voltage maps of left and right
occipitotemporal clusters at 170ms foDTconditions PW,PH2across groups

6.4.3.3.4.1N170-OTamplitude

Table23 shows descriptive statistics foi1700T amplitudeacross groups for theLDT

conditions.
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Table23: Means (SDs) of N1OT amplitude in pLDT (uV)

English SpaniskEnglish ChineseEnglish
Pseudoword -1.95 (0.79) -2.13 (1.26) -1.75 (0.64)
Pseudohomophone’ et -2.05 (0.83) -1.93(1.17) -1.8 (0.53)
Pseudoword Right -2.12 (0.91) -2.01 (1.45) -2.09 (0.94)
Pseudohomophone’ -2.01 (0.86) -1.94 (1.38) -2.16 (1.02)

The pLDT Condition x Hemisphere x Group ANOVA on-®IIL Aimplitude showed no

significant main effects or interactions.

6.4.3.3.4.2N170-OT hktency

Table24 shows descriptive statistics fdf1700OT amplitudeacross groups for theLDT

conditions.

Table24: Means (SDs) of N1-OT latency in pLDT (ms)

English SpaniskEnglish  ChineseEnglish
Pseudoword et 172.73 (7.25) 165.62 (4.7) 168.57 (9.42)
Pseudohomophonei 171.63 (8.7) 167.07 (7.78) 171.32 (8.52)
Pseudoword | 166.8(6.97) 158.4 (8.92) 167.12 (10.5)
Pseudohomophone’ Right 166.53 (6.89) 161.63(9.79) 167.97 (5.65)

The pLDT Condition x Hemisphere x Group ANOVA on@L78tency showed only
significant main effects of HemisphefReight<Left, H1,57)=21.99 D X i1 i, 28, and
Group,H2,57)=6.260 A X 11165J.#8 Averaging across conditions and hemispheres,
post-hocs between groups showed NI was earlier ilspanishEnglishthan both

English(p=.006) andChineseEnglish(p=.015).
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6.4.3.4Summary

Faster response timedo PH2than to PW showed a phonologicdkxicality effect in
English but in neither ESL grough\lso showing a phonological lexicality effeclateral
P1-OTand N100OFCwere both largeto PWthan PH2in SpaniskEnglish Furthermore,
bilateral N1OGFC was larger irBpamsh-Englishthan English reflecting a group
distinction between alphabetic L1 readers expected, accuracy was higher in English
than both SpanistiEnglish and Chinedenglish to botiPH2andPW, but not significantly
different between Spanisknglish ad ChineseEnglish However, esponsdimes were
faster inChineseEnglisithan inEnglish while bilateralP1-OT was larger iknglistthan

SpaniskEnglishto PW.

6.4.4Taskeffects: oLDTPHJ vs pLDTPH2

OveralloLDTand pLDTmeasures (averaged across conditions within tagksl)the two
pseudohomophone conditions from each ta@kH1land PH2from oLDT and pLDT,
respectively) were further analyzed observe anyasklevel effects The levels of the
Condition factor in the fddwing Task analyses acd DT(RWand PH1collapsed) and
pLDT (PW and PH2 collapsed), while the additiongbairwise comparisongor the

Pseudohomophonéactor usedPHland PH2

230



6.4.4.1Accuracy

Table25 showsthe descriptive statistics for accuracy across tasks per group.

Table25: Means and standard deviations for accuracy (% correct) across tasks

Condition Group Mean SD
English 95.941 2.67

oLDT SpaniskEnglish 91.588 4.707
ChineseEnglish 87.069 7.47
English 88.232 5.975

pLDT SpaniskEnglish 67.656 6.926
ChineseEnglish 64.502 12.324

The Task x GroupANOVAfor accuracyshowed main effects of TagoLDPpLDTY,

H1,57)=575.6@ D X 118391, and Groug{2,57)= 32.33 D X i1 ipB0 83, as well as

a significant Task x Group interacti®(®,57)=47.5§ D X i1 i,g0 @3 Pairwise poshoc

comparisons showedccuracy tooLDTwas higher than topLDTin English (p<.001),

SpaniskEnglish (p<.001), andChineseEnglish (p<.001) Between groups, accuracy to

oLDTwas significantly higher iBnglisithan ChineseEnglish(p=.003), while accuracy to

pLDTwas significantly higher iBrglishthan bothSpaniskEnglisi(p<.001) andChinese

English(p<.001) The Pseudohomophon®d1PH2 x Group ANOVA, however, did not

show a significant interaction.
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6.4.4.2Response times

Table26 shows the descriptive statistics for response times across tasks per group
Across all groupsaround 5% of RT scores were removed due to outliek§@6 of

English4.41% of Spanistinglish and5.36% of Chinesé&nglish).

Table26: Means and standard deviations for response times (ms) across tasks

Condition Group Mean SD
English 629.161 109.64

oLDT SpaniskEnglish 726.799 113.822
ChineseEnglish 621.326 150.815
English 797.688 118.622

pLDT SpaniskEnglish 799.935 154.318
ChineseEnglish 696.813 189.84

TheTask x GroupNOVAfor response timeshowedonly a significant main effect of
Group, H2,57)=3.92h=.025{g=.12 Averaging across tasks, pdmics showed

ChineseEnglishwere faster tharSpaniskEnglistoverall £=.029).

6.4.4.3ERPs

The following sections document left and right occipital P2@loccipitotemporal P1
(PX:OT) and N170 (N170T), and frontatentral N100 (N106&C) ERPs from tlanglish
SpaniskEnglish and ChineseEnglishgroups to the pseudohomophone conditions
(PH1PH2 andtasks overalldLDTpLDY. SeeFigure8 (5.6.2.2 for the eletrode cluster

layout.
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6.4.4.3.10ccipital P1 (P10)

Figurel8depictsoccipital ERP data at 100ms to pseudohomophone conditions.
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Figure18: Evenirelated potentials and topographic voltage maps of left and rigttipital

clusters at 100ms for task/pseudohomophone comparisBrs (PHRacross groups

6.4.4.3.1.1P1-O amplitude
Table27 shows descriptive statistics for 1 amplitude acras groupsand tasks

Table27: Means (SDs) of FQ amplitude across tasks (1V)

‘ ‘ English SpaniskEnglish ChineseEnglish

oLDT ‘ Left ’ 0.77 (0.46) 0.97 (0.42) 0.91 (0.54)
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pLDT 0.71 (0.47) 0.7 (0.45) 0.74 (0.39)
oLDT 0.63(0.3) 0.68 (0.36) 0.63 (0.4)

Right

pLDT 0.53 (0.33) 0.71 (0.31) 0.64 (0.35)
The Task x Hemisphere x Group ANOVA o0 Rinplitude showed significant main
effects of Task (oLDPpLDY), H1,57)=4.6H A Xiii*0{08B, and Hemisphere
(Left>Right) H1,57)=14.29 D X i1 ip;60.2; as well as a significant Hemisphere x Task
interaction, H1,2)=7.54 A X i1 t0{l2, and the full thregvay Task x Hemisphere x
Group interaction, H2,57)=3.4% A X 11 t0{ld. However, pogtocs showed no
significant pairwise comparisoadter the HolmBonferroni corrections were appligd

control FWER

6.4.4.3.1.2P1-0O latency

Table28 shows descriptive statistics for fllatency across groupand tasks

Table28: Means (SDs) of FQ latency across tasks (ms)

English SpaniskEnglish ChineseEnglish
oLDT et 99.68 (4.57) 95.48 (6.14) 101.07 (5.76)
pLDT 100.45 (6.65) 94.49 (5.33) 99.12 (5.99)
oLDT Right 97.69 (5.67) 94.52 (5.41) 98.2 (6.17)
pLDT 98.19 (7.42) 92 (4.62) 94.14 (7.02)

The Task x Hemisphere x Group ANOVA &0 Riency showed significant main effects
of Task (pLDFkKoLDJ), H1,57)=5.949 A Xiipt0{0®, Hemisphere (Right<Left)
H1,57)=21.03)D X i1 i &7, and GroupH2,57)=5.9 A X i1 opxt0D{lh as well as a

significant interaction of Task x Grouf§2,57)=3.5% A X 11 3+0{ld.Averaging across
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hemispheres, poshocs showed RO latency was earlier fapaniskEnglistthan English

to pLDT(p=.009) and earlier tpLDTthan tooLDTin ChineseEnglish(p=.039).

6.4.4.3.20ccipitotemporal P1 (PAOT)

Figurel9depictsoccipitotemporal ERP data at 100ms to pseudohomophone conditions.
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Figure 19: Evenirelated potentials and topographic voltage maps of left and right
occipitotemporal clusters at 10®xfor task/pseudohomophone comparisoR$1Q,PHRacross
groups
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6.4.4.3.2.1P1-OT anplitude

Table29 shows descriptive statistics for FII amplitudeacross groupand tasks

Table29: Means (SDs) of FAT amplitude across tasks (uV)

English SpaniskEnglish Chineg-English
oLDT 0.74 (0.38) 0.92 (0.51) 0.93 (0.48)
pLDT et 0.75 (0.51) 0.77 (0.44) 0.77 (0.35)
oLDT | 0.72 (0.29) 0.89 (0.56) 1.01 (0.62)
pLDT Right 0.46 (0.21) 1.09 (0.57) 0.87 (0.38)

The Task x Hemisphere x Group ANOVA e@Pamplitude showethe main effect of
Group,H2,57)=3.44) A X i1 ¢xD{1d, andthe full threeway Task x Hemisphere x Group
interaction to be significant,H2,57)=6.6 A X11i5d.#Q Pairwise poshoc
comparisms at tasklevel showed that PAOTR)to pLDTwas larger inrSpaniskEnglish
than English(p=.002) Pairwise postioc comparisons between pseudohomophone
conditions(PH1PH2, meanwhile, showedP1-OT(L) amplitude inSpaniskEnglishwas
significantly larger td®?H1than to PH2(p=.008, and P1-OT(R)amplitude inEnglishwas

significantly larger té®H1 than to PH2 (p<.00J).

6.4.4.3.2.2P1-OT hktency
Table30shows descriptive statistics for FII latencyacross groupand tasks

Table30: Means (SDs) of FQT latency across tasks (ms)

‘ ‘ English SpaniskENglish ChineseEnglish

oLDT ‘Left ’101.99 (4.43) 98.3 (4.86) 103.09 (4.4)
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pLDT 102.83 (4.93) 99.32 (4.75) 100.92 (5.34)
oLDT 99.98 (5.06) 95.07 (4.98) 98.5 (4.47)

Right
pLDT 99.26 (5.15) 94.9 (4.22) 97.73 (5.71)
The Task MHemisphere x Group ANOVA on-®T latency showed significant main
effects of Hemisphere(Right<Left) H1,57)=23.6D X iiip5d 29, and Group,
H2,57)=8.59 D X 116023 Averaging across tasks and hemispheres, ost

showed PI10T was significantlyaglier inSpanishEnglisithan bothEnglisi(p<.001) and

ChineseEnglish(p=.01).

6.4.4.3.3rontal-central N100 (N10GFC)

Figure20 depictsfrontal-central ERP data at 100ms to pseudohomophone conditions.

237



PH1
N100-FC(L) N100-FC(R)
i
PH2
Zi: N100-FC(L) N100-FC(R)
— English Spanish-English — Chinese-English

Figure20: Eventrelated potentials and topographic voltage maps of left and right freoéaitral

clusters at 100ms for task/pseudohomophone comparisBr (PHRacross groups

6.4.4.3.3.1N100-FCamplitude

Table31 shows descriptive statistics fiv100FC amplitudecross groupand tasks

Table31: Means (SDs) of N1@C amplitude across tasks (uV)

English SpaniskEnglish ChineseEnglish
oLDT Left -0.49 (0.22) -0.58 (0.29) -0.64 (0.33)
pLDT -0.4 (0.21) -0.76 (0.44) -0.6 (0.31)
oLDT Right -0.56 (0.28) -0.57 (0.24) -0.71 (0.36)
pLDT -0.43 (0.25) -0.75 (0.42) -0.61 (0.28)
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The Task x Hemisphere x Group ANOVA on{RO0@mplitude showed a significant main
effect of Group,H2,57)=3.88% A X 11 ¢x0{I2, and a significant interaction of Task x
Group,H2,57)=8.31p D X 11 i;d( 23 Averaging across hemispheres, pbsts showed
N100O-FC was larger tpLDTthan oLDTin SpaniskEnglish(p=.029) and larger tpLDTin

SpaniskEnglisithan English(p=.002).

6.4.4.3.3.2N100-FC atency

Table32 shows descriptive statistics fd100FC latencycross groupand tasks

Table32: Means (SDs) of N1@&C latency across tasks (ms)

English SpaniskEnglish ChineseEnglish
oLDT Lot 102.55 (5.82) 96.41 (6.45) 101.61 (3.52)
pLDT 99.38 (5.89) 96.84 (5.05) 100.91 (5.15)
oLDT | 99.63 (5.06) 94.82 (5.88) 101.77 (4.46)
pLDT Right 100.13 (6.49) 95.31 (3.54) 97.59 (5.41)

The Task x Hemisphere x Group ANOVAIDBGFC latency showed significant main
effects of Hemisphere (Right<Left) H1,57)=8.21p A X 11 ¢x0{18, and Group,
H2,57)=8.58 D X i1ipB0. 28, as well as the full thregay Task x Hemisphere x Group
interaction,H2,57)=5.63 A X i1 ¢0{lF. Poshoc mmparisons showed N16BCL)to
oLDTwas earlier irSpanishEnglisithan English(p=.018), while N10&CGR)to oLDTwas

also earlier irSpaniskEnglisithan English(p=.003).

239



6.4.4.3.40ccipitotemporal N170 (N178DT)

Figure21depictsoccipitotemporal ERP data at 170ms to pseudohomophone conditions.

Figure 21. Evenirelated potentials and topographic voltage maps of left and right
occipibtemporal clusters at 170ms for task/pseudohomophone comparigtiis,PHRacross
groups

6.4.4.3.4.1N170-OTamplitude

Table33 shows descriptive statistics fiV1700T amplitudeacross groupand tasks

Table33: Means (SDs) of N1HOT amplitude across tasks (pV)

‘ ‘ English SpaniskEnglish ChneseEnglish
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oLDT e -2.17 (0.85) -2.53 (1.35) -1.97 (1.02)
pLDT -2 (0.77) -2.03 (1.08) -1.78 (0.53)
oLDT Right -1.81 (0.71) -2.07 (1.21) -2.26 (1.24)
pLDT -2.07 (0.85) -1.98 (1.34) -2.12 (0.91)

The Task x Hemisphere x Group ANOVHND#O-OT amplitude showed only gsificant
interaction of Hemisphere x Taslkg1,2)=4.46 A X i1 §%0{Q7, which essentially

disregards the Group factor so will not be investigated further.

6.4.4.3.4.2N170-OT hktency

Table34|shows descriptive statistics ftV170OT latencyacross groupand tasks

Table34: Means (SDs) of N17OT latency across tasks (ms)

English SpaniskEnglish ChineseEnglish
oLDT 171.52 (6.12) 165.16 (6.05) 170.3 (6.79)
pLDT et 172.18 (7.35) 166.34 (5.48) 169.95 (7.96)
oLDT | 168.77 (8.1) 159.05 (7.46) 167.67 (5.87)
pLDT Right 166.66 (6.58) 160.02 (8.39) 167.55 (7.49)

The Task x Hemisphere x GrodNOVA on N17OT latency showed significant main
effects of Hemisphere(Right<Left) KH1,57)=26.3D Xii 508, and Group,
H2,57)=9.85: D X 11,6026 Averaging across tasks and hemispheres, -post
showed N1780T was significantly earlier 8paniskEnglisithan both English(p<.001)

and ChineseEnglish(p<.001).
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6.4.4.4Summary

As expected due to the relative difficulty of the taskscaracy in the oLDT \waigher
than in the pLDT in all groups, while of@ineseEnglishwere faster thanSpanish
Englishoverall Attributable as phonological effest bilateral NLJOGFC inSpanish
Englishwas largeiin the pLDT than in the oLDT, wh&OT(L)was significatty larger
to PH1than to PH2in SpaniskEnglishrand P1-OT(RWwas significantly larger tBH1than
to PH2in English These findings show clear differences between the orthographg

phonologyoriented tasks as well as between grodipgked to languagerofiles.
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6.5 Discussion

The overarching contrast between thegeessing of real wordand linguistic stimuli
that are not real wordsd.g., pseudohomophones or pseudowords) has traditionally
been the backbone of lexicality effects, but the maepeecific task methodology of the
current study aimedto dissect it further by using separate orthographic and
phonological task®LDT and pLDT, respectivelgehavioural and ERP measurefuy
and PH1from the oLDTWwere analyed to investigate effectsfarthographic lexicaly,
which can also be seen agthographic familiaritythrough thelegitimate orthography
of real wordsound inRWthat PH1does not possessResponseto pseudowordsRW)
and pseudohomophoned?H? from the pLDT, meanwhilayere analyzed in order to
investigate effects of phonological lexicalityhich also reflects a pseudohomophone
effect through thephonological legitimacy of pseudohomophones

The main avenues of enquinith this approackconcerned how behavioural and
electrophysiological measuresf orthography- and phonolog-oriented lexicalitydiffer
within and between native English andilingual ESL group with an alphabetic L1
(SpaniskEnglish) or nonalphabetic L1 (ChineseEnglish) Moreover, the study
investigates whethelexicalityis reflected bythe occipital P1 (RD)andif there isany
indication of early phonological activation in left frontantral NLOGFCresponses
Additionally, it examines hie orthographic and/or phonological ature of
occipitotemporal ERP responses at ~100 and ~170msO{Pland N17@T,
respectively. Regarding growbevel interpretatiors, it is important to remember and
reasonable to accept that any differences between B&l. groupand the English group

are largely due to the difference in English proficiency (as highlighted by the ceiling
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effects to RWin the English group) Therefore, the main contrasts of interest are

between theESL group(of equivalent proficiency), using the English group as a dontro

6.5.1Behavioural performance

The behavioural facet of the studtyvolvedanylexicality effects within and between the
ESL groupgising the native English group as a contrafhile providinga behavioural
performance reference for the ERPresults where applicable Before ERP results,
therefore, his section will outline and discuss the behavaldindings

Starting withthe oLDT, accuracy overall was higheEmglishthan in bothESL
groups,but alsohigher inthe alphabetic LESL groupSpaniskEnglishthan inthe non
alphabetic L1 ESL gro@@ghineseEnglish), indicatingan advantage for the groups with
an alphabetic Llas expecteddue to the lifelong familiarity of an alphabetic script in
Englishand SpaniskEnglish However, no differences in accuracyvere observed
between RW and PH1 conditions within groupsor per condition between groups,
showing that the oLDT conditiongere interpreted with similasuccessn each group
and no group made more errors to one condition or the oth&his result folEnglish
differs substantially from Twomey et al2011)where the native English monolingual
participants were less accurate to real words than pseudohomophones in the same
orthographic lexical decision task contexBriesemeister et al(2009)also reported
opposing results tdwomey et al(2011)with accuracy being higher for real words than
pseudohomophones, though that study did usédinguistically different pool agtimuli
and participantsGermar), which could account for the differenc8ometimes, this kind

of discrepancy is due to a difference in conditimlancing between studies where, for
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example, the real word condition included more irregular and/or ambigui@rms than

did the base words for the pseudohomophone condition, providing an effect in favour
of the pseudohomophonesHowever, Twomey et a{2011)used many of the stimulus
control parameters and methods used in the current study and suggestygtier
psycholinguistic factor being the culprit would be unsupported conjectumgortantly,

the lack ofdifferencein accuracyetween oLDT conditionsas not only observenh the
native English group, but alsoboth ESL groups, who arguably haveren@ason to be
more or less accurate to real words duel&sstime learning and usingnglish The
reason for this discrepancy between studieglierefore,not clear.

Fully h line with Twomey et al2011) Briesemeister et a(2009) andBraun et
al. (2015) however, response times within groupsere faster toRWthan to PH1in
English as well as irspaniskEnglishbut not in ChineseEnglish This combination of
resultsstrongly suggestan advantge for the groups with an alphabetic script for their
L1and the resulting familiarity from everyday usagehe faster responses f®@Wthan
to PH1 demonstrate a clear effect of orthographic lexicality alongside response
inhibition from the orthographighonological conflicof pseudohomophoneflegal and
legitimate phonology, but only legal orthographyhhese results suggest that traditional
lexicality effectscontrasing real words with pseudowordbeave an orthographic root
and do notinvolvephonologicakctivation at least concerning behavioural responses

Response times between groups, however, were only fast@himeseEnglish
than SpaniskEnglishio PH1 As esponse times t&RWwere similar across groupthis
difference in responsamesto pseudohomophonebetween ESL groups suggeitat
ChineseEnglish participantswere inhibited by the orthographiephonological

incongruenceinherent to pseudohomophonekess than SpanisBnglish participants
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This difference between ESL groypeposesa difference inVWR processingthen
reading pseudohomophonesConsidering the language profiles of the ESL groups and
the inherently different ways of learning English as a second language i.e., with Spanish,
an alphabetic language as a basis or hwithe nonalphabetic logographic
Chinese/Mandarin as a basis, the use of different cognitive strategies for deciphering
novel L2 stimulmakes sense Furthermore ChineseEnglishshowed no difference in
RTs betweeroLDTconditions, suppoiihg the interpretation that the Chinesé&nglish
participants responded similarlsegardless of whether the stimuli were real English
words RW) or pseudohomophone$H, alsosuggesting similar cognitive processr
both stimulus types

Asobservedin the oLDTbut this time supportingTwomey et al(2011) there
were no differences in accuracy betwephDTconditions within any group, suggesting
that PH2and PWstimuliwere respondedo similady within all groups Between groups
in the pLDT acauracy was higher iEnglishthan in bothSpanishEnglishand Chinese
Englishto both PH2andPW. This wa not unexpected due to the contrast between the
monolingualnative Englishgroupandthe late-bilingualESIgroups for whom Englishs
not only their second language buwvith which significantly less time in their livdgas
been spentlearning and usingt.i Furthermore, there were also no differences in
accuracy betweenSpaniskEnglishand ChineseEnglish suggesting the ESL groups
respanded with similarefficacyto the pLDT conditions.

