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ABSTRACT

Assignment of lexical stress to the appropriate syllable is an integral part of reading
polysyllabic words. The attention of reading research and computational modelling of
reading has recently shifted from the monosyllabic to the polysyllabic domain, hence
making more apparent the need to understand the stress assignment process. The great
amount of cross-linguistic variability regarding the type and the amount of information
that each language provides to its readers about stress position indicates that the stress
assignment mechanism is not a uniform process among different languages. Research on
the stress assignment mechanism investigates how diverse sources of information on
stress position in each language interact with and shape the process of assigning stress to
polysyllabic words. The main focus of this thesis was to enhance theoretical knowledge
regarding stress assignment by collecting and analysing data in two languages with quite

distinct linguistic characteristics regarding stress, namely, Greek and English.

The sources of information on stress position can be generally summarised in lexical
contributions by access to the stored position of stress for each word in the mental
representations, the explicit indication of stress position by orthographic stress marks, and
language-dependent statistical regularities between orthography and/or phonology and
stress position. In Greek, stress position is explicitly and consistently marked
orthographically by means of a diacritic over the vowel of the stressed syllable but only in
lower and not uppercase words. Hence, it provides an ideal platform for investigations
with naturalistic manipulations of the availability of this information through
manipulation of case. A default metrical bias to stress a specific syllable, the prefinal, has
also been observed. With the utilisation of reading aloud and lexical decision
experiments, it was investigated: 1) how the different sources of information interact with

each other; 2) how the shift in reading strategies has an impact on this mechanism; and 3)



within the framework of a computationally implemented theory of reading, what levels of

representation stress is encoded at.

Experiments with Greek skilled readers in reading aloud showed that the stress
assignment mechanism is directly dependent upon shifts of processing strategies in
reading with lexical processing encouraging the extraction of stress position information
directly from the lexicon. The default bias was also found to be active and dominant in
the absence of other sources but also of relatively limited contributions when the other
sources are present. Effects of case type of presentation were also disentangled from any
potential effects from the availability of the diacritics. Case type was found to have an
independent role in reading regardless whether this coincides with the presence of stress
marks (in lowercase) or not (in uppercase). Experiments with skilled readers in visual
word recognition showed evidence that stress is a multifaceted feature encoded in several
levels of representation in the reading system, including as an independent unit processed
at the letter level, stored in the phonological representations, and embedded in the

orthographic representations of known words.

Additionally, statistical analyses of the statistical characteristics of Greek orthography,
which eventually led to the development of a new psycholinguistic database
(Kyparissiadis, van Heuven, Pitchford & Ledgeway, 2017), showed that, in similarity
with other languages such as English, the orthographic patterns in the endings of Greek
words can be associated with specific stress positions. It remains to be investigated
whether such regularities have a behavioural dimension and inform the stress mechanism
as an additional source of information on stress assignment. This has been shown in other
languages that present similar regularities. Furthermore, it was shown that the default
metrical bias, which has universally been accounted as the result of a statistical
preponderance of stress on a specific syllable, does not present a uniform statistical

dominance in Greek. The process of adding part-of-speech information to the database



elucidated that not all grammatical categories are predominantly stressed on the default

position. In contrast to other languages, in which readers have been shown to be sensitive

to the shift of statistical regularities within different subsets of the language’s battery, a
lexical decision experiment in Greek showed uniform conformance of readers to the
default bias even in a subset or words that does not present this statistical dominance.
This raises questions regarding the origins of the default bias and warrants further

investigations.

In English, in conjunction to lexical retrieval, stress assignment is argued to be heavily

affected by associations between orthography and the stressed syllable. Investigations on

the default metrical bias in English have given rise to inconsistent results. Direct
comparison of the contributions of the default mechanism against lexical activations in
stress assignment showed no evidence for a default pattern being active in English
reading in the presence of lexical information. However, the shifting of stressing
strategies induced by a subsequent implicit priming experiment suggests that stress
assignment through lexical access can be still affected by sublexical processes.
Computational simulations with a leading computational model of reading showed a
heavier reliance of the model on lexical contributions rather than orthographic
information when these two sources where contrasted against each other. However, the
model showed sub-optimal performance when simulating the behavioural results of the
first experiment in English reported above. The reasons behind this inefficiency of a
model that is able to simulate a wide range of behavioural patterns are considered and
discussed. Finally, results of simulations from a preliminary word recognition model in
Greek are presented and future directions for these modelling investigations are

discussed.



Overall, the results of this body of research indicate the stress assignment mechanism is
multi-facetted and language-dependent. This has implications for universal models of

written word recognition and reading aloud that future research will need to address.



ACKNOWLEDGMENTS

I would like to deeply and sincerely thank my supervisors, Nikki Pitchford, Walter van
Heuven, and Tim Ledgeway, for their guidance throughout the course of this PhD, but
mainly because they were always willing to provide support and encouragement that

exceeded their strict role as academic advisors, and especially because they offered me

unconditional help and understanding when things turned difficult.

I would like to thank Eirini Mantesi, my life partner, for her love and support, her help in

editing this thesis, but mostly for motivating me to finish and submit it.

I would like to thank Gemma McCallum for contributing with data collection to one of
the studies of this thesis, and also for her positive attitude, efficiency, and, in general,

ideal cooperation in that project.

I am grateful that I met Myronas Tsikandilakis in this department who has always been a

good friend and a person to discuss the struggles of research, phd life and life in general.

Finally, a very special gratitude goes to my family for their constant support in my life.



TABLE OF CONTENTS

CHAPTER 1

General Introduction

1.1 INEFOTUCTION ...t ettt 1
1.2 Diversity in orthographiC SYSTEMS .........ccoiiiiiiiieeee e 3
1.3  Stress in different orthographies.........c.ccccooveiiiiiicicc e 6
1.3.1 Greek orthography and stress in Modern Greek ..........ccooveverieriiervsivesesnecnnnnens 9
1.4  Effects of orthographic transparency in reading ..........cccooveevenereineieennnn. 12
1.4.1 The Orthograpchic Depth HYpothesis. ... 12
1.4.2 A universal NYPOLNESIS .........coiiiiiiieee e 15
1.4.3 Psycholinguistic Grain Size ThEOIY........cccccviveieiie e 17
1.4.4 Extensions to the supra-segmental domain............cccceoveiiiiiieninineneneee 20
1.5  Different approaches in modelling reading ..........cccocevvviviinineneneieisenn, 23
1.5.1 DUAI-TOULE FEAING .....ecveeiiecie ettt sttt sttt sre s 23
1.5.2 Parallel-distributed MOdelS ...........cooeiiiiiiii e 26
1.5.3. A CONVEIgINg apPPrOACH ....ccuecviiii ettt st sre s 28
1.6 Reading literature 0N STIESS .........cooeiiiiiiiirieiesee s 31
1.6.1 The stress regularity by frequency interaction...........cccoecevvviivc s, 31
1.6.2 Alternative notions of requIarity ........c.cccccveiieii i 32
1.6.3 Stress in the Greek reading lIterature ............coeveieneieiiicnc e 35
1.7  Computational approaches in stress assignment ...........ccccceoevevveenvneeneenn. 39
1.7.1 Rastle and Coltheart (2000) .........cooeveiririnine e 39
1.7.2 Stress assignment as a probabilistic problem...........cccoooviiiiiii i 40
1.7.3 Problems identified with these approaches...........ccccceoveierenenie i sene e 42
1.7.4 The CDP++ MOEL ......cociiiieceiiie e 43

W



1.7.5 A Bayesian model of stress assignment...........cccoooveereniieneneene e 49

1.8 How is stress represented and encoded?.........ccccovevveeeveveeicne s e 51
1.8.1 Stress processing in Word reCognNItion ...........c.ccoeeererieininesese e 51
1.8.2 The nature of stress representations in Greek ...........ccoceovrenenenenenenceeenns 54

1.9  Research objectives and structure of the thesis..........cccccovveveiiiiievcieecen. 57

CHAPTER 2

Effect of diacritics and word frequency on the stress assignment mechanism in

naming written Greek words

P20 R 11 oo 1801 o] o AU RR SRR 65
2.1.1 Stress assignment in the context of reading strategies .........ccccevvevvveiiiereennn 65
2.1.2 Stress assignment in Greek reading aloud ............cccooevvininincneneieeie 67
2.1.3 Rationale for the preSent StUAY.........ccccvveiiiierieiie i e 68

2.2 EXPEIIMENT L ..ot 73
2.2.1 Hypotheses and prediCtions .......c.ccccoecviiiieeiiice et 73
2.2.2 MEENOG ... et 74
2.2.3 RESUIS.....eeitieeie ettt et be e be et e e s rreereere e 78
2.2.4 DISCUSSION ...ttt et sttt et be et et e e s e s besaenbesaenae e eneeneanennens 88

2.3 EXPEIIMENT 2 ...ttt 90
2.3 L MEENOM ... e et ere s 90
2.3.2 RESUIES ...ttt et nenne s 93
2.3.3 DISCUSSION ....ecuvieitee ettt ettt ettt e e te e ete e s be e sbeesabe st esbe e beesbeesbeesbeeenneenbeeas 97

2.4 General diSCUSSION .......oiiiieiie et r et e e 99

CHAPTER 3

Stress effects in visual word recognition of written Greek words

L INETOTUCTION ettt ettt e e e e e e e e ettt eeeeesaeeaneeeeeeeeeanine 105

Vil



3.1.1 The role of stress in Word reCognItion ............ccocveeererieieneee e 105

3.1.2 Stress effects in the lexical deCiSION tasK .........ccvvveiveriie i 106
3.1.3 Stressing Greek WOIMS ........cccoveieiriiiieieseseseee e 108
3.1.4 Case type effects in reating ........covvriiirenereeeee e 110
B2 EXPErIMENT L ..ot s 112
B2 L RALIONAIE ...ttt e ettt e e e e e ettt e e e e e re e e eeeeeen 112
A \Y, =11 1o o T 113
L2, 3 RESUILS ..ottt ettt ettt e e eb e e sbae e sareeans 114
3.2.4 DISCUSSION ...eeeeveeeee et e e et e s ettt e s e et e e et e e sa s eeesee st et e saasreeeseanreeesaanreneesanees 118
BB EXPEFIMENT 2 ..ttt st 125
BB L RALIONAIE ..ottt ettt e e et e et e e e e e r et e aae s 127
R A 1Y, =11 1o o TR 127
3.3 3 RESUILS . .ttt ettt e e e e e et et e e e e e et e e e e e aa e ———aaaaan 130
3,34 DISCUSSION ...ttt teveeeee et e e et e e ettt e se et e s et e e sa et e saenreeesaasreeesaenreeesaaneneesanees 133
SAEXPEIIMENT 3 .ot be et et sre e b e 136
B4 L RALIONAIE ..ottt ettt e e e e e e et e e e e e e e e e eeeeeen 137
N |V, =11 o To o TSR 138
B 3 RESUILS. ..ottt ettt e e e e e ettt e e e e e et it e e e e e r e e aaaan 140
3.4 DISCUSSION ...ceeeeeeeee et e ettt et e e et e e et e e et e e et e e ea et e e aeneeeeaaneeeenannees 143
3.5 GENEIAI CONCIUSIONS ...ttt e et e e e et e e e et e e e eee e e e e 148
CHAPTER 4

GreekLex 2: a lexical database with part-of-speech, syllabic, phonological, and stress

information
4.1 Overview of psycholinguistic resources in Greek ..........cccccvoveveniviienenceneee. 152
O T - GRS PSSSPRPRN 152
4.1.2 ILSP PsycholingUiStiC RESOUICE ........cccviiriirienieiieieeeee e 153

VI



4.1.3 SUBTLEX-GR....oiiiiiieiree e 154

T o] (o | = OSSOV TTPRPRPPRPRPN 155
4.2 AIMS OF GFEEKLEX 2 ...ttt e 156
A.3 GIEEKLEX 2 ..ottt et ettt e 160

4.3.1 Part-of-speech (P0S) information ..........c.ccceeeeiiiiii i 160

4.3.2 PoS assignment with a trained tagger ........ccooevvieereiie e 161

4.3.3 SYHADIC UNIES...c.viieiiiicie et 163

4.3.4 PRONELIC tranSCIIPLIONS .....coviiiieieeieieie ettt 169

4.3.5 Measurements of stress regularity..........ccccovveeiiiicie i 171

4.3.6 Measurements of orthographic similarity ..........cccoooiiiiiiiiii e, 179

8.3.7 ZIPFVAIUES ...ttt nee s 183
4.4 Summary and future developmeNt..........cccccvviiiiiecie e 184

CHAPTER 5

Review of stress in the European orthographies and the mechanisms of stressing

English disyllabic words

5.1 Stress in different European orthographies ... 188
5.2 Stress assignment in skilled reading of English............cccocoviiiiiinicen, 197
5.3 EXPEIIMENT L ..ot 199
5.3.1 Rationale and hYPOthESES........cocveiiiiie e 199
5.3.2 MELNOU ...ttt nre s 201
5.3 3 RESUILS ... ittt st 205
5.3.4 DISCUSSION ...ttt ettt ettt sttt e s te st e st e emeeseeeaeeneesteene e tesreenee e 207
5.4 Computational simulations using the Connectionist Dual-Route Model....... 209
R ] 010 - 1A T o PSS 209
5.4.2 SIMUIALION 2 ...t sttt sre e 210



5.5 EXPEITMENT 2 ..ottt st eas 212

5.5.1 Rationale and hYPOthESES. ........ccccveiiiiiie e 212

LRSIV 1Y, (=110 1o Lo IR 213

B 5.3 RESUIES . ..ttt ettt ettt ettt e e et e e ettt e e e e e e e et e e e e e aa e e raeeaan 215

LRSI N B T 1Y od 013y [0 o TR 218

5.6 GENEIAl AISCUSSION ..ottt ettt e e et e e ettt e e e s e s e et eeeessasearaeeeeeessnanarnes 220
CHAPTER 6

General conclusions and outcomes of computational simulations

6.1 General CONCIUSIONS ........coiiiiiiiiiieie et 222
6.1.1 Summary of results and theoretical implications.............cccceveeiiiiiiiieennenne. 223
6.2 Computational SIMUIALIONS ............coeiiiiiiiii s 231
6.2.1 MOl OVEIVIBW ...t 231
6.2.2 Preliminary reSUIS ..o 231
6.2.3 Theoretical assumptions and model enhancements ............ccccceeveviveveieenenne. 234
6.3 OULIOOK ...ttt 239
REFERENCES ...utiiiiiiiiiieiiiiiiiieretiiiiirsesesssasasasassssssasassssssssssasassns 241
APPENDICES
Appendix A - Experimental materials used in Chapter 2 ...........ccocvoiiveneieiciennen 257
Appendix B - Experimental materials used in Chapter 3..........cccooeveveiicieie e, 267
Appendix C - Experimental materials used in Chapter 5 .........ccccceevveveiecicne e, 295

Appendix D - Outputs of computational simulations discussed in Chapter 5 and

(O =T o G PSSR 298



LIST OF FIGURES

Figure 1. 1 Current architecture of the DRC model (taken from Coltheart et al. 2001)...25

Figure 1. 2 A connectionist network based on the “triangle” framework that relates
orthographic, phonological, and semantic information (taken from Plaut, 2005)......... 27

Figure 1. 3 Architecture of the CDP+ model (Perry, et al., 2007). F: feature; L: letter; IA:
interactive activation; O: onset; V: vowel; C: coda; TLA: two-layer assembly (adapted
Trom Perry, et al., 2007)....ccc ittt e ereenes 29

Figure 1. 4 Architecture of the CDP++ model (Perry, et al., 2010). f: feature; I: letter; o:
onset; v: vowel; c: coda; TLA: two-layer assembly; S1 = first syllable stress; S2 = second
syllable stress (adapted from Perry, etal., 2010)............coiiiiiii i, 44

Figure 3. 1 Relation of syllabic position of stress in regards to the syllabic length of a
POIYSYHADIC WOT. ...t 126

Figure 4. 1 Consonant-type classification according to the Manner of Articulation, Place
of Articulation, and VOICING SCAIES.........cccvviiieriiiieciee e 165

Figure 4. 2 Distribution of stress position by number of syllables for types (A) and tokens
(B). Syllabic lengths higher than 7 (up to 11) are not presented in the graph as they
accumulatively represent a proportion less than 1% (types) and 0.1% (tokens) of the

1T 10 LT S 175

Figure 4. 3 Distribution of stress position by part-of-speech category. Counts are
calculated for disyllables (A), trisyllables (B), and all polysyllables (C). Only adjectives,
nouns and verbs are considered in this analysis.........cccccveveiiieiiniiiie s 178

Figure 4. 4 Frequency counts for the clustered OLD20 Levenshtein Distance (based on
Yarkoni et al., 2008) values and Coltheart’s N orthographic similarity (based on Coltheart
at al., 1977) values. OLD20 values are clustered around their closest integer numbers (e.g.
a value of 2 represents the counts of all values between 1.5 and 2.49). Coltheart’s N
values above 10 are not presented in the graph as they accumulatively represent a
proportion smaller than 0.5% of the Whole Set............ccooiiiiiiiin e, 181

Figure 4. 5 Distributions of mean OLD20 Levenshtein Distance (based on Yarkoni et al.,
2008) and Coltheart’s N orthographic similarity (based on Coltheart at al., 1977) as a
function of word length measured in [etters.........cocvvvie i 182

Xl


file:///C:/Users/Eirini/Documents/Personal%20Data/Antonakos/thesis_Format.docx%23_Toc494028987
file:///C:/Users/Eirini/Documents/Personal%20Data/Antonakos/thesis_Format.docx%23_Toc494028988
file:///C:/Users/Eirini/Documents/Personal%20Data/Antonakos/thesis_Format.docx%23_Toc494028988
file:///C:/Users/Eirini/Documents/Personal%20Data/Antonakos/thesis_Format.docx%23_Toc494028989
file:///C:/Users/Eirini/Documents/Personal%20Data/Antonakos/thesis_Format.docx%23_Toc494028989
file:///C:/Users/Eirini/Documents/Personal%20Data/Antonakos/thesis_Format.docx%23_Toc494028989
file:///C:/Users/Eirini/Documents/Personal%20Data/Antonakos/thesis_Format.docx%23_Toc494028990
file:///C:/Users/Eirini/Documents/Personal%20Data/Antonakos/thesis_Format.docx%23_Toc494028990
file:///C:/Users/Eirini/Documents/Personal%20Data/Antonakos/thesis_Format.docx%23_Toc494028990

Figure 6. 1 Comparison of results between Experiment 1 of Chapter 3 and computational
simulations with disyllabic Greek WOrdS............ccccvviiiiiciiiiiii e 233

Figure 6. 2 Comparison of the activations of a Greek interactive activation model
between the same input word in upper and IOWErCaSe. .........cccvvveeeveieieerierece e 233

Figure 6. 3 Schematic representation of the enhanced interactive activation model with
the additional layer of stress and the nature of the connections between different levels of
TEPIESENTALION. ... ettt eb et b e nn s 235

Figure 6. 4 Example of the implementation of the template approach in the interactive
activation model to accommodate input that varies in length, and the resulting excitatory
and iNNIbItOry aCtIVALIONS...........coeie e see e 236

Xl



LIST OF TABLES

Table 1. 1 Classification of 13 European languages relative to the dimensions of syllabic
complexity (simple, complex) and orthographic transparency (shallow/transparent to
deep). Adapted from Seymour et al. (2003).......coviiiiiiiiii e, 5

Table 1. 2 Properties of five indicative languages regarding orthographic transparency,
stress predictability, and marking of diaCritics..............ccooeviiiiiiiiiii 8

Table 1. 3 Example output of the CDP++ model with the word ‘compact’ as input. The
word is stressed on the first syllable despite the TLA network’s higher activation for the
stress node on the second syllable, due to the higher frequency of the minimal pair’s
phonological unit with stress on the prefinal (/'kompakt/)................c.ooiiiiiiinn, 47

Table 2. 1 Experiment 1: Statistical properties of the bisyllabic stimuli used. Zipf mean,
min, max and range given, as well as Coltheart’s mean N, mean letter length, and linking
MEaN DIGram TrEQUENCY......cviiieiiii ittt ettt 76

Table 2. 2 Experiment 1: Mean reaction times (milliseconds) and accuracy rates
(percentage correct) in the disyllabic word-naming task. Standard deviation given in
PAFENTNESIS. ©..viiviiiii et st s e et e s r et b et e e b e s re e e peaneeras 80

Table 2. 3 Experiment 1: Categorisation of error types produced in the word-naming task.
Frequency counts listed per type of error in relation to the total number of errors made by
the group Of PArtICIPANTS. ....cc.oviieiiiieee et 84

Table 2. 4 Experiment 1: Mean duration of pronunciations (milliseconds) in the word
naming task, standardised per phoneme to control for different word lengths. Standard
deviation given in ParenNtNESIS. ........ccocveiiii e 87

Table 2. 5 Experiment 2: Statistical properties of the monosyllabic stimuli used. Zipf
mean, min, max and range given, as well as Coltheart’s mean N, mean letter length, and
linking mean bigram frEQUENCY. .......ooiiiiiiiieiciee e 92

Table 2. 6 Experiment 2: Mean reaction times (milliseconds) and accuracy rates (percent
correct) in the monosyllabic word-naming task. Standard deviations given in parenthesis.

.......................................................................................................................................... 95
Table 3. 1 Experiment 1: Mean reaction times (milliseconds) and accuracy rates
(percentage correct) in the lexical decision task with disyllabic words. Standard
deviations are given in Parenthesis. ........ccoovoiiiiie i 117

Table 3. 2 Experiment 2: Statistical properties of the trisyllabic and tetrasyllabic stimuli
used. Zipf mean, min, max and range given, as well as mean letter length, syllabic
frequency, and Coltheart’s Mean N. ........c.cccccoiiiiiiiiiiie e 129

Xl



Table 3. 3 Experiment 2: Mean reaction times (milliseconds) and accuracy rates
(percentage correct) in the lexical decision task with trisyllabic and tetrasyllabic words.
Standard deviations are given in PareNthesIsS. .........covoererereieieni e 131

Table 3. 4 Experiment 3: Statistical properties of the stimuli used. Zipf mean, min, max
and range, mean letter length, and the Levenshtein distance OLD20 measurement are
01 L0 1Y/ [0 <o TS 139

Table 3. 5 Experiment 3: Mean reaction times (milliseconds) and accuracy rates
(percentage correct) in the lexical decision task with stress position and grammatical
category. Standard deviations are given in parenthesis. ..........ccccooveirienerenencieiesinens 142

Table 4. 1 Counts and proportions (percent) of type and token distribution by syllabic

Table 4. 2 Counts and proportions (percent) of type and token distribution of stress
POSIEION. ...ttt e e e 173

Table 5. 1 Classification of European languages relative to the dimensions of stress
predictability (high to low) and orthographic transparency (shallow/transparent to

(01217 0 ) ST T TSP P PRPRTPPPPRO 190
Table 5. 2 Classification of European languages according to the existence of diacritical

marks and their relevance to Stress poSition...........c.covviviiiiiiiii e 195
Table 5. 3 Statistical properties of the disyllabic stimuli used in the experiments........ 203

Table 5. 4 Experiment 1: Mean reaction times (milliseconds), accuracy rates (percentage
correct), and consistency with dominant stress position (percentage consistent) in the
disyllabic stress minimal pairs and baselines. Standard deviation given in parenthesis..206

Table 5. 5 Experiment 2: Mean reaction times (milliseconds), accuracy rates (percentage
correct), consistency with dominant stress position (percentage consistent), and
consistency with the within-block primed stress position (percentage consistent) in the
stress minimal pairs. Standard deviation given in parenthesis......................ooeene. 216

Table 6. 1 Parameter set of the excitatory and inhibitory connections between the
different layers of the model used in the lexical decision simulations...............c.cccueuee. 235

XV



APPENDICES

Table A. 1 List of the disyllabic stimuli used in Experiment 1 of Chapter 2 (and
Experiment 1 0f Chapter 3)........oovoiiiiiiiieeee s 257

Table A. 2 Translations of real-word stimuli used in Experiment 1 of Chapter 2 (and
Experiment 1 0f Chapter 3)........covoiiiiiieee s 258

Table A. 3 List of the monosyllabic stimuli used in Experiment 2 of Chapter 2, and the
root words that the nonwords were generated from..........c.cccoovvieie i 259

Table A. 4 Translations of the real-word monosyllabic stimuli used in Experiment 2 of
Chapter 2, and of the root words that the nonwords were generated from. .................. 260

Table A. 5 Item-level measurements regarding response time and accuracy of all word
stimuli used in the reading aloud experiments (involving monosyllabic and disyllabic
ITEMS) 1IN CRAPLET 2.t 261

Table A. 6 Item-level measurements regarding response time and accuracy of all
nonword stimuli used in the reading aloud experiments (involving monosyllabic and

disyllabic items) iN ChapLer 2. .......cov it 264
Table B. 1 List of the real word stimuli used in Experiment 2 of Chapter 3.................. 267
Table B. 2 Translations of the high-frequency stimuli used in Experiment 2 of Chapter 3.

........................................................................................................................................ 268
Table B. 3 Translations of the low-frequency stimuli used in Experiment 2 of Chapter 3.

........................................................................................................................................ 270
Table B. 4 List of the nonword stimuli used in Experiment 2 of Chapter 3................... 272
Table B. 5 List of the stimuli used in Experiment 3 of Chapter 3..........ccccovviieiiniinnne 274

Table B. 6 Translations of the real-word stimuli used in Experiment 3 of Chapter 3.... 275

Table B. 7 Item-level measurements regarding response time and accuracy of all word
stimuli used in the lexical decision Experiments 1 and 2 (involving polysyllabic items) in
L0 T o) (<] g F SO O USRS 277

Table B. 8 Item-level measurements regarding response time and accuracy of all
nonword stimuli used in the lexical decision Experiment 1 (involving polysyllabic items)
TN CNAPLEE 3. bbbttt bbb e 290

Table B. 9 Item-level measurements regarding response time and accuracy of all word

stimuli used in the lexical decision Experiment 3 in Chapter 3...........cccovvviiiiivinininne 292

Table C. 1 List of the stimuli used in both Experiment 1 and Experiment 2 of Chapter 5.

XV



Table C. 2 Item-level measurements regarding response time and accuracy of all word
stimuli used in the readind aloud Experiment 1 in Chapter 5..........ccccccevevevivevenncinene. 296

Table D. 1 List of the minimal pairs present in the lexicon of CDP++ (Perry, Ziegler, &
Zorzi, 2010), the stress position of each entry, the output of the TLA nodes, the final
output of the model, and the congruency between the two. All entries were considered in
the first step of Simulation 1 in Chapter 5 whereas only the incongruent ones were
considered in the second phase Of aNalYSIS. .........cccoviiireieieiie e 298

Table D. 2 Comparison of the stress position preferences between the output of the
computational model and human readers. The within-readers consistency refers to the
level of agreement on stress position assignment among participants regarding each given

1o} o RSP 303
Table D. 3 Output of Simulation 1 reported in Chapter 6. .........ccccoeevivevievivieeveseeee, 304
Table D. 4 Output of Simulation 2 reported in Chapter 6. .........ccccoeevvevevivieveseeee, 305

XVI



List of journal publications and conference presentations arising from the work

undertaken for this thesis.

Kyparissiadis, A., Ledgeway, T., Pitchford, N.J. & van Heuven, W.J.B. (2014, May). The
processing of stress diacritics in Greek skilled reading. Presented at the meeting of

Psycholinguistics in Flanders, Ostend, Belgium.

Kyparissiadis, A., Ledgeway, T., Pitchford, N.J. & van Heuven, W.J.B. (2014, September).
Effects of lexical stress on visual word recognition in Greek skilled reading. Presented at
the meeting of the Cognitive Psychology Section of British Psychological Society,
Nottingham, UK.

Kyparissiadis, A., Pitchford, N.J., van Heuven, W.J.B. & Ledgeway, T. (2015, July). The
effect of stress diacritics on visual word recognition in Greek skilled reading. Presented

at the meeting of the Experimental Psychology Society, Lincoln, UK.

Kyparissiadis, A., Pitchford, N.J., van Heuven, W.J.B. & Ledgeway, T. (2015,
September). Mechanisms of stress assignment in Greek skilled reading. In W.J.B. van
Heuven (Chair), The role of stress in visual word recognition and reading aloud.
Symposium conducted at the meeting of the European Society for Cognitive Psychology,
Paphos, Cyprus.

Kyparissiadis, A., van Heuven, W.J.B, Pitchford, N.J. & Ledgeway, T. (2017). GreekLex
2: A comprehensive lexical database with part-of-speech, syllabic, phonological, and
stress information. PLoS One, 12(2), e0172493. doi: 10.1371/journal.pone.0172493

XVl



CHAPTER 1

GENERAL INTRODUCTION

1.1 Introduction

Lexical or word stress is a supra-segmental feature that functions at the syllabic level and
determines the pronunciation of one or more syllables in a written word. This is realised by
changes in duration, intensity and frequency of the sound related with the stressed syllable.
The result is an accentuated degree of emphasis given on this syllable (or syllables) in oral
speech. To correctly read a polysyllabic word, in conjunction to phonological assembly, stress
also needs to be assigned to the appropriate syllable. Languages with variant stress do not
have a fixed stress position so flawless reading of polysyllabic words requires the additional
task of extracting information determining the stressed syllable by the reader. However, the
availability of orthographic information on the syllabic position that receives stress varies
across languages. At one extreme, English readers cannot differentiate the stress position
between homographs such as permit (noun, as in “I have a parking permit”) and permit (verb,
as in “I permit you to park”) unless they hear the word spoken aloud or see it written in
context. In contrast, Greek readers can determine the position of stress in lowercase words
directly from orthography as diacritics explicitly mark the stress position. For example, the
position of the diacritic denotes that in the word za&y stress falls on the first syllable, whereas
in the word w17 it falls on the second syllable. Although reading research dates back to the
early 20" century (e.g. Huey, 1908/1968), until recent decades stress assignment has received
little to no attention as a reading process. Questions of critical importance relate to how stress
is represented, what sources of information on stress position are utilised by the reader to
correctly assign it to the appropriate syllable, and how available stress information facilitates

word recognition.



It has been argued that a long-term aim of reading research should be the development of a set
of universal properties of reading that reflects the common cognitive mechanisms involved in
reading irrespective of the largely diverse writing systems (Frost, 2012). A universal model
would need to accurately describe the fundamental and invariant phenomena of the reading
process (Frost, 2012) in any orthography. The linguistic differences among languages with
respect to stress that are reported above add to the complexity of developing such a model. In
this thesis, the reading behaviour of speakers in a language with unigque characteristics in
marking lexical stress, Greek, is investigated and compared with documented evidence in
other languages. Additionally, the reading behaviour of English speakers in regard to stress
assignment is investigated, tapped against results of computational simulations, and used to
draw comparisons between the sources of stress assignment in the two languages. In order to
assess the universality of the processes involved in stress assignment, one needs first to
address the question of whether different writing systems encourage different reading
strategies to their speakers through which stress information might be encoded. The following

section describes how languages differ in terms of their orthographic systems.



1.2 Diversity in orthographic systems

There are approximately 400 different writing systems currently used around the world
(Coulmas, 1989). With the starting point being identified on pre-historic cave drawings and
paintings from the Palaeolithic period that are regarded as pictorial representations of the
world, writing systems have evolved throughout time to the contemporary logographic (e.g.
Chinese), syllabic (e.g. Japanese Kana) and alphabetic (e.g. English) orthographies of modern
times. While logographic scripts comprise different units to represent each word, and syllabic
scripts comprise different symbols to represent each unique syllabic unit of the language,
arguably the last milestone in the evolution of orthographies has been the introduction of the
alphabet. Alphabetic scripts adhere to the principle that each phoneme (i.e. unique sound of a

language) is represented by one or more letter(s) or grapheme(s) (i.e. letter clusters).

The complexity of each language’s orthographic system has been typically assessed according
to two criteria (Goswami 2010; Seymour, Aro, & Erskin, 2003); the first is syllabic structure
and is determined by the types of syllables typically occurring in a language. For example,
languages such as Greek, Italian and Spanish mostly comprise simple syllabic units with the
open consonant-vowel (CV) or CCV structure (Greek: ve-pd, mé-tpa; Italian: no-ve, pa-sta;
Spanish: na-da, gu-sto) while languages such as English and German typically comprise more
complex units with larger consonant clusters (English: brought; German: Schlecht). The
second criterion is orthographic transparency which relates to the extent that each letter or
grapheme of a language consistently maps to a specific sound (feedforward direction) and that
each sound is consistently represented by a specific letter or grapheme (feedback direction).
For example, Greek is a language that is regarded as highly transparent in the feedforward
direction because once a finite set of grapheme-to-phoneme conversion rules is acquired, a
proportion higher than 95% of Greek words can be read correctly (Protopapas & Vlahou,
2009). In contrast, Greek is less transparent in the feedback direction as certain vowel sounds
are represented by more than one letter or grapheme (e.g. ¢, v, 7, &1, o1 /if). Deep

orthographies, such as English, do not present a high level of grapho-phonemic consistency



and are considered to be non-transparent. For example, the letter ‘o’ is contained in both
words hold and home yet corresponds to different vowel phonemes. Orthographic
transparency is better regarded as a continuum rather than an all-or-none property and
languages are preferably compared pairwise as one being more (or less) transparent than the
other. Seymour et al. (2003) have devised a two-dimensional classification table of thirteen

European languages based on the two criteria described above (Table 1.1).



Table 1. 1 Classification of 13 European languages relative to the dimensions of syllabic
complexity (simple, complex) and orthographic transparency (shallow/transparent to deep).
Adapted from Seymour et al. (2003).

