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ABSTRACT

INDIVIDUAL DIFFERENCES IN THE L1 AND L2
PROCESSING OF MORPHOLOGICALLY COMPLEX WORDS

KAHRAMAN, Hasibe
Ph.D., The Department of English Language Teaching
Supervisor: Prof. Dr. Bilal KIRKICI

February 2022, 209 pages

The aim of this study was to examine how native speakers (L1) of Turkish, a
morphologically rich language, process a second language (L2) which is
morphologically less productive such as English. Critically, the study examined
morphological priming effects together with a transposed-letter (TL) methodology
using the same target word and compared the processing of derived word forms in
L1 English speakers to that of L1 Turkish speakers of L2 English. Two masked
primed lexical decision experiments were conducted in which the same target (e.g.,
BRAVE) was preceded by a morphological prime (braveness), a TL-within prime
(braevness), an SL-within prime (braocness), a TL-across prime (bravneess), an SL-
across prime (bravruess) or an Unrelated prime (directness). Furthermore, to clarify
the conflicting empirical evidence in L1 and L2 morphological processing, the
potential impact of individual differences in the reading networks of individuals was
explored. The average group data yielded robust morphological priming in both L1
and L2 speakers, while significant TL priming for within-morpheme transpositions

was obtained only in L1 speakers. Nevertheless, the findings of exploratory analyses

iv



into the potential effects of individual variability suggested individual differences
might indeed moderate the size and the magnitude of group-level priming in L1 and
L2 speakers, leading to the emergence of TL priming effects for particular groups
in L2 speakers. These results provided some resolution to the earlier inconsistent
empirical evidence, highlighting the importance of considering individual

differences while testing L1 and L2 populations.

Keywords: Morphological Processing, TL Priming, Individual Differences, L2

Processing, L1 Processing
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ANADIL VE IKINCI DILDE BICIMBILIMSEL ACIDAN KARMASIK
SOZCUKLERIN BICIMBILIMSEL iSLEMLENMESINDE BIREYSEL
FARKLILIKLAR

KAHRAMAN, Hasibe
Doktora, Ingiliz Dili Ogretimi Boliimii
Tez Yoneticisi: Prof. Dr. Bilal KIRKICI

Subat 2022, 209 sayfa

Bu calismanin amaci, bi¢cimbilimsel agidan zengin bir dil olan Tiirk¢e anadil (D1)
konusucularmin Ingilizce gibi bicimbilimsel agidan daha az iiretken olan ikinci bir
dili (D2) nasil islemledigini arastirmaktir. Calisma, kritik olarak, ayn1 hedef s6zctigii
kullanarak bi¢imbilimsel hazirlama etkilerinin yanisira harflerin yeri degistirilerek
(HYD) hazirlama etkilerini incelemis ve anadili Ingilizce olan konusuculardaki
tiiremis sozciik islemlemesini anadili Tiirkce olan D2 Ingilizce konusucularla
karsilagtirmigtir. Calismada, ayni hedef sozciik ve alti hazirlayicist bulunan iki
maskelenmis hazirlama kelime karar deneyi uygulanmistir. Bu alti kosul,
bi¢imbilimsel hazirlama, bi¢imbirim sinirinda HYD hazirlama, bi¢imbirim sinirinda
ikame-harfler ile yerine koyma, bi¢imbirim simir1 disinda HYD hazirlama,
bi¢cimbirim sinir1 disinda ikame-harfler ile yerine koyma veya iligkisiz hazirlamadan
olusmustur. Ayrica, D1 ve D2 islemlemedeki celiskili bulgulara katkida bulunmak
amaciyla konusucularin okuma aglarindaki bireysel farkliliklarinin potansiyel

etkileri aragtirllmistir. Ortalama grup verileri hem D1 hem de D2 konusucularinda
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giiclii bicimbilimsel hazirlama etkilerinin bulundugunu gostermis, fakat istatistiksel
olarak onemli HYD hazirlama etkileri yalnizca D1 konusucularinda bulunmustur.
Ancak, bireysel farkliliklarin olasi etkilerine iliskin agimlayici veri analizi sonuglari
grup diizeyindeki hazirlayict etkilerinin bireysel degiskenlik tarafindan modiile
edildigini gostermistir. Bu modiilasyon, D2’nin belirli gruplarinda HYD hazirlama
etkilerinin ortaya ¢ikmasini saglamistir. Bu sonuglar, alanyazindaki tutarsiz
deneysel kanitlara bazi aciklik getirmis ve D1 ve D2 konusucularini test ederken

bireysel farkliliklar: dikkate almanin 6nemini vurgulamistir.

Anahtar Kelimeler: Bigimbilimsel islemleme, HYD Hazirlama Etkileri, Bireysel

Farkliliklar, Ikidilli Islemlemesi, Anadil Islemlemesi

Vil



To my younger self who did not ever give up

viii



ACKNOWLEDGMENTS

| would like to thank the following people, without whom | would not have been
able to complete this research. Importantly, they have influenced me not only
academically but also personally, which has culminated in this thesis.

First and foremost, | am tremendously grateful for the support and guidance from
my supervisor, Bilal Kirkici, whose insights and knowledge into the subject matter
steered me through this research, and his invaluable support, guidance,
encouragement and patience kept me going. | still remember how he showed me

what excellence in research looked like even when | was an undergraduate student.

And special thanks to Lisi Beyersmann, whose incredible support and guidance as
part of my research activities in Sydney allowed my studies to go the extra mile. She
was very generous with her time and efforts to guide me through my studies. Most
importantly, I cannot thank Lisi enough for believing in me and accepting me for

my studies in Macquarie University.

I am also thankful for my committee members, Martina Gracanin Yiiksek, Cengiz
Acartiirk, Nuray Alagozli, Lisi Beyersmann, Giilin Dagdeviren Kirmizi, for their
very constructive feedback and also for taking the extra time and workload in this
incredible COVID-19 environment.

Many thanks to the graduate students of METU FLE department, who volunteered

to take the time to participate in my research.

I would like to express my sincere gratitude for Serje Robidoux and Burak Aydin
for their tremendous help with statistics, and | am deeply appreciative of Esra
Ataman and Ozan Can Caglar who assisted me with the thesis submission during
the pandemic.



A deep, heartfelt thanks to Margaret Sonmez, Leo Gough, Joshua Bear, Martina
Gracanin-Yiiksek, Havva Oztiirk, Nur Gedik-Bal, Enis Uguz who generously

helped me score some sections of the reading skills battery.

Further, 1 would like to thank the Scientific and Technological Research Council of
Turkey (TUBITAK) since this research was financially supported by two
TUBITAK scholarship programmes: a Ph.D. scholarship within the 2211-A
National Ph.D. Fellowship Programme and the 2214-A International Research

Fellowship Programme.

Lastly, thanks must go to my family. Thank you so much for supporting me through
the entire process. | am grateful for all the support you have shown me through this
research, the culmination of six years and three months. My sisters, Siitheda and
Nazli, deserve special thanks for their continued support and putting up with me

being sat in front of the papers and computers for hours.



TABLE OF CONTENTS

PLAGIARISM ...ttt nna e nee e enee s ii

F N = S I A A R iv

OZ ottt vi

DEDICATION ..ottt sttt aenesne e viii

DEDICATION ..ottt et e et e e e sse e e e nnreeennee s viil

ACKNOWLEDGMENTS. ...ttt e e sae e nee e iX

TABLE OF CONTENTS ...ooitiiiiee sttt sttt Xi

LIST OF TABLES ..ot XV

LIST OF FIGURES. ..ottt XVi

LIST OF ABBREVIATIONS ...t XViii
CHAPTERS

INTRODUCTION . ...ttt sttt ettt st nesnns 1

2. LITERATURE REVIEW.....ociiiiiiietse et 9

2.1. Morphological Processing MOdelS...........cccoeriiiiiiiiiiiciee e, 9

2.1.1. Single-Route MOGEIS..........coeiiiiiiere s 9

2.1.1.1. Full-Decomposition Models...........ccccoevveveiiieneccceene, 10

2.1.1.2. Full-Listing Models.........ccccooveiiiiiiiiie e 16

2.1.2. Dual-Route MOGEIS ........cceeeiiiiiee e 18

2.2. The Transposed-Letter Effect and Letter Encoding Models...................... 23

2.2.1. Models of Letter ENCOUING........cceveiieiieie e 25

2.2.2. Transposed-Letter Effect and Morphology.........cccccoovvevieiiieiienne. 32

2.3. Early Stages of WOrd ProCesSING .........coeeerirenirinieieienesiesie e 36

2.3.1. The Form-then-Meaning ACCOUNTS .........cccoecververieiieesrenie e 38

2.3.2. The Form-with-Meaning ACCOUNLS.........ccccevvevverieiie e 42

2.4. L1 and L2 Processing of Morphologically Complex Words...................... 49

2.4.1. Similar Mechanisms ApProach ...........cccceveveerenenenenese e, 50

2.4.2. Different Mechanisms ApPpProach ..........ccccceveveeveiiesieese e, 55

Xl



2.5. Individual Differences in Masked Morphological Priming ...........c..c...... 61

3. THE PRESENT STUDY ..ooo ittt 65
3.1. Significance of the StUAY ..........cccveiiiieiicc e 65
3.2. Research Questions and PrediCtions ..........ccoccveviieeiiie i 68
3.3. Measures of Individual Differences: The Reading Skills Battery.............. 69

3.3.1. REVIEW OF TOSIS....iiieiieeieiie e 70
3.3.1.1. Test 1: Word Identification............ccccorevererenenieniseneenns 70
3.3.1.2. Test 2: Reading FIUENCY .......ooovviviiiiicece e, 72
3.3.1.3. Test 3: SPEHNG ..o 73
3.3.1.4. Test 4: Reading Comprehension..........ccccveveninencnnnnene 73
3.3.1.5. Test 5: Reading NONWOIAS ........ccccovevvverieiieieeie e 74
3.3.1.6. Test 6: Listening Comprehension............cccevvveeieeiieinnnne, 75
3.3.1.7. Test 7: Vocabulary Knowledge ..........ccoceevvevveiiienininnnn, 76
3.3.1.8. Test 8: Reading Span TeSt .........ccoveveieienieneniseseeeeeenes 77
3.3.1.9. Test 9: Nonword Spelling ..........ccoovveriniienieninicceene 79

3.3.2. Reading Skills Battery: Descriptions of Cognitive Processes
Necessary for Performance in Each Subtest............cccccovviiiieeinenn, 80
3.3.2.1. Test 1: Word ldentification............ccoovevvvieiieniesieiceeene 80
3.3.2.2. Test 2: Reading FIUENCY .........cccovviiiiiiieiec e 82
3.3.2.3. Test 3: SPelling ...c.ocveieeicecece e 82
3.3.2.4. Test 4: Reading Comprehension...........ccccccevveiieeiie i, 83
3.3.2.5. Test 5: Reading NONWOIS ........cccovvieieienieneninesceeeeene 84
3.3.2.6. Test 6: Listening Comprehension ...........ccoceveveveneeeneene 85
3.3.2.7. Test 7: Vocabulary Knowledge .........ccccooevevveveiieiieee 85
3.3.2.8. Test 8: Reading Span TesSt .......ccccvvvevieevieiiieiie e 86
3.3.2.9. Test 9: Nonword Spelling .........cccooveiiiiiiiiniiiiceene 87

3.4, MEthOodOIOgY ....ccuviieiiiieie s 88

4. EXPERIMENT 1: MASKED PRIMING IN L2 ENGLISH.........cccovevviieinnnen, 89
4.1, PartiCIPANTS ..ottt sttt nne s 89
4.2, IMALEITAIS ......ee et 89

A.2. 1. SHMUI cocctice s 89

4.3, PTOCEAUIE. ....ueetieieeie ettt bbb eneas 91

xii



4.4. The Reading SKillS BALery ........c.ccoiiiiiiiiiieniee e 91

4.5, RESUITS ...ttt ettt sa et re e 92
4.5.1. Reaction Time ANAIYSES ......c.cceiiieiieieiiese e 92
4.5.2. Individual Differences ANalyses.........cccceivieiieiiiieiie e esee e 95
4.5.2.1. TL Priming Modulation for Within-Morpheme
TranSPOSITIONS ....cvvvieiiieiiesie e 96
4.6. DISCUSSION ...ttt sttt st sb bbbt bbb ene e 98
5. EXPERIMENT 2: MASKED PRIMING IN L1 ENGLISH.......cccccovviininnnn. 101
5.1, PArtICIPANTS .....eeveeiieeete et 101
5.2, IMIALEIIAIS. ....cvi ettt 101
5.3 PIOCEAUIE ...ovieie ettt 101
5.4. Reading SKills TeSt Battery........cccccviieiieiiiiiiie e 102
5.5, RESUILS ...ttt e 102
5.5.1. Reaction Time ANAIYSES .......cccueuiiieiinieiie e 102
5.5.2. Cross-Language ANAIYSES.........cccoviiiieiiniiieieie e 104
5.5.3. Individual Differences AnalySes...........ccccoeviereieeieeieieese e 106
5.5.3.1. Morphological Priming Modulation............c.c.ccccceveennnnne. 107
5.6. DISCUSSION ....eviiiieieeiie sttt iee st e ste et te et et esteanee s s e steeneesreesbeaneesneenreas 109
6. GENERAL DISCUSSION AND CONCLUSION .....ccccoviieiiieeciee e 112
6.1. Limitations of the StUdY.........ccevviiiiece e 117
REFERENGCES. ...ttt ettt sttt e 118
APPENDICES
A. READING SKILLS BATTERY oottt 147
B. STIMULL ..ottt 166
C. DENSITY SCORES: L2 ENGLISH SPEAKERS ......c.ccoceiiiiiiiieeicceieienn 167
D. DESCRIPTIVE STATISTICS: L2 ENGLISH SPEAKER GROUP............... 168
E. TOWRE TEST (SIGHT WORD EFFICIENCY): WORD
IDENTIFICATION ..ottt 169
F. TOWRE TEST (PHONEMIC DECODING EFFICIENCY): NONWORD
READING ...ttt e et e e e e e e e e e e e 170
G. DENSITY SCORES: L1 ENGLISH SPEAKERS. ........ccoceiiiiireeneneenieenn 171
H. DESCRIPTIVE STATISTICS: L1 ENGLISH SPEAKER GROUP............... 172

Xiii



I. SCORING SHEET ...t 173
J. APPROVAL OF THE METU HUMAN SUBJECTS ETHICS

(010,111 = =TT 174
K. CURRICULUM VITAE ...ooiiiecteeveeeeesee e teeee st s esnessenissessssass s 175
L. TURKISH SUMMARY / TURKCE OZET ......ccoeiiiiieeieeeeerereeee e, 183
M. THESIS PERMISSION FORM / TEZ IZIN FORMU .......c.cccocvvvvvrrrrcrnnnne. 209

Xiv



LIST OF TABLES

Table 1. Description of the Cognitive ProCESSES ........ccvvviivieiieiiieeiie i esie s 80
Table 2. Item Characteristics in the Word Identification Test...........c.ccocevvrvennne. 81
Table 3. Scoring Sheet for Word Identification Subtest............ccccccevivevvvirieennnne 81
Table 4. Frequencies for Spelling Difficulty and Sample Items............cccccccevvneee. 83
Table 5. Scoring Sheet for the Test of Nonword Spelling ... 87
Table 6. Psycholinguistic Characteristics of Stimuli..........c.ccccooovviiiiiiiiiie, 90
Table 7. Mean RTs and ERSs (SDs) across ConditionS...........ccceovvvrerenenennnennns 92
Table 8. Summary of Fixed Effects in the Final Model..............cccoeiveiviiinennn, 93
Table 9. Post hoc Comparisons between Experimental and Control Conditions.. 94
Table 10. Contrasts for Proficiency Levels for TL-within Priming .............ccccv.. 96
Table 11. Mean RTs, ERs (SDs) across Conditions............cccceeeererenenenesinennes 102
Table 12. Post hoc Comparisons between Experimental and Control

(07 ] 10 11T ] 0 S J PRSPPI 103
Table 13. Pairwise Comparisons of Conditions Between Groups............c.......... 105
Table 14. Estimates for Each Proficiency Contrast...........ccccooeveniiininienininenn, 107

XV



Figure 1.
Figure 2.
Figure 3.
Figure 4.

Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.

Figure 14.

Figure 15.

Figure 16.
Figure 17.

Figure 18.
Figure 19.

Figure 20.
Figure 21.

LIST OF FIGURES

Structure of a Typical Masked Morphological Priming Trial .................. 3
Transposed-Letter Priming, Within-morpheme Boundary Condition......4

Transposed-Letter Priming, Across-morpheme Boundary Condition......5
The Substituted-letter (SL) Condition across Morpheme Boundary
IN A TL EXPEIIMENT ...c.vviiiiccie ettt 5
Taft and Forster’s (1975) Word Recognition Model.............cccocvenernnne. 12
Reformulated Obligatory Morphological Decomposition Model .......... 13
A Lexeme-based Model of Morphological Processing.........c.cccceevenen. 17
Dual-route Model of Morphological Processing.........ccccovvevieeiieinnene, 22
Dual-route Model of Morphological Processing........cccccevveiieeiieinnene, 23
Interactive Activation Model............ccooieiiiiiieie e 26
Unconstrained Parallel Open-bigram Model.........cccccooeiiiiiiiiiiinnnnn. 30
Spatial Coding for the Stimuli “STOP” and “POST” ......ccovviveriennn. 31
Grainger and Ziegler’s (2011) Dual-route Approach to
OrthographiC ProCESSING.......coveieriiriiieiisie s 46
Well-integrated Orthographic (OR), Phonological (PH), and
Semantic (SE) Constituents of a Lexical Entry "gate" ............c..coc..... 62
Model-Based Estimates of Response Times Per Condition. Error
Bars are 95% Confidence Intervals ..........cccoooiiiiiinniie 95
Model-based Estimates in Reading NONWOIS............cocoveninnnininnns 96
The Scatterplot of Real Priming Effects with Overlaid Trend
Lines from the Predicted Model in Reading Nonwords............c......... 97
Model-based Estimates in Nonword Spelling ..., 97
The Scatterplot of Real Priming Effects with Overlaid Trend
Lines from the Predicted Model in Nonword Spelling....................... 98
Model-based Estimates of Response Times per Condition............... 104

Model-based Estimates of Reaction Times for L1 English and L2
ENQlish SPEAKENS.....cuvieiiiee e 106



Figure 22. Model-based Estimates for Spelling.........cccccvvviininieniine e 107
Figure 23. The Scatterplot of Real Priming Effects with Overlaid Trend

Lines from the Predicted Model in Spelling..........cccccovvveiviiciiennnn 108
Figure 24. Model-based Estimates for Vocabulary ...........cccccocveviiiiiiiiiciiecnnens 108
Figure 25. The Scatterplot of Real Priming Effects with Overlaid Trend

Lines from the Predicted Model in Spelling.........ccocvininiiiinnnnne, 109

Xvii



LIST OF ABBREVIATIONS

AVM The Activation-Verification Model

DIRT Diagnostic Reading Test for Nonwords

DRC Dual Route Cascaded Model

e.g. Exempli Gratia

ERP Event-Related Potentials

i.e. Id Est

IAM Interactive Activation Model

IELTS The International English Language Testing System
KPDS Language Proficiency Test

L1 First Language

L2 Second Language

LDT Lexical Decision Task

MMN Mismatch Negativity

MROM The Multiple Read-Out Model

ms Millisecond

OB Open-Bigram

OR Orthographic

PH Phonological

RST The Reading Span Test

RT Reaction Time

SD Standard Deviation

SE Semantic

SE Standard Error

SERIOL Sequential Encoding Regulated by Inputs to Oscillations

Within Letter Units Model

SL Substituted-letter

SOA Stimulus Onset Asynchrony

SOLAR Self-Organizing Lexical Acquisition and Recognition Model

Xviil



TL

TOEFL
TOWRE
VS.

WJ 111 ACH
WMC
WSE

YDS

Transposed-letter

Test of English as a Foreign Language,

Test of Word Reading Efficiency

Versus

Woodcock—Johnson 111 Psycho- Educational Battery—Revised
Working Memory Capacity

Word Superiority Effect

Language Proficiency Test

XiX






CHAPTER 1

INTRODUCTION

Accurate and fluent reading requires a fine and systematic orchestration of many
cognitive functions that are developed later in life through instruction since humans
are not born with an innate ability to acquire a written language. These involve word
identification and processing, learning, executive skills, inferencing, syntactic
parsing, accessing meaning, which are all processed effortlessly and markedly fast.
Therefore, this elaborate synchronization among various cognitive mechanisms has
unsurprisingly aroused much interest in investigating the precise order and manner
these essential processes take place in skilled readers. As a result, substantial amount
of attention has been paid to determine how skilled readers go from a given letter
string of printed squiggles and lines on a page to meaning. Hence, shedding light on
what mechanisms are involved in the process of gaining access to lexical entries has

been the main motive of visual word recognition studies.

Over the last four decades, the cognitive processes involved in the recognition of
morphologically complex words such as government and touched have been
extensively examined. Research into psycholinguistic science has shown that letter
identity assignment, letter position coding, segmentation of complex words into
constituent morphemes and the use of semantic information are important
underlying components (e.g., Amenta & Crepaldi, 2012) and that the alignment of
these processes occurs in a few hundred milliseconds. However, there is no
consensus on how precisely these components work and interact during the early
stages of morphologically complex word processing. In spite of the lack of
consensus on how multimorphemic words are recognized and processed, the
literature suggests three different classes of theory. Full- listing theories claim that

all words, irrespective of their internal structure, are stored as whole units and,
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therefore, complex words are accessed only through their full-form representations
(e.g., Butterworth, 1983; Manelis & Tharp, 1977). However, the recent literature
has been dominated by the Morphological Decomposition Hypothesis (e.g., Taft &
Forster, 1975), which claims that morphologically complex words are parsed into
their morphemic subunits because they are stored as stems and affixes in the mental
lexicon. The third account —dual-access theory- acknowledges a process whereby
the complex word could be recognized either via representations of the word’s
constituent morphemes or via its full-form lexical representation (e.g., Baayen et al.,
1997; Diependaele et al., 2009, 2011; Grainger & Ziegler, 2011).

Regarding the decomposition of morphemic units, there are three recent accounts
that attempt to clarify the time course of morphological decomposition. The first
view is the pre-lexical account (e.g., Rastle et al., 2000, 2004; Taft, 2003, 2004),
which claims morphologically complex words are exhaustively segmented into their
morpho-orthographic subunits, which then triggers the activation of the full-form
representation. The post-lexical account, on the other hand, suggests that
segmentation occurs only after access to the lexicon with an initial full-form
activation has been achieved (e.g., Giraudo & Grainger, 2000, 2001). Finally, the
dual-access account (e.g., Beyersmann & Grainger, in press; Diependaele et al.,
2009; Grainger & Ziegler, 2011) proposes a co-occurrence of pre-lexical and post-
lexical decomposition processes whereby morphologically complex words could be
processed via the affix-stripping pathway (i.e., through the pre-lexical route) or via
the whole-word pathway (i.e., the post-lexical route). With respect to the influences
of semantic properties of words on the morphological decomposition process, two
main accounts have been suggested: morpho-orthographic and morpho-semantic
accounts. While the former view advocates a pure reliance on orthographic form
that is blind to semantics, the latter acknowledges early semantic influences on

morphological decomposition during visual word recognition.

Research that aims to clarify the mechanism(s) responsible for the native language
(L1) morphological processing of inflectional and derivational phenomena has
primarily focused on the dual- versus single- mechanism debate. Though there are

quite a few studies that favor single-route models (e.g., Morris & Stockall, 2012;
2



Taft, 1979, 2004), substantial amount of evidence obtained from research has also
supported the dual-route models that basically assume that two mechanisms run in
parallel during the initial stages of complex word recognition (e.g., Coltheart et al.,
1993; Grainger & Ziegler, 2011; Pinker, 1991; Taft, 2004; Ullman, 2001).

The main experimental paradigms employed in studies investigating these theories
and accounts have been the masked and unmasked (overt) morphological priming
paradigms. The masked morphological priming procedure (see Figure 1) is widely
used in visual word recognition studies and often consists of three stages: Firstly, a
forward mask (composed of some hash symbols) is presented for a short time (often
500 milliseconds), followed by the brief presentation of a prime, which typically
involves a morphologically complex prime, identity prime or an unrelated prime,
followed by the target. Masked priming is a paradigm that taps into early processes
in visual word recognition because even though the prime is presented very briefly,
and hence there is almost no awareness of the experimental manipulations, it is
found to affect the responses of the participants based on its relation to the target

word.

forward mask
500 ms prime
A 50 ms
| | target
{ A \ 3000 ms
f—l—\
HHHBHHHARH
government
GOVERN

Figure 1. Structure of a Typical Masked Morphological Priming Trial

A paradigm that has recently begun to gain prominence in morphological processing
studies is the (masked) transposed-letter (TL) priming. In this paradigm, primes
contain a linguistic unit that is the letter-transposed version (e.g., govren) of the

target (e.g., GOVERN), and as a result, two perceptually similar neighbors such as
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govren and govern are created (e.g., Perea & Carreiras, 2006). This type of priming
therefore informs about whether there is any influence on how a word is processed
when two letters within the input are reversed. In fact, a significant amount of
evidence has revealed that TL words have yielded form-priming effects in relation
to the control primes (e.g., govenr-GOVERN vs. govemc-GOVERN; Andrews,
1996; Perea & Lupker, 2004) as well as associative priming effects (e.g., power-
GOVERN vs. phoen— GOVERN; Perea & Lupker, 2003b). These effects have also
been documented with non-adjacent distant transposed letters (e.g., gorevn-
GOVERN vs. gozecn- GOVERN; Perea & Carreiras, 2006).

This paradigm has recently been used with morphologically complex prime words
(e.g., govenrment - GOVERN) to reveal whether morphological decomposition co-
occurs with the letter position assignment, and if the intertranspositions obstruct the
processes readers use during recognition of complex words. Therefore, the
transposed letters in primes can be either within the morpheme boundary or can cut
across the morpheme boundary. For example, in a TL experiment where the
processing of government is investigated, for the target word GOVERN, the prime
govenrment involves transposed letters (TL) within the morpheme boundary
whereas the prime govermnent involves TL across the morpheme boundary (see also
Figures 2 and 3 for illustrations of an experimental design where TL priming is used
in the within-morpheme boundary and the across-morpheme boundary conditions,

respectively.

HERHH IR

govenrment

GOVERN

Prime Target

Figure 2. Transposed-Letter Priming, Within-morpheme Boundary Condition
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govermnent

GOVERN

Prime Target

Figure 3. Transposed-Letter Priming, Across-morpheme Boundary Condition

In TL experiments, a substituted-letter (SL) condition is typically included as a
baseline condition, which involves the substitution of two new letters (e.g., zc in
govezcment) for the transposed-letters (nr in govenrment). An illustration of a
substituted-letter condition across morpheme boundary in a TL experiment is

provided in Figure 4.

HEHRHH R
goverzcent

GOVERN

Prime Target

Figure 4. The Substituted-letter (SL) Condition across Morpheme Boundary ina TL
Experiment

One methodological point that has been discussed in relation to whether the target
word should be stems (govenrment - GOVERN) or whole words (govenrment -
GOVERNMENT) in TL experiments that investigate priming effects using within
and across TL conditions. While some studies have used whole words as target
words (Christianson et al., 2005; Dufabeitia et al., 2007, 2014; Perea & Carreiras,
2006; Rueckl & Rimzhim, 2011; Sanchez-Gutiérrez & Rastle, 2013), others have

presented stems as the target words (Beyersmann et al., 2013; Diependaele et al.,



2013; Rueckl & Rimzhim, 2011). Importantly, Rueckl and Rimzhim (2011)
reported that the magnitudes of intra-morphemic transpositions and cross-

morphemic transpositions were similar when targets were stems or whole words.

The transposed letter-effect is obtained when it is easier to respond to target words
preceded by letter-transposed nonword primes than those preceded by letter-
substituted nonword primes. The difference between the reaction times in these
conditions is taken as evidence for the measure of transposed-letter priming. The
transposed letter-effect is obtained when reaction times (RTs) to the TL prime are
faster than RTs in the SL prime condition. Obtaining a TL effect makes it generally
possible to draw two conclusions: Firstly, decomposition is an automatic process
and is independent of the lexical activation in the lexicon; for a TL prime is a
nonword and non-existent in the mental lexicon. And secondly, there is a very early
decomposition process that operates along with letter position coding processes
because recognizing a morphologically complex word in isolation firstly requires
the encoding of letter position. This is significant evidence that can be highlighted
particularly in TL experiments; for a study that examines letter transpositions could
find morphological priming despite the reversed letters, which proffers evidence that

decomposition processes are tolerant to inexact coding of letter positions.

Other studies have also examined TL effects by eliciting response times to
morphologically complex words which involve both cross-morphemic and intra-
morphemic transpositions (Christianson et al., 2005; Dufabeitia et al., 2007; Rueck
& Rimzhim, 2011). In these studies, the evidence in favor of the obligatory
decomposition theory was provided when cross-morphemic transpositions were
more disruptive than intra-morphemic transpositions. For example, if government
is recognized after the stripping off of the affix -ment from the stem govern, then
the disturbance of the affix should obscure the processing by making it easier to
reject the target; this is because govermnent may not prime GOVERN as much as
the prime govenrment as the affix in the first condition is disrupted and cannot be

isolated from the stem.



However, in spite of the robust findings and combined investigation of imprecise
letter coding and morphological processing that TL priming could provide, there is
not much work using this paradigm to investigate the visual recognition of
morphologically complex words, and the findings obtained from available studies
are not clear-cut. Some studies have shown that TL priming effects were obtained
only in the intra-morphemic transposition condition (Christianson et al., 2005;
Dunabeitia et al., 2007), whereas other studies have revealed similar sizes of priming
across the two conditions (Beyersmann et al., 2013; Rueckl & Rimzhim, 2011;
Sanchez-Gutiérrez & Rastle, 2013). Rueckl and Rimzhim (2011) also point out the
need for more research to discover the underlying factor(s) for these incongruent

findings.

Another line of complex word recognition research has broadened the scope to L2
inflectional and derivational processes to question if and how L2 morphological
processing is different from L1 morphological processing. The findings obtained in
this line of research are largely contradictory, ranging from studies that posit similar
mechanism(s) in L1 and L2 processing (e.g., Chen et al., 2007; Diependaele et al.,
2011) to studies that point to distinct mechanisms (e.g., Babcock et al., 2012; Jacob
et al., 2018; Neubauer & Clahsen, 2009).

Studies which argue for the presence of distinct mechanisms state that even though
L2 speakers could obtain very high scores in proficiency tests, L2 processing will
still differ from L1 processing because of the differences in processing specific
domains of grammar (e.g., Clahsen & Felser, 2006; Ullman, 2001). Regarding the
differences in sentence processing, it has been proposed that L2 speakers utilize
surface cues to understand sentences such as lexico-semantic and associative
patterns of sentences unlike L1 speakers, who use deeper level cues such as the
abstract syntactic structure of a sentence (Clahsen & Felser, 2006). Similarly,
Ullman (2001) argues that there are two distinct brain memory subsystems: a
declarative subsystem that promotes the storage function of words and a procedural
subsystem that processes rules of language. It is also posited that these two memory
systems are vulnerable to maturational changes that lead to the reduction in effect

after puberty. This leads to L2 processing to be more reliant upon the memorized
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system unlike L1 processing which is more dependent upon the procedural memory
system.

Other studies that favor the similar approach posit that processing takes place along
similar principles even though there might be significant differences in speakers
with lower proficiency levels (e.g., Clahsen et al., 2010; Clahsen & Felser, 2006)
and words with lower frequency levels (e.g., Dal Maso & Giraudo, 2014; Lehtonen
et al., 2006; Lehtonen & Laine, 2003). Also, it is reported that despite the presence
of general mechanisms underlying the visual word recognition system, L2
performance could be slightly slower and require more mental exertion than that of
L1.



CHAPTER 2

LITERATURE REVIEW

2.1. Morphological Processing Models

The fundamental issue for word recognition and processing theories is to elucidate
how the linguistic system tackles the storage and retrieval of lexical entries and how
skilled readers gain access to those lexical units. Therefore, most theories have been
particularly developed based on whether morphologically complex words have their
own mental representational units and how and when morphological information is
available in visual word recognition. To elucidate the very early processes involved
in the representation and processing of these complex words and to explain whether
these systems run independently or in parallel, several influential accounts of
morphological processing have been proposed, and as a result, these opposite
theoretical accounts have yielded considerable evidence in favor of the
morphological models of lexical processing. Fundamentally, two theoretical models
have gained influence in the literature: single-mechanism models and dual-
mechanism models. In the following chapter, these two accounts are reviewed along
with the studies that have provided significant evidence with regards to each

theoretical model.

2.1.1. Single-Route Models

Two main influential single-mechanism accounts prevail in the morphological
processing literature. While they all posit only one processing route that has control
over the processing of morphologically complex words, they vary in a particular
mechanism that they select to account for the processing. These two main accounts
involve full-decomposition models and full-listing models and are discussed below.

9



2.1.1.1. Full-Decomposition Models

These purely morphological-access models (e.g., Rastle et al., 2000; Stockall &
Marantz, 2006; Taft & Forster, 1975) predict that the mental lexicon holds separate
entries for their stems and affixes. They adhere to the notion of compulsory
segmentation of the surface form of any stimulus (be it a word or a nonword) that
possesses a letter sequence that could potentially be a morpheme. Therefore, the
only way to get access to the lexical representations of a complex word involving
more than one morpheme is through an initial access to its morphemic subunits. The
implications of this model with regards to how the input is processed, beginning
with the earliest registration of visual stimuli, are that complex words with
detectable affixes are represented componentially, and hence, are first segmented
into their units of stem and affix prior to the access to their whole-word
representations in the second recombination step when morphemic constituents are
concatenated. Such a word recognition system implies that identification of the word
(e.g., impatiently) requires an early morphological analysis of the complex word. In
other words, the prefix -im and the suffix -ly must be stripped off before the lexical

representation of impatiently can be accessed.

According to this account, to gain access to the mental representations of a
morphologically structured word, the language processing system obligatorily goes
through an affix-stripping process whereby affixes are initially decomposed into
stem and affix units in the initial stages of visual word recognition. This obligatory
decomposition model assumes that complex words are exhaustively segmented into
their morphemic subunits in which certain parts of the complex forms are identified
as the stem morpheme or as the affix morpheme. One of the earliest findings for the
affix-stripping model came from Taft and Forster (1975) who, in their lexical
decision study, investigated bound stems (e.g., cursion in excursion) and real stems
(e.g., juvenate in rejuvenate), and last parts of non-prefixed words (e.g., nace in
menace). They conducted three experiments to determine whether morphological
decomposition takes place even when the stem of a word is not a real word. In the
first experiment, they constructed stimuli with real stems that were formed by the

removal of their prefixes (e.g., rejuvenate — juvenate) as well as pseudo-stems that
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were also constructed by stripping off their pseudo-prefixes (e.g., repertoire —
pertoire). The results of their study demonstrated that prefixed nonwords with real
stems (dejuvenate) were harder to respond to compared to prefixed pseudo-stems
(depertoire). In line with this finding, the authors suggested that the increase in
reaction times was due to uncertainty regarding whether the real stems could be used
on their own, which interrupted the lexical search since an inappropriate lexical
entry was found. Their results also showed that participants made more errors with
real stems because the process where the lexical entry is checked to decide if the
stem could stand alone is not always performed successfully. In the second
experiment, Taft and Forster investigated whether, in the mental lexicon, bound
morphemes are represented as separate entries and argued that if the stems of
derived words existed, real words (free morphemes) as well as bound morphemes
could also be represented. A word like vent is a free morpheme (i.e., an outlet for
air), but it also functions as a bound morpheme as in prevent. Because vent carries
out two different functions, it could employ two separate listings as ventl (as a free
morpheme) and vent2 (as a bound morpheme). The results revealed that words that
have more frequent bound morphemes than free morphemes (e.g., vent) were
responded to slower than free morphemes. This finding was taken to demonstrate
that word stems are listed as lexical items. The stimuli used in the third experiment
were comprised of the same items as used in the first experiment to validate the
findings. In this experiment, real stems (e.g., juvenate) and pseudo-stems (e.g.,
pertoire) were attached incorrect prefixes (e.g., dejuvenate, depertoire). The results
corroborated the initial findings, showing that prefixed nonwords took longer to
respond to when they involved a real stem, in contrast to items which did not. Taft
and Forster took the evidence from these three experiments to claim for the
assumption that an analysis of morphological structure words is made before lexical
lookup and proposed the model shown in Figure 5.

11
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Figure 5. Taft and Forster’s (1975) Word Recognition Model

The model accounts for the findings obtained from the first experiment where
participants took longer to respond to real stems (e.g., juvenate) than to pseudo
stems (e.g., pertoire). Because responses to the stimuli in the former condition
necessitated the use of steps of 1, 4, 5, 4 and 7 and increased the amount time
necessary to respond to the real stems in comparison to the following sequence of
operations necessary for pseudo-stems: 1, 4, 7.

An alternative account where morphemic constituents have a significant function is
the sequential search model which was called the file drawer model (Forster, 1976).
In this model, a whole-word representation for every multimorphemic word is listed
in the mental lexicon, which was likened to the “file drawer” but only accessed after
the stem of the word is extracted and activated. According to this model, a word is
searched in a prelisted location in the lexicon in two phases: The first phase is to
acquire access to the file drawer through the stem of a complex word that provides
important information in locating the remaining word. The whole-word
representation is then searched through the drawer where full-forms are stored and

ordered according to their frequency.
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The decomposition model and the search model converge on their assumption that the
first morphemic constituent with a higher frequency will expedite the initial processing
phase, yet they differ in their prediction about the following processing. The
decomposition model proposes the facilitation of the morphological processing as the
second morphemic constituent gets a higher frequency, while the file drawer account
does not suggest a potential effect on the morphological processing. The only influence
that would impact the processing is whether the complex word is filed in an ascending
or descending order of frequency in relation to the other complex word units in the file
drawer. The two accounts also diverge on their assumptions of the influence of full-
form frequency. While the obligatory decomposition account suggests words that have
a higher frequency will be processed faster in the third phase, file drawer account only

makes predictions regarding the location of the word unit in the file drawer.

The decomposition model that was previously developed as a search theory was
modified (Taft, 1994) to integrate the framework of a prominent interactive-activation
model to better understand the morphological processing. Primary interest in the prior
model had focused on the pre-lexical morphological segmentation of prefixed words
with bound stems that happened before a search for the stem morpheme within the
mental lexicon. In this reformulation of the model (see Figure 6), a lemma level of
representation proposed by Schreuder and Baayen (1995) was added to the model (Taft,
1994; Taft & Nguyen-Hoan, 2010), making affix-stripping an integral process instead

of a distinct phase of processing that occurs before the lexical access.
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The full segmentation of complex words is assumed to be the main access route in the
processing of complex words (e.g., Taft, 2004). Therefore, completely transparent
words (e.g., teacher) do not possess their own representations at the lemma level, and
instead computes all information in line with their constituents (i.e.,{teach}{er}),
whereas complex words that are not transparent (e.g., feathery), are represented at the
lemma level that provides from access to the meaning. As a result, at this lemma level,
a difference between the activation of transparent and opaque affixed words arises. In
addition, in line with the obligatory decomposition of complex transparent stimuli,
obtaining significant base frequency effects is vital to the model. However, Taft (2004)
reported that the absence of base frequency effects would be indicative of the
compensation for high base frequency words where the later stage of reassembling the
stem and affix has been more difficult than for lower base frequency words when they
have an equal surface frequency. Support for a single-route full segmentation route was
provided by Stockall and Marantz (2006) where all complex words were shown to be
fully segmented into their individual constituents independently of whether they were
regularly or irregularly inflected. In their unmasked primed MEG study, the stimuli
consisted of identical, orthographically related and morphologically related prime-
target pairs. Results indicated similar effects for the identity and morphologically
related primes, and these findings were taken to indicate that the language processing
system indiscriminately segments all complex words into their morphemic subunits.
They further argued that this segmentation process occurs even for irregular word forms
like drank, providing evidence for an account that considers regular and irregular past

tenses as the same units and that uses the same decompositional process.

In line with single-mechanism hypotheses, several other studies (e.g., Devlin et al.,
2004; Marslen-Wilson, 2007; McCormick et al., 2008; Rastle et al., 2000, 2004) have
demonstrated the presence of an initial morpheme identification process before access
to the lexicon is achieved. They acknowledge that morphological segmentation
performs automatically and subconsciously before the whole-word representation is
activated, and this serves both on the morphological and pseudo-morphological
complex word constructions. While morphological word constructions share lexical
and semantic representations with their constituent morphemes (e.g., teacher -

{teach}+{er}), pseudo-morphological word constructions are actually simplex words
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that cannot be further segmented into stems and affixes, and there is no semantic
relationship between the full-form and the stem (e.g., corner could not be further
segmented into {corn}+{er} due to the absence of semantic relationship between the

meaning of corner and corn).