Response time results also supportetBuggestionthat efficacy was similar
between ESL groumssno differences wereobservedbetweenthem either. The only
RTdifferencebetween groupsvas thatChineseEnglishwere faster tharEnglisito PW,

which isalsopart of a speedaccuracy tradeoff in the PW condition, whereChinese
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Englishwere faster, butEnglishwere more accurate While Englishand SpaniskEnglish
processedPWsimilarly (espcially following the lack of difference in accuracy filehkid),
perhaps due to their respective alphabetic experience, the faster but less accurate
responsesin the ChineseEnglishgroup suggest thee was a difference in VWR
processing whemeading and rgsonding to pseudowordsThe group RT difference to
PWis perhaps better explained @&nglishbeing slower and taking additional time to
check the pseudowords (perhaps phonologically) compared GitimeseEnglishwho
processed the pseudowords orthograpdlly as whole words and did not perform
additional checks, hence the poorer accurdty. Wang et al., 2003) This PW RT
difference withEnglismot also being observed f@paniskEnglishindirectly suggesta
distinction between the ESL groups and processing of pseudowords at |est
mentioned abovethe SpaniskEnglishgroupmay also have made additional cheakn
pseudowords as with the English group, considering their shared alphabetic
backgroundbut just did not do so significantly faster thaime Englishor slower than
the ChineseEnglishgroups

The only behavioural difference between pLDT conditions wagésaionseso
PH2were faster than taPWin the Englishgroup, replicaing Twomey et al(2011)and
demonstrating gohonological lexicality effectConsidering that the stimuli d?H2and

PWhboth used equally legal orthography and were matched on various psycholinguistic

factors (see€§5.4.]), differing only in phonological legitimacy, tlésclear evidence of

facilitation from the legitimate phonology of pseudohomophones over the legal but not
legitimate phonology of pseudoworddhis facilitation of processing timesdy PH2
compared withPWand a resulting pseudohomophone effect, howeweas not present

in the ESL group$On the surface, thisuggests pseudohomophones and pseudowords
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were processed similarly in the ESL grodpspitethe potentially facilitativelegitimate
phonolog/ of the PH2 pseudohomophonesindicaing the ESL groups wermore
focused on orthography, which follows theguivalent orthographicun)familiarity of
both pLDT conditionsnd lessens the potential effect of phonologyhis different
pattern of results between native and ESL groups could atsmlve additional
orthographiephonologicakcheckng of PWfor legitimate phonologyin case theyvere
pseudohomophonesby the ESLgroups which takes additional time, negating any
relativefacilitation from the pseudohomophones BH2

In addition to the conditiorspecific comparisonsdiscussed alreadythe
behavioural measures can be considered ovepalf task as a taskevel contrast
Between groupsaccuracy taLDT(RWPHlaveraged)was only higher ifenglishthan
ChineseEnglish while accuracy t@LDT(PH2PWaveraged)vas higher irEnglishthan
both SpaniskEnglishand ChineseEnglish While not surprising that the Engligitoup
fared better in both taskst is notablethat there was no difference in accuracy between
SpaniskEnglishand ChineseEnglishgroups themselvessuggesting some similgriof
approach for bothtasks OLDT and pLDT

Within groups, overall accuracy eah.DTwas higher than t@LDTwithin English
SpaniskEnglish andChineseEnglish aswas expected due to oLDT being a simpler task
in general while also involving (hiftequency) real words that are easier to read and
recognize Somewhat unexpectedly, however, there were no overall differences in RTs
between tasks within groupswhich is likely explained by the more difficult and
incongruent conditions per taskPHland PWin the oLDT and pLDT, respectively)
evoking longer RTs than the easier, more congruent conditRwsadPH2in the oLDT

and pLDT, respectively), but ta extent within each taskhat averaged out similarly
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6.5.2Lexicality and occipital P1 ()

The aimwas to explore how early ~100ms brain activity behaves inlddiegual ESL
readers in contrast with one another as well as with native English monolingials
statistically significant differences were observed on@hmplitude betweeroLDT
condition (RW,PH2J) within groupor per conditionbetween groups This followsseveral
reports from Hauk and colleaguésg., Hauk, Davis, et al., 2006; Hauk et al., 20&RK,
Patterson, et al., 2006nd others(e.g., Emmorey et al., 201 Aupporting the notion
that PO amplitude does not reflect lexicality or word recognitjper se(Gibbons et
al., 2022; D. Zhang et al., 20148futing claims of larger P1 antifudesto real words
(e.g., Segalowitz & Zheng, 20@9dto pseudowordge.g., Taroyan, 2015)ot only did
the resultsof the current studysuggest that P-D amplitude did not differ based on
orthographic lexicality, but, importantly, did not meagiully differ in any group This
alludes to this early-100msstage of processingotentially beingsimilar across groups,
thoughdeeper and more specific testingriseded

The pattern of results from the oLDibllowed into the pLDT, wherdére were
also no effects ofcondition (PH2PW) or group found on P40 amplitude, which
indirectly supportghe idea of P10 activity being visual/orthographic in nature and not
phonological as testedvith the pLDT It also suggests that FQ amplitude ina
phonological lexical decision task is similar betwednand L2 readers of English
Overall, though, no evidence waund that sugges$ differences in lexicality,
orthographic or phonologicainfluence P10 amplitude Therefore, in contrast to some
previous findingge.g., Segalowitz & Zheng, 2009; Taroyan, 205D amplitudedoes
not appear toreflect either orthographic or phonological lexicaliyhen stimulus

conditions are closely controlled.
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P10 latency, on the other hand, was observed earlier inSpaniskEnglish
than Englishand ChineseEnglishgroups dependent on task Averaging across oLDT
conditions RWPHY), blateral PXO latency was earlier ispanishEnglishthan in
ChineseEnglish while bilateral P1O latencywhen averaging acrospLDTconditions
(PH2Z2PW) was earlier irSpaniskEnglisithan English Latency being earlier i8panish
Englishthan ChineseEnglishin the oLDTcould relate to the SpanishvPo]«Z & E - [
stronger and inherentfamiliarity with the alphabetic script that is largely shared
between English and Spanighence a lack of latency difference betwe&panish
Englisrand Englishthat the late-bilingual Chines&nglish participants would only have
encountered more form&y when learing English Latency being earlier i8panish
Englisnthan Englishin the pLDTcould alsorelate to the familiarity of alphabetic script
for SpaniskEnglish participantdbut with the suggestiorof acognitivestrategydifferent
from native Bglish readershat leans toward the phonological L1 profid&the Spanish
Englishparticipants For instance, the phonological context of the pLDT paired with the
phonolog/-oriented processinghat native Spanish readeie accustomed tan their
L1 possibly inhibited the visual/orthographic processing associated with th€,P1
effectively moving that stage of processing along more quickly than in the English group
favouring aphonological processingute not reflectedby the P1O. Similarly, the oLDT
results could reflect the same urgency in the Spaiislish to process phonologically,
but factoring in the inherently orthographic processing of the native Chinese readers
(due to their logographic language profil)r which visual/orthographic processing
associated with the ROis naturally more pertinent.

The earlier PO latengesin SpaniskEnglish at least compared with the English

groupin the pLDTecho theobservation ofitalian-English bilingual§.e., anotter ESL
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group with a similarly orthographically shallow L1 to the SpaBislish)readng
pseudowords moreyuickly andaccurately than Englismonolingua$ (Paulesu et al.,
2000) One conclusion drawn from this behavioural findings that the ESL reade
due to their phonologyoriented L1, were predisposed to an orthogragbiyonology
conversion approach to readindt is not unreasonable to suggest that the earlier®1
latencies observed here iSpanishEnglishcould also be explained by this same
readiness for phonological conversion from theoccipitally processed
visual/orthographic input This readiness combined with the natural expectancy from
the orthographically shallow native Spanish could account foretidier latency of an

occipital component more closely associated with visual/orthographic processing.

6.5.3Nature of occipitotemporal P1 (FQT)

The main aim of investigating the association of@IL activity with visual word
recognition was toobserve how it presents in ESL readertn particular, right
occipitotemporal P1 responses (peaking at ~100ms around electrode PO8pfterve
been a feature of research into early visual word recognition proced3iesn, 2009)
Despite this precedentrom the literature, ro effects of orthographic lexicality were
found on P1OT amplitude, suggesting that neither left, right, nor bilateratQl
amplitude was sensitive to orthographic lexicality effects of real w@R¥) compared
with pseudohomophoneqPHY and that the PIOT was not lateralized teither
stimulus typein any group.

This relative similarity of results in all groupsuggess that fundamental

orthographic processing associated with the P1 over occipitotemporal areas is not
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dissimilar betveen native and ESL readers or, indeed, between readers of English with
different L1 profiles However, a rightateralized occipitotemporal P1 was expected

least in the native English group if not the ESL groups ¢ most likely reasons for

not finding this previously observed effect concern tbentrol of frequency effects
through the relative high frequency of the stimuicontrol of more visual/physical
characteristics, such @he matched orthographic word lengthas well as control of
orthographic neighbourhood sizes between conditiqitiauk & Pulvermiller, 2004)

and that this effect has most commonly been observed through the traditional Iexicality
contrast of real words and pseudowords i.e., not real words and pseudohomophones as
used here in the oLD(Begalowitz & Zheng, 2009)

In the pLDT, itateral PXOTamplitude was larger t®Wthan PH2in Spanish
English showing a effect of phonological legitimacy, where processing the
pseudowords (that lack the legitimate phonology of the pseudohomophones) appears
more cognitively taxing, taking more efforfThis phonological lexicality effedbeing
observed in SpaniskEnglish and not ChineseEnglishis likely connected to the
experience and expertise with the alphabetic scopthe SpanistEnglish participants
that the late-bilingual Chines&nglish participais could not match This sameeffect
not being present in English participanteeanwhile,could be due to the experience
and expertise of their own native and only languadeollowing that bilateral ROT
amplitude to PW was larger inEnglishthan SpaniskEnglish suggesting increased
orthographiephonological processing effort in English participants, this could also
proposea difference in processing betwedfnglishand SpaniskEnglishfor reading

written language with legal orthography but not @mology (i.e., pseudowords).
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Averaging across pLDT conditigR$12PW), right hemisphere RODT amplitude
was larger in botlspaniskEnglisrand ChineseEnglisithan inEnglish Considering such
an averaged measure to represembvel orthographicprocessiig with a requirement
for phonological output i.e., to complete théask, this tentatively supports the
importance of righthemisphere PAOT activity for orthographphonology mapping, as
required when reading pseudohomophones and pseudowords (and unfamse
words), suggesting it to also be important in ESL readsrsnative English readers
(Dien, 2009) This finding also suggests that processing effort for pLDT responses was
more intense irBpaniskEnglistand ChineseEnglishwhich follows the cotrast in levels
of proficiency and experience between native d88L group

Bilateral P1OT latency averagl across oLDT conditiof®RW,PHJ) was earlier in
SpaniskEnglisithan in bothEnglishand ChineseEnglish As it is fair to accept tha®l-
OT latencies were not dissimilar in the oLB&tween English and Chinedenglish
(groups with a much more orthographic nature of L1 Englishwith the deep
orthography andChineseEnglishwith the logography of Chinesa)neinterpretation is
that the earlier P:-OT responses ispaniskEnglishrelate to their orthographically
shallow and phonologpased L1 language profiles. This finditigrefore,followsone
of the overarchingnotivations for the current researcin terms of examiningthe role
of L1 in L2 readingnd provides rationale for looking further into how the nature of L1
profiles influences visual word recognition (in bathand L2readers).

Bilateral P1OT latency averaged across pLDT conditigtd2PW) was also
earlier in SpaniskEnglishthan English but not different between the ESL groups,
pointing to a differere inprocessing betweeneaders with aralphabetic L1 As with

the similar P10 result,this PEOT observatiorcouldalso relateto the script familiarity
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for SpaniskEnglish participantsbut with a strategythat leans toward the Spanish
English phonological L1 profilelThe natural phonologgriented processing of native
Spanish readers and the phonological context of the pLD$siply favoured
phonological processing not reflected by the-©T and/orinhibited the orthographic
processing associated with the I, resulting in less time spent at this level of
processing than in the English groudhis result alsechces the faster and more
accurate reading of pseudowords by Itak&nglish bilingualéPaulesu et al., 200@&nd
that the phonologyoriented L1of the ESL readergere predisposed to an orthography
phonology conversiomoute to VWR as posited in the DRC (Coltheartal., 2001) and
BIAM (Grainger & Holcomb, 2009).

Overlappingresults are not surprising between P10 and Pi0T as their
measurementtimeframes are identical (i.e., 820ms) and the scalp locations are in
relatively close proximity Indeed, thepattern of earlier PAOT latencies in Spanish
English echoes the RQ latency results, but with a key difference of®1T latency being
earlier in SpanistEnglish than English to oLDT conditions (RW,PH1), which was not
found for P1O. Consideringthe aforementioned association of the P1OT to
orthographic processingDien, 2009) at least in native readerst might instead be
better to think of this result asP1-OT latenciedeing later in Englishthan Spanish
English Therefore, his finding suggests gicker or perhaps lesser orthographic
processing in [@anishEnglish potentially due to éss reliance and emphasis on
orthographic processinpased on the shalloverthographic depth and phonological
nature of their Spanish L1This implies @eviation of VWR processing strategy between
English and Spanidbnglishwhere Spanistnglistbilingualsmight appear to move onto

phonological processingore quickly and readily than English native readers.
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6.5.4Early phonological activatiaandN10GFC

Thefocus on early pr00msand, especially, ~100nisontal-central ERP responses to
phonological stimuli follows the compelling but somewhat controversial evidence for
phonological activation as early as ~10Qeng., Ashby, 2010; Klein et al., 2015; Pammer
et al., 2004; Wheat et al., 2010Due to the emphasis on phonology, findings from
within the pLDT and between tasks will tgieority in thisdiscussion

Between conditions in the pLDTildteral N10OGFC amplitude was larger W
than PH2in SpaniskEnglish showinga clear pseudohomophone effect where activity
was lesser, implying easier processing, for pseudohomophoAksrnatively, this can
be seen aan effect of phonologicdkexicalitythroughprocessing pseudowordsd their
lack of phonological legitima@ppearing to require more cognitive efforthough this
was not the leftlateralized activity reported previous(g.g., Ashby, 2010; Wheat et al.,
2010)and found only in the Spanidbnglish ESL group (as oppd$o the native English
monolingual group), this provides important support for the potential for fromhtral
EEG activity that is specific legitimatephonolog/ in nature

Notably, this effect was at observed inEnglishor ChineseEnglish indicaing
this sensitivity of N10GC amplitude to phonological processing to sf@mewhat
receptive and more easily observed in Spastsiglish readergollowingtheir L1based
sensibility for phonology Talen further, it is important to consider why the effewas
not observed inEnglishor ChineseEnglish While SpaniskEnglishwere similarly
experienced with the alphabetic script (if not more so due to knowing two languages

that use it), English participants being naturally more experienced with its

255



implementation as Englisbould be why processing betwed®V and PH2in English
evokedno difference infrontal-central effortat ~100ms, especially combination with

the relatively high frequency base words of the stimiiihis is the case, it suggests the
PWsPH2effect in SpaniskhEnglishto reflect the additional phonological effort required

to accurately determine that the pseudowords did not have the legitimate phonology of
real English words that the pseudohomophones didvould, therefore, be worthwhile

to test native English monolinguals with less straightforwa.d., lower frequency
phonological stimuli, as well as to investigates phonological effect further in the
SpaniskEnglish group.

Participants in lie late bilingual Chinesénglish group, meanwhileyere only
familiar with English phonologgnore recently and do not havelanguage profile that
either foregrounds phonology (as in Spanish) or that would necessarily provide the skills
for graphemephoneme conversioffas inall languages with an alphabetic scripf)he
lack of phonological effect (on N1GEC or elsewheregoul, therefore, indicate a
different cognitive approach to decipherirignglishbasednon-real linguistic stimuli
Further phonologyfocused investigation, however, is required gapport this notion
and define what such an alternative processstigitegy would be.

Between groups in the pLDTijld&teral N1OGFC amplitude td®Wwas larger in
SpaniskEnglishthan English mirroring P1OT amplitude that was larger iBnglish
These contrasting resulsuggest that processing associated with NEIDatvity takes
precedence in Spanidbnglish participants (or perhaps ESL readers with an
orthographically shallow alphabetic L1) while equivalent processing is more pertinently
associated with ROT activity in native English readekowever, a this findng repeats

the pattern on P1OT amplitudeit is also conceivable that this mirrored effect is the
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dipolar opposite of the RDT findingand, therefore,further specific research is needed
to dissociate these observations.

Despite the full threevay intemaction between pLDT Condition, Hemisphere,
and Group on N10€&C latency, the only pairwise finding was that NE@was earlier
in the right than left hemisphere i€hineseEnglishto PW, showing rightateralized
frontal-central activity to pseudowords @hineseEnglish participantsConsidering this
effect was found only to pseudowords (but not pseudohomophones) and only in the
group with a noralphabetic L1 suggests that it could reflect a difference in strategy for
decoding unknown and unfamiliar wiéin forms in L2 or, at least, that the processing
reflected by this effect is more pertinent in the ESL readers with aahgmabetic L1
Furthermore, his was not observed in English or Spatisiglish participants, both
groups of which have more expeniee with the alphabetic script and have an alphabetic

L1.

6.5.5The nature of the N17@nd its lemispheric laterality in VWR

StudyingN170OT activity in orthographic and phonological contexts between groups

with different L1 profileswas to explore whether its nature lies in orthographic
processing, orthographghonology mapping, or phonological activati@as well as to
observeits hemispheric lateralization, which has been shown as an index for visual
language familiarity From an example incorporating both condition and hemisphere
factors, the N176DT has previously been reported to be larger in the left but smaller in

theright for JGESZ}PE % Z] <3]Jupo] }u% E A]3Z "v}Vv}ESZ}IPE

al., 1999) However,no suchobservations were found in the current studyo group
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effectswere observedon N1700T amplitudeor either oLDTconditions(RWPHJ or

pLDTconditions(PW,PH2. Thereforethere was no evidenctr hemispheric laterality
differencesbetweengroupsand ro evidencefor sensitivityof N170amplitudeto real

words, orthographyphonology,or any languagapecific processing in any grqugs
effeds betweenoLDT condition$RWPHJ) or pLDTconditions(PW,PH2 would show

These resultsfollow the findings of studiesvhere no amplitude differenceswere

observedbetween such stimuli asvords, pseudowordsand consonant stringée.g.,

Hauk, Davis, et al., 2006; Maurer, Brem, et al., 2005)

Latenges of the hblateral N1760T observed in the current stugyneanwhile
were earlier to RWthan to PH1in English showing a cleaeffect of orthographic
familianty in the native groupechoingthe response tines beingfasterto RWthan to
PH1 While no effects of oLDT condition were founbilateral N1760Tlatencyin the
ESL groupd was earlier irSpaniskEnglisithan in bothEnglishand ChineseEnglishto
RW. On the surface, this suggests that the processing associated with the N170 was
completed more quickly iSpaniskEnglish As the N1780T latency irSpaniskEnglish
was earlier even than in the native English readers, it is faioisider this an effect of
group properties in the sense of being based on something intrinsic to the Spanish
English readersAsemphasized whemontrasted withthe native languages dnglish
and ChineseEnglish SpaniskEnglishrepresent ESL readerstivian orthographically
shallow, phonologybased written languageOn the other hand tis could beassociated
with the same finding for ROT latencyfollowing on in time and cognitive process
potentially only being earlier because the priprocessing was earlier, thus the
processing reflected by the bilateral N} in Spanisknglish may not be distinct

from English and Chinegenglish.
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The only observed N170T effectm the pLDTWwas onbilateral N1760Tlatency,
which was againearlier n SpaniskEnglishthan both Englishand ChineseEnglish this
time whenaveraging acrogsLDTconditions(PW,PH2. This effect not being found for
each or either condition separately, is especially relevant because the two pLDT
conditions are both orthogrphically unfamiliarsowould need some form of grapheme
phoneme conversion to be readnd using them as an overall measure averages out the
phonological legitimacy that would otherwise distinguish theithile thisrequirement
of processing would alsoebtrue for English and Chine&mglish participants (and
anyone else), the distinction of earlier NI-OT latency in Spanidbnglish once again
ties into the phonological nature of their L1 and indicates a potential difference of
processing strateglgetween groups.

Bilateral N1700T latencypeingearlier inSpaniskEnglisithan both Englishand
ChineseEnglishto pLDTconditions (PW,PHJ overall also shines a light back on the
equivalentresultto RWin the oLDT and, specifically, why it was only observeld\o
and notPH1(or to both overal). In contrast with the pLDT, the oLDT conditions require
different strategies to be read with a direct lexical approach for real wdRif§ @nd an
indirect GPGpproach for pseudohomophoneRKl), which underlies why the earlier
latencies were only observed 8Win the oLDT TheseN170-OTeffectsfrom the oLDT
and pLDT, as well as the similar findings orfOFllatency, hierefore, tie in together as
further evidence of the group with a phonological and orthographically shallow L1
processes alphabetic scripts differently from readers with more orthographic focus in

their L1 (i.e., English, Chinese).
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6.5.6 Task effects and tedown processing

Responses to tasks over@LDTpLD7 and the pseudohomophone conditions per task
(PH1PH2 were analyzed to observe tefown processing between orthographgnd
phonologydominant scenariosolLDT and pLDTespectively) andow they compare
between groups For the oLDT measure, processing related to oLDT conditions
theoretically averages out (i.e., direct lexical ®W, GPC folPH) and so does not
directly represent either pathway, while the processing pathway of the pLDT conditions
(GPC for botliPH2and PW) is compouaded in thepLDTmeasure, providing an overall
measure of graphempghoneme conversion.

Starting with the occipital P1lateral P1O latency was earlier tpLDTthan to
oLDTin ChineseEnglish showing an effect of task and, by extension, -tlgwn
procesing The later latency in the orthographic task compared with the phonological
suggests processing associated with the@fook longer in the oLDibr the Chine
English groupwhich follows thenotion of theP1-O (in VWRcontexts)being associated
with initial visualrthographic processing Indeed, he nonalphabetic L1 and
orthography-centred language profile of the Chinedenglish group mighteasonably
expect differential occipital activation, especially for illegitimate linguistic stimuli
(pseudowords, pseudohomophones) and ledseown words However,the main
difference between tasks was the inclusion of legitimate real words in the oLDT where
the pLDT had nonandit is not unreasonable to accept this as the reason for this effect
on P10 latency in the Chinedénglish group Lastly, & this pattern of processing was
specific to the ChinesEnglish (noralphabetic L1) group and not found in either
alphabetic L1 groupt could also generalize to ESL readers with a-alphabetic L1

though further testingsrequired to support this.
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Rght-lateralized PA0T to pLDTwas larger inSpaniskEnglishthan Engli§,
following the idea that PIOT and especially rigidteralizedP1-OT activity is closely
associated with orthographic processing aadikely fuelled by thequivalentpattern
to PWwithin the pLDT Both PW(within the pLDT and pLDTitself (in contrast with
oLDT) are conditionthat reflect phonolog-related processingthrough an indirect
graphemephoneme conversion pathwayln this case, therefore, righateralized P41
OT activity irthe SpaniskEnglishgroup appears to reflecthe orthography-phonology
mappingnecessary for legal orthographic input that has no record in the lexécgn
pseudowords Thelarger amplitudeof the rightlateralized P4OT(relative to the native
English groupsuggestsncreasedeffort of processing in Spamgnglishand thatthis
component/timeframe is even more important forbilingual VWRthan already
documented for native readers (Dien, 2009} least inlate ESL bilinguals with an
alphabetic L1

In the native English grouphe rightlateralized P1-OT amplitude wasalso
significantly larger té®H1than to PH2 which indicates a taslevel difference due to the
matched sets of pseudohomophones used for PH1 and PH2, though there was no overall
difference between oLDT and pLDTThis dissociation suggesthat this finding
highlightsthe top-down influence of the task on thgraphemephoneme conversion
required to read pseudohomophonedhe larger rightateralized PA0T amplitudeto
PH1reflectsincreased efforfor GPC when the tagoLDT)id not explcitly require it
and less relative effort when the task (pLDT) did require it, especially considering that
both conditions of the pLDT required it and switching between direct lexical and GPC
methodswas needed, unlike in the oL[the conditionf which explicitly demand such

switching (i.e., direct lexical for RW, GPC for PMitjoring the English finding, albeit

261



with opposite hemispheric lateralizatiotargerleft-lateralizedP1-OT amplitude toPH1
than to PH2in the SpaniskEnglishgroup alsoindicates a taskevel difference (as the
pseudohomophone conditions were matchegyoviding evidence of both a similarity
and differencen SpaniskEnglishwith the native Englishgroup.

Moving to frontalcentral activity, bilateral N10GFC wasdrger to pLDTthan
oLDTin SpaniskEnglish which follows the notion that frontatentral activity is
associated with phonological processing with amplitudes being larger in the
phonological task than the orthographic, even this early in the VWR timefr&ongher,
this wasonly observed in tharguably more phonologgensitiveSpaniskEnglish group,
which could be due to the familiar alphabetic script and an increased sensitivity to
phonology from the SpanishvPo]eZ % ES] ]% vSe[ >i -Bfish 5Z
participants do not sharelt not being observed in the Chine&mglish group could also
be attributed to the noralphabetic orthographic L1 and an alternate strategy being
used by such ESL reade#ss for this effect not being found in tHenglish group, it is
likely another case of the stimuli not being taxing enough for native readers or, indeed,
that SpaniskEnglish participants do have a different processing stratégypreviously
discussed, however, the two tasks (oLDT and pLDT paegnally difficult and, indeed,
the pLDT is significantly more cognitively taxing (as shown in behavioural measures)
Therefore, the increased N1€BC activity could instead reflect this increased difficulty
of task.

Bilateral N106FC wasalso larger to pLDTin SpaniskEnglishthan English
showing increased activity during a phonological task in a group with an orthographically
shallow phonological L1 compared with native readéisrthermore, this was observed

at a cluster associated with phonologigabcessing and in the same early timeframe as
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the controversial early phonological activation found in previous studiasterms of
latency, blateral N10GFC taoLDTwasearlier inSpaniskEnglistthan English This could

be indicative of the Spanidinglish group being more sensitive to orthography
phonology processing due to the shallow orthographic and phonological nature of their
L1.