Orthographic transparency

Shallow

(transparent) Deep
% Simple Finish Greek Portuguese  French
S Italian
3 -
= Spanish
g Complex German Dutch Danish  English
= Norwegian ~ Swedish
> .
%) Icelandic




1.3 Stress in different orthographies

In conjunction to the grapho-phonemic conversion on the segmental level, flawless reading
also requires suprasegmental information to be applied as part of the complete phonological
specification. The most prominent suprasegmental feature is prosody and it has been
suggested that readers apply intonation patterns even during silent reading (Rayner &
Pollatsek, 1989). At the lexical level, stress is the most salient feature and it needs to be
correctly assigned in single-word reading otherwise the output is erroneous. This is not an
issue for the reader in languages with a fixed stress position such as Finnish in which stress
always falls on the first syllable of the word (Hirst & di Cristo, 1998). On the other hand,
languages with variant stress position largely vary in the amount and the type of information
their orthographies provide to indicate the stressed syllable. At one extreme, Greek is a
language that consistently marks stress position in lowercase writing with the use of a
diacritic over the nucleus vowel of the stressed syllable. At the other extreme, languages such
as English do not explicitly mark stress position orthographically hence the reader needs to
rely on alternative sources of information about stress position in order to correctly assign it.
For readers of such languages, one option is to retrieve stress position directly from the
phonological lexicon following successful lexical access, under the assumption that stress

position is always specified in the lexical representations.

Furthermore, additional sources of stress information have been identified to operate in
several languages. One such source is the statistical preponderence of words in a given
language that are stressed on a specific position. This leads to a metrical pattern and a default
bias towards this position that has been shown to be utilised by readers when assigning stress
in such languages (e.g. a default bias towards the prefinal syllable in Italian, Colombo, 1992;
Greek, Protopapas, Gerakaki & Alexandri, 2007). In English, the default position depends on
grammatical category with disyllabic verbs being typically stressed on the final syllable and

disyllabic nouns receiving stress on the prefinal syllable (CELEX Database: Baayen,

Piepenbrock, & van Rijn, 1993). Typically stressed words under this criterion have been



shown to present a processing advantage over atypically stressed words (Arciuli & Cupples,
2006). Additionally, while orthographies such as English do not explicitly indicate stress
position by the use of diacritics, they present statistical orthographic regularities in the initial
or final letter sequences of the words that are associated with specific stress patterns
(Monaghan, Arciuli, & Seva, 2016). Behavioural experiments have shown that skilled readers
are sensitive to these regularities and utilise them as a source of information regarding stress
position (Arciuli & Cupples, 2006). Finally, indication of stress position by means of
diacritics does also not constitute an all-or-none property for several languages. For example,
in Italian, 2% of polysyllabic words are stressed on the final syllable and are the only ones
that are marked with a stress diacritic on this position (Cubelli & Beschin, 2005). Similarly, in
Spanish, certain words receive stress diacritic in different positions. However, the remaining
words have fully predictable stress position based on grammatical rules, unlike Italian in
which stress can fall on either the prefinal or the antepenultimate (the third from the end)

when the final syllable is not marked with a diacritic.

Interestingly, languages such as Spanish and Italian, that mark stress position in specific
occasions, retain the diacrtics in both lower and uppercase, whereas Greek, that consistently
marks stress position in lowercase, does not retain the diacritics in uppercase. An examination
of the above-described properties of different languages with respect to variant sources of
stress information shows that their classification with regards to grapho-phonemic
transparency does not necessarily overlap with their level of transparency regarding the
orthographic information they provide on stress position. Table 1.2 illustrates this by
considering four languages that are classified by Seymour et al. (2003) as being at the same
level of transpareny (see Table 1.1) yet present different transparency levels when considering
stress, and English, which is classified as a deep orthography yet presents stress properties
similar to a shallow orthography, i.e. German. Thus, encoding of stress varies across

orthographies and consequently might pose difficulties for universal accounts of reading.



Table 1. 2 Properties of five indicative languages regarding orthographic transparency, stress

predictability, and marking of diacritics.

Orthographic  Stress diacritics Stress Diacritics in
Language . . -

transparency (in lowercase) predictability  uppercase
Greek Shallow Yes Yes No
Spanish Shallow Partially Yes Yes
Italian Shallow Partially No Yes
German Shallow No No -
English Deep No No -




1.3.1 Greek orthography and stress in Modern Greek

Greek alphabet consists of 24 letters (17 consonants, 7 vowels), 25 phonemes (20
consonants, 5 vowels) at the phonological level (Triantafyllidis, 1941) and 32 phones (27
consonants, 5 vowels) at the phonetic level (Protopapas & Vlahou, 2009). Consonants are
always pronounced and vowel letters are always mapped to the same vowel phonemes.
Exceptions do occur but they are typically predictable by conditional rules employing a
sequential strategy based on the subsequent letters (Aidinis & Nunes, 2001). Vowel cluster
correspondings to single vowel sounds are also consistent and unambiguous according to
rules (e.g. ou, ei: 1il; oi, et ['il; but oi: lo-il, &i’ le-if; o1: '0-i/, éi: ['e-il). Greek has a simple
vowel system with five distinct sounds and no difference in vowel lengths in pronunciation.
For example, the vowel epsilon (&) will always map to the phoneme /e/ regardless of its
position in the word. However, when followed by the letter iota (z) they will both form a
grapheme pronounced as /i/ on the condition that epsilon is not stressed and iota does not
carry the umlaut symbol (ei). In the context of Greek Grammar, this symbol is termed dieresis
in which case the two vowels are pronounced separately (from the Greek diaipeoic that means
‘separation’). All consonants are pronounced except for double consonants (e.g. aAld: /a-'la/)
and certain consonant clusters, that consistently map to one consonant phoneme (e.g. um: /b/).
The only major opacity in the spelling-to-sound direction is the letter iota () when preceded
by a consonant and followed by another vowel (the CiV pattern). In this case, it cannot be
extracted from any rule whether iota is fully realised (/i/) as the nucleus vowel of a separate
syllable or a palatal consonant in the same syllable (e.g. didfeon: 15i-"a-0e-si/ vs. didfoocua:
'dja-va-zma/). Less frequently, the same ambiguity can arise with other vowels (e.g. ») or
vowel clusters (e.g. &) that typically correspond to this sound (/i/). However, Protopapas and
Vlahou (2009) estimated that this irregularity does not allow the consistency of grapheme-to-

phoneme mapping to fall below 95%.

In contrast, the sound-to-spelling direction in Greek is less straight-forward due to different

mappings of letters to their corresponding sounds. It has already been mentioned that the



sound /i/ can correspond to five different letters or graphemes. Such phenomena are remnants
of historical changes in the spoken language from Ancient to Modern Greek (Nikolopoulos,
Goulandris, Hulme, & Snowling, 2006). Similarly, the sound /o/ can correspond to the letters
omicron (o) and omega () and the sound /e/ to either epsilon (¢) or the grapheme (o).
Additional reasons of such complications are that Greek is a highly inflected language
(Nikolopoulos & Goulandris, 2000) and incorporates etymology as well (Porpodas, 2006).
For example, with regards to the /i/ sound, the letter eta () at the end of the word indicates
that it is a nominal (i.e. noun or adjective) whereas the & grapheme indicates that the word is
a verb. Hence, correct spelling requires knowledge of Greek inflectional rules and the spelling
of root morphemes. For all these reasons, Greek has been characterised as a historic-
morphophonemic orthography (Chiliounaki & Bryant, 2003) rather than a purely phonetic

one.

As mentioned earlier, in Greek lowercase polysyllabic words, the stressed syllable needs to be
marked by means of a diacritic over its nucleus vowel. Omission of the diacritic in such cases
constitutes a spelling mistake. Only three monosyllabic words take stress (zwod, wag, 7) o that
they are distinguished from the corresponding unstressed -but otherwise identical- words that
bear a different meaning. Polysyllabic stress minimal pairs (i.e. orthographically identical
words that only differ in stress position) can also be found in Greek. For example, words such
as yépoc (/'je-ros/ m. old) and yepdg (/je-'ros / m. strong, healthy) can only be distinguished
when seen in isolation from the position of the diacritic. However, this is not possible in
uppercase because the diacritcs are not marked (I’/EPOZX). Consequently, Greek lowercase
permits a transparent decoding route on the segmental as well as suprasegmental level. This
means that case might influence the reading process in Greek to a greater extent than other

orthographies.

In Greek, stress can only fall on any of the three final syllables of the word. According to

Petrounias (2002), the stress domain is the phonological word which comprises each content
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word with its adjacent function words such as pronouns, articles etc. For example, the word
mouora (m. ‘kids’) is accompanied by an article and a possessive pronoun (za zoudid pog m.
‘our kids”) forming the phonological word /ta-pe-'6ja-mas/ that also needs to conform to the
rule governing stress to fall on the three final syllables. This results in the marking of an
additional stress, the enclitic stress, when its original position in the word is the
antepenultimate syllable but falls on the fourth from the end in the phonological word after
the addition of a pronoun (e.g. o avfpwrog: 0-'an-0ro-pos/ m. ‘the man’ vs. o avlpwrdg uov:
/o-'an-Bro-'pos-mu/ m. ‘my man’). The presence of a second diacritic in this limited number
of cases guarantees that stress will necessarily be assigned on one of the final three syllables
of the phonological word. It follows then that this feature of Greek language can only arise

when reading words in context whereas it cannot occur in single word reading.

In brief, it has been highlighted that in both the segmental and supra-segmental level, there is
large variation in the amount of information that each language’s orthography conveys to its
readers. The following section is a review of the different theories about the way in which

reading in different languages is dependent upon the amount and the type of information that

is provided by each orthography.
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1.4 Effects of orthographic transparency in reading

1.4.1 The Orthograpchic Depth Hypothesis

The differences in orthographic transparency that can be observed across languages have
raised the question of whether they also encourage different reading strategies. The
Orthographic Depth Hypothesis (ODH, Katz & Frost, 1992) suggests they do. According to
the ODH, the task of pronouncing a word in any orthography may require both phonological
computations on the basis of grapheme-to-phoneme correspondences as well as lexical
access. Due to their high level of letter-to-sound consistency, transparent languages are
expected to encourage reading strategies that mainly rely on sublexical computations of
mapping graphemes to their corresponding sounds. These should be adequate to generate a
phonological code that might or might not require a minimal amount of lexical shaping so that
the word is recognised or accurately read. In contrast, the low level of regularity and
consistency that deep languages present means heavier reliance on lexical shaping is a

necessary part of the reading process.

Importantly, the ODH does not make any assumptions or claims on the architecture of the
reading system that has been proposed by different modelling frameworks. For example,
dual-route approaches (e.g. Dual Route Cascaded Model, Coltheart, Rastle, Perry, Langdon,
& Ziegler, 2001) propose both a sublexical, serial, GPC conversion pathway as well as a
direct-access, orthographic, lexical pathway. In the context of this framework, heavy lexical
shaping in deep orthographies occurs through fast, visual access to the orthographic lexicon
so that the word’s phonology is subsequently retrieved from the phonological lexicon, a
process which interacts and informs the sublexical route at all stages of processing (due to the
cascade-type architecture). In contrast, strong phonological accounts of reading (e.g. Berent &
Perfetti, 1995; Lukatela & Turvey, 1994) posit that pre-lexical phonological computations are
always a mandatory and major part of the reading process. But, in deep languages, the initial

output of this process will be an impoverished skeletal structure that will be more difficult to
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associate with representations in the phonological lexicon. Hence, this kind of output will
require heavier top-down shaping of lexical knowledge in order to result in the correct

pronunciation.

There are several ways to evaluate the validity of the ODH, one of which is to compare
performances in naming and word recognition across languages that differ in orthographic
depth. Evidence in favour of the ODH comes from a study by Frost, Katz, and Bentin (1987)
who manipulated the frequency and lexicality of words presented in a reading aloud and a
lexical decision task that were performed by speakers of either Serbo-Croatian, English, or
Hebrew. The way these languages are ordered reflects their position in the transparency
continuum from shallow to deep. The extent that these two lexical factors affect reading has
been interpreted as indicative of the extent that phonology is lexically mediated (Frost, 2008).
In word naming, the deeper the language, the larger the effect these variables had in
performance. This was interpreted as evidence that deeper languages encourage heavier
reliance on lexical processing. Additionally, Frost and colleagues observed a gradual shift in
the difference in response times between word naming and lexical decision, the latter being a
task that does not necessitate the activation of phonological code (Grainger & Jacobs, 1996)
but necessarily relates to orthographic lexical representations. The difference in reading times
between the two tasks was largest in Serbo-Croatian (the most shallow orthography
investigated), hence supporting the assumption that naming was performed mainly
sublexically, but there was no difference between the two tasks in Hebrew (the most deep
orthography investigated), suggesting that, in the latter language, the phonology of the words

was heavily lexically mediated in both naming and written word recognition.

An alternative way to test the ODH is by semantic priming which should be expected to yield
effects under the assumption that reading involves lexical processing. Katz and Feldman
(1983) compared performance in naming and lexical decision and found that semantic

priming had an effect on both tasks in English (a deep orthography) but only in lexical
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decision in Serbo-Croatian (a shallow orthography). Interpreted in the same theoretical
framework presented in the previous paragraph, results were taken as evidence in favour of
the ODH. The same pattern of results was replicated by Tabossi and Laghi (1992) when
comparing English to another shallow orthography, Italian. Frost et al. (1987) also utilised the
semantic priming paradigm in the cross-linguistic comparison across Serbo-Croatian, English
and Hebrew. Results replicated the gradual shift observed in the comparison of reading
performance between lexical decision and reading aloud; semantic priming had a larger effect

on naming latencies in Hebrew than English, and no effect in Serbo-Croatian.

Results from brain imaging research have also provided evidence for the biological
plausibility of the ODH. Paulesu, McCrory, Fazio, Menoncello, Brunswick et al. (2000)
compared the positron emission topography (PET) scans of Italian and English participants
when reading words and nonwords in their native languages. They found that Italian readers
showed higher activation in the left superior temporal regions which are associated with
phoneme processing, whereas English readers showed higher activations in left posterior
inferior temporal gyrus and anterior inferior frontal gyrus which are areas associated with
lexical retrieval. Again, these results are in line with the ODH because according to this
theory, Italian, as a transparent orthography, is expected to encourage sublexical processing
whereas English is expected to encourage retrieval of representations on the whole-word level

from the orthographic and phonological lexicons.

From the perspective of a strong phonological theory, the ODH can be scrutinised on the
basis of its predictions in relation to the phonological code that is initially generated prior to
accessing the phonological representations. According to the ODH, in shallow orthographies
this code is likely to be accurate and fully specified whereas in deep orthographies it is
expected to be underspecified and impoverished due to inconsistencies and irregularities in
the print-to-sound conversion process. Evidence in favour of this prediction comes from two

studies in Hebrew (a deep orthography) that compared performance with phonologically
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ambiguous or unambiguous items in lexical decision and word naming (Bentin, Bargai, &
Katz, 1984; Bentin & Frost, 1987). The researchers only observed differences in performance
between the two groups of stimuli in naming but not lexical decision. This suggests that in
lexical decision, a task that does not necessitate access to phonology, readers of a deep
orthography recognised words after generating an underspecified phonological code. This was

consistent regardless of whether each stimulus allowed full phonological specification or not.

1.4.2 A universal hypothesis

Despite the abundance of data reported above that are consistent with the predictions of the
ODH, there is a substantial body of evidence suggesting that orthographic transparency is not
the only dimension differentiating reading strategies employed by native speakers of different
languages. More precisely, there is evidence suggesting that the different strategies described
above only pertain to low-frequency words and nonwords, whereas high-frequency words are
universally processed through direct lexical access. In a study by Seidenberg (1985), native
speakers of English (an alphabetic script) and Chinese (a logographic script) were not
affected, in terms of reading times, when naming high-frequency words regardless of whether
they were phonologically regular or not. In contrast, they observed an advantage for

phonologically regular over irregular stimuli of low frequency in both languages.

Additional evidence in favour of a fast, visual-orthographic channel is provided by
experiments performed by Besner and Hildebrandt (1987) in Japanese. There are three written
scripts that are used in this language, one logographic, and two syllabic (Kana, Katakana, and
Hiragana respectively). The researchers compared reading performance between naming
words that were either presented in their normal script, which was orthographically familiar
for the reader, or transcribed in an alternative script that was orthographically unfamiliar. This

is possible because a word that normally appears in, say, Hiragana can also be printed in the
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other scripts (e.g. Katakana). This resulted in orthogonal manipulations of words written in all
scripts that were orthographically familiar or unfamiliar but otherwise phonologically
identical, and their phonology could always be generated by means of spelling-to-sound
conversion. Orthographically unfamiliar items yielded longer response latencies, which also
supports the operation of the visual-orthographic route. Consequently, the predictions of this
hypothesis are quite clear-cut. Even in shallow orthographies, the visual form of high-
frequency words can generate a match in the mental lexicon before sublexical computations
are complete. But for low-frequency words, the level of visual familiarity will not be
sufficient for the word-level channel to generate a match before sublexical processing is
accomplished (Seidenberg, 1985). Thus, word frequency is another dimension that determines

the extent to which lexical processes influence the naming of written words.

Furthermore, there are accounts suggesting that a visual-orthographic channel at the whole-
word level operates always, in any language, under normal reading conditions. Baluch and
Besner (1991) have attributed the differential naming patterns across orthographies that are
explained in the ODH framework simply as the result of strategic effects from the presence of
nonwords in the experimental materials of these studies. This is because nonwords necessitate
sublexical processing to be read correctly so this, in turn, might have shifted the reading
strategies of participants. Baluch and Besner (1991) found equal facilitation arising by
semantic priming in phonologically transparent and opaque Persian words when nonwords
were not present in the experimental materials. But when nonwords were included, semantic
facilitation was only observed for opagque words. Similar conclusions were drawn by
Pagliuca, Arduino, Barca, and Burani (2008) who conducted a study in Italian, a transparent
language, and acquired clear lexicality effects in naming that were interpreted as evidence
that the lexical route is the main one used by skilled readers even in a transparent language
such as Italian. Importantly, they observed the lexicality effect in the comparison between
either high-frequency words or low-frequency words and nonwords when presenting them in

both mixed and pure blocks (i.e. including both words and nonwords or not). However, it is
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not clear why the researchers did not directly compare performance between low- and high-
frequency words since the frequency effect is also used as evidence for the operation of

lexical processing (Frost, 2008).

Finally, an additional factor that has been claimed to modulate the reading strategies
regardless of the orthography is word length (in letters). Length effects are associated with
sublexical processing because of the seriality of its nature which is expected to yield a
disadvantage for longer stimuli. This would not be expected in parallel processing, usually
associated with the lexical route, since in this case input from all letters is processed
simultaneously hence the number of letters is not expected to have an effect on processing
time (Zoccolotti, Luca, Pace, Judica, Orlandi et al., 1999). Spinelli, De Luca, Di Filippo,
Mancini, Martelli et al. (2005) observed no length effect in skilled Italian reading aloud of
words of up to five letters which was interpreted as indicative of parallel (lexical) processing.
In contrast, they reported length effects for words comprising between five and eight letters,

suggestive of sequential decoding (GPC conversions) of longer words.

1.4.3 Psycholinguistic Grain Size Theory

Aiming to address the issues raised by such studies towards the fundamental theoretical
principles of the ODH, Ziegler and Goswami (2005; 2006) proposed an alternative approach
that was formulated into the Psycholinguistic Grain Size Theory (PGST). According to this
theory, instead of focusing on the amount of lexical and sublexical contributions to reading in
different orthographies, attention is shifted towards the size of units on which GPC mappings
are performed. According to the PGST, phonological computation underlies reading in any
orthography, but orthographic transparency affects the units of the grapho-phonemic
conversions. Transparent languages, that present a high level of consistency between letters
and their corresponding sounds, encourage GPC conversions to be performed on the lowest

grain size, the letter level. In contrast, opaque languages, that present a low level of GPC
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consistency on the letter level, encourage print-to-sound mapping on larger grain sizes.
Indicatively, Treiman, Mullennix, Bijeljac-Babic, and Richmond-Welty (1995) computed the
level of GPC consistency in English to be 51% on the letter level but 77% when considering

rhyme units.

There is a wealth of empirical evidence in favour of the PGST (Goswami, Gombert, & de
Barrera, 1998; Goswami, Porpodas, & Wheelwright, 1997; Goswami, Ziegler, Dalton, &
Schneider, 2001; Goswami, Ziegler, Dalton, & Schneider, 2003; Wimmer & Goswami,
1994). In a series of studies, Goswami and colleagues carried out cross-linguistic experiments
with developing readers of languages varying in orthographic depth. It has been shown that
German children (a shallow orthography) perform better with nonwords, that necessitate GP
conversions, than English children (a deep orthography) who seem to rely more heavily on
whole-word recognition (Wimmer & Goswami, 1994). This has also been confirmed in a
cross-cultural study involving Grade-1 children who were native speakers of one of 14
European languages (Seymour et al., 2003). It was shown that their word and nonword
accuracy performance could be explained as a function of orthographic depth and that readers
of deep orthographies were far from having mastered the mechanism of converting written
words to their spoken equivalents (phonological recoding) by this this stage (indicatively, the
accuracy with simple nonwords was German: 98%, Dutch: 91%, Danish: 87%, English: 74%

- compare to Table 1).

Additionally, it has been shown that English but not German children show switching costs
when asked to read mixed blocks of nonwords that can either be decoded solely based on
GPCs or larger units such as rhymes (Goswami et al., 2003). This suggests that German
children do not rely on grain sizes larger than the minimal grapheme-to-phoneme units and
always employ this strategy whereas English children switch between small- and large-unit
processing depending on the decoding needs of each stimulus. This is also supported by the

findngs of Goswami et al. (2001) who observed a naming pseudohomophone (e.g. faik)
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advantage over baseline nonwords only in English but not German children. Again, this was
interpreted as evidence that German children perform phonological recoding on the GPC
level, whereas English children rely more heavily on whole-word phonology. Finally,
facilitation effects of orthographic and/or phonological rhyme similarity were only observed
with English but not Greek (a shallow orthography) children (Goswami et al., 1997), or their
effect sizes were gradual, following the hierarchical order on the transparency continuum for

English, French and Spanish-speaking participants (Goswami et al., 1998).

Importantly, Ziegler, Perry, Jacobs and Braun (2001) investigated whether such differences in
reading strategies during reading acquisition have an impact on adult reading. Researchers
compared performance between German (a shallow orthography) and English (a deep
orthography) adult skilled readers when reading orthographically identical words (cognates)
in their native languages. They confirmed that the level of transparency affects the preferred
grain size of units that GPC mappings are attempted because, in reading aloud, German
participants exhibited stronger length effects whereas English participants exhibited stronger
body-rhyme effects; items with a high number of body neighbours -e.g. hat has a large body-
N (sat, fat, cat, etc.)- only showed an advantage in English reading, hence reflecting
sublexical processing of larger-than-grapheme units. This is in accordance with what the
PGST would predict and also shows that different reading strategies at early developmental
stages leave footprints in reading maturity. Results of this study are more pertinent for the
purposes of the current thesis that does not focus on the developmental aspect of reading

acquisition but is rather concerned with the reading plateau reached by skilled readers.

However, the study by Ziegler et al. (2001) involving mature readers has recently been
subjected to additional scrutiny. Schmalz, Robidoux, Castles, Coltheart and Marinus (2017)
further examined the stimuli used by Ziegler and colleagues and showed that the body-N
manipulation was significantly stronger for English (high body-N: 12.6, low: 3.3) than

German (high: 8.9, low: 3.8) stimuli. They also pointed that body-N significantly correlated (r
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= .44) with orthographic N (Coltheart, Davelaar, Jonasson, & Besner, 1977), a measurement
indicating the number of real words that can emerge from a given word if any single letter is
changed. This variable is known to affect reading (see Andrews, 1997, for a review) yet was
proven to be confounding in this study with body-N, making it difficult to disentangle effects
between the two. Replication of the analysis with more rigorous statistical methods (multiple
regression and Bayes factors) did not yield the body-N by language interaction. Additionally,
when reaction times on the same experimental items were retrieved from the English Lexicon
Project, a body-N effect did not emerge for English thus making the results incompatible with
the original study. In general, the authors argue that, in the absence of cross-linguistic
differences, behavioural reading patterns attributed to the PGST could as well be explained
within the ODH framework so failure to replicate the body-N by language interaction in the
new analyses as well as in a large-scale analysis they conducted with nine new experiments is

evidence against the PGST.

Finally, it is also worth mentioning other studies that provide evidence of reliance on larger
than GPC grain sizes in transparent languages. In German, Schmalz, Marinus, Robidoux,
Palethorpe, Castles and Coltheart (2014) report that the prior point of reference for sublexical
correspondences is the GPC level, in line with the PGST, but larger units (orthographic
bodies) and context-sensitive conversions are also at play. Similarly, Carreiras, Alvarez and
Devega (1993) have shown that syllables constitute independent sublexical representational

units for visual word recognition in Spanish which is also a transparent language.

1.4.4 Extensions to the supra-segmental domain

While the debate about the effect of orthographic depth on reading has largely focused on
segmental phonology, it has been shown that it can be extended to the supra-segmental

domain which involves features such as lexical stress (e.g. Colombo, 1992; Monsell, Doyle,
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& Haggard, 1989). Since stress position is part of the phonological specification in
polysyllabic words, it can also be computed sublexically or directly retrieved from the
phonological lexicon. This, in turn, depends on the level of transparency for each
orthographic script regarding information on stress position that can be extracted by the
reader. Greek language, in particular, offers both possibilities to determine stress position, i.e.
either compute it sublexically by decoding the orthographic diacritics or directly retrieve it
from the whole-word phonological representations, but only for lower case words. In contrast,
in uppercase Greek, the diacritics are not marked so the reader does not have the option of
directly extracting stress position from orthography. Hence, for lower case words, where
diacritics are present, phonology on the supra-segmental level can behave in a similar manner
and replicate the interaction between frequency and regularity discussed earlier, in which
irregular pronunciations or, in this case, stress positions only seem to hinder reading when
phonology is derived sublexically (with low-frequency words and nonwords) but not when it
is directly retrieved (with high-frequency words). On the level of segmental phonology, this
effect has been successfully simulated in English using the DRC model (Coltheart et al.,
2001) which is a typical example of the dual-route architecture. It should be noted, however,
that English does not mark stress position with diacritics. Rather, orthographic information on
stress position can be extracted from statistical regularities of orthographic affixes. In that
case, computations of stress position based on such patterns only occurred in low- but not
high-frequency words. Alternatively, for upper case words, that lack diacritics, Greek behaves
in a similar manner to English and Italian in which stress position is not overtly predictable
from orthography. Interestingly, the frequency by regularity interaction in the stress domain
has been replicated in such languages. In this case, sublexical computations for stress
assignment with less familiar stimuli are performed on the basis of implicit statistical
knowledge of the language’s regularities by the reader (e.g. Colombo, 1992; Monsell et al.,
1989). Consequently, this interaction could be replicated in Greek language in either, both, or
none of the case types of presentation, with each outcome having different implications about
how stress is encoded and should be implemented in computational models of reading. The
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next section provides a brief overview of the main approaches in modelling reading behavior

that are currently undertaken in reading research.
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1.5 Different approaches in modelling reading

1.5.1 Dual-route reading

Computational models that adopt the dual-route architecture in reading assume two distinct
processing routes for the task of converting print to sound, a lexical route and a non-lexical
route. A typical example of such models is the DRC model (Coltheart et al., 2001) that can
simulate reading aloud and lexical decision tasks and will be considered here. This model
comprises representations on three levels, namely the feature level, the letter level and, as
dictated by the localist approach, the word level. Word-level representations have both an
orthographic form and a phonological form. The model works in a cascade-like fashion; as
soon as there is activation on any level of representation, it flows between adjacent
components without the need to pass a given threshold. Connections between neighbouring
levels are of excitatory and inhibitory nature (increased and reduced activation respectively).
Lateral inhibition allows units of the same level to interact as well by suppressing activation

of competing units.

The lexical route is largely based on the Interactive Activation (IA) model (McClelland &
Rumelhart, 1981; Rumelhart & McClelland, 1982) which was a purely orthographic model
developed to simulate solely visual word recognition and did not involve phonology. The
DRC model is also interactive as activation flows between adjacent levels in both directions.
In the lexical route, an input word initially activates the feature level, subsequently the letter
level and then the orthographic entry of the word. This in turn activates the phonological
entry from which the constituent phonemes are assembled. These processes always operate in
parallel, across all positions of the feature and letter units. It is widely termed the
orthographic pathway of the model because it relies on the recognition of the orthographic
form of the word prior to generating its phonology. Its lexical nature lies on the prerequisite
that whole-word candidate units need to prevail before their phonology is subsequently

retrieved. This means that this route is not adequate to read nonwords correctly given that
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they are not present as whole-word units in the lexicon. However, the model will still produce
a phonological output for nonwords by analogy (Coltheart, 2005). For example, the nonword

SARE will activate the phonology of similarly spelled words such as CARE and SANE.

The non-lexical route operates in a serial manner, from left to right, and converts letters to
their corresponding phonemes based on a set of a hand-written rules. Hence, it reaches
phonology directly, without the mediation of the orthographic lexicon. However, the two
routes operate simultaneously (although the non-lexical route is set to commence with a small
lag, on the tenth cycle, whereas the lexical route straight from the first cycle) and converge at
the phoneme level with the information fed from the feature and letter levels. Figure 1.1
illustrates the connections between the different levels of representation. The general
principles of interactive activations and both excitatory and inhibitory connections are only
violated in (a) the single-direction activations from the feature to the letter level, (b) the lack
of inhibitory connections between the orthographic and phonological lexicons in the lexical

pathway, and (c) the one-direction, solely excitatory connections of the non-lexical module.
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Figure 1. 1 Current architecture of the DRC model (taken from Coltheart et al. 2001)
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1.5.2 Parallel-distributed models

Parallel distributed models (Harm & Seidenberg, 2004; Plaut, McClelland, Seidenberg, &
Patterson, 1996; Seidenberg & McClelland, 1989 ) belong to the connectionist family of
models that aim to capture properties of the brain lying from the single neuron level up to
aggregated behaviour of neural networks. A major difference of such models in comparison
to dual-route ones is that they use distributed rather than localist representations which means
that words are not represented at the whole-word level as independent units. An equally
important distinction is that such models are not ‘hand-wired’ in the sense that the weights of
the connections among units are not manually set by the experimenter. Rather, they result
from an automatic training procedure typically involving the technique of back-propagation.
This is a supervised learning procedure that adjusts the weights between the connections of
the units by comparing the output of the model at each training stage to the correct output and
aiming to gradually reduce this discrepancy to the lowest possible level. The outcome of these
two characteristics of such an approach is that the resulting model also includes ‘hidden’ units
that connect the units of whichever levels of representation have been initially set by the
modeller (e.g. orthography, phonology, etc.). These units are considered ‘hidden’ because
once the training phase is performed the resulting weights in the connections mediated by the
hidden layer as well as the network’s functional architecture are difficult to establish. Figure
1.2 illustrates the architecture of triangle models (Harm & Seidenberg, 2004; Plaut et al.,
1996; Seidenberg & McClelland, 1989) that involve the levels of orthography, phonology,
and semantics as well as layers of hidden units interconnecting these levels of representation.
It should be noted that a common criticism of connectionist approaches is that it is difficult to
establish how they are solving a particular problem in comparison to ‘hand-wiring’ the
parameters of a model (Coltheart et al., 2001). On the other hand, such models are more
appropriate for investigating developmental aspects of cognitive mechanisms because each

reading stage can be simulated by different stages of the algorithm’s learning process.
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Figure 1. 2 A connectionist network based on the “triangle” framework that relates
orthographic, phonological, and semantic information (taken from Plaut, 2005).
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1.5.3. A converging approach

A more recent development in computational models of reading is the Connectionist Dual-
Route (CDP) approach (Perry, Ziegler, & Zorzi, 2007; Perry, Ziegler, & Zorzi, 2010; Zorzi,
Houghton, & Butterworth, 1998) that combines elements of the two modelling approaches
discussed earlier. The CDP+ model of reading aloud (Perry et al., 2007) includes a lexical
route that has localist (word-level) representations and closely resembles the DRC approach,
inherited from the IA model (McClelland & Rumelhart, 1981; Rumelhart & McClelland,
1982). In contrast, the sublexical route does not adopt the DRC approach of manual GPC
rules but rather uses a training algorithm to develop the print-to-sound mappings. The only
deviation from the typical connectionist models is that this associative network is not
developed with back-propagation but rather a simpler delta rule learning procedure. Hence,
this is not a trained network with hidden units but rather a simpler two-layer associative
network (TLA) that only includes connections between orthographic and phonetic units. The
architecture of this model is illustrated in Figure 1.3. Once letters are encoded at their
absolute spatial positions, the input is fed to the lexical route and to a graphemic buffer that
operates in the sublexical route and parses the input into the onset, vowel, and coda positions.
Importantly, the implemented versions of all modelling approaches discussed in this section
can only accommodate monosyllabic input hence syllabification is not an issue before the
input is fed to the graphemic buffer. Subsequently, the TLA network converts the word’s
graphemes to their corresponding sounds, and, finally, processed information from the two
routes converges in the phonological output buffer that includes phoneme nodes and

assembles the output phonology of the target word.
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Figure 1. 3 Architecture of the CDP+ model (Perry et al., 2007). F: feature; L: letter; IA:
interactive activation; O: onset; V: vowel; C: coda; TLA: two-layer assembly (adapted from

Perry et al., 2007).
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This model offers an impressive fit to item-level naming data (Perry et al., 2007) and the CDP
architecture currently appears to be a leading computational model of reading aloud. It
captures more item-level variance of words than the DRC and it is better in simulating
consistency effects. However, the DRC theory and its modelling implementation present
certain qualities and strengths that are difficult to oversee. Recent attempts to compare
performance between the DRC and CDP models focused on nonwords, given that the
different sublexical architectures between the two systems would give rise to differences in
the pronunciation of such items. Pritchard, Coltheart, Palethorpe and Castles (2012) collected
nonwords for which the two models produce different pronunciations and asked human
readers to ream them aloud. Their comparisons showed the DRC model to produce higher
agreement to the human data than the CDP+ (or its successor, CDP++, that is examined in a
subsequent section). The prominent level of variability in the pronunciations of human
readers led to a hierarchical clustering analysis aiming to identify whether there are classes of
human readers behaving similarly (Robidoux & Pritchard, 2014). Again, CDP was found to
merge with the most homogeneous cluster hence capturing the responses of a large number of
subjects and to outerperform CDP, which failed to match the profile of any specific cluster.
Consequently, the researchers concluded that the CDP architecture failed both in comparison

to DRC but also as a stand-alone attempt of fitting any human reader’s response pattern.