Rastle et al. (2000), for example, examined the pattern of morphological priming using
prime-target pairs that had a real morphological relationship (e.g., teacher - TEACH)
and a pseudo-morphological relationship (e.g., corner - CORN) that had an
orthographic overlap in the context of masked priming with different SOAs (43 ms, 72
ms and 230 ms) in English. Their results revealed that “teacher” and “corner” were
analyzed regarding their apparent morphemic constituents and thus showed that
morpho-orthographic decomposition process applies to all words irrespective of
whether they are truly-affixed or only appear to be morphologically complex. These
results were replicated in other studies using less stimulus onset asynchronies (SOAS)
including 42 ms (e.g., Rastle et al., 2004), 36 ms (e.g., Marslen-Wilson et al., 2008), 33
ms (e.g., Devlin et al., 2004), and using other languages including Dutch (e.g.,
Diependaele et al., 2005), French (e.g., Longtin et al., 2003) and Russian (e.g., Kazanina
et al., 2008). Dunabeitia et al. (2013) investigated the influences of orthographic form
relationships in L1 and L2 morphological processing using cognate words (i.e., words
that have a common etymological origin). Unbalanced Spanish-English bilinguals and
Basque-Spanish balanced bilinguals participated in two lexical decision experiments.
In line with their findings, they argued for a processing mechanism that relies upon early

morpho-orthographic decomposition.

Strong evidence for fast-acting automatic morphological decomposition was obtained
in numerous studies using morphologically structured nonwords as primes. They
showed that decomposition process takes place for all morphologically complex words
including suffixed nonwords (e.g., adorage - ADORE; sportation - SPORT). For
example, Longtin and Meunier (2005), in addition to prime-target pairs that had a true
morphological relationship, used semantically interpretable, non-interpretable prime
words relative to non-morphological pseudowords. The findings revealed that nonword
primes significantly facilitated the identification of stems, showing that they were

rapidly decomposed into their morpho-orthographic constituents. These results pointed
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to an early and fast morpho-orthographic decomposition that applies to both truly
derived and pseudo-derived complex words. Beyersmann et al. (2016) offered further
evidence of masked priming effects with complex nonword primes employing a more
robust methodology by using the same targets across all conditions. They obtained
significant priming effects in all experimental conditions, showing that affix-stripping
functions in all complex words, irrespectively of the legality of the morpheme

morphological construction.

2.1.1.2. Full-Listing Models

The predictions of full-listing models are in stark contrast to those made by the
compulsory decomposition models and differ markedly in how morphological
information is used during the complex word processing. Full-listing models
essentially postulate that morphologically complex words are always listed as
whole-word representations in the mental lexicon. The earliest model that
hypothesized complex words are listed as full forms was introduced by Butterworth
(1983). According to the model, since lexical access to multimorphemic words
requires their own full-form lemma, they are accessed exclusively through their

whole-word representations.

Full-listing theories view the mental lexicon as a reserve of whole-word units,
forming a dictionary-like structure where each word (be it monomorphemic such
water) or multimorphemic such as government, snowman) has its individual, whole-
word listing so there is only one corresponding word form. Even though
morphological information does not have an early fast automatic influence on the
word recognition in this non-compositional theory, morphological information
might still be available post-lexically. According to Libben (1998), due to the lack
of the computation of the meaning of the morphologically constructed word from
its morphemes, the computational efficacy of the mental lexicon is increased.
However, in the case of snowman, for instance, an extensive number of different
entries where both complex words (i.e., snowman) and its constituents (i.e., {snow}
and {man}) are separately stored would lead to a higher loaded memory system,
diminishing the storage efficacy.
16



Though studies have yielded only limited evidence in favor of this first form of full-
listing account, a new model has been put forward that extensively depends upon
full-form representations. The supra-lexical model, which was proposed by Giraudo
and Grainger (2001), envisages the mental lexicon as being composed of full-form
representations that are always initially accessed so that constituent morphemic
units could receive activation from their full-form representations. The model,
therefore, predicts that complex words are segmented into constituents only when
they are associated in meaning to their stems and that an initial whole-word
activation will be followed by a morpheme representation activation. In line with
this prediction, complex words without semantic relationship with their stems are
purported to be stored as whole words. This account relies substantially on lexeme-
based models of morphological processing (e.g., Aronoff, 1994), the structure of
which is visualized in Figure 7. According to these models, morphological
information is not designated as separate and independent morphemes, but rather

lexeme units are located at the interface of word and semantic representations.
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Figure 7. A Lexeme-based Model of Morphological Processing

In line with the assumptions of lexeme-based approaches, the figure shows that

morphology acts only for a network of conventional link between words and
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therefore is more abstract in nature in contrast to the affix-stripping models that
identify morphemes as concrete units of words. Due to this abstractness,
morphologically complex words are tolerant of form variations such as allomorphs
that are brought about in derivational and inflectional morphology, and hence, the
word is viewed as central to the lexicon and to the morphological operations. When
the recognition of a morphologically complex visual stimulus activates
corresponding word forms, competition arises among the triggered word forms until
the correct word form is identified. Those competing word forms excite their
corresponding base morpheme which then forwards the excitation back to the
competitors. Thanks to this facilitatory bidirectional links with their stems, the two
complex words that bare similar morphological structure are activated. Overall, the
mechanisms to gain access to the morphologically complex word and a
monomorphemic word are similar since morphological components are proposed to

be activated only after the first access.

2.1.2. Dual-Route Models

More recent theoretical models permit influences of both full-form representations
and morphological information that run simultaneously during word recognition.
The dual-route models suggest that the access to the lexical representations of
morphologically complex words is achieved through thier full-form representation
or through the representations of their morphemic subunits (e.g., Baayen, Dijkstra,
et al., 1997; Diependaele et al., 2009; Grainger & Ziegler, 2011). Therefore, dual-
access theories incorporate both processes of decomposition and whole-word access
(e.g., Clahsen, 1999; Pinker, 1999; Schreuder & Baayen, 1995).

One of the very early developments of two operating route models of word
recognition came from a cognitive neuropsychology study. Caramazza et al. (1985)
proposed the Augmented Addressed Morphology Model of lexical processing for
inflectional morphology where access to lexical entries is made through whole-word
activation for familiar words and through decomposition for novel words since
lexical look-up would be more efficient for unfamiliar words. In this model, entries
consist of stems positively connected to the inflectional affixes with which they
18



could join and (for irregular verbs) of stems negatively connected to suffixes with
which they could not join. However, this model disregards the morphological
characteristics of the affixes and the word stems. In the early dual-system theory of
Schreuder and Baayen (1995), the use of full-form representations route and
morphological segmentation route is dependent upon several factors. Complex
words would be stored only in the presence of demanding morphological rules; for,
retrieval on the basis of whole-word access presentations is a function of the
computational cost during morphological processing together with the frequency of
the word. Since complex words that have higher frequency will require considerable
amount of morphological computation, they will be listed in the lexicon. For
example, locally unmarked plurals such as eyes are ideal for storage (Baayen,
Burani, et al., 1997) as well as suffixes that are phonologically neutral and that share
the same form with freestanding words. In their model, they also propose inflections
rather than derivations to be more likely to activate morphological segmentation

route.

Bertram et al. (2000) stipulated three factors regarding the relative contribution of
full-form route and segmentation route to the processing of a complex word: word
formation type, affix productivity, and affixal homonymy. The first factor is related
to whether an affix creates new lexical representations (i.e., derivational morphemes
such as {ment}+ {govern}; {government}) or whether the affix only accounts for
blending mechanism among different parts of the speech (i.e., inflectional
morphemes such as tense and person markings of verbs). Affix productivity refers
to the affix frequency of producing new instances of the same type. For instance,
the affix {able} in the construction “{verb} + {able}” is highly productive (e.g.,
drink > drinkable, teach > teachable, photograph > photographable) in contrast to
an unproductive suffix of {ly} “{adjective} + {ly}” (e.g., ready > readily, easy >
easily, full > fully, empty > ?emptily). Bertram et al. proposed morpheme-by-
morpheme decompositional processing for complex words with productive affixes
and full-form storage with unproductive, meaning-variant affixes. Final component
regarding the balance between the storage and computation of a complex word
processing is the affixal homonymy, that is, whether one affix operates more than

two semantic/syntactic functions. The affix {s} could be a good example to English
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affixal homonymy as it functions both as a plural marker for nouns and third-person
present singular verb inflection. According to Bertram et al., affixal homonymy

triggers the activation of whole-word representations for inflected words.

There is substantial amount of research gauging frequency as the most significant
factor in elucidating which route will be used during processing. Empirical support
for the whole-word activation is obtained from the surface frequency effects while
support for the segmentation route is obtained from base frequency effects (e.g.,
Baayen, Dijkstra, et al., 1997; Bertram et al., 2000; Niswander et al., 2000). The
existence of only base frequency effects for some words bolsters up this model,
which provides evidence for the segmentation processes that are in place while the
existence of surface frequency effects for other words demonstrates the functioning

of whole word access.

Arguments regarding the presence of either a single-route or a dual-route in the
processing or complex words originally dwelled on the processing English past
tense since it offered insights into both regular inflection patterns (e.qg., kiss - kissed)
and irregular inflectional patterns (e.g., drink - drank). Accordingly, a number of
dual-mechanism models have centered upon the English past tense debate, that is
whether complex words are segmented into stem and suffix (e.g., {talk} — {ed}) or
processed as whole-units (e.g., talked) with regards to inflectional morphology.
Many researchers following the Chomskyan tradition, have observed different
patterns of regularly and irregularly inflected verb processing in various languages
(e.g., for English, Miinte et al., 1999; for Spanish, Rodriguez-Fornells et al., 2002;
for German, Weyerts et al., 1996). In line with the principles of dual-mechanism
models, several studies have yielded empirical support in favor of the computation
(segmentation) of regular words by a system that works on the procedural
knowledge and holistic retrieval of irregular words that is processed via a declarative
system (e.g., Marslen-Wilson & Tyler, 1998; Pinker & Prince, 1988; Ullman, 2001).

In the modern version of the Chomskyan tradition, dissociations between regular

and irregular morphology have been obtained from cognitive neuropsychology

studies (e.g., Beretta et al., 2003; Jaeger et al., 1996; Marslen-Wilson & Tyler, 1998;
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Sahin et al., 2006; Tyler et al., 2002). For example, Ullman et al. (2005; 1997)
clearly differentiated between the processing of regular and irregular morphology
in their declarative/procedural model. According to the model, irregular
morphology resides in the left temporal structure that sustains a lexical “declarative”
memory system, whereas regular morphology is situated in left-frontal structures
that involve procedural memory system. Results obtained from studies that have
investigated derivational morphology might speak in favor of Ullman’s model,
which further proposes less computational processing that involves grammar for L2
since it is more reliant upon lexical memory system and rely less on combinatorial
structure. Silva (2008), for example, reported similar magnitudes of priming in
identity (e.g., neat - NEAT) and derived (e.g., neatness - NEAT) conditions for L1
speakers of English but reduced priming effects in the derived condition for L2

speakers of English.

The most recent model of word recognition is proposed by Diependaele et al. (2011)
and builds on previous accounts, suggesting lexical form representations could be
triggered via two routes running in parallel so the input can be recognized either via
representations of the word’s constituent morphemes or via the whole-word
representation. This model incorporates research findings that have demonstrated
semantic influences on morphological processing with the evidence of a graded
facilitation from both semantically transparent (e.g., worker - WORK) and
semantically opaque (e.g., department - DEPART) and form (e.g., cashew - CASH)
target-prime pairs (e.g., Diependaele et al., 2005, 2009; Feldman et al., 2009; Morris
etal., 2007). Therefore, the model seeks to explain priming effects arising from both
form and meaning features, and this morphological activation is depicted along with
the form-then-meaning account in Figure 8. With respect to the figure, Panel A
illustrates that initial stage of complex word processing is purely orthographic (sub-
lexical) and compulsory (e.g., Rastle & Davis, 2008; Taft & Forster, 1975) before it
is passed onto the lexical form level. At this abstract lexical level, the degree of
semantic transparency is taken into consideration in the processing. Positive links
facilitate the recognition of the transparent complex word (i.e., worker) with heavier
morphemic activations, while there is no such potent links for the opagque complex

word (i.e., corner) at this later stage of processing. This might account for empirical
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evidence that has revealed robust priming effects with transparent and opaque
primes at shorter exposure durations, whereas this effect has decayed and vanished
at higher durations (e.g., Taft & Nguyen-Hoan, 2010).

A
Lexical Work P worker com comer
Sublexical (work) (er) (comn) (er)
Input W O R K E R C O RNER
B
Lexical Work € worker com comer
Sublexical (work) (er) (corn) (er)
Input W O R K E R C O RNER

Figure 8. Dual-route Model of Morphological Processing (Diependaele et al., 2011)

Panel B shows how morpho-orthographic and morpho-semantic influences co-occur
in parallel: While morpho-orthographic route decomposes complex words into the
component morphemes and activates corresponding lexical representations,
morpho-semantic route maps the complex words onto their corresponding full-form
input representations. This is evident from the direct link between low-level
orthographic representations and higher-level lexical representations that lead to
sole morpho-semantic influences. Those activated lexical representations are then
mapped onto a more abstract supra-lexical level which represents semantic
relationships and involves stem morphemes. The extent to which these predictions
were accurate was investigated in Diependaele et al. (2013) using letter
transpositions. In their study, L1 English speakers responded to experimental targets
preceded by either unaltered, transposed-letter or replaced-letter primes in
semantically transparent, semantically opaque and form conditions. Findings
revealed facilitation with transparent complex primes when two letters are reversed,

while opaque prime-target pairs yielded inhibitory priming effects.
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A Morpho-semantic fwork]} {comer}
7\ /
Lexical form worker work corner conm
N/ /
Morpho-orthographic (work) (er) Jeorn) (er)
t t
Letters W O R K E R C o R N E R
B Morpho-semantic fwork} {comer}
7N\ /
Lexical form worker work corner conm
Morpho-orthographic (work) (er) {corm) {er)
X X
Letters W O R E K R C © R E N R

Figure 9. Dual-route Model of Morphological Processing (Diependaele et al., 2013)

The model (Diependaele et al., 2013), illustrated in Figure 9, makes a further
distinction between two orthographic codes. It associates the morpho-orthographic
parsing route with a fine-grained processing system that requires precise letter
position coding for the input, whereas the whole-word route is less sensitive to the
exact positioning of letters and therefore could provide fast access from the full-
form lexical representations to the morpho-semantic representations. This latter
coarse-grained route then activates words with letter transpositions since it offers
flexibility in letter position encoding during word identification. The authors
hypothesize that distinctive sensitivity of the two routes results in TL-effects (i.e.,
tolerance of letter imprecisions) where there are distinct levels of influences of letter

transpositions on semantically transparent and semantically opaque words.

2.2. The Transposed-Letter Effect and Letter Encoding Models

Following from Diependaele et al. (2013) study, it could be argued that there are
many cases, whether they be informal instances on social media or on more formal
contexts such as e-mails, skilled readers tolerate minor alterations in written texts.

The following sentence, for instance, “In line with the recommendations of the
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specialists, seniors who execrise regularly do not allow the snipe to deform” might
not disrupt the flow of reading for the majority of readers. If that is the case, this
would be because of the fact that these readers would read the word snipe as spine
and execrise as exercise. These instances, in both cases, raise questions as to whether
the mechanism(s) of visual word recognition could tackle the visual stimulus with
reversed letters and whether readers are insensitive to moderate letter alterations in
the visual input particularly when this transposition occurs word-internally. TL
nonwords such as execrise that produce form priming effects inform models of
visual word recognition with respect to the imprecise coding of letters. These
nonwords are misperceived as their base words which lead to transposed-letter

confusability effects (e.g., Perea & Lupker, 2003a).

The presence of TL effects challenges computational models of visual word
recognition which predict inflexible position-dependent assignment of letter
identities and the letter positions. These TL effects provide significant insights into
the mechanisms of visual word recognition specifically in two aspects: First,
Andrews (1996) demonstrated that participants are slowed down while they process
stimuli with transposed letters compared to match control words that form already
existing letter sequences (e.g., dairy - diary). Second, numerous studies have
documented the facilitative effects of TL-nonwords in relation to their orthographic
substituted letter (SL) control condition formed by substituting the TLs with two
different letters. This showed TL words resembled more to their original forms than
the SL words. Thus, while transposed-letter confusability effects indicate that the
letter position coding mechanisms are flexible enough to compensate for the
reversed letters, the diminishing or disappearance of TL-priming effects in
substituted control conditions implies that these mechanisms also obey the letter

identity coding process.

Before this section further elaborates on models that could account for transposed-
letter effects, earlier influential computational models will be discussed in the

following section.
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2.2.1. Models of Letter Encoding

Investigations into how letters are positioned within a word have informed about
how the brain deals with the information at higher levels of cognitive processing.
These involve the formation and organization of representation from the constituent
entities and aim to answer how the brain represents the input such as “ARM”. Is it
coded as first “A”, then “R”, and finally “M”, but not “R”, “M”, and then “A”, or
first “M”, and “R”, and finally “A”? In line with this line of reasoning, two
prominent approaches to the letter position encoding have been suggested. These
two computational models of word recognition have differing views on whether and

how letter positions are coded.

In slot-coding schemes, the positional encoding of each letter within a word is
precise. The earliest model of slot-coding schemes is the Interactive Activation
Model (IAM; McClelland & Rumelhart, 1981). In this model, the letter encoding
mechanism allocates each letter to a specific position within a letter string where it
is processed individually within its own slot. In line with this IA model, the coding
of the letter string “ARM” would be A1R2M3 where the first slot is assumed by
letter “A”, and the second slot by letter “R”, and the third slot is filled by “M”. Due
to the precise slot assignment of letter identities, this model could differentiate
between anagrams such as ARM and RAM which would be coded as RLIA2M3.
Therefore, according to the model, ARM and RAM are totally different entities
since in the input RLA2M3, the first slot is represented by R, while A and M follow
the second and third slots as opposed to the stimuli ALR2M3 where A occupies the
first position and R the second. This model also accommodates the word superiority
effect (WSE) which demonstrates readers better recognize letters when used within
words compared to when letters are shown individually or within nonwords. Figure
10 below shows how letter position coding and word superiority effects are
addressed within IAM.
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Word detectors | FORK WORD WORK

Letter detectors W @] R K

Feature detectors

Stimulus WORK

Figure 10. Interactive Activation Model (Rumelhart & McClelland, 1981)

According to this channel-specific interactive-activation model, there is one

2

separate slot for each letter within the stimulus “work” where it would be
represented by activating the four-letter codes W1, 02, R3, K4, with the with the
letter W associated with the position 1 slot; letter O in position 2, letter R and K in
positions 3 and 4 respectively. Once target letter is shown in a word, there is an
activation of the feature detectors, letter detectors and word detectors, which would
add to the final identification of the word. Nevertheless, in the case of the
presentation of only the letter, there is an activation of the letter detector only.
Hence, within a word, the visual input would be recalled more efficiently and
recognized more accurately, resulting in the WSE. Other successor models include
the activation-verification model (AVM; Paap et al., 1982), Dual Route Cascaded
Model (DRC; Coltheart et al., 2001) and the multiple read-out model (MROM,;
Grainger & Jacobs, 1996). These models, following a similar principle to the IA
model, propose position-specific coding schemes where each letter in a visual
stimulus is appointed a location-specific slot and could only activate other stimuli
when they have identical letters in the corresponding slots. For example, the word
“dessert” is as similar to “deserts” as it is to “despair” because in both cases three
identical letters are in the exact letter positions. Another example is the word “kid”
that would only activate the lexical representations that also possess three-letters;
thus, the lexical representation of “kind” would not be activated. However, there is
a considerable amount of research that has documented counter evidence (e.g., Perea

& Carreiras, 1998; Peressotti & Grainger, 1999). For example, Dufiabeitia and
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Carreiras (2011) reported the relative position priming effect where target word
recognition is facilitated through a prime word that shares the consonants in the
target word, keeping their letter position (e.g., csn as a prime for casino). Overall,
these models could effectively differentiate between anagrams, but they demand a
rather high degree of item redundancy, as they necessitate a definite representation
of each letter in each possible slot. A further drawback of such schemes is that they
are falsified and have failed to account for various phenomena and therefore are not
consistent with more recent research. Many studies showed readers are tolerant of
letter distortions such as TL effects (clods - colds), letter migrations (cloud - could),
repeated letters (moose - mouse), or subset/superset effects (faulty - faculty). This
line of research has shown the significance of the relative order among sets of letters,
instead of the specific letter-position coding (e.g., Peressotti & Grainger, 1999),
providing evidence in favor of priming across letter positions (e.g., Peressotti &
Grainger, 1995).

Against this background, TL methodology is particularly informative because the
presence of TL effects demonstrates letter position is flexible and hence provides
evidence against slot-coding models of visual word recognition. These models
include Interactive activation model (McClelland & Rumelhart, 1981) and dual-
route cascaded model (Coltheart et al., 2001) that assume precise assignment of
letters to a single position. These models envisage that TL words govenr, govezc,
goveos would make it easier for the target word such as govern to be recognized to
the same degree since they all share four letters that occur in the correct position.
Nevertheless, a considerable amount of evidence has shown that participants found
it more difficult to reject TL nonword such as govenr (i.e., transposed letter version
of GOVERN than a SL nonword such as govezc. This finding provided evidence
that “GOVERN?” is recognized even though two of its letters are reversed and
demonstrated visual word recognition system tolerates the jumbled-words, and it
could still identify them (e.g., Dufiabeitia et al., 2009; Lee & Taft, 2009; Lupker et
al., 2008; Perea & Lupker, 2003a, 2004; Schoonbaert & Grainger, 2004).

In the last few decades, various other models of orthographic coding have been

suggested particularly to explain transposed-letter priming effects by attaching
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positional noise to letter-position coding mechanism that cannot otherwise yield
these effects. In these models, the orthographic code comprises a set of units
representing bigrams. In these open-bigram coding schemes, an input is represented
with respect to all of its ordered letter pairs and could have contiguous or non-
contiguous letter pairs (e.g., Dehaene et al., 2005; Grainger & Heuven, 2004;
Grainger & Whitney, 2004; Whitney, 2001; Whitney & Berndt, 1999). For instance,
the word “KID” has the contagious open-bigrams KI, ID and the non-contagious
open-bigram KD. Therefore, these models could explain relative position priming
effects as well as TL priming effects as they assume priming to be a function of
orthographic similarity between the target word and the prime word with respect to
the number of open-bigrams they share. For instance, the word “SPINE” has the
following ten open-bigrams: SP, SI, SN, SE, PI, PN, PE, IN, IE, NE. The
transposed-letter anagram prime “SNIPE” shares seven out of ten open-bigrams
(OBs) SN, SI, SP, SE, NI, NP, NE, IP, IE, PE and superset and subset primes
“SPINCE” share ten matches, with OBS SP, SI, SN, SC, SE, PI, PN, PC, PE, IN,
IC, IE, NC, NE, CE whereas there are only three matches in the SL-control condition
“SRILE”: SR, SI, SL, SE, RIl, RL, RE, IL, IE, LE. Hence, the superset prime and
TL-prime are more comparable to the stimulus than the SL orthographic control

prime, therefore yield greater sizes of priming effects.

Currently, many open-bigram models of visual word recognition prevail in the
literature; however, they propose different hypotheses as to the relative distance
between letter pairs and the order of bigrams. For example, Schoonbaert and
Grainger (2004) in their “constrained-open bigram model” postulate that letter units
that are either contagious or within two-letter distance could activate the
corresponding bigram, but they will not activate the bigrams if the distance between
the letter units is too large. Their model links open-bigrams with different activation
levels. Hence, for a word such as “SPINE”, the bigrams SP, SI, SN, PI, PN, PE, IN
and IE would each have activities of 1, whereas remaining bigrams would be 0,
implying that the bigram SE, for example, would not be activated by the stimulus
SPINE while the OB SP could. In the later version of this model, the edge bigrams

that consist of the initial and final letter in the stimulus (e.g., the bigrams SE in
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SPINE) are weighted more and are coded by activities of 1 and will be activated

during visual word recognition.

In another version of open-bigram coding, the Sequential Encoding Regulated by
Inputs to Oscillations Within Letter Units Model (SERIOL; Whitney, 2001;
Whitney & Berndt, 1999), the main difference between the earlier versions is the
mechanism that activates the open bigram because it weights the distance between
the two letters of the bigram differently and takes into consideration the separation
between the letter pair. In this serial encoding model, letters fire sequentially and
are labelled in line with their sequential order. For example, for the stimulus
“KIND”, letter K is tagged with 1, I with 2, N with 3 and D with 4. The
representations of the individual letters are activated through the firing of letter
units, informing open-bigram units where letter position within a given stimulus is
contained. In the bigram level of the model, between the letter level and word level,
the letters are converted into pairs through this firing pattern. For example, the
bigrams for “KIND” would involve contiguous bigram units #K, KI, IN, ND and
D# and non-contagious units KN, KD, ID where # indicates a word boundary. The
strength of bigram activation diminishes with increasing distance between
constituent letters and contiguous bigram units. For instance, bigram activation level
for Kl is stronger than KN where the weight of former would be 1.0, and the that of
the latter would receive .8. If the open-bigram units are separated by two letters, the

weight of this non-contiguous bigram would be .4 (Whitney, 2008).

In the unconstrained parallel open-bigram model, Grainger and Van Heuven (2003)
proposed a hierarchical, parallel activation mechanism depicted in Figure 11. In the
alphabetic array level, visual features are obtained from the visual input and then
transferred to the alphabetic character detectors where connecting information from
distinct processing slots provides a relative position code for letter identities. As there
is an equal distribution of activation weight of the contiguous and the non-contiguous
bigrams, ordered open-bigram pairs activate corresponding representations at the
relative position map which in turn these open-bigram representations are activated at
the whole-word level (O-words) through bidirectional excitatory connections.
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Figure 11. Unconstrained Parallel Open-bigram Model

Even though empirical investigations into these models have somewhat been
challenging due to a number of different assumptions of open-bigram models (e.g.,
Lupker et al., 2015), Lupker and Davis (2008) presented evidence in their masked
sandwich priming experiment where they presented the target itself for 33 ms between
the forward mask and the prime. It showed that a reversed interior letter prime (e.g.,
cetupmor) primed a target (e.g., COMPUTER) relative to the control prime cifagnar.
This finding could only be accommodated by the unconstrained parallel open-bigram
model (Grainger & Van Heuven, 2003) since all potential bigrams would be activated
of equal strength including the OBs CE, CT, CU and so forth, which are not present in
cifagnar. However, consistent with the assumptions of alternative open-bigram models,
since the only bigrams that are common both in cetupmor and computer are the edge
bigrams of C and R, also existent within the control prime cifagnar; it would be
predicted that similar magnitudes of priming would be obtained from both prime types.
They would therefore fail to predict that cetupmor would be a better prime for the word

computer than cifagnar (e.g., Lupker et al., 2015).

However, spatial-coding models such as self-organizing lexical acquisition and

recognition model (SOLAR; Davis, 1999), could successfully accommodate this

finding. In this model, not the bigrams but the codes’ order in relation to the relative
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activation letter identity are associated with the level of activation. Following this
line of reasoning, the model predicts that the first letter in the visual stimulus would
get the largest magnitude of activation, the second gets the second largest level of
activation until the last letter has the lowest activation level. Letter position in this
model affects the level of activation, but a contagious letter contains similar levels
of activation, which is in line with the priming effects demonstrated in transposed-
letter studies. Since the activation is predicted to be successive in the SOLAR model,
reversed letters would still yield priming effects. This model could also account for
the priming effects obtained in priming studies with anagrams. As seen in Figure
12, each letter in anagrams “STOP” and “POST” has a distinct level of activation
resulting from ultimate encoding of letter positions. For instance, the letter T has
more activation when presented in “STOP” than “POST” because the amount of
activation is higher in the initial letters of a stimulus. On the other hand, the letter P
receives the highest activation when read in “POST” compared to “STOP” as the

level of activation would decrease towards the final letters.

H ] STOP

H H - POST
L O

A H P 5 T

Figure 12. Spatial Coding for the Stimuli “STOP” and “POST”

Another prominent model that could deal with the transposed-letter effects is the
Overlap Model (Gomez et al., 2008) where letter positions are assumed to be coded

in a noisy manner so multiple positions could be associated with each letter within
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a visual stimulus. For example, in the visual input “KIND?”, the letter I is associated
with position 2, but to a lesser degree with positions 1 and 3, and to even a lesser
degree, with position 4. Letters in the input have distributions over positions that
cause one letter representation to extend into other positions. Therefore, identities
of the letters are purported to be normally distributed over position. Each letter
position has a discrete standard deviation, and thus, the amount of overlap in letter

position is coded as a standard deviation parameter.

Overall, a great deal of attention has been dedicated to understanding the role of
letter identities and letter position coding in the visual word recognition. As a result
of these studies, it is now widely accepted that individual letters have a significant
role on the orthographic code; however, the theoretical positions that the
computational models take indicate different approaches and predictions regarding
how letters are coded and positioned in the processing of visual stimuli. Recently,
transposed-letter effects have contributed substantially to the principles of position
of flexibility and uncertainty and laid the foundations in many prominent models of
visual word recognition by presenting evidence against position-specific coding

schemes.

2.2.2. Transposed-Letter Effect and Morphology

In addition to the letter recognition and letter position assignment, several other
processes underlie the recognition and processing of a morphologically complex
word. These include the processes of morphological segmentation, lexical retrieval
and access to semantics. However, these theoretical models discussed above do not
consider the issue of morphological processing in their principles even though
morphology is purported to tap into initial processes of visual word recognition (see
Rastle & Davis, 2008 for a review). One relevant question is therefore whether
letters are positioned in the same stage as when decomposition occurs and whether

TL effects and morphology interact with one another.

To this end, the present study examined morphological TL effects to establish the

relationship between letter position coding and morphological processing during
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word recognition. Hence, in the present study, TL effects were investigated through
transpositions that occurred both within and across morpheme boundaries to provide
insights into identifying the processing of morphologically complex words. Thus,
the transposed letters in primes could be either intra-morphemic, i.e., within the
morpheme boundary, or cross-morphemic, i.e., could cut across the morpheme
boundary. For example, in a TL experiment where the processing of a
morphologically complex word like government is investigated, for the target word
GOVERN, the prime govenrment involves transposed letters (TL) within the
morpheme boundary, whereas the prime govermnent involves TL, cutting across the
morpheme boundary. The transposed letter-effect is obtained when it takes
participants longer to respond to a prime that contains substituted letters than to a
prime that contains transposed letters. The difference between the reaction times in

these conditions is taken as evidence for the measure of transposed-letter priming.

Theories of word recognition are informed by the results of TL studies that clarify
the issue of morphological segmentation during word recognition. The results of TL
priming studies are used to gain insight into whether morphological decomposition
co-occurs with letter position encoding and whether cross-morphemic transpositions
obstruct the complex word recognition. Also, the use of TL-primes helps address
the nature of morphological processing by allowing further investigation into
whether morphological decomposition still occurs when the morphologically
complex word is a nonword. The presence of morphological priming with TL
nonword primes would mean that the morphological decomposition is solely on
basis of structural information. In other words, if morphological decomposition and
the orthographic processing co-occur in the initial stages of word recognition (e.g.,
Beyersmann et al., 2011), cross-morphemic letter transpositions should disrupt word

recognition more than intramorphemic letter transpositions.

Few studies have investigated morphological TL effects by eliciting the response
times to morphologically complex words that involve both cross-morphemic and
intra-morphemic transpositions (Christianson et al., 2005; Duiiabeitia et al., 2007;
Rueckl & Rimzhim, 2011; Sanchez-Gutiérrez & Rastle, 2013). The results largely

support the obligatory decomposition model when transpositions across morpheme
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boundaries have been more disruptive since the disturbance of the affix when
transpositions straddle morpheme boundaries hinders the pre-lexical segmentation
mechanism, as a result of which a complex word like government cannot be
activated. Also, if the recognition of the complex word government occurs after the
segmentation of the affix -ment from the stem govern, it could be assumed that the
processing is obscured due to the disruption of the affix. This makes it harder to
decide the target word GOVERN as a real word because it would not be primed by
govermnent as much as the prime government. In other words, morphologically
complex words must hold their full-form representations in the lexicon when the
lexical status of these words is altered through letter transpositions that cross

morpheme boundaries.

Using a masked primed naming task, Christianson et al. (2005), for example,
demonstrated that the priming effects vanished when letter transpositions disrupted
morpheme boundaries® in English compound words. Experiment 2 extended these
findings to opaque compounds and showed this pattern was similar across both
transparent and opaque compounds. This finding was replicated in the last
experiment with transparent and opaque affixed words by substantiating the
generalization that the position of transposition is detrimental to morpho-
orthographic segmentation. However, the authors used a relatively long prime
duration, thereby giving readers time to thoroughly process the prime. Therefore, if
these results reflect the early mechanisms underlying morphological processing is
highly questionable. Perea and Carreiras (2006) overcame this shortcoming by using
a shorter prime duration (47 ms) in Basque language. Participants responded to
compound and non-compound words preceded by identity, TL-across and SL-across
primes. With SL-across condition as the baseline condition, significant transposed-
letter effects were reported, contrasting the earlier evidence reported by Christianson
et al. (2005). Nevertheless, this study examined the processing of compound words

which is hard to compare with affixed words since the former consists of the

! This is also referred to as the “morpheme boundary effect”.
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combination of at least two stem morphemes (e.g., blue [stem] + berry [stem]), in
contrast to affixed words where there is at least one affix attached to a stem.

Further evidence that letter transpositions across morpheme boundaries potentially
inhibit the recognition of the target words and therefore eliminate the well-
established TL-priming effects in simple words was presented in Dufabeitia et al.
study (2007) who examined both suffixes and prefixes in three masked primed
lexical decision tasks. Suffixed TL-across primes in Basque failed to facilitate the
recognition of target words in experiment 1, and these results were replicated using
prefixed primes in two conditions (TL-across and SL-across) in a typologically
different language, Spanish (experiment 2), while non-affixed target words yielded
TL-priming effects in both experiments. Spanish speakers, in the last experiment,
were presented with word pairs that were preceded by either TL-within (meosnero-
MESONEROQO), SL-within (meurnero-MESONEROQO), TL-across (mesoenro-
MESONERQO) or SL-across (mesoasro-MESONERO) primes. Significant
transposed-letter effects were found only when transpositions occurred within
morpheme boundaries, providing further evidence in favor of early mechanisms that

guide morphological decomposition.

However, the findings obtained from Christianson et al. (2005) and Dunabeitia et
al. (2007) were called into question in Rueckl and Rimzhim (2011) who carried out
a series of masked primed LDT experiments with different SOAs (experiments 1-4,
48 ms; experiment 5, 80 ms). In experiment 1, participants’ responses to English
stem targets preceded by morphological and TL-within primes were compared with
those preceded by SL within primes. The results showed facilitation from both
morphological and TL-within primes. These results were corroborated in
experiment 2 in which there was an equal size of priming from morphological and
TL-across primes. In experiment 3, a direct investigation into morphological, TL-
within and TL-across primes was made, which resulted in no significant differences
between these conditions. Experiments 4 and 5 were carried out to investigate the
potential influences of methodological differences from Christianson et al. (2005)
and Dunfabeitia et al. (2007). Participants responded to intact morphologically

complex target words (WORKER) instead of stem targets (WORK), and the
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findings pointed to no significant differences between target words that are complex
or simplex. By using English stem targets, supporting evidence in favor of
facilitatory effects of TL-across priming in English was also reported in Diependaele
et al. (2013) who provided further evidence that this facilitation disappeared in the
case of semantically opaque prime-target words (e.g., department - DEPART). The
authors took this evidence to suggest that letter transpositions were more disruptive
to the morpho-orthographic processing than to morpho-semantic processing.
Sanchez-Gutiérrez and Rastle (2013), in a masked primed LDT with Spanish and
English cognate complex targets (e.g., IDEALISTA-IDEALIST), tested if different
magnitudes of TL-within and TL-across priming effects could be obtained as a
function of cross-language differences. However, priming effects in both conditions
were significant, suggesting that transposed-letter benefit did not vanish when letter

transpositions crossed the morpheme boundary.

It needs to be pointed out, though, that the evidence obtained from TL studies in L1
so far is ambiguous, showing conflicting patterns of morphological processing.
While one line of research has presented evidence in favor of the transposed letter
effects obtained only from primes that had within-morpheme letter transpositions
(Christianson et al., 2005; Dufiabeitia et al., 2007), whereas another line of research
has demonstrated that whether transpositions occur within or across the morpheme
boundaries does not affect the level of TL-priming effects (Beyersmann et al., 2013;
Diependaele et al., 2013; Perea & Carreiras, 2006; Rueckl & Rimzhim, 2011;
Sanchez-Gutiérrez & Rastle, 2013). Importantly, it is not yet known whether similar
results could be extended to L2 speakers since TL-priming effects have not, to date,
been investigated in L2 processing. Therefore, the present study was one of the very
first empirical masked priming study to investigate the masked morphological TL

effects in L2 processing that also considered L1 processing.

2.3. Early Stages of Word Processing

A considerable number of studies have reported morphological decomposition

during the early stages of complex word processing (e.g., Beyersmann, Ziegler, et

al., 2016; Diependaele et al., 2011; Rastle et al., 2004; Rastle & Davis, 2008).
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Research on visual word recognition has more recently shifted its focus from
decomposition to the time of course of this decomposition and to when the later
mechanisms are used in the activation of the actual meaning of a complex word.
This shift made the role of semantic influences in this decomposition process one of
the topics that received extensive attention. As a result of evidence accumulated
through priming manipulations, there now exists a consensus that in the processing
of morphologically complex words, morphology has an important part, and that
morphological segmentation indeed occurs. Yet, there are still discussions around
how and when this segmentation is achieved. Fundamentally, there are two accounts
that seek to explain the time course of this decomposition: the form-then-meaning
account and the form-with-meaning account. These accounts have different
predictions regarding the influences of morpho-semantic information during the
early stages of word processing but often converge on experimental manipulations
they use by providing a basis for studying effects of semantic influences within the
intra-lexical level. They utilize word targets that are preceded by semantically
transparent, semantically opaque, and orthographically related but morphologically
unrelated primes. Semantically transparent condition contains truly-affixed prime-
target pairs whose meaning could be deducted from the constituents of the
morphologically complex word. In the semantically opaque condition, however, the
morphologically complex word does not have a true morphological relationship
where the whole word is in no relation to the meaning of its constituents (e.g., the
morphemic element corn is not semantically related to the meaning of corner).
Hence, in these pairs, the participants could derive the meaning from its morphemic
subunits (worker - WORK) or could not (department - DEPART) when measured
against orthographic control condition (cashew - CASH). The control condition
provides a basis for investigating the contribution of intra-lexical semantic
information and specifically serves to conclude that the effects are particularly
morphological. It contains form overlap items in which there is no semantic or
morphological relationship between prime-target pairs (e.g., cashew - CASH). The
absence of priming effects in this condition is taken as evidence for the facilitation
from the transparent and opaque conditions that could not be ascribed to similarities

in form between the items.
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2.3.1. The Form-then-Meaning Accounts

Regarding the time course of morphological decomposition, even though some
studies have suggested that morphological segmentation occurred at a later stage,
running over semantic processes (e.g., Giraudo & Grainger, 2001; Marslen-Wilson
et al., 1994; Plaut & Gonnerman, 2000), a substantial number of studies have
pointed to an earlier processing of morphologically complex words (e.g.,
Beyersmann et al., 2011; Marslen-Wilson et al., 2008; Morris & Stockall, 2012;
Rastle et al., 2000, 2004; Rastle & Davis, 2008). In most studies, the difference in
priming effects obtained in semantically transparent and opaque prime-target pairs
has formed the basis for the form-then-meaning account. In this account, it is
stipulated that the initial stages of morphological processing are independent of the
influences from semantics and that the decomposition of these forms into their
morphemic constituents relies entirely on morpho-orthographic information. Hence,
according to these accounts, there is fast-acting morphological decomposition on
the basis of orthography, and this system initially segments any visual input that
appears to be morphologically complex independently of semantic information.
This account contrasts with the predictions of a “supralexical” account (e.g.,
Giraudo & Grainger, 2001) in which constituent morphemes are activated only after

activation of the whole-word representation.