Laer in the ERRimeline, there were no significant tadkevel results involving
Group for N1760T amplitudeor latency, meaning that processing associated with this
timeframe/cluster combination was not observed within any group in this stiMgre
specifically, no overall distinction between orthographic processing in the oLDT and
phonological processing in the pLWBs foundfor N17QG0OT, suggesting that these
operationalizations of psycholinguistic processes are not sufficient to affect-0170

amplitudesor latencieduring VWR.

6.6 Sudy summary

Several findingst behavioural andelectrophysiologicalt speak to the distinction
between native monolinguaEnglish, alphabetic Liate bilingual $paniskEnglish, and
non-alphabetic Llate bilingual ChineseEnglish groups in terms of VWR processing
Results suggest thaESL groups employ differerdognitive strategies for VWR,
particularly wherreading pseudohomophonewhichappeardgo relate tothe language
profiles of the ESL groups

Following previous conclusions from the literature (e.g., Mcldoret al., 2015),
results suggest that traditional lexicality effe¢teal wordsvs pseudoword$ have an
orthographicbasisand do not require phonologicarocessing Despite varying reports
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of larger and smaller amplitudes to different linguistic stimBl;O amplitudewas not
observed to diffebetweenoLDTconditions RWPHZ within groups) or between groups
and was not observed to reflect early orthographic or, indeed, psycholinguistic
processing more generallyThere was also a statllack of differences in N170T
amplitudewithin or between tasks despite the various reports in the literature of the
psycholinguistic processing sensitivities of the occipitotemporal N1MN1700T
amplitude measures from the current study, therefore, do not lend further support to
the psycholinguistic associations of the componeM170OT latency, however, did
show an effect obrthographiclexicality,beingearlier toRWthan to PH1in the English
groupandechoing thefasterresponse times t&RWthan toPH1 Orthographic lexicality
effect was only observed in the alphabetic L1 groups, relating to language profile and
the lifelongeveryday usagef an alphabetic script in English and Spaitisiglish groups
Meanwhile, effects of phonological lexicality reflecting an increased effort for
pseudoword processing relative to pseudohomophones were highlighted in the pLDT by
larger blateral PXOTand N10GFCamplitudes to PWthan PH2in the SpaniskEnglish
group. Furthermore, this effect distinguished between groupsjtasasnot observed
in Englishor ChineseEnglish only in the Spanisiknglish ESL groukely connectedto
their alphabeticand orthographically shallow L1 backgroun@onsidering toglown
effects as per Twomey et al. (2010) and comparing across orthographic and phonological
tasks, different patterns of POT lateralization and effects between
pseudohomophonesRH1PH2 once again distinguished between groups.

This concludes Study 1, which investigated orthographic and phonological
processing in native and ESL readers with a-tasi approach involving separate

orthographic and phonological lexical decision task$he following chapter will
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document Study 2, which approachemthographic and phonological processing in
native and ESL readers with single behavioural task (rhyme recognitioay a

complement and contrast to Studyahd an alternate perspective.
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Chapter 7:0Orthographic and phonologicakpcessng of rhyme
recognitionin ESlreaders with different L1 profileStudy 2)

7.1 Overview

This chapter will document the background, rationale, had, and results othe

second study of the thesiending with a discussion of findingStudy 2was designed

to directly complementStudy lﬁ in terms of theoverall research focughrough an

additional perspective on orthographic and phonological processing during VAR

discussedin section|5.3.1] Study 2 compkments Study 1 byintegrating both

orthographic and phonologicaxperimental manipulations in the same behavioural
task (visuathyme judgemen, contrasted withusing separate taskas in Study 1, and
usesreal English wordsenly (10 pseudohomophones or pseudowords in Study 1)
These factorprovidealternative perspectivesiore akin to natural language processing
that are critical for the outcomes of Studyt® be considered alongsidéndings from
Study Ifor a clearer overalinderstanding

Visual rhyme judgement taskequire participantsto decide whether pairs of
visually presented words rhyme or noAs will be outlined in more detail later in this
chapter, sich taslk centre on a form of phonological primingelying on memory
processedo rehearse or recall the first word of the pair (the prinfey phonological
comparison with the second word of the pair (the targéithespecific rhyme judgement
task usedin Study 2takes a step furtheto manipulate orthography and phonology
separately and interactivelyemploying an orthogonal desigroperationalized through

orthographically and phonologically congruent and incongruent rhymes and non
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rhymes Effectivelyword pairscanlook like they rhyme and do rhym@+{O+4e.g., file
MILE), look like they rhyme but do not rhyne@+e.g.,worm-FORM), rhyméut do
not look like they rhymégP+Q pairse.g., goaBOWL), and do not look like they rhyme
and do not rhyme @O e.g., jokeGATE). These combinations of
orthographic/phonological relationship between word paipsovide the means to
observe the necessary orthographic and phonological processing, respectively, within
and between groups.

More specifically,Sudy 2 examines behavioural and early p280ms ERP
responses to orthograpballyandphonolodcally congruent and incongruentord pairs
with contrasts between native (English monolingual), imative alphabetit.1(Spanish
English bilingual), and nemative nonalphabeticL1 (ChineseEnglish bilingual) groups
of English readersin line with the aims of the thesis, these distinct ESL populations are

the focus to investigate how L1 profiles (as discussﬁ can contribute to reading

English as a second language, as well as contrasting with f&teleeading of English
Alongside contrasts of behavioural performar{ue accuracy and response times), the
main aims of the study are to provide evidence pertaining to whether processing
associated with the occipital/occipitotemporal P1 contributes to orthograpfac
phonologica) processing, the possibility of early ~100ms fromahtral phonological

activity (as in Study 1), and the orthographic and/or phonological nature of the

4 P = PhonologicalQ = Orthographic;+ denotes congruence; denotes incongruence; e.gB+O+is
orthographically and phonologically congruent e.g. -l E while P-O+is orthographically congruent,
but not phonologically congruent e.g., worRORM.

267



occipitotemporal N170 during VWR (also as in Study 1), each with emphasis on how

observations diffeacross groups.

7.2 Background

When manipulations of orthography and phonology are orthogonal, phonological
similarity is typically more influential to word processing than orthographic similarity
(Alario et al., 2007)suggesting that, all else being edjyzhonological activation carries
more weight than orthographic activationWhat this entails for botthlandL2readers,
especially when orthographic and/or phonological aspects of a bilingual language profile
deviate from the target language (e.g., Esig from Spanish or Mandarin), however, is
not yet fully understood(K. I. Martin, 2017) For instance, an alphabetic but
orthographically shallow L1 as in Sparisiglish bilinguals and a logographic L1 as in
ChineseEnglish bilinguals are likely tave distinct influences on L2 reading of English
Furthermore phonological effectsenduring regardless of ostensible orthographic,
morphological, and syntacfjghonotactic confounds,as foundbetween heterographic
homophones (e.g.courtcaugh) and psedohomophones (e.g.¢awt), suggestshat
phonologcalsimilarity must be more salient and influenttabn orthographiqAlario et

al., 2007) However, for fairer estimations of the relative strengths of orthographic and
phonological effects, such ortlgoaphic differences, including potential differencesin n
gram frequency as well as visual familiarity and complexity need to be acknowledged
(as in the current researchps they could influence orthographic and phonological
processing differentlyHauk ¢ al., 2006) Nonetheless, this circumstanoé enduring
phonologycan be likenedo orthographically incongruertiut phonologically congruent
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(e.g.,rhyming) pairs, such dmssfacein that phonology is shared between words, while
orthography islargely not However, this contrasts witthe effectthat occurswith
orthographically congruent and phonologically incongruent word pasrsised in the
current study For example,couchprimes targettouch, which works as a distractor and
the orthographic similarity does not facilitate but inhibits recognition due to the
combination with phonological incongruen€Alario et al., 2007; Ferrand & Grainger,
1994) Inhibitive effects in sud orthographicallysimilar norrhymes (couchtouch)
suggests that the orthographic code can be as strong and sometimes stronger than the
phonological, even when phonology is required for the task. Overall, this provides
support for therole of phonologyn VWR and that the underlying orthographic and
phonological mechanisms could be investigated further by orthogonally manipulating
orthographic and phonological congruence betweenrd pairs as in visual rhyme

judgement

7.2.1VWRandvisualrhymejudgement

Phonological processing is sufficient fecognitionof rhyming words when reading
but, critically,both orthographic evaluation and phonological recoding are necessary:
the orthography provides the question in the form of the stimuli asking whether they
rhyme, while the internal phonological representation is required for the answer of
whether they rhyne or not(Alario et al., 2007; Bitan et al., 200%)hile it is, therefore,
not disputed that rhyme is fundamentally phonologicahd that phonological
processing will occuwhen makingrhyme judgementgCoch et al., 2008)t must also

be acknowledgd that visual rhyme recognitioalsorequiresorthographic processing
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of both onset and rimg(i.e., the whole wordfor successful completio(Bitan et al.,

2007) Rhymaeis, therefore, avaluablepsycholinguistiozehiclefor obserung explicit

procesang of both orthograply and phonolog with any interactions between them
during VWR, which would not be the case for a task withouert phonological

involvement.

With the phonologicalbasis of rhyme(through the necessaryphonological
equivalency of rimebetween word pairy effects of rhyme on behavioural responses
are often discussed in terms of phonological priming, phonologicdy matched
primestargets requiring less processing than mismatchmdrs (Coch et al. 2008
Khateb et al., 2007 However, this is noto be confusedwith traditional definitions of
primingas in semantic priming, for example,iniother priming paradigms e.g., masked
priming In the context of cognitive psychologhe phenomenon ofriming "refers to
instances in whic prior experience with a specific stimulus influences subsequent
behavior [sic] in the absence of intentional remembrance a form of indirect,
nonconscious, noweclarative, or implicit memory" (Wagner & Koutstaal, 20028.
Based on this definitiongognitive effects requiringmore than onerelated stimulus
presented in series might be better considered as working memory effects because the
first stimulus of the pair, the prime, is required to be actively held in working memory
until the subsequenttarget stimulus is perceived and a comparison between them
made, reflecting "intentional remembrance'in terms of processinghen, it appears
the keyconceptualdifference betweertraditional priming andpriming effectsrelated
to working memoryconcernsthe aspecs of implicit memory andconscious rehearsal
The keypractical difference, therefore, appears to be the taskd what the task

encourages to happen in the intstimulus interval between prime and target in terms
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of that working memory if the task is somewhat independent of the prirfidRGET
association,such asa lexical decision to the target stimuthis can be traditional
("nonconscious") priming but if the task is linked to the relationship between "prime"
and "target", such as rsponding whetherthe prime and target rhymejt is not
traditional priming per se. This can also be conceptualized as whether cognition is
working "backwards" (traditional priming, not explicitly aware of needing to retain the
prime) or "forwards" (explitawareness that there is potentially an association between
prime and target and, therefore, the need to retain the prime).

The rhyme effect from a rhyme judgement task is not priming in a traditional
senseand requires explicit rehearsal and use of tHeopological loop (for the correct
responses and the effect itselfCiting Brown (1987), Coch et al. (2008, p231) explains
§Z § "EZCU]JVP ig Pu vSe €¢] « E <uJ€E 8Z § SZ Vv JVP <}puv
in working memory for later comparison to th €Ju }( 82 8§ EP §_ v §Z
phonological loop of working memory is usaa store and manipulatgohonological
information. Traditional priming meanwhiledoes not impact accuracy directigcause
the taskfor which accuragis being measurede.g.,LDT for semantic priming3 not
directly related to the prir-TARGE&ssociation and isreimplicit retroactive effect
Whether through rehearsal or recall, the orthography and phonology of the prime is
(re)processed alongside that of the TAR@&Thg arhyme judgement taskresulting in
the primeTARGET congruence effects (in terms of orthographic and/or phonological
interference) that are the focusf the currentstudy. Therefore the term priming will
still be usedin describingthe orthographic and phonological relationship between
primes and targetsbut referring to a process of conscious rehearsal and intentional

remembrance.
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Considering mgual rhyme recognition as the retrieval of phonological
representations of orthographic inpsitand using internal phonological rehearsal
recall mechanisms to compare them, a visydonology processing pathway might
seem most efficient. However, VWR tasks rooted in phonologych asrhyme
recognition need implicit orthographic activation fotthe inherently required
phonological accesgAlario et al., 2007)so a visuaphonology pathway would not
suffice. Essentially, the route to phonology requires initial orthographic processing
through an initial visuabrthographic processas postulagd in weak phonological
theories of VWRRastle & Brysbaert, 2006Reading the individual (high frequency,
familiar, real) words of a rhyming pair, therefore, theoretically follows a direct
orthographiesemantic route that activates the corresponding phonol¢@pltheart et
al., 2001) Such an account might be acceg&aif rhyme recognition was truly polarized
and did not involve orthographghonology interactionghat have been shown to inhibit
behavioural and influence ERP responsesFor instance, behavioural and
electrophysiologicakffects have been reported frora range of phonologgriented
stimuli, such as homophongg.g., CarrascOrtiz et al., 2012a)pseudohomophones
(e.g., Wheat et al., 2010pnd matched word onseté.g., Ashby, 2010as well as
rhyming and norrhyming pairqe.g., Alario et al.,@07; Grossi et al., 2001; WebEox
et al., 2003) The occurrence afuchinhibitive phonological effectge.g., longer RTSs,
different ERP amplitudethan neutral control conditionsin any paradigm, however,
suggests that attempts to access stimulugpblogy are made, but processing conflicts,
whether between phonology and orthography or phonology and another factor, lead to
inferior performance(Van Wijnendaele & Brysbaert, 2002Phonological activation

when reading phonologgriented stimui, sut as rhymesand pseudohomophones
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should supersede angomplications foprocessingsuch as incongruent orthography in

a rhyming pair However, phonological activatiatoes notalways resolveonflicts with
orthographic processings with orthographicaly dissimilar rhymes.g., gown-own,
coneown (Grossi et al., 2001; Webé&iox et al., 2003)which speaks to the relative
strength of orthography in VWR. Furthermore, if phonology was accessed directly from
the visual input, before or withoubrthographic processing, the result would be
sufficient for such phonological decisions as rhyme judgement to be successfully
completed without any interference from orthography However, orthography
phonology conflicts do occAlario et al., 2007; Welnd-ox et al., 2003)mplying that
responses are based on a preliminary level of orthographic processing that precedes full

phonological activation.

7.2.2Visual rhyme judgemerdffects

Efiects of rhyme on behavioural and electrophysiological measiluesagVWR are well
documented manifesting as faster behavioural responsesritgming pairsand ERP
differences between rhymingnd non-rhyming pairgCoch et al., 2008; Khateb et al.,
2007; WebeiFox et al., 2003) Observing an overall rhyme effect, such faster
responses to rhymes than nahymes(Coch et al., 2008; Khateb et al., 2007; Weber
Fox et al., 2003Yequires only straightforward rhyming and nomyming stimulus pairs
For instance, a simple task could just includéhographicallysimilar rhymes P+O+
e.g., fileMILE) which are fully congruent antchvolve cumulative orthographic and
phonological priming, and orthographicalhdissimilar noarhymes P-O-, e.g., joke

GATE) which do not involve any elements of explicit orthographic or phonalal
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priming NeitherP+O+or P-O- rhyme pairs however, evoke the processing conflicts of
pairs that are overall incongruent in the sense of either their orthography or phonology
does not agree with the rhyme/nerhyme status For instance, in an ortha@mal design
of rhyme judgement task, there would alsothe orthographicallydissimilar rhyme pair
(P+QG, e.g., goaBOWL), with its combination of phonologicariming and
orthographical incongruenceandthe orthographicallysimilar norrhyme @-O+ e.g.,
worm-FORM) with its inhibitive orthographgeimingin a norrhyming pai(WeberFox
et al., 2013)both of whichprovide direct contrast with respective congruent controls
(P+O+P-O-). The incongruertonditions P+Q, P-O4) are particularly important due to
the inherent emphasis on phonologyrhyme judgement that can neither be mediated
nor fulfilled based on the degree of orthographic correspondence between primes and
targets(Bitan et al., 2007) Orthographicallydissimilar rhyming pairé”+Q) have little
or no orthographic correspondence, potentially suggesting an incorrectringme
response, while orthographicalimilar nonrhyming pairs (P-O9 have almost
complete orthographic correspondee, leading toward an incorrect response that they
rhyme. Furthermore, ths cognitiveconflict from incongruent stimulus pairs, such as
bassface (P+Q) and couchtouch (P-O4), illustrates an intrinsic link between the
orthography and phonology of words terms of the way they are read, showing how
orthographic priming can be facilitative or inhibitive to phonological proceg§ingh et
al., 2008)

All conditions, congruent or not, rhyming or not, requirgéernal phonological
evaluation which is empasized by the orthogonal desigmheoretically, bwever, only
the P+Q pairs have an orthographic reason to be checked, whilet+pairs, due to the

orthographic similarity that lulls readers into a false sense of security, do not. The
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increased processing complexityof orthographicallysimilar nonrrhymes P-O4) in
particular could be described in terms of inhibitpemingdue to the initial perception
that the words are phonologically similar based on orthographic similarity and pre
phonologicéd visual/orthographic processing, which then conflicts with phonological
evaluation(WeberFox et al., 2013)This implies serial processing, following the concept
of extracting phonology from the orthographic input and assuming orthographic

processing tooccur before phonologica(lseeﬁﬂ. While orthography is the more

immediately salient stimulus property (and whether orthographic processing precedes
or occursalongside phonological processing), it is likely to have the initial influence on
processing, even if phonological processing has a stronger influence in later timeframes
(Grossi et al., 2001; Khateb et al., 2007; Webex et al., 2003) Incorrect respnses
are, therefore, likely made based on the orthographic relationship between stimuli that
misleads the reader into thinking that the words sound simiariGP-O+) orthat they
do not sound similaas inP+Q), which points to orthography having tletrength to
influence processing in a phonological tg8%eberFox et al., 2003}-urthermore, as
phonological congruence typically has a stronger influence on word processing than
orthographic congruence when orthographic and phonological factors arepulated
orthogonally (Alario et al., 2007)the incongruent conditions are likely to have
differential effects in VWR. For instan&Qis likely to have a stronger and facilitative
effect, whileP-O+is likely to be the most inhibitive and disrupito VWRGrossi et al.,
2001; Khateb et al., 2007; WebEobx et al., 2003)

When orthographic evaluation does not match the phonological conclusion, as
in rhyme judgement of orthographicaltyissimilar rhymesR+Q) and orthographically

similar norrhymes P-O+), behavioural performance, as observed through significantly
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longerresponse times andighererror rates compared with other conditior(8Veber

Fox et al., 2003)is worse than for congruent condition®40O+ P-O-) due to the
orthographyphonology conflict that needs to be resolvéRugg & Barrett, 1987)Not

only are responses tB-O+pairs notably more difficult than t&+Q in phonologybased
VWR taskge.g., rhyme judgement, LDT with pseudohomophonssth incongruence
has also been found to increase activation of both orthographic and phonological
*Ce+3 ueU ]v]8] 8]vP ~ 3i(Bitan etlaf, 2007 Pas et al., 201@sulting

in moduhtions of later ERRgarly N450, Grossi et al., 2001; N450, Khateb et al., 2007;
N350, Webeiox et al., 2003) Therefore, a orthograply and phonolog dointeract
during VWR cognitignquestiors concern how and whenconflicts occur. These
guestions not only extend to bilingual readers for the same reasoms native
monolingual readers, but for the additional perspective of hokhographic and/or
phonological *%. S }( ]ollvprafilexe[g.,phonologicall as in SpanisBnglish

or logographt L1 as in Chinedenglish)might influencelL2 processing in terms of
behaviouralperformance andrain activity during VWR.

Asvisual rhyme processing mulsigicallybe based on orthographic evaluation
to some extent, incongruent orthography (in terms &+Q and P-O+ where
JESZIPE %ZC } « v}§ phendogy ard] ftis tFeorrect rhyme decision)
could interfere with a direct orthographisemantic or orthographiphonology route. It
is, therefore, not unreasonablhat complementaryparallel processedjere referring
to the potential for the orthography and phonology of th@&get to be processed in
parallel as opposed to series (i.e.prthographyWphonology could ease such cognitive
conflicts For instance,a visual/orthographic pathway to phonologiGrainger &

Holcomb, 2009)parallelorthographic/phonologicaprocesing (McClelland & Rogers,
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2003) orgraphemephoneme conversiofColtheart et al., 2001h some casesould be
used to resolve the orthograpkghonology conflicthrough additionakvaluationof the
input stimulusand consequent provision ghore evdence to influence VWR and the
cognitive/behavioural responseThe orthogonal design of the rhyme judgement task
with all four permutations of orthographic and phonological congrueried+ P+,
P-O+ P-O-) allows observation of which orthographic and/or phonological element(s) of
the prime TARGET associatianBuenceresponses to the targetEffects of incongruent
conditions in visual rhyme recognitiga.g.,P+Q, P-O+) could be the result of a lack of
cooperation in parallel processing stemming from the disagreement between
orthographic activation and thphonologybasedcorrect rhyme decisiofor the target
stimulus (Cornelissen et al., 2009; Grainger & Holcomb, 2008tcountsinvolving
parallel pocessing.g., BIAMGrainger & Holcomb, 2008hd/or orthographysemantic
routes thatalsoactivate phonologe.g., DRQColtheart et al., 200Inight both predict

the processing conflicts of the incongruent conditions to occur within a similar
timeframe. However this assumes orthographic and phonological processing to require
similar cognitive resourcesin terms of importance to the task at hand extent of
cognitiveworkload which may not be the casand is, therefore, an important question

for the current research

7.2.3ERPsaind effects ofhyme

Previous studiesusing the rhyme judgement paradigm(comparing participant
responses to rhyming and nehyming word pairshave understandablyysedit almost

exclusively for investigating rhynrecognitionand, in terms of ERP studies, theer
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N350/N450 components Principally non-rhymingword pairshave consistently been
reported to elicit largelamplitudes when compared witthyming pairgCoch, Hart, &
Mitra, 2008; Khateb et al., 20Q7sanetimes regardless of orthographic similarity
(Botezatu et al., 2015n the 308500ms timeframe associated witd350 N400,and
N450 componentsLanguageelated krain activity underlying visual rhyme recognition,
however, is norhyme-specificand the languagerelated brain activity associated with
rhyme recognition, such as the N450attuned to (and arguably dependent on) earlier
orthographic and phonologicgbrocessing mechanismsar(d interactions between
them)that underpinthe aforementionedacilitative or inhibitiveeffectsof rhyme(Bitan

et al., 2007; Rugg & Barrett, 1987; Welbarx et al., 2003) It is the combination of
underlying and/or precedingprocessing and brain activitthat culminates in any
differential behaviouraleffects and sufficient work has not been done on ERP activity
that potentially culminates irexplicit phonological processing ouits, such ashyme
recognition In other words, visual rhyme recognition is basedtbe processing of
interactive visual, orthographic, and phonologicalputs that must converge for the
resulting recognition o rhyme. Therefore,it is not unreasonable to accept thidter

ERP componestreflecting rhyme recognition(e.g., N450) would be influenced by
earlier orthographic and/or phonological processes not specifically related to rhyme
recognition Moreover, orthographic and phonological processing, including the
resolution of conflicts between them, have been posited to occur much earlier than the
N350/N450 tineframe(e.g., Klein et al., 2015; Pammer et al., 2004; Wheat et al., 2010)
with phonological effects prior to 200ms influencing reale word recognition
processes, while effects at such later ERP timeframes as N350 and N450 correspond with

phonologicaintegration at a sentence levéAshby, 2010)
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ERP studies using visual rhyme recognition consistently report a selection of later
(post300ms) components associated with rhyme processing (e.g., N350, N450), where
non-rhyming pairs are found to elicitmgller N350 and larger N450 amplitudes than
rhyming pairgGrossi et al., 2001)The rhyming effecon theN450 has also been found
to be less pronounced to orthographically similar alphabetic word gé&lhen et al.,
2010) suggesting it to be affected by orthography as well as being an index of
phonological processin@Botezatu et al., 2015) Modulationsof central and parietal
N450 and left frontakentral N350 amplitudes hawasobeen attributed to interactions
between orthography and phonology in batlative (Khateb et al., 200 @ndL2readers
e.g., Chines&nglish bilingualéChen et al., 2010kuggesting potential similarities of
rhyme processing ihland L2reading of Englisife.g., WebeiFox et al., 2003) This
provides important rationale for extending the investigation of ERP components
preceding tlese N350/N450effects (e.g., P1, N170) th2readers of English and from
populations with significantly different language profiles (Spafislish and Chinese
English, respectively).In particular, pre200ms ERP activity can be examined for
evidence of how similar (or diffent) such early orthographic and/or phonological
processing isvithin and between native English and ESL groups during. VIAGR
instance, similar ERP activity between groups would signify a similar VWR approach to
understanding writtenEnglish, whether ak1 or L2, while distinct ERP patterns could
show a tendencyor not) for L1 processing strategi@se., accommodatiorgver learned
L2 methods(i.e., assimilation) More specifically,occipital/occipitotemporal and
frontal-central activity (i.e.P1-O/P1-OTand N106FQ will be examined between groups
to seehow such earlyinitial processing obrthograply and phonology, respectively,

might manifest in readers with different language profiles.
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The task methodologyf Botezatu et al. (2015though concentrated on the
N450rhyme effect(and, therefore,with a very different focus in terms of ERPs and
analysi$, was almost identical and tested a very similar set of groups to the current
study (English monolinguals, Spaniahglish, and Chinedenglish, but early not late
bilinguals), so providea usable benchmarkNo rhyme effectwas observedbetween
conditionsthat usedorthographically similar worsl(e.g, right-fight, dough-cough i.e.,
P+O+and P-O+4) on ERPbetweenEnglish, SpanisBnglish, and Chinedenglish groups
(as in the current researchalbeit with more fluent early bilingua)s which was
concludedto meanthat the phonological processing underlying rhyme judgement is
similar acrosd.1and L2readersof Engish (Botezatu et al., 2015)n the same study
(Botezatu et al., 2015)the rhyme effect on N450 amplitude from orthographically
dissimilar pair{P+Q) was shown tdoe modulated bythe factor of group This N450
rhyme effect was larger in English than ChinEsglish, but no differenbetween
SpaniskEnglistandeither other group, which was taken as evidence for the N450 being
a phonolog-based index of language proficiencgue to the bilingual groups in
particular not being matched in English proficieranyd the SpanisiEnglish participants
having the advantage of alphabeBgperience(Botezatu et al., 2015However, which
aspects of L2 proficiency, such as the extidait L1 orthography and phonologyan
influence L2 phonological processingand more broadly how an alphabetic or ron
alphabetic (e.g., logographic) L1 profidan influence L2 VW&e still unclear These
findings highlight the importance and potential influence of orthography on
phonological processing in phonologitadks but thenecessaryprain activitypreceding
rhymeeffectsremains to be sufficiently investigated, especiatiyicerningts similarity

in LlandL2readers.