However, discussion of modelling approaches in this section has focused on model
implementations that can only accommodate monosyllabic input. This is clearly limiting
because in most languages monosyllabic words constitute a limited set of their lexical battery.
Additionally, such models cannot address questions related to issues such as supra-segmental
phonological assembly, stress assignment, and syllabification. Following a review of the
literature in the reading research involving stress, implementations based on these three
modelling approaches that have attempted to address the issue of polysyllabic words will be

presented.
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1.6 Reading literature on stress

Several sources of information that influence the stress assignment mechanism have been
identified by research in different languages. These include orthographic diacritics (e.g.
Greek; Protopapas, 2006), language-specific rules (e.g. Spanish; Gutiérrez-Palma & Palma-
Reyes, 2008), lexical representations (e.g. English; Rastle & Coltheart, 2000), the tendency of
stress to fall on a specific syllabic position, typically termed as the default pattern (e.g. Italian;
Colombo, 1992), distributional properties emerging from sub-groups of words in a given
linguistic system such as stress neighbourhood (e.g. Italian; Burani & Arduino, 2004),
morphological information (e.g. English; Rastle & Coltheart, 2000), and orthographic
regularities at the beginning and end of words that do not necessarily map onto morphological
units (affixes) (Arciuli, Monaghan, & Seva, 2010; Monaghan et al., 2016). The linguistic
characteristics of each orthography certainly do not allow all such sources to be active for any
given language; not all languages mark stress position with diacritics neither do all present a
statistical preponderance of words stressed on a given position. However, it is typical that
more than one sources are available and engage in an interplay amongst them for the task of
stress assignment. A typical example of the interplay of such sources is the stress regularity
by frequency interaction. Within this pattern, whether the presence of canonical or non-
canonical stress in a word affects the time it takes to be recognised and pronounced depends
on the word’s frequency of occurrence (e.g. Colombo 1992; Rastle & Coltheart, 2000). In the

following section, experimental evidence regarding this issue is reviewed and discussed.

1.6.1 The stress regularity by frequency interaction

According to the universal hypothesis, whether sublexical processes come about in reading
largely depends on the word’s frequency, with high-frequency words favouring direct lexical
retrieval. A number of studies have attempted to extend this pattern to the supra-segmental

domain. Colombo (1992) tapped direct lexical retrieval (under the assumption that this also
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includes direct retrieval of stress position) against sublexical assignment of stress on the basis
of stress regularity. This is considered to be the conformance to the default metrical bias of
stress on the penultimate (prefinal) syllable due to a higher number of words stressed on this
position in the Italian language. She found that low-frequency words were read faster when
they had regular compared to irregular stress but observed no such difference with high-
frequency words. She also observed the same pattern in error rates but not reaction times in a
written word recognition task. This led her to conclude that, dependent upon frequency, stress
is either computed or retrieved. Similarly, Monsell et al. (1989) found the same interaction in
English with the pattern of results following the expected trend as English language also
shows the same preponderance of words stressed on the penultimate syllable. However, these
results suffered from less stringent statistical procedures regarding the alpha level for
statistical significance and replication of the pattern in by-subject and by-item analysis.
Indeed, Rastle and Coltheart (2000) failed to replicate this interaction and did not find an
advantage for regularly stressed words neither for reading aloud high- or low-frequency
stimuli. However, they observed this interaction in error rates when they defined stress
regularity according to a set of rules regarding the morphological affixes of words and the
stress position that is statistically associated with each affix. They also found this interaction

to be confirmed with the reading times but only in the by-subject and not the by-item analysis.

1.6.2 Alternative notions of regularity

Conflicting findings with regards to stress regularity on the basis of the default bias towards
the penultimate syllable have given rise to alternative ways of assessing whether a word has
regular stress or not. One such approach was proposed for Italian by Burani and Arduino
(2004) who argued that regularity of stress depends on whether the neighbourhood of words
that share the same phonological ending with the target word present a certain pattern towards

stress on a given syllable. If the target word has many stress friends within this
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neighbourhood then it is considered stress consistent and when it has many enemies it is
considered inconsistent. Burani and Arduino orthogonally manipulated these two variables
and found only stress consistency to have an effect on naming Italian words. Consequently,
they attributed the effect of stress regularity found by Colombo (1992) to extraneous variables
and poorly matched stimuli. Interestingly, a model of reading aloud (CDP++, Perry, Ziegler,
& Zorzi, 20144, discussed in a subsequent section) is able to simulate the results of the
reading aloud experiments from both these studies. This suggests that the two accounts might
not be mutually exclusive and seems to support the view that the superficially contradictory
results might indeed be due to the specific characteristics of the experimental materials. This
highlights the importance of using well-matched experimental materials and the need for
statistical databases that report stress information (see Chapter 4). More recently, Colombo
and Sulpizio (2015) also manipulated these two variables in a series of word recognition and
naming tasks. In lexical decision, they found a main effect of stress regularity in response
times and accuracy and no effect of consistency. Reading aloud yielded the opposite pattern,
with a main effect of stress consistency but no effect of regularity. The latter was only
observed in the error rates however because the stimuli were not assessed as adequately

balanced for a response times analysis.

In a similar approach, albeit originating from the orthography rather than phonology, it has
been found that orthographic patterns of letter combinations at the beginnings and ends of
words bear information and present statistical regularities with respect to stress position
(Arciuli et al., 2010; Monaghan et al., 2016). Behavioural experiments have shown that this
information is utilised by the reader. In both word recognition and naming tasks, Kelly,
Morris and Verrekia (1998) found that English words with consistent orthography to their
stress position were responded to faster and more accurately than those with a conflicting
spelling and stress position. Behavioural experiments with nonwords by Arciuli et al. (2010)
showed that as reading skill develops, word endings are more likely to inform the stress

assignment mechanism than word beginnings. However, this does not mean that word

33



beginnings are entirely neglected for stress assignment when reaching reading maturity. In a
corpus analysis of disyllabic English words, Kelly (2004) observed that the probability of
prefinal stress is positively correlated with the number of consonants on the word’s onset.
Kelly showed the behavioural dimension of this pattern in a reading aloud task in which
nonwords with two initial consonants were more likely to be assigned first syllable stress than

those with one initial consonant.

Alternatively, a body of research has focused on the interaction between stress position and
grammatical class and has shown that the dominant pattern of stress position within a
grammatical category can elicit higher reading performance for regularly stressed stimuli
compared to irregularly stressed stimuli. Accordingly, Arciuli and Cupples (2006) found an
advantage in the error rates for the dominant stress position of English disyllabic verbs and
nouns (final and prefinal syllable respectively) in a word recognition and a reading aloud task.
An earlier study by the same researchers (Arciuli & Cupples, 2003) had shown that native
English speakers do make use of this statistical pattern within each grammatical category in
order to complete a grammatical classification task. When deciding on whether a disyllabic
word they read was a verb or a noun, they gave faster responses for typically stressed verbs
(final syllable) and nouns (prefinal syllable) than for those with atypical stress. Similarly,
Jouravlev and Lupker (2014) reported an advantage on speed and accuracy in word
recognition and naming for Russian adjectives - the only major grammatical category that
presents such preponderance in this language - stressed on the dominant syllable that was not

observed with nouns and verbs.
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1.6.3 Stress in the Greek reading literature

In Greek, research on stress assignment has largely focused on the different sources of
information on stress position and their relative contributions to the reading system. Across a
series of reading aloud experiments, Protopapas and colleagues have shown that processing of
diacritics, lexical retrieval, and the default metrical pattern are all active sources of stress
information with considerable interplay operating amongst them (Protopapas, 2006;
Protopapas, Gerakaki, & Alexandri, 2006; 2007; Protopapas & Gerakaki, 2009). In their
experiments, they systematically manipulated stress position among the three possible
stressed syllables (final, penultimate, antepenultimate) in lowercase nonwords that were either
minimally (one letter away) different from the real word they were generated from or
maximally changed beyond recognition. Hence, they were able to see how the different
sources of stress operate and how they contrast to one another in different instances, such as
when the lexical activations of the root word indicate a different stress position than the

diacritic or when the diacritic position contrasts the default metrical bias.

Experimental results with children attending primary school, secondary education, and adults
allowed Protopapas and his colleagues to conclude that the interplay among the different
sources of stress information appears to be rooted in reading development. In the early stages
of reading development, there is a heavier reliance on lexical information to assign stress
position but this shifts as the reader becomes more skilled towards utilising information from
orthographic diacritics. Studies with Greek developing readers (second to seventh grade) have
shown that lexical sources are the first point of reference in assigning stress when reading
aloud and remain a consistent strategy across development (Protopapas et al., 2006;
Protopapas & Gerakaki, 2009). Reliance on diacritics gradually increases, until visual
orthographic cues become the dominant strategy used by skilled Greek readers to assign stress
position in written words. Lexical contributions, however, remain a reliable strategy, even
with skilled adult readers of Greek and there are substantial interactions amongst different

sources of stress assignment information (Protopapas et al., 2007). This is evidenced by errors
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made when the position of the diacritic in nonwords contradicts lexical information (from the
root word), thus indicating the influence of lexical processes. For example, the nonword
yudvrou is sufficiently similar to its root word yivovraz that it is generated from, but stress
diacritics are placed on a different syllable (penultimate vs. antepenultimate, respectively).
When this nonword is read with stress on the antepenultimate by conformance to its root
word, it suggests that the similarity of the orthographic code has activated the phonology of
the root word. This is indicative of stress being encoded at the phonological whole-word
level, without this precluding encoding at other levels of representation as well. It should be
noted, however, that, in most cases, nonwords are read and stressed correctly (Protopapas et
al., 2007, Experiment 1) by skilled readers, which suggests that by this stage the diacritics
seem to be successfully decoded. Consequently, in Greek skilled reading, stress is not

expected to be encoded solely at the level of phonology.

The interplay among different sources of information also involves a contribution from the
default stress pattern, which in Greek is the tendency to stress the penultimate syllable. This
metrical bias has been found to influence skilled adult Greek readers (Protopapas et al., 2007)
but its effect is relatively limited compared to other sources of information. This might be
because in Greek, the statistical dominance of words stressed on the penultimate syllable is

not as strong (Protopapas, 2006) as in other languages (e.g. Italian, see Colombo, 1992).

Despite the considerable progress on the knowledge about stress assignment in Greek that
resulted from the pioneering studies by Protopapas and his colleagues, there are still major
issues that require further investigation before this mechanism is fully resolved. Indicatively,
it is impossible to establish whether there is a shift in utilising different sources of stress
information depending on the specific characteristics of words read aloud as in other
languages (Colombo, 1992; Rastle & Coltheart, 2000). Factors such as word frequency and
lexicality that reflect certain processing strategies have so far not been manipulated in relation
to stress assignment because the experiments reported above used nonword stimuli.
Additionally, in a language that consistently marks stress in lowercase, it has not been
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established how the diacritics are processed and how this interacts with other sources of
information on stress position such as direct lexical retrieval or computations involving the
language’s statistical regularities. This is related to the way and the locus that stress is
encoded in the mental representations. For example, it is known that stress information is
present in the phonological representations because uppercase words are stressed correctly,
but given the consistent presence of the diacritics in lowercase, it seems untenable that this is
the only locus where stress is represented in the lexicon (as also confirmed by Protopapas et
al., 2007). Accordingly, the diacritics might be computed separately, they might be part of the
whole-word orthographic specification or they might be encoded at the letter level. These
possibilities are further discussed in a subsequent section of this chapter as well as in the

discussion of the aims and objectives of this thesis.

In a previous section, the state-of-the-art computational models of reading were reviewed. At
present, no computational model of reading has been developed in Greek neither has one been
adapted from another language, be it monosyllabic, let alone polysyllabic. Monosyllabic
models have been considered a solid basis to simulate benchmark effects in reading before an
extension to the polysyllabic domain is attempted because this entails considerably higher
complexity (Rastle & Coltheart, 2000). However, in Greek, the choice of developing a
monosyllabic model could be challenged due to several reasons. In Greek, monosyllabic
words comprise a very limited set (less than 500 according to Protopapas & Vlahou, 2009).
Hence, developing a model that can only simulate reading of such a tiny portion of the
language’s vocabulary would be arguably open to critique regarding generalisability. More
importantly, a typical way of assessing a computational model is to take its output with
experimental materials used in studies with human participants and compare it with the
behavioural data acquired (e.g. Perry et al., 2014a). However, such a comparison would not
be possible for a monosyllabic model in Greek because there are no behavioural data
available for monosyllabic stimuli. This issue is addressed directly in this thesis by providing

new behavioral datasets on stress assignment in Greek (Chapters 2 & 3) and an initial attempt
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at a primary computational model for Greek (Chapter 6). Outside the Greek-specific domain,
reading research has recently shown some advancement with respect to developing
computational models that can process polysyllabic input. Of integral role in such model
extensions is how the problem of assigning stress is addressed. The most notable approaches

in tackling this issue are reviewed in the following section.
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1.7 Computational approaches in stress assignment

1.7.1 Rastle and Coltheart (2000)

An initial attempt to extend computational models of reading to disyllabic words has been
presented by Rastle and Coltheart (henceforth R&C, 2000). Their algorithm for stress
assignment was developed within the DRC framework and is based on a set of rules derived
from morphological affixes. For unknown words and nonwords in which stress position is not
specified through the phonological representations, stress is computed via a two-step process.
Initially, the algorithm looks for any prefix and affix in the word by comparing the letter
strings against a pre-defined affix list and confirms that item-level conditions are met before
identifying the string as a morphological affix (e.g. the initial letter sequence ap- needs to be
followed by the letter p in order to be considered a prefix). Subsequently, stress is assigned to
the position that the identified affix is associated with (based on work by Fudge, 1984; Garde,
1968). This approach resulted in 89% accuracy of stress assignment and naming all the
disyllabic words in an English lexical database (CELEX, Baayen et al., 1993) and 85%

agreement with human participants naming nonword items.

The importance of morphological prefixes as cues for sublexical stress assignment was
recently confirmed by Ktori, Tree, Mousikou, Coltheart, and Rastle (2016) who asked surface
dyslexia patients (i.e. patients that have limited access to lexical processes) to name English
disyllabic real words. Their responses for words with stress on the final syllable but also with
a prefix associated with stress on the prefinal showed a very strong tendency to follow the
sublexical cue and produce a stress error. They also simulated this pattern with the R&C
algorithm, which was expected when this operates solely on sublexical cues and does not
incorporate lexical knowledge. However, a problem that might be identified with this
approach is that if the algorithm does not recognise any affix then stress is automatically
assigned to the prefinal position (in accordance to the majority of words in English that

receive prefinal stress). Seva, Monaghan, and Arciuli (2009) have highlighted this

39



inefficiency and noted that the nonword set used to compare the model’s performance with
participant responses was somewhat biased as it contained a high number of items with

affixes included in the model’s list.

1.7.2 Stress assignment as a probabilistic problem

An alternative approach in modelling stress assignment comes from the connectionist
tradition and considers this sub-task of the reading system in a similar manner to the problem
of mapping orthographic to phonological units. Specifically, it is proposed that the statistical
regularities in the orthography with respect to stress position are adequate to predict stress
without the use of explicit linguistic rules or employment of specific morphological units.
Corpus analyses in English and other languages (Arciuli et al., 2010; Monaghan et al., 2016)
have confirmed this. Hence, it is suggested that the grammatical status of the morphological
affixes is not a prerequisite for bearing information on stress position but rather their
orthographic forms is; different letter strings that do not hold this grammatical status can be
equally informative regarding stress position. Computational implementations of such models
(Arciuli et al., 2010; Seva et al., 2009) have proven to handle items that do not contain affixes
equally efficiently hence present an advantage over the rule-based approach (e.g. R&C).
Simulations by Arciuli et al. (2010) also showed that such a model can present a similar
developmental trajectory with children of ages between 5-12 years. When assigning stress to
nonwords, the different training phases of the model with appropriate age-related materials
showed a similar gradual learning of the statistical regularities that characterise orthographic

cues and stress position in English.

An alternative approach within the connectionist framework is the Junction model (Kello,
2006) that uses simple recurrent networks (SRN). Although based on the learning principles

of back-propagation, this model departs from both the architectures described earlier because
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it assumes one joint level of representation rather than separate ones for orthography,
phonology and semantics. Instead, fixed-width representations of letters, phones and
semantics are integrated with the use of ‘junction’ nodes that function as an intermediate layer
and allow the model to learn the mappings between input letters and output phones. However,
the main problem of this approach is poor performance on nonword reading (lower than

30%).

An adaptation of the Junction model to address this issue (Sibley, Kello, & Seidenberg, 2010)
showed improved performance on nonwords but still considerably high error rates (35% for
disyllabic input). The model by Sibley et al. (2010) used sequence encoders (Sibley, Kello,
Plaut, & Elman, 2008) to address the problem of spatial coding as an alternative to the typical
slot-based representations. Within this framework, SRNs process one element of a given
sequence at a time and attempt to predict the subsequent element instead of learning
representations that encode all the positions and elements of a given sequence. This was
implemented to address the dispersion problem introduced when using input that substantially
varies on its length (number of letters). This is an alignment issue manifesting itself in
languages that do not have one-to-one but rather many-to-many relationships between letters
and phonemes and the size of mapped units varies in size. Simulations performed by Sibley et
al. (2010) led them conclude that adopting this approach was not the reason for the model’s
poor performance with nonwords. Finally, Sibley and colleagues’ model implemented
additional nodes for stress position of disyllabic words in order to simulate the effect of stress
regularity. However, developers of the model acknowledge that it needs substantial work until
it can be considered a full computational model of reading hence it is not further considered

as a competing theoretical framework under which results are discussed in this thesis.
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1.7.3 Problems identified with these approaches

A problem that the R&C algorithm as well as connectionist approaches would need to address
is how exception words are stressed correctly by readers. If there are no localist
representations and consequently no phonological code that includes stress specification for
each word, then all words need to be stressed according to their orthographic cues. However,
most such cues present a high but not perfect association with a given stress position.
Therefore, such models need to account for the fact that words which are irregular in that they
do not receive stress in the position predicted by the orthographic cues are still stressed
correctly by human readers. Even the R&C algorithm that has been developed by modellers
within the dual-route tradition has only been implemented and tested as a purely sublexical
mechanism (Ktori et al., 2016; Rastle & Coltheart, 2000). Full integration within a network

containing localist representations is yet to be implemented.

Furthermore, an additional problem that these models cannot address is how stress is assigned
to words that are orthographically identical but have different meanings based on their stress
position (stress minimal pairs). This is also related to the absence of a lexicon. Within the
framework of monosyllabic models, this could be addressed by the approach that models such
as DRC have adopted with respect to homophones (words with the same phonology) and
homographs (words with the same orthography). Specifically, homophones with different
orthography (e.g. so and sew) have different units in the orthographic lexicon but share the
same unit in the phonological lexicon. Homographs with different phonology are treated in
the corresponding manner. Similarly, the triangle model (Plaut et al., 1996) includes
homographs with different phonology (e.g. read, /rEd/ vs. /red/) in each training phase.
Besides, the developers of the triangle model argue that semantic involvement is clearly
necessary for correct pronunciation of homographs such as read (Plaut et al., 1996). This
issue is investigated in Chapter 5 of the present thesis by exploring the factors that influence

the naming and stress assignment of this type of words. As these words have exactly the
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same orthography, when presented in isolation they provide ideal stimuli to investigate

default stress assignment mechanisms in English.

Overall, it should be mentioned that none of these two approaches, although computationally
implemented, has been fully integrated with a working model of their respective tradition yet.
Rastle and Coltheart (2000) provide a theoretical account of how their algorithm could be
integrated with DRC but it is unknown whether this has been attempted so far. Similarly,
Seva et al. (2009) highlighted that their algorithm has only been developed for stress
assignment but extending a currently monosyllabic connectionist model of reading to the
polysyllabic domain is not a trivial task. However, a dual-route approach that extended to
polysyllabic input and combines characteristics of both modelling traditions is presented and

discussed below.

1.7.4 The CDP++ model

CDP++ (Perry et al., 2010; Perry, Ziegler, & Zorzi, 2013) is an extension of the CDP+ model
of reading aloud (Perry et al., 2007) reviewed earlier and was developed to further
accommodate disyllabic input. This dual route model builds on the 1A and DRC architecture
for the lexical pathway but relies on a trained network to establish the mappings between
graphemes and sounds in the sublexical pathway. In the polysyllabic domain, major
challenges that models need to address are the syllabic parsing of the input into the
constituent syllables and correct assignment of stress to the appropriate one. While the
CDP++ lexical pathway is kept identical to its predecessor (CDP+), the sublexical pathway
presents several modifications to address these issues (see Figure 1.4). Firstly, the feature and
letter levels as well as the graphemic buffer (that splits each syllable into the onset, vowel,
and coda syllabic structure) can take up to 16 characters, double the original eight positions

for monosyllables. More importantly, the two-layer sublexical network (TLA) learns the
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associations between orthography and stress position in the exact same manner that it learns
the mappings between graphemes and phonemes. Once this network is trained, it is able to
produce pronunciations of the orthographic input and also produce the prediction of stress
position (final or prefinal syllable). It is reminded that the final stage of the CDP+ model is
the assembly of the phonological code that connects the two parts by receiving information
both from the phonological representation of the lexical route and the TLA network of the
sublexical route. In the CDP++, an additional module has been added at this final level that
regards stress assignment and similarly interacts with the output of the two pathways. At all

stages, stress is represented by two nodes, one for each syllabic position.
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Figure 1. 4 Architecture of the CDP++ model (Perry et al., 2010). f: feature; I: letter; o: onset;
v: vowel; c: coda; TLA: two-layer assembly; S1 = first syllable stress; S2 = second syllable

stress (adapted from Perry et al., 2010).
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In order to address the problem of syllabifying disyllabic input, in this case the graphemic
buffer performs an additional task in conjunction to graphemic parsing, which is syllabic
parsing. To carry out this task, this graphemic buffer uses a combination of the rule-based and
connectionist approaches. The main problem that needs to be dealt with is how intervocalic
consonants are distributed between the coda of the first syllable and the onset of the second
syllable because this can change the output phonology. CDP++ applies the linguistic
constraint of onset maximisation (Hall, 2006) which posits that, if possible, the consonants
should go to the onset of the second syllable. Additionally, statistical information captured
from the training phase of the TLA network is also used given that the training input as well
as the orthographic and phonological representations are organised into syllabic units. In a
more recent work, Perry et al. (2013) proposed a fully trained network based on the exact
same principles that TLA is trained and integrated it with CDP++. Comparisons with
behavioural data showed that the model behaves in a similar manner to human readers in
ambiguous cases where more than one options of grapho-phonemic alignment are possible

and presents a high level of accuracy overall.

CDP++ has also been adapted for the Italian (Perry et al., 2014a) and French (Perry, Ziegler,
& Zorzi, 2014Db) languages in both of which it has been extended to accept trisyllabic input. In
Italian, only minor adaptations in comparison to the English model have been applied in order
to decrease unnecessary complexity of the associative network given the considerably higher
level of grapho-phonemic consistency of Italian language. In French, given that it is a
language that does not have lexical stress (Dupoux, Pallier, Sebastian, & Mehler, 1997), the
stress nodes and the module that predicts stress position were not implemented. Overall,
CDP++ model can simulate a number of benchmark effects and outperform the other
competing models of reading. The well-documented frequency by regularity interaction (e.g.
Paap & Noel, 1991) has been successfully simulated by this model. It has been shown that
this interaction can be extended to the stress domain by considering stress regularity

(Colombo, 1992) and stress consistency (Burani & Arduino, 2004). The interaction of these
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variables with frequency was also simulated by the Italian version of the CDP++ model
(Perry et al., 2014a). This effect has also been acquired with error rates in naming English
words (Rastle & Coltheart, 2000) and it has also been successfully simulated by the English

version of CDP++ (Perry et al., 2010).

The process of assigning stress to minimal pairs when seen in isolation, that is, without any
biases from taking context into account, is also pertinent here as an additional scrutiny on the
model’s performance. It is also informative because these are ideal stimuli to investigate
default stress assignment mechanisms in English. Simulations with such items are not
reported for any version of the model by its developers. The approach followed with
homographs and homophones is similar to the one reported for DRC (Coltheart et al., 2001)
and the triangle model (Plaut et al., 1996). Furthermore, word frequencies of homophones in
the phonological lexicon and homographs in the orthographic lexicon are the added
frequencies of each word the unit represents. Inspection of the word database revealed that
stress minimal pairs did have double entries in the lexicon. Consequently, it can be expected
that the outcome of stress assignment for such items will be largely dependent upon the
lexical route and the frequency of each of the two phonological units corresponding to each
homograph. Indeed, a simulation that was performed with CDP++ in our lab (see Chapter 5)
confirmed this prediction. Even for minimal pairs that the TLA network predicted stress on
the position contradicting the one emerging from the lexicon’s frequencies, the latter
information typically governed the final output position. Such an example is presented in

Table 1.3.
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Table 1. 3 Example output of the CDP++ model with the word ‘compact’ as input. The word
is stressed on the first syllable despite the TLA network’s higher activation for the stress node
on the second syllable, due to the higher frequency of the minimal pair’s phonological unit
with stress on the prefinal (/'knmpakt/)

Database TLA network

frequency activations Output layer
Input word  Stress1  Stress2  Stress 1 Stress 2 Stress 1  Stress 2
COMPACT 110 39 0.457 0.512 0.408 0.197

Note. Stress 1: Stress on the first syllable (prefinal), Stress 2: Stress on the second syllable
(final).
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Finally, extending the CDP++ model for Greek would not be trivial because it would require
theoretical justification on how stress is encoded on any level of representation in this
language. Greek has an orthography with unique characteristics in that stress is fully
transparent in lowercase but its position is unpredictable in uppercase. Hence, behavioural
data from this very language are vital for any theoretical assumptions of model
implementations to be justified. For example, CDP++ has been adapted to accommodate
French input (Perry et al., 2014b), a language that also includes letters bearing stress
diacritics. This was achieved by including stressed and unstressed versions of vowel
characters on the letter level. However, French is a language that does not have variant stress
so even the stress nodes were removed from this version of the model as irrelevant even for
polysyllabic input. Consequently, this approach on its own would be insufficient with respect
to Greek language. This is also confirmed by another model that can accommodate
polysyllabic input solely in French language, namely the Multi-trace memory model (Ans,
Carbonnel, & Valdois, 1998). This model also does not have a procedure to deal with stress
assignment given that the non-variant nature of stress in French does not necessitate
addressing this issue. Hence, a model of Greek polysyllabic reading requires answering the
guestion of where stress is represented because it could be encoded on different levels of
representation. The orthographic and phonological lexicons are both strong contenders as
stress encoding loci. However, a question that has not been addressed yet is how the diacritics
are processed and whether the stress assignment mechanism is independent of other reading
processes (e.g. sequential processing vs lexical retrieval). Until such questions are answered
specifically for Greek language, the implementation of a reading model would require choices

to be made by its developers that might not be theoretically justifiable entirely.
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1.7.5 A Bayesian model of stress assignment

A more recent approach to address the issue of assigning stress to polysyllabic words comes
from the work by Jouravlev and Lupker (2015) who approached this challenge as a purely
probabilistic problem. In this framework, the reader’s mind is regarded as a probability
estimator that makes evaluations about the likelihood of an event in the context of the
Bayesian theory rather than considering each choice as the output between discrete outcomes
(e.g. true or false, stress on the final or prefinal etc.). The model developers performed corpus
analyses in Russian which showed that three cues, namely the orthography of the word’s first
syllable, the second syllable, and of the ending of the second syllable are independent factors
probabilistically associated with stress position of Russian disyllables (Jouravlev & Lupker,
2015). Consequently, they deployed this information by calculating the posterior probability
of a given stress pattern for each word based on the prior probabilities emerging from these

stress cues.

Simulations with word stimuli (Jouravlev & Lupker, 2015) showed that the algorithm
performed with 78% accuracy regarding stress assignment which was assessed by the
developers as reasonably successful performance. The model performed considerably better
presenting 90% consistent stress assignment with the responses of human participants to
nonword stimuli. However, consistent with the non-discrete nature of the Bayes calculations
outcome, the model failed to decide on the stress position of 8% of nonwords. This should be
attributed to the fact that this algorithm makes use of information based on solely three cues
mentioned earlier to decide on stress position. Yet, for several of these words, participants did
show a preference over of the two positions suggesting that additional cues are at play that are

not accounted for by the model.

It should be highlighted, however, that there has been criticism of the assumption that the
human mind functions as a probability estimator based on the lack of empirical evidence in

favour of this view as well as the problem of undermining the relevant biological and
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evolutionary constraints in the theoretical justification of such theories (Bowers & Davis,
2012). Additionally, it should be noted that, similarly to R&C and the connectionist
algorithms (Arciuli et al., 2010; Seva et al., 2009), this stress assignment algorithm is not a
fully implemented model of reading but solely aims to simulate this specific reading sub-task.
Hence, it likewise suffers from lack of holicity as a fully implemented model that offers a
theoretical framework in understanding the reading process. It remains to be implemented and
shown how such an algorithm would interact with other reading processes and whether it
would adhere to the principles of nested incremental modelling which posit that several
benchmark reading effects should be replicated before a model could be evaluated as a valid

theoretical progression in modelling reading.

Finally, since Russian is a language with different linguistic characteristics (e.g. does not
mark stress orthographically, does not show an overall metrical bias towards a given syllable,
etc.) it cannot be very informative with respect to different levels of representation that stress
might be encoded, similar to the other models discussed earlier. It is also acknowledged by
the developers of this model that its behaviour needs to be tested in languages where stress
has different linguistic characteristics because it is unknown whether the Bayesian approach
will successfully manage to pick these properties. To consider the different levels that stress
could be represented and encoded in English, Greek and other languages, a review of stress

effects in the word recognition literature is presented below.
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1.8 How is stress represented and encoded?

1.8.1 Stress processing in word recognition

It has so far been established that in word production of polysyllabic words, stress needs to be
assigned to the appropriate syllable. However, it has been argued that the prosodic structure is
applied in silent reading as well (Fodor, 1998). Ashby and Clifton (2005) have also suggested
that lexical stress is assigned in silent reading. In an eye-tracking study, they found that words
receiving secondary stress took longer to process than words with one stressed syllable.
However, it has been argued that word recognition, a task that does not involve word
production, could be performed without accessing phonology but rather solely on the basis of
the orthographic code (Ferrand, Segui, & Grainger, 1996; Seidenberg & McClelland, 1989).
Yet stress effects in lexical decision tasks reported earlier are indicative that stress holds a
role in the recognition of single words (e.g. Arciuli & Cupples, 2006; Colombo, 1992;
Colombo & Sulpizio, 2015; Kelly et al., 1998). Since these studies have been conducted with
languages that do not explicitly mark stress orthographically, this suggests that stress affected
processing on the phonological rather than the orthographic level. Within the context of the
CDP++ model, such effects would emerge from the phonological lexicon which interacts via
forward and, importantly here, backward activations with the phoneme and stress output
nodes (see Figure 1.4). However, CDP++ has not been developed to simulate the lexical
decision task but only reading aloud. Similarly, phonological effects in word recognition are
simulated by the DRC (which is a monosyllabic model) because the phoneme system, where
the phonology of the word is assembled (see Figure 1.1), receives input from the GPC module
and then through backward activation interacts with the phonological lexicon and this in turn
with the orthographic lexicon (Coltheart et al., 2001). In contrast, in languages that
consistently mark stress position with diacritics, orthographic contributions in the recognition

process may also be at play in a more direct manner.
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An alternative question that could be raised is whether stress holds a pre-lexical role in the
sense that it facilitates word recognition or a post-lexical role by being assigned to the word
following a successful lexical retrieval. In the context of the computational models discussed
above (CDP++, DRC), the latter alternative could emerge from a process commencing at the
feature and letter levels that leads to the successful prevalence of a candidate unit at the word
level, from which stress position is directly retrieved given that it is encoded on the
phonological lexicon. Accounts from languages varying in orthographic transparency and
stress predictability (such as Spanish and English) suggest that stress is an additional
phonological unit that comes about at a late stage of lexical processing. Ashby and Clifton
(2005) arrived at this conclusion because when recording eye movements in silent reading,
lexical stress affected only mean gaze duration but not the number of fixations or first fixation
that is generally susceptible to other factors that affect word recognition such as frequency
(Rayner, 1998). They attributed longer gaze durations for words with two stressed syllables
compared to those with one to the longer time needed to assemble more phonological units
for the task of phonological recoding. They argued against a pure pre-lexical role because
they did not observe any differences emerging from the frequency manipulation that should
otherwise affect the lexical search. Accounts suggesting that stress effects emerge at a late
stage of processing are in line with the multi-step process that is required in the models
described above until phonological effects and/or stress effects emerge in lexical decision.
They are also in line with the fact that stress assignment naturally needs to follow a series of
steps such as visually process the word, phonologically decode it, segmentally assemble it,

organise it into syllables, and determine the stressed one.