As stated above, research that seeks to elucidate the morpho-orthographic and
morpho-semantic activation has generally compared the priming effects obtained in
semantically transparent condition (e.g., worker - WORK) to the semantically
opaque condition (e.g., department - DEPART) relative to the form condition (e.g.,
cashew - CASH). The form-then-meaning account predicts that if the orthography
is the determinant of the representations, there should be an equal magnitude of
priming in the transparent and opaque conditions, larger than that of the form
condition. However, if it is the case that lexical representations are decomposed
based on the semantic relationships, then the facilitation in transparent

morphological condition should be larger than that of the opaque condition.
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Dominguez et al. (2002) tested the influences of semantic information in a Spanish
masked lexical decision task where participants responded to target words primed
by semantic (e.g., pena - LUTO [sadness - MOURNING]), orthographic (e.g., rato
- RATA [moment - RAT]) and morphological (e.g., loco -LOCA [madman -
MADWOMAN]) words at the 32- and 64-ms stimulus onset asynchronies (SOAS)
along with unmasked primes at a 250-ms SOA. They documented similar
magnitudes of priming effects from both orthographically and morphologically
related pairs at the 32 ms; however, there was larger facilitation from the
morphological primes at 64 ms SOA. The semantic facilitation occurred only at the
longest SOA (250 ms) as opposed to the morphological facilitation seen at the
shortest SOA (32 ms). Authors, thus, proposed that there was the influence of
semantics as a function of increased prime duration and that access to the
morphological information was early and irrespective of semantic relatedness,

which only had a role in morphological processing at longer prime durations.

Another initial support came from French data using a 46 ms SOA by Longtin et al.
(2003). In their first experiment, prime-target pairs were presented in four different
conditions. Their findings demonstrated that there was an influence of semantic
information only in the later stages of word recognition but that early processing
depended exclusively on orthographic information since the pre-lexical
decomposition process was potentially activated by surface level morphology. They
further stated that morphemic decomposition would happen only when the
morphemic composition of a morphologically complex word was semantically
transparent, allowing morphemic units to stay activated. In a subsequent study,
using masked primed English lexical decision task, Rastle et al. (2004) replicated
these findings by investigating the priming effects of semantically transparent and
opaque morphological pairs relative to form prime—target pairs in English at a 42-
millisecond prime duration. However, they emphasized that the behavior of
semantically opaque words should be made clear since semantically opaque words
originally referred to words in which there was no semantic relationship but a
morphological relationship using etymological characterizations (e.g., witness - wit;
Marslen-Wilson et al., 1994). Orthographic prime—target words referred to items in

which there was neither semantic nor historical morphological relationship even if
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these pairs were guided by the appearance of morphological complexity (e.g., corner
- CORN). Rastle et al. indicated that a semantically opaque morphological
relationship could only be attributed to pairs when they possessed a surface
morphological relationship with no semantic relationship (e.g., corner - CORN;
department - DEPART) and a merely orthographic relationship in which primes
cannot be segmented into a stem and affix (e.g., cashew - CASH). Rastle et al.
further stated that morphological decomposition mechanism that is free of
influences of semantic information should show sensitivity to the appearance of a
morphological complexity rather than etymology. In line with this reasoning,
contrary to Longtin et al. (2003), Rastle et al. did not consider opaque and pseudo-
derived words as different conditions but included both in a single opaque condition.
The results demonstrated that the morphologically related primes irrespective of
their semantic transparency facilitated the recognition of the target words relative to
the nonmorphological primes. This was taken as an indication of a rapid
decomposition that depends on a morphological relationship and that operates on

any complex word.

In a meta-analysis study, following the findings of Rastle et al. (2004), priming
effects in transparent, opaque and form overlap conditions were averaged across all
studies, and it was revealed that there was an overall 30-ms facilitation in transparent
prime-target pairs and 23 ms in opaque pairs and 2 ms facilitation in form pairs
(Rastle & Davis, 2008). This concluded that there was no statistically significant
difference in the facilitation obtained in the semantically transparent and opaque
prime-target pairs relative to the non-morphological form prime-target pairs. As a
result, they proposed a fast-acting morphological segmentation mechanism that is
dependent only upon orthographic information that would take place in any stimulus
that appears to be morphologically complex. In an incremental priming study, the
findings of Rastle et al. (2004) were further replicated by Marslen-Wilson et al.
(2008). The prime duration initiated at 36 ms in Experiment 1a and increased to 48
ms and then to 72 ms in Experiment 1c. They documented similar magnitudes of
facilitation in pairs in the transparent and opaque conditions with no facilitation in
the control condition at any prime durations. Their results therefore yielded evidence

in favor of an early morpho-orthographic analysis independent of semantic
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influences. Additional evidence in favor of early influences of morphology during
visual word recognition was provided in Beyersmann et al. (2016) who, following
Rastle et al. (2004) and Baayen et al. (2011), employed a more robust experimental
design and used more tightly controlled materials. Their stimuli consisted of targets
that were primed by either transparent (e.g., hunter - HUNT), completely opaque
(e.g., department - DEPART) or form overlap words (e.g., cashew - CASH) at 50
ms SOA. Their findings revealed a similar level of facilitation in the transparent and
opaque conditions, pointing to an automatic, rapid morpho-orthographic
decomposition mechanism that segmented complex words into their constituent
morphemes. Empirical evidence that garnered support for morpho-orthographic
account is not limited to Indo European languages such as Spanish and English.
Using Russian stimuli, for example, Kazanina et al. (2008) conducted a masked-
priming experiment using morphologically complex Russian nouns in transparent,
opaque and non-morphological form conditions. It is important to note that their
primes comprised a stem plus multiple suffixes to confirm that semantically blind
morphological segmentation existed also for words that involve multiple affixes. In
line with the previous study, they found that primes in the transparent and opaque
conditions but not in the form condition facilitated the recognition of target words,
suggesting that morphological segmentation is fast and is not mandatorily triggered

by semantic information.

Empirical studies reviewed above as well as a considerable number of other studies
(e.g., Beyersmann et al., 2013; Grainger & Beyersmann, 2017; Solomyak &
Marantz, 2009; Taft, 2003) have presented evidence that speaks in favor of the form-
first account and proposed a visual stimulus’ orthographic form is processed without
influences from semantics during the processing of morphologically complex
words. Semantic properties of the stimulus are assumed to affect the processing only
at later stages when the orthographic information has already been processed. The
semantic influences in this process are hypothesized to occur after around 80 ms
upon the presentation of the complex word. To test this, Diependaele et al. (2005),
in their Experiment 2, used French stimuli and compared transparent, opaque and
form conditions to an unrelated condition at 26-, 53-, and 80-ms stimulus onset

asynchronies (SOAS). In their incremental priming study, the prime duration
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initiated at 26 ms, and they gradually increased the prime duration to determine the
time course of morphological processing within the same condition. The findings
indicated facilitation from semantically transparent primes occurred at 53 ms SOA;
however, there was no facilitation in the opaque condition until 80 ms SOA. Results
also showed greater facilitation in the transparent condition in comparison with the
opaque condition. Even though it was noted that the use of backward masking might
have interfered with the letter codes and diminished the level of activation of the
prime, these results conflicted with those of Rastle et al. (2004) and Longtin et al.
(2003) in which equal amount of facilitation effects was reported for transparent and
opaque primes using a SOA of around 40 ms.

2.3.2. The Form-with-Meaning Accounts

Within the framework of form-with-meaning accounts, a visual stimulus’
orthographic form is mapped onto meaning concurrently, counter to the claims from
form-then-meaning accounts. Theoretical grounds for this line of reasoning were
obtained from empirical evidence that showed both morphology and semantics were
active and had a simultaneous influence on the complex word processing (e.g.,
Feldman et al., 2004, 2009; Giraudo & Grainger, 2001; Marelli & Luzzatti, 2012).
Initial evidence came from Diependaele et al. (2005), who, in the first experiment,
examined reaction times to Dutch targets preceded by transparent, opaque and
orthographically related primes relative to the unrelated primes at 53 ms SOA in a
masked visual priming paradigm as well as masked cross-modal priming paradigm.
Their results yielded robust facilitation in favor of transparent prime-target items
both when participants saw targets visually and auditorily. Opaque prime-target
pairs, on the other hand, yielded weak facilitation only in the visual priming
paradigm. Further evidence was provided by Meunier and Longtin (2007) who
examined morphological processing within morphologically complex French
nonwords in a cross-modal priming paradigm. To determine whether semantics
exerted early influences during the processing they conducted four experiments in
three prime-target conditions. In these conditions, they manipulated the extent to
which pairs were semantically interpretable. In experiment 1, they focused on the

semantically non-interpretable pseudowords, which were illegal combinations of a
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stem and a suffix. They hypothesized that if semantic relationships triggered
morphological segmentation, there would be greater magnitudes of facilitation from
real suffixed prime-target pairs than non-interpretable illegal pseudoword prime-
target pairs. In their experiment 2 they used semantically interpretable pseudowords.
These non-existent but well-formed derived words would allow them to examine
whether semantically interpretable pseudowords would yield similar facilitation to
the real derived words. In experiment 3, the nonwords were synonymous with
existing complex words. And finally in experiment 4, they focused on non-
morphological pseudowords to uncover priming patterns for morphologically
complex pseudowords. They reported that priming was obtained only with the
morphologically complex pseudowords that were interpretable and synonymous
with a real affixed form. They took the facilitation from pseudowords as evidence
against theoretical accounts that hypothesize whole-word representations as the only
way to gain access to the lexical representations since these words are non-existent
in the mental lexicon. Another outcome of their study was the important role of
semantic interpretability since non-interpretable and interpretable pseudowords
displayed distinct priming patterns, showing that the semantic interpretability was
accommodated during processing. However, it should be noted that the same stimuli
were used in Longtin and Meunier (2005) in a series of masked priming lexical
decision experiments, and their data revealed that the segmentation process was
blind to the semantic interpretability because non-interpretable and interpretable
pseudowords facilitated the processing as efficiently as real derived words, while no
such facilitation was obtained from non-morphological pseudowords. These results
therefore were taken to suggest that the early stages of visual complex word
recognition were driven purely by morpho-orthographic influences. They suggested
that the distinct priming results found in the masked priming and the cross-modal
experiments could not be attributed to different modalities, but to the time-course of
processing consistent with the findings of Rastle and colleagues (2000) who
reported different facilitation at different prime durations. Combined together, they
put forward a continuous two-stage processing mechanism of decomposition and
semantic integration in which a very early initial mechanism would be insensitive

to semantic influences and that would segment any morphologically complex word
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into its morphemic subunits irrespective of whether it is a real word or a

pseudoword, followed by the accommodation of the semantic information.

Primary support for continual interaction between form and meaning during
complex word processing was presented in a masked lexical decision task by
Feldman et al. (2009). Greater facilitation from semantically transparent than
opaque prime—target pairs provided evidence against the assumption that the
morpho-orthographic information informs the early stages of word processing
before semantic information becomes available. In their more recent study, Feldman
et al. (2015) compared facilitation between semantically similar and dissimilar
prime-target pairs relative to the unrelated pairs. It is important to note that the
dissimilar pairs contained semantically opaque primes that were related
etymologically to the target (e.g., sneaker - SNEAK) and pseudo-morphemic
relatives (e.g., ratify - RAT). In their first experiment, they examined whether the
degree of semantic transparency affected decomposition of a complex word into
morphemic constituents across randomly presented five SOA(s) (i.e., 34, 67 and 84
ms, Experiment 1A; 48 and 100 ms, Experiment 1B). Transparent primes yielded
larger magnitudes of facilitation than the opaque primes. In Experiment 2, a
homogeneous SOA of 48 ms was employed to replicate the effect of semantic
interpretability reported in Experiments 1A and 1B at a prime duration of 48ms.
According to Amenta and Crepaldi (2012), this stimulus onset asynchrony of a
prime tapped not only into morpho-orthographic but also semantic properties of the
prime in early processing. The results of this experiment also pointed to larger
priming effects from semantically similar items than semantically dissimilar items.
Experiment 3 was designed using prime duration at only 34 ms SOA to ensure that
the reported priming effects existed even at a very short SOA of 34 ms. They
analyzed the results by combining data from Experiment 2 and 3 (that used 34 and
48 ms SOA values, respectively). Their conclusion was that the impact of semantic
interpretability was statistically significant even at a uniform 34 ms SOA. However,
one limitation of their data was that it did not include the form overlap condition,
thus leaving open the possibility that the effects were not purely semantic. Similarly,
Rastle et al. (2004) emphasized that non-morphological form condition is required

if the effects were to be specified as meaning dependent or meaning independent. In
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another study, Zhang et al. (2017) tested morphological processing in L2 English
and compared semantically transparent derived (e.g., hunter - HUNT), semantically
opaque (e.g., department - DEPART), and semantically related prime-target pairs
(e.g., choice - SELECTION) using 2 different SOA(s): 40 ms and 80 ms in
Experiments 1 and 2, respectively. Chinese learners of English responded faster in
the transparent condition at 40 ms SOA, and facilitation in the opaque condition was
reported only when SOA was 80 ms, providing further support for the activation of
morpho-semantic information in the initial stages of processing. Authors, therefore,

argued in favor of form-with-meaning account of L2 processing.

Overall, literature suggests evidence that garners support for both accounts, showing
contradictory evidence in the complex word processing literature with regards to the
relative strength of priming from transparent and opaque derived primes. On the one
side, it is argued that later stages of word processing take into account the semantic
properties of the stem but that early effects are merely morpho-orthographic. On the
other side, researchers acknowledge the concurrent influences of orthography,
morphology and semantics. More recently, with regards to the influences from both
pre-lexical form representations and semantic influences, an interactive account was

put forward that would reconcile evidence that prevails the literature.

With regards to the potential influence of morpho-semantic representations,
Grainger and Ziegler (2011) introduced a dual account of morphological processing
that allowed influences from both morpho-orthographic and morpho-semantic
representations in the initial stages of word recognition. This dual account which
depicts how a transparent morphologically complex word (i.e., farmer) is processed
is illustrated in Figure 13 below. The structure of a complex word is characterized
at three different levels. The morphologically complex word that is semantically
related to its stem is simultaneously processed by two processing mechanisms: Fine-
grained orthography mechanism requires precise letter position coding and operates
on the sublexical morpho-orthographic segmentation. Via this segmentation, affixes
such as “er” are detected, which then sends activation forward to the whole-word
orthography level. Through this mechanism, the model could successfully explain

priming effects obtained not only in truly-derived words such as “farmer” but also
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in pseudo-derived words such as “corner”. The other processing mechanism, coarse-
grained orthographic processing, accepts open-bigram coding schemes and sends
activation to whole-word orthographic representations. It has the fastest route from
orthography to semantics. Therefore, the morpho-semantic facilitation is provided

by this mechanism.

morpho-semantics
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Figure 13. Grainger and Ziegler’s (2011) Dual-route Approach to Orthographic
Processing

These activated whole-words (farmer, farm) receive top-down feedback from
morpho-semantics. At this point, a truly-derived input such as “farmer” receives
more activation in contrast to an input that does not share morpho-semantic
relationship to its stem such as “corner”. Therefore, priming effects will moderately
be decreased in the case of opaque target-prime pairs. This model could also explain
TL-priming effects through coarse-grained orthography mechanism. This route has
an imperfect letter position coding system where the activation of orthographic
forms is guided by the flexibility of letter position and hence could accommodate
TL-effects.
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Diependaele et al. (2009) in their hybrid model of morphological processing also
examined masked semantic transparency and morphological priming using prefixed
words in L1 speakers of Dutch. They reported significant larger priming effects in
semantically transparent prefixed prime-target pairs (e.g., gegil - GIL [screaming -
SCREAM]) than semantically opaque prefixed prime-target pairs (e.g., gebed - BED
[prayer - BED]) compared to orthographic overlap prime-target pairs (barok - ROK
[baroque - SKIRT]). Comparing L1 speakers of English with Spanish - English and
Dutch - English bilinguals, Diependaele et al. (2011) used the same stimuli as
Diependaele et al. (2009) and examined the priming effects in a masked
morphological priming lexical decision task using three priming conditions:
transparent (e.g., worker - WORK), opaque (e.g., department - DEPART) and form
(e.g., cashew - CASH). They reported a graded pattern of facilitation where

transparent prime-target pairs yielded the greatest facilitation.

In an Event-Related Potentials (ERP) study using the same conditions using the
masked priming paradigm, Morris et al. (2007) investigated the role of semantic
information. N/P250 component is indicative of form level processing, mapping
pre-lexical forms onto whole word forms, while N400 effect represents the influence
of semantic factors and is reduced when the meaning of a word could be integrated
with a higher order representation of the preceding word. Their electrophysiological
results yielded both N250 and N400 effects with pairs in the transparent condition
yielding greater priming than opaque or orthographic conditions. This finding
demonstrated that priming effects depended upon morphological structure as well
as semantic transparency. Therefore, instead of only bottom-up pre-lexical
activation or only top-down semantic activation, reinforcement between pre-lexical
(bottom-up) and lexical-semantic (top-down) representations was observed (also see
Holcomb et al., 2002). This finding was not consistent with either a pre-lexical
decomposition (e.g., Taft & Forster, 1975) or a supralexical account (e.g., Giraudo
& Grainger, 2001) of complex word processing. Instead, their data supported an
interactive process that contained both pre-lexical form representations and
semantic representations. The N250 ERP data found in Morris et al. (2007)

demonstrated the initial effects of the top-down information on on-going pre-lexical
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processing. Semantic transparency remained as a factor that affected later
processing shown through the N400 effects and overt behavioral responses.

In a very recent model of complex word recognition, the word and affix model,
Beyersmann and Grainger (in press) accommodated these results by proposing a
model where orthographic representations are mapped onto their semantic
representations via bidirectional connections that provide both top-down and
bottom-up transfer of information. It proposes two mechanisms of (non-
morphological) embedded word activation and (morphological) affix activation that
run in parallel. While the embedded word activation mechanism activates both
whole words (allowable, corner, cashew) and their embedded words (allow, corn,
cash), affix activation mechanism activates the affixes (_able, _er). The model
operates on the morpho-orthographic full decomposition principle that checks for
the length of the input to be activated and decreases the lexical inhibition between
active representations in the orthographic lexicon (following the principles of
Interactive Activation Model that proposes lateral inhibition between co-active
word units). Note that this principle is not sensitive to minor deviations in the word
units (insanity - insane). However, in cases where affix cannot be detected such as
cashew (where -ew is not an affix), this principle does not operate, resulting in the
inhibition, hence, less activation of the word cash. Finally, the model expects the
degree of lateral inhibition to be reduced when there is a semantic relationship
between units (farmer - farm), explaining the graded effects with semantically
transparent items that produce the higher facilitation than the semantically opaque

items.

All in all, over the last years, word recognition literature has enjoyed an exponential
increase in studies that have sought to uncover the influence of semantic information
during morphological processing. The results of these studies highlight three
different lines of theoretical accounts with competing views: On the one side, there
are models that argue for early automatic and purely morpho-orthographic
influences on morphological processing, while other models hypothesize that
complex word recognition is not blind to semantic influences but is susceptible to

full-form effects and to top-down processes. On the other hand, the more recent
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accounts propose the simultaneous access to sub-lexical orthographic and semantic
information through the mapping of word forms onto semantics.

2.4. L1 and L2 Processing of Morphologically Complex Words

Decades of research has extensively examined the processes involved in the visual
word recognition in L1. Despite incongruent results, there is rich literature on what
mechanisms are available during morphological processing and on linguistic as well
as non-linguistic factors that might modulate those processes in L1 word
recognition. Yet, turning to L2 processing studies, there are few studies that directly
compared the performance of L2 speakers to that of L1 speakers. These studies that
sought to uncover the mechanisms used in L1 and L2 language morphological
processing of inflectional and derivational phenomena primarily focused on the
dual- versus single-mechanism debate. Research that aimed to establish how these
complex words were processed was conducted in different languages using various
methodologies. In these studies, regular and irregular inflection served to test the
associative versus rule-based accounts of morphological processing using
morphological (e.g., fell - FALL), and identity (e.g., fall - FALL) conditions
compared with an unrelated condition (e.g., swim - FALL) (for a review; see
Clahsen et al., 2003; Marslen-Wilson, 2007). Evidence regarding whether bilinguals
use morphological information in derivational morphology was also obtained from
masked priming studies that manipulated prime-target relatedness across three
conditions: semantically transparent (e.g., hunter - HUNT), semantically opaque
(e.g., department - DEPART), and form overlap (e.g., cashew - CASH). Until
recently word recognition was largely neglected in the domain of non-native
language processing. However, as a consequence of the ever-growing number of L2
English speakers, researchers have recently started to explore processing of English

in L2 speakers.

Despite the growing number of research endeavors, there still remains much to be

investigated as regards to what mechanisms are used in L2 morphological

processing. Crossley and colleagues (2012) state that L2 speakers are infamous for

having smaller mental lexicons and for making morphosyntactic errors in speaking
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their L2s (e.g., Bailey et al., 1974; Larsen-Freeman, 1978) as well as for being less
sensitive to morphological markers compared to L1 speakers (e.g., Dekeyser et al.,
2010). This implies that due to the challenges L2 speakers have during
morphological segmentation, they are led to employ the full-form processing during
the complex word recognition. Therefore, at the center of the available studies in L2
processing lies the major question of whether the general mechanisms that are used
in L1 processing are similar to those that govern L2 processing. Views that have
dominated those discussions have fallen into one of two camps. These two accounts
of morphological processing vary in the claims they make about whether L2
processing uses the similar mechanisms as L1 processing. According to one view,
L1 and L2 speakers share general processing mechanisms (e.g., Chen et al., 2007;
Diependaele et al.,, 2011; Sabourin & Haverkort, 2003). Differences between
performances are due to the orthographic, phonological and/or morphological
structure of L1 (e.g., Basnight-Brown et al., 2007; Hernandez et al., 2005; Portin et
al., 2008) or the cognitive demand of L2 processing (e.g., McDonald, 2006). Various
other studies, however, have questioned the view that L2 processing operates on
fundamentally similar mechanisms as L1 processing and argue that L1 transfer and
more demand for cognitive operations are insufficient to account for processing
differences. Accordingly, the following section will focus on these two competing
views that the current evidence stands on and will review studies that have provided

evidence for both sides.

2.4.1. Similar Mechanisms Approach

According to this view, L2 speakers could segment morphologically complex words
like L1 speakers do, and similar principles govern both L1 and L2 processing (e.g.,
Ciaccio & Clahsen, 2020; Dal Maso & Giraudo, 2014; Diependaele et al., 2011;
Feldman et al., 2010; Foote, 2017; Gor & Jackson, 2013; Jacob et al., 2018;
Kahraman, 2021; Kirkici & Clahsen, 2013; J. Li et al., 2017; J. Li & Taft, 2020; M.
Li et al., 2017; Silva & Clahsen, 2008; Viviani & Crepaldi, 2019). Differences
between processing patterns for the L1 speakers and L2 speakers are due to the
structure of L1 influences on morphological processing in L2. Proponents of this

side also argue that the efficacy of L1 processing mechanisms that are also used to
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process information in L2 is diminished since L2 processing are less automatic, and

the knowledge of additional L1 linguistic system impedes the use of L2 processes.

The studies to be reviewed in this section have employed different types of
experimental paradigms (e.g., grammaticality judgement, cross-modal priming,
lexical decision, eye-tracking) to investigate three morphological phenomena
(regular inflection, irregular inflection and derivation) in L2 speakers that come
from various L1 backgrounds. For instance, Basnight-Brown et al. (2007) compared
the performance of L1 speakers to the two groups of L2 English speakers (i.e.,
Serbian-English and Chinese-English) in the processing of regular and irregular
verb forms. They focused on facilitation levels for past participle verbs whose form
is altered (e.g., bought - BUY) and for irregular nested verbs where stems do not
change (e.g., arisen - ARISE), hence keeping a larger level of form and phonological
overlap. Their design included the primes that were past tense forms that were
regular (e.g., guided - GUIDE), irregular nested (e.g., drawn - DRAW), irregular
change (e.g., swung - SWING) as well as an unrelated condition (e.g., swept -
SWING). The use of Serbian and Chinese languages in this study provided an
important piece of information as they represented two distinct language structures:
Serbian possesses a regular grapheme phoneme correspondence and is an inflected
language. Chinese, on the other hand, uses characters that are similar in form but do
not necessarily have similar phonology or close meaning and represents an analytic
type with no case morphology. For native speakers, similar levels of facilitation
were obtained though the largest priming effects came from the regularly inflected
verbs. Both groups of non-native speakers showed facilitation in regularly inflected
verb condition; however, the only priming for irregular forms was obtained for the
nested verbs in Serbian-English speakers. Responses of Chinese-English bilinguals
were not facilitated by irregular inflected word priming compared to bilinguals with
an Indo-European language. Therefore, the degree of facilitation obtained from the
irregular nested verbs revealed the Chinese speakers of English could not exploit
partial form similarity whereas the Serbian bilinguals could. Authors concluded that
similar mechanisms across L1 and L2 speakers were used during morphological
processing, but some differences between the L1 and L2 processing could be

explained by typological distance between L1 and L2. However, Jacob et al. (2013)
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argued that as this study did not utilize an identity condition in its experimental
design, it could not be ensured whether the purported priming effects were due to
stem activation from the prime word or due to whether this priming effect was

morphological in nature or due to semantic relatedness.

Similar results were reported in Portin et al. (2008) who demonstrated that the
recognition of inflected nouns was influenced by L1 features. In this study, they
investigated the processing of inflected words with two groups of late L2 Swedish
speakers (i.e., Hungarian and Chinese). Hungarian is a largely inflected
agglutinative language whereas Chinese is an isolating language with virtually no
inflections. The experimental stimuli were selected from three frequency levels of
low, medium and high. It took speakers of Hungarian longer to respond to low and
medium frequency words but not to high frequency words, pointing to the
segmentation processes used in the processing of low and medium frequency
inflected words in L2 Swedish. Equivalent response latencies were documented for
the Chinese group at all frequency levels, showing that these groups of speakers
used full-form processing of all the inflected Swedish words. Overall, authors noted
the use of two different processing routes for the Swedish stimuli. Chinese group
was devoid of morphological decomposition that could be indicative of L1 effects
from the Chinese language, and in a similar vein, the segmentation process that was
observed in the Hungarian group could be attributed to morphological
characteristics of L1 Hungarian. These two studies together revealed segmentational

costs incurred in the recognition of complex words.

Other research has reported L2 speakers use similar processing mechanisms to L1
speakers, but it has been noted that lower working memory capacity, decoding
difficulties or processing speed could have an impact on the processing. For
instance, in McDonald (2006), a group of late L2 speakers and native speakers
performed tasks of English working memory, decoding, and speed, and a
grammaticality judgment task in Experiment 1, and native speakers were found to
be more competent in all tests than L2 speakers. In Experiment 2, however, stressors
were introduced to the native speakers with regards to memory, decoding, or speed

during a grammaticality judgment test. Overall goal was to investigate whether the
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challenges in basic non-syntactic cognitive processes could result in poor
performance on grammatical tasks like L2 learners experienced. Native speakers
performed similarly to late L2 speakers under noise or memory stress,
demonstrating that the cognitive demands of L2 processing prevented access to
working memory and other attentional and decoding skills, thus resulting in non-
native-like processing in the L2.

Comparable facilitative effects were reported in L1 and L2 speakers of English with
Serbian as L in Feldman et al. (2010) and L2 speakers of French with English as L1
in Coughlin and Tremblay (2015), demonstrating similar mechanisms governing L1
and L2 processing. Gor and Jackson (2013) took this result one step further and
showed that at all proficiency levels decompositional mechanisms governed the
processing of high frequency regular, semi-regular, and irregular verbs in L1 and
L2 speakers of Russian with L1 English. Lehtonen et al. (2006), using a visual
lexical decision paradigm, presented behavioral data that looked at the processing
of inflected words using three pairs of word lists, each appearing in a different
frequency group: high, medium and low. They obtained comparable results for both
L1 Swedish monolinguals and Finnish-Swedish bilinguals that showed morpheme-
based recognition only in the low frequency group, revealing that both groups of
speakers developed whole-word representations with more frequent inflected words
and therefore employed the full-form processing. These results were replicated in
Portin et al. (2007) that suggested Swedish low frequency inflected words were
segmented into their morphemic constituents, while high frequency words were
recognized through their whole-word representations.

With regard to derivational processing, L2 speakers have been documented to
process derivationally complex words similarly to native speakers (e.g., Ciaccio &
Clahsen, 2020; Dal Maso & Giraudo, 2014; Diependaele et al., 2011; Jacob et al.,
2018; Kahraman, 2021; Kirkici & Clahsen, 2013; J. Li et al., 2017; J. Li & Taft,
2020; M. Li et al., 2017; Silva & Clahsen, 2008; Viviani & Crepaldi, 2019). For
instance, Diependaele et al. (2011) tested processing differences in complex word
recognition in monolingual English speakers and highly proficient Spanish-English

and Dutch-English bilingual speakers in a masked primed lexical decision task at 53
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ms SOA. Participants responded to English monomorphemic target words paired
with unrelated and related primes in transparent, opaque or orthographic overlap
prime conditions. English native speakers participated in Experiment 1 that served
as the baseline. Significant priming effects were reported both for the transparent
(36 ms) and opaque (15 ms) conditions with no facilitative effects in the form
condition (1 ms). In experiment 2 in which Spanish-English bilinguals responded to
the prime-target pairs, and similar magnitudes of priming effects were obtained
across conditions: largest facilitation for the transparent pairs (35 ms), and weaker
effect for the opaque (25 ms), and smallest facilitation in the form (14 ms)
conditions. Turning to Dutch-English speakers (Experiment 3), authors replicated
the graded priming pattern: the stimuli in the transparent condition provided the
highest level of facilitation (35 ms), then the opaque condition (26 ms) with the
items in the form condition providing the lowest level of facilitation (14 ms). The
findings clearly pointed out to the use of similar mechanisms in L1 and L2 complex
word processing. They then further merged the data from three experiments in the
next analysis and compared the data from native speaker to the combined data of
two bilingual speaker groups and reported no qualitative differences between L1
and L2 morphologically processing. These results were replicated in Viviani and
Crepaldi (2019) who reported significantly more priming in the transparent and
opaque conditions when the form overlap condition was the control condition,
which also yielded facilitation in L1 Italian speakers of English. Their priming
pattern for L2 speakers mirrored Diependaele et al. (2011) except for the finding
that L2 form priming was somewhat smaller in Viviani and Crepaldi (2019).

In another study that focused on L2 derived word processing, Dal Maso and Giraudo
(2014) employed a masked primed lexical decision task at a 50 ms prime duration.
Target words that were primed by the two types of suffixes (-ita and -ezza) and by
two types of surface frequency primes (high and low frequency) were presented in
three conditions: identity, orthographic and unrelated. Findings showed
morphological priming effects in L2 speaker group, which was similar to the
facilitation pattern obtained in L1 Italian speaker control group. They also pointed
out that L2 speakers were indeed sensitive to morphological information, but this

was restricted to words having a high surface frequency with a very productive
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suffix. The authors, in conclusion, interpreted their results as a matter of different
degrees of language proficiency between two speaker groups, rather than as a matter

of “substantial differences” in processing mechanisms.

These studies, overall, revealed that similar mechanisms governed morphological
processing in L1 and L2 speakers, and processing differences were attributed to
domain-general cognitive resource constraints (e.g., McDonald, 2006) or influences
of one language over the other, as shown by the cognateness influence on L2 word

processing (e.g., Comesafia et al., 2018).

2.4.2. Different Mechanisms Approach

Another line of research proposes that unlike native speakers, L2 speakers are more
reliant upon lexical storage in complex word processing, and they therefore employ
largely full-form processing (e.g., Clahsen et al., 2010; Ullman, 2004, 2005). This
account derives major support from the declarative/procedural model introduced by
Ullman (2004). Within the general framework of this model, two memory systems
of human cognition, procedural and declarative memory elucidate how lexicon and
grammar are organized and processed in human languages and involved in the
processing of linguistic knowledge. According to the model, the declarative memory
system is responsible for the mental lexicon in which lexical knowledge is stored
(e.g., irregular past verb forms, “saw”). This system underlies the whole-word
storage of complex words. The procedural memory system, on the other hand,
administers grammatical structure building that involves the merging of two stored
lexical forms (e.g., regular past verb forms, “{touch} + {ed}”). The model proposes
that the division of task varies depending on whether it is L1 or L2 processing since
the use of procedural memory system facilitates the processing of grammar in the
native speakers. On the other hand, declarative memory system initially subserves
non-native grammar processing, specifically in the early stages of proficiency, and
as speakers get more skills in the language, procedural memory system might start
to underlie the processing of L2 grammar (e.g., Morgan-Short et al., 2014), making
it more similar to L1 grammar processing. Ullman (2005) additionally proposes that
the two memory systems both cooperate and compete in the learning and use of a
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new language. As a result, reliance on declarative memory in the processing of L2
grammar might then shift towards the use of procedural memory with the L2
speakers gaining more expertise in the language. Hence, the model predicts that
bilinguals would store complex words as full forms, instead of decomposed forms,
and they therefore would not demonstrate higher processing costs during
morphological processing like L1 speakers, because of the greater dependance upon
the declarative rather than procedural memory during the processing of all language

structures.

As for the processing of inflectional words, some researchers concluded that L2
processing made use of declarative memory, and therefore L2 processing was
governed by whole-word representations and seldom used procedural memory (e.g.,
Babcock et al., 2012; Clahsen & Neubauer, 2010; Jacob et al., 2013; Neubauer &
Clahsen, 2009). Jacob et al. (2013), for instance, examined the inflected word forms
in German in a cross-modal priming. German language provided a comparison
between -t affixed regular forms with an intact stem and -n affixed irregular forms
with (often) stem changes. Advanced L2 speakers of German with Russian as L1
and a group of German L1 speakers attended this study. Experimental target words
were preceded by three types of prime: (1) regular -t participles with an intact stem
(gesteckt - STECKE, [stuck - STICK]), (2) -n participles with an intact stem
(gefangen - FANGE, [slept - SLEEP] (3) -n participles with stem changes (gebogen
- BIEGE, [bent - BEND) and appeared in a test (gesteckt - STECKE), identity
(stecke -STECKE), and unrelated (scheitern - STECKE [fail - STICK]) condition.
Their findings demonstrated different levels of facilitations across L1 and L2
speakers of German. Facilitation from inflected verbs were obtained for -t
participles and partial facilitation for both -n participles in native speakers of
German. That is, the same amount of facilitation was obtained in the test condition
and the identical condition, which both yielded shorter RTs than unrelated condition.
However, for the non-native speakers of German, only partial facilitation (i.e.,
longer RTs in the test condition than the identical condition) for both -t participles
and for -n participles with stem changes were reported, but there was no priming for
-n participles with an intact stem. These results showed that L2 speakers tended to

be more dependent upon full-form processing and less on segmentational processing
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in comparison to L1 speakers. However, note the similar patterns of facilitation
reported across L1 and L2 groups for both regularly inflected and irregularly
inflected verbs with stem changes where the only different results were about full
versus partial priming effects. At this point, it is important to emphasize that a large
number of other studies typically compared the RTs in test condition with those in
unrelated condition and therefore used partial priming as evidence in favor of same

or different mechanisms approach.

Previous studies with highly proficient bilinguals also examined the past tense
constructions in German. For example, in Neubauer and Clahsen (2009) study, L1
and L2 speakers of German responded to targets followed by either regular -t
participles or irregular -n participles in the related condition. There was no apparent
semantic relationship between prime-target pairs in unrelated condition. Findings
demonstrated full facilitation from primes that included regular inflection in L1
German, but not in L2 speakers of German as well as partial facilitation for irregular
inflection in the two participant groups. Additional evidence came from Clahsen and
colleagues (2010) that focused on regular and irregular morphology as well as
derivational morphology in L2 speakers from various L1 backgrounds. They
reported that L2 speakers did not use morphological information as much as L1
speakers do, and hence they relied more upon full-form processing than on

morphological decomposition.

In another study that compared the processing of derived vs. inflected verbs, Jacob
et al. (2018) used the same target word in L1 German monolinguals and competent
L2 speakers of German with Russian as L1. Their results for the L1 group
demonstrated parallel facilitative effects for both inflected and derived verbs. For
the L2 group, however, facilitation was documented only in derived word forms but
not in inflected words. These findings are also in compliance with Ellis’ weak
interface model (2008) where explicit knowledge and implicit knowledge are
distinguished as distinct processes in their content and form. Implicit knowledge of
the L2 is regarded as intuitive, and procedural knowledge is fluent and automatic in
language. In contrast, explicit knowledge is conceptualized as more as conscious

and controlled and rely on the declarative knowledge of the L2.
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One key study that presented evidence in favor of the “different-mechanisms
approach” is the work of Silva and Clahsen (2008). Using four experiments, they
aimed to clarify early automatic processes by directly investigating both inflectional
(i.e., -ed in Experiments 1 and 2) and derivational (-ness in Experiment 3, and -ity
in Experiment 4) processes in L1 speakers of English and German and Chinese L2
speakers of English using masked primed lexical decision task using an SOA of 60
ms (Experiment 1) and with only 30 ms SOA (Experiment 2). The first experiment
asked participants to respond to targets that were preceded by identity, test and
unrelated primes. Results revealed distinct facilitation patterns in L1 and L2
speakers: Significant priming effects were obtained in L1 speakers, whereas there
was no significant facilitation reported for L2 speakers. These results were
corroborated using a shorter SOA of 30 ms in Experiment 2. Regarding the
derivational processes, Experiment 3 examined whether priming effects would be
obtained with the suffix -ness. Both groups of speakers yielded robust priming
effects; however, the magnitude of the priming effects were more robust in L1
speakers. These results were replicated with a different productive suffix in
Experiment 4. The authors concluded that L2 processing was more laborious and

less automatic and was fundamentally different than L1 processing.

Similarly, the inflectional and derivational processing was investigated in Kirkici
and Clahsen (2013) using a masked primed lexical decision task. L1 and L2 speakers
of Turkish with a variety of L1 backgrounds made visual lexical decisions to prime-
target pairs that consisted of deadadjectival derivations (i.e., the formation of
nominals from adjectives) and Aorist inflections. Inflected and derived primes both
facilitated the recognition of targets in L1 speakers. However, in L2 speakers robust
facilitation was obtained only for derived primes with no significant priming for
inflected verb forms. Similar to the conclusions Silva and Clahsen (2008) derived,
they suggested subtle differences between L1 and L2 morphological, arguing for

different underlying cognitive mechanisms.

Overall, these findings are consistent with the declarative-procedural model
(Ullmann, 2001, 2005) that postulates two distinct memory subsystems for language

processing that are vulnerable to puberty effects: a declarative system that underlies
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lexical knowledge facilitates the storage function of memorized words and a
procedural system that processes rules of language and grammar. As the ability to
use procedural memory decreases as a function of age, L2 learning is proposed to
be more dependent upon the declarative memory. And the rules of grammar used by
L1 speakers through procedural memory do not exist or function differently in L2
speakers. However, as L2 learners get higher proficiency levels in a language, they
might utilize both memory subsystems like L1 speakers do. But this is impacted by
various factors such as age of acquisition and L2 exposure. Clahsen and Felser
(2006), similarly, argue that morphological processing in L2 is more reliant on
lexical memory, and this absence of ability to use grammatically based segmentation
persists even for highly proficient language speakers. Another evidence that spoke
clearly in favor of different mechanisms approach was obtained in Heyer and
Clahsen (2015) that directly compared orthographically related and derived prime-
target pairs in advanced speakers of English with German as their L1. Both primes
yielded the same amount of facilitation in L2 speakers; however, native speakers
demonstrated only morphological priming. The authors concluded non-native
speakers were heavily influenced by the word’s orthography, suggesting a greater

reliance on form processing in L2 in during word recognition.

Taken all together, some studies have reported substantial differences in
morphological processing between L1 and L2, showing that effects of
morphological structure are weaker in L2 than L1, possibly due to a larger
dependence on storage than on combinatorial processing in L2 learners (e.g.,
Clahsen et al., 2010; Neubauer & Clahsen, 2009; Silva & Clahsen, 2008). Others
have reported comparable effects of morphological processing across L1 and L2
(e.g., Dal Maso & Giraudo, 2014; Diependaele et al., 2011; Feldman et al., 2010;
Foote, 2017), suggesting that the underlying morphological processing mechanisms
in L1 and L2 are equally automatic and combinatorial.

Whether morphological processing differs across L1 and L2 depends on several
different factors (e.g., Basnight-Brown et al., 2007; Feldman et al., 2010)8; Kirkici
& Clahsen, 2013). For example, there appears to be a divide between studies

examining derivational morphology compared to those examining inflectional
59



morphology. Investigations of irregular inflectional morphology show that both L1
and L2 speakers tend to decompose inflected words (e.g., Basnight-Brown et al.,
2007; Feldman et al., 2010; Gor & Jackson, 2013), whereas L2 regularly inflected
words might more likely be processed holistically (e.g., Jacob et al., 2018; Kirkici
& Clahsen, 2013; Neubauer & Clahsen, 2009; Silva & Clahsen, 2008, but see
Basnight-Brown et al., 2007; Coughlin & Tremblay, 2015; Gor and Jackson, 2013;
Feldman et al., 2010; Foote, 2017; Jacob et al., 2013 for contrasting evidence). On
the other hand, investigations of derivational morphology reveal that derived words
are rapidly decomposed into morphemic subunits in both L1 and L2 (e.g., Ciaccio
& Clahsen, 2020; Dal Maso & Giraudo, 2014; Diependaele et al., 2011; Jacob et al.,
2018; Kahraman, 2021; Kirkici & Clahsen, 2013; J. Li et al., 2017; J. Li & Taft,
2020; M. Lietal., 2017; Silva & Clahsen, 2008; Viviani & Crepaldi, 2019), lending
support for the sublexical “morpho-orthographic” segmentation account in which
decomposition takes place whenever a letter string has a morphologically complex
structure (e.g., Rastle et al., 2004).