280



Other previous studies also usedry similartask methodologes, using all the
same orthographic and phonological manipulations for the same condjte@ the
current study WeberFox et al. (2013) wasne such studyusing English words with
native English participants, so the behavioural restiitt showed most impact from
orthographically similar nonhymes (e.g., gowsown) are at leastdirectly relevant to
the current study However, the ERP focus was on the lat866] amplitudesof which
reflecting orthographicand phonological congruercas well as rhyme while latency
being leftlateralized across conditiongnd, most significantlyanalysis used peak

measuresof amplitude and latency, which should be avoidedhwiit very good reason

(Luck, 2014seealso §5.3.3.3. Classon et al. (2013yas another study using eery

similartask methodology (in itshort ISliteration of the rhymetask), showinghigher
error ratesin incongruentthan congruent pairand in P+Q than with no mention
of response time differencesHowever,the studyused Swedish stimuli and Swedish
participants(i.e., very different language profiles), atid ERP focus wadsomainly on
later activity N400,N45Q P600 and, again using peak measuresThat saida 100-
iliue ~2E7_+ Agas ¢dnsidered (Classon et al., 2013), thowgBonly examined
at centro-parietal sites not involved in the current research and no effects were found
in the comparable short ISI study, the stretch of inference required would be unwise.
In a potentially comparable study with a directly relevant sangfl€hinese
English late bilingusl Chen et al. (2010) observetorter response times for rhyming
than nonrhyming English word pai@gs well as ceiling effects for accuracya basic
rhyme judgement taskisingEnglish stimuli However,there was no manipulation of
orthography, just phonology via rhyme and ndiyme conditions using only

orthographically incongruent conditiorf®+0 and P-O-) and the sole ERP focus was on
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the laterN45Q Similarly,Coch, Hart, and Mitra (2008) also usethare limitedrhyme
judgement paradigm witbut orthographic manipulationsand observed larger
N400/N450 amplitudedor rhyming than norrhyming word pairsin native English
participants Unfortunately,response times were not recordexhd, urthermore, the
ERP focus was strictly dhe N400/450 and CNV (contingent negative variation)
components and, therefore, onlgn frontal and central sites, respectiyeandat later
timeframes Lastlythe participants and stimuin Khateb et al. (2007) were Frendtut
a comparable rhyme paradigm was used anedr¢his some linguistic overlap between
both English and Spanish with French, respectiveljthembservation of largeteft
fronto-tempord N350 to non-rhyming than rhyming pairs could still be worth
considering especially in relation to the early left fronteéntral activity under scrutiny
in the current researchHowever, in addition to the ERPcits again being on the
N350/MN450, only phonologically related (i.e., rhyming) and phonologically unrelated
(i.e., nonrhyming) conditions were used and it was unclear about orthographic control
or manipulations of conditions, leavingeaningfulinference &out the current study
difficult.

It isimportant to reiterate that thesestudies and theiconclusionsvere based
on activity ofthe laterlargely rhymespecificN450component(~450ms posstimulus)
and the destination does not denote the routaken As discussed earliet,is still not
known what happens in terms of orthographic and phonological processing underlying
the associated rhyme effectproviding a valid timeframebefore this N450 activityo
explorethat coincides with thdirst ~200ms posstimulus known to be vital in VWR

The nature of rhymespecific activatiorfe.g., N450 at ~450ms)rislatively latein terms

of typical VWR timing (S?.Zand§4.4.1 , thusallowing thestudyof earlier processes
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without impact of thelater rnyme effectand focusing instead on thstimuluslevel
orthographic and phonological foundations of VWR through earlier ERP aetiyity1

OT, N10€FC, N174DT. Activity up to ~200ms has been linked with both orthographic
and phonological processir(¢lolcomb & Grainger, 2006¢ffects of vihnich have been
shown to be dependent on the type of priming, where modulation from orthographic
primingthrough orthographically similar primes and targetas found to occur earlier
than from phonological primingrom phonologically similar primes and targets
(Grainger et al., 2006)Broadly coinciding with either P1 or N170 timeframes, occipital
activity at 50175ms ("P120") and 15P50ms ("N180") and temporal activity at -75
200ms ("N120") have been reported both primes and targets in visual rhyme tasks
(Grossi et al., 2001)Furthermore, ERP activity leading up to ~200ms in silent reading
activities has been suggested to reflect the detection of conflict between sublexical
orthography and phonology basexh early analysis of the visual input and violations of
expectations of orthographic fornClasson et al., 2013yhich fits with the kind of
processing required for incongruent rhyme/nonyme pairs. Importantly, the activity

that underliessuchan index of phonological processiag the rhyme effeds the activity

that isnot onlycritical to understanding howative readers process written language,
but how bilinguals with different L1 profiles read their.LBowever, the details of how
this earlig activity contributes to the recognition of orthography and phonology before
rhyme processing is not yet clear and whether such earlier electrophysiological brain
activity shows similar patterns to the documented later rhyrmeéated components is
germaneto the current research Further investigation into the early orthographic and
phonological processing that precedes the N350/N450 rhyme effects inldaahd L2

readers is, therefore, required.
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The early timeframe focus of the current researfctiows the argument that
there must be processing of and, possibly, interactions between orthography and
phonology earlier than the aforementioned N350/N450 rhyme effects to allow the
overall rhyme effect to existConsidering rhyme effects in terms of cognithaesmatch
(either just between phonological codes of prime/target or also involving orthographic
congruency), internal orthographic/phonological processing during visual rhyme
judgement could be related to mismatch negativaipserved on earlier components
(e.g., Froyen et al., 2010; Frances et al., 20&f¢rean oddball stimulus interrupts the
continuous processing aod repeating stimulus or stimulus typde.g., the letter n
presented repeatedly, interspersed with a pseudorandom lexjeHowever there are
distinct differences in the underlying processes involved in typical mismatch paradigms
(e.g., visual and auditory are not orthographic and phonological, respectivdty)
particular, phonologyrelated effects from tasks involving the auditory modality have
been shown to influence such early <200ms EEG/ERP processing, potentially suggesting
that comparable influence could be observed in VVWRurthermore, it should be
emphasized that orthographic, phonological, and rhyme effects do also occur in L2/ESL
readers e.g., Botezatu et al. (2015), so such early activity also requires investigation in

L2readers.

7.2.4The current study

The theoretical rationale for Study 2 follows tmeain aims of the thesis in terms of
observing the nature of early p200ms orthograpi# and phonolog-related

processing and how it might differ based orthographic and phonologicalspects of
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distinct language profile (English, SpanisBnglish, and GheseEnglish. In terms of
methodology, the current study is very similarttee aforementionedBotezatu et al.
(2015)study, which used an ERP approach to observe rhyme effects on N450 amplitude
in English monolinguals alongside Spastisiglish, and Chinedénglish bilinguals via a
rhyme judgement task that also manipulated orthographic congruence between word
pairs The key éparturesfrom prior researchof the current study are the focus on
amplitudes and latencies of much earlier #80ms ERP activijtyfollowing the
objectives of the thesisjn addition to the novel methodological perspectivef
incorporating all orthograpic and phonological manipulations into one single
orthogonal paradigm and analysis instead of analyzing orthographically similar and
dissimilar word pairs separate{where all pairwise contrastald notbe examinedl
The use of a rhyme judgement paradigto investigate underlying and early
orthographic and phonological processing is a major part of the original contribution to
knowledge for the current researcht is alsoimportant to note thatthe hypothesized
priminginvolved only real English word@sboth prime and target positions amhole-
word consciousonline processingas opposed tomasked or partialpriming as in
Holcomb & Grainge2006) Wheat et al(2010) and others

While rhyme itself may not be the crux of VWR or readinggttieographic and
phonological activation required for its recognition form the backbone of written
language comprehensionit is, therefore, pertinent to examine how these processes
fare in ESL readers with different language profiles in contrast to #isen group,
allowing insight into all groups' VWR processd&Sonsequently, Wwether orthographic
and phonological priming manifest similarly in native and ESL readeféaticular

interest.
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7.2.4.1Hypotheses

As in Study 1suchnovelty of method andspecift aimshas a sideeffect that no prior
research precisely fits the bill for hypothesis creation or direct comparisons of results
For instance, prior rhymbased ERP studies in V\(&Ry., Botezatu et al., 2015; Coch et
al., 2008; Khateb et al., 2007; Wekeox et al., 2003)sed similar task methodologies,
but different analysis approaches with different research objectives and none with the
focus on early ERP measures as in the current study. Howaleenentsof some
previousstudiescan still be cafld upon for insights if not direct comparisottsform
broad hypotheses

In terms of kehaviour more errors and longer response timae expected from
orthographic primingthan phonological priminghat will be stronger and more
influential on processing e.g., larger effect sizesNonrhymes with congruent
orthography P-O4 will pose most difficulty for all groups, followed by rhymes with
incongruent orthographyR+Q), resulting in slower responses with more errors than
the relative control{P+O+P-O-). Based on bilinguals being more reliant on wdedel
processing in L2 as opposed to sublexical processing (Diependaele, Dufiabeitia, Morris,
and Keuleers, 2011), it is reasonable to consider the ESL groups having fewer issues with
the orthograghically congruent nomhymes P-O+4) and orthographically incongruent
rhymes P+Q). However,the mismatch betweenorthographc congruenceand the
correct answer for the tasks anticipated tobe sufficient to make these conditions
difficult for both native and ESL group&vidence foik l-oriented processing in thESL

groupsis expected tde observed through hographically similar nonhyming pairs
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beingmore cognitively demanding for the Spanishglish grou@and orthographically
dissimilar rhnymes wikdisadvantage the Chinegenglish group.

Behavioural responses are expected to be faster and more accurate for
orthographically congruent rhymes (compared with atrtymes) and orthographically
incongruent norrhymes (compared with rhymes) with the lattdreing the least
cognitively taxing overal(Botezatu et al., 2015) Taking behavioural performance
further, it is expected that theP>-O+ condition will cause the greatest orthography
phonology conflict, which will be clearly observed in the behavioural results, followed in
terms of difficulty by thé®+Q condition. The congruent conditionB{O+andP-O-) are
not expected to present diffulties in responses and there is little reason to suggest that
patterns of behavioural results will differ between groups for these relative control
conditions.

Regardingdifferences between groupsthe relatively shallow orthographic
depth and phonologil nature of Spanishnd the reéted greater reliance on spelling
sound associationBotezatu et al., 2015prthographic congruence in nemymes(as
in P-O+) is expected tdoe most problematic to Spanidbnglish readers of EnglisiBy
extension, it $ reasonable to consider that effects associated with VWR found in
SpaniskEnglish readers of English reflect orthograjpinynology conversion processes
Furthermore, readers with an orthographically deep or complex L1 (e.g., English,
ChineseEnglish) aréess likely to use such an assembled strategy, instead using a-whole
word addressed approac{Botezatu et al., 2015)It should be noted, however, that
such a wholevord strategy requires sufficient proficiency and experience, meaning it is
imperative for groups to be matched on these factoas in the current research

credible comparisons of orthographic and/or phonological processing are to be made.
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The nature of the relationship between behavioural and ERP effects in such
conditions is unknown, lut is expected that the N170 at least in the native group will
reflect stimulusrelated orthographic/phonological processing required for the task
Phonological priming (through the contrast betwe®- and P+Q) will be reflected in
ERPs at100ms in the native grouprlhis could also be observed in the Spastisiglish
group if a phonological approach to ESL reading is not used and in the Chimglsh
group if an orthographic/wholevord approach to ESL reading is usddcongruent
orthography (O conditions) will be reflected in the N170, potentially in all groups due
to its importance in orthographic processing and the necessity of phonology for the task,
as well as the stimuli all being real words that are familiar to all groups (crtese).

In terms of ERPghe welldocumented effects of rhyme on the later N450
component where amplitudes are higher for nelmymes than rhymese(g., Botezatu
et al. 2015),along with thepostulationthat brain activity preceding this timeframe
(~300500ms)is involved with orthography and/or phonologyake it reasonable to
considerthat earlier ERP responses (e.g., at ~100ms and/or ~170ms) wiltedllsct
differences based on the orthographic and/or phonological processing required
(dependent on codition). Due to moredirectly comparable rhymbéased studies not
investigating the same groups and/ontally,the same ERP timefraraklustersasthe
current study, hypotheses of ERP differences will be kept bemadtwotailed. They
will be based ontie associations of pr200ms ERPs (e.g.,-P1 P1OT, N10€-C, and
N1700T) and orthographic and/or phonological processing using different task
methodologies For instance, the aforementioned masked priming studies that
highlighted the early ~100ms phological activation and serve as rationale for the

N10GFC investigation in the current research all allow relevant infer¢aae, Klein et
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al., 2015; Wheat et al., 2010}t is, therefore,hypothesized that phonologicaiffects

will be observedon N1®-FC in English and SpanBhglish groups (due tbfelong
experience of an alphabetic script and graphepi®neme conversion)following
Wheat et al.(2010) Pammer et al(2004) and Klein et al.(2015) Based on its
involvement in orthographiphonological mapping when reading alphabetic scripts
(Amora et al., 2022; Dien, 2009; Yum & Law, 2081Y0-OTresponses in the native
group are expectedto show differential responses to orthographic and phorgtal
congruenceand phonological effects are alsmticipatedacross groupsinless VWR
strategies are similar between groups Orthographic priming meanwhile, is
hypothesized to influence P@ and PAOT measures across groups, while orthographic
incongrience is also expected to be pertinent to these and the NO7TD Between
groups, differences in ERP measures are expected due to the distinctions in language
profile between the groups, reflecting greater sensitivity to phonology in the Spanish
English anén orthographic focus in the ChineBmglish groupslt is hypothesized that
N10GFC and N1ADT will show phonologselated effects in the SpanidBnglish group

and that orthographyrelated effects on RO and PAOT will be found in the Chinese
Englishgroup. Difference inamplitude or latency would support the notion that the
group with an orthographically shallow L1 (e.g., Spanish) processes alphabetic scripts

differently than readers with a more deeply orthographic L1 (e.g., English, Chinese).
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7.3 Method

7.3.1Participants

Participants for Study 2 were the same as for Study 1 §5e&for details) data from

each participant being collected for both studies in the same session

7.3.2Design

As outlined in sectiOE and in more detail throughoy?.2| Study 2 used a rhyme

recognition task (RRT) based on phonologicahingin which the participant must
indicate whether each presented stimulus pair rhymes or not. The variant of RRT used
in this research builds othe basic polarized rhyme design (rhyme vs sthpme) by

using an orthogonal design, the framework for whihas been established in the
literature (e.g., Classon et al., 2013; Grossi et al., 2001; Weberet al., 2003) This

task methodology is used to focus on orthographic and phonological priming, as the

main psycholinguistic phenomena, along with tpetential interaction and conflict

between orthography and phonologyTable35|illustrates the four conditions, which

represent the withinparticipants factors of phaological (P) and orthographic (O)
similarity (+) and dissimilarity -)( operationalized through orthographic and
phonological priming between forty stimulus pairs of real English words per condition
(seeAppendixM for full stimulus list) Effectively,P4O+stimulus pairs look like they
rhyme and do rhyme (e.g., fHdILE) P-O+pairs look like they rhyme but do not rhyme
(e.g.,worm-FORM)P+Q pairs do not look like they rhyme but do rhyme (e.g., goal
BOWL), andP-O- pairs do not look like they rhyme and they do not rhyme (e.g.,-joke

GATE).
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Table35: Characteristics of RRT conditions with stimulus examples

Phonologicail Phonologically

congruent P9 incongruent P-)
Orthographically

file MILE worm FORM
congruent O+
Orthographically

goal BOWL joke GATE

incongruent O-)

Forming an orthogonal design by employorghographicallydissimilar rhymesR+Q),
orthographicallysimilar norrhymes P-O+4) in addition to the standard rhyme®{0+}

and nonrhymes P-O-) allows the relative strengths of orthographic and phonological
processes to be explored concurrently tapide insight into the extent to which they

are used in VWR. Such a design allows direct focus on orthographic and phonological
processes througlthe facilitative orthographic or phonologicgriming or inhibitive
orthographiceffects they incufRastle & Brysbaert, 2006; Riele et al., 1996; Seidenberg
& Tanenhaus, 1979)Theseare reflected in anyhyme-related facilitative or inhibitive
effects that can be compared directlgAlario et al., 2007; Ashby, 2010; Van Orden,

1987).

As inTable35angFigure22| primes were presented in lower case and targets

in upper case to reduce potential effects physical familiarity, visual repetition, and visual
coding (Baddeley et al., 2002; Landi & Perfetti, 2Q0which could and likely would
confound results(Holcomb & Grainger, 2006) For instance, ohtographically and

phonologically congruent pairs in lower case (e.g., file, mile) would also be visually
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congruent, which the mismatch of letter case helps to prevent, leading to all pairs being
visually incongruent.

Additionally the taskwas implementedacross two separate variants (RR&nd
RR1B),the order ofwhichwas fully counterbalanced within each group and participants
completed the Study 1 tasks in between, which acted as a palasnser for the
iterations of RR{though all participants had sufficient breaks between as well as within
taskg. The RRTA and RR1B variantsdiffered only in that the stimulus pairs were
reversed in one compared to the othen order to counterbalance position and
(lower/upper) case per stimulu¥/érgaraMartineza, Perea% LeoneFernandez2020)

For examplefile-MILEiIn onevariant becamenile-FILEN the other, therefore using the
same stimuli in both possible prime and target positioA#though repetition of stimuli
might appear methodologically -#ldvised due to potential priming effects conflicting
with performance andesults (indeed, repetition of phonological forms was removed
from the Study 1 stimuli), carefully controlled and purposeful repetition of stimuli across
trial blocks can be a methodological boon. Wheat ef2010) for instance, employed
the same taget stimuli three times per participant within a study. This approach can
radically improve signab-noise ratio due to doubling (or tripling in the case of Wheat
et al.(2010)the number of trials and therefore increasing internal reliability anadhtzl

of the findings(Luck, 2004) Furthermore, using stimuli in both prime and target
positions (in different trials) can also control any effects of stimulus order within trials
(Luck, 2004) As mentioned, however, the order of the variants wasnterbalanced
within each group, which also controls for any potential priming effects between
repetitions of stimulus pairs (i.e., between variants). This way, any priming effects

occurring between trial blocks and/or visual effects occurring betweemgsi and
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TARGETS would beeraged out Any priming effects between trial blocks would likely
be minimal, though, due to beingffectivelymasked by the tasksf Study lin between

and through the use cfommonhigh frequency wordéRugg, 1990) Furthemore, it is
expected (due to the relative ease of the taskerall the aforementioned high
frequency of the stimuli, and the English language proficiency of the participants) that
ceiling effects of accuracy will be observead most conditions suggestingthat
participants already know whether or not the pairs rhyme and therefore that repeating
them would not have a significant impact on performance or response. For
transparency and to reduce any effects of participants realising the stimuli are repeated,
participants were informed that the secondRRTtrial block would involve the same
stimuli. Overall, using the two variantdoubles the potential number dfials for the
analysesand, therefore, improves the quality of data per participan{increasing the
number of trials is important to improve sigA@-noise ratig, while also
counterbalancing any adverse effects from using just one of the pfiARGET orders

per stimulus pair.

Figure22|shows the sequence of each of the 160 pseudorandomly presented

RRT trial§40 per condition) The ISI between fixation and prime as well as between
prime and target stimuli was pseudmrdomly jittered, using a rectangular distribution

of times (150, 200, 250, 300, 350, 400ms) that follow the 60Hz refresh rate (16.67ms
refresh duration) of the monitor and allow for the recommended minimum SOA of
640ms(Perfetti & Liu, 2005)creating avariable SOA. The mean ITI was 2000ms and the
mean total trial duration was 4660ms with a minimum of 4300ms and maximum of
5000ms. Each variant of the RRT was expected to last approximately 14 minutes

including two ~iminute and one ~3ninute breaks.
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Figure22: Stimulus presentation format of a single triate rhyme recognition task

Contamination and potential confounds can be miraed by matching prime®n

psycholinguistic factors (seﬁ across conditions In some paradigmsised to

examine orthographic and phonological processprgnes arepart of the experimental
manipulationandhavwe different properties between conditionss in different stimulus
types as primege.g., pseudohomophones, Wheat et al., 2QHdd onsetbased partial
orthographic/phonological primes(e.g., Ashby, 2010) This is an important
methodological point forlterhyme task in the current stugas both primes and targets
are always real words and matched on the aforementioned psycholinguistic factors
between all conditions with conditions only differing based on ¢hinographic and/or

phonologicalelationshipbetween primes and targets within each condition.
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As with Study 1, measures of behavioural performance and EEG were recorded
to all behavioural targets. Electrophysiological responses to primes were also recorded
in order to compute primeaarget ERP diffrence waves for each condition per group as
well as a collapsed measure of sgmaissive responses to real words. While maintaining
important design characteristics concerned with early processes and the ERP
methodology (e.g., timing constraints), all @ts were made to make the tasks as
straightforward and relatively easy as possible for participants. Wdstargely because
two of the three groups are not native English speakers and the task being unnecessarily
difficult could confound results. Hower, it should be noted that th&-O+ stimulus
pairs (e.g., beatHEAD) are typically more challenging for any participants, native
readers or otherwis¢Coch, Hart, & Mitra, 2008; Webé&ox et al., 2013) As well as
completing the orthogonal design of the RRT, this condition was important for
maintaining attention, helping keep participants focused and avoiding strategy
formation. Therefore, while re$ts and responses to this condition are of significant
interest to the research, poorer performance is expected and neither analysis nor

conclusions rely on it.

7.3.3Stimuli

The principes of stimulus creation (se15.4.3 and stimulus matching (sﬂ were

also followed for the stimulin Study 2, though, due to the design, more details and
stipulations are required. Four equal conditiofs-Q+P+Q, P-O+ P-O-) of 40 stimuli

each formed the main stimulus sets IRRTA and RRTB from 320 different real words
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that adhere to the stimlus criteria outlined in secti@b.4.2(seeAppendixM for the full

sets).