Gutiérrez-Palma and Palma-Reyes (2008) also proposed that stress is processed at the late
stages of lexical access. The researchers asked participants to recognise Spanish words in
uppercase that were primed with the same word in lowercase either having a stress mark on
the correct, wrong position or no stress mark at all. They observed an advantage for the

congruent condition only when the Stimulus Onset Asynchrony (SOA) between the prime and
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the target was 143 ms. but not in shorter SOAs (33, 66, 100) and a disadvantage for the
incongruent condition at SOAs of 100 and 143 ms. Hence, they concluded that processing of
stress is completed at around 100ms. It should be mentioned, however, that, in Spanish,
consistent use of the diacritics is not needed because in many instances stress position can be
predicted by rule. Equally importantly, the correct spelling of these words would be without a
stress mark so their orthographic representations should not have diacritics. Hence, these
effects might be phonological in nature by activation of metrical frames with a congruent or
incongruent stress position to the target word. Indeed, the researchers arrived at this
conclusion because they found a difference between the correct-stress and mis-stress
conditions, the only comparison that isolates a phonological mismatch, but no difference
between the no-stress and correct-stress conditions, the only comparison that isolates the

orthographic mismatch.

In Greek, on the contrary, stress effects do not necessarily need to operate in the phonological
domain because stress consistently has an orthographic dimension realised by the diacritics.
However, the process that could give rise to such effects is unknown because it is currently
not established how stress is encoded in the mental lexicon. For example, stress diacritics
could be embedded in the orthographic representations or constitute an independent unit that
is processed separately. The following section is concerned with the issue of stress

representations in the lexicon of the Greek reader.
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1.8.2 The nature of stress representations in Greek

The consistent presence of the diacritic in lowercase Greek, which is the common case type
for written communication, makes it an obvious first point of reference with regards to stress
position for the Greek reader. However, whether this orthographic mark is typically fully
processed as an independent unit is still under debate. Indicative against the contrary is the
fact that more than 99% of Greek words would be stressed correctly on the basis of lexical
knowledge as there is a very limited set of minimal stress pairs in Greek that are only
differentiated by the diacritic position (Protopapas, 2006). Additionally, it is very common
practice in written Greek to omit the diacritic in informal contexts on the internet without this
omission hindering communication. Hence, it might be that the cognitive cost of decoding the
diacritic especially in early developmental stages is too demanding and early readers cannot
afford to allocate additional resources for this reading sub-task. In fact, the experiments with
nonwords by Protopapas and colleagues reported earlier have confirmed that allocating stress

following successful lexical retrieval is the first source of choice for early readers.

However, Protopapas (2016) argues that, in adult reading, the diacritic is processed when
nonwords introduce a competition regarding stress position between the position of the stress
mark and the lexical activations from the root words that the nonwords are designed to
resemble. Protopapas et al. (2007) designed one of their groups of experimental materials by
only altering one letter of real words (e.g. eCwtepixav leksoteri'kon/ -> elwdepixav
/eksoderi'kon/) and then confirmed the intended lexical activations by asking an independent
group of participants to identify the words that the nonwords resembled. A more direct
method of investigating the use of diacritics in stress assignment in Greek is to compare
processing of the same experimental stimuli when presented in lowercase, with diacritics
present, to uppercase, where diacritics are absent. Thus, this case manipulation allows for
exploration of the use of diacritics in orthographically identical stimuli. When word
familiarity (words and nonwords) and word frequency (high and low) are introduced as
factors in addition to case (lowercase — diacritics, compared to uppercase — no diacritics) on
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which to manipulate experimental stimuli, this affords investigation of how stress is processed
using different processing routes (lexical and sublexical). This approach encompasses a high
degree of experimental control and was identified as lacking in previous research so was

adopted for behavioural studies of stress assignment in Greek in this thesis (Chapters 2 & 3).

Furthermore, manipulation of the diacritic availability via case manipulation in words and
nonwords in order to investigate stress assignment is deemed a preferable approach over
using solely stressed and unstressed nonwords due to an additional reason. Although
developing readers do not heavily rely on decoding the diacritic at early stages, from the start
of their reading experience they see diacritics on written words. Consequently, diacritics
might be gradually embedded in the lexical orthographic representations. Following this, it
could be argued that the diacritic is not decoded as an independent sublexical unit even by
adult readers but is part of the full orthographic specification of known words. Manipulating
word frequency and lexicality across the same experimental items presented in lowercase,
with diacritics, and uppercase, without diacritics, enables direct investigation of this
hypothesis. Then, in the context of sight-word reading, its position can only affect
performance when it is misplaced thus introducing a hindering effect. In a dual-route reading
framework, this would mean that the diacritic is independently decoded only when sublexical
processing is engaged. The fact that the diacritics are fully processed in nonword reading and
are not susceptible to lexical influences even when nonwords can clearly activate lexical
representations can be attributed to the apparent need of sublexical processing for the

nonwords to be read correctly.

This discussion illustrates why extending the CDP++ model for Greek would not be a trivial
task as it would require a theoretical justification on how stress is represented on the
orthographic level. For example, the assumption that stress is finally an embedded part of the
whole-word orthographic representations could be implemented by including additional letter

nodes for the stress versions of the vowels. In contrast, the assumption that the diacritics are
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fully processed would require additional stress nodes that would be processed at the stage of
the graphemic buffer and would determine the stressed syllable after syllabification is
accomplished. Subsequently, this would need to interact with the stress output nodes as well
as the lexical route. The first approach has been used in the adaptation of CDP++ for French
input (Perry et al., 2014b) but it has been justified elsewhere why this would constitute an
inefficient approach to model stress in Greek language. Results of the behavioural
experiments in word recognition reported in Chapter 3, informed the simulations performed

with a computational model that accommodates polysyllabic input reported in Chapter 6.
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1.9 Research objectives and structure of the thesis

To enhance understanding of the mechanisms used in the stress assignment process in Greek

and English this thesis addresses the following issues.

First, the initial aim that was set involved investigating whether the interaction between
frequency and stress regularity based on the default metrical pattern reported in other
languages would also be replicated in Greek reading. Additionally, a further aim was to
investigate whether this interaction would be observed in lowercase, uppercase or both.
Uppercase resembles languages such as Italian that do not mark stress orthographically.
Importantly, replication of this interaction in lowercase would be informative regarding the
way that stress diacritics are processed. Alternatively, it could be expected that, in lowercase,
the abundance of converging information on stress position (e.g. orthographic cues, lexical
knowledge) would not allow this interaction to come about due to performance reaching
ceiling levels. This has been reported by Protopapas et al. (2007) who observed that when
lexical and orthographic information converged to a given stress position, then the metrical
bias was not strong enough to attract stress assignment on the penultimate syllable.
Furthermore, the reading aloud experiments reported in Chapter 2 was a way to assess our
methodology and see whether we would obtain comparable results to those reported in the
experiments by Protopapas and colleagues. For example, as these researchers have
highlighted, the metrical bias that lags behind the other two sources in adult reading is
nonetheless active and affects the mechanism of stress assignment. Here, this bias was
evaluated in a gradual manner with high-frequency, low-frequency words and with nonwords
and it was elucidated when it becomes important in the gradual elimination of the other

sources.

Additionally, a further aim was to disentangle any effects emerging from the presence of the
diacritics from potential effects emerging from case type itself. For this purpose, an

experiment was conducted that utilised monosyllabic words, the only items in the Greek
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lexical battery that truly differ only in the aspect of the different scripts used for the two case
types. Every other lexical item in the Greek vocabulary will also retain the difference of
bearing stress marks or not between the two case types. Theoretical models of reading (e.g.
DRC) have typically adopted the assumption that letters are encoded as abstract identities
independent of case. In Greek, this assumption could be challenged from the additional
information that lowercase letters carry from the addition of the stress marks. Therefore, if
any differences were observed between the patterns of lower vs uppercase in polysyllabic as
opposed to monosyllabic stimuli, these could be attributed to the presence of the diacritics and

a potential facilitation in word identification or production.

The data collected to address the aims reported for this chapter were evaluated with a variety
of metrics. Indicatively, in conjunction to analysing response times, the production of
nonwords in upper case endorsed the reader to stress the items at whichever position they
preferred. Hence, it allowed investigation of the presence of the metrical bias in the absence
of other sources or not. Error rate analysis was also particularly important because in many
cases of stress assignment experiments, significant effects were observed in accuracy but not
reading latencies (e.g. Arciuli & Cuples, 2006; Rastle & Coltheart, 2000). Finally, duration
times, which have been suggested to reflect post-recognition processes (Balota, Boland, &
Shields, 1989), were calculated as an additional insight to the effect stress has in reading, in
line with the suggestion that stress assignment occurs as a final reading phase (Ashby &

Clifton, 2005; Gutiérrez-Palma & Palma-Reyes, 2008).

Consequently, the purpose of the reading aloud experiments reported in Chapter 2 was
threefold. Firstly, to validate our methodology and confirm that we would acquire patterns
that corroborate previous research findings in the Greek stress assignment literature.
Secondly, to investigate if the frequency by stress regularity interaction is replicated in Greek
and reveal on what level of representation it occurs, i.e. whether, when diacritics are present,

they allow this interaction to emerge or not. And thirdly, to disentangle the effects of
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orthographic diacritics and case type that could be considered as confounded in polysyllabic

words.

Second, in Chapter 3, lexical decision tasks were utilised in an identical design to the one
used in the reading aloud experiments (manipulating lexicality, frequency, case, and stress
position). The purpose of these experiments was to investigate the locus of stress effects in
Greek language and the level of representation that it is encoded. First off, if positional effects
of stress were observed in lexical decision, this would corroborate findings in other languages
suggesting stress assignment does not only concern the word production phase of reading. If
such effects were observed with uppercase letter strings, this would indicate a phonological
origin because in uppercase, stress is not marked orthographically. If, however, stress effects
were observed only in lowercase, this would provide evidence in favour of an orthographic
process. If they were consistently observed across both cases, this would provide support for
phonological activations with potential contributions from the orthography. Additionally,
predictions of potential effects and their corresponding interpretations can be made within the
context of a dual-route reading model. It has already been established why stress is expected
to be encoded on the phonological level which in the framework of DRC would be the
phonological output lexicon. That is because readers are known to be able to stress uppercase
words in Greek correctly despite uppercase lacking orthographic stress marks. However,
given that nonwords are not represented as independent units in the lexicon, if stress effects
are present with such stimuli, this would be plausible via backwards activation from the
phoneme system to the phonological output lexicon (see Figure 1.1). The situation could be
different, however, in lowercase that has orthographic diacritics indicating stress position.
Again, the lexicality distinction between words and nonwords appears particularly pertinent
in this case. If stress effects are acquired with nonword stimuli and these do not emerge in
uppercase, this would provide evidence that stress is encoded as an independent unit on the
letter level. On the contrary, the absence of such effects with nonwords but their presence

with real words in lowercase would showcase the orthographic input lexicon as a strong
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contender for the locus of stress encoding on the orthographic level. This would be in line
with accounts suggesting that stress might not be processed as an independent unit but be part
of the whole word’s orthographic representation (see Protopapas, 2016). However, it could
not exclude the possibility of the diacritics being processed independently when need be, that
is, in the processing of nonwords, an issue that the reading aloud experiments presented

earlier would be in the position to address.

Third, in recent years, the reading literature involving stress assignment has highlighted
several variables that affect this mechanism and determine whether a word receives canonical
stress or not according to different notions of regularity. This, in turn, has an impact on this
reading sub-process. Indicatively, it has been shown that in languages such as English
(Arciuli & Cupples, 2003; 2006) and Russian (Jouravlev & Lupker, 2014) whether stress
position is regular or not depends on the word’s grammatical category. Alternatively,
Colombo (1992) as well as Burani and Arduino (2004) introduced stress neighbourhoods in
Italian, according to which the neighbourhood of words that share the same phonological
ending determine whether a word within this neighbourhood is a ‘stress friend’ (i.e. stress
according to the majority) or a ‘stress enemy’. Finally, corpus analyses in English and other
languages have shown that the beginning and ending of words present specific patterns
regarding stress position as they are often associated with stress on a given syllabic position
(Arciuli et al., 2010; Monaghan et al., 2016; Kelly, 2004). These have been also confirmed to
have a behavioural dimension as the regularity of stress position affected participant
performance in a variety of tasks (Arciuli et al., 2010; Kelly, 2004; Kelly et al., 1998).
Monaghan et al. (2016) showed that such statistical regularities are also present in Greek
orthography as word beginnings and endings have predictive power on stress position. A
thorough review of the databases currently available for psycholinguistic investigations in
Greek revealed that none of these variables was available. Hence, a Greek database that had
been initially developed in this lab (GreekLex, Ktori, van Heuven, & Pitchford, 2006) was

further enhanced to include all these variables (GreekLex 2, Kyparissiadis, van Heuven,
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Pitchford, & Ledgeway, 2017). Additionally, the database was also extended to include many
new variables that are essential in psycholinguistic research but were not available in the
previous version. This allowed novel analyses of several statistical properties of Greek
language. Indicatively, it was found that the overall metrical statistical bias towards stress on
the prefinal syllable is not universal in Greek because in adjectives, stress on the prefinal is

disfavoured.

Finally, the new measurements allowed the behavioural investigation of the default metrical
pattern in relation to grammatical category reported in the word recognition experiments of
Chapter 3. This is particularly important because, as it has been also noted elsewhere (e.g.
Protopapas, 2006), although the default bias towards the penultimate syllable appears as a
general property of the Greek reading system, it does not emerge as a uniformal statistical
property of Greek language; the number of words that receive stress on this position does not
surpass the overall number of words in the language but only each individual group stressed
elsewhere (as opposed to Italian, Colombo 1992). Statistical calculations reported in this
chapter show that this pattern is also not uniform across grammatical categories hence making
its behavioural investigations particularly pertinent. Prior investigations with respect to its
nature have shown that it does not seem to originate in cumulative activations from the
lexicon in the working memory (Protopapas et al., 2007) hence failing to falsify the structural
hypothesis that this pattern emerges from general properties of Greek language. Here, it was
explored whether the dependence of the pattern’s statistical predominance upon grammatical
category would reflect the same dependence of the metrical bias in the participants’ reading
patterns or alternatively would emerge uniformly across any statistical category. The latter
outcome would further enhance the view that the metrical pattern might not be the direct
outcome of the language’s statistical properties and their corresponding activations emerging

from the mental lexicon.
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The development of the GreekLex 2 database along with a review of the currently existing
psycholinguistic tools in Greek and their limitations that led to this project are presented in

Chapter 4.

Fourth, in Chapter 5, the mechanisms of stress assignment in English were investigated using
disyllabic stress minimal pairs, a category of words that are orthographically identical but
only differ in the position of stress (either first or second syllable). This is a critical category
of words to investigate the stress assignment mechanisms because in a reading aloud
experiment participants can freely assign stress on any position without producing a naming
error. If there is an overall statistical bias in English towards stress on the prefinal syllable it
could be expected that participants would show a preference towards this syllabic position
when naming such words. Data supporting this view have been reported in (Monsell et al.,
1989) but have not been subsequently replicated (Rastle & Coltheart, 2000). In contrast, if the
relative frequencies of the different phonological units that correspond to the same
orthographic form are important in this process, as would be suggested by computational
models such as the CDP++ (Perry et al., 2010), then it would be expected that participants
would show a preference towards the most ‘dominant’ phonological form of each
orthographic entry. Data were acquired and compared to the output of simulations performed
with the above-mentioned model. Additionally, word naming performance was compared to
disyllabic words used as baselines that were unambiguous with regards to stress position as
they could only be stressed in one of the two syllables (e.g. ‘doctor’). The purpose of this was
to investigate whether the ambiguity in stress position of minimal pairs would introduce a

conflict reflected in slower response times for this category.

Furthermore, in an additional experiment, it was investigated whether priming minimal stress
pairs with stress position on a given syllable, either final or prefinal, would affect the stress
assignment preferences of participants. Information about stress position was induced by the

disyllabic baselines that acted as stress primes in each of two blocks, either favouring the first
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or the second syllable. Within dual-route models such as the CDP++, the phonological
representation of the stress pair that has similar stress position to the disyllabic baseline could
be expected to reach its activation threshold quicker. Alternatively, the higher frequency of
the ‘dominant’ phonological entry might still be strong enough to result in the supremacy of
this candidate regardless of the increased activation of the competing one. Since priming was
induced within blocks rather than on the item level, adaptation of current computational
models to perform simulations comparable to the behavioural experiment would not be a

trivial process to implement.

Fifth, and finally, the results from the behavioural experiments in English and Greek are
summarised and discussed in the last section of this thesis (Chapter 6). Additionally, the
theoretical implications regarding the stress assignment mechanism in Greek that resulted
from the current experiments were implemented in an initial attempt to model word
recognition in Greek. The development of a primitive, Greek computational model for the
lexical decision task is briefly presented and the output of several simulations performed is
compared to the behavioural data acquired. The model is based in the IA tradition
(McClelland & Rumelhart, 1981; Rumelhart & McClelland, 1982) but is extended to

accommodate polysyllabic input as well as encode stress information.
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CHAPTER 2

EFFECT OF DIACRITICS AND WORD FREQUENCY ON THE STRESS

ASSIGNMENT MECHANISM IN NAMING WRITTEN GREEK WORDS

A main aim initially set in this thesis was to evaluate whether sublexical processes in stress
assignment interact with lexical retrieval when real word materials are presented to the reader.
An additional aim was to assess how the presence of the diacritic affects this process. This
chapter reports results from two reading aloud tasks with skilled Greek readers involving
written Greek words. In Experiment 1, it was examined how stress position affects word
naming when diacritics are present (lowercase words) and when they are not (uppercase
words). Thirty-two Greek skilled readers performed a written word-naming task with
bisyllabic words and nonwords either stressed on the first or the second syllable (e.g. Té&n,
Y1) in which frequency and case were manipulated. Analyses revealed that with uppercase
words (no diacritics), low-frequency words were read more accurately when stressed on the
first syllable, consistent with the default metrical pattern and indicative of sublexical
processes. In Experiment 2, twenty-four Greek skilled readers performed a reading aloud task
with a set of monosyllabic words that do not have stress diacritics. Results showed that case
effects observed in Experiment 1 remained, which is interpreted as a general higher
familiarity of lower over uppercase words. Important constraints on current reading models
are discussed regarding the mechanism encoding stress assignment in Greek as well as

implications for current reading theories.
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2.1 Introduction

It has already been discussed earlier in this thesis how Greek readers can determine the
position of stress in lowercase words directly from orthography, since diacritics explicitly
mark the stressed syllable (e.g. wd&y, wids). This is not the case for most other languages with
lexical stress in which stress position is not obvious from visual marks (e.g. English, German
etc.). Importantly, in Greek, stress position is marked orthographically only in lowercase
words but not in uppercase words (TAZH, YIAH). This means that case should influence the
assignment of stress when naming aloud written Greek words but should have no effect on

stress assignment in pronouncing, say, written English words.

Inconsistencies across orthographies such as the ones regarding stress described above have
implications for universal models of reading aloud which need to accommaodate different
sources of stress information. As stress assignment is marked in Greek (diacritics on
lowercase words) but not in English, the architecture of current models of reading single
words need to be adapted for Greek. Furthermore, current models of reading aloud have
overlooked differences in performance between lowercase and uppercase stimuli. When
reading single English words, case should not affect stress assignment. In contrast, in Greek,
written word naming performance could be expected to vary across lowercase and uppercase
stimuli, as the diacritics on lowercase stimuli should facilitate stress assignment compared to

uppercase stimuli where no stress cues are given to disambiguate pronunciation.

2.1.1 Stress assignment in the context of reading strategies

Experiments in different languages (Italian: Colombo, 1992; English: Rastle & Coltheart,
2000) have shown that the sources of stress information that are most prominently used for
stress assignment might depend on the type of processing strategy that is employed by the

reader. This, in turn, has been argued to depend on the transparency of the orthography being
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read aloud. Native speakers of transparent languages have been argued to predominantly rely
on sublexical strategies because lexical access can be preceded by phonological computations
encouraged by the consistency between graphemes and their corresponding sounds (ODH,
Katz & Frost, 1992). In contrast, native speakers of opaque languages such as English need
to rely on orthographic processing and direct lexical access due to the highly inconsistent
correspondences between letters and sounds (e.g. "come" and "home") as well as many
irregular pronunciations (e.g. "gnome"). The well-documented effects in reading behaviour of
lexicality (advantage for reading aloud words over nonwords) and frequency (advantage for
reading aloud high- compared to low-frequency words) are specifically attributed to lexical
processing (e.g. Frost, 2008; Traficante & Burani, 2014). In contrast, if pronunciation is

generated entirely pre-lexically, no such effects should be expected to be observed.

However, the universal hypothesis in reading (see Frost, 2008, for a review) posits that lexical
access occurs in all languages; even in shallow orthographies, the visual form of high-
frequency words can generate a match in the mental lexicon before sublexical computations
are complete. For low-frequency words, the level of visual familiarity will not be sufficient
for the word-level channel to generate a match before sublexical processing is accomplished
(Seidenberg, 1985). Thus, word frequency determines the extent to which lexical processes
influence the naming of written words, which in turn could affect the stress assignment
mechanism particularly in a language such as Greek. This is because the Greek language
offers both possibilities to determine stress position, i.e. either compute it sublexically or
directly retrieve it from the whole-word phonological representations. This mirrors the well-
documented interaction between frequency and regularity in the pronunciation of English
words, where irregular pronunciations only seem to hinder reading when phonology is
derived sublexically (with low-frequency words) but not when it is directly retrieved (with
high-frequency words). This effect in English has been successfully simulated using the Dual

Route Cascaded (DRC) model (Coltheart et al., 2001).
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2.1.2 Stress assignment in Greek reading aloud

Previous research conducted by Protopapas and colleagues (Protopapas, 2006; Protopapas et
al., 2006; 2007; Protopapas & Gerakaki, 2009) has identified three sources of information that
influence the stress assignment mechanism in Greek language; processing of the diacritics,
lexical retrieval, and the default metrical pattern. To investigate how these sources operate
and interact, the researchers asked their participants to read aloud nonwords with stress
diacritics on any of the three final positions. Their items were either minimally (one letter
away) different from the real word they were generated from or changed beyond recognition.
With this design, they aimed to isolate and contrast the different sources of stress information
and assess their participation in the stress assignment mechanism. For example, when the
stress mark on a nonword is not on the default penultimate syllable or when the lexical
activations of the root word indicate a different stress position than the syllable that bears the
diacritic, then, if all these sources of information are active, the reader needs to resolve such

conflicts in order to stress the nonword correctly.

An important conclusion that these experimenters reached was that despite the consistent
presence of the diacritics in lowercase Greek, in skilled reading, lexical contributions are
consistently active as a strategy for assigning stress (Protopapas et al., 2007). This is
evidenced by a high number of errors that are made when the position of the diacritic in
nonwords contradicts lexical information (from the root word), thus indicating the influence
of lexical processes. However, decoding of the stress diacritics is also evidenced, given that
the majority of nonwords were read and stressed correctly. Besides, it has been argued that by
reading maturity this process is expected to be automatic and flawless (Protopapas, 2016).
Finally, Protopapas et al. (2007) found contributions from the default stress pattern to be
present but with relatively limited effect when compared to the other sources. Quantitative
analyses performed by Protopapas (2006) and furthered by work undertaken for this thesis
(see Chapter 4) have highlighted a potential reason behind the relative weakness of this
source; the statistical dominance of words stressed on the penultimate syllable is by no means
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unanimous in Greek as opposed to other languages (e.g. Italian, see Colombo, 1992).
Consequently, if the default metrical pattern emerges from statistical predominance, it could
be expected to manifest weaker effects relative to the other sources when compared to how it
manifests itself in languages such as Italian. Hence, it is not very surprising that, especially
when both the other two sources were contrasting the default pattern (i.e. diacritic on another
syllable and root word stressed on another syllable), the readers appeared unlikely to resort to

this strategy in order to assign stress in the experiments by Protopapas and colleagues.

2.1.3 Rationale for the present study

From the research that has investigated stress assignment in Greek reading to date, it is
impossible to establish whether there is a shift in utilising different sources of stress
information depending on the specific characteristics of words read aloud. Factors such as
word frequency and lexicality that reflect certain processing strategies have so far not been
manipulated in relation to stress assignment because the experiments reported above used
nonword stimuli (for the purpose of controlling the contribution of lexical retrieval of stress
position in stress assignment). What has been manipulated is the frequency (low vs high) of
root words used to generate minimally changed nonwords with the aim of activating the
underlying word representations. But this manipulation did not yield any differences in the
reading times or stressing strategies neither in adult (Protopapas et al., 2007) nor developing
readers (Protopapas et al., 2006). The authors attributed this to either the statistical procedure
not being adequately robust to showcase such differences, or the real word materials used to
generate nonword stimuli not being appropriate to elicit the frequency effect. Furthermore,
differences between minimally changed nonwords and nonwords changed beyond recognition
(in the same experiments) are not directly comparable to the lexicality manipulation because
even minimally changed nonwords cannot be read solely by employing a lexical strategy but

rather necessitate sublexical processing in order to be read correctly. In Protopapas and
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Gerakaki (2009), either minimally changed nonwords (Exp. 1) or real words (Exp. 2) were
compared to nonwords changed beyond recognition. Stimuli were presented with diacritics on
the correct syllable, a wrong syllable, or no diacritics at all. The naming latencies revealed
that patterns in stress assignment did not differ between Experiments 1 and 2. However, word
frequency was not manipulated in this study. Additionally, these experiments were conducted
with developing readers (grades 2-4). Early readers have been shown to present a dominant
reliance on lexical retrieval of stress position, rather than deriving stress assignment
sublexically by decoding the diacritics. Consequently, we don’t yet know whether frequency

could be moderating the stress assignment mechanism in skilled Greek readers.

Yet, the influence of word frequency on stress assignment has been demonstrated in several
languages. In Italian, Colombo (1992) used trisyllabic words where stress position was either
consistent or inconsistent with the distributional properties of the language (i.e. a strong
metrical bias towards the penultimate syllable) and she found that this affects the reading
latencies of low-frequency but not high-frequency items. This suggests that for the latter,
stress position was retrieved from the phonological lexicon directly without the need for
sublexical phonological assembly. In English, Rastle and Coltheart (2000) replicated such
findings by manipulating stress regularity emerging from a set of rules based on
morphological affixes that indicated the expected stress position in each word. As with
Italian, Rastle and Coltheart found an interaction between stress regularity and word
frequency in reading aloud English words, hence providing further evidence that the stress

assignment mechanism is influenced by both lexical and sublexical processes.

Neither Italian nor English mark stress position with diacritics so it is currently unknown
whether or not word frequency influences the processing of stress in languages that mark this
information orthographically such as Greek. This is important because there is a crucial
difference between Greek and languages such as English and Italian; in the latter languages,

sublexical assignment of stress needs to rely on computations that emerge from the lexicon
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activations due to more entries being stressed on a given position. In contrast, sublexical
stress assignment in Greek can be performed independent of the lexicon by decoding the
orthographic mark. However, the fact that diacritics are only marked in lowercase allows
exploration of the differential effects of word frequency and diacritics in the stress assignment
mechanism by manipulating systematically case and word frequency. For upper case stimuli,
the situation is the same as for languages that do no mark stress, such as English and Italian.
Thus, readers need to retrieve stress position from the phonological representations, that
should intrinsically code stress, but this might be the case more predominantly for frequently
encountered words. In contrast, stress assignment for low-frequency words could rely more
heavily on sublexical processes such as the metrical bias towards the typical stress pattern.
Hence, a frequency by stress position interaction might be expected. Furthermore, an
additional source of stress information, the orthographic diacritics, is available in lowercase,
thus its contributions to the stress mechanism can be explicitly investigated when compared to
uppercase. Manipulating the availability of the diacritics through case manipulation provides
a more naturalistic experimental comparison in contrast to presenting multisyllabic lowercase

words without a diacritic (as in, for example, Protopapas & Gerakaki, 2009).

Previous research on the influence of case in recognising and naming written words has
produced conflicting findings. Some authors suggest that lowercase benefits the reading
process because it is more visually distinctive (Paap, Newsome, & Noel, 1984) and is more
familiar (Perea & Rosa, 2002) to the reader than uppercase due to higher exposure. Other
authors have found no advantage for lowercase words over uppercase words in written word
naming tasks (Mayall & Humphreys, 1996). In that study, Mayall and Humphreys also did
not seem to find an interaction between frequency and case in reading aloud?. Importantly,

case has not been manipulated so far in an orthography that differentially uses diacritics to

1 A case effect is reported due to the AITeRnATiOn condition, not the lower and uppercase
comparisons.

2 Although the authors did not report this specific statistical analysis, the difference between lower and
uppercase was 7 ms for high-frequency and 15 ms for low-frequency words.
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indicate stress position and consequently does not provide the same amount of pronunciation
information for both case types. In computational modeling, it is a widespread agreement
even among models that focus at the front-end of word recognition such as letter position
encoding (e.g. Davis, 2006) that it is the abstract letter identities that are being encoded

independently of case and other characteristics (e.g. font, colour, etc.).

This study sought to differentiate the effects of word frequency, case, and diacritics on the
naming of written words in Greek by skilled readers. Previous studies of stress assignment in
Greek have not manipulated word frequency, yet word frequency is known to affect reading
processing strategies and subsequently might thus differentially affect the stress assignment
mechanism. In addition, no studies, to our knowledge, have investigated so far the influence
of case on reading aloud written Greek words. A difference between upper and lowercase
could be expected because only the lowercase words include explicit stress information for
pronunciation. Here, for the first time, we manipulated the factors of case and frequency in

two experiments, each of which utilised a word-naming task.

Furthermore, experiments employing the reading aloud task typically rely on the accuracy of
responses and on reaction times which are calculated from the point the stimulus appears on
screen until the onset of the participant’s response. As an additional insight to the effect
variables such as word frequency have in reading, calculation of duration times has been
suggested to reflect post-recognition processes (Balota et al., 1989). Duration of production is
measured as the time between the onset of word production until the offset of the word’s last
sound. Within an interactive activation framework (e.g. McClelland & Rumelhart, 1981), the
cascade-like fashion of activations between neighbouring levels of representation (e.g. letter
units —word units) posits that activations will continue being reinforced without a clear cutting
point at any particular stage of processing. While a specific threshold needs to be set in order
for computational implementations of such models to perform the lexical decision task, this is

not needed in the word naming task. If processing is not terminated after the onset, then
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variables such as word frequency are expected to also affect duration of production. Seen
conversely, frequency effects observed in duration of responses could be taken as additional
proof for the employment of lexical processes in the reading task. It has been argued by
Gould, Cummine and Borowsky (2012) that there is an inverse relation between the length of
duration time and the extent to which a word is read lexically. Additionally, comparison of
patterns of results emerging from response latencies and durations can potentially provide an
additional insight about which of the manipulated variables present an effect only at the initial
stages of processing and which ones retain their influences, hence remain active, at later

stages.

72



2.2 Experiment 1

This experiment investigated the influence of word frequency, case (presence or absence of
diacritics), and stress position (prefinal or final syllable) in the naming of written Greek words
and nonwords by skilled readers to determine their role in the stress assignment mechanism.
To test this, Greek disyllabic words and nonwords, stressed on either the prefinal or final

syllable, were presented to participants in both lowercase and uppercase.

2.2.1 Hypotheses and predictions

Certain predictions can be made according to the different sources of stress information that
could be operating in the stress assignment mechanism. If processing and assignment of stress
is performed purely sublexically, then effects of frequency, lexicality and stress position
would not be expected whereas an effect of case would be predicted because only lowercase
stimuli have stress diacritics. However, it is already known that this is untenable. If words are
named through access to the mental lexicon, then frequency and lexicality effects should be
observed but no effect of stress position would be expected, as stress will be retrieved directly
from the lexicon. Finally, if stress is assigned using a strategy based on adopting the default
metrical pattern, then a difference in stress position would be expected with higher accuracy
for words stressed on the prefinal compared to those stressed on the final. Additionally, an
interaction between case and stress position would be expected with no effect of stress
position for lowercase stimuli but superiority in naming uppercase words stressed on the
prefinal syllable. Furthermore, these predictions could be modulated by word frequency, as
word frequency is known to alter the strategy employed by the reader to name different types
of stimuli and consequently can also alter the sources of stress information that are utilized in
each case. Accordingly, a higher order interaction involving case, stress position and

frequency might be expected, with the case and stress position interaction effects being shown
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only for low-frequency words and not high-frequency words because for high-frequency

words stress position will be directly retrieved from the mental lexicon.

2.2.2 Method

Participants

Thirty-two native Greek speakers (age range 22-32 years, mean age 27.1 years, SD 3.2 years)
were recruited from the undergraduate and postgraduate populations at the University of
Nottingham. Nineteen were females. All participants had normal or corrected-to-normal

vision and none of them reported any diagnosed learning or reading difficulties.