The review of studies and above discussions indicate that the processing of derived
words has only been investigated in a few studies, which has also been noted by
many researchers (e.g., Diependaele et al., 2011). In this context, the current study
sought to address the mechanisms involved in the representation and processing of
derived words in L1 English, and it also extended morphological processing to non-

native L2 speakers.

Based on the studies reviewed above, it is important to emphasize that studies that
have compared the performance of L2 speakers to the performance of L1 speakers
have mostly used Indo-European languages such as English, Spanish and Dutch.
Therefore, support for similar-mechanisms or different-mechanisms approach using
non-Indo-European languages such as Turkish remains scarce. Given the lack of
studies that have focused on bilinguals with non-Indo-European languages as their
L1, the aim of the current study was to further investigate the language processing
in both L1 and L2 with an emphasis on tentatively explaining the factors that might

influence derivational processing.
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2.5. Individual Differences in Masked Morphological Priming

It is apparent from the review of studies above that research into complex word
processing in L1 and L2 processing has yielded mainly contradictory results. In order
to address these different findings from available TL priming and morphological
processing studies in the L1 and L2 literature, the present study compared both L1 and
L2 language processing with an emphasis on tentatively explaining the factors that
might influence derivational processing. A significant factor that needs to be considered
in word recognition studies is the individual differences. Specifically, several
individual-level factors might cause variability in L2 processing (e.g., Tanner et al.,
2014). To avoid the prevailing “uniformity assumption” in experimental
psycholinguistic studies that it is possible to draw inferences about lexical processing
on the basis of averaged data (e.g., Andrews & Hersch, 2010), the current study focused

on individual differences as potential explanatory factors.

Individual differences are well captured in the Lexical Quality Hypothesis (e.g., Perfetti,
2007). According to this, tasks which involve some sort of word identification including
reading, spelling, reading speed and vocabulary are influenced by the degree of
variation in the quality of lexical representations. Therefore, high-quality representation
of words is an important requirement of competent reading, so differences between
skilled readers and poor readers could be explained by the variability in these lexical
representations. Reading mainly involves words (Perfetti & Hart, 2002), and hence
readers with less quality representations would retrieve imprecise information about the
words they read. Moreover, studies that investigate word recognition processes mostly
utilize visual lexical decision tasks. In these tasks, since participants read visually
presented target words, variability among their responses could be explained by
differences in these lexical representations. The lexical quality hypothesis proposes that
the quality of representations determines the efficient retrieval of phonological and
semantic information from orthographic forms (Perfetti, 1992) so that a valid,
compatible and consistent high-quality representation is retrieved easily and efficiently.
Figure 14 below depicts a high-quality representation which illustrates a closely linked
set of constituents- the orthographic, phonological and semantic identification of the

word “gate” (Perfetti & Hart, 2002).
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Figure 14. Well-integrated Orthographic (OR), Phonological (PH), and Semantic
(SE) Constituents of a Lexical Entry "gate™

When there is a well-integration among word constituents like the word gate in the
figure above, the lexical quality is high, preventing any potential problems for tasks
that require word recognition such as reading, spelling, reading aloud and reading
with speed. As the vocabulary size and quality of lexical representations increase as
the connections between phonological, orthographic, and semantic information are
tight and automatized. These characteristics of precise high-quality lexical
representations lead the individual to retrieve the single correct word instead of only
some parts of it which could belong to parts of some other words, which minimizes
uncertainty about its meaning and form. This leads to the inhibition from other
competing candidate representations and to the activation of the correct representation
(Andrews & Hersch, 2010). The quality of these constituents and a tight bond among
them enhance automatic retrieval of a lexical entry and its integration into a mental
model of the text (Perfetti, 2007). As a result, reading comprehension is enhanced and

successful.

Using a masked priming lexical decision task, Andrews and Lo (2013) examined how
individual differences in spelling and vocabulary proficiency could modulate the
processing of morphologically complex English words in skilled readers. They used
vocabulary test scores and spelling test scores to index participants’ semantic and
orthographic knowledg. While individuals with relatively higher vocabulary than
spelling scores were associated with a “semantic profile”, those with higher spelling

than vocabulary scores were associated with an “orthographic profile”. The general
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analysis demonstrated greater magnitudes of facilitation for items in the transparent
condition than the items in the opaque and form conditions. Nevertheless, the analysis
of individual variability data in vocabulary and spelling proficiency revealed
participants in orthographic profile demonstrated similar magnitudes of facilitation
for opaque and transparent items. Conversely, participants with higher vocabulary
than spelling scores yielded greater facilitative effects for transparent compared to
items in the opaque and form condition. This categorization of participants was based
on the findings obtained by Yap et al. (2009) in which participants with higher
vocabulary knowledge demonstrated additive effects of word frequency and larger
semantic priming. Also, in the grouping of individuals according to their levels of
spelling ability, the study on expert Scrabble players by Hargreaves et al. (2012) was
used, which demonstrated when individuals had more enhanced skills to encode
orthographic information, the reliance on the meaning of words was minimized. A
similar study (Perea et al., 2016) also demonstrated that expert scrabble players
showed dramatically smaller sizes of TL effect than non-players.

In another study that investigated the potential role of individual differences,
Medeiros and Dufiabeitia (2016) grouped their participants as fast and slow readers
using their speed of reading. Slow readers demonstrated larger masked suffix priming
(e.g., colorful - CAREFUL) whereas faster readers showed only negligible facilitative
priming. Beyersmann et al. (2016) offered additional evidence in favor of modulation
of embedded stem priming effects in French (e.g., crispful - CRISP) by individual
proficiency in reading speed. Increased facilitation was reported with individuals with
faster reading speed (i.e., when individuals responded to target words faster in the
lexical decision task), and strong facilitation in slower readers was observed only in
the affixed conditions (i.e., precrisp, crispful), revealing that these groups of
participants were mainly using morpho-orthographic decomposition processes. On
the contrary, faster participants mainly employed full-form processing, showing that
they activated embedded stems with pseudo-affixes. These results were taken to
suggest that affix-stripping theories should be modified to accommodate embedded
stem priming effects. Likewise, using reaction times to the LDT to explore if
magnitudes of transposed letter priming with within-morphemes and between-

morphemes are moderated, Dufabeitia et al. (2014) obtained larger priming effects
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for TL-within-morphemes than TL-across-morphemes for faster participants, while
no difference was observed for slower readers. They took this evidence to suggest that
morphological decomposition processes in faster individuals were fast-acting and

automatic.

Other studies also found evidence for the impact of individual differences using
reading and spelling test scores. Andrews and Hersch (2010) identified individual
differences as a factor that modulates the precision of lexical representations among
participants with different proficiency levels in reading and spelling. The authors
obtained supportive findings in masked form priming (e.g., jury - FURY), which
showed that participants with higher spelling scores exhibited inhibition for high-
neighborhood words, whereas less proficient spellers displayed facilitation. A further
investigation of the effects of individual differences on masked priming using spelling
and vocabulary measures was conducted by Beyersmann et al. (2015). In their study,
French participants with higher language proficiency were found to display greater
non-suffixed non-word priming (e.g., sadald - SAD), while the size of priming was
reduced with less proficient users. Finally, in a more recent study, the modulation of
masked repetition priming and semantic priming effects by individual differences was
reported (Tan & Yap, 2016). It was shown that the patterns of masked repetition
priming were predicted by the vocabulary knowledge where those effects were greater

for participants with more vocabulary knowledge.

Regarding the modulation of priming effects in L2, to the researchers’ knowledge,
there is a single study which reported the modulation of masked priming effects by
individual differences. In their study, Viviani and Crepaldi (2019) investigated
masked priming effects in semantically transparent, opaque, or purely orthographic
prime-target pairs. For the proficiency measures, they used a battery of tests that
included tests of phonemic fluency, morphological awareness, spelling, phonemic
discrimination, vocabulary, reading comprehension and oral comprehension. The
results demonstrated that the group level priming patterns were modulated by
individual differences in L2 phonemic fluency. Facilitation from transparent item
pairs was consistent across the phonemic fluency spectrum, while with growing

fluency there was a decreasing facilitation in opaque and orthographic pairs.
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CHAPTER 3

THE PRESENT STUDY

3.1. Significance of the Study

The aim of the present study was to compare the early automatic processes involved
in the recognition of derived word forms in L1 English and L2 English and to
investigate whether the priming effects, if any, are modulated by individual
differences. The study also sought to clarify whether orthographic contributions to
morphological priming existed and to investigate whether the process of
morphological decomposition co-occurred with letter position coding at very early

stages of visual-word recognition using the same stimuli across different conditions.

As has been discussed in previous sections, for more than four decades, a substantial
body of evidence has been generated with regards to how morphologically complex
words are represented and processed in L1 visual word recognition literature.
Though research on the performance of L2 speakers could provide valuable insights
into enriching our understanding of complex word processing, the L2 processing
literature has received relatively less attention and is therefore less understood.
Furthermore, existing research that focused on the recognition of complex words in
L1 and L2 processing has generally been restricted to L2 speakers of English (e.g.,
Coughlin & Tremblay, 2015; Gor & Jackson, 2013), of Serbian (Basnight-Brown et
al., 2007; Feldman et al., 2010), of Italian (Dal Maso & Giraudo, 2014; Viviani &
Crepaldi, 2019), of German (Jacob et al., 2013; Silva & Clahsen, 2008) and of
Chinese (Basnight-Brown et al., 2007; Portin et al. 2008; Silva & Clahsen, 2008).
Therefore, the current study sought to fill this gap by focusing on L1 speakers of
English and L2 speakers of English with Turkish as their L1 within the framework

of the same-mechanism vs. different-mechanism approach. Turkish is classified as
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a non-Indo-European language with a rich and productive morphology and a
shallow orthography (e.g., Ozgiir et al., 2004). The current study thus aimed to offer
evidence on how speakers of a morphologically rich native language process a
second language which is morphologically less productive compared to native

speakers of the same language.

In the light of these contradictory results and conclusions concerning morphological
processing in L1 and L2, examining morphological TL priming effects in both
speaker groups could provide new insights. The literature largely lacks evidence of
the morphological TL effects in the L2 processing of derivational morphology, and
current models of morphological TL priming effects have mainly used data from L1
speakers. Therefore, these models might not be used to explain the mechanisms
involved in L2 processing since gaining access to lexical representations in these
group of speakers requires the cross-language activation of lexical entries that might
influence orthographic coding (e.g., Dijkstra & van Heuven, 2002; Lin et al., 2015).
Additionally, there are possible other significant aspects of L2 processing that might
not directly relate to L1 contexts such as age of acquisition, L2 proficiency, L1-L2
similarities/differences in orthographic neighborhood size and the amount of
exposure to L2 (e.g., Bosch et al., 2019; Clahsen et al., 2010; Lin & Lin, 2016). The
current study used the masked morphological priming paradigm where targets were
preceded by morphological primes (e.g., braveness - BRAVE) and transposed letter
primes that involved both intratranspositions (e.g., braevness - BRAVE) and
intertranspositions (e.g., bravneess - BRAVE). This study was, to researcher’s
knowledge, the first masked priming study to extend the masked morphological TL
priming paradigm to L2 speakers. Studying letter position coding is informative
particularly because the two routes offered in dual-pathway models makes different
predictions regarding the extent of precision that letter information is utilized to
access the corresponding representation in mental lexicon. The morpho-
orthographic parsing route employs a fine-grained processing and is associated with
a precise letter position coding for the stimulus, in contrast to the whole-word route
that is less sensitive to the precise position coding of letters. This implies that the
coarse-grained route activates a word even when its letters are transposed since it

has flexibility in letter position encoding during lexical identification. Hence, the
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use of both morphological primes and morphological transposed-letter primes
would inform us whether the current models of L2 visual word recognition could

successfully accommodate the findings.

The results of the aforementioned studies indicate that priming effects in native
speakers may be modulated by individual differences in spelling, reading and
reading speed. However, the modulation of priming effects is still not fully
understood, particularly in L2 processing contexts. Following the contention of
Andrews and Lo (2013), using average RT data obtained from a small sample to
characterize the mental architecture of skilled reading only helps founding the basis
for the overarching principles of lexical processing. Therefore, this study also tried
to fill this considerable gap in the literature by providing a detailed exploration of
individual differences through a broad assessment of individuals’ reading
proficiency by using nine subtests. Within the context of individual differences,
available studies used various approaches and measures (e.g., Andrews & Lo, 2013;
Beyersmann et al., 2015) with contradictory findings, and this section of the current
research made an exploratory attempt to gain newer and deeper insights into the
moderation of L2 priming effects using several tests. Therefore, a broad assessment
of individual variability in reading performance was conducted through nine
reading-proficiency-related tests.

All in all, the current study aimed to add to the existing body of evidence regarding
L1 morphological processing using confirmatory data-analytic techniques and
further expanded it to L2 processing by focusing on the early processes used during
complex word recognition using two experimental paradigms: masked
morphological priming and masked morphological transposed-letter priming. The
second aim of the study was to further investigate if L2 processing is moderated by
individual differences in individual reading performance. This part of the study was
driven by the recent empirical evidence that individual differences in reading
proficiency could predict the influences of morphological information during
reading and provide an explanation for the inconsistent results. Given the theoretical
importance of considering individual differences in morphological processing
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studies, the present study addressed this critical question by exploring whether
average priming effects are moderated by different reading proficiency profiles.

3.2. Research Questions and Predictions

In line with these aims, the current study sought to answer the following research

questions:

1. What are the early automatic processes involved in the recognition of
morphologically complex word forms in L1 English and L2 English?

2. Are there quantitative and qualitative differences between L1 and L2 English
regarding the general mechanism(s) underlying the processing of these words?

3. Are the morphological priming effects modulated by individual differences?

4. Are the transposed-letter priming effects modulated by individual differences?

5. Does the process of morphological decomposition co-occur with letter position

coding?

As for the morphological priming effects, it was predicted that a briefly presented
morphologically related word (e.g., braveness - BRAVE) would be segmented in
the early stages of word recognition consistent with its morphological structure
({brave}{ness}), hence stripping off the stem, which would then “open the doors”
(Dufiabeitia & Molinaro, 2013) for the target word identification (BRAVE) in L1
and L2 speakers of English, reiterating the results obtained from Diependaele et al.
(2011). If this affix stripping process is facilitated by the orthographic, and
phonological effects of the prime, then it was expected that neither TL-within nor
TL-across priming effects would arise as the use of TL primes would reduce the
similarity of prime to the target word orthographically and phonologically. It was
predicted that morphological priming and TL-priming effects would be obtained and
modulated by individual variability in reading. However, the direction and size of
those priming effects was further explored in the current study as none of the earlier
studies has so far investigated TL effects in L2 speakers. Also, whether and how the
magnitudes of priming effects might be modulated by different indexes in L2

reading proficiency was also explored. Lastly, if L2 speakers use similar
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morphological processing mechanisms to L1 speakers, comparable sizes of
morphological and TL- priming effects across conditions were expected.

3.3. Measures of Individual Differences: The Reading Skills Battery

In order to investigate early automatic processes involved in the recognition of
derived word forms in L1 English and to find out whether the priming effects are
impacted by individual differences in participants’ reading proficiency, a reading
skills battery was designed that measured university students’ reading abilities (see
Appendix A for the battery). The individual differences tests used in the present
study were selected and adapted for two reasons: The first was to use as many
different tests as possible to assess how various skills significantly contributed to
the moderation of priming effects in morphological processing studies. The second
reason was to inform the literature with data to manipulate factors to clarify
discrepant findings in prior research in language processing. A central assumption
in forming this battery was that individuals differed in their reading skills, and that
these variations might predict these skills and explain distinct priming effects found
in word recognition studies. Grabe and Jiang (2013) highlight factors that
profoundly impact reading abilities and explain individual differences in reading

performance based upon research in L1 and L2 contexts:

efficient word recognition processes;

vocabulary knowledge;

grammar knowledge under time constraints;

the ability to present the main ideas of a text;

the ability to use strategic processes while reading more difficult texts;
the ability to use background knowledge appropriately;

the ability to interpret text meaning critically;

the efficient use of working memory abilities;

© 0 N o g bk~ wDhdPE

the efficient use of reading fluency skills;

=
o

. the ability to engage in reading, to expend effort, to persist in reading without

distraction, and achieve some level of success with reading.
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The Report of the National Reading Panel (2000) acknowledges that the
incorporation of phonemic awareness, phonics, fluency, vocabulary, and
comprehension leads to the best reading instruction; therefore, in an endeavour to
design tests that assess reading skills, a comprehensive reading assessment should
measure readers’ decoding and receptive language skills. In the current battery, the
decoding part of the assessment involved tests of word identification, reading
nonwords, spelling nonwords, fluency, reading comprehension and spelling. The
receptive part of the assessment included tests that measure vocabulary and listening

comprehension.

3.3.1. Review of Tests

The measures used in the current battery were taken from measures widely
acknowledged in the literature that tap into several facets of an individuals’ reading
network. Also, they have consistently been shown to be associated with reading.
The measures devised and their hypothesized roles in reading are reviewed below.
Since these measures in the literature have different testing purposes and test
formats, most subtests in the current battery were formed as used in Woodcook-
Johnson 11l Tests of Achievement (Wendling et al., 2009) and Kaufman Test of
Educational Achievement- Second Edition (Kaufman & Kaufman, 2004). These
tests are valid, reliable and standardized tests and evaluate academic achievement

in reading, written language, and oral language.

3.3.1.1. Test 1: Word Identification

Word identification is viewed as the most commonly “recurring cognitive ability”
in reading (Perfetti, 2007, p. 357), and researchers acknowledge its centrality to
reading because in the absence of word identification, fluent and accurate reading
would not take place (e.g., Just & Carpenter, 1980; Macalister, 2010). Fast and
efficient word identification, word encoding, and lexical access are needed for
constructing meaning (e.g., M. Adams, 2013), which makes the difference between
skilled and less skilled readers (e.g., Bernhardt, 2005; Nassaji, 2003). Wolf and
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Katzir-Cohen (2001) defined word identification as a combination of accuracy and

speed of meaning access while decoding a stimulus in print.

The relationship between word recognition skills and reading comprehension
among children has been well-established. Stanovich et al. (1986) and Aaron et al.
(2008) revealed that substantial variability in reading comprehension could be
predicted by word-identification skills. Other correlational studies supported the
finding that word identification was the strongest predictor and primary determinant
of reading comprehension ability (e.g., Joshi & Aaron, 2000; Zinar, 2000).
However, for older readers, word recognition has not been consistently found to
affect reading comprehension (e.g., Walczyk & Raska, 1992). In fact, a meta-
analysis demonstrated convincing evidence that the influence of decoding skills on
reading comprehension decreased across development (e.g., Garcia & Cain, 2014).
Also, there is empirical evidence that showed the dissociation of word decoding skill
and reading comprehension and that having word identification skills could still lead
to comprehension problems (e.g., Nation, 2005; Perfetti, 2007). However, Landi
(2005) provided striking evidence that word identification skills were insufficient
but still necessary for good text comprehension, an important finding that needed to

be addressed in the current battery.

While in various studies researchers have used such standardized tests that measure
word identification skills of individuals as the Word Identification subtest of the
Woodcock—Johnson 111 Psycho- Educational Battery—Revised (WJ 111 ACH), other
researchers have designed their own instruments. Commonly used tasks in these
measures are naming tasks that ask individuals to read both/either real words and/or
pseudowords aloud. In the word identification subtest of the current battery,
individuals read real words out loud in isolation. The items were of increasing
difficulty and were chosen from SUBTLEX-UK corpus (Van Heuven et al., 2014),
which contains 160,022 word forms with frequency values calculated from a 201.7-
million-word corpus of subtitles from nine British TV channels broadcast between
January 2010 and December 2012.
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3.3.1.2. Test 2: Reading Fluency

Rasinski (2006) and the National Reading Panel (2000) describe fluency as the
ability to read with speed, accuracy, and proper expression, making the reader focus
on the content, rather than on decoding individual words in the text. With regard to
the relationship between reading fluency and reading comprehension, Seabra et al.
(2017) and Neddenriep et al. (2011) provided evidence of their correspondence and
suggested the use of reading fluency test as a component of reading comprehension
models. Other studies also revealed the significant contribution of reading fluency
tests to the prediction of reading comprehension (e.g., Hudson et al., 2005; Johnston
& Kirby, 2006; Klauda & Guthrie, 2008; LaBerge & Samuels, 1974). Turkyilmaz
et al. (2014) stated that reading fluency is an important feature of skilled reading
and that it differentiates good readers from poorer readers. Also, Nathan and
Stanovich (1991) acknowledge the lack of reading fluency as a reliable predictor of

reading comprehension problems.

Despite the widespread agreement on the relevance of reading speed for reading
competence, there is less agreement on how to conduct the measurement for the
reading speed. Some studies used naming speed (e.g., Aaron et al., 2008; Johnston
& Kirby, 2006; R. Malatesha Joshi, P. G. Aaron, 2000) while some other studies
used word reading rates (e.g., Klauda & Guthrie, 2008; Turkyilmaz et al., 2014) and
prosody (e.g., Martins & Capellini, 2014). In measures where reading speed is
measured through reading a text under time constraints, there are alternative
strategies test developers use to ensure that the test taker has actually comprehended
the text: some tests ask test takers to draw lines separating words with no spaces and
punctuations and printed in uppercase (Turkyilmaz et al., 2014), while asking
true/false type questions at the end of each paragraph of the text (WJ Il ACH),or
circling the relevant word among options (Andrews & Hersch, 2010) is also used.
Torgesen (2000) and Hudson et al., (2005) argued that the components of fluency
that could be reliably assessed were rate and accuracy. Therefore, in the current
study, reading speed test took into consideration both reading rate and accuracy in
reading connected text through true/false type questions and finding the relevant

word to the paragraph among alternative options.
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3.3.1.3. Test 3: Spelling

In their fMRI investigation of the neural bases of reading and spelling, Rapp and
Lipka (2011) provided evidence of shared components of these two cognitive
functions and revealed that both reading and spelling shared specific left hemisphere
substrates. These results are in line with the findings of Holmes and Carruthers
(1998) and Burt and Tate (2002) who demonstrated participants were slower and
less accurate in lexical decision tasks where the words that they could not spell

correctly were used.

The relationship between spelling and reading was reported through other cognitive
neuropsychological investigations (e.g., Caramazza et al., 1987; Rapp &
Caramazza, 1989; Tainturier & Rapp, 2003), precisely establishing the shared
processes between the two domains. Lesion-deficit studies (e.g., Philipose et al.,
2007; Rapcsak & Beeson, 2004) and functional neuroimaging studies (e.g., Menon
& Desmond, 2001; Norton et al., 2007) also provided evidence concerning the
association of spelling and reading. The index of spelling ability in these studies was
obtained from spelling production task that required participants to write to dictation
(e.g., Beyersmann et al., 2015; Burt, 2006; Burt & Fury, 2000; Hasenicker et al.,
2015) and from spelling recognition task where participants were asked to select the
correctly spelled item among incorrect options (e.g., Andrews & Hersch, 2010;
Andrews & Lo, 2013; Tan & Yap, 2016). The current battery made use of these two
spelling tasks (dictation and spelling recognition) in line with the tasks used to assess

spelling skills in the literature.

3.3.1.4. Test 4: Reading Comprehension

As an answer to what makes one a good reader, Kintsch and van Dijk (1978)

suggested that variations in reading performance were caused by factors at both a

micro level, in processing syntax of textual elements, and at a macro level, in

comprehending the meaning of a passage as a whole. Only after a reader

decomposed individual words and sentences in a passage at the micro level, could

they proceed into forming holistic inferences and propositions. Variations in reading
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comprehension among skilled readers were captured at this macro level in their
success in generating accurate inferences as opposed to less-skilled readers (e.g.,
Palmer et al., 1985). In an effort to capture those variations, most studies aimed at
revealing macro-level influences on reading comprehension through combined
components such as reading strategies, reading fluency and vocabulary as predictors
of variation in reading comprehension (e.g., Aaronson & Ferres, 1986; Alptekin &
Ercetin, 2010; Baddeley et al., 1985; Burton & Daneman, 2007; Palmer et al., 1985)
while some other researchers used standardized tests such as the Nelson-Danny
Reading Test (e.g., Alptekin et al., 2014), Verbal SAT (e.g., McVay & Kane, 2012),
the Reading Comprehension subtest of the Nelson Reading Skills Test Form 3,
Level B (e.g., Hanna et al., 1977).

It is evident that various test formats have been used in constructing reading
comprehension tests. However, the reading comprehension tests in the current
battery were adopted from two major standardized language proficiency assessment
programs: IELTS (the International English Language Testing System) where
greater recognition of the discourse structure of texts, identification of main ideas,
careful reading skills, facility in reading multiple text genres and a larger amount of
reading are required through complex matching tasks of various types, multiple
choice items, short response items (Grabe & Jiang, 2014) and YDS (Language
Proficiency Test) where the cloze test procedure is effectively used, through which
the combined assessment of vocabulary, grammar, recognition of contextual clues
and careful reading is achieved. The reason why different tests with different test
items were used in the current reading comprehension subtest is that multiple
assessment tasks could allow the researcher to capture most of the variance

associated with individual variability in reading comprehension performance.

3.3.1.5. Test 5: Reading Nonwords

Reading nonword skills refer to the “sounding out” of words in print using

knowledge of letter-sound relationships, which is known as phonological recoding.

Individuals with phonological recoding skills can successfully read out nonwords,

which are made-up words with conventional spelling patterns such as yirn and
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kewmap. Many theoretical models of reading have highlighted the significance of
the phonological recoding skill that is measured by nonword reading accuracy. The
dual-route model of reading, for example, proposes a nonlexical route where letters
are converted into sounds through grapheme-to-phoneme correspondences
(Coltheart et al., 2001).

The significance of reading nonwords in reading was illustrated by Herrmann et al.
(2006) who found that deficiency in nonword reading skills is the leading cause of
reading difficulties, presenting nonword decoding tests as an essential source of
diagnostic information about participants’ reading skills. The particular method to
assess phonological recoding deficits is nonword decoding tasks where participants
are presented with a list of novel forms and asked to read them out loud. The tasks
used in the studies were either originally designed by the researchers (e.g., Baddeley
et al., 1982; Holligan & Johnston, 1988; Keenan et al., 2008; Manis et al., 1988;
Snowling, 1981) or taken from standardized tests such as Bryant Decoding Skills
Test (e.g., Manis et al., 1990; Vellutino et al., 1994), Word Attack subtest of
Woodcock Johnston Psychoeducational Battery (e.g., Felton & Wood, 1992;
Pennington et al., 1990), Word Attack subtest of Woodcock Reading Mastery Test-
Revised (e.g., Badian, 1997; Greenberg et al., 1997; Stanovich et al., 1997) or
Phonemic Decoding subtest of TOWRE (e.g., Torgesen et al., 1999). With regard
to the Nonword Reading Test in the current battery used for L2 speakers, first 14
items were adopted from the Diagnostic Reading Test for Nonwords (DiRT)
(Colenbrander, Kohnen, & Nickels, 2018), and the last 6 items were designed by the
researcher through Wuggy software in an attempt to introduce more challenging
novel words into the test. The skill required to successfully take the current test
required the mapping of morpho-phonemic letter- patterns onto underlying

phonological representations.

3.3.1.6. Test 6: Listening Comprehension

Listening comprehension could be viewed as an individual’s capacity in

understanding what they hear in the absence of cognitive demands of having to

decode text. Good listening skills first involve the understanding of individual words
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and sentences in a story. But Kintsch and Kintsch (2005) describe individuals with
good listening skills as those who build a mental model that could accommodate the
story’s propositions and previous knowledge into a whole. In a review article,
Hogan et al. (2014) provided evidence of the dominating impact of listening
comprehension on reading, and they highlighted the importance of involving
listening comprehension in reading assessments. Cattset al. (2005) also investigated
the unique and shared contributions of word identification and listening
comprehension to reading and found that while the unique variance explained by
word recognition decreased gradually at each grade, the variance explained by
listening comprehension increased substantially. Similarly, Adlof et al. (2006)
showed that listening comprehension and reading comprehension formed a unitary
construct by the eighth grade. This finding was reinforced by a more recent
longitudinal study that demonstrated poor oral language skills lead to poor reading
skills (Elwér et al., 2013).

Tests that measure such a complex construct have substantially used various test
formats. In some measures such as the Contrastive Test of Listening and Reading
Comprehension (Capovilla & Seabra, 2013), participants listen to increasingly
difficult sentences, and they need to select the correct figure among options that best
describes the sentence. In other measures, participants listen to a paragraph or a text
and are asked to answer comprehension questions. Other tests require test takers to
make inferences by combining the information they hear with their prior knowledge.
In the listening comprehension subtest of the present battery designed by the
researcher, participants were required to listen to 17 thematically unrelated
sentences and/or 2-sentence-long-passages and provide the missing word at the end
of each sentence, similar to the format used in the Oral Comprehension subtest of

Woodcook Johnson Achievement Test.

3.3.1.7. Test 7: Vocabulary Knowledge

Understanding a text requires the reader to understand the words used in it.

Therefore, a substantial number of studies yielded significant correlations between

vocabulary and reading comprehension (e.g., Anderson & Freebody, 1983;
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Cameron, 2002; Read, 2006), and showed vocabulary could be a predictor of one’s
overall reading ability (e.g., Braze et al., 2007; Hargrave & Sénéchal, 2000; Storch
& Whitehurst, 2002) because the presence of many unknown words could hinder
comprehension (e.g., Curtis, 1987; Landi & Perfetti, 2007; Nation, 2005).

The theoretical model that the current study drew upon, the Lexical Quality
Hypothesis (Perfetti, 1992; Perfetti & Hart, 2002), claims that variability in the
quality of lexical representations is the crucial determinant of skilled readers and
poor readers. According to the model, reading comprehension is facilitated as
vocabulary size and quality of lexical representations increase as the connections
between phonological, orthographic, and semantic information are enhanced and
automatized. The significant role of vocabulary is also evident in readability indexes
where vocabulary is included as a major component. Though there is lack of
consensus on what it means to know a word and how it is measured, and there is no
generally accepted model of vocabulary acquisition, many researchers construct
tests which assess how well individuals know a word, quality of their knowledge or
depth of word knowledge (e.g., Qian, 2002; Qian & Schedl, 2004; Read, 2006).
Heaton (1988) suggests the use of more receptive vocabulary tests that could be in
the forms of word formation, completion, word associations, synonyms, antonyms
and definition unlike common receptive tests that requires individuals to simply
select an option. The assessment type used in the vocabulary subtest of the present
battery was the productive one which asked readers to write down synonyms,
antonyms of word items in a specific context and to have a deeper knowledge of

word associations.

3.3.1.8. Test 8: Reading Span Test

The reading span test (RST) is a common verbal memory span task used for

investigations of working memory, context-based vocabulary learning (e.g.,

Daneman & Green, 1986) and for hypotheses generation (e.g., Dougherty & Hunter,

2003), listening and reading comprehension (e.g., Daneman & Carpenter, 1980;

Daneman & Merikle, 1996) and for investigations of cognitive processing. These

tests combine a processing component (i.e., judging the correctness of sentences)
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and a storage component (i.e., memorizing a series of letters or words for subsequent
recall). In a similar vein, in the current test, participants were typically asked to read
thematically unrelated simple sentences aloud and then to judge the truthfulness of
the sentences and recall the letters shown to them in the correct order after the
sentence disappeared. The number of letters and sentences in the sets increased from
two to six. In their seminal work, Daneman and Carpenter (1980) revealed the strong
correlation of reading span test with the measure of reading comprehension and
verbal SAT. Daneman and Merikle’s meta-analysis (1996) also demonstrated that
individual variability in participants’ working memory capacity (WMC)
significantly predicted variations in reading. A substantial body of research also
provided evidence of the positive influence of WMC on reading for both young
(e.g., Cain et al., 2004; Joseph et al., 2015; Seigneuric et al., 2000; Seigneuric &
Ehrlich, 2005) and adult participants (e.g., Georgiou et al., 2008; Turner & Engle,
1989), independent of word decoding and word recognition (e.g., A. Baddeley et al.,
1985; Cain et al., 2004). These differences were shown to result from the lesser
capacity of participants with lower WMC to integrate information from the text into

a mental model (e.g., Hannon & Daneman, 2001).

In addition to Turner and Engle (1989) who investigated whether WMC is task
dependent, Alptekin et al. (2014) also studied the influence of differences in RST
task design (semantic vs. morphosyntactic) and the language of the task (L1 vs L2).
Semantic version of the task involved semantically plausible and anomalous
sentences while morphosyntactic version used grammatically correct and incorrect
sentences in both L1 and L2. They found that WM’s storage function was essentially
language- independent, while its processing function was task and language-
sensitive, which suggested that construct equivalency could be compromised. The
current reading span test was obtained from Randall Engle’s lab who provided free
version of the test which was programmed in E-Prime on their website

(http://englelab.gatech.edu/tasks.html) and used a semantic task design.
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3.3.1.9. Test 9: Nonword Spelling

Nonword spelling subtest measures an individual’s ability to use phonologically
based strategies by applying their knowledge of sound-to-letter correspondences
and phonemic awareness (Pogorzelski & Wheldall, 2005). Therefore, in these tests,
readers divide words into their constituent phonemes and use the process of sound-
to-spelling conversion (e.g., Leask & Hinchliffe, 2007; Martin & Barry, 2012;
Oerlemans & Dodd, 1993). The use of novel words instead of real words in spelling
is shown to be more advantageous in that novel words require an individual to rely
solely upon their phonological strategies, hindering their use of learned letter
sequences or visual strategies (e.g., Neilson, 2003). In these studies, the measures
used to assess participants’ nonword spelling skills typically require test takers to
spell novel forms such as “thax”. Shankweiler argues that to learn to read, learners
should realize that all words could be segmented into their phonological (1999, p.
114).

There is a line of evidence suggesting the pivotal role of phonological awareness,
which is the ability to know that words are composed of sounds in reading (e.g., M.
J. Adams, 1990; Byrne & Fielding-Barnsley, 1990; Stanovich, 2000). Prominently,
Bishop (2001, p. 189) identified a “language learning disability” where reading
disability was seen as a part of larger phonological language disorder (e.g.,
Shankweiler et al., 1996; Share, 1995; Torgesen & Wagner, 1998). Based on Report
of the National Reading Panel (2000) and Lovett et al. (1994) not only children but
also adults benefit from instruction in phonemic awareness in terms of their overall
reading and spelling success. An extensive body of evidence corroborated the
finding that phonological processing skills had a significant place in spelling and
reading ability (e.g., M. J. Adams, 1990; Ball & Blachman, 1991; Bradley & Bryant,
1983; Hatcher et al., 1994; Torgesen et al., 1992; Wagner & Torgesen, 1987).
Nonword spelling test is widely used with young adults to assess how well they
could apply their phonological awareness proficiency to a spelling context (e.g.,
Dodd, 1996; Gillon, 2018). The nonwords used in the current battery were taken
from Kohnen and Nickels (2010).
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3.3.2. Reading Skills Battery: Descriptions of Cognitive Processes Necessary

for Performance in Each Subtest

Table 1
Description of the Cognitive Processes
TEST NARROW COGNITIVE PROCESSES
ABILITIES
Test I: Word Reading decoding Identification of visual words and phonological access to
Identification pronunciations linked to visual word forms
Test 11: Reading Reading speed Fast semantic decision-making which requires
Fluency Semantic processing speed reading ability and generic knowledge
Test 111: Spelling Spelling ability Retrieval and use of orthographical knowledge of full

forms by mapping full-form phonology onto full-form
orthography by translating phonological segments into
graphemic units

Test IV: Reading Reading comprehension  Construction of propositional representations;

comprehension Integration of syntactic and semantic properties of
visual words and sentences into a representation of the
whole text

Test V: Reading Reading decoding Grapheme-to-phoneme translation and accessing

Nonwords Phonetic coding pronunciations of visual word forms not listed in the
mental lexicon

Test VI: Listening Listening ability Construction of propositional representations through

Comprehension Working memory syntactic and semantic integration of orally presented
texts

Test VII: Vocabulary  Lexical knowledge Lexical activation and semantic access; semantic

Knowledge Reading comprehension matching

Test VIII: Reading Reading decoding Storage and processing reading elements of working

Span Test Working memory memory

Test IX: Nonword Spelling ability Phoneme-to-grapheme translation

Spelling Phonetic coding Translating spoken elements of nonwords into

graphemic units

3.3.2.1. Test 1: Word Ildentification

In this subtest, the participant read 16 words aloud in isolation. The items were provided
in a list form with no context and were of increasing difficulty. The difficulty of items
was ensured by the use of lower frequency and longer length items as well as the use of
some items with foreign origins. As also seen from the Table 2 below, item frequency
levels ranged between 3,27 (i.e., higher frequency of occurrence) and 1,17 (lower
frequency of occurrence) as indicated by Zipf values in SUBTLEX-UK corpus (Van
Heuven et al., 2014). Zipf values were used for the measure of frequency in the study
because they provided the researcher with a standardized measure independent of the
corpus size (Zipf, 1972). The number of syllables ranged between 1 and 5, and 3 items
out of 16 were of the French origin. Items were presented one at a time through a

PowerPoint presentation on a DELL computer, and the testing session was tape-
80



recorded. For scoring, the experimenter transcribed the participant’s answers on the

Scoring Sheet (see Table 3) and scored by writing 4 for a correct response or 1 for an

incorrect response or 0 for no response in the “Score” column of the scoring sheet.

Table 2
Item Characteristics in the Word Identification Test
Item  Words Zipf  APA Transcription Type of difficulty
No
1 frequent 3,62  Brit/'frikw(o)nt/ Am /' frikwant/ Problem segment- /kw/
2 cause 483  [ko:z/ Problem segment- /z/
3 awkward 4,19  Brit/'o:ckwad/ Am /"okword/ Problem segment- /o:/
4 indigenous 3,47  Brit /in'didzines/ Am /in'didzonas/ lengthy word
5 skepticism 1,17  /'skeptisiz(o)m/ lengthy word + Rare Word
6 gelatine 3,25  Birit/'dzelotm/ Am /' dzelotn/, /' d3elston/ Lengthy Word + French
borrowing
7 volcanologists 2,06  Aolka'nolodzsts/ Rare Word+Lengthy Word
8 alter 3,68  Brit/'plto//'0:1ts/ Am /'oltor/ irregularity in phonology
9 decisive 3,83  [di'sasiv/ irregularity in phonology
10 requisitioning 165 /rekwr'zif(o)nm / Rare Word+Lengthy Word
+ French borrowing
11 circumstances 453  Brit lengthy word
/'sorkemstansiz// so:kemst(a)nsiz//'sokemstansiz/ - +French borrowing
Am /'sorkom steens/
12 energetically. 2,23 Brit/ ena'dzetikli/ Am / enar'dzetikli/ lengthy word
13 utilize i 147 /jutlaz/ rare word
14 deteriorate 3,26  Brit /dr'tiortorert/ Am /dr 'tiria ret/ lengthy word
15 compunctious 1,17 /kom'pagk/os/ Rare Word+Lengthy Word
16 transcendentalism 1,17  / tra:nsen'dent(a)liz(o)m/ Rare Word+Lengthy Word
/transen'dent(s)liz(a)m/
Note. Brit indicates British English, and Am indicates American English.
Table 3
Scoring Sheet for Word Identification Subtest
No Word APA Response  Score
1 frequent /' fri:kw(a)nt/
2 cause /ko:z/
3 awkward /"a:kwad/
4 indigenous /m’'did3mnas/
5 skepticism /'skeptisiz(a)m/
6 gelatine /' dzelatin/
7 volcanologists Ivolka'noladzists/
8 alter /'olto// a:1tal
9 decisive [d1'saisiv/
10  requisitioning / rekwi'zif(9)nim /
11  circumstances /'sa:kamstansiz/
/'sa:komst(o)nsiz/
/'sa:kamsta:nsiz/
12 energetically / ena'dzetikli/
13 utilize : /'jutilaiz/
14 deteriorate /dr 'trariarert/
15 compunctious /Kom'pank [os/
16  transcendentalism / tra:nsen’dent(9)liz(e)m/

/transen’ dent(a)lrz(o)m/
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3.3.2.2. Test 2: Reading Fluency

This test used a passage which readers were asked to read for meaning in 1 minute. To
ensure they comprehended the text, at intervals of about 60 words, readers selected the
option among three that was coherent with the text or indicated whether the given
statement was correct or incorrect. For scoring of this test, the number of words that
participants could read in 1 minute was calculated, and if they selected a false option,
50 words was subtracted for every incorrect selection. The text was taken from Select

Readings Upper Intermediate Book published by Oxford University Press.