7.3.3.1Stimulus control

Appropriate statistical tests verified that there were no significaft( ( & v« ~rAXifis

on a stimulus level between conditions for any controlled psycholinguistic factors (see

85.4.1), as well as no significant differences betweemmes and targets within each

condition. As irregular words are integral to the experimental manipulations of the
current study, particularly the incongruent conditiorB+Q, P-O4), it is important to
note that controlling the relative frequency and fdrarity of stimuli was especially

essential to reduce or remove effects of regularity. Descriptive statistics for RRT

stimulus properties are showin| Table36jandTable37,

Table36: Means (standard deviationsj RRIA stimulus properes(RRTA primes RRTB
targets)

P+O+#n=40) P+Q(n=40) P-O+(n=40) P-O-(n=40)

Letters 443 (0.5)  4.43(05)  4.28(0.45) 4.33(0.47)
63.63

CELEX frequenty  60.22 (74.67) 72.52 (92.35) 50.57 (57.07)
(94.41)
422.7 423.6

Subjective frequendy 444.08 (79.8) 433.03 (98)
(126.34) (135.69)

1914.08 1901.49 1933.06 1851.35
Bigram frequency
(1279.43)  (1381.78)  (807.56) (1507.57)
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757.46 639.52 962.18 603.02

Biphone frequency

(951.75) (523.01) (1368.95)  (694.73)
Neighbourhood 7.63(3.89) 7.43(4.61) 7.85 (4.63) 8 (4.6)
Phonological

15.35 (7.56) 17.75(6.67) 15.53 (7.84) 17.68 (9.24)
neighbourhood

476.33 489.13 419.7 479.13
Imageability

(182.79) (145.47) (218.95) (181.94)

294.10 320.10 346.12 336.57
Age of Acquisitioh

(80.36) (78.85) (88.47) (82.93)

1 British Englisi Balota, Pilotti, & Cortese (2003)Token measuré }03Z EHetri&ved from the
MRC database (Coltheart, 1981Not all stimuli have AoA values in the Bristol norms (Stadthagen
Gonzalez & Davis, 2006), #e entered number of stimuli/values per analysis were lower than the
number of stimuli in the respective condition.

Note: Unless otherwise specified, all stimulus data was retrieved usivatdh (Davis, 2005).

Table37: Means (s&andard deviationspf RRTB stimulus propertie$RRTB primes RRTA
targets)

P+O+n=40) P+0 (n=40) P-O+(n=40) P-O-(n=40)

Letters 4.43(0.5) 4.43(05) 4.28(0.45) 4.35 (0.48)
115.22 75.91

CELEX frequenty 49.7 (86.12) 43.39(59.04)
(307.05) (157.77)
437.73 423.65 442.93

Subjective frequency 443.8 (91.34)

(121.65) (134.08) (99.59)
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2016.83 1676.54 1990.25 1521.42
Bigram frequency

(1335.9) (943.36) (877.7) (1222.64)

1261.8 645.81 081.11 807.37
Biphone frequency

(2010.25)  (58423) (1445.55)  (1502.51)
Neighbourhood 8.13 (4.24) 5.63(5.04) 7.35(3.66) 6.9 (4.79)
Phonological

17.45 (7.02) 16.6(7.78) 15.1(8.13) 16.9 (7.45)
neighbourhood

492.73 452.3 449.25 485.63
Imageability

(163.47) (185.98) (177.9) (197.43)

305.04 320.85 303.11 288.04
Age ofAcquisitiort

(67.97) (78.31) (78.59) (80.21)

! British Englisi Balota, Pilotti, & Cortesé€2001) Token measuré }o03Z EHetrigved from the

MRC database (Coltheart, 1981Not all stimuli have AoA values in the Bristol norms (Stadthagen
Gonzalez & Davis, 2006), so the entered number of stimuli/values per analysis are lower than the number
of stimuli in the respective condin.

* The mean and SD f&+O+requency are notably high due to the inclusiortiaie (CELEX=1792.91).

Note: Unless otherwise specified, all stimulus data was retrieved usivatdh (Davis, 2005).

7.3.3.1.1Scalebased support

The validity of the RRT stimulusipggin terms ofthe extent they rhymed or did not
rhyme) were also checked independently and separately from the main experiment.
Scalebased survey data for each stimulus pair were collected online from 12
anonymous individuals who did not participate the main research. These surveys

were conducted using Qualtrics on the participants' own personal devices at their
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leisure. Participants were shown the rhyming and orthographically congrieidy,
rhyming but orthographically incongruen®{Q), orthographically congruent but nen
rhyming @-O+4), and the phonologically and orthographically incongrueRtO)
stimulus pairs used in Study 2. While the stimulus pair was stdcoeen, participants
were asked to rate each stimulus, in their own time,aoscale of &, where 0 denoted

the stimulus pair did not rhyme at all and 5 denoted the stimulus pair rhymed perfectly.
Stimulus pairs were displayed one at a timénmal (24pt) with both stimuli orscreen
together, positioning to the left of centre arto the right of centre, respectively, which

clearly distinguished them as separate stimuli. As response time was not important or

being recorded, this was sufficient for the purpose of the suryEgble38{shows the

means, standard deviations, and range of each stimulus type.

Table38: Descriptive statistics of RRT stimulus checking surveys

Mean SD Range
P+O+ 4,73 0.33 3.27 t5.00
P+Q 4.53 0.36 3.27 t5.00
P-O+ 0.63 0.30 0.00t1.33
P-O- 0.00 0.01 0.00t0.08

Means for all stimuli were within expected thresholds of the first quartile for rhyming
pairs P+O+P+Q) and the fourth quartile for nomhyming pairs R-O+ P-O-), strongly
supporting the stimuli for use in their respective conditian3he resultsalso showed

the expected pattern according to rhyme likeneBs:O+ P+Q >P-O+>P-O-.
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7.3.3.2Semantic association testing

As outlined in sectijﬁA.l.S phonological and semantic processing are directly linked

(Brunswick, 2010and £mantic relatedness between word pairs in a priming paradigm
(such as the one used in the current study) has been widely documented to facilitate
processing of target stimu(e.g., Franklin et al., 2007; Grossi et al., 2001; Moreno &
Kutas, 2005)semartic activation must also be balanced across conditiimnsinimize

any involvement of semantic processirtpat could confound observations of
phonological (and orthographic processing of interest to the current research
Therefore, tocheck that no pairs fostimuli (whether they were to be presented as
stimulus pairs or notwere significantly related semanticallgll 102,080 possible
combinations of real word pairs from the 320 RRT stimuli were submitted for matrix
comparison using Latent Semantic AnaysSA; Landauer et al., 1998)ue to the vast
amount of data that is obtained through such analysis for so many combinations of word
pairs, only a summary will be provided here.

As an indication of the semantic relatedness within the entire stimsleis
(C:unrelated to trelated), the mean for the 149 pairs (0.29% of all pairs) that achieved
greater than 0.5 on the LSA output was 0.6 (SD=0.08) with a range 60.8%1
However, only 19 of these achieved greater than 0.7 and only 2 above 0.8, whéeb

were presented together as experimental stimulus pairs or in adjacent trials.

7.3.4Apparatus

The materials used for Study 2 were identical to those used for Study 1, details of which

can be found in sectigh.5
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7.3.5Procedure

Participants were asked to indieaas quickly and accurately as possible whether or not
stimulus pairs rhymed. Responses were made to target stimuli to denote rhyming pairs
(P+O+and P+Q) and nonrhyming pairs P-O+and P-O-) by pressing the appropriate
button of the two allocated butins, which were counterbalanced within participant
groups. It was clearly explained what constitutes a rhyme and that only
ear/sound/phonological rhymes (e.dgve-dove as found in songs and poems) were
acceptable and that soalled eye rhymes (e.demondemor) were not admissible as
rhymes in this task and should be deemed wbgming. The same instructions,
examples and practice were given to all participants iratié@mpt to control demand
characteristics As practice, four trials for each condition, which were not part of the
main test stimuli, were pseudorandomly presented to participants exactly as in the real
experiments. Practice trials were completed befthe task and evaluated by both
researcher and participant to ensure the participant understood the requirements of
the task. Following successful practices, half of each group comRRaA before
RR1B and the other half completedRRTB before RRTA, all of whom completed the
tasks of Study 1 in between RRT variants. Participants winened that the second
variant was the same as the first rhyme task in terms of what they had to do and the
words they would see but werstill reminded of the instrutons and prompted to
complete practice trials again to ensure their understandifgch variant of the RRT

took approximately 14 minutes including two -Alinute and one ~3ninute breaks.
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7.3.6 Analysis

First, a brief overview of the conditionsha P+O+ condtion represents both
orthographic and phonological repetitio®+Q reflects phonological repetition with
orthographic conflictP-O+involves orthographic repetition with phonological conflict,
and P-O- provides a control condition with no explicit ortgaaphic or phonological
repetition, only stimulugype repetition (i.e., another word) The fully congruent
conditions P+O+andP-O-) wereused as relative controls and baselines to compare with
the incongruent conditiondR+Q and P-O+). Congruent anthcongruent conditions will
be compared directly to focus on orthographic processgd+sP+Q and P-O- vsP-
O+ and phonological processinB{0O+vs P-O+and P-O- vs P+Q), respectively, while
also allowing subtractive methods (e.g., differences betwee® andP-O- to represent
phonology; differences betweeR-O+and P-O- to represent orthography). ThE-O-
condition also actas an overall control, as it involves n@agineme or phonemelevel
orthographic or phonological priming.

GComparisons between conditiongi.e., responses to targetsighlight the
relative strengths of the associated orthographic and phonological procesdiheg.
extent of difference between condtions highlights which components/areas are
sensitive to stimulusype repetition, orthographic repetition, phonological repetition,
orthographic conflict, and phonological conflictSignificant differences between
conditions can be attributed to differe contrasts of orthographic and phonological
priming dependent on the control condition used. The contrast betwe&randP-O+
provides a measure of orthographic priming, while a difference betwR@&nandP+Q
reflects phonological priming. Alternaely, comparingP+O+with P+Q indicates

phonological repetition or conflict of orthography, while the contrast betw®si©+and
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P-O+ demonstrates orthographic repetition or conflict of phonology. Taken a step
further, effect sizes of each contrast cam sedfor insight into which is most influential
on VWR in terms of their respective effects.

Apart from the additional considerations for ERP analysis due to the nature and
complexities of priming and counterbalancing acrvgs separateinstances of théask

(described earlier in this chapter), Study 2 will follow many of the analysis principles as

Study 1 (as described §b.7), focusing on the a priori contrasbetween groups and

experimental conditionsA mixed factorial ANOVA was conducted per behavioural
measure (accuracy, RTs to TARGET stimuli) and ERP component/cluster/measure
combination (PA0 amplitude/latency, POT amplitude/latency, N16BC
amplitudellatency, N1760T amplitude/latency)For the behavioural data, a univariate
two-way (4) x 3 mixed factorial ANOVA with one witharticipantsfactor of Condition

(P+O+ P+Q, P-O+ P-O) and one betweesparticipants factor of language group
(English SpaniskEnglish ChineseEnglish was performed per analysi$or ERP data, a
univariate mixed factorial 4 (Conditio®®+O+ P+Q, P-O+ P-O-) x 2 (Hemisphere:
left/right) x 3 (GroupEnglish SpaniskEnglish ChineseEnglish ANOVA was conducted

for each combination of component/cluster (e.g., -©1 N17060T) and measure
(positive/negative amplitude, 50% positive/negative area latency). Corrections for
Al}o 8]}ve *%Z E] ]85C ~ }E JvP 8} D u ZoCJ[* & 5« A E %
and interactions involving the 4evel within-participants factor of Condition, using
Greenhouse' J*+ E ~AZ v xDiX6& o & +AZVVZ. \here@ppropriate,

the ANOVA outputs will be followed by relevant pairwise gust results (using the
Tukey correction for group comparisons and the Holm correction for wHipioup

comparisons) Only statistically significant results will be reported and any main effects,
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interactions, and poshocs not reported can be understood as rsignificant Full
statistical outpus, including 95% confidence intervabse includedin AppendcesN

(behavioural) O (ERP amplitudes) arR{ERP latencies)
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7.4 Results

For the measures of accuracy, response times, and each ERP component/region

measure(segFigure8|for the layout of electrode clustersjhe following sections will

include descriptive statistics and inferential statistical test results from the contodists
groups English SpaniskEnglish ChineseEnglish and experimental condition@+0O+

P+0Q, P-O+ P-0.).

7.4.1Data preparation

Across botrRRTA and RRTB, 4.60% of English, 5.65% of Spaitisiglish, and 6.42% of
ChineseEnglish RT scores were removed doeoutliers (absolute values<200ms
>2000msor Hi X860 ~ (E}u )5SAs RT and ERP analyses only involves correct

responses, 6.22% of English, 35.42% of Spdmgiish, and 28.73% of Chindseglish

data was not included in RT or ERP analysegTabke39|for overall accuracy data)

Apart from accuracy in thB-O- condition showing a nomormal distribution inEnglish
andSpaniskEnglishacrossRRTAandRRTB (based orZskevws-1.96 andZkurtosis1.96),
representing a ceiling effect that is expected for native alphabetic readers in such a

relatively easy and congruent control condition, all variables were within reasonable

parametric boundaries in terms oformality and outliers{Table39 shows that each

group performed very similarly acroBRTA and RRTB, validating the plan to collapse
across task iterations, usiiRRTA and RRIBfor counterbalancing, and to analyRRT
AandRRTBas one Supporting this statistically, all pairesdmpled-tests betweerRRT
AandRRTB, conducted per condition within each group, showed rsignificanced E r «

foraccuracy and RTs AX1iTAU }v{colEededy $eAppendixQ for full output).
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Table39: Overall accuracy (%) means (SDs) across all conditidRR¥rand RRTBin all
groups

English SpaniskEnglish ChineseEnglish
RRTA 95 (3.52) 64.28(8.28) 71.28 (10.53)
RRTB 93.38 (4.7) 64.88 (8.77) 71.25 (7.98)
Overall 93.78 (4.17) 64.58 (7.83) 71.27 (90)

7.4.1.1Pre-analysis item evaluation

While interlingual relationships in the stimuli were avoided wherever possible, the Study
2 stimulus sets included Spanish noun and cogbatee which has distinctly different
pronunciation between English and Spanidteither behavioural nor ERP respeago

these stimuli were outliers in the dataWith just this one (0.31% of stimuli), true
interlingual stimulus conflicts were, therefore, minimal, effectively random throughout
the experimental procedure, and without the power to influence averaged aller
results While such a small minority is highly unlikely to affect any behavioural or ERP
analysis, especially after sufficient and rigorous data cleaning and processing (e.g.,
artefact rejection, filtering, averaging, outlier removal), all data asdedi with them

was removed from analysis This, combined with the comprehensive pseudo

randomization and counterbalancing, minimizes any detriment to the analysis.

7.4.2 Accuracy

Figure23showsthe mears and standard deviations faccuracyfor eachcondition of

the RRTor all groups
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Figure23: Descriptive statistics faRRT acuracy (% errors) for all conditions across all gsoup
(error bars represent SDs)

The (4) x 3 ANOVA showed significant main effects of Condition,
F(1.93,109.91)=237.58D X i i i,60{ &1, and Group(2,57)=86.95 D X 11 i;8((#5), as
well as a significant interaction of Condition x Group on accuracy,
H3.86,109.91)=36.5pD X 11686 Pairwise msthoc comparisors between
conditions (within groups) and between groups (within conditions), respectively, are

reported below.

7.4.2.1Between conditions, within groups

Accuracy toP-O- was higher than td®+Q in SpaniskEnglish p<.001,MD=39.78=2.1,
andChineseEnglishp<.001,MD=23.99=1.27, but not irEnglish Likewise, acuracy to
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P+O-+was also higher than toP+Q in Spansh-English p<.001,MD=28.88=2.64, and
ChineseEnglishp<.001,MD=17.28=1.46, but not irEnglish Theseresults reflect the
inhibitive orthography/phonology incongruence i+Q negatively impaghg accuracy
in the ESL groups.

Accuracy toP-O- was higler than toP-O+in English p=.023,MD=11.68=1.39,
in  SpaniskEnglish p<.001, MD=74.3875.45, and in ChineseEnglish p<.001,
MD=58.770=2.97 as expected due to the relative difficulty ¢fie incongruent
orthography/phonology irP-O+andthe ease ofP-O-. Similarly, acuracy toP+O+was
higher than toP-O+ in all groups:Englishp=.042,MD=10.94i=1.2, SpaniskEnglish
p<.001,MD=63.44=2.64, andChineseEnglishp<.001,MD=52.06=2.55 These results
reflect the inhibitive orthography/phonology incongruencePi®+negatively impacting
accuracy across all groups.

Accuracy to P-O- was higher than to P+O+ in SpaniskEnglish
p=.042,MD=10.9l=0.68, but not inEnglishor ChineseEnglishindicating that the lack
of any orthographic or phonological similarityRO- facilitatedand/or the presence of
both orthographic and phonological priming B¥+O+did not facilitateaccuracyin the
SpaniskEnglish group, while these cwal conditions were responded to similarly in
English and Chinedenglish groupd.astly, acuracy toP+Q was also higher than tB-
O+ in SpaniskEnglish p<.001,MD=34.58=1.37, and in ChineseEnglish
p<.001,MD=34.78=1.67, but not inEnglishas expeted for all groups (including the
native English) due to the relative difficulty of the orthographically similarngme

condition P-O4).

308



7.4.2.2Between groups, within conditions

Between groups, @uracy toP+Q was higher irEnglishthan in bothSpaniskEnglish
p<.001,MD=37.508=2.83, andChineseEnglish p<.001,MD=24.21=1.96, while also
higher inChineseEnglisithan SpaniskEnglishp=.024,MD=13.36l=-0.77. As expected
due to the relative difficulty obrthographically similar nonhymes, acuracy toP-O+
was also higher iEnglishthan in bothSpaniskEnglish p<.001,MD=64.75=5.19, and
ChineseEnglish p<.001,MD=51.68=3.21, whilealsohigher inChineseEnglishthan in
SpaniskEnglish p=.029,MD=13.13d=-0.74. Accuracy was not significtlp different

between groups to eitheP+O+or to P-O- (the relative control conditions).

7.4.3Response times

Figure24{showsmeans and standard deviationsrefsponse times across all groups and

conditions of the RRTAcross all groupground5% of RT scores were removed due to

outliers @.60% of Englisig.42%60f SpaniskEnglish, an®.65% of Chines&nglish).
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Figure24: Response times (ms) for all conditions across all gr@ups bars represent SDs)

The (4) x 3 ANOVA showed significant main effects of Condition,
R(2.08,118.51)=155.,D X i1 8028, and GroupF(2,57)=33.85 D X 11,6084, as
well as a significant interaction of Condition x Group on response times,
H4.16,118.51)=12.78D X 11 i,d &L Posthocs between conditions (within groups)
and between groups (within conditions), respectively, are reported belogvin Tables

46-51.

7.4.3.1Between conditions, within groups

Between conditions, asponse times td®+Q were slower than toP-O- in Spanish
English p<.001,MD=260.4d=1.54, andChineseEnglish p=.001,MD=126.35¢=-0.87,
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but not in English indicating an effect of the incongruent orthography/phonology of
P+Q and the phonological dissimilarity RO-. Likewise, response times @+Q were
slower than toP+O+in SpaniskEnglish p<.001,MD=157.3d=-1.63, and inChinese
Englishp<.001,MD=106.14¢0=-1.6, but not inEnglish this timeshowing the impacof
the congruent orthographyphonology and phonological priming R+O+and the
incongruent orthography/phonology &+Q.

As expected,asponse times t&-O+were slower than td>-O- in Englis, p<.001,
MD=151.07, d=-3.42, SpaniskEnglish p<.001,MD=421.28d=-3.22, and Chinese
Englishp<.001,MD=253.48¢d=-3.22 Response times tB-O+were also slower than to
P+O+ in English p<.001,MD=155.98¢=-3.21, in SpaniskEnglish p<.001,MD=
318.18d=-2.04, and inChineseEnglish p<.001,MD=233.27d=2.58 Both results
support the notion of orthographically similar nehymes (P-O+ and their
orthography/phonology incongruenagegatively impacting behavioural responses.

Response tnesbetween the relative controlgvere faster toP-O- than to P+O+
in SpaniskEnglishonly, p<.001,MD=103.1d=-0.58 showing that theoresence of both
orthographic and phonologicakiming inP+O+did notfacilitate responsdimesand/or
the lack of any orthographic orphonological similarityin P-O- resulted in faster
responsesn the SpanistEnglish group, while tlsecontrol conditions were responded
to similarly in English and ChineBaglish groupd.astly, esponse timedetween the
incongruent conditionswere slower toP-O+than to P+Q in English p<.001, MD=
110.84, d=2.28, in SpaniskEnglish p<.001,MD=160.88¢=1.07, and inChinese
English p<.001,MD=127.13¢=-1.10, as expected due to the relative difficulty of the

orthographicaly similar noarhyme condition P-O4).
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7.4.3.2Between groups, within conditions

Between groups,asponse times were faster Englisithan in SpaniskEnglisito P+O+
p<.001,MD=317.27¢g=1.83, to P+0, p<.001,MD=429.42d=2.59, to PO+
p<.001,MD=479.47d=3.42, and toP-O-, p=.005MD=209.25d=1.56 as expected
considering therelative differences in language profiles between groups i.e., English as
L1 for English, L2 for Spanishglish Expected also and for the equivalent reaspn
responses ireEnglishwere also faster than ilfChineseEnglishto P+O+ p<.001,MD=
256.59d=-1.85, toP+Q, p<.001,MD=317.58¢=2.11, toP-O+, p<.001,MD=333.87¢=-

2.59, and toP-O, p<.001,MD=231.46¢=-1.99. Response times betweeBpanish

Englishand Chirese English however, did not differ significantly to any condition.

7.4.4ERPs

The following sections document left and right occipital P2@loccipitotemporal P1
(PL:OT) and N170 (N170T), and frontatentral N100 (N10&C) ERPs from tlanglish

SpaniskEnglish andChineseEnglishgroups to the RRT conditionB{O+P+Q,P-O+P-

O). SegFigure8|(5.6.2.9 for the electrode cluster layout.

7.4.4.10ccipital P1 (P10)

Figure25|depictsoccipitalERP data to RRT conditions at 100ms.
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Figure25: Evenirelated potentials and topographic voltage maps of left and right occipital
clusters at 10ms forRRTconditions(P+O+P+Q0,P-O+P-O-) across groups
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7.4.4.1.1P1-Oamplitude

Table40lshows means and standard deviations for pf®RGET differencesgostive

area amplitude measures of Fl across conditions and groups.

Table40: Means (SDs) of F@ amplitude primél ARGET differences (uV)

Condition Hemisphere English SpaniskEnglish  ChineseEnglish
P+O+ -0.33(0.58) -0.32 (0.54) -0.44 (0.51)
P+Q et -0.46 (0.56) -0.21 (0.41) -0.35 (0.52)
P-O+ -0.38 (0.55) -0.94 (0.86) -0.31 (0.72)
P-O- -0.28 (0.56) -0.17 (0.32) -0.47 (0.43)
P+0O+ -0.4 (0.51) -0.19(0.4) -0.38 (0.61)
P+Q . -0.57 (0.56) -0.25 (0.45) -0.25 (0.54)
P-O+ Right -0.4 (0.57) -0.76 (0.72) -0.39 (0.63)
P-O- -0.3(0.49)  -0.05 (0.39) -0.35 (0.57)

Means below zero reflectlarger (more positive) amplitude to TARGET stimuli than primes.

The (4) x (2) x 3 ANOVA showed a significant main effect of Condition,
H3,171)=7.15% D Xii ipd &, and a significant interaction of Condition x Group,

H4.12,117.29)=8.46,D X 11 ip;5023, on PXO amplitude Averaging across
hemispheres, poshocs showed primd ARGET differences of-Blamplitude toP-O+

were significantly larger than t8+0+p<.001,MD=0.59=0.74 inSpaniskEnglish

7.4.4.1.2P1-0 htency

Table41|shows means and standard deviations for pr®RGET differences in 50%

positivearea latency measures of f#l across conditions and groups.
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Table41: Means (SDs) of RQ latercy primeTARGET differences (ms)

Condition  Hemisphere  English SpaniskEnglish  ChineseEnglish
P+O+ 3.21(3.55) 0.63 (3.58) 0.01 (3.7)

P+0 et 2.77 (2.72) -0.2 (4.68) -0.09 (4.67)
P-O+ 1.98 (3.39)  0.11 (4.39) 1.93 (4.34)
P-O- 3.44 (3.68) 0.13(2.92) -1.32 (3.55)
P+O+ 1.36 (4.81) -1.32(3.3) -1.07 (4.39)
P+Q _ 1.46 (5) -0.67 (3.44) -1.51 (5.32)
P-O+ Right 0.69 (4.2)  -1.97 (4.13) 1.2 (6.09)

P-O- 2.8(4.55)  -1.36 (4.45) -1.16 (4.84)

Means above zero reflect a shorter latency to TARSIEWIi than to primes; means below zero reflect a long

latency to TARGET stimuli than to primes.