Materials

Stimuli were disyllabic Greek words and nonwords of either four or six letters. The total set
consisted of 80 words (20 items per condition of frequency and stress position) and 80
nonwords. Syllable length (in number of letters) was matched across stimuli following the
traditional spelling rules of syllabification in Greek. Stimulus sets were further matched for
length, word neighbourhood (Coltheart’s N, as defined in Coltheart et al., 1977), and
positional bigram frequency of the linking letter cluster between the two syllables (p > .5).
Analysis of the real word items revealed that they also did not statistically differ (p > .5) in
mean stress neighbourhood. This analysis was conducted post-hoc, when this metric was
calculated and became available in the work reported in Chapter 4. Stress neighbourhood is
defined as the proportion of items having stress on the same syllabic position as the item of

interest over all entries sharing the same ending with it.

Word frequencies were retrieved from SUBTLEX-GR (Dimitropoulou, Dufiabeitia, Avilés,
Corral, & Carreiras, 2010), because subtitle databases provide a more realistic estimate of
word frequencies than counts determined from written sources (Brysbaert & New, 2009). The

IPLR database (Protopapas, Tzakosta, Chalamandaris, & Tsiakoulis, 2012) was used to obtain
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syllabic information (syllabic length and frequencies) and GreekLex (Ktori et al., 2008) was
used to obtain lemmas to keep morphological complexity to a minimum. GreekLex 2
(Kyparissiadis et al., 2017) was used to retrieve stress neighbourhoods. Frequencies from
SUBTLEX-GR were transformed to the Zipf scale (see van Heuven, Mandera, Keuleers, &
Brysbaert, 2014). The upper limit of low-frequency words was 2.955 in Zipf scale (1
appearance per million) and the lower limit for high-frequency words was 4.778 (65
appearances per million). The frequencies were matched between the stimuli groups with

stress on the prefinal and final, both for high-frequency words and for low-frequency words.

Nonwords were generated from the word stimuli. Within each stimulus set, words were split
into the two composite syllables, resulting in two syllable groups based on their position in
the word (prefinal or final syllable). To maintain the syllable position within the nonword
stimuli, with respect to the original position in which they appeared in the root word, each
‘prefinal’ syllable was randomly combined with a “final’ syllable, to generate a nonword?.
The only constraint was that the bigram linking the syllables had to be a legal letter
combination in Greek and the mean frequency of the linking bigram was matched across
nonword sets. This ensured that the mean positional syllabic frequencies were kept constant
across the sets of nonword and word stimuli. Statistical characteristics of the stimulus sets are
presented in Table 2.1 and a full list of the stimuli can be found in Appendix A.1. English

translations of all word stimuli used in this experiment are provided in Appendix A.2.

3 E.g. From the words {®-vn and 16-En the nonwords {d-En and té-vn would be generated.
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Table 2. 1 Experiment 1: Statistical properties of the bisyllabic stimuli used. Zipf mean, min,
max and range given, as well as Coltheart’s mean N, mean letter length, and linking mean
bigram frequency.

High frequency Low frequency
Nonwords
words words

prefinal final prefinal final prefinal Final
Zipf mean 5.592 5.454 2.465 2.624 - -
Zipf min 4.778 4.832 1.633 1.633 - -
Zipf max 6.593 6.563 3.961 3.909 - -
Zipf range 1.815 1.731 2.328 2.276 - -
Coltheart's N 3.75 3.6 3.7 3.6 3.65 3.58
Length (letters) 4.3 4.3 4.3 4.3 4.3 4.3

Link. bigram freq. 16955 17256 15776 15777 17794  16582.6

Stress N 80.2 85.2 82.7 84.6 - -

Notes. Zipf frequency was computed as defined in van Heuven et al. (2014) and
Coltheart’s N was computed as defined in Coltheart et al. (1977). Linking bigram
frequency refers to the frequency of the bigram between the last letter of the prefinal
syllable and the first letter of the final one (e.g. tpdémog). Stress N was computed as
defined in Colombo (1992).
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Design, apparatus, and procedure

A repeated-measures design was employed in which the independent variables were lexicality
(word, nonword), word frequency (high, low), case (lower, upper), and stress position (first
syllable - prefinal, second syllable - final). Accuracy of responses and naming latencies
measured from the point that the stimulus appeared on screen until the onset of the
participant’s vocal response were recorded. In addition, duration of production was measured
by the time difference between the onset of word production and the offset of the last sound in

the word (Balota et al., 1989).

Stimuli were presented on a 19-inch CRT screen (1024x768 pixels, 85 Hz) connected to a PC
running Windows XP. Stimulus presentation and response recording was controlled with
DMDX (Forster & Forster, 2003, version 4). Participants were seated approximately 40 cm
away from the computer screen. Responses were recorded with a head-mounted microphone
and participants were instructed to be as fast and accurate as possible. The accuracy of the
onset of the vocal responses was checked, and adjusted where appropriate, with CheckVocal
(Protopapas, 2007). This software was also used to mark the offset in order to calculate the
duration of production. The duration of production was standardized per letter by dividing the
total duration production time by the number of letters in the stimulus because stimuli

differed in length.

The blocks of uppercase and lowercase stimuli (160 trials per block, 320 in total) were
counterbalanced across participants. Within each block of upper and lowercase stimuli,
presentation of word and nonword stimuli was randomized with DMDX. Stimuli were
presented in 14-point Courier New, a non-proportional font in which all letters occupy the
same amount of space. Each trial started with the presentation of a fixation cross (+) for 500
ms, followed by a blank screen for 250 ms and then the presentation of the stimulus, which
remained on the screen for 500 ms. A naming response (or the 3 second time out) triggered

onset of the next trial. The inter-trial interval was 1000 ms. Participants were given a short
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break half way through and between the blocks of lowercase and uppercase stimuli. The

experiment took approximately 35 minutes to complete.

A practice session preceeded commencement of each of the lowercase and uppercase trials. In
each case, the proportion of practice items matched the proportion of experimental stimuli
resulting from the variable manipulations. Specifically, four high-frequency items, four low-
frequency items (in each case, two stressed on the prefinal and two on the final) and eight
nonwords (four stressed on the prefinal and four on the final) were presented to participants
before the lower or uppercase blocks, resulting in 16 items in total for each case. The practice

items preceding the uppercase trials were also presented in uppercase.

To check that the low-frequency stimuli were known by the participant, a printed list of the
low-frequency words was given to 14 of the participants and they were asked to produce a
definition or a synonym for each item. All words with defined with 100% accuracy,

indicating that these words were known to the participants.

2.2.3 Results

In accordance with Ulrich and Miller (1994), 1% of response latencies greater than 3.5 SDs
away from the mean were excluded from the analysis. No responses were below the low cut-
off point of 300 msec, so exclusion of low latencies was not needed. Mean reaction times for
correct responses, duration production times, and error rates were calculated and submitted
for analysis across participants and across items. Correct naming of lowercase words and
nonwords required stress to be applied in the position of the diacritic. Correct naming of
uppercase words also required stress to be applied correctly as these were unambiguous words
that could only take stress on a specific syllabic position despite the absence of the diacritics.
For uppercase nonwords, correct naming was taken as correct pronunciation of the constituent

letters, independent of the position where stress was applied. Descriptive statistics for
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response times and accuracy rates are reported in Table 2.2 and item-level data of these

measurements are provided in Appendices A.5 (words) and A.6 (nonwords).

For both dependent variables, three separate ANOVAs were conducted. First, a 2-way
repeated-measures ANOVA was conducted to investigate the effects of lexicality and case.
Second, a 3-way repeated-measures ANOVA was conducted with the word stimuli only, to
explore the effects of word frequency, case and stress position. Third, a 2-way ANOVA was

conducted with the nonword stimuli only, to investigate the effects of case and stress position.
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Table 2. 2 Experiment 1: Mean reaction times (milliseconds) and accuracy rates (percentage
correct) in the disyllabic word-naming task. Standard deviation given in parenthesis.

Response latencies (ms)

Words Nonwords
High frequency Low frequency
Stress prefinal Final prefinal final prefinal final
Lowercase 466 (49) 455 (46) 479 (51) 471 (48) 500 (54) 494 (52)
Uppercase 506 (49) 497 (44) 525 (46) 528 (53) 572 (54)
Accuracy (% correct)
Words Nonwords
High frequency Low frequency
Stress prefinal Final prefinal final prefinal final
99.8% 99.4% 99.8% 98.4% 98.2% 96.5%
Lowercase
(0.9) (2.1) (1.0) (3.4) (2.0 (3.4)
99.2% 98.1% 98.4% 88.3% 96.6%
Uppercase
(1.8) (4.6) (2.9) (11.9) (5.0)
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Naming latencies

A 2x2 repeated-measures ANOVA with lexicality and case revealed that words were read 45
ms faster than nonwords, F1(1, 31) = 352, p <.001, #,>= 0.92, F»(1, 316) = 153, p <.001, 7,
= 0.33, lowercase stimuli were read 60 ms faster than uppercase stimuli, F1(1, 31) = 67.6, p <
.001, 5,2= 0.69, F(1, 316) = 277, p < .001, #,° = 0.47, and there was a significant interaction
between lexicality and case, F1(1, 31) = 62.8, p < .001, 5,°= 0.67, F»(1, 316) = 15.9, p < .001,
1> = 0.05. Decomposition of the interaction showed that the case effect was larger for
nonwords, t1(31) = 8.6, p <.001, d = 1.4, t5(158) = 12.9, p < .001, d = 2.0, than for words,
t1(62) = 7.0, p <.001, d = 0.96, t2(158) = 10.5, p < .001, d = 1.7, and the lexicality effect was
larger for uppercase, t1(31) = 16.5, p <.001, d = 1.2, t»(158) = 10.3, p < .001, d = 1.6, than

lowercase, t1(31) = 12.6, p <.001, d = 0.58, 1,(158) = 6.8, p < .001,d = 1.1.

A 2x2x2 repeated-measures ANOVA performed on words varying in frequency, case and
stress position revealed that high-frequency words were read 20 ms faster than low-frequency
words, Fi(1, 31) = 83.2, p <.001, 7,2= 0.73, F2(1, 152) = 21.3, p < .001, 5,°= 0.12, and
lowercase words were read 46 ms faster than uppercase words, F1(1, 31) = 48.22, p < .001,
np? = 0.61, Fo(1, 152) = 125, p < .001, 5,° = 0.45. No effect of stress position was found (p >

.2) and none of the interactions were significant (ps > .24).

A 2x2 repeated-measures ANOVA performed on nonwords, with case and stress position,
revealed that nonwords presented in lowercase were read 75 ms faster than nonwords
presented in uppercase, F1(1, 31) = 79.5, p < .001, 5,=0.72, F2(1, 156) = 165.9, p < .001, #,°
=0.52, but neither the main effect of stress position nor the interaction was significant (ps >

28).

Error analysis

A 2x2 repeated-measures ANOVA with lexicality and case revealed no main effect of

lexicality Fi(1, 31) = 2.11, p = .16, F»(1, 316) = 1.76, p = .19, but there was a significant main
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effect of case, F1(1, 31) = 13.5, p < .001, 77,2= 0.30, Fa(1, 316) = 14.1, p < .001, 7,2= 0.04,
indicating that lowercase stimuli were read with higher accuracy than uppercase stimuli. The
interaction between lexicality and case was significant, F1(1, 31) = 13.4, p < .001, 5,°= 0.30,
F2(1, 316) = 5.83, p = .016, ;> = 0.02. Decomposition of this interaction showed that
lowercase words were read more accurately than lowercase nonwords, t1(31) = 4.27, p < .001,
d =1.04, t2(94.6) = 3.60, p < .001, d = 0.59, but no significant difference was found in the
accuracy of naming words and nonwords in uppercase (ps > .39). Additionally, words were
read more accurately in lowercase than in uppercase, t1(31) = 5.1, p<.001, d = 1.1, t»(87.5) =
4.47, p <.001, d = 0.71, whereas there was no difference between case for nonwords (ps >

27).

A 2x2x2 repeated-measures ANOVA performed on words varying in frequency, case and
stress position revealed high-frequency items were named 2.9% more accurately than of low-
frequency items, F1(1, 31) = 26.4, p < .001, 7,2= 0.46, F2(1, 152) = 25.9, p < .001, 5,2 = 0.15,
lowercase words were named 3.4% more accurately than uppercase words, Fi(1, 31) = 25.5, p
<.001, 7> = 0.45, F»(1, 152) = 35.2, p < .001, 5,2 = 0.19, and words stressed on the prefinal
were named 3.2% more accurately than words stressed on the final syllable, F1(1, 31) = 26.3,
p <.001, 7,2=0.46, F2(1, 152) = 33.2, p < .001, 5,° = 0.18. The 3-way interaction was also
significant, F1(1, 31) = 11.0, p = .002, 5,2 = 0.26, F5(1, 152) = 12.7, p < .001, 5,2 = 0.08.
Decomposition of this 3-way interaction showed that it was driven by low-frequency words
presented in uppercase which were named more accurately when stressed on the prefinal
rather than on the final syllable, t1(31) = 4.35, p <.001, d = 1.14, t5(27.6) =4.91, p< .001, d =
1.55. This difference in stress position was not apparent when the items were presented in

lowercase, (p > .14) or with high-frequency stimuli (p > .15).

A 2x2 repeated-measures ANOVA performed on nonwords, with case and stress position,

revealed no significant main effects and no significant interaction (ps > .20).
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Error type analysis

Across the entire dataset, 246 naming errors were made. To explore the nature of these errors
they were classified into seven different categories: alternations e.g. példa ['fola] as pdpa
['fora]; dysfluencies e.g. kived as [ci .. ci'no]; insertions e.g. zéxa [ 'poka] as ['pokra]; mis-
stressings e.g. ITATQ [pa'to] as [ 'pato]; self-corrections e.g. {dp: as ['zan .. 'zari]; and

lexicalization of nonwords e.g. ydxw [ 'xako] as yavw [ 'xano].

Table 2.3 reports the frequency of each of the different error types made across the dataset.
As can be seen, mis-stressings was the most frequent error type. Furthermore, 60 of the mis-
stressings were made to low-frequency words presented in uppercase that take stress on the
final syllable. Participants incorrectly applied stress to the prefinal syllable of this stimulus
category significantly more times compared to low-frequency words presented in uppercase
that take stress on the prefinal and low-frequency words presented in lowercase, ¥*(3) = 133,

p <.001.
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Table 2. 3 Experiment 1: Categorisation of error types produced in the word-naming task.

Frequency counts listed per type of error in relation to the total number of errors made by the

group of participants.

Error type Counts

Alternations
Dysfluencies
Insertions
Mis-stressings
Self-corrections

Lexicalisation

20

62

22

89

36

17

Total number of errors 246
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Nonword stress patterns

To explore the stress pattern applied to correct pronunciation of honwords, an additional
analysis at the item level was conducted by coding, for each participant, the syllable (prefinal
or final syllable) to which stress was applied. Regardless of whether participants were
presented with uppercase or lowercase stimuli first, there was a strong tendency to stress
correctly-pronounced nonwords on the prefinal syllable (78% and 73% of responses for
participants first exposed to uppercase and lowercase stimuli respectively, with p <.001 in

both cases in binomial tests).

Durations of production

Mean durations of production for correct responses were calculated and submitted for
analysis across participant and across item. Descriptive statistics are reported in Table 2.4
where duration times are standardised per phoneme to control for differences in phoneme
length across stimuli. A 2x2 repeated-measures ANOVA with lexicality and case across the
whole dataset revealed a significant main effect of lexicality in the subject analysis, Fi(1, 31)
=46.5, p <.001, #,>= 0.6, which just failed to reach significance in the item analysis, F(1,
316) = 3.74, p = .054, n,>= 0.01. There was no significant effect of case (p > .45) and the
interaction was significant only in the by-subject analysis, F1(1, 31) = 9.95, p = .004, > =

0.24; F»(1,316) = 0.56, p = .46.

A 2x2x2 repeated-measures ANOVA performed on words varying in frequency, case and
stress position revealed durations were 7 ms per phoneme faster for high-frequency compared
to low-frequency items, F1(1, 31) = 229, p < .001, 5,°= 0.88, F2(1, 152) = 12.0, p < .001, #,° =
0.07, no significant main effects of case and stress position, and the interactions were not
significant (ps > .21) except for the interaction between frequency and case which was
significant by subjects, F1(1, 31) = 6.42, p = .017, 5,2= 0.17, but not by items, F»(1, 152) =

0.14, p = .70, 5,*= 0.009.
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A 2x2 repeated-measures ANOVA performed on nonwords, with case and stress position,

revealed no significant main effects or interaction (all ps > .25).
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Table 2. 4 Experiment 1: Mean duration of pronunciations (milliseconds) in the word naming
task, standardised per phoneme to control for different word lengths. Standard deviation given

in parenthesis.

Mean durations of pronunciation (ms)

Words Nonwords
High frequency Low frequency
Stress prefinal final prefinal final prefinal final
Lowercase 109 (17)  108(14)  115(17)  114(15) 113(16) 114 (15)
Uppercase 108 (16) 108 (14) 116 (17) 114 (14) 115 (16)
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2.2.4 Discussion

This experiment investigated the effect that case (presence or absence of diacritics), word
frequency and stress position have on skilled reading in Greek. Clear effects of lexicality and
word frequency were found, which are indicative of lexical activation during reading aloud.
The present results corroborate those found in another transparent language, Italian, and
suggest that the lexical route is prominently active when reading aloud (Pagliuca et al., 2008;
Spinelli et al., 2005). Furthermore, the effects of lexicality and word frequency shown in the
duration of production analysis are consistent with the results reported by Gould et al. (2012)
who showed that word frequency affects the duration of production and argued in favour of
an inverse relation between the pronunciation duration and the extent to which a word is read
lexically. Shorter durations have been interpreted as further evidence of lexical activation
during reading aloud compared to longer durations, which are indicative of the utilisation of
sublexical, serial, grapheme-to-phoneme correspondences. Overall, these data provide support
for the utilisation of both lexical and sublexical processes in reading aloud written words by

skilled Greek readers, consistent with a dual-route theory (Coltheart et al., 2001).

The present results also revealed a reliable effect of case in response latencies and error rates
across the whole dataset. Words and nonwords presented in lowercase were hamed faster and
more accurately than words and nonwords presented in uppercase. However, for response
latencies, the case effect was larger for nonwords than for words. This could be attributed to
the uncertainty of the reader on where to position stress in the production of uppercase
nonwords that, in contrast to lowercase nonwords, are not marked with diacritics. Research on
effects of case in word naming is scarce because studies typically focus on how case affects
the front-end of the reading process in visual word recognition, with most studies focusing on
case alternation (e.g. AlTeRnAtloN) (e.g. Mayall, Humphreys, & Olson, 1997; Perea & Rosa,
2002). Computational models of word naming (e.g. DRC, Coltheart et al., 2001; “triangle”
model, Plaut et al., 1996) generally assume abstract letter representations independent of case.
Therefore, these models are unable to account for the case effect. This might be an
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idiosyncratic characteristic of Greek because other languages with stress marks typically

retain them in uppercase (e.g. Spanish).

The stress effects observed in this experiment were mostly exhibited in error analyses but not
in reaction times or the duration of production. Importantly, the effects seemed to originate
from the metrical bias, rather than from the position of the diacritics per se. This is because
participants tended to stress nonwords on the first syllable when these did not have diacritics
indicating stress position. Additionally, participants showed lower accuracy rates with low-
frequency uppercase words presented without diacritics. Further analyses showed that these
errors to low-frequency uppercase words were mainly mis-stressings indicating that
participants demonstrated a tendency to stress even real words on the default position. This
suggests that participants tended to read low-frequency words serially and without heavily
relying on lexical contributions that would lead them to correct assignment of stress. In
contrast, when the diacritics were available for these low-frequency words (i.e. when
presented in lowercase), they were pronounced with the correct stress assignment. These
results are consistent with the pattern reported by Colombo (1992) when adult readers named
Italian disyllabic words. A limitation of the current experiment, however, is that case was
confounded with the presence (lowercase) or absence (uppercase) of diacritics. As such, it is
not possible to establish if the observed case effects originate from the presence or absence of
orthographic diacritics or in the general lower familiarity of the visual system to uppercase

compared to lowercase letters.
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2.3 Experiment 2

To disentangle the confounding factors of case and diacritics in Experiment 1, we conducted a
second experiment with monosyllabic words, whose correct orthographic form even in
lowercase is without diacritics. Participants read aloud monosyllabic stimuli (words and
nonwords) presented in lower and uppercase. If a lowercase advantage was observed, this
would provide evidence of genuine effects of case that are not bound to orthographic
diacritics. If a case effect was not observed, this would have different implications for the
results of Experiment 1; the locus of the lowercase advantage found in disyllabic words

would seem to originate from the presence or absence of orthographic diacritics.

2.3.1 Method

Participants

Twenty-four native-Greek adults (age range 25-35 years, mean age 29.1 years, SD 0.6 years)
were recruited in a city of northern Greece. To be comparable to the sample in Experiment 1,
all of the participants had an academic qualification of an undergraduate degree or higher.
Fourteen were females and ten were males. All participants had normal or corrected-to-

normal vision and none of them reported any diagnosed learning or reading difficulties.

Materials

Stimuli were monosyllabic Greek words and nonwords of three to five letters. Manipulating
lexicality, word frequency and case resulted in eight sets each consisting 20 items (160 items

in total). The four groups emerging from lexicality and frequency manipulations were
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matched for length, orthographic neighbourhood and bigram frequency (p > .5)*. Frequency

boundaries were kept the same as reported for Experiment 1.

Nonwords were generated from different monosyllabic words by changing the onsets and/or
nuclei. Statistical characteristics of the experimental items are presented in Table 2.5. Since
monosyllabic words are very limited in Greek (Protopapas & Vlahou, 2009), there were not
adequate candidate items that would also satisfy the frequency boundaries criteria. To
increase the number of items, inflected forms were also considered and drawn from the IPLR
database (Protopapas et al., 2012). As in Experiment 1, questionnaires completed at the end of
the session determined that participants knew all of the low-frequency items. A full list of all
the stimuli and of the real words that the nonwords were generated from is provided in

Appendix A.3. English translations of the real-word stimuli are provided in Appendix A.4.

4 Syllabic frequencies were not a reliable measurement here because in some instances the high overall
word frequency of a specific item raises the syllabic one. Additionally, in other instances, the letters
comprising the word or nonword appear to have low syllabic frequency because when combined with
more letters within other words, the syllabification is different; hence, for such items this measurement
is not reliable.
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Table 2. 5 Experiment 2: Statistical properties of the monosyllabic stimuli used. Zipf mean,
min, max and range given, as well as Coltheart’s mean N, mean letter length, and linking
mean bigram frequency.

High frequency words Low frequency words Nonwords

Zipf mean 5.223 2.581 -
Zipf min 4.767 1.827 -
Zipf max 6.157 2.957 -
Zipf range 1.390 1.130 -
Coltheart's N 3.3 31 31
Length 3.9 3.9 3.9
Link. bigram freq. 0.88 0.76 0.83

Notes. Zipf frequency was computed as defined in van Heuven et al. (2014) and
Coltheart’s N was computed as defined in Coltheart et al. (1977). Linking bigram
frequency refers to the frequency of the bigram between the last letter of the
prefinal syllable and the first letter of the final one.
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Design, Apparatus and Procedure

A repeated-measures design was employed in which the independent variables were lexicality

(word, nonword), word frequency (high, low) and case (lower, upper).

Stimuli were presented on a 17-inch LCD screen (1024x768 pixels, 60 Hz) connected to a PC
running Windows 7. Stimulus presentation and response recording was controlled with
DMDX software (Forster & Forster, 2003, version 4). Participants were seated approximately
40 cm away from the computer screen. Responses were recorded with a head-mounted
microphone and participants were instructed to be as fast and accurate as possible. The
accuracy of the naming latencies was checked and adjusted where appropriate with

CheckVocal (Protopapas, 2007).

The procedure was identical to Experiment 1. Sessions took place in a private school in
Greece, in an isolated environment without any distractions. A practice session preceeded
commencement of each of the lowercase and uppercase trials. In each case, the proportion of
practice items matched the proportion of experimental stimuli resulting from the variable
manipulations. Specifically, four high-frequency items, four low-frequency items and eight
nonwords were presented to participants before the lower or uppercase blocks, resulting in 12
items in total in each case. The practice items preceding the uppercase trials were also

presented in uppercase.

2.3.2 Results

In accordance with Ulrich and Miller (1994), 1% of response latencies were greater than 3.5
SDs away from the mean and were excluded from the analysis. No naming latencies were
lower than 300 msec, so truncation for low latencies was not necessary. Mean reaction times
for correct responses and error rates were calculated and submitted for analysis across

participants and across items. Descriptive statistics for response times and accuracy are
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reported in Table 2.6 and item-level data of these measurements are provided in Appendices

A.5 (words) and A.6 (nonwords).

For both dependent variables, three separate analyses were conducted. First, a 2-way
repeated-measures ANOVA was conducted to investigate the effects of lexicality and case.
Second, a 2-way repeated-measures ANOVA was conducted with the word stimuli only to
explore the effects of word frequency and case. Third, a pairwise comparison was conducted
with the nonword stimuli to investigate the effect of case. Data were submitted to separate by-

subject and by-item analyses.
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Table 2. 6 Experiment 2: Mean reaction times (milliseconds) and accuracy rates (percent

correct) in the monosyllabic word-naming task. Standard deviations given in parenthesis.

Response latencies (ms)

Words Nonwords

High frequency words Low frequency words

Lowercase 435 (31) 443 (29) 463 (41)

Uppercase 451 (34) 460 (34) 480 (36)

Accuracy (% correct)

Words Nonwords

High frequency words Low frequency words

Lowercase 99.1% (1.8) 98.5% (2.7) 95.2% (5.6)

Uppercase 98.1% (3.4) 97.3% (3.5) 94.3% (8.4)
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Naming latencies

A 2x2 repeated-measures ANOVA with lexicality and case revealed significant main effects
of lexicality, F1(1, 23) = 77.2, p < .001, 7,2= 0.77, F5(1, 156) = 23.3, p < .001, #,2= 0.13,
indicating that words were read 24 ms faster than nonwords and case, Fi(1, 23) =14.2,p =
.001, 7,°=0.38, F»(1, 156) = 12.1, p < .001, 5,*= 0.07, indicating that lower case stimuli were

read 17 ms faster than uppercase stimuli, but no interaction (p > .81).

A 2x2 repeated-measures ANOVA performed on words varying in frequency and case
revealed significant main effects of frequency, which was only confirmed in the subject
analysis, F1(1, 23) = 14.4, p < .001, 5,2 = 0.40, F(1, 76) = 2.29, p = .13, #,°= 0.03, and case,
Fi(1, 23) = 15.3, p < .001, 7,2 = 0.40, F2(1, 76) = 7.0, p = .010, 5,>= 0.08, indicating that

lowercase words were read 17 ms faster than uppercase words, but no interaction (p > .75).

A pairwise comparison between lower and uppercase nonwords revealed 18 ms faster naming
times for lower than uppercase items, t1(23) = -3.2, p =.004, d = 0.65, t2(78) = -2.3, p = .024,

d=0.52.

Error analysis

A 2x2 repeated-measures ANOVA with lexicality and case revealed that words were read
3.5% more accurately than nonwords, F1(1, 23) = 10.7, p =.003, #,>= 0.41, F»(1, 156) =

14.65, p < .001, 5,° = 0.09, but no effect of case or their interaction (ps > .27).

A 2x2 repeated measures ANOVA performed on words varying in frequency and case did not
reveal any significant main effects or interactions and the same pattern of results was found

using a matched-pairs t-test between lower and uppercase nonwords (ps > .16).
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2.3.3 Discussion

This experiment sought to identify the origin of the effect of case shown by skilled readers of
Greek when reading aloud written words. Results showed a consistent effect of case even
with monosyllabic words and nonwords. This provides evidence against the hypothesis that in
written Greek lowercase has an advantage over uppercase due to the absence or presence of
orthographic diacritics that are used to denote stress position. Rather, the present results
suggest that the case effect observed with skilled readers of Greek originates from greater
familiarity of words written in lower than uppercase. Consequently, it challenges the
assumption that case is not coded in the reading process as well as models of reading aloud
that do not differentiate upper and lowercase stimuli (e.g. DRC, Coltheart et al., 2001;

“triangle” model, Plaut et al., 1996).

The present results agree with those of Perea and Rosa (2002) who suggested that readers
should be more familiar with lower than uppercase given their continuous exposure to
lowercase in processing texts. Additionally, Paap et al. (1984) have described how the
ascending, descending or neutral shapes of lowercase words can be more distinctive visually
than the same-size letters comprising uppercase items. With respect to modeling case effects,
the architecture of computational models of reading would need to be adapted in order to
simulate this pattern. Within, for example, the DRC model, the difference between lower and
uppercase letters could be coded at the letter feature level, where the specific visual
characteristic of each letter shape is determined. In contrast to this analytical approach, high
frequency of word occurrence has been suggested to introduce holistic, word-level codes as
an alternative route to word identification (Allen, Wallace, & Weber, 1995). However,
theories that suggest a fast, visual-based access to a word’s representation would also need to
represent feature units on the word level. This would also imply that the case effect should
interact with frequency and lexicality effects, with a potential loss or diminishing of case
effects in less familiar material (i.e. low-frequency stimuli and nonwords) and more marked
case effects in high-frequency items. However, present results did not show a case by

97



frequency interaction in reading aloud monosyllabic stimuli and the case by lexicality
interaction observed with disyllabic Greek stimuli in Experiment 1 operated in the opposite

direction (larger differences for nonwords).
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2.4 General discussion

This chapter presented investigations on the effects of case and stress on reading aloud by
skilled readers of Greek. Results suggested that these two factors contribute independently to
the reading process in that stress position effects were observed when the diacritics were
absent but case effects were observed even when case manipulation did not affect the
diacritics availability (i.e. with monosyllabic stimuli). In addition, stress assignment seems to
interact with the processing strategy employed in reading aloud (lexical or sublexical) as
evidenced by accuracy rates analyses. With uppercase stimuli that lacked diacritics, low-
frequency items showed evidence of stress assignment consistent with applying the default
metrical pattern. A tendency to stress in accordance to the sublexical mechanism of the
default bias was also observed in naming novel nonword stimuli. In contrast, for high-
frequency stimuli, no difference was observed with respect to stress position both when the

diacritics were available and when they were not.

The effect of case observed in the present experiments seems to be located at the early stages
of the reading process because no interaction of case with frequency and lexicality were
found. Although consistent case effects were observed with reading times and accuracy rates
across both experiments, they were not observed in durations of production (Experiment 1),
hence they appear to progressively diminish during the course of pronunciation. That is,
although case may exert an effect relatively early on in the initial stages of recognition, at
least in Greek, at successively later levels of word analysis, the influence of letter shape
diminishes. Additionally, the inconsistency between the emergence of the effect in early
processing (reflected in RTs) and its absence in later stages of processing (reflected in
durations) has important implications with regard to the origin of the case effect (i.e. absence
of stress diacritics vs genuine case effect). Accounts proposing that stress information is a
factor that guides lexical access (e.g. Cubelli & Beschin, 2005) might entail that the case
effect is related to the absence of the diacritics. That is because this factor would be mostly

relevant for the early phase of pronunciation. Conversely, proposing that stress assignment

99



constitutes the completing stage of lexical access (Ashby & Clifton, 2005; Gutiérrez-Palma &
Palma-Reyes, 2008) would suggest these are genuine case effects not related to the diacritics
availability. This interpretation is also commensurate with the view that in word production,
stress assignment comes last because it necessarily needs to follow a series of other processes
such as visually process the word, phonologically decode it, segmentally assemble it,
determine the stressed syllable and finally associate it with stress (Protopapas & Gerakaki,
2009). Accordingly, the inconsistency of case effects in the two measurements suggests that it
does not originate from the absence of stress information from the diacritics in uppercase, an

interpretation further supported by the results of Experiment 2.

Manifestation of stress effects in the error analysis with a simultaneous absence in the naming
latencies is a pattern that seems to warrant further investigation. A careful review of the
literature on stress seems to reveal that a number of studies exemplify this pattern. This was
initially highlighted by Arciuli and Cuples (2006) who failed to find the regularity effect
(advantage when stress is on the default syllable) in response latencies in reading aloud (Exp.
1) and lexical decision (Exp. 2) but they did observe the effect in error rates in both tasks.
Similarly, in lexical decision (Exp. 2), Colombo (1992) showed the stress regularity by
frequency interaction but only in the error rates. Additionally, Rastle and Coltheart (2000)
found the interaction between stress regularity (according to a set of morphological affixes)
and frequency (Exp. 3) only in the error rates and not the response latencies. Such patterns are
in accordance with the regression analyses on reading aloud responses to 1000 disyllabic
words performed by Chateau and Jared (2003). They showed that stress position was a far

more important predictor for accuracy compared to response times.

A formal model of reading aloud has yet to be fully developed for Greek and it is not
straightforward to apply the present findings to models of reading in other languages due to
the idiosyncrasy of Greek to mark stress position with diacritics. The empirical findings

suggest the operation of a dual-route pathway in Greek, with clear effects of lexical and
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sublexical reading. The CDP++ model (Perry et al., 2010) is able to simulate reading aloud
of disyllabic words. It employs two separate routes in reading with training algorithms for the
sublexical route in order to learn the relationships between orthography and phonology. It has
an additional level with two stress nodes, one for each syllabic position, which is also trained
similarly to the grapho-phonemic network in order to pick up the regularities between the
orthography and stress position. The CDP++ model has been successfully adapted for Italian
(Perry et al., 2014a) and is able to simulate effects emerging from the default pattern acquired
in behavioural experiments (e.g. Colombo, 1992). Such effects could emerge in the model
from the lexical route through stronger activations for words with typical over atypical stress.
That is because the model applies a stress node naming criterion which governs that even
when the phonology of the word is ready, if an activation threshold for stress position has not
been reached, the word cannot be produced. Naturally, this will take longer to pass the

threshold with irregular words that have weaker connections.