3.3.2.3. Test 3: Spelling

Two subtests were used in the spelling test; Spelling dictation test comprised of 44
words that were read aloud by a native American professor at a normal speed and
included in a sentence to clarify ambiguities. These sample sentences were obtained
from Oxford Living Dictionaries Online. Participants were reminded that they would
first hear each item, and a sentence with it and the item again only once and that there
would not be other repetitions. The words were selected from items used in Burt and
Tate (2002) which were correctly spelled by between 10% and 90% of their samples of
Australian freshman students. There were 3 words that the researcher designed for the
test: hierarchy, insatiable and homicidal. Common sources of spelling difficulty were
the low frequency of words and irregularity in sound-spelling correspondences (e.g.,
pseudonym). Hesitancy about the use of consonant doubling (e.g., mayonnaise) and
ambiguity about problem segments (e.g., abstinence, labyrinth) were the difficulties
with regular words that even adult spellers have (Burt & Tate, 2002). The score for the

test was the number of correctly spelled words.

In the spelling recognition test, participants were presented with 44 words and asked to
circle the correctly spelled word out of 3 options. Misspellings only changed one to
three letters of the word and retained the correct pronunciation of the word (e.g.,
?assymetry [asymmetry], ?glyserin [glycerin]). They were asked to choose the correct
spelling in 10 minutes. 21 out of 44 items in the test were taken from Experiment 2 in

Burt and Tate (2002). The rest of the items was designed by the researcher such that the
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variety of problem segments in the test would be increased through the use of items
that included silent /h/ and required correct vowel selection. It was ensured that none of
the items in the Spelling Test appeared in any part of the battery. The number of items
that contained the problem segments that relate to spelling difficulty are shown in Table

4 below.

Table 4
Frequencies for Spelling Difficulty and Sample Items

.‘
@
=

Spelling difficulty Sample Item (correct form/incorrect form)

consonant doubling m/I/r/n/p

mayonnaise / mayonaisse

“c”/’s” confusion for /s/

conciliate/ consiliate

Vowel selection efi

homogeneity/ homoginity

Foreign Borrowing

rendezvous / rendevous

silent p

receipt/ receite

“ant” / “ent” confusion

cognizant/ cognizent

“ch”/’sh”/ “c” confusion for /t[/

pistachio/ pistachio/ pistacio

“er” / “or” confusion

precursor/ precurser

g/dg confusion for /d3/

lodgers/logers

“naire” / “naire”/ “ner” confusion

doctrinaire/ doctrinare

“c”/’s” / “z” confusion for /s/

precipice/precipise/precipize

“Cy” / “sy” confusion

ecstasy/ ecstacy

“Cy” / “sy” / “sie” confusion

idiosyncrasy/idiosyncracy/idiosyncrasie

“sence” / “scence’/ “cence” confusion

coalescence/coalesence/coalescense

“ence” / “ance” confusion

occurrence/occurrance/ occurence

“rh”/ “r” confusion

rhapsody/ rapsody

“que”/ “k” / “ke” confusion for/k/

grotesque/ groteske/ grotesk

ible/able confusion

digestible/ digestable

Vowel selection a/u/o

truculence/traculence/troculence

Vowel selection a/o

phenomenal/ phenamenal

Vowel selection o/au/ou

hydraulic/hydrolic/hydroulic

Vowel selection e/a

vernacular/ vernecular

silent /I/ Ip/ Is/ Iz/

psalm/psam/salm

[T}

y” used as a vowel

hypocrite/ hipocrite

N IR RIS NI NIF N ENEN S I

Diphthong selection /e1/

champagne/ champaign

3.3.2.4. Test 4: Reading Comprehension

This test used 2 passages to assess reading proficiency. The first reading test was taken
from Test 2 Cambridge University Press IELTS 9 Book since IELTS is a standardized
paper-pencil test that could be reliably and feasibly administered as a part of Reading
Skills Battery. It was an informative text of 903 words, long enough to assess reading
proficiency and short enough to be completed under time constraints. The text was
about iconoclasts, extraordinary people that could achieve things others say cannot be
done. The text was followed by a total of 14 questions: 5 multiple-choice, 6 Yes/No/Not

Given and 3 sentence completion questions assessing comprehension of the passage.
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The skills to successfully finish the test included the recognition of the discourse
structure of the text, the recognition of the main idea and explicit details and making

inferences and conclusions. Each item was worth 1 point this subtest.

Items in the second reading passage were in an open-close test type that required
participants to supply the missing word to sentences in the passage. The passage was
about emotional intelligence with 73 words and had 6 missing words. Among 6 correct
answers, the use of 2 nouns, 2 verbs and 2 adverbs were required. The passage was
taken from the cloze test in KPDS that took place in May 2006. The skills being tested
were to understand main and explicit ideas, have a knowledge of grammatical rules and
provide an appropriate word in an appropriate form using contextual clues. Each item
in this subtest was scored out of 8 points, taking into consideration both the fit and
grammatical accuracy of the answer. For the two reading comprehension tests,
participants were asked to respond to as many questions as possible in 20 minutes. The
sum of correctly answered questions contributed to the total reading comprehension

scores considering both speed and accuracy.

3.3.2.5. Test 5: Reading Nonwords

Skills of decoding, pronouncing, and understanding non-existent words were
required in this test. Items asked participants to pronounce nonwords, and the
session was tape-recorded. In the test, participants were shown 20 nonwords, which
assessed the knowledge of over 20 sound-letter correspondences, and no corrective
feedback was given during the testing process. First 14 nonwords were selected from
Colenbrander, Kohnen, and Nickels (2018), while the last 6 items were designed by
the researcher though Wuggy software (Keuleers & Brysbaert, 2010). For scoring,
participants’ responses were transcribed in the spaces on the scoring sheet (see
Appendix I). The response was deemed correct when it matched the pronunciation
provided on the scoring sheet and was given 4 points. There was no penalty for

variations in pronunciation because of speech impediments or regional accents.

84



3.3.2.6. Test 6: Listening Comprehension

In the test, there were 17 thematically unrelated sentences that had a missing word at
the end of each sentence. Participants supplied the appropriate word that would fit to
the end of the sentence. Great care was taken by the researcher so that the test items
allowed only restricted number of options. Listening tracks were voiced by a native
American speaker, and the quality of these tracks was enhanced through the software
of Audacity. In the test, there were items of varying length. While some had only 3
words, some included a set of sentences. All sentences were factual statements that did
not require the subjective evaluation of the participant. Sentences were adapted from
reading passages, lectures and articles from newspapers. There were 6 items that
required a single correct answer, and there were 11 items that had alternative
correct/synonymous answers. Alternatives for answers were noted on the scoring sheet,
and any of these alternatives was accepted as correct and scored on a scale of 4 points.
For scoring, 4 points was given for each correct answer, and 4 point was for its

grammatical accuracy. Two examples to the listening items are as follows:

Example Item 1: Beavers generally live in family clusters consisting of 6 to 10
Correct: members

Example Item 2: In old age, elephants die because of the loss of final set of molars.
When this last set of teeth is gone, the elephant dies from malnutrition because it is
unable to obtain adequate .

Correct: nourishment, food, nutriment

3.3.2.7. Test 7: Vocabulary Knowledge

Vocabulary Knowledge Test measured a participant’s ability to provide synonyms and
antonyms and to complete word associations. In the first test, Test of Similar and
Opposite Meanings, participants were presented with 32 items in which they were
required to examine the words and expressions in bold in the sentences and write ONE
word that had the similar or opposite meaning in the same context. In the test,
participants were required to supply 13 adjectives, 5 nouns, 12 verbs, and 2 adverbs in

15 minutes. As there might be more than one synonym or antonym available for a given
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word in that particular context, each item was scored on a scale of four points. If the
participant answer matched the context of the given sentence, it was marked four points.
If the answer was somewhat related to the context, it was scored three points. If the
answer did not match the context at all, participants received one point. Two experts

scored the same answers, and reliability coefficients were calculated.

Example Item 1 (of similar meanings): Some plants, such as beans, benefit the soil in
which they are planted.

4-point answer: enrich, nurture;

3-point answer: feed;

2-point answer: contribute;

1-point answer: take advantage
In the second test named Word Associations, participants completed each of the
sentences with one adjective, noun or a verb in 15 minutes. In the test, participants were
required to supply 8 adjectives, 6 verbs and 2 noun associations. The missing word was
one that was often used (i.e., it collocates) with the nouns and/or adjectives and/or
adverbs in italics. Though participants were not given options, the first and last letter of
each word were provided along with a sample sentence where the word perfectly fit.
Test items were selected from the book entitled Check Your English VVocabulary for
TOEFL by A & C Black Publishers Ltd. For scoring, 1 point was given for the correct

answer. A sample item is given below:

Example Item 1: | T is often followed by the nouns aspect, element, factor,
feature, issue, part, or point. It is often preceded by the adverbs crucially, extremely,
particularly, terribly, or vitally.

(Sample sentence: It is vitally to disconnect the appliance from the power supply
before dismantling it).

Answer: important

3.3.2.8. Test 8: Reading Span Test

This test showed how efficient the verbal working memory was and involved sets of
letters (ranging from 2 to 6) which individuals were asked to memorize and sentences
which participant judged the plausibility of. In the test, they were given one sentence to

read. Once they made their decision about the plausibility of the sentence, a letter
86



appeared on the screen. After the letter disappeared, they were presented with another

sentence and a letter. They made attempts to recall the letters at the end of each set.

3.3.2.9. Test 9: Nonword Spelling

This subtest measured an individual’s proficiency in utilizing sound and spelling
knowledge. Individuals were required to listen to and spell 23 non-words. Test items
were adopted from Kohnen and Nickels (2010). There was a scoring sheet (see Table
5) to score a participant’s responses. The experimenter wrote 4 in the Accuracy column
if the whole nonword was spelled correctly or wrote 0 in the Accuracy column if the
nonword contained any errors. Alternatives for some nonwords were noted on the
scoring sheet, and any of these alternatives was accepted as correct. Also, both upper-

and lower-case letters were accepted as correct.

Table 5
Scoring Sheet for the Test of Nonword Spelling
No Pronunciation Item Other Response Initial  Medial Final  Accuracy
IPA acceptable PGC PGC PGC (whole
responses item)
1 nam nam knam, knamb, n/kn a m/mb
namb
2 had hud h u d
3 SAQ sug S u g
4 dob thob th 0 b
5 sicb seeb seab,sebe, slc eeleale-e b
ceeb,
ceab, cebe
6 kwi:d queed guead,quede qu eeleale-e  d
7 ju:m yoom ume, yume, y oo/u-efou m
youm Note: if
ume, then no

grapheme for
/j/ required)

8 len leng | e ng
9 [AS shuss sh u SS
10 ek yeck y e ck
11 kwutf guooch qu 00 ch
12 130 lurth lerth, lirth | ur/erlir th
13 zai zie zy z iely
14 faf shife sh ile f
15  hoilt hoilt hoiled h 0i 1t/led
16  ds3ib jerb geré),jirb, girb, jlg erfirlur b
jur
17 gla aly glie al ylie
18 Do thorsh  thawsh, thaush th orf/aw/au  sh
19 Jflar shly shlie shl iely
20  dzais jise jice, gise, gice jlg i-e s/ce
21 waol whoul  woul, wowl, w/wh  ou/ow |
whowl
22 zoudy zoge zoage z oalo-e ge
23 Orap thripe thr i-e p
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3.4. Methodology

The study utilized two masked primed lexical decision experiments with 6 priming

conditions:

1) a morphological prime (braveness),
2) a TL-within prime (braevness),

3) an SL-within prime (braocness ),
4) a TL-across prime (bravneess),

5) an SL-across prime (bravruess),

6) or an Unrelated prime (directness).

Experiment 1 examined the recognition of derived word forms in L1 English, and
Experiment 2 was designed to investigate the recognition of word forms in L2
English, yet two experiments both assessed the role of letter position coding during

the complex word processing and tapped into individual variability in reading skills.
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CHAPTER 4

EXPERIMENT 1: MASKED PRIMING IN L2 ENGLISH

4.1. Participants

Experiment 1 focused on the investigation of priming effects in L2 speakers of
English. Twenty-nine students (22 females; age: mean=26.14, SD=3.16, min=20,
max=32) at Middle East Technical University took part in the experiment. All
participants were L1 Turkish speakers of L2 English. They had all learned English
through formal instruction after the age of 10 (mean length of English instruction:
16.3 years, SD: 3.23). They did not have any history of neurological impairments

and/or learning disabilities and had normal or corrected-to-normal vision.

4.2. Materials

4.2.1. Stimuli

For the masked primed lexical decision experiment, 58 English target words were
selected (see Table 6 for characteristics and Appendix B for the entire list of stimuli).
All targets were the simple stem words (e.g., BRAVE) of derived words and were

preceded by six primes:

1) a morphological prime (braveness),
2) a TL-within prime (braevness),

3) an SL-within prime (braocness ),
4) a TL-across prime (bravneess),

5) an SL-across prime (bravruess),

6) or an Unrelated prime (directness).
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Table 6
Psycholinguistic Characteristics of Stimuli (SDs)

Related Unrelated TL- SL-within TL-across SL-across
within
Bigram 274(42) 258(45) 244(51)  359(49) 211(73) 199(50)
frequency
Stem Bigram 1141(861) 1266(1119)
Frequency
Stem 4.34 (0.7) 4.39 (0.8)
Frequency
Word 2.08 (0.8) 2.07(0.7)
Frequency
Stem Length 5.39(0.6) 5.52(0.7)
Word Length 9.24(0.4) 9.37(0.5)
Stem 2.33(2) 2.33(2)
Orthographic
Neighborhood
Orthographic 0.15(0.4) 0.17(0.4)
neighborhood

Note. Word frequency counts were obtained from the SUBTLEX-UK database (Van Heuven et al.,
2014) using the Zipf values (log10 occurrences per billion).

Unrelated primes were matched as closely as possible to related primes on 8
characteristics: stem length, stem frequency, stem bigram frequency, stem
orthographic neighborhood, word length, frequency, bigram frequency, and
orthographic neighborhood using N-Watch software. The same derivational suffix
was used in related and the unrelated primes (e.g., braveness, directness) to avoid
the potential effect of the suffix. The majority of letter transpositions contained a
vowel and a consonant (e.g., Lupker et al., 2008), and great care was taken to ensure
that the transpositions did not create a real word. SL-control prime words included
the two new letters of similar resemblance and height to the transposed letters (e.g.,
bragvness, braocness). They were matched with TL primes on length, bigram
frequency, and orthographic neighborhood. 42 real word and 100 orthographically
legal and pronounceable nonword filler targets were constructed for the purposes of
the lexical decision task. The first and last letter of a real word were altered to create
the nonword targets (e.g., lenciv from pencil). They were matched with real word
targets on length, position-specific bigram frequency, Coltheart’s N and primed by
an unrelated word. Twelve lists were created in a Latin square design so that each
participant saw each target in a different priming condition and in a different order.

The order of target presentation within each list was randomized across participants.
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4.3. Procedure

Participants were tested individually in a silent room. Stimulus presentation was
randomized using E-Prime (Schneider et al., 2002). Participants first saw the
forward mask of hash marks for 500 ms, which were followed by the prime word in
lowercase letters for 50 ms. The target stimulus then appeared on the screen in
uppercase letters for a maximum of 3000 ms or until the participant responded.
Participants were told to press “right key” on a gamepad if the visual target was a
real English word or “left key” if it was a nonword as quickly and accurately as

possible. The whole experiment lasted for about 8 minutes.

4.4. The Reading Skills Battery

To assess individual variability in reading proficiency, the Reading Skills Test Battery
was constructed and conducted in paper-and-pencil format. On the first page of the
battery, participants were asked about their background information (e.g., their age,
number of languages they speak as their native language, namely L1 number, and as their
foreign language, namely L2 number). There were nine tests in the battery that measured
several facets of reading in English: Word Identification Test, Test of Reading Fluency,
Spelling Test, Reading Comprehension Test, Test of Reading Nonwords, Listening
Comprehension Test, Test of Vocabulary Knowledge, Reading Span Test, and Test of
Nonword Spelling. These tests contributed to the thorough assessment of various reading
skills in L1 and L2 and tested if individual variability contributed to the facilitative effects
of primes during the early stages of morphological processing. Participants' score
distributions for each battery subtest were presented in Appendix C, and characteristics
of L2 English speakers in Experiment 1 as well as descriptive statistics for the distribution

of proficiency measures were presented in Appendix D.

The researcher and an expert in Linguistics scored individual responses to the test items

in Nonword Spelling, Reading Nonwords and Word ldentification. The interrater

reliability coefficients (a) were =0.99, 0.97 and 0.99, respectively. Two experts in

language teaching scored individual responses to the test items in Listening, Vocabulary

and Reading Comprehension. Interrater reliability coefficients were found to be 0.98,
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0.98 and 0.94, respectively. All subtests in the battery were paper and pencil tests but
the Reading Span, Word Identification and Reading nonwords subtests: Reading span
test was conducted on E-prime software, and Word identification subtest was
administered on MS PowerPoint on a DELL computer. Word Identification and
Reading nonwords subtests were tape-recorded. Participants were tested individually in
a silent room, and total administration time was approximately 1 hour and 25 minutes,
depending on the examinee’s personality, mood, and rapport with the examiner. In order
to control for the fatigue effects, the battery was given either at the beginning or at the

end of the lexical decision task following a sequential order.

4.5. Results

4.5.1. Reaction Time Analyses

Four target words (i.e., DEMURE, TENDER, PERISH, PUNISH) were excluded as they
contained pseudo-suffixes. Reaction time (RT) analyses were conducted on only correct
trials after the omission of incorrect trials (2.37 % of the data points). Based on the
distribution of the data, individual data points below 350 ms or above 2000 ms were
treated as extreme values and hence omitted (3 datapoints; 0.2 % of all data). Data points
whose standardized residuals were greater than 2.5 in absolute value (Baayen, 2008) were
removed (2.55 % of all data). There were 1486 data points remaining for the analysis.

Table 7 shows mean RTs, error rates and standard deviations across conditions.

Table 7
Mean RTs and ERs (SDs) across Conditions
Condition RTs ER % Example
Morphological Unrelated 612 (116)  0.03 (0.16) (directness - BRAVE)
Related 591 (121)  0.02 (0.15) (braveness - BRAVE)
effect 21
Intra-transposition SL-Within 612 (131)  0.01 (0.11) (braocness - BRAVE)
TL-Within 615 (126)  0.03 (0.16) (braevness - BRAVE)
effect -3
Inter-transposition SL-Across 591 (111)  0.04 (0.19) (bravruess - BRAVE)
TL- Across 598 (116)  0.02 (0.12) (bravneess - BRAVE)
effect -7

Note. Significant facilitation was only obtained in the Morphological Condition. TL-priming effects
were absent irrespective of whether the transpositions crossed morphemic boundaries. RT = reaction
time; ER% = error rate; SD = Standard Deviation.
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The boxcox transformation revealed that inverse transformation was the best
approximation to normalize the dependent variable. Therefore, inverse RTs (-1000/RT)
were calculated and were then analyzed through linear mixed-effect (LME) modeling
(Version 1.2.1335, RDevelopmentCoreTeam, 2019) through the ImerTest package
(Kuznetsova et al., 2017). The final model included “Prime Type” (Morphological, TL-
within, SL-within, TL-across, SL-across and Unrelated) as a fixed effect and “Subjects”
and “Items” as random effects factors (random intercepts). A maximal random slope
structure (Barr et al., 2013) was attempted, but because of the complex structure of the
model, the inclusion of random slopes did not converge and therefore was not included

in the final model structure.

Post-hoc comparisons between experimental and control conditions (i.e., Unrelated
vs Morphological; SL-within vs TL-within; SL-across vs TL-across) and the
interaction between intramorphemic and intermorphemic transpositions were
carried out using the emmeans package (Lenth, 2019) in R. The number of
languages individuals could speak as their L1 and L2 as well as their age were also
included in the model as fixed effects. But these were omitted from the structure
since they did not significantly contribute to the model’s goodness-of-fit using the

stepwise selection procedure.

Table 8
Summary of Fixed Effects in the Final Model
-1000/RT

Predictors Chisg df p value
(Intercept) 32.2502 1 p <.0001
PrimeType 16.0809 5 p <.001
L1_number 0.9055 1 0.341309
L2_number 0.0656 2 0.967751
age 0.1115 1 0.738451

df = Degrees of Freedom.

The final model included one fixed effect factor (Prime Type) and two random
effects factors (random intercepts for subjects and items). The model ?for the L2

data showed a significant main effect of Prime Type, ¥2(5) = 16.086, p <.001. Post

2 The Imer syntax for the final model was: -1000/RT ~ PrimeType + (1|subject) + (1[target),
data=dataHL2
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hoc comparisons for correct responses are shown in Table 9. Responses to target
words preceded by morphologically related primes (e.g., braveness - BRAVE) were
significantly faster than targets preceded by unrelated primes (e.g., directness -
BRAVE), yielding a 21-ms facilitation, t[1401] = -3.201, p=0.001.

Table 9

Post hoc Comparisons between Experimental and Control Conditions
contrasts Estimates SE df t. ratio p
Morphological vs Unrelated -0.06721 0.021 1401 -3.201 0.001
TL  within  vs SL  within 0.01647 0.0209 1401  0.788 0.430
(Intratransposition)
TL across Vs SL across 0.01374 0.0211 1401  0.652 0.514
(Intertransposition)
SL across vs Unrelated -0.04915 0.0211 1401 -2.324 0.02
SL within vs Unrelated -0.01897 0.0209 1403  -0.906 0.365
Morphological vs TL within -0.06471 0.021 1402 -3.079 0.002
Intratransposition* 0.00273 0.0297 1401  0.092 0.926

Intertransposition
SE = Standard Error.

No significant difference was found between TL-within and the SL-within
conditions, t[1401]=0.788, p=0.43. Moreover, the difference between the TL-across
and SL-across conditions was not significant, t{1401]= 0.652, p=0.51. Also, the
direct analysis of the interaction between intratranspositions and intertranspositions
yielded a non-significant result, t{1401]= 0.092, p=0.92. A statistically significant
difference was found between the SL-across and the Unrelated prime-target pairs
(t[1401]= -2.324, p=0.02). There were significantly faster responses to the SL-
across primes than to the Unrelated primes by 21 ms. Yet, the SL-within primes did
not differ from those of Unrelated condition (t[1403]= -0.906, p=0.36). A
statistically significant difference was obtained between the non-transposed
morphologically related primes and TL-within primes, t[1402]= -3.078, p=0.002,
which was due to faster RTs to targets preceded by morphological primes. The
model-based estimates of response times for each condition are displayed in Figure
15.
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Note. Unr, Unrelated; Morph, Morphological; SL_Acr, SL-Across; TL_Acr, TL-Across; SL_With,
SL-Within; TL_With, TL-Within Conditions.

Figure 15. Model-Based Estimates of Response Times Per Condition. Error Bars
are 95% Confidence Intervals

4.5.2. Individual Differences Analyses

Score distributions for each reading test are shown in Figure 23 (see Appendix C).
A wide scale of score distribution was obtained through various tests that assessed
distinct areas of reading proficiency. For the individual differences analyses, each
test score was standardized and added to the model® one at a time using the stepwise
selection procedure to assess if each test score significantly improved the model’s
goodness of fit. Then, a direct analysis into the interaction of each proficiency test
with morphological priming (i.e., Unrelated condition vs Morphological condition),
TL-within priming (i.e., SL-within condition vs TL-within condition), and TL-
across priming (i.e., SL-across condition vs TL-across condition) was carried out
through contrasts in the emmeans package in R. Significant results regarding the
interaction between each priming type and each test are shown in Table 10 through
estimates for each contrast, standard error, t-ratio and p values across low, medium

proficiency and high proficiency levels.

3 The interaction of each test with prime type was calculated in a separate model to avoid excessive
collinearity. One example to Imer syntax is:
-1000/RT ~ PrimeType * Spelling.c + (1|subject) + (1|target), data = datalL.2
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Table 10

Contrasts for Proficiency Levels for TL-within Priming

Priming type Tests Contrasts Estimates Standard tratio p
Error

Reading Low vs High 0.213 0.06 3.306 p=0.001
Nonwords Low vs Medium 0.081 0.02
TL-within Medium vs High 0.132 0.04

Priming Nonword Low vs High 0.157 0.08 1.913  p=0.05

Spelling Low vs Medium 0.071 0.04
Medium vs High 0.085 0.04

Note. Low, Medium and High refers to the Low Proficiency, Medium Proficiency, and High

Proficiency Levels.

4.5.2.1. TL Priming Modulation for Within-Morpheme Transpositions

There was a significant interaction between TL-within priming and the tests of
Reading Nonwords (t[1417]= 3.306 , p=0.001) and Nonword Spelling (t[1419]=
1.913, p=0.05) regarding three proficiency profiles (see Table 10). This interaction

pointed to the significant TL-within priming effects in individuals with low

proficiency. Figure 16 demonstrates the influence of different proficiency levels in

nonword reading on the magnitude of TL-within priming. Furthermore, Figure 17

provides the scatterplot of real priming effects with overlaid trend lines from the

predicted model.

Low Proficiency Medium Proficiency High Proficiency

650
Tgeoo 607
@ 591 595
=
14 ST7

550

532
500
SL_Wit TL_Wit SL_Wit TL_Wit SL_Wwit TL_Wit

Figure 16. Model-based Estimates in Reading Nonwords
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Note. The "observed values" in the scatterplot show raw RT scores; however, the model is fitting
inverse RT scores. Red line indicates Morphological Priming, whereas blue line and green line
demonstrate TL-within Priming and TL-across Priming, respectively. Thicker line indicates the
significant interaction.

Figure 17. The Scatterplot of Real Priming Effects with Overlaid Trend Lines from
the Predicted Model in Reading Nonwords

As both figures suggest, the size of facilitation dramatically decreased as the
speakers got more proficiency in nonword reading skills, showing how the
proficiency in reading nonwords contributed to the TL-within priming effects. The
influence of different proficiency levels of nonword spelling on the size of the

priming is demonstrated in Figures 18 and 19.
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Figure 18. Model-based Estimates in Nonword Spelling
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Note. Red line indicates Morphological Priming, whereas blue line and green line demonstrate TL-
within Priming and TL-across Priming, respectively. Thicker line indicates the significant
interaction.

Figure 19. The Scatterplot of Real Priming Effects with Overlaid Trend Lines from
the Predicted Model in Nonword Spelling

Figures 18 and 19 above demonstrate a similar modulation pattern of TL-within
effects by nonword spelling proficiency. While priming effects obtained from the
intertranspositions were robust in low proficient participants, the effects disappeared

with the growing proficiency.

4.6. Discussion

Experiment 1 sought to investigate morphological processing in L2 using
confirmatory data-analytic techniques. The current experiment provided further
evidence to the existing and emerging findings that suffix-derived primes in L2 were
robust primes whereby the presentation of a morphologically complex word as a
prime (e.g., braveness) facilitated the recognition of a monomorphemic stem target
(e.g., BRAVE). This finding lends support to Voga et al.’s (2014) results in
Experiment IB where derivation primes produced significant facilitation (31 ms)
relative to the unrelated condition in Greek learners of English and is consistent
across studies in the literature that has amply shown solid facilitation from genuine

derivations (see Amenta & Crepaldi, 2012 for a review).
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At the group level, results based on average reaction time data revealed that
transposed-letter primes within morpheme boundaries or across morpheme
boundaries were not efficient primes since no facilitation arose from the reversed-
letter primes. This inhibition, when the RT data were analyzed on average data,
implies that segmentation mechanism(s) in L2 take into account the benefits of letter
position coding and that letter transpositions have an impact on the size of the
priming. However, as also explored by the reading differences measures, lower
proficiency nonword readers and spellers could overcome the inhibitory impact of
letter transpositions on morphological processing. It is important to note that these
results deviated from the generally observed pattern reported in L1 literature for the
following two reasons: First, in the present study, TL-effects were examined in L2
speakers, which has so far been very scarce. Therefore, the results of the current
study should be assessed along with those of a limited number of attempts to
investigate TL effects in L2 speakers and, therefore, require further elaboration with
other L2 cohorts. Second many of the TL effects reported in the literature come from
studies in which Indo-European languages were tested. In the current study, in

contrast, all participants were L2 English speakers with an L1 Turkish background.

The current experiment also explored individual variability in reading skills and
showed that differences in reading profiles might indeed be moderating the
morphological TL priming effects. Individual differences in reading proficiency, in
this case reading nonwords and nonword spelling, could modulate masked TL-
within priming effects. These findings are in line with recent evidence provided by
Beyersmann et al. (2016), Medeiros and Dufiabeitia (2016) that showed distinct
reading proficiency levels moderated the qualitatively distinct ways individuals use
morphological information during complex word processing. Regarding the
modulation of TL-priming effects by different reading profiles, results of the
exploratory analyses also demonstrated that TL-within priming effects were
obtained in L2 speakers with poorer nonword spelling (23 ms) and reading
nonwords skills (27 ms). But they dramatically vanished in skilled nonword spellers
(- 30 ms) and readers (- 45 ms). Low proficient readers and spellers could elicit
morphological information only from TL-within primes, likely because the lower

proficiency nonword readers and spellers might have less precise letter decoding
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skills and are hence less dependent upon orthographically-driven decomposition
mechanism that is less susceptible to transposed-letters. Therefore, current findings
also support Andrews and Lo's (2013) contention that more empirical investigations
needed to consider individual variability and that systematic analyses into individual
variability had significant implications for models of word recognition. But it is
important to note that these results will be elaborated in greater detail together with

the theoretical implications in the general discussion section of the study.
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CHAPTER 5

EXPERIMENT 2: MASKED PRIMING IN L1 ENGLISH

5.1. Participants

A group of 50 native English speakers (14 males; age: mean=20.73, SD=5.99,
min=17, max=53) with normal or corrected-to-normal vision attended Experiment
2. One participant was removed since they did not make any decision on the targets.
All participants studied at Macquarie University and reported English as their L1 at
the time of the testing. They had no history of language or learning disabilities.

5.2. Materials

The same stimuli as in Experiment 1 were used in Experiment 2 except that four
target words that contained pseudo-suffixes were excluded prior to data collection.
54 orthographically legal and pronounceable nonword filler targets were
constructed for the purposes of the lexical decision task. The nonwords were

constructed in the same way as in Experiment 1.

5.3. Procedure

Participants were tested individually in a silent room. Stimulus presentation was
randomized using DMDX (Forster & Forster, 2003). Participants first saw the forward
mask of hash marks for 500 ms, which were followed by the prime word for 50 ms. The
target stimulus then appeared on the screen for a maximum of 3000 ms or until the
participant responded. Prime words were presented in lower case letters, and targets
were in uppercase letters. Participants were told to press “M” on the computer keyboard
if the visual target was a real English word or “Z” if it was a nonword as quickly and

accurately as possible. The whole experiment took about 8 minutes.
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5.4. Reading Skills Test Battery

With regards to the individual differences measures, the tests of vocabulary, spelling,
word identification (TOWRE- Sight Word Efficiency, see Appendix E) and reading
nonwords (TOWRE- Phonemic Decoding Efficiency, see Appendix F) were used,
thereby making the administration of battery more feasible and further avoiding fatigue
effects. These tests have been widely used to examine the modulation of individual
differences in L1 word recognition literature. Characteristics of L1 English speakers in
Experiment 2 were presented in Appendix H (see also Appendix G for descriptive

statistics for the distribution of proficiency measures).

5.5. Results

5.5.1. Reaction Time Analyses

The error rates for two targets (i.e., PALATE and LAMENT) were more than 50 %,
and hence omitted. Reaction time (RT) analyses were conducted on only correct trials
after the omission of incorrect trials (2.4% of all data). Based on the visual inspection
of RT distribution, individual data points below 350 ms or above 2000 ms were treated
as extreme values and hence omitted (5 datapoints; 0.02 % of all data). Data points
whose standardized residuals were greater than 2.5 in absolute value (Baayen, 2008)
were removed (2.9 %). There were 2408 data points remaining for the analysis. Table

11 shows mean RTSs, error rates and standard deviations across conditions.

Table 11
Mean RTs, ERs (SDs) across Conditions
Condition RTs ER % Example
Morphological Unrelated 591 (114) 0.05 (0.23) (directness - BRAVE)
Related 568 (112) 0.04 (0.18) (braveness - BRAVE)
effect 23
Intra-transposition SL-Within 591 (113) 0.05 (0.21) (braocness - BRAVE)
TL-Within 565 (117) 0.05 (0.21) (braevness - BRAVE)
effect 26
Inter-transposition SL-Across 577 (112) 0.05(0.21) (bravruess - BRAVE)
TL- Across 571 (113) 0.04 (0.19) (bravneess - BRAVE)
effect 6
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The boxcox transformation showed that inverse transformation was the best
approximation to normalize the dependent variable. Therefore, inverse RTs (-
1000/RT) were calculated and were then analyzed through linear mixed-effect
modeling (Version 1.2.1335, RDevelopmentCoreTeam, 2019) through the ImerTest
package (Kuznetsova et al., 2017). The final model included “Prime Type”
(Morphological, TL-within, SL-within, TL-across, SL-across and Unrelated) as a
fixed effect and “Subjects” and “Items” as random effects factors (random
intercepts). A maximal random slope structure (Barr et al., 2013) was attempted,
but, because of the complex structure of the model, the inclusion of random slopes
did not converge and therefore was not included in the final model structure.

Post-hoc comparisons between experimental and control conditions (i.e., Unrelated
vs Morphological; SL-within vs TL-within; SL-across vs TL-across) and interaction
between intramorphemic and intermorphemic transpositions were carried out using

the emmeans package (Lenth, 2019) in R.

The model* for the native English data revealed a significant main effect of Prime
Type, x2(5) = 37.67, p <.0001. Post hoc comparisons for correct responses are
shown in Table 12. Morphologically related prime-target pairs were responded to
significantly faster than unrelated prime-target pairs, pointing to a 23-ms
morphological priming effect, t[2306] = -4.158, p<0.0001.

Table 12

Post hoc Comparisons between Experimental and Control Conditions
contrasts Estimates SE t. ratio p
Morphological vs Unrelated -0.07426 2306 -4.158 <.0001
TL within vs SL within (Intratransposition) -0.07868 2308 -4.372 <.0001
TL across vs SL across (Intertransposition) -0.01108 2308 -0.618 0.5369
SL across vs Unrelated -0.04379 2307 -2.438 0.0149
SL within vs Unrelated -0.00258 2307 -0.144 0.8856
Morphological vs TL within 0.00701 2308 0.391 0.6956
Intratransposition* Intertransposition -0.0676 2307 -2.664 0.0078

There was a statistically significant difference between the TL-within and the SL-
within conditions, t[2308]= -4.372, p<.0001, due to faster responses to TL-within

4 The Imer syntax was: -1000/RT ~ PrimeType + (1|subject) + (1|target), data=datal.1
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primes. However, TL-across and SL-across conditions did not differ from each
other, t[2308]= -0.618, p=0.53. Also, a direct analysis was carried out within the
same model regarding the interaction between intratranspositions and
intertranspositions, resulting in a significant two-way interaction, t[2307]= -2.664,
p=0.007. There was a marginally significant difference between the SL-across and
the Unrelated conditions (t[2307]= -2.438, p=0.01). The responses to words
preceded by SL-across primes were significantly faster than to those preceded by
the Unrelated primes by 14 ms. The estimated reaction times for each condition are

shown in Figure 20.

L1 English Speakers
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N
§560 < 555
; — .
50
Unr Morph SL;Acr TL;Acr SL_Wit TL_Wit

Note. Unr, Unrelated; Morph, Morphological; SL_Acr, SL_Across; TL_Acr, TL-Across; SL_With,
SL-Within; TL_With, TL-Within Conditions. Error bars are 95% confidence intervals.

Figure 20. Model-based Estimates of Response Times per Condition
5.5.2. Cross-Language Analyses

The data from Experiment 1 and 2 were merged for cross-language analyses and
analyzed using the LME model in R, following the same methodological aspects of
Experiment 1 and 2. There were two fixed effects factors (Prime Type:
Morphological, TL-within, SL-within, TL-across, SL-across and Unrelated; Group:

L1, L2) and their interactions and two random effects factors (Subjects and Items)®.

5> The Imer syntax for the cross-language model was: -1000/RT ~ PrimeType * group + (1|subject)
+ (1jtarget), data= L1L2data
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A maximal random slope structure (Barr et al., 2013) was attempted; however, the
inclusion of random slopes for each fixed factor and their interactions did not
converge due to the complex model structure. Hence, it was not included in the final

model.

The interaction between prime type and group was significant, ¥2(5) = 13.375, p
<.01, suggesting that the magnitude of priming differed in L1 and L2 groups in some
experimental conditions. Pairwise comparisons were computed to directly
investigate morphological priming, TL-within priming and TL-across priming

between L1 and L2 (see Table 13 for pairwise comparisons).

Table 13

Pairwise Comparisons of Conditions Between Groups
contrasts Estimates SE z. ratio p
Morphological vs Unrelated vs Group 0.00414 0.0284 0.146 0.884
TL within vs SL within vs Group 0.09199 0.0284 3.244 0.0012
TL across vs SL across vs Group 0.02634 0.0285 0.925 0.355

The cross-language analysis results revealed no significant differences between L1
and L2 speakers in morphological priming (p=0.88) and in TL-across priming
(p=0.35), confirming that the priming patterns across these experimental conditions
were the same in L1 and L2, as depicted in model-based estimates for L2 English
and L1 English groups in Figure 21. A statistically significant difference was found
in TL-within priming, confirming the robust priming effects reported only in L1

speakers.
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Note. Unr, Unrelated; Morph, Morphological; SL_Acr, SL_Across; TL_Acr, TL-Across; SL_With,
SL-Within; TL_With, TL-Within Conditions. Error bars are 95% confidence intervals.

Figure 21. Model-based Estimates of Reaction Times for L1 English and L2
English Speakers

As shown in the figure, L2 English and L1 English speakers yielded similar magnitudes
of priming in all conditions except the TL-within condition. It is also evident that L1
English group demonstrated faster RTs in each condition, irrespective of whether

primes were morphologically related or had letter transpositions.

5.5.3. Individual Differences Analyses

Score distributions for each reading test are shown in Figure 24 (see Appendix G).
A wide scale of score distribution was obtained through various tests that assessed
distinct areas of reading proficiency. For the individual differences analyses, each
test score was standardized and added to the model® one at a time using the stepwise
selection procedure to assess if each test score significantly improved the model’s
goodness of fit. Then, direct analyses into the interaction of each proficiency test
with morphological priming (i.e., Unrelated condition vs Morphological condition),

TL-within priming (i.e., SL-within condition vs TL-within condition), and TL-

& The interaction of each test of the battery was calculated in a separate model to avoid excessive
collinearity. One example to Imer syntax is:
-1000/RT ~ PrimeType * Spelling.c + (1|subject) + (1|target), data = dataL.1
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across priming (i.e., SL-across condition vs TL-across condition) were carried out.
Significant results regarding the interaction between morphological priming and

individual differences measures are shown in Table 14.

Table 14
Estimates for Each Proficiency Contrast
Priming type Tests Contrasts Estimates  Standard t ratio p
Error
Morphological priming  Spelling Low vs High -0.13 0.06 -2.177 0.029

Low vs Medium  -0.083 0.04
Medium vs High  -0.046 0.02
Vocabulary  Low vs High -0.123 0.06 -2.030 0.042
Low vs Medium  -0.077 0.04
Medium vs High  -0.046 0.02
Note. Low, Medium and High refers to the Low Proficiency, Medium Proficiency, and High
Proficiency Levels.

5.5.3.1. Morphological Priming Modulation

Table 14 shows the significant interaction between morphological priming and the
spelling test, (t[2324]= -2.177, p=0.02), suggesting that the size of morphological
priming increased as spelling proficiency grew (also see Figure 22 for a visual
representation of the model-based estimates and Figure 23 for the scatterplot of real
priming effects with overlaid trend lines from the predicted model in Spelling).
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Figure 22. Model-based Estimates for Spelling
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demonstrate TL-within Priming and TL-across Priming, respectively. Thicker line indicates the
significant interaction.

Figure 23. The Scatterplot of Real Priming Effects with Overlaid Trend Lines from
the Predicted Model in Spelling

Additionally, the interaction between morphological priming and the vocabulary
test was significant (t[2328]=-2.030, p=0.04). Similar to the pattern observed in the
modulation of morphological priming effects by the spelling test, the size of
morphological priming grew as a function of the vocabulary knowledge (also see
Figure 24 for a visual representation of the model-based estimates and Figure 25 for
the scatterplot of real priming effects with overlaid trend lines from the predicted

model in Vocabulary).
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Figure 24. Model-based Estimates for VVocabulary
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Note. Red line demonstrates significant Morphological Priming, while blue line and green line
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significant interaction.

Figure 25. The Scatterplot of Real Priming Effects with Overlaid Trend Lines from
the Predicted Model in Spelling

As the figures further suggest, the modulation of morphological priming effects was
reported only in highly skilled spellers and readers with proficient vocabulary
knowledge, and the size of the facilitation was comparable when spelling and

vocabulary skills were considered (35ms and 37 ms, respectively).