The (4) x (2) x 3 ANOVA showed main effects of Hemisphere,
H1,57)=6.66) A X 1i180.8, and Group on RQ latencyH2,57)=6.04 A X i 1 3+0{14,

as well @a significant interaction of Condition x Grol6,171)=2.86 A X i i i;gd.@9,

on P10 latency Averaging across hemispheres, pbsts showed no significant effects
on primeTARGET differences between conditions (within grauf@gtween groups,
however, primeTARGET differences linglishP1-O latency toP-O- (averaged across
hemispheres) were significantly larger tharGhineseEnglishp=.014, MD=4.3d=1.17

The primeTARGET differences reflected shorter latenci&niglisrand longer latencies

in ChineseEnglisito P-O- TARGETS
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7.4.4.20ccipitotemporal P1 (PA0T)

Figue 26|depictsoccipitotemporalERP datat 100msto RRTconditions.

Figue 26: Eventrelated potentials and topographic voltage maps of left and right
occipibtemporal clusters at 100ms fdRRTconditions(P+0O+P+0,P-O+P-O-) across groups
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7.4.4.2.1P1-OTamplitude

Table42shows means and standard deviations for pAf&@RGET differencespositive

area amplitude measures of AT across conditions and groups.

Table42: Means (SDs) of FQT amplitude prim@ ARGET differences (uV)

Condition  Hemisphere English SpaniskEnglish  ChineseEnglish
P+O+ -0.49 (0.53) -0.31 (0.39) -0.44 (0.53)
P+Q et -0.52 (0.47) -0.18 (0.31) -0.3 (0.4)

P-O+ -0.47 (0.5)  -0.59 (0.69) -0.22 (0.55)
P-O- -0.5(0.61)  -0.22(0.37) -0.47 (0.48)
P+0O+ -0.38 (0.61) -0.26 (0.36) -0.54 (0.63)
P+Q . -0.63 (0.47) -0.39 (0.44) -0.39 (0.48)
P-O+ Right -0.6 (0.61)  -0.75(0.58) -0.49 (0.48)
P-O- -0.63 (0.64) -0.27 (0.47) -0.55 (0.55)

Means below zeroeflect a larger (more positive) amplitude to TARGET stimuli than primes.

The (4) x (20 x 3 ANOVA showed a main effect of Condition,
H3,171)=2.7%9 A X1 0 gF0.05 and a significant interaction of Condition x Group,
H6,171)=6.2 D X ii ;g 88, on PAOT amplitude Averaging across hemispheres,
posthocs showed that prim@ ARGET differences $paniskEnglishP1-OT amplitude

to P-O+were significantly larger than tB+0+p<.001,MD=0.39=0.75, larger than to
P+Q, p<.001,MD=0.38l=0.74, and larger thato P-O-, p<.001,MD=0.42i=0.78 There

were no significant posghocs between groups for any condition.

317



7.4.4.2.2P1-OT htency

Table43|shows means and standard deviations for prfm®RGET differences in 50%

positivearea latency measures of #IT across conditions and groups.

Table43: Means (SDs) oftFOT latency prim@ ARGET differences (ms)

Condition  Hemisphere  English SpaniskEnglish  ChineseEnglish
P+O+ 2.32(2.77) 0.89 (2.88) 1.03 (2.21)
P+Q et 2.24 (1.96) 1.54 (2.66) 0.75 (2.15)
P-O+ 1.89 (3.17) 0.63 (4.71) 1.68 (3.72)
P-O- 1.81(2.1)  1.95(2.54) -0.2 (2.53)
P+O+ 1.93(2.58) 0.75(3.12) -0.24 (2.2)
P+Q _ 2.16 (2.35) -0.17 (3.66) 0.39 (2.31)
P-O+ Right 2.17 (2.27) -0.91 (4.58) 0.82 (3.52)
P-O- 1 (2.53) 1 (2.92) 0.48 (2.96)

Means above zero reflect a shorter latencyTBRGET stimuli than primes; means below zero reflect a sh

latency to primes than TARGET stimuli.

The (4) x (2) x 3 ANOVA showed a main effect of GRRER7)=4.28 A X 1i G0{1&

andasignificant interaction of Condition x Groug6,171)=2.9p9 A X i1 $+0{0®, on P41

OT latency Averaging across hemispheres, however, gusts showed no significant

differences in primeTARGET differencestweenconditions or groups.
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7.4.4.3Frontal-central N100 (N10GFC)

Figure27|depictsfrontal-central ERP data at 100nie RRT conditions

Figure27: Eventrelated potentials and topographic voltage maps of left and rigiital-
centralclusters at 100ms fdRRTconditions(P+0O+P+Q,P-O+P-O-) across groups
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7.4.4.3.IN100-FCamplitude

Table 44 shows means and standard deviations for prM®RGET differences in

negative area amplitude measures of N4BG across conditions and groups.

Table44: Means (SDs) of M0-FC amplitude prim@&@ARGET differences (uUV)

Condition  Hemisphere English SpaniskEnglish  ChineseEnglish

P+O+ 0.35(0.33) 0.19 (0.3) 0.24 (0.32)
P+Q 0.48 (0.37) 0.19 (0.31) 0.32 (0.33)
P-O+ 0.42 (0.38) 0.34 (0.35) 0.4 (0.41)

P-O- 0.48(0.39)  0.09 (0.3) 0.29 (0.34)
P+O+ 0.26 (0.26) 0.08 (0.24) 0.25 (0.3)

P+Q Right 0.27 (0.24) 0.13 (0.3) 0.36 (0.32)
P-O+ 0.27 (0.29) 0.24 (0.4) 0.32 (0.35)
P-O- 0.19 (0.33)  0.16 (0.27) 0.21 (0.31)

Means above zero reflect a larger (maregative) amplitude to TARGET stimuli than primes.

The (4) x (2) x 3 ANOVA showed main effects of Condition,
H3,171)=5.1§) A X 111,80.88, and Hemispherg(1,57)=5.9% A X i i xtD{lgas well as
a significant full threaevay interaction of Condition x Hasphere x Group,
H5.18,147.52)=2.2p, A X 10 g=0.08, on N10HFC amplitude. Pairwise pelbcs
showed primeTARGET differences in N1BG@L) amplitudes toP-O- were larger in

Englishithan SpaniskEnglishp=.037,MD=0.3@=0.75

7.4.4.3.2N100-FC atency

Table45|shows means and standard deviations for pr®RGET differences in 50%

negative area latency measures of NI0O across conditions and groups.
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Table45: Means (SDs) of N1&EC latency prim&@ ARGET differences (ms)

Condition  Hemisphere English SpaniskEnglish  ChineseEnglish
P+O+ 0.47 (2.78) -1.11(3.34) -0.63 (3.49)
P+0 et 1.31(2.48) -1.6 (3.87) 0.57 (3.5)

P-O+ 0.73(3.58) -2.42(3.67) 1.2 (3.38)

P-O- 1.26 (2.6)  -1.28 (3.07) 0.78 (3.63)
P+O+ 1.22 (2.95) -0.18 (2.78) 0.77 (2.52)
P+Q _ 2.51(4.31) 0.34(2.59) -0.8 (3.32)
P-O+ Right 1.29 (3.57) 1.8(4.13) -1.51 (3.69)
P-O- 3.21(3.39) -0.42 (2.55) -1.53 (2.68)

Means above zero reflect a shorter latency to TARGET stimuli than primes; means below zero reflect a

latency to primes than TARGET stimuli.

The (4) x (2) x 3 ANOVA showed a significant

main effect of Group,

H2,57)=5.81p A X i1 i 0D{17 as well & a significant interaction of Hemisphere x Group,

H2,57)=6.759 A X111850.89, and a significant thregay interaction of Condition x

Hemisphere x Groupk(6,171)=6.35% D X 11 i,6.#8,0on N10GFC latency. Postocs

revealed that primeTARGET differencasSpaniskEnglisiN100FCL)latendesto P-O+

were significantly smaller than N1JFER)p<.001,MD=4.220=-0.8, where N10dFGR)

to P-O+ reflected shorter latencies to TARGETSs, while NA@D) exhibited longer

latencies to TARGETEheprime-TARGET differences in N3#BGR)latency toP-O- were

significantly larger irEnglishthan in ChineseEnglish p<.001,MD=4.7%=1.56 The

prime-TARGET differences reflected shorter latencida@ TARGETthan to primesn

English but longer lataciesto P-O- TARGETihan primesin ChineseEnglish
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7.4.4.40ccipitotemporal N170 (N176DT)

Figue 28|depictsoccipitotemporalERP datat 170msto RRT conditions.

Figue 28: Eventrelated potentials and topographic voltage maps of left and right
occipibtemporal clusters at I0ms forRRTconditions(P+0O+P+0,P-O+P-O-) across groups
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7.4.4.4.IN170-OTamplitude

Table 46/ shows means and standard deviations for pr®RGET differences in

negative area amplitude measures of Ni@T across conditions and groups.

Table46: Means (SDs) of INO-OT amplitude prim@ ARGET differences (1V)

Condition  Hemisphere English SpaniskEnglish  ChineseEnglish
P+O+ -0.95 (0.75) -0.57 (0.56) -0.67 (0.5)
P+Q et -0.8(0.77)  -0.44 (0.52) -0.56 (0.44)
P-O+ -0.92 (0.92) -0.87 (0.79) -0.74 (0.47)
P-O- -0.84 (0.89) -0.54 (0.5) -0.72 (0.5)
P+O+ -0.61 (0.85) -0.45 (0.77) -0.86 (0.78)
P+Q . -0.48 (0.88) -0.39 (0.72) -0.68 (0.66)
P-O+ Right -0.68 (0.93) -0.62 (1.04) -0.88 (0.77)
P-O- -0.57 (0.66) -0.41 (0.82) -0.99 (0.77)

Means above zerceflect a larger (more negative) amplitude to TARGET stimuli than primes.

The (4) x (2) x 3 ANOVA showed only a significant main effect of Condition of©®N170

amplitude,R3,171)=7.2h D X 11,8 Bl, and there were no significant pairwsest

hocs

7.4.4.4.2N170-OT hktency

Table47|shows means and standard deviations for pAf®RGET differences in 50%

negative area latency measures of Ni@U across conditions and groups.

Tabled47: Means (SDs) of N174OT latency prim@ ARGET differences (ms)

Condition

Hemisphere

English

SpaniskEnglish

ChineseEnglish

P+O+ Left

2.54 (5.54)

0.34 (4.85)
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P+Q 2.34(4.98) 1.1 (6.26) -1.83 (3.61)
PO+ 1.42 (5.35) -0.4(9.77) -3.61 (4.46)
PO 0.48 (5.37) -0.04 (3.59) -0.7 (3.91)
P+O+ 512 (6.5) 0 (7.41) 2.33 (5.84)
P+0 Right 2.59 (4.93) -1.01 (4.18) 1.37 (6)
PO+ 5.15 (5.68)  0.27 (8.85) 1.14 (7.77)
P-O- 3.07 (4) -1.22 (4.1) 2.02 (5.97)

Means above zero reflect a shorter latency to TARGET stimuli than primes; means below zero reflect a

latency to primes than TARGET stimuli.

The (4) x (2) x 3 ANOVA showed significant main effects of Hemisphere,

H1,57)=4.35 A Xi 0 p0{07, and @up on N1760T latency,

H2,57)=3.85 A X 11012 There were no significant pairwisgrost-hoc

comparisons.
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7.5 Discussion

Followingthe main objective of the thesis,Study 2 investigat how native (English

monolingual), nomative alphabetid.1(SpaniskEnglish bilingual), and nemative nor

alphabeticL1 (ChineseEnglish bilinguall.1 profiles (as discussed§fh.1) might impact

orthographic and phonologicgrocessing of EnglishTo this endand to complement
the approachof Study 1lwith a novel perspectivebehavioural performancgvia
accuracy and response timesgnd both amplitude and latencymeasures of
occipital/occipitotemporal Plpccipitotemporal N170, androntal-central activity at
~100mswere observed during aisual rhyme judgement paradignorthogonally
matched using orthographically and phonologically congruent and incongruent word
pairs All peakingpre-200ms and theoretical precursors to later behavioural and
electrophysiological activitythese ERPcomponens in particular wereanalyzed to
examine the contribution of the occipital/occipitotemporal P1to initial ~100ms
orthographt evaluationthe potential for early ~100mghonological activityat frontal
central sites,and the nature of the occipitotemporal N170 in terms of orthographic
and/or phonological processingrhe current study combined these factansorderto
observe both behavioural and ERdicators of orthographic and phonological
processingoased ona single behavioural t&dor evidence of howmeasurescan be
similaror differentbetween different groups of English readgespecially two distinct
types of late lingual (SpanisiiEnglish and Chinedenglish).

Behavioural performancend later ERP responses in rhyme judgement have
been showrto be similarbut not identicalacrossnative Englishand ESL readers, such

as SpaniskEnglish and Chinedenglishbilinguals (Botezatu et al., 2015) Rhyme
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judgement combined with the flexible linguistic rules of English, therefore, offers a
method of investigating VWR processing across L1 and L2 readersortantly,
orthographic congruence within the word pairs is an understandably significant factor
in such visual rhyme judgements and so manipulating both orthography and phonology
of real word pairs was used to highlight the orthographic and phonological processes
used in VWRnore generally, the underpinnings of rhyme judgement.

Behavioural and ERP measures to the orthogonal conditions of the rhyme
judgement task were analyzed to investigate the orthographic and phonological
processes underlying the necessarily orthographitt phonological task of visual rhyme
recognition in native English and ESL read&lse contrast between the fully congruent
relative controlP+O+e.q., fileMILE) and?+Q (e.g., goaBOWL) reflectsrthographic
effects asboth phonological and orthogiphic primingand congruencare present in
P+O+butorthographic incongruence arahly phonological priming iR+0, leaving any
difference between them to orthographic congruenckhe contrast betwee®+O+and
P-O+ (e.g., wormFORM), meanwhile, reflext phonological effectswith only
orthographic primingpresent in P-O+ leaving any difference between them to
phonological congruence The contrast betweerP-O- (e.g., jokeGATE), the other
relative control due to involvingeither phonological nor orthagphic priming,and
P+Q also reflectgphonological effectslue toP+Q involving orthographic incongruence
and only phonological priming, leaving any difference between them to phonological
priming. Lastly, the contrast betweeR-O- and P-O+reflectsorthographic effectavith
P-O+involving phonological incongruence andly orthographic priming, leaving any

difference betweerconditionsto orthographic priming
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Moreover for ERP analyses, the priffdRGET differencaeeasuresthat were
subjected to statistical analyses are essentially the differences in ERP measue&per
timeframe/cluster between the overall prie and the target from each condition, which
reflect whether ERP amplitudes/latencies to the target were facilitated (larger
amplitudes, earlier latencies) or inhibited (smaller amplitudes, later latencies) relative
to the prime It is also important to ate that the primes provided nmdicationof the
identity or condition of their subsequent targets, but the context of the rhyme
judgement task increased awareness of phonological congruence (i.e., rhyming) and of

potentially problematic orthography.

7.5.1Behavioural performance

As with Study 1 e purpose of thebehaviourabnalysisvas twofold: to examine effects
of orthographic and phonological manipulations within a single task based on real word
rhymes/nonrhymeswithin and between the ESL groups witfferent L1 profiles (using
the native English group as a control), while providing a behavioural performance
reference point for the ERP resultdere applicable Before discussing ERP results, this
section will outline and discusghe various findings ancerning the behavioural
measures (accuracy and response times).

Between groupstesponse tims in Englishwere faster than infSpaniskEnglish
and ChineseEnglistto all conditionsP+0+P+Q, P-O+ andP-O-, while SpaniskEnglish
and ChineseEnglishdid not differ in RTs to any conditidd+O+P+Q, P-O+ andP-O-.
In terms of accuracy, there were no significant differences between any groups to either

of the relative controlsthat involved either orthographic and phonological priming
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(P+O7% or neither (P-O-), providing some validation of these conditions as controls
Meanwhile, accuracy was higher Englishthan in both SpaniskEnglishand Chinese
Englishand higher inChineg-Englishthan SpaniskEnglishfor both P+Q and P-O+
conditions showing a clear distinction for the incongrueatnditions Similarly,
Botezatu et al. (2015) reported English monolinguals to be more accurate than both
SpaniskEnglish and Chinedenglishgroups to all conditions, but only more accurate
and faster toP+O+and P-O+than both ESL group$8otezatu et al. (2015) also reported
no differences in accuracy between (early) bilingual Spargilish and Chinedenglish
groups toP-O-, but no diffeences toP+Q as well, and Spanidbnglish were observed
to be faster than ChinesEnglish toP+O+and P-O+(Botezatu et al., 2015), showing a
different pattern of results across groups than in the current study. Following the
conclusion of Botezatu et al2015) that the observed differences between Spanish
English and Chinedenglishearly bilingualswere due to Englishproficiency, these
discrepancies between studies could also be down to proficiency and differences
between early and late bilingua(gsin Botezatu et al. (2015) and the current study,
respectively)

Despite divergences fromsiudy with a verysimilarmethodology (Botezatu et
al., 2015) the accuracy and RT results from the current study are relatively
unambiguous, clearly showing the expected behavioural performance advantage of the
native monolingual English group over both ESL late bilingual groups and the relative
equivalency of thecontrol conditions across groupskffect sizes were consistently
higher in comparisons betwedanglishand SpaniskEnglisithan betweenEnglishand
ChineseEnglishfor accuracy, but were relatively similar for RTs per conditidimis

suggests the Chinedenglish group were closer to the native English group in proficiency
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for rhyme judgement tharspaniskEnglish Effect sizes in accuracy were also relatively
similar betweenSpanishEnglishand ChineseEnglishand there were no RT differences
between thesegroups, further showing similar behavioural performance between ESL
groups In contrast, Botezatu et al. (2015) observed the relative effect of the
orthographically congruent nerhyme @-O+4) to be larger in Spanisinglish than in
ChineseEnglish on bdt RTs and accuracy and larger in Spagisglish than English on
accuracy This different pattern of results can, again, be attributed to the proficiency
differences of groups between studies (i.e., early vs late bilinguals) and between groups
in Botezatuet al. (2015).

While there were no direct accuracy or RT differences between ESL groups to the
relative controlgP+O+P-O-), accuracy was higher and RTs were fatid?-O- than to
P+O+in SpaniskEnglish but not in Englishor ChineseEnglish Considering the
theoretically cumulative orthographic and phonological priming RrO+to be
facilitative (by matching congruengrthography and phonology), this finding likely
shows that the lack of any orthographic or phonological pmgmin P-O- was also
facilitative forSpaniskEnglishbut even more scomparedwith P+O+ Overall, it shows
that P-O- was an easier conditiothan P+O+and, therefore the easiest condition, at
least br the SpanistEnglish group Being observed only in the Spanishglish group
points to the shallower more straightforwardorthographyphonology processing
propertiesof the SpanisHanguagen contrast withthe more orthographically complex
English and Chinese languagé&se lack ofimilarity within stimulus pairs iR-O- could,
therefore, have beenmore readily accepted by the SpaniEhglish group and
scrutinized more by the English and Chin&sgylish groupsaccounting for this

performance difference.
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Responses were slower andcairacylowerto P+Q thanto both relative ontrols
(P+O+P-O-) in SpaniskEnglishand ChineseEnglish but not inEnglish Coch, Hartand
Mitra (2008 also found ro difference in accuracpetween P+Q and P-O- in native
English participantgshoughChen et al. (2010) found no differences in accuracy between
rhymes and nosrhymes (assumed to be equivalent B+Q and P-O-, respectively) in
ChineseEnglish late bilingualsyhich could be due to differences in stimulus aahir
participant criteria between studies. However, RTs were also observed to be faster to
P+Q (rhymes) tharP-O- (nonrrhymes) in ChinesEnglish bilinguals (Chen et al., 2010),
which is opposite from the results of the current study, but again couldibe to
differences in stimuli, as the extent of orthographic control or (inadvertent)
manipulation was not clearly reportedBotezatu et al. (2015) also reported Chinese
English bilinguals to be slower and less accuraté+® than to P-O-, but in the same
comparison Spanisinglish bilingualand English monolingualgere only less accurate
(not slower too) In any case, further replication attempts using this task methodology
and conditions is requiretb root out these inconsistencidsetween studies

The ponological primingin P+Q, despite the orthographic incongruence,
sufficed forthe Englishto be as accuratéo P+Q as the fully congruent control$+0+
P-O-). However, the incongruence of the condition overall (phonologically but not
orthographically congruent) was enough to negatively impact responses in terms of
both accuracy and RTs in both ESL grougfect sizes were generally large for all
pairwise comparisons betweeR+Q and relative ontrols P+O+ P-O-) in Spanish
Englishand ChineseEnglish mostly similar for RTsl€1.541.63) except being smaller
betweenP+Q and P-O- in ChineseEnglish(d=0.87), but distinctly larger for accuracy in

SpaniskEnglish (d=2.1-2.64) compared to ChineseEnglish (d=1.27%1.46). The
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differences m effect sizes for accuracy between ESL groups likely just reflect the
relatively poor accuracy tB+Q0 in SpaniskEnglish

Finally, acuracywas worseto P-O+than to both relative ontrols P+O+P-O-)
in all groups This wasxpectedand follows previas studies, such a&eberFox et al.
(2013) also repomgresponses being slower and less accurat®-t@+compared with
all other conditions in native English participants and Botezatu et al. (2015) iregpaiit
groups being slower and less accurateP@+than P+O+ As also expected, response
times to P-O+were slower than tdP-O-, P+O+andP+Q in all goups confirming that
this orthographically congruent narnyme condition was the most difficult condition
across groups While P-O+was fully anticipated to be the most difficult, it was not
expected to this extent and such relatively low accuracy wasobserved in previous
studies using a similar task methodology (e.g., Botezatu et al., 20@&)sidering
accuracy toP-O+was below chance levels (i.e., <50%) for bSganiskEnglishand
ChineseEnglishthough,tests of other measures involviiO+should be interpreted

with increased cautionthough, as stated in the Method sectio|r7.$.2, poorer

performancewas expectedand conclusions should notly on it.

7.5.2The orthographic nature d?1-Oand P1OT

The main purpose of investigating occipital and occipitotemporal P1 measures was to
observe the orthographic nature of Q1 and P3A0T responses to orthographic
manipulations and when only real wordare used as stimuli (as opposed to
pseudowords or pseudohomophones as in StudyMpre specifically, the aim was to

investigate any similarities and differences between native monolingual and ESL
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bilingual readers in terms of early ~100ms®hnd PA0Tresponses, brain activity not
well covered in the VWR literature, especially considering the contrasting L1 profiles
While phonological processing has not been readily associated wi Bd P1OT
activity (and was not hypothesized to be associated witinthis study either), potential
phonological leanings were not deemed a priority for the analysiswever, the task
used was designed to allow observation of both orthographic and phonological
processing, so both orthographic and phonological effedll be considered.

Between groupsprime TARGET differences of bilaterat®latendesto P-O-
were larger inEnglishthan in ChineseEnglish but not different betweenEnglishand
SpaniskEnglish nor betweenSpaniskhEnglishand ChineseEnglish the two ESL groups
This result shows a larger impact of the targeChineseEnglishcompared withEnglish
in P-O-, when the targets shared neither onset nor rime with the prime e.g.,-[6REE
This result was echoed in the behavioural analysis, refletdinger response times in
ChineseEnglish than English tB-O-. The alphabetic L1 profiles underlying VWR
processing in both English and Sparisiglish groups go some way to explain them not
being different in this regard, suggesting that processingh&t +100ms point in the
timeline is similar between them, at least in a VWR context where orthography and
phonology are underscoredHowever, if Spanisiknglish L2 processing in this context
was so similar to native English monolinguals, a differencetmagisonablyhavebeen
expected betweerSpaniskEnglishand ChineseEnglish(as observed betweeinglish
and ChineseEnglish, but none was found.