Additionally, given that many of the effects yielded in the present study were observed only
in error rates but not reaction times, the version of CDP++ for English (Perry et al., 2010) is
particularly pertinent. That is because for several stress studies in English, effects were solely
or mainly acquired for accuracy rather naming latencies (e.g. Arciuli & Cuples, 2006; Rastle
& Coltheart, 2000) and such effects were simulated by CDP++. For example, when using
Rastle and Coltheart’s (2000) stimuli in which regularity was defined on the basis of
morphological affixes as cues to stress position, the model also produced higher error rates for
irregular items compared to those with regular stress. Interestingly, when strategically setting
the stress node naming criterion to a higher threshold, they observed this pattern in the
reaction times rather than error rates, which suggests a trade-off between the two. This
appears in line with Rastle and Coltheart’s results as they acquired a clear-cut effect in the

error rates but only an effect of marginal significance for the naming latencies.
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However, extending the CDP++ model for Greek would not be trivial because it would
require a theoretical justification on how stress is represented on the orthographic level. For
example, the assumption that stress is finally embedded as part of the whole-word
orthographic representations could be implemented by including additional letter nodes for
the stressed versions of the vowels. The assumption that the diacritics are independently
processed would require additional stress nodes that would be activated at the stage of
graphemic buffer and would determine the stressed syllable after syllabification is
accomplished. Subsequently, this would need to interact with the stress output nodes as well
as the lexical route. Finally, any computational model of reading aloud in Greek would need

to accommodate the possibility of different stress patterns depending on the case type.

In conclusion, this study presented clear case effects in skilled Greek reading as well as stress
position effects, which were dependent upon the reading strategy employed by the reader and
the availability of orthographic diacritics indicating stress position. These findings provide
challenges for computational models and universal theories of reading that would need
substantial adjustments to accommodate such results. To allow for further analyses on the
present data sets to be possible, and to provide a battery of response times and accuracy rates
for the stimuli used in these experiments, all results involving these measurements on the item
level are provided in the Appendices section. This information also allows performance of
computational simulations with the aim of generating these effects, can also facilitate the
development of Greek computational models of reading by functioning as benchmark data,
and are further pertinent to this thesis as they have been utilised in the simulations reported in
Chapter 6. This approach is adopted throughout the thesis as all experimental data acquired

are provided in detail on the item level.
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CHAPTER 3

STRESS EFFECTS IN VISUAL WORD RECOGNITION OF WRITTEN GREEK

WORDS

This chapter reports results from three behavioural experiments with Greek skilled readers in
visual word recognition investigating the mechanism of stress assignment in Greek.
Experiment 1 utilised the same stimuli materials that were used in Experiment 1 of the
previous chapter in word naming. The purpose was to disentangle orthographic from
phonological effects and also disentangle different levels of orthographic representation of
stress. Results suggest both orthographic and phonological contributions to the stress
assignment mechanism, the function of stress diacritics as independent orthographic units that
are being decoded during the reading process, but they also suggest the possibility that the
diacritic is -at least at the late reading skill stages- part of the word’s orthographic
representation in the mental lexicon. Experiment 2 aimed to disentangle syllabic position
confounds between first-second, left-right, and ultimate-penultimate-antepenultimate
syllables by manipulating syllabic length and asking participants to recognise trisyllabic and
tetrasyllabic words of high or low frequency. It also utilised case manipulation in order to
differentiate between orthographic and phonological contributions to stress assignment. A
uniformal and a priori not predicted positional disadvantage observed when stress was on the
antepenultimate led to further investigations of the nature of the default metrical bias towards
the prefinal syllable in Experiment 3. In this experiment, trisyllabic uppercase stimuli stressed
in any of the three possible positions yielded default metrical advantage towards the prefinal
syllable both with verbs, whose pos-specific stress distribution shows a statistical
preponderance of the prefinal position, but also with adjectives, a grammatical category that
does not show such dominance. This quite accented perseverance of the default metrical

pattern led to the questioning of the experimental conditions of Experiment 2 and whether the
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results acquired could have been affected by extraneous variables. Also, it led to the
discussion of the nature of default bias that showed a remarkable uniformity and the
mechanisms through which it originates in the language’s statistical stress position

distribution.

104



3.1 Introduction

To correctly read aloud a multisyllabic word, the reader needs to assign stress to the
appropriate syllable. There is consistent evidence from a variety of languages that stress
affects the reading times and/or accuracy rates of proficient readers as certain syllabic
positions present a processing advantage regarding stress and others are disfavoured (e.g.
Italian: Colombo & Sulpizio, 2015; English: Rastle & Coltheart, 2000; Greek: Protopapas et
al., 2007; Chapter 2 of this thesis). It has already been discussed how such effects emerge
from the specific characteristics of each given language such as the stress information its
orthography provides, its statistical regularities regarding stress position, and the stress
assignment strategies it consequently encourages. However, investigating the cognitive
mechanisms mediating stress assignment with words read aloud does not provide an insight to
the specific stage of processing that stress comes about. Specifically, it cannot determine
whether stress is assigned before phonological assembly or whether it holds a pre or post-
lexical role, that is, whether it functions as a cue that guides lexical access. Experimental
tasks such as lexical decision that focus on word recognition are more appropriate for this
purpose as they isolate this reading stage from the production phase. Therefore, lexical
decision experiments have been conducted and their results are reported in this chapter with
the aim of investigating the effects of stress in visual word recognition of native-Greek skilled

readers.

3.1.1 The role of stress in word recognition

Stress has been suggested to hold both a pre-lexical role (Black & Byng, 1986; Cubelli &
Beschin, 2005; but see Cutler, Howard & Patterson, 1989) or a post-lexical role in word
recognition (Ashby & Clifton, 2005; Gutiérrez-Palma & Palma-Reyes, 2008). Accounts
proposing that stress constitutes the final stage of phonological processing are consistent with

the fact that its assignment necessarily needs to follow a series of other processes such as
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visually encoding the word, phonologically decoding it, segmentally assembling it,
determining the stressed syllable and finally associating it with stress (Protopapas &
Gerakaki, 2009). Importantly, even at a late stage of processing, stress can still have a pre-
lexical role. Gutiérrez-Palma and Palma-Reyes (2008) suggested that the time window of
100-143 ms needed to process stress, as suggested by their data, might be sufficient for
syllabic parsing to be completed. When stress is orthographically marked, it can also
constitute a visual cue that guides lexical access as suggested by the findings of Cubelli and
Beschin (2005) in Italian, who observed improved reading performance of neglect dyslexia

patients when words had a stress diacritic.

Additionally, it has been argued that during silent reading, stress is imposed (Rayner &
Pollatsek, 1989) and prosodic information is generated and applied even when it is not
provided by the orthography (Fodor, 1998). There is strong evidence indicating that
phonology is used in word recognition (see Frost 1998; 2008 for a review) and stress position
is part of the phonological specification. Assuming that phonological representations mediate
lexical decisions, it follows that stress effects should be expected to be observed in this task.
However, it has also been suggested that lexical decision can be performed solely on the basis
of the orthographic code (Seidenberg & McClelland, 1989). Even if this is the case, the
presence of explicit orthographic cues to stress (e.g. diacritics) might be expected to influence
word recognition. Consequently, stress effects in word recognition could be originating in two

distinct ways, via orthographic or phonological processing.

3.1.2 Stress effects in the lexical decision task

Investigations of stress effects in lexical decision tasks have produced conflicting findings. In

Italian, Colombo (1992) reported higher accuracy rates in recognition of regularly stressed
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trisyllabic words in comparison to irregularly stressed words® on the basis of stress appearing
on the penultimate or antepenultimate syllable respectively. Since, in Italian, stress position is
not indicated orthographically, the author attributed this pattern to the default bias towards
regular stress by either the phonological code being activated prior to the orthographic
representation, or by words with irregular stress being more easily mistaken for nonwords.
However, Burani and Arduino (2004) argued in favour of a stress mechanism that is sensitive
to stress regularity on specific stress neighbourhoods -that is, the statistically dominant
position specifically for each group of words ending in the same phoneme sequence®. Since
they observed higher reading performance with regularly stressed stimuli on the basis of
stress neighbourhood in reading aloud but not lexical decision, they argued in favour of the
phonological rather than orthographic nature of this effect. However, Colombo and Sulpizio
(2015) aimed to shed more light on this debate by orthogonally manipulating both these two
variables in a series of lexical decision tasks and in all they observed effects consistent with
the default pattern but not stress neighbourhood. Interestingly, the behavioural data from
reading aloud of both Colombo (1992) (similar patterns with lexical decision) and Burani and
Arduino (2004) (neighbourhood effects) were successfully simulated by a dual-route
computational model of reading aloud (CDP++: Perry et al., 2014a) which suggests that the
two accounts might not be mutually exclusive. However, it is not known whether a word
recognition model would be able to simulate both these seemingly contradictory patterns in

the behavioural results, similarly to the reading aloud model.

Research involving stress effects in word recognition is relatively scarce in other languages.
In a lexical decision experiment in Spanish, Gutiérrez-Palma and Palma-Reyes (2008) primed
disyllabic words that do not receive stress diacritics with identity primes which either had

stress marks on the correct syllable, wrong syllable, or no mark. They observed slower

5 In Italian, there is a great preponderance of trisyllabic words that are stressed in the prefinal syllable
in comparison to the other stress positions.
5 From the nucleus phoneme of the prefinal syllable up to the final phoneme of the word.

107



reaction times when words were primed on the wrong stress position but only with stimulus
onset asynchronies of 100 ms or longer, which led them conclude that stress effects occur at
relatively late stages of lexical access and that such effects share a phonological and
orthographic basis. Additionally, the interaction between stress position and grammatical
class has also been highlighted with the dominance of each stress pattern being observed
within specific grammatical categories (Arciuli & Cupples, 2006; Jouravlev & Lupker, 2014).
Importantly, the emergence of such patterns in both reading aloud and lexical decision has led
Arciuli and Cupples (2006) to challenge its purely phonological origin. Finally, both corpus
analyses and word recognition experiments have focused on spellings of word endings in
English. They have found that many final letter sequences are predictive of stress position
(Arciuli & Cuples, 2006) and may facilitate word recognition (Kelly et al., 1998; Mundy &

Caroll, 2013).

3.1.3 Stressing Greek words

It has already been described how Greek words are orthographically marked with stress
position only in lowercase but not in uppercase. This does not create major problems in
reading uppercase because the vast majority of Greek words constitute unique letter strings
(Protopapas, 2006) that can be stressed correctly without the need for the diacritic. However,
it has also been established that it would not be adequate for the Greek reader to encode stress
position only on the phonological level. This existence of ambiguous words such as minimal
pairs dictates the decoding of orthographic information to resolve stress position for such
cases. Also, Protopapas et al. (2007) have confirmed that even when lexical activations direct
readers to stress nonwords on a position contrasting the one of the stress mark, they
nonetheless typically decode the diacritic successfully and name the nonword correctly -that
is, stress according to the diacritic position. Furthermore, Protopapas and colleagues observed
in their entire series of experiments that decoding the diacritic to determine the stressed
syllable is an active source of stress information and a strategy that consistently interacts with
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lexical activations and informs the stress assignment mechanism (Protopapas, 2006;
Protopapas et al., 2006; Protopapas et al., 2007; Protopapas & Gerakaki, 2009). However,
what cannot be concluded from these studies is whether reliance on the orthographic stress
marks is a strategy induced from the nature of the experimental materials. The experiments
conducted by Protopapas and colleagues involved solely nonwords in which stress position
cannot be efficiently extracted unless the diacritic is decoded. Despite observing reliance on
the other available sources in this context, decoding the diacritic is the only option for the
reader in order to be sure that the word is stressed correctly. It is not known whether this
strategy is still active in more naturalistic reading environments with real words that offer the

option of lexical retrieval.

As reported in the results of the reading aloud experiments (Chapter 3), stress assignment can
be directly affected by the type of processing strategy employed by the reader. Less frequent
words, that are more likely to be processed sublexically, present an accuracy advantage when
they are stressed on the prefinal syllable over those stressed on the final syllable, in
accordance to the default metrical pattern. This only occurs when stress position is not
marked orthographically with diacritics (i.e. in uppercase). This pattern is not observed with
high-frequency words, which encourage lexical processing, hence raising the possibility that
in this case stress position is retrieved directly from the mental lexicon. This is consistent with
dual-route theories and computational models of reading (DRC, Coltheart et al., 2001; Perry
et al., 2010) which suggest that a grapheme-to-phoneme route operates serially (e.g. for
unfamiliar words) by assembling each letter consecutively into phonological units. In
contrast, in the lexical route used for familiar words, letter positions are processed in parallel
so that the orthographic form of the word is activated in the lexicon before phonology is
generated. Similarly, manipulating the availability of stress diacritics through the
manipulation of case allows orthographic and phonological stress effects in visual word

recognition to be distinguished. While Greek is a unique language in offering this natural
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manipulation of orthographic information on stress position, effects of case per se have been

investigated in other languages with the use of lexical decision tasks.

3.1.4 Case type effects in reading

In general, lowercase has been argued to present an advantage over uppercase due to the
reader’s greater exposure to it and its more distinguishable visual characteristics (Paap et al.,
1984). Several studies (e.g. Lavidor, Ellis & Pansky, 2002; Paap et al., 1984) have
investigated the effects of other psycholinguistic variables such as letter length, word
frequency, lexicality, and overall shape frequency within each of the two cases as well as case
aLtErNaTiOn presentation. For example, although faster decision latencies are typically
reported for lower versus uppercase, a factor that seems to be modulating the case effect is
word frequency. In lexical decision experiments conducted in English (Mayall & Humphreys,
1996) and Spanish (Perea & Rosa, 2002), it was shown that the case effect occurred only for
relatively low-frequency words and not high-frequency words. This interaction has been
interpreted as evidence against holistic models of visual word recognition (e.g. Allen et al.,
1995) that suggest that a whole-word shape channel is activated by highly visually familiar
items. This is because such models would predict the opposite pattern with high-frequency
items being most affected by the case manipulation. Alternatively, analytical models
(Grainger & Jacobs, 1996; McClelland & Rumelhart, 1981) suggest that words are processed
in terms of their constituent letters and the shape these take is irrelevant for reading as their
visual form is lost in early phases of the reading process. Manipulation of case in Greek word
recognition not only allows for the generality of these findings to be tested further, but,
uniquely, it also enables the availability of phonological information such as stress position to
be manipulated in a wholly naturalistic manner. The latter analytical theory is partly
confirmed by the reading aloud experiments reported in the previous chapter because case
effects were manifested in word naming but these were present only in the analysis of
response times but not in durations of production. That is because duration of production

110



reflects later stages of processing whereas response times capture the earlier processing phase.
But in a language such as Greek that case type does not only differentiate the visual form of
the letter but also the availability of orthographic information on stress, it was shown that
even when these two factors were disentangled (Experiment 3), case effects did endure in the

response times of the participants.
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3.2 Experiment 1

3.2.1 Rationale

The purpose of the first experiment was to identify the locus of stress effects and whether
stress is generated before phonological assembly. If stress becomes available pre-lexically,
then it can act as an additional cue that guides lexical access. If stress is assigned post-
lexically, then it means it should be retrieved from the word-level representations in the
mental-lexicon. To investigate these possibilities, a lexical decision experiment was employed
involving disyllabic words and nonwords that are either stressed on the prefinal or the final
syllable. Words were either high- or low-frequency, and all stimuli were presented in both
lower and uppercase. If positional effects of stress are observed, this would corroborate
findings in other languages suggesting stress assignment does not only concern word
production when reading aloud. If such effects are observed in lexical decision using
uppercase letter strings, this would indicate a phonological origin because in uppercase stress
is not marked orthographically. If, however, stress effects are observed only in lowercase, this
would provide evidence in favour of an orthographic process. If they are consistently
observed across both cases, this would provide support for phonological activations with
potential contributions from the orthography. With respect to the stress position, it is expected
that less familiar items that encourage sublexical reading will show a positional advantage on
the prefinal syllable in accordance with the default bias, whilst high-frequency items that

encourage lexical access will not.

Additionally, this experiment aimed to shed light on the locus of representation of stress in
Greek language. The phonological lexicon is an obvious contender but the orthographic
dimension of stress in Greek means that it should also be additionally encoded through the
diacritics. In the context of reading models discussed throughout this thesis such as the DRC
(Coltheart et al., 2001) and CDP++ (Perry et al., 2010; 2014), nonwords access the

phonological output lexicon once the phoneme system has been activated via backward
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activation. This means that stress effects with nonwords can be interpreted to arise from the
phonological representations. But stress effects on the lexical decision task with recognising
lowercase nonwords, that bear stress marks, should be interpreted as evidence that stress must
be represented at the letter level. In contrast, stress effects only with lowercase words but not
nonwords, on a lexical decision task, could be interpreted as evidence that stress is also
represented at the orthographic input lexicon. Manipulation of lexicality and case, that, in
Greek, overlaps with diacritics availability, allows investigation of these hypotheses regarding

the mechanism of stress assignment.

3.2.2 Method

Participants

Thirty-two native-Greek participants (age range 22-32 years, mean age 27.1 years, SD 3.2
years) were recruited from the undergraduate and postgraduate populations at the University
of Nottingham. Nineteen were females and 13 were males. All participants had normal or

corrected-to-normal vision and none reported any diagnosed learning or reading difficulties.

Materials

The experimental materials were identical to those used in reading aloud Experiment 1 (see
Chapter 2, section 2.2); disyllabic Greek words and nonwords of four or six letters were
matched for letter length, syllabic length, word neighbourhood (Coltheart’s N, as defined in
Coltheart et al., 1977) and positional bigram frequency of the linking letter cluster between

the two syllables (see Table 2.1).

Design, apparatus, and procedure

A repeated-measures design was employed in which the independent variables were stimulus
type (low-frequency word, high-frequency word, nonword), case (lower, upper), and stress
position (prefinal, final). Accuracy of responses and response times were measured from the
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point that the stimulus appeared on screen until the participant input a response through a

response box either corresponding to a real word or a nonword.

The experimental conditions and apparatus used where again identical to Experiment 1 in
Chapter 2 with the only difference being the response box used to record participant

responses.

3.2.3 Results

In accordance with Ulrich and Miller (1994), 1% of response latencies were greater than 3.5
SDs away from the mean and were excluded from further analyses. No response was given
earlier than the predefined low cut-off point of 250 msec, so truncation for low latencies was
unnecessary. Mean reaction times for correct responses and error rates were calculated and
submitted for analysis across participants and across items. Descriptive statistics for response
times and accuracy rates are reported in Table 3.1 and item-level data of these measurements

are provided in Appendix B.7 (words) and B.8 (nonwords).

For both dependent variables, a 3-way repeated-measures ANOVA was conducted to
investigate the effects of stimulus type (low-frequency word, high-frequency word, nonword),
case (lower, upper), and stress position (prefinal, final). Data were submitted to separate by-

subject and by-item analyses.

Response times

A 3x2x2 repeated-measures ANOVA with stimulus type, case and stress position revealed
significant main effects of stimulus type (F1(2, 62) = 229, p < .001, 5,°= 0.88, F»(2, 308) =
260, p < .001, 77,2= 0.64) and stress (F1(1, 31) = 12.23, p = .001, 7,2= 0.28, F5(1, 308) = 21, p
<.001, 7p*= 0.07). The main effect of case was not significant (F1(1, 31) =0.15, p = 0.7, #,°=

0.01, F2(1, 308) = 1.94, p = .17, > = 0.01) but there was a significant 3-way interaction
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(F1(2, 62) = 7.18, p = .002, 5,2 = 0.15, F2(2, 308) = 3.16, p = .044, 5,°= 0.02) among all
independent variables. Stimuli stressed on the prefinal were overall recognised faster than
those stressed on the final. To decompose the interaction, two 3x2 repeated-measures

ANOVAs were conducted with lower and uppercase stimuli separately.

In a 3x2 repeated-measures ANOV A with lowercase stimuli, there was a main effect of
stimulus type (F1(2, 62) = 121, p < .001, 5,2= 0.78, F»(2, 154) = 148, p < .001, #,*= 0.67), no
effect of stress (p > .3) and a significant 2-way interaction between stress and stimulus type
(F1(2, 62) = 25.1, p < .001, 5,2 = 0.45, F2(2, 154) = 15.6, p < .001, 5,>= 0.18). With regards to
the main stimulus type effect, pairwise comparisons revealed significant differences among
all groups. High-frequency words were recognised faster than the other two categories and
low-frequency words were recognised faster than nonwords (all ps < .001). To decompose the
stimulus type by stress position interaction, three pairwise comparisons were performed with
high- and low-frequency words and nonwords between items stressed on the final and prefinal
syllable. High-frequency items stressed on the final were recognised faster than those stressed
on the prefinal (t1(31) = 3.85, p <.001, d = 0.45, t,(38) = 4.1, p <.001, d = 1.37). No
difference was observed with low-frequency words (p > .3). Nonwords stressed on the
prefinal were recognised faster than nonwords stressed on the final (t1(31) = 8.6, p<.001, d =

0.55, t2(67.3) = 5.24, p < .001, d = 1.17).

For uppercase, first a one-way repeated measures ANOVA was conducted with stimulus type
as a within-subjects variable that revealed a significant effect (F1(2, 62) = 202.8, p < .001, #,?
=0.81, F2(2, 157) = 109, p < .001, #,>= 0.60). Post-hoc pairwise comparisons revealed
significant differences among all groups. Uppercase high-frequency words were recognised
faster than the other two categories and low-frequency words were recognised faster than
nonwords (all ps < .001). Subsequently, a 2x2 repeated measures ANOVA only on word
stimuli in uppercase with frequency (high, low) and stress position (final, prefinal) as within-
subjects variables revealed a significant effect of frequency (Fi(1, 31) = 212, p < .001, 5> =
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0.87, F(1, 76) = 85, p < .001, 5,2 = 0.56), an effect of stress that was only confirmed by
subjects (F1(1, 31) = 8.38, p = .007, 5> = 0.21) but not by items (F2(1, 76) = 2.59, p = .11, 5,
= 0.04) and a significant interaction (F1(1, 31) = 4.48, p = .043, ,°=0.13, F»(1, 76) = 4.12, p
=.046, n,*= 0.13). Uppercase high-frequency words were recognised faster than low-
frequency words and words stressed on the prefinal were recognised faster than words
stressed on the final. Decomposing the interaction showed no difference emerging from stress
position for high-frequency items (p > .3) but low-frequency words in uppercase were
recognised faster when stressed on the prefinal compared to when stressed on the final (t:(31)

=3.36, p=.002, d = 0.59, t,(38) = 2.6, p = .013, d = 0.54).

To further explore the stress effect observed with the high-frequency words, a 2x2 repeated
measures ANOVA was conducted involving only these stimuli with case (lower, upper) and
stress position (prefinal, final) as within-subject variables. This revealed a main effect of
stress position (F1(1, 31) = 5.26, p = .029, 5,2= 0.15, F2(1, 76) = 4.47, p = .038, 5,>= 0.06),
no effect of case (p > .3) and a significant interaction (F1(1, 31) = 14.6, p < .001, #,° = 0.32,
F2(1, 76) = 8.42, p = .005, #,° = 0.11). Items stressed on the final were read faster than those
stressed on the prefinal. Decomposing the interaction showed that for items stressed on the
prefinal, there was no difference between lower and uppercase (p > .3) while for items
stressed on the final, lowercase was identified faster than uppercase (t1(31) = 3.46, p = .004, d

= 0.59, t(38) = 3.00, p = .007, d = 1.06).
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Table 3. 1 Experiment 1: Mean reaction times (milliseconds) and accuracy rates (percentage
correct) in the lexical decision task with disyllabic words. Standard deviations are given in

parenthesis.

Response latencies (ms)

Words Nonwords
High frequency Low frequency
Stress prefinal final prefinal final prefinal final
Lowercase 543 (104) 503 (74) 633 (115) 634 (116) 656 (90) 712 (111)
Uppercase 526 (89) 532 (44) 615 (96) 649 (111) 692 (108)
Accuracy (% correct)
Words Nonwords
High frequency Low frequency
Lowercase 98 (3.7) 99 (2.2) 91 (6.8) 90(8.9)  95(7.1) 90 (13.3)
Uppercase 98 (3.8) 97 (3.8) 92 (9.3) 89 (12.6) 90 (11)
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Error analysis

A 3x2x2 repeated-measures ANOVA with stimulus type, case and stress position revealed
significant main effects of stimulus type (F1(2, 62) = 13.8, p <.001, 7%= 0.30, F2(2, 308) =
18.1, p <.001, #,° = 0.20), stress position (F1(1, 31) = 19.6, p < .001, 7,*= 0.27, F2(1, 308) =
10.1, p <.001, #,° = 0.12), and case which was only confirmed by subjects (F1(1, 31) = 19.6,
p <.001, 7,2=0.32) and not by items (F(1, 308) = 3.31, p = .070, ,>= 0.03), and no
interactions. Stimuli stressed on the prefinal were recognised more accurately than those
stressed on the final. Performance with lowercase was better than uppercase. Post-hoc
pairwise comparisons revealed that high-frequency items were recognised more accurately
than the other two categories (ps < .001) but there was no significant difference between low-

frequency words and nonwords.

3.2.4 Discussion

This experiment aimed to investigate whether stress, a linguistic phenomenon predominantly
phonological in nature, would influence performance on a lexical decision task, which does
not involve the production phase. The purpose was to identify the locus of stress effects and
distinguish between its orthographic and phonological contributions in reading. It also aimed
to distinguish between the different levels that stress might be orthographically encoded. The
advantage yielded for lowercase high-frequency words stressed on the final syllable did not
emerge in the uppercase, which indicates its orthographic origin, resulting from the presence
of stress diacritics in lower but not uppercase. The advantage observed for uppercase low-
frequency stimuli stressed on the prefinal syllable, which is consistent with the operation of a
sublexical default metrical bias favouring the prefinal position, suggests that phonology was
also activated in this task. The purely phonological nature of this effect is also supported by
the fact that it was not observed when the diacritics were present. Hence, results showed a
combination of orthographic and phonological effects. Also, stress effects with nonwords

bearing stress diacritics showed that stress seems to behave as an independent orthographic
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unit but also position effects acquired with high-frequency lowercase words suggest that it
can also be encoded in the orthographic lexicon. These conclusions are further discussed in
the subsequent sections. Interestingly, case effects did not manifest themselves consistently in
this task as the lowercase advantage only occurred in the error rates but was not observed in
the response latencies. This appears consistent with the interpretation regarding the case effect
in the word naming study (Experiment 1, Chapter 2) when considering the response times of
the lexical decision responses. In those results, the emergence of case effects in response
times but not durations of production was interpreted as a gradual fade out dependent on the
time course of processing. Indicatively, mean naming reponse latencies of the different
stimuli groups in the reading aloud experiment ranged between 450 and 570 ms. In this

experiment, mean group response latencies ranged between 530 and 710 ms.

The advantage observed in low-frequency words stressed on the prefinal in uppercase
supports the hypothesis made on the basis of a dual-route reading theory. In accordance with
this, the prediction was that sublexical stress assignment mechanisms favouring the prefinal
syllable would operate with less familiar stimuli but not with highly familiar stimuli. But the
final-syllable advantage that emerged between the two stress positions for high-frequency
items in lowercase was not expected a priori, and neither can it be explained within this
framework. Furthermore, the robust frequency and lexicality effects that were consistent
across all conditions and both dependent variables provide clear evidence that, despite Greek
being a highly transparent orthography, lexical-based processing was operating in this task
(Frost, 2008). This is in line with findings from other transparent languages (e.g. Italian,
Pagliuca et al., 2008) suggesting that the lexical route might be the one predominantly used in

skilled reading in such languages as well.

The pattern of findings observed in uppercase corroborates the results from reading aloud
disyllabic words in Greek, as reported in the previous chapter Experiment 1. In that
experiment, low-frequency words stressed on the prefinal syllable showed higher accuracy
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rates than those stressed on the final syllable when they were presented in uppercase, that is,
without stress diacritics. Also, the default bias manifested itself in the production of uppercase
nonwords that showed a strong tendency to be pronounced with stress on the prefinal syllable.
The results from the current lexical decision task show an analogous pattern in the response
times analysis. Overall, the body of results from both tasks suggests that the default bias
seems to be utilised only in the absence of orthographic information on stress position. This
finding is commensurate with the conclusion drawn by Protopapas et al. (2007) about the
diminishing strength of the default bias as reading skill reaches maturity. While early readers
exhibit a stronger tendency to resort to the default pattern, for skilled readers the diacritic is
predominantly used to disambiguate stress assignment in reading. Additionally, the results of
the current study are consistent with the interaction of stress position with frequency observed
by Colombo (1992) in lexical decision tasks in Italian. The error rates of Italian adult readers
showed the same pattern. This is not surprising as Italian, irrespective of case, is similar to
Greek uppercase in that stress position is not typically marked explicitly and therefore must
be retrieved from the mental lexicon and/or inferred from the default pattern. On the other
hand, Greek lowercase differs in that it provides one additional source of information
regarding stress position that is indicated by the position of the diacritics. The fact that the
presence of stress marks yielded a positional difference in the reaction times to both word and
nonword stimuli offers support to the theory that, in Greek, the diacritics are encoded and
consequently decoded during reading as independent units on the letter level. Emergence of
the effect with otherwise well-matched nonwords suggests that this might be taking place
prior to the access to the orthographic lexicon as nonwords do not have orthographic
representations. Hence, even if stress is gradually embedded to the orthographic
representations, as has been previously suggested (e.g. Protopapas, 2016), this does not seem

to be the only locus of its orthographic encoding.

The effect observed in high-frequency words presented in lowercase, i.e. faster recognition
for items stressed on the final syllable in comparison to those stressed on the prefinal, should
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be attributed to the presence of the diacritics. As this effect did not appear in uppercase, it
suggests that orthography plays a key role in stress assignment in Greek skilled adult readers.
It also highlights that in skilled reading, stress assignment retains its orthographic dimension
despite the fact that the majority of Greek words could, in principle, be correctly stressed
without relying on orthographic cues, but rather solely retrieving stress position by means of
successful lexical access. Thus, a lack of ambiguity, given the very limited number of stress
minimal pairs that need stress diacritics (or context) for disambiguation, does not preclude the

utilisation of diacritics, when these are available, by the skilled reader.

However, it would be difficult to explain the final syllable advantage of high-frequency
lowercase words within dual-route theories of reading because according to this framework
high-frequency items are in principle expected to be read lexically. In further exploring this
aspect of the data, the analysis focusing only on high-frequency words revealed an interaction
between stress position and case. Specifically, items in lowercase stressed on the final syllable
were recognised fastest. Items in lowercase stressed on the prefinal syllable were actually
recognised with a similar latency to those presented in uppercase. This suggests that the items
stressed specifically on the final syllable are acquiring an advantage from the presence of the
diacritics on this position. This resonates with behavioural findings in Italian. In this
language, although the vast majority of words do not receive stress marks, approximately 2%
of the vocabulary is marked with a diacritic sign indicating stress on the last vowel (e.g.
facolta) (Thornton, lacobini, & Burani, 1997). In a study with neglect dyslexia patients,
Cubelli and Beschin (2005) found that the diacritics on that position can act as cues that
facilitate lexical access given they only observed this advantage with words but not with
nonwords. They concluded that both typical and atypical readers will make use of any lexical
information towards the end of the word (such as the diacritic or inflectional suffixes) in the
bottom-up process of matching the input to an entry in the orthographic input lexicon to
constrain word candidates in the recognition process. Given that Greek language typically
presents the open consonant-vowel (CV) or CCV syllabic structure, when the stressed syllable

121



is the final one, stress is most likely to fall on the final letter as well, as it is marked on the
nucleus vowel of the syllable. In the present study, 17/20 high-frequency items stressed on the
final syllable had the diacritic on the last letter as well. Hence, a similar advantage to Italian
might be emerging from the presence of the diacritic on the final letter position. This
constitutes evidence suggesting that, in Greek, the diacritic might also be encoded in the

orthographic lexicon.