5.6. Discussion

The goal of Experiment 2 was to explain the workings of L1 morphological
processing and investigate potential influences of individual variability on the
priming effects. In line with this aim, analysis on the averaged data showed a robust
facilitation in morphological condition (23 ms; braveness - BRAVE) and in TL-
within condition (26 ms; braevness - BRAVE). No significant TL-across priming
was found. In accordance with a large number of previous studies, analysis on
general group-level reaction time data revealed that, in the early stages of
processing, a morphologically complex word would initially be segmented into its
constituent morphemes triggered by its morphological structure ({brave}{ness})
(e.g., Beyersmann et al., 2016; Rastle et al., 2000).
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Furthermore, the direction and magnitude of TL priming effects in L1 were
investigated in the current study. Following results obtained from Experiment 2,
while significant TL priming for within-morpheme transpositions were obtained,
TL priming for cross-morphemic transpositions failed to reach significance level,
demonstrating that the lexical decision task engages lexical access processes that are
triggered by the morphological structure of the stimulus. The disappearance of letter
transposition effects when the transpositions straddled the morpheme boundaries
provides further evidence that morphological decomposition processes occur pre-
lexically and obligatorily (e.g., Longtin et al., 2003; Taft, 2004) at the initial stages
of word recognition and supports a lexical processing mechanism that follows
orthographically based decomposition of morphologically complex words. The
disruption of the affix in TL-across condition showed that a morphologically
complex word is accessible only when its stem could be isolated from a detectable
affix (e.g., Taft & Nillsen, 2013). In other words, the absence of TL-across priming
effects invalidates the supralexical accounts of morphological segmentation that
essentially propose that the activation of full-form representations is required before
the access to morphological information. This finding is consistent with the data
reported by Christianson et al. (2005; Experiment 3) as well as Dufabeitia et al.
(2007) who reported similar findings using both suffixed and prefixed words in
Basque and in Spanish. These results also support that orthographic and
morphological processes operate very early, being part of the same stages in the

visual word recognition.

Similar magnitude of facilitation of TL-within primes and morphological primes
point to the flexible degree of letter position coding since both morphological primes
(e.g., braveness) and letter-transposed primes (e.g., braevness) facilitated the target
word identification (e.g., BRAVE) to the same degree. This finding is consistent
with the data reported in Beyersmann et al. (2013) and supports Grainger and
Ziegler’s (2011) dual-route model of orthographic processing as well as
Beyersmann and Grainger’s (2021) word and affix model. In the former model, the
coarse-grained orthographic route does not require precise information about letter
positions, and hence predicts that both morphological primes (braveness) and letter-

transposition primes within morpheme boundaries (braevness) would make it easier
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to identify the target. But it fails to explain the absence of TL-across priming effects.
The word and affix model, however, predicts that TL-across primes (bravneess) will
simultaneously activate the embedded word brave and the whole word braveness.
Yet, affix activation mechanism fails to activate the suffix -ment since the precise
letter information is distorted through intertranspositions, and this is a prerequisite
information for the mechanism to function. The third mechanism, morpho-
orthographic full decomposition, will then fail to operate since the sum of letters in
the whole word (braveness) and the embedded word (brave) does not match due to
the failure in the affix activation mechanism. In turn, since the morpho-orthographic
full decomposition is unsuccessful, the competition between the embedded word
(brave) and (braveness) could not be reduced, thereby resulting in the inhibition of
the embedded word (brave). In contrast, in the case of intratranspositions where the
affix is not distorted and therefore could still be activated, the morpho-orthographic
full decomposition mechanism successfully detects that the embedded word (brave)
and whole-word (braveness) are compatible, resulting the strong activation of the

lexical node (brave) and hence TL-within priming effects.

Moreover, the exploratory analyses into modulation of masked morphological and
TL-priming by individual variability revealed that morphological priming might
interact with spelling and vocabulary proficiency during the L1 processing of
complex words, with highly proficient individuals exhibiting more priming than low
proficiency individuals. Therefore, despite robust morphological priming effects
across the whole reading-proficiency spectrum, these effects did not emerge in low
proficiency individuals. This shows that high proficient speakers are more reliant on
morpho-orthographic segmentation and more experts in activating morphemic
constituents, while low proficient speakers would use full-form processing and thus
depend to a lesser degree upon morphological decomposition mechanisms in the
processing of complex words. Overall, results showed that variability in the quality
of lexical representations when processing complex stimuli in L1 might be a

significant determinant of tasks that require word recognition.
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CHAPTER 6

GENERAL DISCUSSION AND CONCLUSION

The overall aim of the current study was to reveal the fast-acting processes in the
L1 and L2 complex word processing and to compare priming effects across native
English and non-native English speaker groups. The current study also investigated
whether priming was still robust for morphologically complex primes that contained
letter transpositions within their stems and across the morpheme boundaries to
closely examine the influences of positional encoding on early morphological
processing. Following the seminal work of Andrews and Lo (2013), this study also
explored the modulation of the morphological priming and morphological TL
priming in different proficiency profiles, indexed by a series of underlying reading
skills. In line with those aims, Experiment 1 sought the investigate the early
automatic processes used in the recognition of morphologically complex words in
L2 English, and Experiment 2 was designed to examine those processes in L1
English while both experiments explored the influences of reading skills on the

levels of morphological and TL- priming.

In two masked primed lexical decision tasks, the well-established morphological
priming effects were reported both for L1 English and L2 English speakers whereby
a brief presentation of a derived prime (e.g., braveness) facilitated the identification
of the stem target (BRAVE). In line with previous studies, the general analysis at
the group level showed that the morphological segmentation of the stem morpheme
is indeed a required process (e.g., Rastle et al., 2000; Taft et al., 2018), suggesting a
fast morphological segmentation guided by the morphological structure of the word.
This finding adds to the existing ample evidence that has shown the facilitatory
effect of the brief presentation of a morphological prime before the target word (e.g.,
Beyersmann et al., 2015; Feldman et al., 2009; Rastle et al., 2004).
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Across the whole L1 sample group, the responses to targets preceded by TL primes
with within-morpheme transpositions were significantly faster than those preceded
by primes with letter substitutions, while no priming effects were reported in the
conditions where TL primes crossed morpheme boundaries. Hence, the results
replicated the TL-priming effects reported in L1 speakers and are consistent with
those of Christianson et al. (2005) that revealed that the position of the transposition
modulated the size of priming as well as Dufiabeitia et al. (2007) that extended the
morphological boundary effects from suffixed to prefixed words. This inhibition of
cross-morphemic transpositions supports pre-lexical morphological decomposition
models and shows that orthography and morphology might be part of the same
stages (e.g., Dunabeitia et al., 2007). This inhibition might stem from the
disturbance of the affix that invalidates the pre-lexical segmentation process, which
is required to activate the full-form lexical representation later. A statistically
significant difference between the unrelated and the SL-across condition was
reported, challenging the results of some studies which used the unrelated condition
as the control to get TL-across priming effects (e.g., Experiment 2, Diependaele et
al., 2013), and those that used the SL-across condition as the control to obtain
morphological priming effects (e.g., Experiments 3-5, Rueckl & Rimzhim, 2011).
The general analysis on the TL prime data demonstrated that the difference between
the non-transposed morphologically related (braveness) and TL-within (braevness)
conditions was not significant in L1 English speakers. This finding converges with
previous evidence provided by Rueckl and Rimzhim (2011; Experiment 3) and
Beyersmann et al. (2013) who reported equal amounts of morphological and TL-
within priming. This finding also lends support for the Word and Affix model
(Beyersmann & Grainger, in press) where the coarse-grained and fine-grained
mechanisms run simultaneously so that both intact and letter-transposed primes
could activate the lexical representation of a word within the orthographic lexicon.

Importantly, in this study, no TL-priming effects were reported for L2 speakers
reported earlier for L1 participants (e.g., Dufabeitia et al., 2007; Rueckl &
Rimzhim, 2011). It is possible that this finding deviates from the generally observed
pattern due to the following reasons: Firstly, in Experiment 1, the size of transposed-

letter priming was examined in non-native speakers, which has so far been very
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restricted. Therefore, the current results should be assessed together with those of
an extremely limited number of attempts to investigate TL effects in L2 speakers
and therefore, need further elaboration with other non-native data. Secondly, much
of the evidence for TL effects have been obtained from individuals that speak Indo-
European languages such as Spanish or English. The bilinguals in this study, on the
other hand, had a background of L1 Turkish, which has mainly agglutinative
morphology and therefore has a typologically different language structure. Since L2
lexical processing requires the lexical access across languages (e.g., Schwartz &
Kroll, 2006), and the typological differences between the two languages of
bilinguals could result in differences in orthographic coding for L2 speakers (e.g.,
Linetal., 2015), such differences might be manifested in the absence of TL-priming

effects.

With regards to the lack of TL-priming (i.e., braevness for intratranspositions;
bravneess for intertranspositions for the target word BRAVE) in L2 English
(Experiment 1), when considered together with the well-known facilitation arising
from a short presentation (50 ms) of a complex prime (e.g., braveness - BRAVE)
reported in the current study, the results revealed an initial morphological
decomposition mechanism that is sensitive to letter position coding and hence

requires more positional certainty in second language processing.

Results of cross-language analysis reported similar masked morphological and
(absent) TL-across priming patterns for complex words in L1 and L2. This evidence
is in line with a recent study of Diependaele et al. (2011) who revealed that there
were not any quantitative differences in the processing of morphologically complex
words in L1 and L2 English. Their findings supported the view that complex words
are processed within the similar architectural environment and that L2
morphological processing is L1-like, with no L1/L2 differences. Consistent with
these, the current results revealed that L2 speakers adopt similar strategies as native

speakers in the processing of morphologically complex words.

Lastly, the findings are in line with a body of studies reporting that processing

differences could be associated with reading proficiency in L1 speakers (e.g.,
114



Andrews & Lo, 2013; Ashby et al., 2005; Beyersmann et al., 2016; Dufabeitia et
al., 2014; Yap et al., 2009). The current study expanded these findings to L2
speakers and suggested that variability in L2 reading proficiency, in this case
reading nonwords and nonword spelling, could moderate the facilitative effect of
primes with within-morpheme letter transpositions (e.g., Andrews & Hersch, 2010;
Andrews & Lo, 2013; Beyersmann et al., 2015; Hasenédcker et al., 2015; Medeiros
& Duiiabeitia, 2016). Hence, the findings also suggested that using averaged RT
data to characterize the mental architecture of skilled reading only helps founding

the basis for the overarching principles of lexical processing.

There was a robust morphological priming effect across the whole reading-
proficiency spectrum in L2 speakers; however, the effect moderately declined with
growing proficiency in nonword reading and spelling skills. In the L1 English
speaker group, the magnitude of morphological priming increased as speakers got
more proficiency in vocabulary and spelling skills. This finding implies that higher-
proficiency individuals might show more sensitivity to morpho-orthographic
information. Distinct profiles of morphological priming reported in readers low
versus high vocabulary knowledge provided evidence in favor of dual route models
that propose whole-word processing and morphological segmentation processes co-
occur via two distinct routes (e.g., Baayen, Dijkstra, et al., 1997; Beyersmann &
Grainger, in press; Grainger & Ziegler, 2011; Schreuder & Baayen, 1995). Dual
route frameworks that hypothesize distinct mechanisms and strategies for word
recognition and processing that function simultaneously easily accommodate the
systematic individual differences. In native speakers of English, in the processing
of derived words, the lack of priming in the group with low proficiency vocabulary
knowledge pointed to the full-form processing mechanisms, whereas high
proficiency group employed fast-acting morpho-orthographic decomposition that
shows sensitivity to morphological structure (e.g., Beyersmann et al., 2011; Longtin
& Meunier, 2005; Rastle & Davis, 2008). Therefore, these observations support the
view that the morphological decomposition process is only one of the pathways
(e.g., Baayen, Dijkstra, et al., 1997; Beyersmann & Grainger, in press; Diependaele
et al., 2009, 2013). Such an approach also supports the lexical quality hypothesis

(Perfetti, 1992, 2007) in which the high-quality lexical representations assist with
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retrieving the exact word rather than only some parts of it during tasks that require
reading such as the lexical decision task. Furthermore, following the findings of
Andrews and Lo (2013), high proficient readers might be following a more
contextually driven reading profile which reinforces a more segmentational lexicon
characterized by firm links for morphological derivatives, whereas the lower
proficiency readers could be employing a more bottom-up reading strategy which is
associated with precise lexical representations. This strategy could facilitate the
retrieval of whole-word representations of morphologically complex words,

explaining the reduced sensitivity to morphological structure.

With regard to the modulation of TL-priming effects by reading skills in L2 speakers
of English, the results suggest that TL-within priming effects were observed only in
the case of lower nonword reading and spelling skills. The higher proficiency
nonword readers and spellers could have more precise letter decoding proficiency
and therefore employ an orthographically driven segmentation mechanism that is
more susceptible to letter transpositions. It is important to note that results with
regards to the individual differences were exploratory in nature and can, in their
present form, not be generalized to the general population. It is suggested that future
research follows up on the individual difference measures used in the present study
with a larger cohort to investigate mechanisms that might modulate the size of L2

priming effects.

Current findings also have implications for the time-course of morphological
segmentation and letter position assignment. It was demonstrated that the place of
letter manipulations might impact the processes of letter position coding and that L2
speakers were particularly sensitive to those manipulations. These results therefore
require models of visual word recognition in L2 to consider the inhibitory effects of
primes with within-morpheme transpositions and the individual variability in

reading skills.

In conclusion, the findings of the current study showed that morphologically

complex words are decomposed into morphemic subunits in the very early stages of

L1 and L2 processing and that TL priming is obtained only with within-morpheme
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transpositions and only in L1 speaker cohorts. Nevertheless, the exploratory
analyses into individual variation in reading revealed that individual differences
might indeed impact the size and direction of masked morphological priming effects
reported for L1 and L2 speakers and TL-within priming effects reported for L2
speakers. These results, therefore, point to a methodological stance that requires a
shift from group-level design towards individual-level analyses.

6.1. Limitations of the Study

The current results need to be considered along with a limitation. The number of
observations in L2 group was below what Brysbaert & Stevens (2018) suggests for
a repeated measures design study. However, the current study added to very limited
evidence and shed light on the potential influences of individual differences on L2
morphological processing specifically through a broad testing of reading skills that
extended well beyond the relatively restricted and more receptive tests used in the

literature to assess individual variability.
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APPENDICES

A. READING SKILLS BATTERY

ANSWER SHEET

First Name
Last Name
Date

Age

Year (Grade)

SUBTESTS | Spelling Reading Listen. Vocabul. Nonword | Word Reading | Read. Read.
Comp. Compre | Knowled. Spelling Ident. Fluency | Nonwor | Span
. ds Test
a b a b
Raw Score

For tester only:

Test I: Spelling

A. Spelling Dictation Test

Directions: For this test, you will be listening to 44 individual words on the
recording, and you are asked to spell the words you hear. You will hear 44 words,
and a sentence with the word in it. You will then hear the word again for the last

time. Then write down your answer. Your response sheet is numbered from 1 to 44.

Please try to do your best and write as neatly as you can. If you are not sure

what the correct answer is, | still want you to try your best.

A sample item: (You hear): SCENARIO. A possible scenario is that he was
attacked after opening the door. SCENARIO
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B. Spelling Recognition Test

Directions: You will see 44 words that are written in three ways—1 correct

and 2 misspelled. You are asked to circle the correct spelling.

You have 10 minutes.

No Option 1 Option 2 Option 3

1 a. recessive b. recesive C. reccesive
2. a. doctrinare b. doctrinaire c. doctriner
3. a. assymetry b. asymetry C. asymmetry
4. a. pasifiere b. pasifier c. pacifier

5. a. playwrite b. playwright c. playright

6. a. obzervant b. observant c. observent
7. a. glyserin b. glycerine c. glycerin

8. a. larvea b. larvae c. larveae

9. a. ecstasy b. ecstacy C. ecstecy

10. a. coalescense b. coalesence c. coalescence
11. a. precurser b. precursor C. precurcer
12. a. sysmograph b. saismograph C. seismograph
13. a. idiosyncracy b. idiosyncrasy c. idiosyncrasie
14. a. guillotine b. guilottine c. guilotin

15. a. megalomaenia b. megalomania . megolamania
16. a. rhapsody b. rapsody c. rhapsode
17. a. metalic b. metalique c. metallic

18. a. psydonime b. psydonym C. pseudonym
19. a. penicillin b. penicilin c. penisilin
20. a. affluense b. affluence c. affluance
21. a. salm b. psam c. psalm

22. a. occurrance b. occurrence C. occurence
23. a. nausea b. nousea C. Nneuasea

24. a. millennium b. milennium c. millenium
25. a. groteske b. grotesque C. grotesk

26. a. hydraulic b. hydrolic c. hydroulic
27. a. homogenity b. homogeneity ¢. homoginity
28. a. hypocret b. hipocrite c. hypocrite
29. a. lodgers b. logers c. loudgers
30. a. seige b. siege C. siedge

31 a. repertoire b. repertior C. repertuare
32. a. refrigerateur b. refrigerator c. refrigerater
33. a. vernaculaire b. vernecular C. vernacular
34. a. mayonnaise b. mayonaisse C. mayonneise
35. a. phenomennal b. phenamenal c. phenomenal
36. a. champaign b. champagne c. champain
37. a. receipt b. receite C. recceit

38. a. rendevous b. rendezvous C. randevous
39. a. pistashio b. pistacio C. pistachio
40. a. nonchalant b. nonshalant c. nonchalent
41. a. ullcerous b. ulcerous c. ulserous
42. a. rythmical b. rhythmical c. rhythmmical
43. a. digestible b. digestable c. digesteble
44. a. zepplin b. zeplline c. zeppelin
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Test 11: Reading Comprehension

Directions: In this test, you will read 2 passages and answer 20 questions.

You need to read the first passage and answer comprehension questions.
Second passage has missing words for you to complete. Fill in the blanks with an

appropriate word.

You have 20 minutes to complete BOTH TESTS.

A Neuroscientist Reveals How to Think Differently

In the last decade, a revolution has occurred in the way that scientists think
about the brain. We now know that the decisions humans make can be traced to the
firing patterns of neurones in specific parts of the brain. These discoveries have led
to the field known as neuroeconomics, which studies the brain's secrets to success
in an economic environment that demands innovation and being able to do things
differently from competitors. A brain that can do this is an iconoclastic one. Briefly,
an iconociost is a person who does something that others say can't be done.

This definition implies that iconoclasts are different from other people, but
more precisely, it is their brains that are different in three distinct ways: perception,
fear response, and social intelligence. Each of these three functions utilizes a
different circuit in the brain. Naysayers might suggest that the brain is irrelevant,
that thinking in an original, even revolutionary way is more a matter of personality
than brain function. But the held of neuroeconomics was born out of the realization
that the physical workings of the brain place limitations on the way we make
decisions. By understanding these constraints, we begin to understand why some
people march to a different drumbeat.

The first thing to realize is that the brain suffers from limited resources. It
has a fixed energy budget, about the same as a 40 watt light bulb, so it has evolved
to work as efficiently as possible. This is where most people are impeded from being

an iconoclast. For example, when confronted with information streaming from the
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eyes, the brain will interpret this information in the quickest way possible. Thus, it
will draw on both past experience and any other source of information, such as what
other people say, to make sense of what it is seeing. This happens all the time. The
brain takes shortcuts that work so well we are hardly ever aware of them. We think
our perceptions of the world are real, but they are only biological and electrical
rumblings. Perception is not simply a product of what your eyes or ears transmit to
your brain. More than the physical reality of photons or sound waves, perception is
a product of the brain.

Perception is central to iconoclasm. Iconoclasts see things differently to
other people. Their brains do not fall into efficiency pitfalls as much as the average
person’s brain. Iconoclasts, either because they were born that way or through
learning, have found ways to work around the perceptual shortcuts that plague most
people. Perception is not something that is hardwired into the brain. It is a learned
process, which is both a curse and an opportunity for change. The brain faces the
fundamental problem of interpreting physical stimuli from the senses.

Everything the brain sees, hears, or touches has multiple interpretations. The
one that is ultimately chosen is simply the brain's best theory. In technical terms,
these conjectures have their basis in the statistical likelihood of one interpretation
over another and are heavily influenced by past experience and, importantly for
potential iconoclasts what other people say.

The best way to see things differently to other people is to bombard the brain
with things it has never encountered before. Novelty releases the perceptual process
from the chains of past experience and forces the brain to make new judgments.
Successful iconoclasts have an extraordinary willingness to be exposed to what is
fresh and different. Observation of iconoclasts shows that they embrace novelty
while most people avoid things that are different. The problem with novelty,
however, is that it tends to trigger the brain's fear system. Fear is a major impediment
to thinking like an iconoclast and stops the average person in his tracks. There are
many types of fear, but the two that inhibit iconoclastic thinking and people
generally find difficult to deal with are fear of uncertainty and fear of public ridicule.
These may seem like trivial phobias. But fear of public speaking, which everyone

must do from time to time, afflicts one-third of the population. This makes it too
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common to be considered a mental disorder. It is simply a common variant of human
nature, one which iconoclasts do not let inhibit their reactions

Finally, to be successful iconoclasts, individuals must sell their ideas to other
people. This is where social intelligence comes in. Social intelligence is the ability
to understand and manage people in a business setting. In the last decade, there has
been an explosion of knowledge about the social brain and how the brain works
when groups coordinate decision making. Neuroscience has revealed which brain
circuits are responsible for functions like understanding what other people think,
empathy, fairness, and social identity. These brain regions play key roles in whether
people convince others of their ideas. Perception is important in social cognition
too. The perception of someone's enthusiasm, or reputation, can make or break a
deal. Understanding how perception becomes intertwined with social decision
making shows why successful iconoclasts are so rare.

Iconoclasts create new opportunities in every area from artistic expression
to technology to business. They supply creativity and innovation not easily
accomplished by committees. Rules aren't important to them. Iconoclasts face
alienation and failure, but can also be a major asset to any organization. It is crucial

for success in any field to understand how the iconoclastic mind works.

Questions 1-5
Choose the correct letter A. B. C or D.

1. Neuroeconomics is a field of study which seeks to
A. cause a change in how scientists understand brain chemistry.
B. understand how good decisions are made in the brain.
C . understand how the brain is linked to achievement in competitive fields.
D. trace the specific firing patterns of neurons in different areas of the brain.

2. According to the writer, iconoclasts are distinctive because
A. they create unusual brain circuits.
B. their brains function differently.

C. their personalities are distinctive.
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D. they make decisions easily.

3. According to the writer, the brain works efficiently because
A. it uses the eyes quickly.
B. it interprets data logically.
C. it generates its own energy.

D. it relies on previous events.

4. The writer says that perception is
A. a combination of photons and sound waves.
B. a reliable product of what your senses transmit.
C. aresult of brain processes.

D. a process we are usually conscious of.

5. According to the writer an iconoclastic thinker

A. centralizes perceptual thinking in one part of the brain.

B. avoids cognitive traps.

C. has a brain that is hardwired for learning.

D. has more opportunities than the average person.
Questions 6-11
Do the following statements agree with the claims of the writer in Reading
Passage 1?
Choose:
YES it the statement agrees with the claims of the writer
NO it the statement contradicts the claims of the writer
NOT GIVEN it is impossible to say what the writer thinks about this
6. Exposure to different events forces the brain to think differently. Y/ N /NG
7. lconoclasts are unusually receptive to new experiences. Y/ N /NG
8. Most people are too shy to try different things. Y/ N /NG
9. If you think in an iconoclastic way, you can easily overcome fear. Y/ N/
NG

10. When concern about embarrassment matters less, other fears become
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irrelevant.
Y/ N/NG

11. Fear of public speaking is a psychological illness.

Questions 12-14
Complete each sentence with the correct ending, A-E, below

Write the correct letter A-E, at the end of the sentence.

12. Thinking like a successful iconoclast is demanding because it
13. The concept of the social brain is useful to iconoclasts because it

14. Iconoclasts are generally an asset because their way of thinking

A. requires both perceptual and social intelligence skills.
B. focuses on how groups decide on an action.

C. works in many fields, both artistic and scientific.

D. leaves one open to criticism and rejection.

E. involves understanding how organizations manage people.

Y/ N/ NG

Now, turn the page for the Passage 2

Passage 2: Complete this passage with only ONE appropriate word.

The (15) ---- “emotional intelligence” was probably first used in an

unpublished dissertation in 1986. In 1990 it was (16) ---- into the field of scientific

psychology, defined as “the ability to monitor one’s (17) ---- and others” feelings,

to (18) ---- among them and to use this information to guide one’s thinking and

action.” The concept developed (19) ---- a growing emphasis on research into the

(20) ---- of emotion and thought.
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ANswers:

N[OOI |WIN|F-

Subtest I11: Listening Comprehension

Directions: In this test you will hear 17 unrelated sentences that have a

missing word at the end of each sentence. You will supply one appropriate word

to that fits to the end of the sentence.

You will listen only once!

Sample item: (You will hear)

It has been discovered that dolphins are able to understand not only

individual words but words clustered together in

Correct: sentences, phrases
Please get ready to listen and write the appropriate word for each sentence

below:
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Sentence 1: Sentence 9:
Sentence 2: Sentence 10:
Sentence 3: Sentence 11:
Sentence 4: Sentence 12:
Sentence 5: Sentence 13:
Sentence 6: Sentence 14:
Sentence 7: Sentence 15:
Sentence 8: Sentence 16:
Sentence 17:

Test IV: Vocabulary Knowledge

A. Similar and opposite meanings

Directions: Look at the words and expressions in bold in the sample

question below.

For the test of similar meanings, there are 16 questions, and you will write

ONE word that has the same or a similar meaning in the same context.

For the test of opposite meanings, there are 16 questions, and you will write
ONE word which has an opposite meaning in the same context without the addition
of such prefixes as —dis, -im, -ir, -un.

You have 15 minutes.

Sample item for the Test of Similar Meanings:

The story seemed believable at first, but a bit of research revealed some
startling irregularities.
Answer: credible

Sample item for the Test of Opposite Meanings:

We need exact figures before we embark on a new venture.

Answer: approximate
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Test of Similar meanings:

1. Here's an imaginary situation: you are in the desert, and you run out
of water.

2. Many people believe that exercising makes you more hungry: this is
in fact a misconception.

3. His inability to act quickly enough will probably accelerate their
decision to dismiss him.

4. Latin is considered by many to be an outdated language, despite the
fact that many words from the language are still in use today.

5. The conference was really disorganized and a complete waste of
time.

6. Trends come and go, but there are a few that will always stay.

7. Uncontrolled corruption and abuse of power by officials eventually
prompted new anti-corruption laws.

8. If you have any questions, please ask a member of staff.

9. The U.S.A. and Iran have often tried to resolve their differences, but
with little effect.

10. He gained a reputation as an honest and fair dealer, and therefore
won the respect of his customers.

11. Safety in the workplace is very important and should take priority
over everything else.

12. His instructions were very brief and clear.

13. Some plants, such as beans, benefit the soil in which they are planted.

14. He was a determined man who believed in fighting for his principles
at any cost.

15. Under his reign peace and mutual understanding flourished.

16. The results exceeded everyone's expectations.
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Test of Opposite meanings:

SAREE T S A

The spices used in the production of some international dishes have a
very strong flavor.

He deposited $10,000 — half his college fees for the forthcoming year.

I don't want to underestimate his role in the club.

Fuel supplies have been exhausted.

Many students believe that doing voluntary work for charities is a
pointless cause.

6. The country displayed all the features of a stagnant economy.
7. Scientific laws assume that a specific set of conditions will unerringly

10.

11.

12.

13.

14.

15.

16.

lead to predetermined outcome.

The ultimate freedom of humanity may possibly lead to unforeseen
choices.

She gathered and compiled information from military records and
published it in newspapers.

Henry Louis pursued the dream of publishing a collection of his
paintings.

The bristlecone pine of California, venerable pine, predates wonders of
the ancient world such as the pyramids of Egypt.

In 1930 A. P. Giannini consolidated all the branches of Bank of Italy
and the Bank of America in New York City into the Bank of America
National Trust.

Support for technology as the panacea for our environmental woes is not
without detractors.

The demographics of the country have changed dramatically in recent
years.

Rather than have another argument, | told them that | would go along
with any decision they made.

There is no way he is going to waste money on flowers that would wither
and die within a week.
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B. Word Associations
Directions: Complete each of the following 16 sentences with one adjective,
noun or a verb. The missing word should be one that is often used (i.e., it collocates)

with the nouns and / or adjectives and /or adverbs in italics.

To help you, the first and last letters of each word have been given to you,
and there is a sample sentence to show you how that adjective could work with one
of the nouns, adjectives or adverbs.

You have 15 minutes.

Write your answers in the table given below.

Sample item:
C L is often followed by the nouns analysis, assessment,
consideration, deliberation, examination, observation, or planning.

Answer: CAREFUL

ANsSwers:

Z
o

Words No Words

10.

11.

12.

13.

14.

15.

@ Nl o g AW N

16.
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T is often followed by the nouns aspect, element, factor,
feature, issue, part, or point. It is often preceded by the adverbs crucially,
extremely, particularly, terribly, or vitally.

(Sample sentence: It is vitally _ to disconnect the appliance from the
power supply before dismantling it).

2. Youcan U R a conspiracy, evidence, a fact, a fraud, a
mystery, a plot, a scandal, a secret, or the truth.

(Sample sentence: The investigation _ ascandal that would bring down

the government).
3. E L is often followed by the nouns characteristic,

component, element, feature, ingredient, part, or requirement.
(Sample sentence: A working knowledge of Spanish is an

requirement if you want the job).

4. YoucanC T a crime, a murder, arson, or sin.
(Sample sentence: Shockingly, it was a volunteer firefighter who __ the
arson).
5. B d is often preceded by the words -cultural,

disadvantaged, educational, ethnic, middle-class, privileged, religious, social,
or working class.
(Sample sentence: There is considerable debate on the relevance of ethnic
______inclinical genetics).

6. F E is often followed by the nouns accusation,
allegation, assumption, belief, claim, description, impression, or statement. It is
often preceded by the adverbs blatantly, completely, entirely, patently, totally,
or utterly.

(Sample sentence: She made several _ assumptions about her new
professor).

7. H Y is often followed by the nouns rain, snow,
discussion, workload, or smoker.

(Sample sentence: Aftera ___ rain, the country roads were souped).

8. YoucanK P a promise, secret, an appointment, a copy of
something the peace or the change.
(Sample sentence: Jack did not a promise to attend the session).

9. D c is often followed by the nouns action, change, cut,
decline, or decrease.
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(Sample sentence: There has been a decrease in the number of
students who could graduate from a university over the last three years).

10. YoucanC T an analysis, an assessment, an investigation,
a program, a project, research, a study, or a survey.
(Sample sentence: The board promised to a study on current working

practices).

1. O E is often followed by the nouns analysis,
assessment, description, evaluation, or measurement. It is often preceded by the
adverbs completely, entirely, purely, totally, truly, or wholly.

(Sample sentence: We tried to capture a purely _ record of what we

heard and saw).

12. When you are trying to guess or calculate something, you can make
a/ an accurate, conservative, realistic, or reliable e e.
(Sample sentence: With an accurate most construction companies

and businesses can avoid delays and financial issues).

13. C N is often followed by the nouns belief,
misconception, myth, opinion, or view.
(Sample sentence: It is a misconception that men are better drivers

than women).

14. Someone can M S the meeting, the chance, the shot, the
ball or the opportunity.
(Sample sentence: She the chance of promotion when she turned down

the job of assistant manager).

15. E S is often followed by the nouns bus, train, service,
mail, or package.
(Sample sentence: We need to send the package by service if we want

it to arrive tomorrow).

16. YoucanC E an agreement, a contract, a deal, a pact, or
a treaty.
(Sample sentence: At the end of the summit, an agreement was under

which trade sanctions between both countries would be lifted).
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Subtest V: Nonword Spelling

Directions: Your response sheet is numbered from 1 to 23. You will listen
to 23 non-words and write them these in the space provided. Nonwords are made
up words that don”t exist. But you can spell them anyway. Sometimes more than

one answer is correct. Write down only one answer.

Sample item: (You hear) / ©em/

(You write) tham

Spellings:

1 12
13
14
15
16
17
18
19
20
21
22
23

©O©| O N| o o | WO N

[EEN
o

[EEY
[EEY
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Test VI: Word Identification

Directions:_In this test, you will be shown 16 words, and | ask you to read
them out loud. Your answers will be tape-recorded, and no feedback will be given

during the testing process.

For the experimenter:

Scoring Sheet

P
o

Response Score

O 00 N o O A W N

[EEN
o

[N
[N

[EEN
N

[E
w

[EEN
NN

[E
(83

-
»

TOTAL
SCORE
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Test VII: Reading Fluency
Directions: In this test, you will read only 1 passage and answer
comprehension questions you will find at the end of each paragraph in the passage.
In these questions you are required to select among three words the one that is
coherent with the paragraph and/or indicate if the given statement is true or false.
The aim of this test is to measure your reading fluency. You have 1 minute
to read the text; however, you might not finish reading in 1 minute. In that case,

put an X next to the word you could last read.

Every question is worth one point, and the score is calculated based on the

number of both correct and incorrect responses.

Sample Item:

Throughout history, the collection and appreciation of art has mainly been
the realm of the intellectual elite and the very rich. The average person quite often
finds the art world a mysterious and daunting place. However, art can actually be
found and appreciated on a daily basis. You simply need to know where to look
and what to look for.

a) cars b)availability c) wonderful

Most people are so caught up in the details of their daily grind, that they
fail to stop and appreciate the things around them. Taking a little time each day to

appreciate art and learn the history of the art around us can be a relaxing and

rewarding part of everyone’s life.

Many people can easily recognize the details in the nature.
True

Now, tell the tester you are ready and let her set the timer.

Go to the next page to start the test.
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Times are tough. The nightly news is filled with stories of people who have lost their
jobs due to the economic crisis, or lost their homes in a fire or natural disaster. Have
you ever seen people who have just endured an awful situation? Some focus on what
they have lost, and this is easy to understand. But other people focus on what they
did not lose, and they start thinking about a better future. a) water b) trouble c¢)
coat

One good piece of advice to remember is that you cannot always control situations
or other people. The only thing you can control is your own personal reaction to bad
situations. Sometimes a situation may really be overwhelming. However, in many
cases, you really can influence our own moods by the way you think about negative
situations. a) feelings b) family c¢) political

Imagine two families: Both have lost their homes and all their belongings in a
devastating storm. One family cannot mask their grief. They feel that everything
they hold dear has been destroyed. They cannot imagine how they will ever be able
to replace things and start over again. Their normal life seems to have been
completely lost. a) negative b) trees  c)weather

In contrast, a second family is crying with joy. All of the people in their family are
unharmed and safe. This family is just happy that everyone has survived. This family
is already trying to figure out how they can recover.

The second family is more focused on what they have lost. True False

You can’t really blame the first family for experiencing a very normal reaction to a
terrible situation. However, the second family certainly seems to be better off. They
are thinking about making progress rather than focusing on the tragic events.
Though this storyline is extreme, everyone experiences setbacks that seem just
awful at the time. This could be a job loss, illness, or problems with family members.
Nobody gets through life without having some bad things happen. a) contain  b)
smile c) difficulties

In these situations, try to focus on the measures you can take to remedy the situation,
instead of how awful the setback is. By doing this, you will be laying the foundation
for a better tomorrow. And you will not suffer as much pain today. Actually,
controlling how you feel and trying to maintain a positive attitude can help you
through many tough situations.

Managing your feelings is a way of overcoming bad situations.  True False
The bottom line is, no matter what the problem is, you are more likely to fix it if you
can stay positive and work out a plan. Also, never be afraid to seek help when you
need it. The advice of a friend, family member, or even a professional may be all it
takes to get back on track. It may sound like a cliché. While a positive attitude may
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not be the answer to every problem, it can certainly give you an advantage in

surviving most of life’s minor setbacks. a) definite b) optimism c¢) observation

Test VIII: Reading Nonwords

Directions: You will be shown 20 made-up words. They are not real words

but you can still read them. In this test, you are required to read these words out

loud, and your answers will be tape-recorded.