Between groups there were no significant pairwise comparisons for any
conditionon PXOT amplitude, suggeasg similar PAOT amplitudes across groups in the

context of rhyme judgement in VWR and, furthermore, that this context has no impact
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on processing associated with 1. Regarding POT latency topthere were no
significantpairwise comparisonsf prime-TARGET differencégtween conditions or
groups suggesting this early occipitotemporal ERP response was not dissimilar in timing
across groups, regardless of conditio@onsidering the associations of-BT (Dien,
2009), ths lack of statistically significant results between groups tentatively supports
the hypothesis for P-OT activity reflecting lovevel perceptual processing of
orthography (Dien, 2009), which is perceptually lower than the orthographic
manipulations in thdRRT, and that this holds across monolinguals and bilinguals, at least
when reading English.

Between conditions, th@rime-TARGET differencasbilateral P1-O andP1-OT
amplitudes to P-O+were larger than toP+O+in SpaniskEnglish which echoed the
respase time finding The contrast oP-O+andP+O+eflects phonological congruence
in that the incongruent phonology of the orthographically congruent-noymes P-O+)
influenced processing associated with the bilateral -@°IL more than the
orthographicallyand phonologically congruent rhyma3f03. However, this is at odds
with the usual visual/orthographic associations of®&and PAOT activity during VWR
(Dien, 2009) This considered, any effects observed in this timeframe1@lms,
~100ms) over ocpital or occipitotemporal areas would reasonably be expected to be
visuallorthographic in nature alsoSuch assumptions, however, are largely based on
research involving native monolingual VWR processing (and, further, typically in English
participants),not L2 VWR processing and not in bilinguals with such a fundamentally
phonological language profile as Spardisiglish participants Therefore, while a
tentative proposition without further evidence or replication, this finding suggests a

different VWR pthway in Spanistinglish bilinguals reading English.
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ComparingP-O+and P-O-, meanwhile, reflects an orthographic effect through
orthographic congruence aralateral P1OT amplitudevas alsdarger toP-O+than to
P-O- in SpaniskEnglishthus showing bdt phonological and orthographic effects in-P1
OT in the Spanisknglish group onlyThisP-O+and P-O- contrast shows influence of
the repeated orthography irP-O+ compared with the relative control that shared
neither orthography nor phonologlgetween prime and targetRO-). If the influence
of P-O+was just orthographic, an effect would not be expected between it B@+
Likewise, an effect would not be expected between it &@- if the influence was just
phonological However, both wereobserved in the SpanidBnglish group and,
importantly, there were no RPDT amplitude differences between relative controls
(P+O+1P-0O-), showing that one was no more facilitative or inhibitive than the other
Therefore, it is reasonable to attribute the$fect to the stark orthographic/phonological
manipulation and overall incongruence BO+itself, created from the combination of
orthographic similarity, phonological difference, aride context of visual rhyme
recognition.

Thelarger primeTARGET dédfencesin bilateral P1OT amplitude td>-O+than
to P+Q in SpaniskEnglishprovides further support that the orthographically congruent
non-rhyme condition P-O+) required more cognitive effort from processes associated
with the P2OT and proved the mordifficult incongruent condition compared with the
orthographically incongruent rhyme conditioR€Q). The behavioural findings terms
of RTs in every comparison wihO+concur with this interpretation, though evidence
from ERPs was only found$manishEnglish

On that point, it should be noted thdargeramplitudesto P-O+were not only

observed inSpaniskEnglishbilinguals but observedin the group with an L1 that has a
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shallow orthography, more direct orthograpiphonology mappingsand arguably a
greater dependence on phonology during VWRijle not in the English or Chinese
Englishgroups with a more orthographically complex language profiles finding only
being observed in SpaniskEnglish the group with the phonologgriented
orthographically shallow L1, is one of the most important factdtdends weight to it
as a phonological effect, suggesting that processing may work differently in Spanish
English bilinguals compared with bilinguals with a more orthographically complex
language profile Furthermore, this phonological effect not being foundEnglishor
ChineseEnglish the groups with orthographically complex language profiles is
noteworthy, as effects on PO and/or P30T would more likely require an orthographic
manipubtion in these groups.

As noted in the discussion of behavioural performance, however, the accuracy
of the SpanistEnglish group in particular for tf@O+condition require that these R1
OT amplitude results be considered with cautiofhe poorer behawural accuracy for
P-O+in SpaniskEnglishcould be interpreted as a link with the larger-BT amplitude
differences, associated with the additional processing effort required for Ri@+
condition. However, the extent of behavioural errors BO+in SpanishEnglishmake
it more likely that the significant statistical differences betweBrO+ and other
conditions are due to smaller included trial counts in the ERP averaging and, therefore,
poorer signato-noise ratio The P1OT amplitude findings prested here could,
indeed, be legitimate, but a replication with increased trial counts is required before

they can be deemed reliable.
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7.5.3Early phonological activation amtiLOGFC

As in Study 1, he focus onearly pre200ms frontal-central ERP responses to
phonological stimuli follows the compelling but somewhat controversial evidence for
phonological activation as early as ~100(esy., Ashby, 2010; Pammer et al., 2004;
Wheat et al., 2010) Due to the emphasis on phonologya VWR contexthe rhyme
judgement task of the current study was designed and is primed for evaluating such
early phonological activation with the added benefit of using real words within a single
task that manipulates orthography equivalently alongside the phonology.

Following the @il three-way interaction of Condition x Hemisphere x Group on
N10GFC amplitudepairwise comparisons showed priffTARGET differencasN100
FQLD amplitudesto P-O- were larger inEnglisithan SpaniskEnglish which is mirrored
by response times that were fasterkimglish AsP-O- involves neither phonological nor
orthographic primingdesigned as the true baseline measure for the other conditions,
prime-TARGET differencesit essentiallyeflect reading gair of orthographically and
phonologically (as well as semantically) unrelated English words in relatively quick
succession with only the instructions of the (rhyme judgement) task to influence
processing i.e., the same instructions as for all other @ars. Therefore, this finding
shows that the presentationof the second orthographically and phonologically
unrelated word resulted in a stronger N8 (L) response in English compared with the
same response in Spanifimglish Though not orthographiaor phonological priming
as discussed previously and in othparts of this analysis, it appears that the
orthographic and/or phonological novelty of the second unrelated woed, RO-
TARGET was sufficient to facilitate brain activity in left freogatral scalp sites at

~100ms posstimulus, at least relative to the SpaniBimglish group While this finding
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is not directly in line with those of Wheat et al. (2010) and Pammer et al. (2004), not
being the observation of a phonological processing diffiee between conditions per

se, it does support the notion of left frontaentral ERP activity at ~100ms being
pertinent to processing during VWRThe very early ~100ms timeframe is what was
contentious about previous reports of such early phonologicéivation and is what is

at least partially supported here.

The 1ll three-way interaction of Condition x Hemisphere x Growps also
observed for N10OGFC latency For latency, howeverN100FGER) to P-O- was
significantly larger inEnglishthan in Chineg-English which also mirrored faster
response times ireEnglish However, this is likely due to the nature of processing
between prime and target in thé-O- condition, as lhe primeTARGET differences
reflected shorter latencies tB-O- TARGETthan primesin English but shorterlatencies
to primes thanP-O- TARGETSs iBhineseEnglish In other words, targets of th&-O-
condition resulted in an earlier N1&eC irEnglish facilitating the processing associated
with the N10GFC, while the samB-O- targets inhibited N10&-C activity irChinese
English(such inhibition was alsapparentin SpaniskEnglishfor P-O-, but statistical
significancevas not reachefl

Between henspheres,prime-TARGET differences N10GFC latency td>-O+
were smaller in the left than right hemisphereSpanishEnglish where N106FGR)to
P-O+reflected shorter latencies to TARGETS, while NA@D)exhibited longer latencies
to TARGETsWhile the same caution should be taken as with the-®L findings
regarding trial counts td>-O+, the longer N10g-C(L) latency can be associated with
additional phonological processing, based on the overall phonological incongruence (in

the context of rhyme jdgement) of P-O+ Again, while not directly following the
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findings of Wheat et al. (2010), it does support the notion of phonological activity at

~100msover left frontalcentral sites.

7.5.4The nature of the N17@nd its lemispheric laterality in VWR

As withStudy 1, the attention t@ccipitotemporalN170 activity here was to investigate
its nature during VWR in terms @irthographic processing, orthograpiphonology
mapping, and phonological activation as well as to observets hemispheric
lateralization according to orthographic/phonological manipulations and differences
between groups with different L1 profilesNo relevant main effects, interactions, or
pairwise comparisons were observed fdd700T amplitué within or between any
condition, hemispheregr group Accepting that such little statistical significance from
so many calculations does not reflect Type Il errors, this widespread lack of differences
in N1760T amplitude suggests that the brain activity in this timeframe {2@0ms,
~170ms) at odpitotemporal scalp sites and associated VWR processing are similar
across English, SpaniBimglish, and Chinedenglish groups, at least in the context of
rhyme judgement More specifically, this lack of effects shows that neitbethographic
nor phonological manipulations of the RRT impacted NOQ70 amplitude and,
importantly, that there was no clear lateralization of the NiQT response in any group.
The only relevant statistically significant finding on NO/D latency was a main
effect of Group, where larger prirfBARGET differences Emglishthan both Spanish
English and ChineseEnglish were observed (averaging across conditions and
hemispheres) As this result does not involve the condition or hemisphere factors, it has

little bearing on the questions this study was designed to exploHowever, the

338



difference in English reflects a facilitatory priming effect and that appears to be of
greater magitude in the native monolingual English group than in either Spanish
English or Chinesénglish ESL groups, which is of general note to VWR research and,
based on overall N17OT latencies between native monolingual and bilingual groups
(e.g., Maurer et b, 2008; Tong et al.,, 2016), it could be worth revisiting in future
research.

Based on the variety of prior associations with N-OYD activity, especially
concerning orthography and script familiarity (Maurer et al., 2008), as well as
orthographiephonological mapping, the relative lack of statistically significant results
from N1760T analyses is somewhat surprisifgpwever, also lackingre comparable
investigationsin the literature using moreorrespondingsamples stimuli, and tasks
From the resuts of the current studytherefore, it appears that N17@DT responses do
not distinguish between English monolinguals, late bilingual Spdinghtish, and late
bilingual Chinesé&nglish ESL readers, and are not affected by overt orthographic or

phonologic&priming.

7.6 Sudy summary

Several distinctions in VWR processing were observed between groups based on
measures fromthe rhyme judgement task Behavioural responses (accuracy and
response timesyvere similaroverall topreviousreports (e.g., Botezatu etl, 2014; Chen

et al., 2010Coch, Hart& Mitra, 2008), but not identical, which is suspected to concern
English proficiency in terms of the H&irticipantsbeing early(previous researchyr

late (current researchbilinguals Response timginEnglishwere faster than irSpanish

339



Englisrand ChineseEnglishto all conditionsP+0+P+0, P-O+ andP-O-, while Spanish
Englishand ChineseEnglishdid not differ in RTs to any conditiéth+O+P+Q, P-O+ and
P-O-. In terms of accuracy, there were miifferences between any groups to either of
the relative controls P+O+P-O-), though accuracy was higher Englishthan in both
SpaniskEnglishand ChineseEnglish as was expected for a native monolingual group
compared with late bilingual ESL groupsccuracywas alsdhigher inChineseEnglish
than SpaniskEnglishfor both P+Q and P-O+ suggesting therthographiecphonology
incongruence of these conditions was more problematic for the Spdfngiish group
used to a shallow orthography in their .LIThe overall incongruence of theP+Q
condition (phonologically but not orthographically congruemgsulted in ower
accuracy and slower responsesRa-Q than to both relative ontrols P+O+P-O-) in
both ESL groupsut not inthe Englishgroupwho were as accurate t&+0 as the fully
congruent controlsR+0O+P-O).

Much of the Iehavioural performancewas as expected: native English
participants were more accurate and quicker to respond overall and the incongruent
conditions resulted in processingeficits, especiallyP-O+ in all groups This
orthographically similar nonhyme condition P-O+ was confirmed to be the most
difficult across all groupshe extent to which was not expectediccuracy to this
conditionwas below chance (i.es50%) for both ESL group¥heoverallsimilarity of
behavioural performance between ESL groups, however,alsmot expected That
said, dfferences in the SpanisBnglish group but not in English or Chinésgylish
groups(e.g.,lower errors and RT® P-O-) suggest language profiles being pertinent to

behavioural performance
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In terms ofERPs at ~100mgthere were no differences in PQT amplitude or
latency between groups, buhe prime TARGET differences afaberal P1O latences
to P-O- were smdler in ChineseEnglishthan in the native Englishgroup, while not
different betweenEnglishand SpanishEnglistor between the two ESL groups, showing
a distinction in the orthographic processing of English in the ChiBaegéish group.

Mirroring the fagter response timesn the English group (than both Spanish
English and Chinedenglish groups), prim€ARGET differences in N1BG(L)
amplitudeswere larger irEnglistthan SpaniskEnglistto P-O-. Following the especially
phonological nature ofhe L1 of the SpanisBnglsh group and the previously reported
sensitivity to phonological processingt left frontal-central sites in the ~100ms
timeframe(e.g., Wheat et al., 2010bhis findinghighlightsthe potential involvemenbf
N10GFC activity irorthographicphonologicalprocessingof English, at least in native
readers Mearwhile, prime-TARGET differences WLOGFER)latenciesto P-O- were
significantlylarger in Englishthan in ChineseEnglish showingorthographically and
phonologically dissimilar wordiargets to impact processing associated withight-
lateralized frontalcentral activity at ~100mis the English group more than the Chinese
English groupsuggesting a distin®ffWR strategy between these groups.

Lastly(and smewhat unexpectedlgonsidering the previous reports of N1-70
related VWR effec)s there were no directly relevant findings from tlanalyses of
N170O0Tamplitude or latencywithin or between conditions of the rhyme judgement
task The onlyslightexception was the overdtirger primeTARGET differences of N170
OT latency observed in the natiglishgroup compared with bottSpaniskEnglish
and ChineseEnglishgroups, suggesting relative delayof processing associated with

bilateralN170OT activation in the ESL groupadingssuggest that different cognitive
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strategies for VWR are employed by the different ESL grouss anticipated(e.qg.,
WeberFox et al., 2013),his isespeciallythe casewhen dealing withincongruent
orthography/phonologyand can be seen to faw the language profiles of the ESL

groups.
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Chapter 8:General discussion

This thesis has documented original empirical researichhow initial orthographic and
phonological processing of English manifesteerms ofbrain and behaviourin skilled
readers with fundamentally different L1 profile$he overall objective of the research
was twofold examinethe timeframe of orthographs and phonological processing
during EnglishVWRand investigatethe potential influence of L1 language profile on
such processing of L2 (English) orthography and phonology in bilingual ESL.réaders
research therefore, examined contrasts of native moolingual English, nonnative
alphabetic L1 late bilinguaBpaniskEnglish, and nonnative nonalphabetic L1 late
bilingual ChineseEnglish readers of English in terms diehaviouralaccuracy and
response timebesideamplitude and latencyneasuresof precursory(pre-200ms) ER
activity. The specific motivatios of the ERPapproachwere to examinegre-lexicaland
pre-attentive orthographic and phonological processjnfpcusng on ERPindices
previouslyimplicated in earl’WWRprocessingthe occipitalP1, occipitotemporal P1,
frontal-central N100,and occipitotemporal N170 The occipitalP1, as opposed to its
other associations (e.glower-level visual attention processgsvas used tcexamine
initial orthographic processingwvhile the occipitotemporal Plalso examined forits
association with orthographic processjngias used to explore early orthography
phonology mapping Additionally,the investigationof ~100ms frontatentral activity
followed reports ofcontroversially early phonological activatiand its likelihood to be
linguistic Lastly,the nature of theoccipitotemporal N170vas inspecteddue to its
orthographic and/or phonological role in VVRd the association of its lateralization

with script expertise Vitally,how such antecedent ERP activgyassociated with VWR
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behaviourl responsesvithin and between groupsounded the aims of the research
Consequently,hte approachused a combined behasiral/ERP methodology involving
different linguistic stimuli (words, pseudohomophones, pseudowords, sight and sound
rhymes) in a novel complement of lexical decision task and rhyme judgement task
variants to identify distinctions in orthographic and phaogical processing within and
between groups The two central themes of processing timeframeand bilingual
distinctionswill be discussed in the following two sections, respectively, albeit with
some overlap in each due to the inextricable relationshipussin themes in the context

of the current work.

8.1 Early orthographic and phonologigadocessing

Considering the notionthat the foundation of VWR involves phonological
representations being rapidly if not automatically extrapolated from orthographic input
(Rastle & Brysbaert, 20Q6hitial orthographic and phonological processing is vital for
understandindater processing anddow written language is read and understoddore
specificallythe questions relate tdhe timing and interactive natureof orthograpty-

and phonolog-orientedresponses to linguistic stimuli and tle&tentthat phonological
activationis requiredduring VWRCcf. strong/weak phonological theorig®.g., Frost,
2003; Rastle & Brysbaert, 20063l of this alsorelates to whether such processeare
consistent across readers with different language profilest differ in orthographic
depth and thugsheir reliance on phonlogy, such as ESL readers with an alphabetic L1
e.g., Spanisienglistor logographic L&.g., Chines&nglish This section will discuss the
main overall findings terms of the timing of orthographic and phonological processing.
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Based on the lack of differences fouhdtweengroups or between conditions
using an orthographyocused task (the oLDT), the occipital P1 did not reflect early
orthographic processing in any graug/hile this was not unexpected and is in line with
some pevious work (e.g., Hauk et al., 2006), it does oppose other claims of such early
VWRrelated associations with the occipital P1 (e.g., Segalowitz & Zheng,.2009)
Following its connections to the visual areas of the (extrastriate) cortex as a visually
evoled potential (VEP), the occipital P1 is more typically associated with visual
processing as well as being an index of attention (Dien, 2009; Luck et al., 1994; Mangun
& Hillyard, 1991) Considering clear cognitive links between vision, attention, and VWR,
early orthographic processing being reflected by the occipital P1 is not unreasonable
However,amore likelyexplanationisthat the sources of previously reported P1 effects
are prelinguistic or early visual/orthographic factors that were not manigadabr
investigated in the current research e.g-gram frequency, word shape (Hauk et al.,
2006; Hauk et al., 2008; Dien, 2009).

While the occipital P1 appeared largely neutral to orthographic and phonological
manipulations in the current research, theangitotemporal P1 was further evidenced
as being associated with orthographic processing and orthograployology mapping
in the context of VWR (Dien, 2009)Findings highlighted the dynamic context
dependence of VWR processi(a. Huettig & Ferreira,@2), using the route to VWR
that appears optimal based on bottoop aspects of stimuli and task as well as-top
down factors of language profilesuggesting that the relative exclusion of tdpwn
processing (i.e., the task/decision subsystem from aiifigcthe word identification
subsystem) be reconsidered in the BIA+ (van Heuven & Dijkstra, 2Bb@)nstance,

larger P2OT amplitudes reflected additional orthograppiionology checking when a
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switch of VWR strategy is required, such as between a daricial route for known real
words (e.g.RW) and graphemghoneme conversion to read pseudohomophones (e.g.,
PHJ or between orthographic and phonological contexts (e.g., the oPB) @nd the
pLDT PH2J of Study 1) The generally accepted differenceprocessing between these
stimulus types concerns direct orthographic/lexical recognition for known real words
and phonological graphermghoneme conversion for pseudohomophones. This
distinction between conditions, therefore, reflects the more automalikely whole
word identification of the real word stimuli as being orthographically familiar (whereas
the pseudohomophones were not), if not in fact as recognized words, as posited in the
DRC (Coltheart et al., 2001) and BIAM (Grainger & Holcomb, 2009).

Although increased cognitive effort is expected in thigonological task of
Study 1(and, therefore, toits pseudohomophones?H3J relative to theorthographic
task (and its pseudohomophon®HJ, both pseudowords and pseudohomophones
(pLDT conditions PW,PH2) require some level of graphespkoneme conversion.
Meanwhile, routes to readreal words and pseudohomophongeLDT conditions
RW,PH1) differ: wholword direct lexical route for real words and sléxical
graphemephoneme conversion for the pseudommphones. Based on the oLDT
strategy being to use the direct lexical route, which should provide the answer of
whether the stimulus is a real word (successful direct lexical route) or not (unsuccessful
direct lexical route), increased FIT amplitudes tthe oLDT pseudohomophones (PH1)
reflect additional orthographic checking of these stimuli according to the orthographic
and direct lexical context of the task (i.e., orthographic processing is theoretically
sufficient to complete it)Furthermore, if quering the direct lexical route is the strategy

for the oLDT, it is also a factor for not observing orthographic lexicality effects in this
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timeframe, as the initial response and processing would be the same (or similar) for both
stimuli (RW,PH1).

The increased effort reflected byncreased P1-OT amplitudesduring L2
processingf orthographically and phonologically illegitimate pseudowords relative to
phonologically legitimate pseudohomophones demonstrates the involvement of activity
atthe very ealy ~100mgimeframeover occipitotemporal siteselated toorthography
phonology mappingThis finding is in stark contrast to the lack of expected orthographic
effect found for P10T in the oLDT and to the theorized orthographic associations of the
P1-OT(Dien, 2009). Instead, this observation suggests a phonological (not orthographic)
facet to the PIOT based on the phonological lexicality effect it represents through a
difference between orthographically matched stimuli that differ only in phonological
legitimacy i.e., whether their phonology matched that of a real word
(pseudohomophones) or not (pseudowords). Importantly, however, this phonological
lexicality effect (larger bilateral PQT amplitude to PW compared with PH2) was only
found in Spanistimglish, showing a clear distinction between groups at this very early
timeframe of VWR processingdne of the major distinguishing factors of the Spanish
English group compared with the others in this study is the shallow orthography and
relative phonologydependence of their L1 and, by extension, their theoretical basis for
learning and using other languages (Tan et al., 2005). Itis, therefore, not unreasonable
that previously considered orthographic associations of theOF'lin populations with
orthogrephically deep native languages (e.g., English, Dutch) are phonologicai
least, more phonological than purely orthographic such a population as Spanish
English late bilingualsConsidering the parallel processing mechanisms for sublexical

processiy and phonological onset timing being somewhat lacking in theories of
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bilingualism (Dijkstra et al., 2019), findings should be considered in developing the
sublexical orthography and phonology elements of the Word Identification System of
the BIA+ and Muilink models (Dijkstra et al., 2019; van Heuven & Dijkstra, 2010).

The investigation of frontatentral negativity (i.e., N10BC) was centred on it
being positecas an index of early (~100ms) phonological processing during VWR based
on the somewhat comoversial prior reports of phonological activation in this timeframe
over these sitege.g., Klein et al., 2015; Pammer et al., 2004; Wheat et al., 201hije
the current research did naxplicitlyreplicatethe findings othese studies, most likgl
due to such methodological differences as the experimental paradigms used in these
other studies (e.g., masked priming), the findings do perpetuate the poteottiedrly
frontal-central negativity (N10®-C) refledahg parallel phonological processing For
instance, larger bilateral N16BC amplitudes were observed in the roative
alphabetic L1§paniskEnglish group through phonological lexicality effects in Study 1
showing increased effort for processing pseudowords (orthographically and
phonologicdly illegitimate) compared with pseudohomophones (only orthographically
illegitimate) Considering the phonological difference between pseudowords and
pseudohomophones, it is not unreasonable to suggest that this directly links the N100
FC with phonologal processing and somewhat supports the reports of ~100ms frontal
central activity during VWR.Such evidenceshould therefore, be considered in
developing implementations of parallel sublexical orthograple and phonologal
processingn the BIA+ and/ultilink models (Dijkstra et al., 2019; van Heuven & Dijkstra,
2010).