With respect to the exterior position advantage of the high-frequency words, models from the
letter position encoding literature such as the Sequential Encoding Regulated by Inputs to
Oscillating Letter Units (SERIOL, Whitney, 2001; 2007) or the spatial coding model (Davis,
2010) could provide an account of this effect. In the spatial coding model, exterior letters are
explicitly marked with dynamic end-letter marking to accommodate the spatial status of the
external positions. Specialised representations encode these positions with the use of letter
banks containing one node for each letter of the alphabet and having excitatory connections
with the word level. Hence, in conjunction to the activation of the final letter similarly to the
letters in the other positions, additional excitation to the word level is induced from the final
letter by means of this mechanism. In the SERIOL model, both lexical and sublexical routes
receive input from representations on the letter level while only the lexical route also receives
input from open-bigram representations (Whitney & Cornelissen, 2008). In the most recent
version of the model, bigram representations also include edge units that encode the word’s
initial and final letter. While letter firing gradually degrades across the letter string, the last
letter receives higher activation than the preceding ones. The reason for this is the lack of
inhibition to the activation of the final letter due to the lack of subsequent letters. In this
framework, the final letter advantage only emerges in high-frequency but not low-frequency
words because the lexical route is predominantly employed with highly familiar items.
However, the issue of interaction between the two routes and the potential lexical
contributions emerging from orthographic processing lies beyond the scope of letter position

encoding models.
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The present results have implications for current theories in reading research. They can be
interpreted as evidence that in Greek skilled reading, stress assignment is a multifaceted task
that lies on different levels of representation. In conjunction with the phonological
representations, the orthographic lexicon also showed evidence for encoding stress, while the
interpretation of the current results should also consider diacritics to be an independent
orthographic unit that, when available, is utilised by the reader in orthographic processing.
Consequently, a universal theory of reading would need to consider the relative contribution
of such units in relation to their functionality in any given language. An equally important
implication derives from the activation of different reading pathways depending on the
idiosyncratic characteristics of different sets of stimuli, as suggested by the present findings.
Current models of visual word recognition that could accommodate the present data more
easily are those that propose two separate routes in reading, lexical and sublexical. A
traditionally efficient model of this approach that can simulate lexical decision data is DRC
(Coltheart et al., 2001). Its implementation involves activations from the letter level and the
orthographic lexicon that are fed back and forth between levels of representation in a
cascaded-like manner resulting in interaction between the two pathways. The architecture of
DRC for the lexical decision task imposes that phonology is activated by the assembly of a
phonological string sent to the phonological lexicon subsequently interacting with the
orthographic lexicon. But this model has been developed to perform with monosyllabic
stimuli, which do not need stress assignment. Such stimuli constitute an extremely limited and
unrepresentative set of Greek vocabulary, as content words in Greek are almost exclusively
multisyllabic. Thus, the model, as it stands, may be ill-suited to account for skilled reading in
Greek. Rastle and Coltheart (2000) developed an algorithm within the dual-route framework
that assigns stress to all disyllabic words of the CELEX database (Baayen et al., 1993) with
90% accuracy. This was based on morphological affixes and the stress position they indicate.
Although classification of morphemic units within the clear binary distinction between lexical
and sublexical information is somewhat ambiguous, it is remarkable that such an algorithm
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did not need to rely on stress information embedded in the lexical representations. However,
this approach has not been integrated into the DRC model and it is uncertain as to how
exactly stress would be specified (e.g. segmentally vs. suprasegmentally). The CDP++ model
(Perry et al., 2010; 2014), which is also a dual-route model, has been developed to
accommaodate multisyllabic input and determines stress position by introducing an additional
stress node. However, this model has been implemented for languages such as English and
Italian that, unlike Greek, do not represent stress orthographically. Additionally, this model
does not simulate word recognition, but rather only reading aloud, so it remains to be seen if

such an approach could be extended to accommaodate lexical decision in Greek.
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3.3 Experiment 2

Several different ways to indicate stress position appear in the stress assignment literature of
reading research. Indicatively, for languages in which stress can fall on any of the three final
syllables such as Italian and Greek, the terminology of ultimate, penultimate and
antepenultimate syllable (i.e. final, prefinal and third from the end respectively) is typically
adopted (e.g. Colombo, 1992; Protopapas, 2006). Alternatively, trochaic and iambic stress
patterns in disyllabic words correspond to stress on the first and second syllable respectively
(e.g. Arciuli & Cuples, 2003). Additionally, in disyllabic words, first and second syllable also
overlap with the left and right syllable. However, while in a disyllabic word the first syllable
is the penultimate one, and when stressed there is a trochaic pattern, this is not the case for
polysyllabic words with more than two syllables. In such words, the different ways of
representing stress position do not overlap. Furthermore, while in disyllabic words the default
metrical pattern of stress on the prefinal overlaps with the first syllable of the word, this is not
the case for polysyllabic words with more than two syllables. The relation of syllabic position
of stress in regards to the syllabic length of a polysyllabic word is depicted in Figure 3.1. The
purpose of Experiment 2 was to disentangle the influence of relative stress positions such as
first vs. second, left vs. right, and ultimate vs. penultimate vs. antepenultimate in lexical

decision.
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1st 2nd

Disyllables: PU U
1st 2nd 3rd
Trisyllables: APU PU U
1st 2nd 3rd 4th
Tetrasyllables: APU PU U

Figure 3. 1 Relation of syllabic position of stress in regards to the syllabic length of a
polysyllabic word.
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3.3.1 Rationale

In order to disentangle the positional confounds regarding stress previously described, a
lexical decision experiment was performed with native-Greek skilled readers who were asked
to recognise trisyllabic and tetrasyllabic high- and low-frequency words stressed on any of the
three possible positions, and presented both in lower and uppercase. If stress assignment is
relative to the end of a word (i.e. ultimate, penultimate etc.) regardless of syllabic length,
similar patterns would be expected to be observed for the trisyllabic and tetrasyllabic stimuli.
If stress assignment is related to the syllabic position relative to the centre of the word (i.e.
internal vs. external syllables), then a similar pattern would be expected for stress on the
antepenultimate and penultimate syllable in tetrasyllabic words as well as the penultimate
syllable in trisyllabic words. Additionally, in disyllabic words, which were used in
Experiment 1, the default stress position overlaps with the first syllable of the word.
Consequently, in a reading context heavily shaped by serial processing, it is not clear whether
advantages emerging from this position are due to the statistical preponderance of stress on
the prefinal syllable or due to the fact that this information is processed at an earlier phase due
to the seriality of the reading strategy. If this advantage is emerging from the stressed
syllable’s relative position to the end rather than the beginning of the word, then it is expected

to manifest on stimuli of any syllabic length.

3.3.2 Method

Participants

Thirty-two native-Greek adult participants (age range 20-31 years, mean age 26.2 years, SD
2.9 years) were recruited from the undergraduate and postgraduate populations at the
University of Nottingham. Seventeen were females and 15 were males. All participants had
normal or corrected-to-normal vision and none of them reported any diagnosed learning or

reading difficulties.
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Materials

Stimuli comprised 12 sets of words each consisting of 20 items that were all generated from
the IPLR psycholinguistic database (Protopapas et al., 2012). Twelve word groups emerged
from the frequency (high, low), number of syllables (three, four) and stress position (ultimate,
penultimate, antepenultimate)’ manipulations. Statistical characteristics of the stimuli are
presented in Table 3.2. Word groups were matched for number of letters, frequency (within the
two frequency categories, HF > 65 words per million, LF < 10 words per million), orthographic
neighbourhood density (Coltheart’s N - Coltheart et al., 1977), and mean token syllable
frequency. For this purpose, the SOS algorithm (Armstrong, Watson, & Plaut, 2012) was
employed to generate the mostly challenging high-frequency groups as much as possible since
the candidates were much fewer in this case. Candidate populations had to be stripped from
entries such as minimal stress pairs, foreign-rooted words, function words etc., which is
information not available in the database, and hence could not be fed into the algorithm.
Subsequently, low-frequency groups were generated manually because the task of stripping

groups with thousands of candidates from undesirable items would not be trivial.

Nonwords were created by initially generating 12 groups of low-frequency words and then
changing one consonant at a random position for each item in a balanced manner. Nonwords
mirrored the syllabic length (trisyllabic, tetrasyllabic) manipulation of words, the distribution
of items across the three stress positions and did not differ in average letter length from the
corresponding word groups. Additionally, half of the nonwords retained the original stress
position of their root word and half of them were stressed on either of the two other possible
positions. A full list of the stimuli used in this experiment is provided in Appendices B.1
(real words) and B.4 (nonwords). English translations of all real-word stimuli are provided in

Appendices B.2 (high-frequency items) and B.3 (low-frequency items).

7 For purposes of consistency in the case of stimuli with 3 syllables or more, the final syllable is
henceforth termed as the ultimate, and the prefinal as the penultimate.
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Table 3. 2 Experiment 2: Statistical properties of the trisyllabic and tetrasyllabic stimuli used. Zipf mean, min, max and range given, as well as mean letter
length, syllabic frequency, and Coltheart’s mean N.

APU
Zipf mean 5.308
Zipf min 4.945
Zipf max 5.821
Zipf range 0.874
Syl. Freq. 8.723

Length (let)) 7.500
Coltheart's N 1.650

Trisyllabic

PU

5.275
4.952
5.875
0.923
9.314
8.000
1.523

High frequency

U
5.278
4.981
5.772
0.791
9.239
7.900
1.452

APU
5.272
4973
5.623
0.651
9.305
7.950
1.457

Tetrasyllabic

PU
5.249
4.975
5.520
0.545
10.114
8.000
1.446

U
5.281
4.968
5.741
0.773

10.407
8.100
1.354

APU
3.338
2.081
3.892
1.811
9.260
7.850
1.554

Trisyllabic
PU
3.336
2.724
3.960
1.237
9.440
8.000
1.532

Low frequency

u

3.333
0.101
4.364
4.263
9.432
8.000

1.543

APU
3.336
1.875
3.979
2.105
9.382
7.950
1.527

Tetrasyllabic

PU

3.333
2.324
3.833
1.509
9.624
8.000
1.454

3.322
1.875
3.975

2.1
9.471
8.000
1.538

Notes. APU: Antepenultimate stress; PU: Penultimate stress; U: Ultimate stress. Zipf frequency was computed as defined in van Heuven et al. (2014)

and Coltheart’s N was computed as defined in Coltheart et al. (1977). Zipf frequency values do not correspond to the same frequency per million

values of Experiment 1 because stimuli of the two experiments are drawn from different databases with different size (see van Heuven et al.’s paper for

the Zipf calculation formula).
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Design, apparatus, and procedure

A repeated-measures design was employed in which the independent variables were
frequency (high, low), syllabic length (trisyllabic, tetrasyllabic), stress position (ultimate,
penultimate, antepenultimate) and case (lower, upper). Experimental conditions were kept
identical to those reported for Experiment 1. To match the proportion of experimental stimuli
resulting from the variable manipulations, three high-frequency items, three low-frequency
items (in each case, one for each of the three possible stress positions) and six nonwords (two
for each of the three possible stress positions) were used in the practice session. These were
presented to participants separately before the lower and uppercase blocks, resulting in 12
items in total in each case. The practice items preceding the uppercase trials were also

presented in uppercase.

3.3.3 Results

In accordance with Ulrich and Miller (1994), 1% of response latencies were greater than 3.5
SDs away from the mean and were excluded from further analysis. No response was given
earlier than the predefined low cut-off point of 250 msec, so truncation for low latencies was
unnecessary. Mean reaction times for correct responses and error rates were calculated and
submitted for analysis across participants and across items. Descriptive statistics for response
times and accuracy rates are reported in Table 3.3 and item-level data of these measurements

are provided in Appendix B.7.

For both dependent variables, a 4-way repeated-measures ANOVA was conducted to
investigate the effects of frequency (low-frequency word, high-frequency word), case (lower,
upper), and stress position (ultimate, penultimate, antepenultimate) and syllabic length
(trisyllabic vs. tetrasyllabic). Data were submitted to separate by-subject and by-item

analyses.
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Table 3. 3 Experiment 2: Mean reaction times (milliseconds) and accuracy rates (percentage correct) in the lexical decision task with trisyllabic and
tetrasyllabic words. Standard deviations are given in parenthesis.

Response latencies (ms)

High frequency Low frequency
Trisyllabic Tetrasyllabic Trisyllabic Tetrasyllabic
APU PU U APU PU U APU PU U APU PU U

Lowercase 561 (92) 539 (101) 535(97) 547(90) 538(96) 524 (95) 657 (106) 618(118) 603 (118) 674(130) 606 (107) 595 (106)
Uppercase 604 (118) 578 (104) 590 (101) 607 (108) 576 (123) 588 (118) 705(135) 662 (135) 677(133) 720(133) 665(133) 660 (128)

Accuracy (% correct)

High frequency Low frequency
Trisyllabic Tetrasyllabic Trisyllabic Tetrasyllabic
APU PU U APU PU U APU PU U APU PU U

Lowercase 98(3.7) 99(20)  99(32) 99(1.3) 99(L7) 99(2.6) 89(58)  96(6.1) 95(12.4) 86(10.8) 95(56) 95(5.7)
Uppercase 95(2.9) 97(5.3) 98(7.8) 98(3.2) 99(4.9) 99(3.6) 88(9.5) 92(11.8) 92(117) 83(13.4) 95(7.7) 90 (11.0)

Note. APU: Antepenultimate stress; PU: Penultimate stress; U: Ultimate stress.
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Response times

A 3x2x2x2 repeated-measures ANOVA with stress position, frequency, case and syllabic
length revealed significant main effects of frequency (Fi(1, 31) = 257, p < .001, 5,°= 0.89,
Fa(1, 464) = 359, p < .001, 7,2 = 0.44), case (F1(1, 31) = 22.4, p < .001, 5,2 = 0.42, F(1, 464)
=114, p <.001, 5,2 = 0.20), and stress position (F1(2, 62) = 61.2, p <.001, 5,2= 0.66, Fa(1,
464) = 41.6, p < .001, 57,° = 0.08), but no effect of syllabic length (F1(1, 31) = 2.32, p = .14,
np?=0.07, Fa(1, 464) = 0.447, p = .83, 5,°> < 0.001) and no interactions (all ps > .14). Overall,
high-frequency words were recognised faster than low-frequency words and lowercase
stimuli were recognised faster than uppercase. Pairwise comparisons among the three stress
position categories, applying Bonferroni correction, showed that items stressed on the
antepenultimate were recognised slower than those stressed on the penultimate (t1(255) =
8.44,p < .001, d = 0.53, 1,(292.8) = 3.80, p < .001, d = 0.43) and ultimate (t(255) = 9.99, p <
.001, d =0.63, t2(306.7) = 4.29, p < .001, d = 0.48) but there was no difference between the

final two positions (t1(255) = 2.31, p = .065, d = 0.14, t,(314) = 0.75, p = 1, d = 0.08).

Error analysis

A 3x2x2x2 repeated-measures ANOVA with stress position, frequency, case and syllabic
length revealed significant main effects of frequency (Fi(1, 31) = 43.4, p < .001, #,>= 0.58,
Fa(1, 464) = 106, p < .001, ,2= 0.19), case (F1(1, 31) = 8.57, p <.001, 5,2 = 0.22, F(1, 464)
=13.0, p <.001, 7,>= 0.03), and stress position (F1(2, 62) = 34.9, p < .001, 5,°= 0.53, Fa(1,
464) = 30.1, p < .001, 5,2 = 0.06), but no effect of syllabic length (F1(1, 31) = 0.10, p = .75,
np2=0.003, F»(1, 464) =0.01, p = .91, #,> < 0.001) and a significant interaction between
frequency and stress position (F1(2, 62) = 20.5, p < .001, 5,?= 0.44, F,(1, 464) =8.28,p =
.004, 7,>= 0.02) (all other interaction ps >.13). Overall, high-frequency words were
recognised more accurately than low-frequency words and lowercase stimuli were recognised
more accurately than uppercase. Pairwise comparisons among the three stress position
categories applying Bonferroni correction showed that items stressed on the antepenultimate
syllable were recognised less often than those stressed on the penultimate (t1(255) = 7.55, p <
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.001, d = 0.50, t»(318) = 4.87, p < .001, d = 0.54) and ultimate (t,(255) = 8.33, p < .00, d =
0.52, t2(318) = 4.35, p <.001, d = 0.49) but there was no difference between the final two
positions (t1(255) = 0.45, p =1, d = 0.03, t»(318) = 0.30, p = 1, d = 0.03). Decomposition of
the frequency by stress position interaction showed that while the stress position effect was
not significant for high-frequency items (p > .15) , it was significant for low-frequency items

(F1(2, 62) = 32.7, p < .001, 2= 0.14, Fa(1, 238) = 12.75, p < .001, 7,2= 0.05).

3.3.4 Discussion

This experiment aimed to disentangle syllabic position confounds between first-second, left-
right, and ultimate-penultimate-antepenultimate syllables. This was attempted by
manipulating syllabic length and asking participants to recognise trisyllabic and tetrasyllabic
words. It also utilised case manipulation in order to differentiate between orthographic and
phonological contributions to stress assignment that in Experiment 1 were observed with
disyllabic stimuli. For the same reason, it also differentiated between high- and low-frequency
words as in the previous experiment it was shown that they seem to engage different stress
assignment mechanisms. The pattern of results observed in the current experiment was
relatively straight-forward. In all experimental items, there was a positional disadvantage
regarding the speed of responding for the words stressed on the antepenultimate, the third
from the end syllable, regardless of the frequency of occurrence or whether the items were
presented in lowercase or uppercase. The same pattern was observed in the accuracy of
responses but only with low-frequency stimuli, as potential ceiling effects with the high-

frequency items did not allow a similar pattern to be observed.

In regard to the initial hypotheses, it is important to highlight that with these experimental
items, the syllabic distance from the end of the word was the crucial criterion to explain the
results. A disadvantage in reading times when a word with stress on the antepenultimate was

presented was apparent regardless of whether the item was trisyllabic or tetrasyllabic. In other
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words, it did not matter whether this syllable was the first or the second in the word, but
rather critically that it was two syllables away from the final one. Additionally, the hypothesis
regarding central vs. medial position was not supported because the disadvantage of the
antepenultimate syllable was observed regardless of whether this was on an external or

internal position in the word (with trisyllabic and tetrasyllabic items, respectively).

Furthermore, it should be highlighted that the effect, i.e. the disadvantage on the
antepenultimate, consistently observed across all stimuli was phonological rather than
orthographic in nature. That is because case did not participate in any interaction with other
factors; the positional disadvantage of the antepenultimate was observed both with lower and
uppercase stimuli or, put differently, regardless of whether the orthographic diacritics
indicating stress position were present or absent. However, a quite profound inconsistency
that deserves some theoretical justification is the fact that, in contrast to the previously
mentioned experiments with disyllables as well as previously reported research findings, here,
instead of a positional advantage for the penultimate, there was a positional disadvantage for
the antepenultimate. The robustness of this effect and the consistency with which it was

manifested across the whole data set warrants further investigation.

A possible explanation for these inconsistencies could be that in the current experiment
considerably longer words were utilised as stimuli since letter length correlates positively
with syllabic length. Inhibitory length effects in visual word recognition have been reported in
several languages (e.g. English; Balota et al. 2004; French: O’Regan & Jacobs, 1992; Dutch:
Hudson & Bergan, 1985) and have been interpreted as indicative of sublexical processes
because, for example, in the dual-route framework, the nonlexical route processes letter
strings sequentially in a left-to-right direction (Coltheart et al., 2001). It has been suggested
that stress assignment occurs at a relatively late stage in reading process and is preceded by a
series of operations such as orthographical processing of the word, assembling the
phonological units, determining the syllables etc. When the word starts being identified stress
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comes about to confirm that the reader recognises the word and submits a ‘yes’ response in
the lexical decision task. But when stress is early in the word, before the recognition process
is at a sufficiently late phase, then the reader might need to go back and apply stress while
phonologically rehearsing the item in order to confirm they recognise it. This resonates with
the view that stress necessarily needs to be assigned towards the end of the word reading
process and is consistent with accounts for other languages (e.g. English: Ashby & Clifton,
2005; Spanish: Gutiérrez-Palma & Palma-Reyes, 2008) suggesting that stress assignment may

be the completing phase of lexical access.

The novel and not a priori predicted disadvantage of the antepenultimate might also be related
with the fact that, for purposes of consistency, experimental conditions were kept identical
between the two experiments. This means that participants had 500 msec to visually process
each item before it disappeared from the screen, regardless of whether this was four to five
letters (Experiment 1) or eight letters long (Experiment 2) on average. This could have
induced different strategies for the readers and might also be related with the case effect that
was clearly observed in Experiment 2 but was not yielded with shorter stimuli, in Experiment
1. It is possible that when the reading system is pushed to its limits, then letter shape becomes
important and the more familiar lowercase words are decoded more easily, hence faster than
the less frequently encountered and less visually distinctive uppercase words. This is an

important issue for future research in this area to address.

A final point that deserves some attention is the absence of a syllabic length effect after
matching for letter length. The confound of letter length with syllabic length has been
previously discussed in the literature (e.g. Whitney, 2008). The present results show that in
Greek, visual word recognition does not seem to be affected by the number of syllables when

letter length is carefully controlled.
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3.4 Experiment 3

Results from Experiment 2 revealed a novel unexpected effect of a disadvantage for tri and
tetrasyllabic words stressed on the antepenultimate syllable in comparison to those stressed on
the penultimate and ultimate syllable. This was potentially attributed to extraneous factors
such as the choice of experimental conditions; it was speculated that this might be due to the
relatively brief presentation (500 ms) of relatively long stimuli (high number of syllables, 8-
letter words). These results were inconsistent with those obtained with shorter, disyllabic
stimuli in the previous experiments employing the reading aloud and lexical decision tasks
because in those experiments, when orthographic information from the stress diacritics was
unavailable (i.e. in uppercase), an advantage was observed when low-frequency stimuli were
stressed on the penultimate syllable. This is a pattern that was attributed to applying the
default bias and is consistent with behavioural data acquired by other experimenters in Greek
(e.g. Protopapas et al., 2007) and other languages (e.g. Italian, Colombo, 1992). Hence, it was
important to investigate whether the advantage on the penultimate syllable would be acquired
with better controlled stimuli that were still longer than disyllabic ones in Greek word

recognition.

Additionally, a corpus analysis that was performed after adding part-of-speech (PoS)
information to the entries of GreekLex (Ktori et al., 2008) presented in Chapter 4, revealed
that the statistical preponderance of words stressed on the penultimate syllable is dependent
upon grammatical category (Kyparissiadis et al., 2017). More specifically, analyses showed
that among the PoS categories taking up more than 98% of the database’s entries, that is,
nouns, adjectives, and verbs, the statistical dominance of words stressed on the penultimate
syllable was observed for nouns and verbs but not for adjectives. This is important because
the default bias towards stress on the penultimate syllable has been attributed to this statistical
dominance of words stressed on this position in Greek (Protopapas, 2006) and other

languages (Colombo, 1992). Experimental investigations in Greek (Protopapas et al., 2007)
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aiming to reveal whether the default bias originates from the general structural properties of
the language rather than inherent knowledge of the language’s statistics failed to produce
conclusive results due to, as attributed by the authors, limitations in the experimental methods
available to explore this hypothesis. Consideration of the statistical preponderance of the
default pattern within each PoS category is important because research in other languages
(Arciuli & Cupples, 2006; Jouravlev & Lupker, 2014) has shown that words are processed as
‘regularly’ stressed or not depending on stress distribution within each grammatical class. For
example, Jouravlev and Lupker (2014) reported an advantage in word recognition of
adjectives —the only major grammatical category that presents such preponderance in
Russian- stressed on the dominant syllable that was not observed with nouns and verbs.
Therefore, it was important to control for this factor when investigating the default bias in

Greek as well.

3.4.1 Rationale

The present experiment was performed with the purpose of investigating if the absence of the
default bias in Experiment 2 was due to the specific experimental conditions employed (i.e.
the relatively brief stimulus duration and the distribution of the grammatical categories of the
words tested). Native-Greek skilled readers carried out a lexical decision task with
polysyllabic (three- or four-syllable) low-frequency words stressed on any of the three
possible positions and were either adjectives or verbs. High-frequency words were not used in
order to induce predominantly sublexical reading strategies. Iltems were only presented in
uppercase because, as the experiments with disyllabic items have shown, and in accordance
with the conclusions by Protopapas et al. (2007), the default pattern seems to be applied in the
absence of other sources of information on stress position such as the diacritics. The duration
of presentation was also changed such that each stimulus remained on screen until the
participant made a response rather than a fixed time-period. This approach was adopted to
avoid inducing any task-specific strategies to the participants who might rush their responses
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given that it did not become clear in Experiment 2 whether 500 ms of item presentation were
adequate for them to fully process long, polysyllabic words. Since items of the same syllabic
lengths were used in this experiment, it was expected that allowing participants to input
responses at their own pace would guarantee more naturalistic reading conditions®. Howerver,
participants were still asked to give their responses as fast and as accurately as possible. It
was expected that the manipulation of stress position would elicit an advantage for stress on
the penultimate. Additionally, to the extent that the discrepancy between verbs and adjectives
in the statistical preponderance of the default position has a behavioural dimension in Greek
reading, it was expected that the default bias might be observed only with verbs but not with

adjectives, in accordance with the analogous effects reported in other languages.

3.4.2 Method

Participants

Twenty two native-Greek adult participants (age range 24-33 years, mean age 27.2 years, SD
2.5 years) were recruited from the undergraduate and postgraduate populations at the
University of Nottingham. Thirteen were females and nine were males. All participants had
normal or corrected-to-normal vision and none of them reported any diagnosed learning or

reading difficulties.

Materials

Stimuli comprised six sets of words each consisting of 20 items that were all generated from
the IPLR psycholinguistic database (Protopapas et al., 2012). Twelve word groups emerged
from the stress position (ultimate, penultimate, antepenultimate syllable) and grammatical

category (verb, adjective) manipulations. Statistical characteristics of the stimuli are presented

& The 3000 ms time-out was retained because any response not given within the three-second window
would still constitute a problematic trial and would also most probably be trimmed out of further
analysis as an outlier.
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in Table 3.4. Word groups were matched for number of letters, Zipf frequency, and the OLD20
measurement of orthographic similarity (Yarkoni, Balota, & Yap, 2008). Syllabic frequencies
could not be controlled for so they were included as a covariate. Materials were always

presented to participants in uppercase.

Nonwords were created by initially generating six groups of low-frequency words and then
changing one consonant at a random position for each item in a balanced manner. Nonwords
were matched on the item level for syllabic length, grammatical category, and stress position
and did not differ in average letter length from the corresponding word groups. A full list of
the materials used in Experiment 3 is provided in Appendix B.5 and English translations of

the real-word stimuli are provided in Appendix B.6.

Table 3. 4 Experiment 3: Statistical properties of the stimuli used. Zipf mean, min, max and
range, mean letter length, and the Levenshtein distance OLD20 measurement are provided.

Verbs Adjectives
APU PU U APU PU uU
Zipf mean 2.657 2.602 2.710 2.725 2.671 2.687
Zipf min 1.327 1.327 1.327 1.05 1.327 1.327
Zipf max 3.707 3.716 3.962 3.912 3.479 3.624
Zipf range 2.380 2.389 2.635 1.807 2.152 2.297
Length (letters) 8.100 8.150 8.200 8.150 8.150 8.100
OLD20 2.397 2.401 2.418 2.374 2.414 2.443

Syllabic length 3.250 3.250 3.300 3.250 3.250 3.300
Note. APU: Antepenultimate stress; PU: Penultimate stress; U: Ultimate stress.
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Design, Apparatus and Procedure
A repeated-measures design was employed in which the independent variables were stress position

(ultimate, penultimate, antepenultimate) and grammatical category (verb, adjective).

Stimuli were presented on a 17-inch screen (1024x768 pixels, 59 Hz) connected to a PC running
Windows 7. Stimulus presentation and response recording was controlled with DMDX software
(Forster & Forster, 2003, version 4). Participants were seated 40 cm away from the computer screen.
Responses were recorded with a response box and participants were instructed to be as accurate and

fast as possible.

Presentation of word and nonword stimuli was randomised with DMDX. Stimuli were presented in
uppercase, in 14-point Courier New. Each trial started with the presentation of a fixation cross (+) for
500 ms, followed by a blank screen for 250 ms and then presentation of the stimulus which remained
on the screen until a response was given. Participants were given a maximum time of 3 seconds to
respond and if no response was given, the next trial was triggered. The inter-trial interval was 1000

ms. The task took approximately 10 minutes to complete.

A practice session preceeded commencement of the experimental trials. The proportion of practice
items matched the proportion of experimental stimuli resulting from the variable manipulations.
Specifically, three verbs, three adjectives (in each case, one for each of the three possible stress
positions) and six honwords were presented to participants resulting in 12 items in total. Similar to

experimental materials, the practice items were also presented in uppercase.

3.4.3 Results

In accordance with Ulrich and Miller (1994), 1% of response latencies were greater than 3.5 SDs away

from the mean and were excluded from further analysis. No response was given earlier than the
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predefined low cut-off point of 250 msec, so truncation for low latencies was unnecessary. Mean
reaction times for correct responses and error rates were calculated and submitted for analysis across
participants and across items. Descriptive statistics for response times and accuracy rates are reported

in Table 3.5 and item-level data of these measurements are provided in Appendix B.9.
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Table 3. 5 Experiment 3: Mean reaction times (milliseconds) and accuracy rates (percentage correct)
in the lexical decision task with stress position and grammatical category. Standard deviations are

given in parenthesis.

Response latencies (ms)

APU PU U
Verbs 788 (105) 747 (99) 792 (107)
Adjectives 798(113) 751 (92) 797 (103)
Accuracy (%)
APU PU ]
Verbs 95 (5.5) 97 (3.4) 94 (6.1)
Adjectives 91 (7.6) 89 (5.9) 93 (6.4)

Note. APU: Antepenultimate stress; PU: Penultimate stress; U: Ultimate stress.
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For both dependent variables, a 2-way repeated-measures ANOVA was conducted to investigate the
effects of stress position (ultimate, penultimate, antepenultimate) and grammatical category (verb vs.

adjective). Data were submitted to separate by-subject and by-item analyses.

Response times

A 3x2 repeated-measures ANOVA with stress position and grammatical category revealed a
significant main effect of stress position (F1(2, 42) = 6.94, p = .003, 7,>= 0.25, F»(2,113)=4.31,p=
016, 7> = 0.29), a trend of a grammatical category main effect in the by-subject analysis (F1(1, 21) =,
p = .06, #7,° = 0.12) that was far from reaching significance in the by-item analysis (F2(1, 113) = 1.09,
p = .29, #,° = 0.02) and no interaction (p > .14). Pairwise tests, corrected for multiple comparisons
among the three stress position categories, showed that items stressed on the penultimate were
recognised faster than those stressed on the antepenultimate (t1(43) = 3.43, p =.004, d = 0.52, tx(78) =
3.32, p =.005, d = 0.43) and the ultimate syllable (t1(43) = 3.33, p =.005, d = 0.50, t2(78) = 3.13,p =
.005, d = 0.38) but there was no difference between those stressed on the antepenultimate and the

ultimate syllable (p = 1).

Error analysis

A 3x2 repeated-measures ANOVA with stress position and grammatical category revealed a main
effect of grammatical category (F1(1, 21) = 8.86, p = .007, 5,2= 0.10, F2(1, 113) =5.88, p = .017, 5,°=
0.05), no effect of stress position (p > .10) and an interaction that was only confirmed in the subject

(F1(2, 42) = 5.22, p = .010, #,>= 0.04) but not the item analysis (F2(2, 113) = 0.73, p = .48, 5,°= 0.01).

3.4.4 Discussion

This experiment aimed to further investigate the default bias towards stress on the penultimate syllable
in Greek visual word recognition that was observed in Experiment 1 with disyllabic items but not
subsequently in Experiment 2 which used longer stimuli. Results showed that with different
experimental conditions, i.e. longer stimulus presentation times and a balanced distribution of verbs
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and adjectives, items stressed on the penultimate syllable showed an advantage over those stressed on
the antepenultimate and the ultimate. Additionally, the factor of grammatical category was
manipulated with a twofold purpose. First, to control for any potential extraneous influences
introduced from the different statistical distributions of stress position within different PoS categories.
Second, to investigate whether readers are sensitive to these differential distributions and specifically
if they have an impact on the behavioural manifestation of the penultimate advantage depending on the
word’s grammatical category. This hypothesis was not supported as response latencies consistently
showed an advantage of the default position irrespective of the grammatical category of the items so
there is no evidence supporting the behavioural dimension of the metrical pattern’s dependency on
grammatical category. Interestingly, when Protopapas et al. (2007) asked participants to remember a
word with stress on a different position from the default while reading nonwords, they failed to shift
the metrical bias or deactivate the default pattern. This led them argue against the emergence of the
default pattern from cumulative lexical activation in working memory. Taken together, these results
raise further questions and warrant further research because it still remains unclear how this advantage
emerges from the language’s statistical distribution. Structural factors of the language should still be
considered plausible contenders as reasons behind this bias, since neighbourhood lexical activation
itself does not seem to be the reason behind its emergence with grammatical categories such as

adjectives that do not present the overall statistical preponderance of stress on the prefinal syllable.

In terms of the main effect of the penultimate advantage, results are consistent with those of
Experiment 1 and previous research suggesting that phonology is activated during visual word
recognition since stress position was not indicated orthographically because only uppercase stimuli
were used that do not take diacritics according to the rules of Greek orthography. It was also
confirmed that the penultimate advantage observed with disyllabic stimuli can be plausibly attributed
to the default bias. This was encouraged by the use of uppercase stimuli, as Experiment 3 has shown
that the default bias seems to be most prevalent when there is no explicit orthographic information on
stress position and functions as the last point of reference for the stress assignment mechanism (in line
with Protopapas et al., 2007).
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On the other hand, the fact that the penultimate advantage was observed not only with verbs, that show
a statistical preponderance of words stressed on this position, but also with adjectives, that do not
show this pattern, contradicts research findings in other languages (Arciuli & Cupples, 2006;
Jouravlev & Lupker, 2014) showing that readers are sensitive to such statistical regularities of their
native languages. However, what has not been established from such studies is the mechanism that
makes this sensitivity come about. One explanation could be that information on grammatical category
becomes available early in the reading process, specifically, earlier than stress position is retrieved by
means of lexical access. Hence, early activation of grammatical category may assist readers in
identifying the stimuli with regular stress within each category faster. But an alternative explanation
could be that the same orthographic cues that lead to the identification of grammatical category could
be cues for stress on specific positions as in such languges associations between orthography and
stress position has been confirmed in behavioural studies. In that case, identification of grammatical

category would not necessarily need to mediate this process.