Sample Item:

(You will see): pheitrex  (You will read): /feitreks/

For the experimenter:

Scoring Sheet

no

Response Accuracy (whole

item)

Subtest 1 X: Reading Span Test

Instructions: Wait for the experimenter for the directions please.
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B. STIMULI

Table 1. Stimuli
TARGET Morphological ~ TL-within ~ SL-within  TL-across  SL-across  Unrelated
Prime Prime Prime Prime Prime Prime
dispute disputable disptuable dispkaable  dispuatble dispuokble  absorbable
lament lamentable lametnable  lamedrable  lamenatble  lamenelble  bridgeable
spend spendable spednable spetmable spenadble spenolble assessable
laugh laughable lauhgable lautyable laugahble laugidble refutable
sharp sharpness shaprness shagcness sharnpess sharcgess Crossness
fleet fleetness fleteness flelaness fleentess fleeskess unigqueness
short shortness shotrness sholmness shorntess shorvless cleverness
prompt promptness promipness  promlgness  prompntess  prompsless  stiffness
noble nobleness nobelness nobidness noblneess noblruess bleakness
allow allowable allwoable allveable alloawble alloimble believable
imagine imaginable imagniable  imagzeable  imagianble  imagierble  driveable
search searchable searhcable  searkrable searcahble  searcetble manageable
trust trustable trutsable trufcable trusatble trusidble drinkable
spread spreadable spredaable  sprekiable spreaadble  spreaifhle licensable
brave braveness braevness braocness bravneess bravruess directness
acute acuteness acuetness acuohness acutneess acutsiess grossness
false falseness falesness falirness falsneess falszaess politeness
cheap cheapness chepaness chejeness cheanpess cheamgess  toughness
broad broadness brodaness brotuness broandess broartess whiteness
amend amendable amednable  amekcable amenadble  amenekble  obtainable
admire admirable admriable admvoable  admiarble admiosble electable
paint paintable paitnable paifrable painatble painefble attachable
palate palatable paltaable palhoable palaatble palaidble clickable
advise advisable advsiable advxoable adviasble advionble realisable
eager eagerness eagreness eagnaness eagenress eagevcess crispness
fresh freshness frehsness frednness fresnhess fresmtess briskness
loose looseness looesness looarness loosneess loosmiess steepness
alive aliveness alievness aliocness alivneess alivmiess wholeness
execute executable exectuable execheable  execuatble execuefble  touchable
oppose opposable oppsoable oppxaable oppoashle oppoechle learnable
catch catchable cathcable catkrable catcahble catcetble irritable
adopt adoptable adotpable adolyable adopatble adopelble noticeable
mould mouldable moudlable mouhkable  mouladble mouletble enjoyable
slack slackness slakcness slahvness slacnkess slacmless bluntness
remote remoteness remoetness  remoidness  remotneess  remotziess brashness
grand grandness gradnness gralrness granndess granstess otherness
alone aloneness aloenness aloorness alonneess alonzuess roughness
wrong wrongness Wrognness  Wroprness Wronngess  wronmyess  vividness
afford affordable affodrable affokvable  afforadble afforulble chargeable
assign assignable assingable assicgable assiganble assigemble  pardonable
stack stackable stakcable stalwable stacakble stacutble thinkable
achieve achievable achiveable  achinaable  achieavble  achieunble  changeable
black blackness blakcness blahrness blacnkess blacrtess moistness
sweet sweetness sweteness swediness sweentess sweerkess harshness
crude crudeness cruedness cruabness crudneess crudraess stillness
clear clearness cleraness cleneness cleanress cleasmess smartness
break breakable brekaable brefuable breaakble breaihble verifiable
attain attainable attaniable attaseable attaianble attaierble stoppable
teach teachable teahcable teabnable teacahble teacidble breathable
watch watchable wathcable watlzable watcahble watcutble adaptable
coarse coarseness coaresness  coararness coarsneess  coarsvaess  frankness
exact exactness exatcness exakrness exacntess exacwless faintness
close closeness cloesness cloavness closneess closcuess vagueness
alert alertness aletrness alelzness alerntess alermless subtleness
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C. DENSITY SCORES: L2 ENGLISH SPEAKERS

(9) Spolling.c (b) Reading ¢ (¢) Listaning.c
2 2 4
3 2 3
00 - 00-,
3 2 1 o 4 3 2 [ 2 3 ]
Scores Score Scores
(d) Vocabulary.c {e) Nonword_Spelling.c (1) Word_identification.s
2
0o 00
-1 0 3 2 -1 ] 2 3 0
S Scores Scores
(0) Reading_Fluency.c (1) Reading_Span.c (i ReadingNonwords s
H H £
3 3 ¥
00 0o
[J 3 Bl 3 0
Scores Score Scores

Figure 1. Score Distributions for Each Proficiency Subtest in L2 English
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D. DESCRIPTIVE STATISTICS: L2 ENGLISH SPEAKER GROUP

Table 1. Characteristics of L2 English Participants

0g=xew
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08=Xew
ueds Buipeay
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Aouan|4 Buipeay
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Buijjads piomuoN

iy T=Xew
Arejngeson

9¢T =Xew
Buluaisi

29 =xew
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88 =xew
Buifjeds

18quinN ¢71
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1

31

144
215

27
39

28
37

29 54 32
78

40

24
43

Min

50

20

44

Quarter

15t

43 87 50 43 42 260 28 53

50

Median
Mean
3rd

53.17
56

29.93

42

249.1
280

41.97
46

42.9
46

50.86

58

85.45
93

43.66

49

49.76
54

Quarter

Max

53 112 65 62 55 397 51 71

72
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E. TOWRE TEST (SIGHT WORD EFFICIENCY): WORD

IDENTIFICATION
1. is — B men — 45 space — 6] morning — 89, understand
2. up — M baby — 46 short — 8. resolve — 90. emphasis
3 at — 15 new — 47 left — 69, describe — 91 confident
4. red — 26 stop 48 people — 70. garment — 92 intuition
5. me — 21 work 49 amost — T\, business 93, boisterous
6. to —— 18 jump — 50, waves — 72 qualify 94 plausible
1. no 9 part — 51 child T3, potent — 95. courageous
8. we — 30 fast — 52 strong — T4 collapse — 9. alienate
9. he — 31 fine — 5. crowd — 15 elements 97 extinguish
10. the — 3 mik — 54 better — 76 pioneer — 98 prairie
Il and — 33, back 5. inside — 77 remember —— 99, limousine
12. yes — 34 lost 5. plane ___ 78, dangerous —100. valentine
B. of — 3. find — 57 pretty — 79, uniform — 101. detective
1. him 36, paper — 58 famous 80, necessary —102. recently
5. as — 37 open — 59, children — 8. problems 103, instruction
16. book — 38 kind — 0. without — 8). absentee —104. transient
17. was — 39 able — 61 finally — 83, advertise — 105 phenomenon
18. help — 40, shoes 6L strange — 84 pleasant 106, calculated
19. then — 41 money 63, budget 8. property __ 107, alternative
20. time — 4. great 64 repress — 86 distress _108. collective
21. wood B3 father — 5. contain — 87 information
2. let 44, river — 66, justice 88 recession
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F. TOWRE TEST (PHONEMIC DECODING EFFICIENCY): NONWORD

READING
ip barp cratty
ga stip trober
ko plin depate
ta frip glant
om poth sploosh
ig vasp drecker
ni meest ritlun
pim shlee hedfert
wum guddy bremick
lat skree nifpate
baf felly brinbert
din clirt clabom
nup sline drepnort
fet dreef shratted
bave prain plofent
pate zint smuncrit
herm bloot pelnador
dess trisk fornalask
chur kelm fermabalt
knap strone crenidmoke
tive lunaf emulbatate
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G. DENSITY SCORES: L1 ENGLISH SPEAKERS

(@) Spelling.c (d) Vocabulary.c

(0 Word_Identification ¢ (9) Reading_Flusncy.c

” dansty
dar

1) Roading_Nonwords.c

Scores

Figure 1. Score Distributions for Each Proficiency Subtest in L1 English
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H. DESCRIPTIVE STATISTICS: L1 ENGLISH SPEAKER GROUP

Table 1. Characteristics of L1 English Participants

L1 L2 Spelling  Vocabulary Reading_Fluency Word Reading
Number Number max= max=16 max=516 Identification  Nonwords
60
TOWRE TOWRE
max=114 max=120
Min 1 0 20 5 119 78 89
18t - - 41 11 206 85 920
Quarter
Median - - 45 12 260 97 92
Mean - - 44.24 1141 270.4 96.46 95.77
3« - - 52 13 305 106 976
Quarter
Max 2 2 56 16 516 114 115
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I. SCORING SHEET

Table 1. Scoring Sheet for the Reading Nonwords Test

No Response Accuracy
(whole item)
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Turkish Heritage Speakers
Lecture, METU, Turkey

Morphological Processing in Children
Lecture, METU, Turkey

Inflection & Derivation in Native & Non-native

Language Processing

October 2016

October 2016

Lecture, METU, Turkey

Morphological Processing & Decomposition of Inflected
Words in a Second Language

Lecture, METU, Turkey

Memory Systems & Short-term Memory
Lecture, Cognitive Science Department, METU, Turkey
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Teaching Activity

August 2021- Tutor (COGS1010: Delusions and Disorders of the Mind
and the Brain)
December 2021 Department of Psychological Sciences, Macquarie
University, Sydney
. ~75 students
August 2021- Tutor (LING2214: Introduction to Psycholinguistics)
December 2021 Department of Linguistics, Macquarie University, Sydney
. ~50 students
September 2015- Lecturer (Computer Assisted Language Learning)
June 2016 Department of English Language Teaching, Izmir
University, Turkey
. ~80 students
. Planning and coordinating the delivery of the
course, including lectures, tutorials and exams
. Teaching and supervision of 3" year
undergraduate students
September 2015- Lecturer (Listening and Pronunciation I and 1)
June 2016 Department of English Language Teaching, 1zmir
University, Turkey
. ~80 students
. Planning and coordinating the delivery of the
course, including lectures, tutorials and exams
. Teaching and supervision of 1% year
undergraduate students
February 2014- Research Assistant (Women in Society)
June 2016 Rectory, 1zmir University, Turkey
. ~150 students
. Coordinating student projects
. Supervision of undergraduate students across
many departments
September 2015- Instructor (English I, I, 1l and 1V)
June 2016 Department of Basic English, Hacettepe University, Turkey
. ~30 students
. Planning and coordinating the delivery of the
course, including lectures and exams
. Teaching graduate students
September 2006- Private Tutor (English Proficiency Exams such as IELTS
and TOEFL)
present
. Total ~40 students
. Estimating the proficiency level of a learner
. Planning the delivery of the course based on the
individual student
. Planning and coordinating the delivery of the

course, and teaching
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Skills and Knowledge

e Excellent knowledge of computer programming and editing tools,
including Microsoft Office, DMDX, EPrime

High proficiency with statistics software SPSS and Zoom

High proficiency in linear mixed-effects model analysis using software R
Excellent communication skills

Ability to work with young children and university students
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06800 Ankara

Phone: +9 (0) 312 210 70 46

Email: bkirkici@metu.edu.tr
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L. TURKISH SUMMARY / TURKCE OZET

1. Calismanin Arka Plam, Onemi ve Ozgiin Degeri

Gorsel sozciik tanima ¢aligmalarinin temel amaci, insan beyninde bulunan zihinsel
sozliikteki kelime girdilerine hangi mekanizmalar araciliiyla erisim saglandiginin
acikliga kavusturulmasidir. 40 yili askin siliredir birgok c¢alisma gorsel sézciik
tamimanin dogasini arastirmakta ve evli, akilli, gitti gibi bigimbilimsel agidan
karmagik sozciiklerin nasil islemlendigini anlamaya calismaktadir. Bigimbilimsel
acidan karmasik sozciiklerin nasil tanindig1 ve islemlendigi tizerine goriis birligi
olmamasina ragmen, alan yazinda 3 farkli teori sinifi bulunmaktadir: Biitiinciil
sOzciik teorileri, yapilar1 ne olursa olsun tiim sozciiklerin zihinsel sozliikte biitiin-
tiniteler olarak (akilli) kayitl oldugunu ve bu sebeple bu karmasik sézciiklere ancak
biitiin-sdzciik  simgelemesi  aracilifiyla  erisilebilecegini  gOstermektedir
(Butterworth, 1983; Manelis ve Tharp, 1977). Ancak, ¢ok bigimbirimli sozciiklerin,
zihinsel sozliikte kokler ve ekler (akil + 11) olarak kayitli oldugu igin, bilesenlerine
ayristirildigini 6ne siiren Bigimbilimsel Ayristirma Hipotezi (Taft & Forster, 1975)
yakin dénem alan yazinina hakim olmustur. Ugiincii teori olan —Cift Erisim teorisi-
ise ¢ok bicimbirimli sdzciigiin, bilesen bi¢cimbirimlerinin simgelemeleri yoluyla
Veya biitiin-sdzcilik simgelemeleri yoluyla taninabilecegi iki ayri siirecin varligini
gostermektedir (Baayen, Dijkstra, & Schreuder, 1997; Diependaele, Sandra, &
Grainger, 2009; Diependaele vd.., 2011; Grainger & Ziegler, 2011).

Anadildeki (D1) bigimbilimsel yapilarin islemlenmesinde kullanilan mekanizmalari
inceleyen calismalar, Ingilizce, Almanca, Ispanyolca ve Macarca gibi ¢esitli
dillerdeki yapim ve ¢ekim ekleri olgulari {izerine odaklanmistir. Bu ¢aligmalarin
bliylik ¢ogunlugu c¢ift erisim teorisini savunurken (Kirkici & Clahsen, 2013;
Marslen-Wilson & Tyler, 1998; Miinte vd., 1999; Silva & Clahsen, 2008;
Sonnenstuhl vd., 1999; Stanners vd., 1979), yalnizca bi¢cimbilimsel ayristirma

teorisini kabul eden diger calismalar da mevcuttur (Amenta & Crepaldi, 2010;
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Beyersmann vd., 2016; Gor & Cook, 2010; Morris & Stockall, 2012; Rastle vd.,
2004; Rastle vd., 2018).

Son donemde, bigimbilimsel agidan karmasik sozciiklerin islemlenmesini arastiran
caligmalar kapsamlarin1 genisletmislerdir. Bu arastirmalar, anadilin yan1 sira ikinci
dildeki yapim ekleri ve ¢ekim ekleri olgularini incelemis ve ayni zamanda ikinci
dildeki bigimbilimsel islemleme siireclerinin ana dildeki islemlemeden farklilagip
farklilasmadigini ve varsa, bu degiskenligin kaynaklarini belirlemeye ¢alismislardir.
Ancak, bu kapsamdaki c¢aligmalarin sonuglar1 biliylik Olciide tutarsizlik
gostermektedir; ¢iinkii anadil ve ikinci dildeki islemlemenin benzer mekanizmalar
ile gergeklestirildigini gosteren bir ¢cok ¢alismanin (Ciaccio & Clahsen, 2020; Chen
vd., 2007; Dal Maso & Giraudo, 2014; Diependaele vd., 2011; Jacob vd., 2018;
Kirkici & Clahsen, 2013; J. Li vd., 2017; J. Li & Taft, 2020; M. Li vd., 2017b; Silva
& Clahsen, 2008; Viviani & Crepaldi, 2019) yani sira islemlemede farkli
mekanizmalarin kullanildigin1 belirten arastirma sonuglar1 da bulunmaktadir
(Babcock vd., 2008; Clahsen vd., 2010; Clahsen & Neubauer, 2010; Neubauer &
Clahsen, 2009; Silva & Clahsen, 2008).

D1 ve D2 islemlemede benzer mekanizma yaklasimini savunan caligmalar
islemlemenin ayni prensipler dogrultusunda meydana geldigini, fakat daha diisiik
yeterlik seviyelerindeki konusucularda ve diisiik sikliktaki kelimelerde onemli
farkliliklarin olusabilecegini belirtmektedirler (Diependaele, Dunabeitia, Morris, &
Keuleers, 2011). Ayrica, gorsel sozcliik tamimanin altinda yatan genel
mekanizmalarin  varligina ragmen, D2’deki performansin az da olsa DI
performansindan daha yavas olabilecegi ve daha ¢ok zihinsel ¢aba gerektirebilecegi
de vurgulanmaktadir. So6zciikk ortografik form hazirlayict etkilerinin D2
konusucularinda daha ¢ok ortaya ¢ikmasi da ikinci dil konusucularinin sézciiklerin
morfolojik Ozelliklerinin yanisira ortografik ozelliklerini de islemledigini
gostermektedir (Ciaccio & Jacob, 2019; Diependaele vd., 2011; Feldman vd., 2010;
Heyer & Clahsen, 2015b; J. Livd., 2017; J. Li & Taft, 2020; M. Li vd., 2017; Viviani
& Crepaldi, 2019).
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Farkli mekanizmalarin varligini savunan ¢aligsmalar ise, D2 konusucularinin yeterlik
testlerinden ¢ok yiiksek puanlar almalarina ragmen, D2 iglemlemenin dilbilgisinin
belirli alanlarindaki islemlemelerindeki farkliliklarindan dolayr hala D1
islemlemesinden farklilasacagini belirtmektedir (Clahsen & Felser, 2006b; Ullman,
2005). Ciimle islemlemedeki farkliliklar ile ilgili olarak ise, soyut s6zdizimsel yap1
gibi daha derinsel ipuclarmi kullanan D1 konusucularinin aksine, D2
konusucularinin climleleri anlamak i¢in sdzcilik-anlamsal ve climlelerin iliskisel
orgiileri gibi yiizeysel ipug¢larimi kullandigi belirtilmektedir (Clahsen & Felser,
2006a). Benzer sekilde, Ullman (2005), bildirimsel bellek ve islemsel bellek olmak
iizere iki beyin alt yapisinin bulundugunu 6ne siirmektedir. Bildirimsel bellegin
kelimelerin depolanmasi, islemsel bellegin ise dilin kurallarini isleme gorevi ile
yiikiimlii oldugunu ve bu iki hafiza sisteminin, olgunlagsma etkilerine hassasligi
nedeniyle ergenlik sonrasi gorev etkilerinde azalmalarin oldugunu vurgulamaktadir.
Bu durum ise islemsel beyin sistemine daha ¢ok bagimli olan D1 islemlemenin
aksine, D2 islemlemenin daha ¢ok ezberlemeye dayali sistemi kullanmasina sebep

olmaktadir.

Bi¢imbirimsel islemlemenin D1 ve D2’de farklilasip farklilasmamasi bir¢ok farkl
etkilere dayanmaktadir (Jacob vd., 2017; Kirkic1 & Clahsen, 2013). Ornegin, yapim
ekleri ve ¢ekim ekleri eklenmis sozciiklerin islemlenmesini arastiran caligmalar
arasinda biiytik farkliliklar bulunmaktadir. Diizensiz ¢ekim eki almis karmagik
sozciikleri (go - went) arastiran caligmalar hem anadil hem de ikinci dil
konusucularin bu sézciikleri ayristirdigini gostermektedir (Basnight-Brown vd.,
2007; Feldman vd., 2010; Gor & Jackson, 2013; Neubauer & Clahsen, 2009;
Pliatsikas & Marinis, 2013), ancak diizenli ¢ekim almis karmasik sozciikler (play -
played) ikinci dilde daha ¢ok biitiinciil sdzciikler olarak islemlenebilmektedir (Jacob
vd., 2018; Kirkict & Clahsen, 2013; Pliatsikas & Marinis, 2013; Silva & Clahsen,
2008; Neubauer & Clahsen, 2009). Ancak, bir¢cok ¢alisma ikinci dil konusucularinin
diizenli ¢ekim eki almig bu sozciikleri ayristirdigini da gostermektedir (Basnight-
Brown vd., 2007; Coughlin & Tremblay, 2015; Gor & Jackson, 2013; Jacob vd.,
2013; Feldman vd., 2010; Foote, 2017; Lehtonen vd., 2006). Sonug olarak, biiyiik
cogunlugu ayristirma teorisini destekleyen daha benzer sonuglar ortaya koysa da

ikinci dildeki tiiremis kelime ¢aligma bulgulari birkag ¢alisma ile sinirlidir ve hala
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biiyiik 6lciide birbiriyle celiskilidir. Ozellikle bigimbilimsel acidan zengin bir dil
olan Tiirkge yetiskin konusucularinin big¢imbilimsel acidan fakir olan Ingilizce
dilindeki yapim eklerinin islemlenmesinde kullandiklar1 mekanizmalar1 arastiran

arastirmalar neredeyse yoktur.

Bi¢imbirim iinitelerinin ayristirilmasi ile ilgili iki yeni teori, bu ayrigtirmanin ne
zaman gerceklestigini belirlemeyi amacglamaktadir. Bu baglamda ilk goriis olan
sozciik-Oncesi teorisi, bicimbilimsel agidan karmasik olan sozciiklerin bigim-
ortografik alt birimlerine otomatik olarak ayristirildigin1 ve hemen ardindan biitiin-
sOzciik simgelemesinin etkinlestirildigini iddia etmektedir (Rastle vd., 2000; Rastle
vd., 2004; Taft, 2003, 2004). Sozcilik-sonrasi teorisi ise, bigimbilimsel acidan
karmagsik olan sozciiklerin her zaman ilk olarak biitiin-sozclik simgelemesine
eslestirildigi ve ancak zihinsel sozliige erisim saglandiktan sonra ayrigtirmanin

yapildigini belirtmektedir (Giraudo & Grainger, 2000, 2001).

Son zaman alan yazini, ayrica, anlambilimsel bilginin bi¢cimbilimsel ayrigtirma
siirecine olan etkilerini de ele almaktadir. Bigimbilimsel agidan karmasik olan
sozctiklerin islemlenmesi sirasinda bi¢gim-anlambilim bilgisinin etkisinin bulunup
bulunmadigi, varsa, bu etkilerin nasil ve ne zaman erisilebildigi son zaman alan
yazininda ¢ok tartisilmaktadir. Bu siiregelen tartigmalar sonucunda, iki ana teori
olan bicim-ortografik ve bigcim-anlambilim teorileri ortaya konmustur. ilk teori,
ayrigtirmanin anlambilim etkilerine kapali olan ve sozciigiin tamamiyla ortografik
formuna bagli oldugu goriisiinii savunurken, diger teori ise bigimbilimsel
ayrisirmanin  ilk asamalarindaki anlambilimsel etkilerinin varligin1  kabul
etmektedir. Rastle vd. (2004) anlambilimsel acgidan gecirimli bigimbilimsel
hazirlayic1 ve hedef sozciik ¢iftlerinin (cleaner - CLEAN), anlambilimsel agidan
gecirimsiz ¢iftlerinin (corner - CORN) ve bi¢imbilimsel olmayan ¢iftlerinin (brothel
- BROTH) hazirlama etkilerini arastirmiglardir. Bu ¢iftlerde, katilimcilar sozciigiin
anlamini bi¢imbirimsel alt birimler araciligiyla ¢ikarabilmekte (cleaner - CLEAN)
veya cikaramamaktadir (corner -CORN ve brothel - BROTH). Eger sozciik
simgelemeleri anlambilimsel iliski temel alinarak ayrigtiriliyorsa, hazirlama
etkilerinin bigimbilimsel ge¢irimli kosulda daha fazla olmasi gerekmektedir. Ancak,

bu simgelemelerin belirleyici etkeni ortografi ise, bi¢imbilimsel acidan iliskili
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kosullardaki (cleaner - CLEAN; corner - CORN) hazirlama etkilerinin, hazirlayici
ve hedef sozciiklerin bigimbilimsel agidan iligkili olmayan kosullarda (brothel -
BROTH) elde edilen hazirlayici etkilerden daha yiiksek olmasi beklenmektedir.
Calismanin sonuglari, hazirlayict ve hedef sozciigiin bigimbilimsel agidan iligkili
oldugu kosulda daha fazla hazirlayici etkilerin elde edildigini gostermektedir. Bu
durum, bigimbilimsel ayristirmanin anlambilim etkilerinden bagimsiz ve hizli bir
ayristirmaya ugradigma isaret etmektedir. Ancak, Feldman vd. (2009),
anlambilimsel agidan gecirimli (coolant - COOL) ve gegirimsiz (rampant - RAMP)
hazirlayici-hedef kelime gruplarindaki kolaylastirma oriintiilerini karsilagtirmis ve
arastirmanin sonucunda bi¢imbilimsel kolaylastirmanin, anlambilimsel agidan
gecirgen sozclk ¢iftlerinde anlambilimsel agidan gegirgen olmayan giftlere kiyasla
daha fazla oldugunu belirtmistir. Ayrica, bir ERP calismasinda Morris, Frank,
Grainger ve Holcomb (2007) ne yalnizca bi¢im-ortografik ne de bigim-anlambilim
teorileri ile Ortiisen kanit sunmustur. Bu ¢alismanin verileri karmasik dil iglemleme
tizerinde hem bi¢im-ortografik hem de anlambilim etkilerinin bulundugu etkilesimli
bir islemleme siirecini gostermistir. Karmasik sozciik islemleme iizerine sunulan
cok yeni bir model, sozciikk ve ek modeli (Beyersmann & Grainger, 2011), bu
calismalarin sonuglarini agiklayabilmektedir. Bu modele gore, kelimenin zihinsel
sozliikteki ortografik temsilleri anlambilimsel temsillerine hem yukaridan asagiya
hem de agagidan yukariya bilgi transferi saglayan ¢ift yonlii baglantilar araciligiyla

eslenmektedir.

Ruhdilbilim g¢aligmalarinda kullanilan temel deneysel yontem, maskelenmis ve
maskelenmemis bicimbilimsel hazirlama paradigmasidir ve yukarida bahsedilen
calismalarin ¢ogunlugu arastirmalarini maskelenmis bigimbilimsel hazirlama
paradigmasint  kullanarak  gergeklestirmislerdir. ~ Maskelenmis  hazirlama
paradigmasi, gorsel sdzcilik tanima ¢aligsmalarinda ¢ok yaygin sekilde kullanilan bir
yontemdir ve ii¢ asamadan olusmaktadir: Ilk olarak, hazirlayici sozciikle (&rn.
keyifle) ayn1 sayida kare isaretinden olusan 6n bir maske (###) 500 milisaniye (ms)
boyunca gosterilir, daha sonra hazirlayicit (keyifle) ¢ok kisa siireyle gosterilir
(genellikle 50 ms). Hazirlayict tipik olarak bi¢imbilimsel agidan karmasik
hazirlayict (keyifle), anlambilimsel hazirlayici (istekle), iliskisiz hazirlayici

(kokusuz) hazirlayiciyr icermektedir. Bu islemin hemen ardindan ekranda hedef
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sozciik belirir (KEYIF) ve deney, katilimcinin hedef kelimenin gercek bir kelime
olup olmadigma iliskin kararmi bir diigmeye basarak bildirmesiyle bitirilir.
Maskelenmis hazirlama, gorsel sozciik tamimanin erken siireglerine erisen bir
paradigmadir; ¢iinkii hazirlayic1 ¢ok kisa bir siire boyunca sunulur, bu yiizden
katilimcilarin hazirlayici-hedef sozctik iligkisi ile ilgili neredeyse higbir olgusal
farkindalig1 yoktur, fakat katilimci cevaplarinin, hazirlayicinin hedef sozciik ile
iliskisine dayali olarak etkilendigi bilinmektedir. Ornegin, keyifle gibi
bicimbilimsel agidan karmasik hazirlayici, katilimcilarin keyif hedef sozciigline
verecegi gercek cevap kararlarmi hizlandirmaktadir. Ekli sozciik (keyifle - KEYIF)
ve ekli gergek olmayan sozciik (keyiflik -KEYIF) gibi deneysel kosullardan elde
edilen hazirlama etkileri iliskisiz kosul ile (kablosuz -KEYIF) karsilastirilabilir ve

hangi faktdrlerin cevap siirelerine ve hata oranlarina etkide bulundugu arastirilabilir.

Bi¢imbilimsel islemleme ¢alismalarinda son zamanlarda 6nem kazanmaya baslayan
yenilik¢i yontemlerden biri de maskelenmis harflerin yeri degistirilerek (HYD)
hazirlama teknigidir. Bu teknikte hazirlayicilar, hedef sozciiglin harflerinin
yerlerinin degistirilmis bir {iinitesini igermektedir. Bu teknik, bi¢imbilimsel
ayristirmanin harf konumu kodlamasi ile ayni1 anda gerceklesip gerceklesmedigini
ve bicimbilimsel agidan karmasik sozciigiin taninmasinin bigimbirim sinirindaki
harflerin yerinin degistirilmesiyle engellenip engellenmedigini belirlemede
kullanilir. Bu sebeple, hazirlayicidaki yerleri degistirilmis olan harfler hem
bigimbirim sinirinda hem de bigimbirim sinirmin disinda olabilir. Ornegin, sabirl
sOzcligiiniin iglemlenmesini arastiran bir HYD deneyinde sabir hedef sdzctigii igin
sabrili, bicimbirim smirt igerisinde HYD hazirlayiciyr icermekteyken, sabilri
bi¢imbirim sinir1 disindaki HYD hazirlayictyr kullanmaktadir. HYD deneylerinde,
genellikle ikame-harf kosulu temel dayanak olarak kullanilir. Bu kosulda, harflerin
yeri degistirilen iinitelerin yerine (6rnegin, sabrili hazirlayicisindaki r1) iki yeni harf

konulur (6rnegin, sabmol1 hazirlayicindaki mo).

Bi¢imbirim sinirinda ve disindaki hazirlayic etkileri arastiran HYD deneylerindeki
hedef s6zciigiin kok (sabrili - SABIR) veya biitlin-sozciik (sabrili - SABIRLI) olup
olmamas1 gerektigi ile ilgili olarak, bazi1 ¢aligmalar hedef sozciikler olarak biitiin-

sozciikleri kullanirken (Christianson vd., 2005; Dunabeitia vd., 2007; Dufabeitia
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vd., 2014, Perea & Carreiras, 2006; Rueckl & Rimzhim, 2011; Sanchez-Gutierrez
& Rastle, 2013), diger caligmalar ise sozciiklerin koklerini hedef sézcilik olarak
gostermislerdir (Beyersmann vd., 2013; Diependaele vd., 2013; Rueckl & Rimzhim,
2011). Ancak, Rueckl ve Rimzhim (2011), etki biiytikliigiiniin bi¢gimbirim i¢i ve dis1
degistirmelerde hedef sozciiklerin kok veya biitiin-sozciik olup olmamasina bagl

olarak degisiklik gostermedigini bulmuslardir.

Harflerin yeri degistirilerek hazirlama etkileri, HYD kosulundaki hazirlayicinin,
ikame-harf kosulundaki hazirlayicidan daha az yikict oldugu durumda elde edilir.
HYD hazirlama etkisinin elde edilmesi aragtirmaciya genellikle iki sonug
¢ikarilmasini miimkiin kilar: 11k olarak, ayristirma otomatik bir islemdir ve bu islem,
HYD hazirlayicist gergek bir kelime olmadigi ve zihinsel sozliikte var olmadigi i¢in,
kelimenin ortografik sozliikte etkinlestirilmesinden bagimsizdir. Ikinci olarak, HYD
deneylerindeki harflerin kesin olmayan konum kodlamalarinin (sabrili) sonucu
olarak, ayristirmanin sézciik tanima siirecinde harf pozisyonu kodlama siireciyle
ayni erken siirecte isledigi cikarimi yapilabilir. Ciinkii, bi¢imbilimsel acidan
karmagik bir sozciigii baglamdan bagimsiz sekilde tanimak oOncelikle harf
konumunun kodlamasin1 gerektirir. Bu o6zellikle sadece HYD deneylerinde
bulunabilecek ¢ok dnemli bir bulgudur; ¢iinkii harflerin yerlerinin degistirilmesini
inceleyen bir ¢aligma, bazi konumsal degisikliklere ragmen bi¢imbilimsel hazirlama
etkisi bulabilir ve bu durum da bi¢cimbilimsel ayristirmanin konumsal belirsizliginin

kanitin1 sunmaktadir.

Diger calismalar, HYD etkilerini katilimcilarin bi¢imbirimsel sinir ig¢inde ve
bigimbirimsel sinir disindaki harf degisikliklerini iceren karmasik sozciiklere
verdigi cevaplama siirelerini kullanarak incelemislerdir (Christianson vd., 2005;
Dunabeitia vd., 2007; Rueckl & Rimzhim, 2011; Sanchez-Gutierrez & Rastle,
2013). Bu calismalarda ayristirma teorisi, bigimbirimsel sinir igerisindeki harf
degisiklikleri, bicimbirimsel sinir disindaki harf degisikliklerinden daha fazla yikici
oldugu durumlarda kabul edilmistir. Ornegin, sabirli sézciigii sabir kokiinden —I1 eki
cikarildiktan sonra taniniyorsa, o zaman kok ve ekin bozumu kelime karar
deneyinde ret cevabini daha hizli vermede kolaylik saglayacagi i¢in bigimbilimsel

islemlemeyi engellemelidir; ¢ilinkii sabilr1 hazirlayicis1 SABIR hedef sozciigiini
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sabril1 hazirlayicisi kadar hazirlayamayabilir. Bunun sebebi olarak da ilk kosuldaki

ekin bozulmus oldugu ve bu yiizden kokten ayristirilamayacagi belirtilebilir.

Ancak, HYD hazirlama deneylerinin bi¢imbilimsel islemleme ve belirsiz harf
konumu kodlama c¢aligmalarinda sunacagi saglam ve birlesik kanitlara ragmen,
bicimbilimsel agidan karmasik sozciiklerin gorsel taninmasi arastirmalarinda bu
yenilik¢i teknigi kullanan ¢ok az calisma vardir. Bu az sayidaki ¢alismalardan elde
edilen sonuglar da bi¢imbilimsel islemlemede farkli oriintiilerin kullanildiginm
gosterdigi icin kesin sonug niteliginde degildir. Bazi1 ¢aligmalar HYD hazirlama
etkilerini sadece bi¢cimbirimsel sinir igerisindeki harf degisikliklerinde bulundugunu
gosterirken (Christianson vd., 2005; Dufabeitia, vd., 2007), diger c¢alismalar
hazirlama etkisi biiyiikliigiiniin bigimbirimsel sinir i¢inde ve disinda olmas ile ilgili
olmadigi sonucuna varmistir (Beyersmann vd., 2013; Diependaele vd., 2013; Perea
& Carreiras, 2006; Rueckl & Rimzhim, 2011; Sanchez-Gutierrez & Rastle, 2013).
Ayrica, higbir calisma HYD etkilerini D2 konusucularinda aragtirmamistir. Bu
nedenle bu ¢alisma, yeni bir deneysel paradigma olan hem bigimbirim sinirinda hem
de bi¢imbirim siir1 disinda maskelenmis harflerin yeri degistirilerek (HYD)
hazirlamay1 ve daha geleneksel olan maskelenmis bi¢cimbilimsel hazirlamay1
birlikte hem anadilde hem de ikinci dilde kullanan daha saglam ve yenilik¢i bir

caligmadir.

2. Teorik Cerceve: Sozciiksel Nitelik Hipotezi

Bu calisma, alan yazinda bulunan teorik ve deneysel c¢eligkili bulgular1 agikliga
kavusturmak amaciyla katilimcilarin bireysel farkliliklarini kullanan yeni bir
yaklagim benimsemektedir. Bu farkliliklar en iyi sekilde Perfetti’nin (1992, 2007)
ortaya koydugu sozciiksel nitelik hipoteziyle yansitilmaktadir. Bu hipotez, sézciik
simgelemelerinin kalitesinde degiskenligin bulundugunu ve bu degiskenligin
okuma anlama, heceleme, okuma hizi ve kelime bilgisi kullanmay1 igeren sozciik

tanima gorevlerindeki basarinin temel belirleyicisi oldugunu gostermektedir.

Dahasi, sozcliksel kalite hipotezi, giivenilir, tutarli ve yiiksek kaliteli bir sozciik

simgelemenin kolaylikla ve tutarli bicimde cagrilabilmesi i¢in “basarili okuma
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anlama becerisinin, sozciik simgelemelerindeki kaliteye ve ortografik iinitelerden
cagrilan sesbilimsel ve anlambilimsel bilgiye bagli oldugunu belirtmektedir”
(Perfetti, 1992). Asagida belirtilen Sekil 1, “gate [kap1]” kelimesinin ortografik
(OR), sesbilimsel (PH) ve anlambilimsel (SE) taninmasinda, sdzciik bilesenleri seti
arasindaki sikca baglanmis ve yiiksek kalitedeki simgelemeyi gostermektedir

(Perfetti & Hart, 2002).

Sekil 1. "gate [kap1]" sozciik girdisinin iyi biitlinlesmis ortografik (OR), sesbilimsel
(PH) ve anlambilimsel (SE) bilesenleri

Sekilde de goriilecegi iizere, sozciik bilesenleri arasinda iyi biitiinlesme
saglandiginda, sozciiksel kalite de iyi olmakta ve sdzciik tanima becerini gerektiren
okuma anlama, heceleme, yiiksek sesle ve hizli okuma gibi gorevlerde
karsilasilabilecek olasi problemler de engellenebilmektedir. Bu sebeple, bir metni
anlamak, kelime dagarcigmin biiyiikliigli ve depolanmis sozciik simgelemeleri
arttikga gelisir; ¢iinkii bu sozciiklerin sesbilimsel, ortografik ve anlambilimsel
bilgileri arasindaki baglantilarin giicii deneyim araciligiyla gelisir. Bireyler zamanla
deneyim kazandik¢a bu baglantilar giiclenir ve otomatik hale gelir. Bu nedenle,
okuyucunun okudugu sozciige ait bilgisi, bu ii¢ bilesene ait ozellikleri temsil
edebildiginde, bu sozciigiin zihinsel sozliikteki kalite girdisi saglanabilir ve bu
durum okuma anlamanin da temelini olusturur. Sozciige iliskin yiiksek kalitenin
belirleyici ozellikleri, okuyucuya diger kelimelerin de pargalar1 olabilecek
kelimelerin pargalarini degil de tam olarak o belirli kelimeye ulagsmasini saglar ve

bu durum da hem anlam hem de yapidaki kafa karigikligini en aza indirgemektedir.
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“Kesin simgelemeler kismen degil, tam belirli bir durumdadir, bdylece girdi
ozellikleri, etkinlestirilecek simgelemeyi kesin olarak belirleyebilir ve diger
adaylarin minimum etkinlestirilmesiyle tek bir dogru simgelemenin getirimi
miimkiin olur” (aktaran Andrews & Hersch, 2010, s. 299). Okuyucunun sozciik
simgelemelerindeki netligi, olduk¢a basarili yazili dil islemlenmesinin temel
belirleyicisidir. Sozciik bilesenlerinin kalitesi ve bunlar arasindaki siki bag, sdzciik
girdisinin otomatik sekilde cagrilmasini ve bu sozciigiin par¢anin zihinsel modeliyle

biitiinlesmesini saglar.

Bireysel farkliliklarin roliinii belirlemeyi amaclayan énemli bir ¢alisma (Andrews
& Lo, 2013) katilimcilarin heceleme ve kelime test puanlarini kullanarak hazirlama
etkilerinin biiyiikliigiinii arastirmistir. Andrews ve Lo, ¢alismalarinda, katilimcilarin
heceleme puanlarina oranla kelime testi puanlarinda daha yiliksek puanlar aldigi
kelime 6l¢iitiinii “anlambilimsel profil” ile iliskilendirmek i¢in kullanmistir. Kelime
puanlarina kiyasla heceleme puanlarindan daha yiliksek puan alan bireyler ise
“ortografik profil” ile iligkilendirilmistir. Andrews ve Lo, bireyleri “anlambilimsel
profil” olarak siniflamada, katilimcilarin kelime testindeki farkli puanlarimi
karsilagtiran ve yliksek kelime grubundakilerin daha fazla anlambilimsel hazirlama
etkisi gosterdigini bulan Yap vd. (2009)’ nin ¢aligma sonuglarini kullanmislardir.
Ayrica, Andrews ve Lo (2013) bireyleri heceleme becerilerindeki seviyelere gore
gruplamada, Hargreaves vd. (2012)’nin uzman Scrabble oyunculari iizerine yaptigi
ve ortografik bilgi kodlamada daha gelismis becerileri olan bireylerin kelime
anlamina olan bagimliliginin en aza indirildiginin gosterildigi ¢aligmalar1 referans

olarak belirtmislerdir.

Bu calismalar, hazirlayict etki giicliniin bireysel farkliliklar tarafindan anlamli
olglide degisiklige ugratilabildigini gostermistir. Diger ¢alismalar da okuma ve
heceleme testi puanlarini (Andrews & Hersch, 2010), okuma hizin1 (Dufiabeitia vd.,
2014; Medeiros & Duiiabeitia, 2016) ve dil yeterlilik puanlarimi (Beyersmann vd.,
2014) kullanarak bireysel farkliliklarin bu calismalarda 6nemli oldugunu

bulmuslardir.
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Sonug olarak, son donem caligsma bulgulari, hazirlayicr etkilerin okuma, heceleme
ve dil yeterliligindeki bireysel farkliliklar tarafindan degisiklige ugratilabilecegini
gostermistir. Fakat bu caligmalarda kullanilan bireysel farkliliklar testleri ya
yontemsel anlamda sinirli ya yeterince kapsamli degil ya da psikometrik agidan
saglam Ol¢limlerden olusmamaktadir. Bu sebeple, bu calisma, alan yazinda
tartismali olan D1 Ingilizce ve D2 Ingilizce’yi ayn1 anda kullanmasi agisindan ve
yeni bir deneysel paradigma olan harflerin yeri degistirilerek hazirlama etkilerini
hem bi¢imbirim sinirlari icinde hem de disinda kullanarak elde edilen hazirlayici
etkilerinin bireysel farkliliklar tarafindan degisiklige ugratilip ugratilmadigini
arastirmasi bakimindan 6nemli, 6zgiin ve yenilik¢i bir caligmadir. Daha 6nce ayrica,
bu calismalardan hi¢biri HYD etkilerini D2 konusucularinda arastirmamustir.
Ayrica, bu ¢aligma, bireysel farkliliklar puanlarini elde etmede, alan yazinda hem
sayica daha fazla hem de okuma becerilerini acikladigi belirtilen fakat hig
kullanilmamig olan becerilerin gecerli ve giivenilir sekilde 6lgmesi bakimindan da

degerli ve yenilikgi bir calismadir.
3. Calismanin Amaci, Arastirma Sorulari ve (")ngiiriiler

Son 40 yildir, birgok calisma, gorsel sozciik tanimanin dogasini arastirmakta ve
(government [hiikiimet], touched [dokundu]) gibi bi¢cimbilimsel agidan karmasik
sOzctiiklerin nasil islemlendigini anlamaya ¢alismaktadir. Ancak, bu sozciiklerin
tanimasinda hangi mekanizma(lar)in kullanildigr ile ilgili bir goriis birligi
kurulamamuistir. Ayrica, alan yazinda bulunan sézciik tanima ¢aligmalarin bulgulari
degerlendirildiginde, bu sozciiklerin taninmast ve islemlenmesiyle ilgili ¢eliskili
bulgular bulunmaktadir. Yeni yapilmakta olan caligmalar, hazirlayict etkilerin
okuma, heceleme ve dil yeterliligindeki bireysel farkliliklar tarafindan degisiklige
ugratilabilecegini gostermistir. Fakat bu ¢aligmalarda kullanilan bireysel farkliliklar
testleri ya yontemsel anlamda sinirli ya psikometrik agidan yetersiz ya da yeterince
kapsamli degildir. Bu sebeple, bu ¢alismanin amaci, D1 Ingilizce ve D2 Ingilizce’
deki tiiretilmis kelime formlariin taninmasinda kullanilan erken otomatik islemleri
karsilagtirmak ve yeni deneysel paradigma olan hem bicimbilimsel hazirlayici
etkilerinin hem de bi¢imbirim sinirlar1 iginde ve disindaki hazirlayici etkilerin

islemsel bellek testi, heceleme testi, dinleme anlama testi gibi 9 farkli 6l¢iimle elde
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edilecek olan bireysel farkliliklar tarafindan degisiklige ugratilip ugratilmadigini
arastirmaktir. Calisma ayrica, ortografinin bi¢cimbilimsel hazirlamaya olan katkisini
acikliga kavusturmay1 ve bigimbilimsel ayristirma siirecinin harf konumu kodlamasi

ile ayn1 anda gergeklesip gerceklesmedigini arastirmay1 amaglar.

Bu calisma, alan yazindaki ¢eliskili bulgular1 Perfetti’nin (1992) basarili dil
islemlenmesinin sézciik imgelemelerindeki kesinlik oldugunu belirten sozciiksel
nitelik hipotezini kullanarak agikliga kavusturmay1 ve asagida belirtilen arastirma

sorularini cevaplamay1 amaglamaktadir:

1. D1 ve D2 ingilizce’ de bigimbilimsel agidan karmasik kelime formlarmin
taninmasinda kullanilan erken otomatik islemler nelerdir?

2. D1 ve D2 Ingilizce’ de bu kelimelerin islemlenmesinde kullanilan genel
mekanizma(lar)a iligskin nicel ve nitel farkliliklar var midir?

3. Big¢imbilimsel hazirlama etkileri bireysel farkliliklar tarafindan degisiklige
ugramakta midir?

4. Harflerin yerleri degistirilerek hazirlama etkileri bireysel farkliliklar tarafindan
degisiklige ugramakta midir?

5. Bigimbilimsel ayristirma siireci harf konumu kodlama ile ayn1 anda

gerceklesmekte midir?