It is acknowledged that effects on NIXBC amplitudes could be an

electrophysiological reflection or even paradoxical lateralization of the effect e P1
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amplitudes (or vice versggshas beerfound for the later N40O (Lau, Phillips, & Poeppel,
2008) However, associations of frontaéntral negativity and occipitotemporal
positivity at ~100ms posttimulus via ERPs with early processing of phonology and
orthography, respectivelyare compelling These effects taken in tandem tentatively
suggestparallel processing of orthography and phonology at this early ~100ms
timeframe and necessitate deeper investigationFurthermore, this querieshe
assumption oBIA(Dijkstra & van Heuve 2002) BIA+(van Heuven & Dijkstra, 2010)
and Multilink(Dijkstra et al., 2019nodels of bilingualismas well as th&RColtheart
et al., 2001)and BIAM (Grainger & Holcomb, 2009%pr monolingual VWR that
orthography is evaluated firgh order forit to be linked to phonological representations
(Dijkstra et al., 2019). While this fundamental premise of VWR theory more broadly that
orthographic processing occurs before phonological processing is not in question per se,
such findings do further emphasizbket likelihood ofcascadeddverlapping processing
of orthography and phonology (Coltheart et al., 2009; Grainger & Holcomb, 2009).
Considering thegysycholinguistic associationgith the intrinsic processing of
visuallypresented languagen terms oforthography-phonology mapping as well as of
experience of language type and script expertise WithN170(as discussed idetail in
83.1.3, there was adistinct and smewhat unexpectedack ofeffects onN1700T
amplitude latency,or lateralization overall Indeed,finding no psycholinguistic effects,
while not unprecedented, is not the norm, but meai® current research does not
support previously reportedevidence VWRrelated N170 lateralization reflecting
language expertisAmora et al., 2022; Ma et aR022; Maurer, Brandeis, et al., 2005;
Maurer, Brem, et al., 2005; Maurer et al., 2008; Yum & Law, 20213 possible that

the strict stimulus control of conditions, including the relative simplicity and high
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frequency of the stimuli, explains whyah effects found in previous studies were not
observed here. For instance, N170 activity has been linked with bigram analysis (Dien,
2009), but all conditions were matched for bigrams, trigrams, and their relative
frequencies. N170 activity has also beattributed to being sensitive to real
JESZIPE %ZC }A & (1 _ ~~lu}vU Ev EU > EPCU >
"VIVIESZIPE %Z] _ ~ vsS]v § oXU i06d606 o]v-RyeluislaleS]upo
stimuli from more linguistic inputs and potentiyalbeing a critical point between pre
linguistic and linguistic processinddowever, all conditions in the current study were
matched on legal orthography, differing only in legitimate orthography. Therefore, the
lack of differences in N170T amplitudeeported here follows previous studies in that

the main findings have concerned manipulations of orthographic legality, not legitimacy.
It is also possible that such N170 effects (on lateralization and/or amplitude) are more
dynamic inasksensitivty or even taskspecifigty than previously positeAmora et al.,

2022) Indeed,lexical decision tasks do not tap into the same processing dynamic as
tasks used in previous studies e.g., repetition detection using real words, symbol strings,
and pseudowords with picture distractors (Maurer, Brandeis, et al., 2005). Essentially,
N1700T amplitude can respond to linguistic manipulations in some contdxisthe
distinctions between real words and pseudohomophones and between
pseudohomophones anpseudowords, respectively, were not sufficient in the current
study to elicit any amplitude differencesThe extent thatthese effects were not
observed in the current researduggestghat at leastsuchVWRrelated N170 effects

are not consistent andurther replication either supporting or refuting is required

(Amora et al., 2022; Yum & Law, 2021)
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The current research further suppatorthographyphonology mapping and
cascaded/overlapping orthographic/phonological processing within ~200ms, the
potential for early phonological activation at ~100ms, and distinctions between groups
within these findings While there were some parallels obserieetween the matched
ESL groupsthe current research identifiedavious characteristics irbehaviour and
electrophysiologyased on language profiles and whether L1 is native;maiive and

alphabetic, or nomative and noralphabetic

8.2 Distinctionsin VWR processing betwedéanguageprofiles

Regarding group differences, it is important to fingghlight the native group as a viable
control and the contrast of behavioural responses with the ESL grdups showed the
expected performance distinction of the native group consistently responding more
quickly and accurately, which is broadyplanable by the late bilingual status and
lesser experience and proficienofthe ESL groups (compared with natively proficient
monolinguals) For instance, orthographic incongruence in real words was sufficiently
and similarly inhibitive for both ESL grajpvho were slower and less accurate to the
phonologically congruent but orthographically incongruéhitQ condition compared
with congruent controls (in contrast with the equivalent accuracy#® and controls

of the native groupn the rhyme recognitio task. Likewisein the pLDTphonological
effects of facilitative legitimate phonology (in pseudohomophones) and an inhibitive
lack of legitimate phonology (in pseudowords) were observed in the native gvdufe

both ESL groups responded similarlywdjoto pseudowords and pseudohomophones
The simplest explanation for why the ESL groups responded similarly to Eragesth
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pseudohomophones (e.d?H2J and pseudowords (e.d?W) and struggled similarly with
orthographic incongruence in real words It their approach to processing unfamiliar

L2 words was similar in that the primary focus for both groups appeared to be the legal
but not legitimate orthography (present in both stimulus types) despite the overtly
phonological objective of the task (th®.DT). In contrast, the differences observed in
the native monolingual group (but not in the ESL groups), such as between
pseudohomophones (e.gPH2J and pseudowords (e.gPW), are representative of a
native/nortnative distinction in processing ndegitimate orthography, which can be
attributed to the greater proficiency with English phonotactic and syntagmatic rules in
the native group These findings illustrate the potential impact of orthographic variation
in VWR signifyinga more orthographyweighted sublexical approach to VWR for ESL
readers and that theories of bilingualism need to better take the variety of
orthographies into accountFurthermore, it suggestsrthography/phonology mapping
during VWR of English can take similar processing timedphabetic L1 and nen
alphabetic L1 late bilingual ESL readers, especially when VWR requires overt phonology
and/or graphemephoneme conversion as in rhyme judgement and phonological lexical
decisions The consistent (but expected) disparity in behavayperformance between
native and ESL groups alongside comparisons between ESL groups notledimgys
significantlydifferent (e.g., behavioural performance ®Win the oLDT or to any RRT
conditionP+0O+P+Q, P-O+ andP-O-) show that there are paralle in VWR processing
between alphabetic L1 and nealphabetic L1 ESL readers, somewhat irrespective of
their language profile. Furthermore, the overall similarity of behavioural performance

between ESL groups supports the groups being-matched on Engdh proficiency,
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bolstering interpretations thatany group differences can be attributed tanguage
profiles(the distinguishing factor of the ESL groups).

Similarities notwithstandingthere werevariousdistinctions between groups
Differences inbehaviour between ESL groups support the notion of differential VWR
processing based on language profilbeing better integrated into theories of
bilingualism such as that phonology is relied on more in E&Hers with an alphabetic
L1 profile e.g., SpanidBnglish and orthography is relied on more in ESL readers with a
non-alphabetic L1 profile e.g., ChineBaglish For instance, orthography/phonology
related brain activity in orthographic or phonologitatk contexts showed a distinction
between groups with occipitotemporal P1 responses beirlgrger to
pseudohomophones in an orthographic taskH) than to pseudohomophones in a
phonological taskPH2 in Englishand SpaniskEnglishgroups, butright-lateralized in
Englisrandleft-lateralized inSpaniskhEnglishandno difference inrChineseEnglish This
distinction in P2-OT lateralizationis especially important because it differentiates
between all three groups and links to prior accounts of the oamipihporal P1 for
orthographic processing, which these effeaspecially with the rightateralization in
the native English groyfirmly support,(Dien, 2009 More specifically, this difference
in lateralization considering the orthographic task effect it is linkedlikely reflectsa
difference in processing strategy that can be attributed to the differences in language
profiles between groupsind should beextended upon in theories such as Multilink
(Dijkstra et al., 2019)

Such occipitotemporal Pamplitudes being arger inan overtly orthographic
contextcompared witha phonologicabne not onlyshowsthe sensitivity of this ~100ms

poststimulus timeframeat occipitotemporal sites to VWrlated and, specifically,
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orthographic processing, but that tegown influences of task can impact VWR
processing as early as ~100amsl, vitally, in nomative readers too.Furthermore, this
pattern of occipitotemporalP1 amplitude betweerorthographic and phonological
contextsis shared by the two groups with an alphabetic native language and, especially
as it was not found in the nenative noralphabetic L1 group, reflects a more naturally
alphabetic approach to VWRna could be an effect specific to readers with an
alphabetic L1 Such occipitotemporal Pllateralization, meanwhile, distinguished
between native alphabetic LEKfglish and nonnative alphabetic L1SpanishEnglish
groups,indicating another native/nomative distinction, this time specific to readers
with an alphabetic L1 and reflecting riglateralized native processing and left
lateralized nomnative processing in overtly orthographic contexts.

Processing Englisbased pseudowordwas also found to idtinguish between
groupsthrough abehaviouralspeedaccuracy tradeoff with the native monolingual
groupbeing more accurate and th@n-alphabetic L1 ESL grobping faster, while not
involvingthe alphabetic L1 ESiroup. Overall, thesedistinctionsbetween groupsn
processing pseudohomophones and pseudowords relatehto Word Identification
System \where orthography, phonology, and semantics are processaw) Task
DecisionSystem(which convolvestop-down information withthe input o the Word
Identification System of bilingual VWR modek e.g., BIA/BIA+/Multilink and
BIA+/Multilink, respectively Specifically, these distinctiorguery the BIA+ assertion
that the task/decision subsystens precluded fromnfluencingthe word identifi@ation
subsystem(Dijkstra et al., 2019; Dijkstra & van Heuven, 2002b; van Heuven & Dijkstra,
2010) The apparent effect of the overarching phonological té$ie pLDT)on ESL

E E-[ E - %pbeudchosniophones and pseudowordsstead suggests that
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there is room for such toplown processing in (bilingual) VWRhese same findings also
indirectly query the importance of language membership for bilingual VWR, as also
posited by the BIA+ modélan Heuven & Dijkstra, 201y no means is this suggestin
language selective access to be the case, but that the involvement of language
membership in the L2 VWR process is relative to the readers and their language profiles,
being somewhat dependent on the relationship between L1 and duZh as the
similarity of scripts or linguistic proximityetween languages

Several further distinctions of VWR processing were strongly linked to either the
phonological L1 profile of Spaniimglish ESL readers in terms of Spanish having a
particularly shallow orthography (especially in contrast with English and
Chinese/Mandarin) or the more orthographic L1 profile of Chirfesglish ESL readers
with logographic languages (e.g., Chinese/Mandarin) being primarily orthographic in the
sense of being especially véduand not having the orthography/phonology association
found in alphabetic languages. For instance, a key phonological effect of phonological
lexicality was found only in the Spani&hglish group, where bilateral #IT amplitudes
were larger to pseudowas PW) than to pseudohomophones$?Hd. Furthermore,
behavioural accuracy and response times showed orthographiecphonology
incongruence (e.gR+Q andP-O+conditions) to be more problematic for the alphabetic
L1 group (ESL readers used to a shallow gptéyohy in their L1than the noralphabetic
L1 groupwith their logographic L1 that has little to no direct orthography/phonology
mapping as found in alphabetic languageBue to this heavier focus on
visual/orthographic factors in logographic scripts g@hinese/Mandarin, orthographic
processing in the noalphabetic L1 group was distinct from alphabetic L1 groufs

instance, group comparisons showed a differential response to dissimilar and
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incongruent orthographyas observed for bilateral RQ latency to the overall relative
control condition in the rhyme judgement tadR-O-). Thiswas especially notable in the
ChineseEnglish group where the contrast of congruent and incongruent orthography
was reversed and facilitation (as in English and Spdigjish) was replaced by
inhibition. Such aihdingagainhighlighsthe variance in cognitive control mechanisms
between bilinguals with different language profiles for resolving psycholinguistic
conflicts, showing further research is required, espegiallith nonalphabetic
populations (van Heuven & Wen, 2018) and especially because inclusion of language
background, relevant L1 VWR skills, and similarities between L1 and L2 are lacking in
theories of bilingualism (Dijkstra et al., 2018urthermore,it should be noted thathis
P10 latency finding wasohoedthrough slowebehaviourdresponse times in Chinese
English than English the P-O- condition, again proposing potential link between early
electrophysiology and related behavioural responses during VRrall, this suggests
some dependence on the reader via their language profile (as opposed to just the target
language or act of reading in general) tbe extent that phonologicalctivation is
required to complete the task at hanice., whether a strong or weak phonological
approach is applicable.

Observing such phonological effects as the larger bilateral NrD@mplitudes
to pseudowords than pseudohomophaos@nly in the alphabetic LBpaniskEnglish
bilingual group links to their orthographically shallow L1 background and suggests the
increased sensitivity to phonology from the Spanish languagéy N10GFC effects
were found in the alphabetic L1 groupitonot the native or noralphabetic L1 groups.
The relative ease of the stimuli/tasks ftre native monolingual groupmight also

explainwhy N10GFC effects were not found in the native groujbt observing them in
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the nonalphabetic L1 group could iradite an alternative processing approach in the
non-alphabetic bilingual group or at least an indication that frorgt@htral activity is not

so directly recruited by the more orthographic approach proposed for-alphabetic

L1 ESL readers. Such findiafydifferential processing dependent on language profiles
again highlight the potential variance in cognitive control between bilinguals with
different language profilesand, Dllowing the notion of an integrated lexicon in
bilinguals being chiefly for voabulary/semantics andnot the whole story for
syntax/grammar (Brysbaert & Dijkstra, 2006; Brysbaert & Duyck, 2010), suggest the
cognitive resources required for L2 processing differ based on task and/oR L1
relationship.

Alongside the phonological effecon the N10&-C beingbservedonly in the
alphabetic L1 bilinguagiroup (SpaniskEnglish) andnot in the native monolingual
(English or non-alphabetic L1 bilingualChineseEnglish groups, further distinctions
based on language profilegere found. Fa instance, bilateral N1G6C latencies were
shorter in SpaniskEnglishthan in ChineseEnglishto both real words (RW and
pseudohomophone$PHJ), which is likely a reflection of expertise in L2 language type
considering the target language being alphabetic and the frecgakral negativity being
earlier in the alphabetic L1 groupurthermore frontal-central N100 activitgifferedin
the left hemisphere betweenEnglishand SpaniskEnglishgroups but in the right
hemisphere betweertnglishand ChineseEnglishgroups(e.g., toP-O-). Relative to the
native monolingual control group, therefore, alphabetic L1 and-alphabetic L1 ESL
bilinguals ehibit frontalcentral activity for the same new phonology in different
hemispheresindicating different Ldoriented strategy used for L2 VWR. This difference

in N1OGFC lateralization between ESL groups could also suggest that left fcentsal
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negaivity reflects phonological activity for the native language type (i.e., alphabetic for
the alphabetic L1 Spanidinglish group) and the right hemisphere for nuative
language type (i.e., alphabetic for the natphabetic L1 Chinedenglish group)

Despie the lack of psycholinguistic effects on the N4JT, as mentioned in the
previous sectionthere were aspects of the N1T that did distinguish between
groups. Brain and behavioural responses linked to orthographic processing were
observed through décts of orthographic lexicality in the native grooply, where
N170O0T latency was later to pseudohomophonesi() than to real wordsRW). Based
on the processing requirements for real words and pseudohomophones and considering
the orthographyphonology mapping hypothesis associated with N170 activity during
VWR, this key finding does support the NAJT as an index falynamic orthography
phonology mapping vigraphemephoneme conversiorat least within the native group
as described ithe DRCQColthart et al., 2001)and BIAM(Grainger & Holcomb, 2009
Moreover, behaviouralresponse timeswhich werefaster to real worddRW) than to
pseudohomophonegPHY), echoedthis effecton N17GOT latency, providing a direct
link between the precursory electphysiological activity and resulting behaviour during
VWR. This link needs even more specific investigation, but already further evidences
the neural underpinnings of the occipitotemporal N170 as heavily involved in
orthographyphonology mappingAmoraet al., 2022) Indeed, he differentresponse
time andN170OTactivity beingbased on a direct lexical pathway (i.e., real woRl)
or graphemephoneme conversion (i.e., pseudohomophonibi) supportsthe notion
of multiple routes to VWR as outlinagd the DRQColtheart et al., 2001and BIAM
(Grainger & Holcomb, 200%9vith both behavioural and electrophysiological datdnich

canbe extended to the BIA+ and Multilink.
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As mentioned aboveN170 activity and lateralization in particulias been
reported to reflect familiarity and expertise with a particular script (Maurer, Brandeis,
et al., 2005; Maurer et al., 2008jowever, hiseffect onN170OTlatencydid not favour
the left (as expected of N170 effects in native alphabetic VWR) or right heenesph
something that requires further investigatio-hat saidthe link with expertise also fits
here, as this effect was not present in either Spatttsiglish or Chinesénglish, despite
the relatively high frequency of the stimuli and the relative higjiglish proficiency of
the ESL groupsAlthough not how the N170 association with orthographic sebigsed
linguistic expertise has previously been described in the literature (e.g., Maurer,
Brandeis, et al., 2005; Maurer et al., 2008k ttivergence irlN17G0T latency between
groups feeds a similar notioand suggests the properties of the NI-@OT (whether
lateralization or latency) can be associated with linguistic experlistllows that the
observed sensitivity of N170T latency to orthographi@miliarity through real words
compared with pseudohomophones was due, at least in part, to the lifelong expertise
and exposure to English of the native English readers.

Ultimately, fndings of the current researctonfirm thatthe language profile
and, specifically, théype and orthographic depttof ESL readeffs >does have a
intrinsicimpacton ESL L2 processingurthermore,based on early ERP effects within
and between groups, the influencensre fundamentathan previaisly acknowledged
Again, such evidence pfocessing dependent on language profifesly suggess the
cognitive resources required for L2 processing differ based dr2Lrklationshipand
should be considered in develogent of bilingualism theories e.gBIA+ and Multilink

models (Dijkstra et al., 2019; van Heuven & Dijkstra, 2010)
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8.3 Limitations anddture research

Hndingsfrom the current research, especially those showprgcessingdivergences
related to language profilesiot only apply tolearning to read a second languabet
reinforce how readers with different L1 profiles might require alternative TESOL
approaches.L2 proficiency has been highlighted as a vital factor in understanding the
impact of early, late, and nativike L2 profieencies on behavioural and ERP measures
during VWR.The use ofysttwo late-bilingualgroups howeverto representthe much
more complex rangef language profiles is acknowledged as a technical limitdbon
generalizing the findings and making speqgifredictions or recommendations regarding
TESOLNonethelessthe current research provides a foundation for furthexamining
how the spectrum of language profiles might relate to and influence L2 ESL processing,
encouragingomparisonsisingother languages with different properties~or instance,
native Korean ESL readers with the Hangul alphabet and Japanese ESLwéhdbes
hiraganasyllabarycould be usedas contrass to the Chinese/Mandarin logographic
system while a non-native nonshallov alphabetic Lbilingual groups€.g., German
English DutchEnglish) involvindifferent levels of orthographic depth in L2 (e.qg., French
and German ESL readers for deeper alphabetic orthograpiiesld help bridge gaps
between Spanisinglish and Chise-English bilinguals

The relative lack of differences observed between conditions in such overtly
phonological activities as visual rhyme judgement and the phonological lexical decision
task was somewhat unexpected when taken at face valtl@s was especially notable
for the N1700T and not for the preceding FIT, querying the links between them,

including to what extent they overlap serially in terms of time and cognitively in terms
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of VWR as well as whether their underlying neural soues as similar as their
occipitotemporal scalp locationsResults support the notion that N1Z0T amplitude
modulation from linguistic inputis dynamic andrequires a distinction in legal
orthography(Amora et al., 2022)such as between stimuli usinggl letters of the target
language and other noletter linguistic stimuli e.g., symbolsHowever, his was not a
manipulation included in the current research, which likely contributed to the limited
findings for the N174DT componentIn a similavein,comparabilityacross stimuli and
tasksusingless variation ofask methodologesandmore stimulus variant¢e.g., Go/Ne

go with a variety of stimulus typgsut alsoincreased robustness through highieial
counts per condition,might have helpedclarify some findings while potentially
identifying others.As with many areas of psychology, future research should ultimately
focus on replicating such behavioural and electrophysiological findings, confirming to
what extent the reported effects werehmnological (as opposed to epiphenomenal

effects of, for example, some element of a methodology).

8.4 Conclusion

Processing of mhography and phonolog can be considered separately but are
intrinsically linked andultimately two parts of the same prelexicathole. This
connectionand its serial, parallel, and cascaded naturan depend on a variety of
psycholinguistic factorsincludinglexicality status, orthographic congruence, atie
language background of the readdPhonology can beespeciallydynamicand context
dependentin the extent it is involved in VW{FischetBaum et al., 2014; Huettig &
Ferreira, 2022)often dependent on the extent orthography is congruamtontext As
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such, VWR processing appears to be susceptiblenterference whendealing with
incongruent orthography/phonology As expected, this was observed to be the case
when different orthographic inputs lead to similar phonology (as RrQ) and,
especially, when similar orthographic inputs (e.g., same rimend30O+) result in
different phonological outputs(WeberFox et al., 2013) Essentially,some VWR
circumstances require phonology more than others aplkonological activation
becomes prominent when necessary or gets backgrounded when another process take
over. It would, therefore, follow that phonological processihgesnot only occur when
necessanbut always occurs, jugb varying extents in a dynamic, contedépendent
way in order for evaluation of its relative importance to orthographyltimately,
emphasis on phonolacal processingincreases with the necessity for iand
phonological processing does always occuemwhot obstructed, but other factorsuch
as graphemehoneme conversiorof unfamiliar orthography or simply incongruent
orthography, cansuppress it It is, therefore, not unreasonable to suggest that
seemingly contrary elements of different theories asach sometimes accuratim
different contexts, such as suppartthe literature for both strongwhere phonology is
deemed necessary) and weak (where phonologydmiga mediating role) phonological
theories(Frost, 1998, 2003; Lukatela & Turvey, 19Rdstle & Brysbaert, 2006)
Psycholinguistic features of the linguistic stimuli (e.g., orthography/phonology
incongruence), however, are not the only influence on orthographic and phonological
processing during VWR and the langugmefile of the reader is vital Akin to
bilingualism theories/models needing to extend to languages other than English (van
Heuven & Wen, 2018), bilingualism theories/models (8¢ (Dijkstra & van Heuven,

2002) BIA+ (van Heuven & Dijkstra, 201(&3nd Multilink(Dijksta et al., 2019modelg
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should also take language profiles more deeply into account, as L2 processing
approaches have some dependence on differences in language profiles, such as a
natural tendency to process phonologically as in SpaBrsilish ESL reaxs. To what
extent and how this might vary based on both L1 and L2 properties, however, is still
unclear and should be a consideration of future wdfoeppel & Idsardi, 2022)
Furthermore,language background, relevant L1 VWR skills,sandarities between L1

and L2should be integrated into theories/models of bilingualism, such as Multilink
(Dijkstra et al., 2019)

This thesis has documentesbme of the first research intoVWRrelated early
pre-200ms ERBased brain activitand consajuentbehaviourthat isexplicitly from the
perspective of bilingual language backgrounds using alphabetic L1 aralptwabetic
L1 bilinguals as target populatiang=indings of the current research pertaining to
occipitotemporal ERP activity before ~200ri®., P1OT and N17@T) reflected
aspects of orthographphonology mapping and support the notion of
cascaded/overlapping processes as per DRC(Coltheart et al., 2001and BIAM
(Grainger & Holcomb, 2009) Meanwhile, frontalcentral negativity showed the
potential of early processing of phonology parallel with occipital/occipitotemporal
visual/orthographic processing at ~100ms pssiulus, which also supports a muilti
route approach to VWR (e.gQRC(Mltheart et al., 2001)and BIAM (Grainger &
Holcomb, 2009) Through patterns of suctindings, the current researgboints tothe
prospectof different cognitive strategies for VWR being employed between ESL groups
dependent on language profileSuchevidence stronglgupporisthe current research
as a viabldramework and worthwhileavenue of future investigatianAs important as

the ~500ms posstimulus timeframe is for reading, the current research, following
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other work (e.g., Cornelissen et alQ@®; Hauk et al., 2006; Fu et al., 2020), shows that
the first ~200ms after seeing a word is the critical foundation for VWR in both
monolingual and bilingual readersThis is true for orthographic and phonological
processing but has implications of timiagd nature for preceding visual/orthographic
processing as well as for the semantic, syntactic, and pragmatic processing that typically
follows in reading Significantly more research should, therefore, be conducted into the
range of VWR processes at swedrly timeframesn populations across the language

spectrum.
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