Bicimbilimsel hazirlama etkileri ile ilgili olarak, arastirmaci, kisa siireli sunulan
bi¢cimbilimsel agidan iligkili kelimenin (braveness- BRAVE) kelime tanimlama
siireci esnasinda bigimbilimsel yapist dogrultusunda ([brave] + [-ness])
ayristirilacagini ongormektedir. Eger bu ayristirma stireci hazirlayicinin ortografik
ve sesbilimsel etkileri tarafindan destekleniyorsa, o zaman ne bi¢imbirim sinirlari
icinde ne de bi¢cimbirim sinirlar1 disinda HYD etkileri beklenmemektedir. Ciinkii
HYD hazirlayicilari, hazirlayicinin hedef kelime ile ortografik ve sesbilimsel

benzerligini gidermektedir.

Ayrica, bigimbilimsel hazirlama etkileri ve HYD hazirlama etkilerinin okuma
becerilerindeki  bireysel  farkliliklar  tarafindan  degisiklige  ugrayacagi

ongoriilmektedir. Ancak, bu etkilerin yonii ve siddeti bu arastirmada
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sorusturulacaktir. Ciinki daha o©nce hi¢bir calisma HYD etkilerinin D2
konusucularinda aragtirmamistir. Son olarak, eger D2 konusucular1 D1 konusuculari
ile benzer bicimbilimsel islemleme mekanizmalarin1 kullanityorsa bu iki grup
acisindan deney kosullar1 arasinda benzer big¢imbilimsel ve HYD etkileri

beklenmektedir.

4. Calismanin Yontemi

Bu calismada alt1 hazirlayict kosulu bulunan iki maskelenmis hazirlayicili kelime
karar deneyi uygulanmistir. Bu alt1 hazirlayict kosul, (i) bigimbilimsel hazirlama,
(i) bi¢imbirim simirinda harflerin yeri degistirilerek (HYD) hazirlama, (iii)
bi¢imbirim sinirinda ikame-harfler ile yerine koyma (iv) bi¢cimbirim sinir1 diginda
HYD hazirlama (v) bigimbirim sinir1 disinda ikame-harfler ile yerine koyma (vi)
iliskisiz hazirlamadan olusmustur. Ilk deney, D2 Ingilizce’deki tiiretilmis
kelimelerin taninmasini, ikinci deney ise D1 Ingilizce’deki kelime formlarinin
taninmasini arastirmistir. Ancak, her iki deney de harf pozisyonu kodlamanin ¢ok
bi¢imbirimli islemlenmesindeki roliinii degerlendirmistir. Her iki deneyde ayrica
bireysel farkliliklar testleri uygulanmstir. ilk deneyde asagida detayh bir sekilde
sunulan, katilimcilarin okuma becerilerindeki farkliliklarin1 degerlendiren ve 9
alttesten olusan Okuma Becerileri bataryasini kullanilmis, ikinci deneyde ise
Kelime Becerileri, Heceleme, So6zcilik Tanima, Ger¢ek olmayan Kelimeleri Okuma
testlerini kullanilmistir. Bu ¢alismada bagimli degiskenler, sézciik karar cevaplama

stireleri; bagimsiz degiskenler ise hazirlama etkileri kosullaridir.

4.1. Bireysel Farkhliklar Olgekleri: Okuma Becerisi Bataryasi

D1 ve D2 Ingilizce’ deki tiiretilmis kelime formlarinin tanmmasinda kullanilan
erken otomatik islemleri arastirmak ve hazirlama etkilerinin katilimcilarin
okumadaki ve dil yeterliligindeki bireysel farkliliklar1 tarafindan degisiklige ugrayip
ugramadigini belirlemek i¢in, arastirmaci tarafindan 6grencilerin okuma ve dil
becerilerini 6lgen okuma becerileri bataryas1 gelistirilmistir. Bu c¢alismada
kullanilan bireysel farkliliklar Olcekleri iki ama¢ dogrultusunda secilmis ve

uyarlanmustir: i1k amag, sdzciik tanima ¢alismalarinda farkli becerilerin hazirlama
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etkilerine yaptig1 anlamli katkiyr degerlendirebilmek amaciyla hem D1 hem de
D2’de miimkiin oldugunca farkli testleri kullanmaktir. ikinci amag ise, dil
islemleme alaninda daha onceki c¢alismalarda elde edilen farkli ve uyumsuz
sonuglar1 agikliga kavusturacak olan faktorleri belirleyip alan yazina fazla veri ile

katkida bulunmaktir.

Bu bataryay1 olusturmadaki temel varsayim, bireylerin okuma ve dil becerilerinde
farklilik gosterdigi ve bu farkliliklarin bu becerileri kestirebilecegi ve kelime tanima
caligsmalarindaki farkli hazirlayici etkilerini agikliga kavusturabilecegidir. Grabe ve
Jiang (2014) okuma becerilerini derinden etkileyen faktorleri vurgulamis ve D1 ve
D2 baglamlarini arastiran caligmalar1 kullanarak okuma performansindaki bireysel
farkliliklarin, (i) etkili sozciik tanmima islemleri; (ii) kelime bilgisi; (iil) zaman
sinirlar1 altinda dilbilgisi bilgisi; (iv) bir par¢canin ana fikirlerini sunma becerisi; (v)
daha zor pargalar1 okurken stratejik islemleri kullanma becerisi; (vi) arka plan
bilgisini uygun sekilde kullanabilme becerisi; (vii) okuma amacina iligkin sekilde
parcadan kritik anlami ¢ikarabilme becerisi; (viii) islemsel bellegin etkili kullanimu;
(ix) okuma hiz1 becerilerinin etkili kullanimi; (x) okumaya katilabilme, caba
harcama, dikkat daginiklig1 olmaksizin okumaya devam etme ve okumada basariy1

yakalayabilme islemlerinden olustuklarini belirtmistir.

4.1.1. Testlerin Literatiir Taramasi

Bu bataryada kullanilan testler, literatiirde bireylerin okuma aginin ¢esitli alanlarini
kullandig1 kanitlanan testlerden secilmistir. Ayrica, bu testlerin okuma ile iliskili
oldugu tutarli bir sekilde gosterilmistir. Olusturulan alt testler ve okumadaki
varsayimsal rolleri asagida taranmistir. Bu testler, literatiirde farkli amaclar ve
degisik test formatlari ile kullanildigi i¢in, bu bataryadaki bir¢ok alt test Woodcook-
Johnson 111 Basar1 Testleri (Woodcock vd., 2001, 2007) ve Kaufman Egitsel Basar1
Testi- Ikinci Versiyon’da (Kaufman & Kaufman, 2004) kullanildigi gibi
olusturulmustur. Ciinkii bu testler okuma ve yazma dilindeki ve sozel dildeki
akademik basariy1 6lgmek i¢in kullanilmakta ve hem gecerli ve gilivenilir hem de

standartlastirilmis olan testlerdir.
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Test 1: Sozcilik Tanima.

So6zciik tanima, okumada en yaygin olarak tekrarlanan bilissel beceridir (Perfetti,
2007, s. 357) ve arastirmacilar sozcliik tanimanin okumada merkez bir beceri
oldugunu kabul etmektedirler. Calismalar, sozciik tanimanin, okuma anlama
becerisinin en giiclii kestiricisi ve en Onemli belirleyici etkeni oldugunu
desteklemektedir (Joshi & Aaran, 2000; Zinar, 2000). Ayrica, Landi (2005), s6zciik
tanima becerilerinin okuma parg¢asini iyi anlamada yetersiz fakat gerekli oldugunu
belirtilen ¢arpici bir kanit sunmustur ve bulgu bu ¢aligmada kullanilan bataryada
temsil edilmesi gerektigi kadar onemli bulunmustur. Bu calismada kullanilan
bataryadaki sozciik tanima alt testinde birey, gercek kelimeleri baglam olmadan
yiksek sesle okumustur. Maddeler giderek artan zorluktadir ve SUBTLEX-UK
biitlincesinden se¢ilmistir (van Heuven vd., 2014). Bu biitiince, 2010 Ocak ve 2012
Aralik aylar1 arasinda dokuz Ingiliz televizyon yaymindaki 201.7 milyonluk altyazi
biitiincesinden hesaplanan 160.022 kelime formlarin1 siklik degerleri ile

vermektedir.

Test 2: Okuma Hizi.

Rasinski (2006) ve Ulusal Okuma Paneli (2000) okuma hizini, okuyucuyu pargadaki
bireysel sozciikleri ¢oziimlemeden ziyade icerige odaklayan ve okumadaki hiz,
dogruluk ve yiizdeki uygun ifadedeki yetenek olarak tanimlamiglardir. Okuma hizi
ve okuma anlamanin iligkisi ile ilgili olarak Saebra vd. (2017) ve Neddenriep vd.
(2010) iki yapinin benzerligine iligkin kanitlar sunmus ve okuma hizi testinin,
okuma anlama modellerinin bir 6gesi olarak kullanimini Onermistir. Diger
calismalar da okuma hizinin okuma anlamanin kestiriminde ¢ok 6nemli katkida
bulundugunu goéstermislerdir (Hudson vd., 2005; Johnson & Kirby, 2006; Klauda &
Guthrie, 2008; LaBerge & Samuels, 1974). Tiirkyilmaz vd. (2014) okuma hizini, iyi
okuyucularin ayirt edici 6zelliklerinden biri olarak tanimlamakta ve hiz eksikligini
zay1f okuyucularin bir 6zelligi olarak gérmektedir. Ayrica Stanovich (1991) okuma
hiz1 eksikliginin okuma anlama problemlerinin giivenilir bir kestiricisi olarak kabul

etmektedir.
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Test 3: Heceleme.

Rapp ve Lipka (2011), okuma ve hecelemenin noral olarak incelendigi Fonksiyonel
Manyetik Rezonans Gortintiilleme (fMRI) ¢alismasinda, bu iki biligsel fonksiyonun
ortak elementlere sahip oldugunun kanitin1 géstermis ve hem okumanin hem de
hecelemenin, beynin sol yarim kiiresinin belirli alt tabakasini paylagtigin1 aciga
cikarmiglardir. Bu sonucglar Holmes ve Carruthers (1998)’ i bulgular ile ve
katilimcilara igerisinde dogru sekilde heceleyemedigi sozciikler bulunan kelime
karar deneyi verildiginde daha yavas ve daha az dogru olduklarimi gosteren Burt ve

Tate (2002)’in ¢alisma sonuglari ile ayn1 dogrultudadir.

Heceleme ve okuma arasindaki iliski, bu iki alanin ayni islemleri paylastigna iliskin
kesin bulgular sunan diger bilissel noro-psikolojik arastirmalarla da raporlanmistir
(Caramazza vd., 1996; Rapp & Caramazza, 1989; Tainturier & Rapp, 2003). Lezyon
eksikligi ¢aligmalari (Philipose vd., 2007; Rapcsak & Beeson, 2004) ve fonksiyonel
beyin goriintiileme ¢aligmalari da (Menon & Desmond, 2001; Norton vd., 2007) okuma
ve hecelemenin ortak baglantisina iliskin kanit sunmustur. Bu ¢alismalarda heceleme
becerisi gostergesi, katilimcilarin duyduklar1 kelimeleri yazmalarmin istendigi
heceleme iiretim testleri (Beyersmann vd., 2014; Burt, 2006; Burt & Fury, 2000;
Hasenidcker vd., 2015) ve katilimcilarin dogru olmayan segenekler arasinda dogru
sekilde hecelenmis kelimeyi se¢melerinin istendigi heceleme tanima testlerinden
(Andrews & Hersch, 2010; Andrews & Lo, 2013; Sawi, 2016; Tan & Yap, 2016) elde
edilmistir. Su anki batarya, alan yazinda heceleme becerilerini 6l¢gmek icin kullanilan

bu iki heceleme testini (heceleme iiretim testi ve heceleme tanima testi) kullanmustir.

Test 4: Okuma Anlama.

Hangi faktorlerin iyi okuyucu olmada yardimci olduguna iligkin cevapta Kintsch ve
van Dijk (1978) okuma performansindaki farkliliklarin hem mikro hem de makro
seviyedeki faktorler tarafindan belirlendigini belirtmistir. Mikro seviyedeki
faktorler, metinsel elementlerin s6zdizimi islemlemesini kapsarken, makro faktorler
de parcanin bir biitiin olarak anlamin1 kavramasini icermektedir. Bir okuyucu ancak

mikro seviyedeki bireysel kelimeleri ve ciimleleri ayristirdiktan sonra daha biitlinciil
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¢ikarim ve dnermelere ulasabilir. Daha az basarili okuyucular ve basarili okuyucular
arasindaki okuma anlamadaki farkliliklar, bu makro seviyedeki dogru g¢ikarim

yapmadaki basaridan kaynaklanmaktadir (Palmer vd., 1985).

Alanyazinda kullanilan testlere bakildiginda (Aaronson & Ferres, 1986; Alptekin &
Ergetin, 2010; Alptekin vd., 2014; Baddeley vd., 1985; Burton & Daneman, 2007,
Palmer vd., 1985) okuma anlama testlerini olusturmada bircok test formati
bulunmaktadir. Ancak, su anki bataryada kullanilan okuma anlama testleri iki 6nemli
standartlastirilmis dil yeterlilik testlerinden uyarlanmistir: IELTS’ de (Uluslararasi
Ingilizce Dil Testi Sistemi) parcanin sdylem yapismimn taninmasi, ana fikirlerin
belirlenmesi, dikkatli okuma becerileri, ¢esitli parga tiirlerinin okunmasinda beceri ve
daha uzun pargalar1 okuyabilme becerileri gerekirken, YDS’de (Yabanci Dil Sinavi)
kelime, dilbilgisi, baglamsal ipuglarinin taninmasi ve dikkatli okuma becerilerinin ortak
sekilde test edildigi cloze test teknigi de kullanmaktadir. Calismada kullanilan
bataryanin okuma anlama alt testinde farkli test maddeleri olan iki farkli testin
kullanmiminin sebebi, ¢oklu 6l¢iim testlerinin arastirmaciya okuma anlama becerisindeki

bireysel farkliliklara iliskin varyansin ¢ogunu agiklayabilmesinde sundugu olanaktir.

Test 5: Gercek Olmayan Kelimeleri Okuma.

Gergek olmayan kelimeleri okuma becerisi, sesbilimsel yeniden kodlama olarak bilinen
harf-ses iligkileri bilgisini, yazili olan kelimeleri sesletme becerisini kullanarak
okuyabilme becerisidir. Sesbilimsel yeniden kodlama becerisine sahip olan 6grenciler,
ketup, heruk gibi konvansiyonel heceleme Grgiilerine sahip, yapay olarak olusturulan
ve gercek olmayan kelimeleri basarili bir sekilde okuyabilirler. Bir¢ok teorik okuma
modeli, gercek olmayan kelimeleri okumadaki dogrulukla 6lgiilen sesbilimsel yeniden
kodlama becerisinin énemini vurgulamaktadir. Ornegin, ¢ift yonlii okuma modeli,
harflerin seslere yazibirim-sesbirim mutabakati araciligi ile doniistiirtildiigii, s6zciiksel-
olmayan (nonlexical) yolun da var oldugunu belirtmektedir (Coltheart vd., 2001).
Simdiki bataryadaki gergek olmayan kelimeleri heceleme testinin ilk 14 maddesi,
tanisal gercek olmayan kelimeleri tanima testinden (DiRT) (Colenbrander vd., 2018)
uyarlanmis ve son 6 maddesi ise aragtirmaci tarafindan daha zor maddelerin bataryaya

eklenmesi amaciyla Wuggy yazilimi tarafindan olusturulmustur. Bu testi basariyla
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tamamlamak i¢in gerekli olan beceri, bi¢imsel-sesbirim harf orgiilerini temelde yatan

sesbilimsel simgelemelerine eslemeyi gerektirmistir.

Test 6: Dinleme Anlama.

Dinleme anlama, bireyin, yazili parg¢ay1 yeniden kodlamayi gerektiren bilissel
gereklilikler olmadan duydugunu anlamadaki becerisi olarak kavramsallastirilabilir.
Hogan vd. (2014), tarama calismalarinda, dinleme anlamanin okuma anlamadaki
baskin etkisine dair kanit sunmus ve bu sebeple okuma testlerinde dinleme testinin
bulunmasi gerektigini vurgulamistir. Bu ¢alismada kullanilan bataryadaki dinleme
anlama alt testi, Woodcock-Johnson Basar1 Testi Sozel Anlama Alt Testinde
kullanilan formati benimsemektedir; fakat test arastirmaci tarafindan
olusturulmustur. Testte katilimcilardan 17 adet konusu bakimindan birbirinden
iliskisiz climleleri dinlemeleri ve her bir ciimlenin sonundaki eksik ciimleyi yazarak

belirtmeleri istenir.

Test VII: Kelime Bilgisi. Bir parcayr anlamak i¢in okuyucunun parca igerisinde
kullanilan kelimeleri anlamas1 gerekmektedir. Bu sebeple, bircok ¢alisma kelime
bilgisi ve okuma anlama arasindaki 6nemli korelasyonu ac¢iga ¢ikarmis (Anderson
& Freebody, 1983a; Cameron, 2002; Read, 2000) ve kelime bilgisinin tiim okuma
becerisinin 6nemli bir kestiricisi oldugunu gostermistir (Braze vd., 2007; Hargrave
vd., 2002) ve bir cok bilinmeyen kelime varliginin anlamayi engelleyecegini

belirtmistir (Curtis 1987; Landi & Perfetti, 2007; Nation, 2001).

Heaton (1988) kelime testlerinin kelime olusturma, kelime iligkileri, es anlamlar, zit
anlamlar, yeniden diizenleme, tanimlama ve tamamlama seklinde olmasi gerektigini
onermistir. Bu tiir testler, katilimcidan sadece siklar arasinda bir se¢im yapmasi
beklenen alic1 testlerin yerine daha tiretken olan testlerdir. Su anki bataryada
kullanilan kelime alt testi de liretken olan test formunu kullanmis ve katilimcilardan
belli bir baglamda verilen kelimelerin esanlamlisini, zit anlamlisin1 ve daha derin

bilgiyi gerektiren kelime iliskilerini belirtmelerini istemistir.
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Test 7: Islemsel Bellek Testi.

Islemsel bellek testi, yaygin olarak kullamilan hafiza genislik testidir ve baglama-dayali
kelime 6grenimi (Daneman & Green, 1986), hipotez iiretme (Dougherty & Hunter,
2003), hem dinleme hem de okuma anlama (Daneman & Merikle, 1996) ve bilissel
islemleme aragtirmalarinda kullanilmaktadir. Bu testler, climlelerin dogrulugunu
yargilama gibi islemleme 6gesi ile ileriki hatirlamalar icin bir seri kelime veya harfleri
ezberleme gibi depolama 0&gesini birlestirmektedir. O yiizden bu testlerde,
katilimcilardan genellikle tematik olarak birbirinden bagimsiz ciimleleri ytiksek sesle
okumalari, ctimlelerin dogrulugunu yargilamalart ve her bir climle kaybolduktan sonra
gordiikleri harfleri dogru sirada hatirlamalar1 beklenmektedir. Bu setlerdeki harf ve
climle sayilan ikiden altiya yiikselmektedir. Su anki bataryada kullanilan islemsel
bellek testi, Randall Engle’nin laboratuvarmm sundugu ve E-Prime yaziliminda
programlanmis olan testten olusmus (http://englelab.gatech.edu/tasks.html) ve

anlambilimsel test yontemini kullanmugtir.

Test 8: Gercek Olmayan Kelimeleri Heceleme.

Gergek olmayan kelimeleri heceleme alt testi, okuyucunun ses-harf mutabakat
bilgisini ve sozciikalti veya birlestirici ses-heceleme g¢evirimi siirecini kullanan
(Leask & Hinchliffe, 2007; Martin & Barry, 2012) ve sesbirimsel farkindaligina
bagli olan sesbilimsel temelli veya iiretici stratejilerini kullanma becerilerini

Ol¢mektedir (Pogorzelski & Wheldall, 2005).

Heceleme ve ses bilimsel farkindaliginin arasindaki iliski, bireylerin kelimeleri,
onlar1 olusturan sesbirimlere bélmeleri ve bunlar1 harf dizileri ile temsil etmeleri
gereken ses-harf ¢eviriminde gosterilmektedir (Oerlemans & Dodd, 1993). Neilson,
(2003b) hecelemede gercek kelimelerin yerine yeni iiretilmis kelimelerin
kullaniminin daha avantajli oldugu vurgulanmaistir, ¢linkii bu sekilde bir birey, daha
onceki 6grenilmis harf siralarin1 veya gorsel stratejileri kullanamayacak, yalnizca
sesbilimsel stratejileri kullanmak durumunda kalacaktir. Bu ¢alismalarda,
katilimeilarin gercek olmayan kelimeleri heceleme becerileri, tipik olarak hundup

gibi yeni Uiretilmis kelimeleri hecelemelerini gerektirmektedir.
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Shankweiler, okumay1 6grenmek icin, baslangic okuyucularmin “biitiin kelimelerin
sesbilimsel sekmelere ayrilabilecegine iligskin farkindalik” a sahip olmalar1 gerektigini
belirtmektedir (1999, s. 114). Bircok ¢aligma, okumada kelimeleri seslerden olustugunu
anlama becerisi olan sesbilimsel farkindaligin hayati 6nemini vurgulamistir (Adams,
1990; Byrne & Fielding-Barnsley, 1990; Stanovich, 2000). Carpici sekilde, Bishop
(2001, s. 189) “dil 6grenme giicliigli” nii, okuma gii¢liigliniin daha biiyiik ¢ercevedeki
sesbilimsel dil bozuklugunun bir pargasi olarak gérmekte ve zayif okuma becerisinin
temelde dil-temelli bir problem, daha &zelde ise sesbilimsel islemleme problemi
(Shankweiler, vd., 1996; Share, 1995; Torgesen & Wagner, 1998) olarak gérmektedir.
Su anki bataryada kullanilan gercek olmayan kelimeler ise Kohnen ve Nickels (2010)
calismasindan alinmistir ve testte katilimeilardan duyduklari ger¢ek olmayan kelimeleri

cevap kagidina yazmalari istenmistir.

4.1.2. Okuma Becerileri Bataryasi- Zihinsel Siireclerin Tanimlari

Tablo 1.
Okuma Becerileri Bataryasindaki Her Bir Alt Test Performansi i¢in Gerekli Olan
Zihinsel Islemlerin Tammlar

TEST ALT BECERILER ZiHINSEL SURECLER
Test I: Sozciik Yeniden kodlayarak okuma Gorsel sozciik formlarinin tammnmast ve bu gorsel
Tanima formlara iliskili sesletimlere olan sesbilimsel erigim

Test II: Okuma Hizi  Hizli okuma
Anlamsal iglemleme hizi
Heceleme becerisi

Okuma becerisi ve jenerik bilgi gerektiren otomatik
anlamsal karar verme

Biitlin-sozciik  sesdizimini biitiin-sézciik  ortografiye
esleyerek, sesdizimsel pargalart yazibirim {initelerine
cevirerek veya anlamsal kelime haznesinden kelimelerin
heceleme formlarimi aktiflestirerek kelime formlarinin
ortografi bilgisine erisim ve bu bilgiyi kullanma
Onermesel simgelemeler olusturma; yazil kelimelerin ve
climlelerin sozdizimsel ve anlambilimsel 6zelliklerinin
tiim pargaya entegrasyonu

Yeniden kodlayarak okuma Yazibirimi-sesbirime ¢eviri ve zihinsel sozliikte var
Sesbilgisel kodlama olmayan gorsel kelime formlarmin sesletimlerine

Test I11: Heceleme

Test IV: Okuma Okuma anlama

Anlama

Test V: Gergek
olmayan Kelimeleri

Okuma ulagsma

Test VI: Dinleme Dinleme becerisi Sozel olarak belirtilen pargalarin  sézdizimsel ve
anlama Islemsel Bellek anlambilimsel entegresyonu araciligi ile Onermesel

simgelemeler olusturma

Test VII: Kelime Sozciik bilgisi Sozciiksel aktivasyon ve anlamsal erigim; anlamsal
Bilgisi Okuma anlama eslestirme

Test VIII: Islemsel ~ Yeniden kodlayarak okuma Islemsel bellegin okumadaki, depolama ve islemleme
Bellek Testi Islemsel Bellek elementleri

Heceleme becerisi

Test IX: Ger¢ek
olmayan Kelimeleri
Heceleme

Sesbilgisel kodlama

Seshirimi-yazibirime ¢eviri

Var olmayan kelimelerin sozel elementlerini yazibirim
iinitelerine ¢evirme; ortografinin sesbilim yardimiyla
eslenmesi
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5. Deney 1: D2 ingilizce’de Maskelendirilmis Hazirlama

5.1. Katihmcilar

Deney 1, hazirlama etkilerini D2 Ingilizce konusucularinda arastirilmasina
odaklanmustir. Anadili Tiirkge, yabanci dili ise Ingilizce olan ve Orta Dogu Teknik
Universitesi Ingiliz Dili Egitimi boliimiinde okuyan 29 konusucu (22 kadin, yas

ortalamas1=26.14, Standart Sapma=3.16, min=20, max=32) deneye katilmistir.

5.2. Materyaller

58 adet Ingilizce kelime seti hedef sozciik olarak kullanilmistir. Hedef sozciikler,
tiiretilmis kelimelerin tek bi¢imbirimli kékleridir (Orn: WATCH [IZLEMEK]). Her

bir hedef sozciik, alt1 adet hazirlayicinin ardindan gosterilmistir:

(1) bigimbilimsel hazirlayic1 (watchable [izlenebilir]),

(i1) bi¢cimbirim sinirinda HYD hazirlayici (wathcable [izelnebilir])

(iii)) big¢imbirim sinirinda ikame-harf kosulundaki hazirlayici (watksable
[izatnebilir])

(iv) bigimbirim sinir1 disinda HYD hazirlayici (watcahble [izlneebilir]),

(v) bigimbirim simir1 disinda ikame-harfler ile yerine koyma (watcekble
[izImuebilir]),

(vi) Iliskisiz hazirlayic1 (drinkable, [igilebilir]).

Mliskili ve iliskisiz hazirlayict kelimeler, kok uzunlugu, kok sikligi, kok biyagram
siklig1, kok ortografik komsu sayisi, kelime uzunlugu, sikligi, biyagram sikligi ve
uyaric1 kelimedeki bir harfin degistirilerek olusabilecek gergek kelime sayis1 olarak
tamimlanan ortografik komsu sayist (Orn: horse kelimesinin ortografik komsu
say1si: house ve worse olmak iizere 2 tanedir) bakimindan eslenmistir. Bu degerlerin
alinmasinda ve esitleme calismasi i¢in internetten ticretsiz olarak temin edilebilen
N-Watch yazilimi kullanilmistir. Ekin olasi etkisini kontrol altina almak i¢in, her
iligkili kelime hazirlayicist igin segilen iliskisiz hazirlayict ayni eki kullanmigtir

(Orn: watchable [izlenebilir]; drinkable, [igilebilir]). Harflerin yerini degistirmeler
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her zaman bir sesli ve bir sessiz kelimeyi igermistir (Lupker vd., 2008) ve bu
degistirmelerin higbiri gercek bir kelimenin olusumuna sebep olmamistir
(Duiiabeitia vd., 2009). Dahasi, ikame-harfler kontrol kosulu iki yeri degistirilen
harfin yerine ayni uzunluga ve benzerlige sahip yeni iki harfler konarak
olusturulmustur (Orn: watksable [izatnebilir]). HYD harfleri ve ikame harfler de

uzunluk, biyagram siklig1 ve ortografik kosulu sayis1 bakimindan esitlenmistir.

Kelime karar deneyi igin, 42 filler ve 100 ortografik olarak yasal ve sesletilebilir
gercek olmayan kelimeler kullanilmigtir. Bu gercek olmayan kelimeler, gergek bir
kelimenin ilk ve son harfi degistirilerek olusturulmustur. (Orn: frinp, bring;
[jetirmef, getirmek]). Her bir ger¢ek olmayan kelime, iliskisiz bir kelimeden sonra
gelmekte ve tiim gercek olmayan kelimeler, hedef kelimeler ile uzunluk, pozisyon-
belirli biyagram siklig1, pozisyon-belirli triyagram siklig1 ve ortografik komsu sayisi
ile esitlenmigtir. Esitleme i¢in N-Watch programi kullanilmistir. Her bir hedef
sOzciigiin her bir listede farkli hazirlayici kosulunda yalnizca bir kere ve Latin kare
yontemiyle farkli sirada goriinmesi igin toplam 12 liste olusturulmustur.

Katilimcilar her bir listeye rastgele atanmistir.

Bireysel farkliliklar1 ¢esitli alanlarda 6lgmeyi amaglayan Okuma Becerileri
bataryast 9 alt testten olusmustur: Kelime Tanmima Testi, Okuma Hizi Testi,
Heceleme Testi, Okuma Anlama Testi, Ger¢ek Olmayan Kelimeleri Okuma Testi,
Islemsel Bellek Testi, Dinleme Anlama Testi, Kelime Bilgisi Testi ve Gercek

Olmayan Kelimeleri Heceleme Testi.

5.3. Uygulama

Uyaricilar, DELL marka bilgisayar ekraninin merkezinde ticretli E-prime yazilimi
kullanilarak rastgele sirada gosterilmistir. Her bir katilimci, sessiz bir odada bireysel
olarak test edilmistir. Ileri maskelendirilmis hazirlama yontemi kullamilarak her
denemede, once # sembolii 500 milisaniye (ms) gosterilmistir, ardindan kiigiik
harfler ile yazilmis hazirlayici ekranda 50 ms kaldiktan sonra hemen ardindan biiyiik
harfler ile yazilmis hedef uyarici gosterilmistir. Hedef uyarici, katilimeilar bir cevap

verene kadar veya maksimum 3000 ms boyunca ekranda kalmigtir. Katilimcilardan
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olabildigince hizli ve dogru bir sekilde ekranda gordiikleri kelimelerin gergek
Ingilizce kelimeler mi yoksa ger¢ek olmayan kelimeler mi olduguna iliskin karar

vermeleri istenmistir. Tiim kelime karar deneyi yaklasik olarak 8 dakika stirmiistiir.

Karar deneylerinin yanisira bireysel farkliliklar bataryasi kullanilmistir. Bataryada
bulunan tiim alt testler, Islemsel Bellek, Kelime Tanima ve Gergek Olmayan
Kelimeleri Okuma alt testleri disinda kalem kagt testinden olusmaktadir; Islemsel
Bellek testi E-prime yazilimi araciligiyla, Kelime Tanima testi DELL marka
bilgisayar iizerinde MS PowerPoint iizerinde ve Ger¢cek Olmayan Kelimeleri
Okuma alt testi ise sunu programi iizerinde ses kaydi ile uygulanmistir. Her bir
katilimci sessiz bir odada bireysel sekilde test edilmis ve toplam uygulama saati testi
alan katilmcinin kisiligine, moduna ve uygulayiciyla iligskisine bagli olarak toplam
1 saat ve 25 dakika siirmiistiir. Yorgunluk ve sira etkisini kontrol altina almak i¢in
batarya, siral1 bir diizen takip edilerek ya kelime karar deneyinden 6nce ya da sonra

10 dakikalik ara sonrasinda verilmistir.
6. Deney II: D1 Ingilizce’de Maskelendirilmis Hazirlama
6.1. Katihmcilar

Anadili Ingilizce olan ve Sidney, Australya’da Macquarie Universitesi’nde okuyan
50 konusucu (14 erkek, yas ortalamasi=20.73, Standart Sapma=5.99, min=17,
max=>53) deney II’ye katilmistir.

6.2. Materyaller

Deney I’ de kullanilan uyaranlar deney II’ de de kullanilmistir. Ancak, sahte ek
olduklar1 tespit edilen dort hedef sozciikk veri toplama Oncesinde listeden
cikarilmistir. Kelime karar deneyi i¢in 54 adet hedef sozciik 54 adet ortografik
acidan diizgiin ve sesletilebilir gercek olmayan sozciiklerle karistirilmistir. Gergek
olmayan sozciikler deney I’ deki yontem kullanilarak olusturulmustur. Bireysel
farkliliklar testlerini, Kelime Bilgisi, Heceleme, Sozciik tanima ve Gergek olmayan

kelimeleri okuma becerileri testleri olusturmustur.
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6.3. Uygulama

Uyaricilar, DMDX yazilimi kullanilarak rastgele sirada gosterilmistir. Her bir
katilimci, sessiz bir odada bireysel olarak test edilmistir. Ileri maskelendirilmis
hazirlama yontemi kullanilarak her denemede dnce # sembolii 500 milisaniye (ms)
gosterilmistir, ardindan kii¢iik harfler ile yazilmis hazirlayict ekranda 50 ms
kaldiktan sonra hemen ardindan biiylik harfler ile yazilmis hedef uyarici
gosterilmistir. Hedef uyarici, katilimceilar bir cevap verene kadar veya maksimum

3000 ms boyunca ekranda kalmstir. Karar deneyi yaklasik 8 dakika siirmiistiir.
7. Genel Sonuclar

Katilime1 cevap hizlar iizerinde uygulanan genellestirilmis dogrusal karisik-etkili
model analiz sonuglarina gére, D1 ve D2 Ingilizce’de bigimbilimsel agidan karmasik
kelime formlarimin taninmasinda kisa siireli sunulan bigimbilimsel agidan iligkili
kelimenin (braveness- BRAVE) kelime tanimlama siirecini kolaylastirdigi ve bu
formlarin  bigimbilimsel yapis1 dogrultusunda ([brave]+[-ness]) ayristirildigt
gozlemlenmistir. Onceki ¢alismalar dogrultusunda, ortalama cevap siireleri sonuglar
bicimbilimsel ayristirmanin zorunlu bir islem oldugunu gdstermistir (Rastle vd., 2000;
Taft vd., 2018). Bu bulgu, alanyazinda var olan sonuglar1 pekistirmekte ve erken
bigimbilimsel ayristirmanin hazirlayicinin bicimbilimsel yapisi tarafindan tetiklendigini

gostermektedir (Beyersmann vd., 2015; Feldman, vd., 2009; Rastle vd., 2004).

D1 ve D2 Ingilizce gruplarinda, HYD hazirlama etkilerinde farkliliklar gézlenmistir.
D1’de bigimbirim smirinda HYD kosulunun harflerin yeri degistirilerek hazirlama
kosulunun ikame harf'kosulundan istatiksel olarak daha hizli cevaplandigi bulunmustur.
Bi¢imbirim sinir1 disinda ise HY D hazirlayici etkileri kaybolmustur. Bu sonuglar, HYD
etkilerinin bi¢imbirim degisikliklerinin gerceklestigi pozisyona gore degisiklige
ugradigini belirten Christianson vd. (2005), Dufiabeitia vd. (2007) ve Perea ve Carreiras
(2008) bulgulari ile ayn1 yondedir. HYD hazirlama etkilerinin bigimbirim sinir1 diginda
kaybolmasi, bigimbilimsel agidan karmasik olan soézciiklerin bigim-ortografik alt
birimlerine otomatik olarak aynstirildigini ve hemen ardindan biitlin-s6zciik

simgelemesinin etkinlestirildigini iddia eden sozciik-Oncesi teorisini desteklemektedir.
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Sonuglar ayrica, ortografinin ve bi¢imbilimin ayni siireclerden gectigini gdstermekte
(Dunabeitia vd., 2007) ve Beyersmann ve Grainger’in (2021) ¢ift yonlii Kelime ve Ek
Modeli’ni desteklemektedir.

D1 Ingilizce konusucularinda rapor edilen HYD etkileri, D2 Ingilizce konusucularinda
bulunmamustir. Bu sonuglar olas: iki sebepten kaynaklanmaktadir. ilk olarak, HYD
hazirlama etkileri bu zamana kadar yalnizca D1°den elde edildigi i¢in bu etkilerin D2’de
nasil sonuglar verdigine iligkin onceki aragtirmalar mevcut degildir. Bu sebeple, bu
caligmanin sonuglart diger D2 konusuculari kullanarak yeniden degerlendirilmedir.
Ikinci olarak, D1 konusucularida rapor edilen bulgularin ¢ogu Ingilizce ve Ispanyolca
gibi Hint-Avrupa dil ailesine mensup dillerden elde edilmistir. Mevcut ¢aligmada ise
tiim katilimecilar anadilleri Tiirkge olan D2 konusucularidir. Tiirkce tipolojik olarak
farkli, Hint-Avrupa dil ailesine ait olmayan ve ¢ekimli morfolojiye sahip bir dildir.
Calismanin basinda belirtildigi gibi, D2’deki sozciik erisimi diller arasi sozciik
temsillerinin aktive edilmesini gerektirmektedir (Schwartz & Kroll, 2006) ve D1-D2
arasindaki farkliliklar D2 konusucularinda ortografik kodlamada farkliliklara sebep
olabilmektedir (Lin wvd., 2005) ve bu farkliiklar HYD hazirlama etkilerinin
bulunamamasinin bir gostergesi olabilir. Ek olarak, HYD hazirlayic1 etkilerinin
eksikligi, bicimbilimsel hazirlayici etkilerinin varlig ile birlikte degerlendirildiginde,
D2’de bigimbilimsel ayristirmanin harf kodlamaya karsi hassas oldugu ve daha fazla

pozisyonel kesinlik gerektirdigini gdstermektedir.

Diller aras1 analiz sonuglarina gore, D1 ve D2 Ingilizce’ deki tiiretilmis kelime formlar
icin benzer bi¢imbilimsel hazirlayict etkileri bulunmustur. Bu kanit, Diependaele
vd.’nin (2011) bulgular ile tutarlidir ve D1 ve D2 bi¢imbilimsel islemlemenin benzer
mekanizmalar tarafindan yonetildigini gostermektedir. Ayrica, bu bulgu dilden
bagimsiz ortografik ve sesbilimsel kodlama mekanizmalarin1 gosteren ¢alismalarla
benzerdir ve erken sozciik tamima siirecindeki seckisiz otomatik dil aktivasyonu

gostermektedir (Van Heuven vd., 2008; Dimitropoulou vd., 2011).

Son olarak, ¢aligma bulgular islemleme farkliliklarinin D1 konusucularindaki okuma

becerileri ile iligkili olabilecegini gosteren ¢aligmalarla tutarliik gostermektedir

(Andrews & Lo, 2013; Ashby vd., 2005; Beyersmann vd., 2016; Yap vd., 2009). Bu
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caligma, bu bulgulart D2 konusucularina genisletmis ve D2 okuma becerilerindeki
bireysel farkliliklarin bigimbirim smirlart iginde HYD hazirlama etkilerini
belirleyebilecegini 6nermistir (Andrews & Lo, 2013; Beyersmann vd., vd., 2015,
Dufabeitia vd., 2014). D1 Ingilizce’de bigimbilimsel hazirlama etkileri tiim okuma
becerileri spektrumunda sabit olmasma ragmen, kelime ve heceleme bilgisi daha
yiiksek olan D1 konusucularinda bu etki giderek artmistir. Bu bulgu, biitiinciil sozciik
islemleme ve bigimbilimsel islemlemenin ayni anda farkli yollar olarak kullanildigini
gosteren teorileri desteklemektedir (Beyersmann vd., 2013; Schreuder & Baayen,
1995). Bu fark ayrica, kelimelerin ytliksek kaliteli sozciik simgelemeleri, basarili okuma
anlamada ¢ok 6dnemli bir 6nkosulu oldugunu ve basarili ve zayif okuyucular arasindaki
farkliliklarin bu simgelemelerdeki farkliliktan kaynaklandigini belirten sozciiksel
nitelik hipotezini desteklemektedir (Perfetti, 1992, 2007). D2 konusucularinda gergek
olmayan sozciikleri okuma ve heceleme becerileri, bicimbirim sinirlart icinde HYD
hazirlayict etkileri degistirebilecegi bulunmustur. HYD etkileri yalmizca gergek
olmayan kelimeleri okuma ve hecelemede diisiik yeterlige sahip konusucularda
gbzlemlenmistir. Yiiksek yeterlikteki katilimcilar daha kesin harf kodlama yeterligine
de sahip olabilecegi i¢cin bu gruplarm kullandig1 ortografik temelli ayristirma

mekanizmalart harf degisikliklerine daha hassas olabilecegi bulunmustur.

Sonu¢ olarak, mevcut ¢alisma sonuglari, D1 ve D2 dil islemlemede bigimbilimsel
acidan karmagsik sozciiklerin erken donemde eklere ve koklere bdliindiigiinii
gostermigtir.  Yalnizca D1’de bicimbirim smirinda HYD  hazirlayict  etkileri
bulunmustur. Sonuglar, bigimbilimsel ayristirma ve harf pozisyon kodlamanin
zamanlamasma iligkin bulgular da sunmaktadir. Bu c¢alisma D1’de harf pozisyon
kodlama siirecinin manipiilasyonlarin  gerceklestigi baglama tabi oldugunu
gostermektedir. D2 konusuculardaki HYD hazirlama etkileri yoklugu harf pozisyonu
tayini ve bigimbilimsel ayrigtirmanin bu grup icin ayni anda gerekiyor olabilecegini
gostermektedir (Taft vd., 2018). Bu sonuglar hem D1 hem de D2 gorsel sdzciik tanima
modellerinin bu farkliliklar1 ve okuma becerilerindeki bireysel farkliliklarinin roliinii

aciklayabilmesi gerektigini gostermektedir.
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