A possibility that might be related to the absence of the interaction between grammatical category and
the default bias on stress position might involve a specific idiosyncrasy of Greek orthography. While
languages such as English have many suffixes that can belong to words of different grammatical
categories (e.g. harness — madness, augment — agreement, compute — acute etc.), in Greek, suffixes
tend to be parts of either nominals (i.e. nouns and adjectives) or verbs. To confirm this, an analysis
was performed on GreekLex 2 that considered all the polysyllabic words (> 99% of the entries). Word
endings were considered the final letter string from the vowel of the penultimate syllable up to the end
of the word. Of the 3300 unique word endings in the database, only 12 of them were common in both
nominals and verbs. Additionally, nouns and adjectives can share the same suffixes or, put differently,
the suffix of nominals might not be sufficient information for the reader to differentiate whether a
word is an adjective or a noun. Further analysis of GreekLex 2 showed that this can be the case for
21% of unique suffixes of nominals. Analysis of GreekLex 2 reported in a previous chapter has shown
that adjectives do not present the statistical preponderance of stress on the penultimate syllable but
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nouns do. Hence, utilising the orthographic information from the end of a string to differentiate
grammatical category within nominals that could subsequently interact with each category’s stress-

regular position does not seem to be a reliable strategy in Greek.

Additionally, it should also be noted that Greek is a language with heavy morphological inflections
that are used to indicate, among others, grammatical case (e.g. nominative, genitive etc.). Importantly,
formulation of different cases might involve the insertion of an additional vowel that corresponds to an
additional syllable resulting in a different position of stress relative to the end (e.g. eCedieig

[e.kse. li.ksis/ m. “advances”, nominative, plural - efedidewv [e.kse. li.kse.on/ m. “of the advances”,
genitive, plural, where stress rises from the penultimate to the antepenultimate), or retaining of the
same letter string but with stress falling one syllable further (e.g. évopkor /“e.nor.ci/ m. “jury”,
nominative, plural - evépxwv le.‘nor.kon/ m. “of the jury”, genitive, plural). This is crucial because it is
not clear whether grammatical inflections constitute independent entities in the lexicon and how stress
position is stored for different variations of the same lemma. So, the fact that this can vary within
different inflections might discourage readers of Greek to utilise information on the position that could
be considered regular within each grammatical class. For example, a noun or verb that on their lemma
forms are stressed on the default position can appear with stress on a non-default position and an
adjective that stress position of its lemma form is likely not to be the penultimate can appear with

stress on this position.

Overall, it seems that the default pattern might come last in the hierarchy of sources of information
regarding position, but when active it presents quite robust contributions to the stress mechanism.
Taking into account the issues reported above, it is concluded that to fully explore and investigate the
interaction between the default bias towards stress on the penultimate syllable and grammatical
category, future research would need to take morphology into account. However, it is difficult to
predict whether controlling for the factors discussed above in conjunction with the other

psycholinguistic variables that are known to affect reading would allow researchers to generate a
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stimulus set that would present sufficient external and internal validity. Additionally, investigations on
the reasons underlying the emergence of the default pattern should not only be limited to activation-
based strategies but also to Greek’s structural properties of linguistic nature that might induce this

pattern as a fixed property of the stress assignment mechanism.
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3.5 General conclusions

The present experiments aimed to investigate stress assignment in visual word recognition with Greek
skilled readers. In Experiment 1, independent orthographic and phonological contributions were
observed in the lexical decision task. When the diacritics were not available in uppercase and
participants resorted to reading shaped by sublexical processes with low-frequency stimuli, then the
default metrical pattern towards stress on the prefinal syllable yielded an advantage for this syllabic
position. In contrast, when the diacritics were available, in lowercase, and the orthographic
information bolstered the phonological information from the lexicon, then the default pattern appeared
too weak to elicit an advantage. This resonates with the view by Protopapas et al. (2007) who
concluded that in skilled Greek reading the metrical pattern is only the final source of stress
information that the reader is likely to resort to in the absence of other sources, so its contributions are
limited compared to lexical retrieval of stress position and decoding of the diacritics. On the other
hand, lexical reading of the highly familiar disyllabic items elicited an advantage when stress was
marked on the final letter of the word, presenting a processing advantage emerging from this position
that has been attributed to parallel reading (Davis, 2010; Whitney, 2007). The second experiment
aimed to disentangle positional confounds in interpreting stress effects emerging from syllabic
position and results suggested that the absolute syllabic distance from the final syllable in a word is the
most important predictor of performance on a lexical decision task. Also, a consistent disadvantage for
the antepenultimate position when this was stressed was observed, which was interpreted as indicative
that for these items stress assignment is likely to be a characteristic of the final phase of the word
recognition process. An alternative reason for this inconsistency between the results of Experiments 1
and 2 was speculated to be the relatively brief presentation of the items that did not allow for
naturalistic processing of the stimuli to occur. Results from Experiment 3 showed that this could
indeed be the case since, when participants were allowed to view the stimuli until they gave a
response, the advantage of stress on the penultimate was elicited once again, but this time with both tri
and tetrasyllabic stimuli. Therefore, item-level data regarding these experiments are grouped in

appendix tables according to the presentation paradigm (either 500ms or without a time-limit)
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Additionally, the effect of the default pattern was observed in Experiment 3 with a grammatical
category that does not present a distribution of stress position that favours stress on the penultimate
syllable. Nonetheless, these results warrant further investigations before absolute conclusions can be

drawn about the mechanisms of stress assignment in Greek reading.
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CHAPTER 4

GREEKLEX 2: A LEXICAL DATABASE WITH PART-OF-SPEECH, SYLLABIC,

PHONOLOGICAL, AND STRESS INFORMATION

Databases containing lexical properties on any given orthography are crucial for psycholinguistic
research as they make possible the experimental manipulation of these properties and investigation of
their effects. They also allow researchers to carefully select their experimental stimuli in order to
control for extraneous variables that are outside the scope of their theoretical questions of interest yet
are known to affect language processing. In the last 10 years, a number of lexical databases have been
developed for Greek. However, recent findings from the reading research regarding stress assignment
have highlighted the importance of variables such as grammatical class, stress neighbourhood, and
predictability of stress position from orthographic information (e.g. Arciuli & Cupples, 2006; Arciuli
et al., 2010; Burani & Arduino, 2004) that are absent from current Greek databases. Furthermore, the
need for alternative procedures for calculating syllabic measurements and stress information, as well
as combination of several metrics to investigate linguistic properties of the Greek language are
highlighted. To address these issues, a new extensive lexical database of Modern Greek (GreekLex 2)
was developed with part-of-speech information for each word and accurate syllabification and
orthographic information predictive of stress, as well as several measurements of word similarity and
phonetic information. The addition of detailed statistical information about Greek part-of-speech,
syllabification, and stress neighbourhood allowed novel analyses of stress distribution within different
grammatical categories and syllabic lengths to be carried out. Results showed that the statistical
preponderance of stress position on the prefinal syllable that is reported for Greek language is
dependent upon grammatical category. Additionally, analyses showed that a proportion higher than
90% of the tokens in the database would be stressed correctly solely by relying on stress
neighbourhood information. The efficiency of the algorithms used to obtain this information is also

assessed. The database and the scripts for orthographic and phonological syllabification as well as
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phonetic transcription are available at http://www.psychology.nottingham.ac.uk/greeklex/ and

https://github.com/CypressA/GreekLex-2.

The work that is presented in this chapter has resulted in the following publication:

Kyparissiadis, A., van Heuven, W.J.B., Pitchford, N.J., & Ledgeway, T. (2017). GreekLex 2: A

comprehensive lexical database with part-of-speech, syllabic, phonological and stress information.

PLoS ONE, 12(2), e0172493. doi: 10.1371/journal.pone.0172493
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4.1 Overview of psycholinguistic resources in Greek

In Greek, three databases have been developed in the past decade to address the apparent need for
statistical information on Greek orthography. Two of them (GreekLex, Ktori et al., 2008; ILSP
Psycholinguistic Resource, Protopapas et al., 2012) were developed from written corpora drawn from
books and media sources. The third one is a corpus based on subtitle frequencies from films and
television programs in Greek (SUBTLEX-GR, Dimitropoulou et al., 2010). Furthermore, a database
with word frequencies from online resources such as twitter, blog posts and newspaper web pages has
been recently made available (Wordlex, Gimenes & New, 2015). In this section, these databases are

presented and subsequently their limitations are discussed.

4.1.1 GreekLex

GreekLex (Ktori et al., 2008) provided the first set of comprehensive orthographic information of a
large set of Greek words. It was developed by compiling the entries of an orthographic dictionary
(Lexicon of Common Modern Greek, Aristotle University of Thessaloniki, 1998, as cited in Ktori et
al., 2008) and retrieving a number of statistical measurements for those entries from the Hellenic
National Corpus (HNC, Hatzigeorgiu et al., 2000), a collection of newspapers, books, periodicals and
other written texts. The database comprises approximately 35,000 words that were present in both the
dictionary and HNC. GreekLex includes only lemmas and not word-forms involving grammatical
inflections. However, the database provides both joint lemma frequency and token frequency for each
entry, with the latter representing frequency of the particular word-form that orthographically overlaps
with the lemma (i.e. the frequency of observing, say, a particular verb in the first person, in singular,
active voice and present tense). Ktori et al. (2008) assessed the degree that GreekLex comprises a
comparable sample to different versions of the overall HNC corpora (first version: 13 million entries,
Hatzigeorgiu, Mikros, & Carayannis, 2001; second version: 43 million entries, Mikros, Hatzigeorgiu,
& Carayannis, 2005). They showed that when plotting the summed word frequency in GreekLex as a

function of word length, the (Poisson-like) distribution is very similar to those of the different HNC
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versions. They also found comparable average word-lengths (number of letters) and similar clustering

of approximately 50% of the token frequencies around the four- and five-letter entries.

The lowercase version of GreekLex includes the length, lemma frequency and word (meaning, token)
frequency measurements. The uppercase version of the database is stripped from double entries that in
lowercase would constitute minimal stress pairs (e.9., yépoc, 'old’ - yepdg, 'strong’ both become
T'EPOX in uppercase) as stress diacritics are not marked in uppercase Greek. Moreover, the uppercase
version of GreekLex provides additional information such as orthographic neighbourhood, defined as
the number of entries in the database that can be generated by replacing only one letter in the word of
interest, (Coltheart et al., 1977), the number of orthographic neighbours that are of higher frequency,
type and token bigram frequencies, and transposition, addition and deletion neighbours — i.e. the
number of entries that only differ from the one of interest by i) two adjacent letters, ii) adding a single
letter and iii) deleting a single letter, respectively. The database is freely available and the files can be

downloaded at http://www.psychology.nottingham.ac.uk/GreekLex/.

4.1.2 ILSP Psycholinguistic Resource

The ILSP Psycholinguistic Resource (IPLR, Protopapas et al., 2012) is a database that was also
developed from the HNC corpus at the Institute of Language and Speech Processing (ILSP, Athens,
Greece). The database’s size is approximately 217,000 entries and comprises all word-forms present in
the corpus. IPLR offers abundant information on each entry such as syllabic measurements (number of
syllables, stressed syllable, mean syllabic frequency), neighbourhood density (Cotlheart’s N
measurement (Coltheart et al., 1977), Levenshtein distance (Yarkoni et al., 2008), as well as sum and
mean frequencies of the neighbours) and bigram sum and mean frequencies. These measurements are
provided both considering types and tokens and both considering the stressed and non-stressed forms
of the entries (that is, replacing the stressed vowel of multisyllabic entries with the corresponding one

without a stress diacritic). Additionally, these measurements are provided using both the orthographic
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and phonological forms of each entry. Orthographic forms in the database were converted to phonetic
transcriptions using a text-to-speech synthesis module (Chalamandaris, Raptis, & Tsiakoulis, 2005)
with high overall performance (>98%) followed by manual checking and corrections by the authors
for ambiguous transcriptions. IPLR is available online (http://speech.ilsp.gr/iplr/) and includes various
tools for searching quantitative and text information from the database or computing sublexical

measurements for Greek words and nonwords not present in the database.

4.1.3 SUBTLEX-GR

The third database that is available for research in the Greek language is based on counts derived from
film and television subtitles. It was developed by Dimitropoulou et al. (2010) and is available at
http://www.bcbl.eu/databases/subtlex-gr/ from the Basque Centre on Cognition, Brain and Language
(Donostia, Spain). SUBTLEX-GR was derived by compiling a corpus from Greek subtitle files and
subsequently calculating frequency measurements from this corpus. It has been demonstrated in
several languages (American-English: Brysbaert & New, 2009; British-English: van Heuven et al.,
2014; Dutch: Keuleers, Brysbaert, & New, 2010; French: New, Brysbaert, Veronis, & Pallier, 2007;
Mandarin Chinese: Cai & Brysbaert, 2010), that subtitled-based frequencies account for a higher
proportion of variance than traditional database frequencies in response times obtained from lexical
decision and word naming tasks. Dimitropoulou and colleagues confirmed this for Greek as well and
concluded that frequency counts and their corresponding relative values derived from a subtitle
database seem better measurements and outperform the predictive capability of frequencies acquired

from written sources.

SUBTLEX-GR consists of approximately 145,000 word-form entries encountered in the subtitle files.
The variables provided involve frequency counts, relative frequencies, length, orthographic
neighbourhood (Coltheart’s N) and Levenshtein distance. An additional measurement is contextual

diversity, which indicates the number of different contexts (films or television series) in which each
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entry occurs. This variable has been shown, in some cases, to be a better predictor of reading

performance than word frequency in behavioural tasks (e.g. Cai & Brysbaert, 2010).

4.1.4 Wordlex

Gimenes and New (2015) recently made available a database with frequency measurements calculated
from online resources, specifically twitter, blog posts and online newspapers. The database provides
frequencies for 66 languages including Greek. Word-forms were crosschecked against a spellchecker.
Comparisons made using behavioural data from lexical decision megastudies in several languages (not
including Greek) showed the new frequency measurements to predict reaction times equally well or
sometimes better than the previously existing frequencies (i.e. ‘traditional’ book-based, and subtitle
frequencies). An advantage of this database is that the corpora where frequencies were calculated from
are also available, hence allowing for additional calculations. However, at present, the database only
provides word-frequency and contextual diversity measurements and no other statistical information

about the word or sublexical level.
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4.2 Aims of GreekLex 2

Despite the considerable progress and effort in developing the databases reported above, certain
psycholinguistic variables that impact language processing are currently absent from these
psycholinguistic resources. A prominent variable is Part-of-Speech (PoS) information. In English, PoS
category has been shown to affect reading behaviour in several studies. Baayen, Feldman and
Schreiber (2006) showed that monosyllabic verbs elicit faster reaction times than monosyllabic nouns
in visual word recognition. Also, grammatical category correlates with stress position in English
disyllables, with the typical pattern being nouns with prefinal stress and verbs with final stress.
Participants have been reported to show sensitivity to this regularity of such words compared to their
stress competitors in a variety of tasks (Arciuli & Cupples, 2003; 2006). In a recent study with a
similar rationale in Russian, adjectives (which are the only grammatical category that presents a
statistical preponderance of stress on the first syllable) were shown to have a processing advantage in
word recognition and naming when stressed on the regular position, which was not observed with
nouns and verbs (Jouravlev & Lupker, 2014). Hence, for certain designs, researchers might want to
match their stimuli for PoS category. Additionally, function words, as opposed to content words, are
usually avoided as experimental items in psycholinguistic research, while certain studies focus on
specific PoS categories of words (e.g. Yang, Tan, & Li, 2011). These issues illustrate the apparent
need of considering PoS information in various experimental designs and make it desirable to have

this information readily available in psycholinguistic databases for experimental material selection.

The second point of concern with respect to Greek databases available so far is the syllabification of
Greek words. This is relevant because there is evidence suggesting that syllables constitute
independent units for reading, with the most typical phenomenon being the inhibitory effect of the
initial syllable’s frequency in lexical decision (Carreiras et al., 1993; Mathey & Zagar, 2002; Conrad
& Jacobs, 2004). Among the Greek databases, only IPLR (Protopapas et al., 2012) provides
information about syllabic units of Greek words. These units are based on phonological
syllabifications whereas the orthographic syllabified entries provided are phoneme-to-grapheme

conversions from the phonological forms. To extract the syllabic units in Greek, one needs to assign
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each fully pronounced vowel in the word to a separate syllable. In IPLR, syllabification is performed
with the phonetic word-forms according to the principle of maximal onset (Selkirk, 1984), which
posits that intervocalic consonants should be preferentially assigned to the subsequent syllable’s onset
rather than the preceding syllable’s coda. Accordingly, syllabification was based on a list of
phonologically acceptable initial syllabic consonant clusters based on the language’s phonotactics as
proposed by Tzakosta and Karra (2011). When a consonant cluster was not in the list, the left part of
the cluster was assigned to the coda of the previous syllable up to the letter that the remaining part of
the cluster was a unit in the list, consequently assigned to the following syllable’s onset. However, this
approach results in some syllable-initial consonant clusters of which the phonotactic legality has been
challenged by recent behavioural findings (e.g. 4-vBpw-mog ['a-nro-pos], ka-upac [ka-'mvas]).
Chaida, Gioulaki, Logotheti and Neocleous (2012) investigated the tonal alignment of the stressed
syllable in words with a two-consonant cluster before the stressed vowel. They found that, in word
production, whether the first consonant of the cluster was syllabified with the coda of the preceding
syllable or the onset of the following one depended on whether the two consonants constituted a legal
initial syllable cluster or not. Consonant clusters like [mv] in the above example were split to the
previous coda and following onset respectively. We calculated the proportion of such cases, by
analysing the approximately 500 consonant clusters in IPLR and GreekLex and found that parsing
according to the above approach resulted in 64% (320) syllable-initial clusters that fall within this
category. Importantly, such clusters appear in 16% of the GreekLex entries. Therefore, an alternative

syllabication method is also provided for such consonant clusters.

A third area that warrants further investigations and necessitates statistical information is stress
position and its relationship with lexical and sublexical information. Research involving corpus
analyses of several languages including Greek (e.g. Arciuli et al, 2010; Monaghan et al., 2016) has
revealed that the orthography provides information about stress position through statistical regularities
of the language, even beyond explicitly indicating this position by stress diacritics. Behavioural
findings suggest that readers are sensitive to subtle statistical information emerging from language

exposure that might emerge only from sub-groups of words in the mental representations. For
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example, stress neighbourhood involves the consistency of each specific word ending regarding the
syllabic position of stress. Experimental work conducted in Italian (Burani & Arduino, 2004;
Colombo, 1992) showed that Italian readers are sensitive to stress neighbourhood when assigning
lexical stress. Furthermore, Burani and Arduino (2004) found that words with many stress neighbours
(defined in terms of syllabic stress position within the group of words that share the same ending) are
named faster than those with many stress competitors. They also argued that stress neighbourhood is a
more prominent factor for assigning stress in Italian than stress regularity. The latter refers to the
default metrical pattern, a statistical predominance of a specific syllabic position to receive stress more
often than the other syllables, which has been shown to affect the stress assignment mechanism in
several languages with lexical stress (English: Brown, Lupker, & Colombo, 1994; Italian: Colombo,
1992; Greek: Protopapas et al., 2007; Dutch: Schiller, Fikkert, & Levelt, 2004). Therefore, it was

essential to provide such information in GreekLex 2.

The inclusion of the above described variables in GreekLex 2 made it possible to conduct a series of
new analyses regarding the predictability of stress position based on different information, such as
PaoS, as well as the orthographic and phonological endings of words. Furthermore, making available
the programmatic implementations of the algorithms for the task of phonetic transcription and
orthographic and phonological syllabification will allow other databases lacking these variables to be
enhanced with this information. Finally, several important additional variables were also included in
GreekLex 2: Zipf values (van Heuven et al., 2014), OLD20 (Yarkoni et al., 2008), which is an
improvement of the traditional orthographic similarity measure Coltheart’s N (Coltheart at al., 1977),

and phonological information on the entries.

An additional issue of concern was that the variables available in GreekLex 1 were based on lemmas.
An important question is whether lemmas constitute a representative sample of a given language to
calculate sublexical and lexical measures because the frequency of statistical units might be over- or
under-estimated (Hofmann, Stenneken, Conrad & Jacobs, 2007). This is particularly important for

inflectional languages such as Greek because mainly the suffixes of wordforms present a high level of
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variability that signifies changes in several grammatical characteristics of the word (e.g., for verbs:
person, number, tense, conjugation, voice etc.; for nouns: case, number). This issue has been
addressed in GreekLex 2 because the measurements included in the database have been calculated
from the underlying wordforms. Calculations based on the lemma forms only are also provided,
allowing future investigations regarding the degree of similarity between the metrics derived from the
two sources and whether those calculated from lemma forms are accurate measurements of the
language’s statistical characteristics. Subsequently, the new information added to GreekLex 2 is

described in detail and descriptive statistics about the new variables are provided.
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4.3 GreekLex 2

The following sections summarize the new information added to GreekLex 2: part-of-speech
information, syllabic information, phonetic transcriptions, stress neighbourhood measurements, Zipf
values, and Levenshtein distance-based measurements of orthographic and phonological similarity. As
all the new information provided was calculated by considering the stressed and unstressed versions of
the entries, the uppercase version of the GreekLex 1 database was deemed redundant and was not

further updated.

4.3.1 Part-of-speech (PoS) information

Part-of-speech information is provided for each entry in GreekLex 2. The typical procedure of adding
part-of-speech information in a lexical database requires the original texts that the corpus was built
from and applying a statistically trained PoS tagger to annotate all the tokens in the corpus (e.g., see
Brysbaert, New, & Keuleers, 2012). As the texts of the HNC that GreekLex was generated from are
not freely available, it was impossible to follow this procedure to add PoS tags to the entries of the
database. However, GreekLex only comprises lemmas, which allowed cross-checking each entry
against a dictionary containing such information and acquiring all the possible PoS categories from
each lemma. Accordingly, all entries of the database were cross-checked against the Dictionary of
Standard Modern Greek (Institute for Modern Greek Studies, 1998) which is available online at

http://www.greek-language.gr/greekLang/modern_greek/tools/lexica/triantafyllides/index.html.

The most frequent PoS type in GreekLex 2 was Noun (58.5%), followed by Adjective (25.8%) and
Verb (14.2%). Only 1.7% of the entries were Adverbs and the remainder of the categories had
frequencies lower than 1% (e.g., Articles, Quantifiers, Prepositions, etc.). Entries that could be
characterised as problematic were those that could constitute orthographically identical yet multiple
inflections of the same lemma. For example, the form ezaéia could be the adverb of the adjective

emaciog, the feminine adjective in singular and nominative case, or the neutral adjective in plural in
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either nominative or accusative case. Although it is clear that such entries were initially included in the
lemma database representing the adverbial form which is typically present in dictionaries, the
additional, word-form PoS categories could not be ignored and were added as secondary tags. This
also helped resolve an issue with the frequencies for such entries, as HNC’s search tool does not
recognise them as lemmas but rather returns their word-form’s frequency in the search results. This
means that their word-form frequencies were erroneously recorded as lemma frequencies in the first
version of GreekLex, which has now been resolved. There are approximately 140 such instances in the
lexicon, which represents a proportion lower than 0.5%. Information about the tag abbreviations used
in the database and descriptive statistics of the frequency of each PoS category are provided with the

GreekLex 2 supplementary materials.

To evaluate if the automated PoS tagging method returned reliable results, three linguists who had no
access to the annotated data were asked to manually annotate a proportion of the database’s entries.
1000 items (approximately 3%) were manually annotated by all three linguists. The levels of
agreement with the automated method were 98.5%, 97.6% and 98.3%. The inter-rater reliability was
95.8% (k=0.958,z2=72.2, p <.001, N =999) based on Fleiss’ kappa (Fleiss, 1971) adaptation of the
Cohen’s kappa statistic for multiple raters and categorical data. Items with inconsistent tags among the
linguists or between them and the automated method were mostly nominalised adjectives such as
uaorxopdpog (m. masked man) [noun] vs [adj], and zpayeio. (M. trachea but also rough-feminine

gender) [adj] vs [noun].

4.3.2 PoS assignment with a trained tagger

Publication of the Wordlex database (Gimenes & New, 2015) along with its text sources while the
present work was being conducted made a large corpus of texts in Greek language available for
processing. Although GreekLex frequencies have been calculated from a different corpus, PoS tags for

the GreekLex entries were also generated from the text corpora made available with Wordlex. For this
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procedure, a PoS tagger was employed that has been developed within the Natural Language
Processing Group in the Department of Informatics of Athens University of Economics and Business
by Koleli (2011). The tagger uses a Maximum Entropy Classifier and performs with reported accuracy
of approximately 92%. The tagger has been trained with journalistic texts and the developers’
recommendation is that using the tagger with different genres of texts would ideally need retraining on
the specific genre. Hence, the twitter and blog-posts corpora provided in Wordlex were excluded from
this procedure. The tagger annotated approximately 10 million tokens (excluding contracted forms,
punctuation marks etc.) and 253 thousand types. Only 52% of GreekLex 2 entries were found in the
Wordlex corpus. As GreekLex is a lemma-based lexicon, inflected forms of GreekLex entries could be
present in the Wordlex corpus but not identified. However, during the development of the original
version of GreekLex, word-form entries had also been collected and linked to each lemma. Utilising

this information to find matches raised the proportion of tagged entries to 77%.

The automatic tagger’s output was compared with the previously acquired PoS information to
calculate the level of agreement between the two approaches. To perform this comparison, it was
necessary to resolve the issue that the tagger produced more than one PoS categories for a high
number of entries in the different contexts that occurred in the texts (27% of the annotated types
overall and 46% of the common ones). Manual inspection of such entries revealed that the correct tag
is commonly the one that has been most frequently assigned; hence, this was applied as the general
rule. However, approximately 5% of the entries did not present a numerical advantage towards any
category thus they could not be further processed. After this procedure, of the remaining 25000 words
that were both entries in GreekLex and occur in the corpora, 76% had consistent tags between the
dictionary information and the tagger’s output. Manual inspection of the inconsistent entries revealed
that it is the tagger’s output that is typically incorrect, whereas there is a high level of consistency
between the dictionary information and the manual annotation. Given the relatively poor performance

of this procedure, the output of the tagger is not provided in the database files.
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4.3.3 Syllabic units

Syllabic information including the syllabic units each entry consists of, the number of syllables, the
stressed syllable of polysyllabic entries and the mean syllabic frequency when considering or ignoring
the stress marks has been included in GreekLex 2. Type and token syllable frequencies are provided
separately because there are indications that the two might have different effects in visual word
recognition (Conrad, Carreiras, & Jacobs, 2008). The counts and standardised frequency of occurrence

per million for the syllabic units are available in separate files.

Orthographic syllabification was performed according to the rules of Greek grammar (Triantafyllidis,
1941/2000), which is formally taught in school and is applied when writing in order to split the words
that reach the end of the line and need to be continued onto the next one. The rules posit that a cluster
can constitute the beginning of a syllable if there is a Greek word that starts with such a cluster.
Otherwise, the first letter goes with the previous syllable and the remaining consonant(s) are assigned
to the beginning of the subsequent syllable. To develop a list with all legal initial consonant clusters,
all entries from the three currently available databases in Greek were considered. GreekLex 2 is the
first database that provides orthographic syllabic units based on syllabification rules of Greek school

grammar. However, whether these units are relevant in Greek reading requires further research.

In terms of parsing the phonological syllables, the maximal onset principle was applied on the basis of
phonotactically acceptable consonant combinations. Tzakosta and Karra (2011) proposed a two-
dimensional scale involving manner (MoA) and place (PoA) of articulation when the left consonant is
a member of a leftmost consonant category compared to the category on the right on at least one of
these dimensions (classification of consonant types for MoA and PoA are presented in Figure 4.1).
The above procedure was also applied in IPLR but certain entries were re-evaluated in the way
consonant clusters are separated between adjacent syllables. Such cases mostly involve clusters with
nasal ([m], [n], [n]) and liquid ([, [r], [£]) consonants, which according to Tzakosta and Karra (2011)

are only evaluated on the PoA dimension due to their unclear theoretical status with respect to MoA.

163



There are two issues related to this. The first is that such clusters seem to be given a ‘free pass’ and
considered ‘legal” without evaluation on the PoA dimension, because otherwise clusters like [rm] (e.g.
dpua) and [rp] (e.g. dpma) would still be considered ‘illegal’, in contrast to IPLR’s output (['a-rma],
['a-rpa]). The second issue involves clusters with such consonants that are correctly considered
acceptable when only considering PoA, yet word production data (Chaida et al., 2012) reported earlier
are inconsistent with this approach. Therefore, to offer an alternative approach, a less liberal
methodology was followed in GreekLex 2 and clusters containing the previously-described consonant
combinations were still evaluated both in MoA and PoA, in which case entries such as xoufag
[ka'mvas] have the consonant cluster split. Additionally, an extra dimension was introduced as a
criterion that involves a binary voicing scale (see Tzakosta, 2010) that is adequate on its own to force a
cluster split (also presented in Figure 4.1). Furthermore, an additional constraint was set regarding
initial liquid or nasal-liquid clusters which were always treated as heterosyllabic. Finally, a small
number of clusters retrieved from the set provided by Botinis (2011) which would otherwise be treated
as heterosyllabic by the algorithm are added as legal ones. These rules resulted in a novel set of

acceptable clusters which is included in the supplementary materials of the database.
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Manner of Articulation

STOPS - FRICATIVES/SIBILANTS - AFFRICATES - NASALS - LIQUIDS - GLIDES
Place of Articulation

VELARS - LABIALS — CORONALS

Voicing

VOICELESS - VOICED

Figure 4. 1 Consonant-type classification according to the Manner of Articulation, Place of
Articulation, and Voicing scales.
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A python script that implements the algorithm based on the rules described above was developed and
is provided together with the database. This script is extended to handle multi-consonant clusters by
applying similar rules proposed by Tzakosta (2011). However, due to methodological inconsistencies
between the two approaches discussed earlier, the resulting acceptable cluster sets are not identical. As
mentioned earlier, of the approximately 500 initial consonant clusters considered legal in IPLR and
handled as tautosyllabic, 64% (320) were assessed as ‘illegal’ according to the improved
syllabification algorithm. This apparently high proportion was mainly due to clusters with more than
two consonants (240 out of 320). These were subsequently parsed with the legal onset criterion that
aimed to maximise the number of consonants on the onset to the level they would constitute a legal
cluster, but cannot guarantee the legality of codas. Applying this approach had an impact on the
phonological syllabification of approximately 16% of types and 5% of tokens in the database. The
different approaches followed in the orthographic and phonological syllable parsing mean that the
orthographic and phonological syllabic units in GreekLex 2 do not always overlap. The phonological
syllables were converted back to the orthographic code as well and are also included in the database.
Consequently, there are two forms of orthographic syllabic units; those emerging from traditional
grammar rules which were previously unavailable from other psycholinguistic resources, and those

emerging from phonology.

An additional issue regarding syllabification are wordforms that contain an ambiguous CVV
combination. In these cases, the orthography alone cannot determine whether the middle vowel is fully
pronounced or not. When it is pronounced, such letter clusters are parsed into two separate syllables
whereas when it is not, they comprise one syllable. The most frequent ambiguous CVV combination is
the CiV pattern (see Protopapas & Vlahou, 2009) in which i represents different vowels (e.g., z, #, v)
or vowel combinations (e.g., &z) that, in isolation, correspond to the [i] sound. In such CiV cases,
however, the vowel sound is either fully realised into [i], resulting in two syllables (xvavio [ci-'a-ni-
o]), or not, resulting in one syllable [yvdla [ja-1a]]. Approximately 16% of the entries in GreekLex 2
contained such ambiguities. A simple possible solution that was explored is to consider all words

containing each cluster and determine the percentages of such vowel combinations being parsed into
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one and two syllables. Then all instances of a given cluster can be parsed according to the majority of
cases calculated for this specific cluster. For example, the vowel cluster :o is parsed into separate
syllables at a rate higher than 80% of cases hence all instances of this cluster were parsed into two
syllables. Despite the fact that this approach guarantees that there will be errors in the instances of
ambiguous clusters that are not parsed consistently with the majority of cases, this method resulted in
an overall accuracy of 95%. Only 71% of the ambiguous clusters were parsed correctly when applying
this approach. Therefore, all entries containing ambiguous entries were cross-checked and the
syllabification of erroneous ones was corrected manually. For ambiguous cases, where both
pronunciations were acceptable (e.g. digpavog [6i-'a-fa-nos], ['6ja-fa-nos]), an orthographic dictionary
with syllabic information (Babiniotis, 2008) was consulted for purposes of consistency. A similar
approach was also used for IPLR as CiV cases were submitted to manual verification (Protopapas &
Vlahou, 2009). However, despite the high accuracy of the automatic approach in conjunction to the
manual inspection, errors can naturally not be avoided (e.g. diafdarne GreekLex 2: [dja-'va-tis],
IPLR:[di-a-'va-tis]; kAeyid GreekLex 2: [Kle-'ps¢a], IPLR:[kle-psi-'a]). A comparison between the two
databases in relation to this issue revealed inconsistent transcriptions with regards to the CiV pattern
which are also provided in the supplementary materials of the database. However, it should be noted
that very often such discrepancies do not reflect an error in the transcription available in either of the
databases but rather alternative transcriptions that are both correct. Nonetheless, GreekLex 2 adheres
to the dictionary information to ensure a consistent approach is adopted for all words in the database.
Table 4.1 provides descriptive statistics for the distribution of types and tokens by their syllabic

length.
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Table 4. 1 Counts and proportions (percent) of type and token distribution by syllabic length.

Types Tokens
Syllabic length ~ Counts Percentage Counts per million Percentage
1 276 0.8 225186 53.5
2 3661 10.4 100472 23.9
3 8391 23.8 43699 10.4
4 10645 30.2 33264 7.9
5 7822 22.2 13783 3.3
6 3270 9.3 4169 1
7 921 2.6 453 0.1
8 252 0.7 128 0
9 54 0.2 50 0
10 11 0 10 0
11 1 0 3 0
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4.3.4 Phonetic transcriptions

Phonetic transcriptions of the orthographic strings in GreekLex 2 were generated with an algorithm
implemented in Python capitalising on the high level of grapho-phonemic consistency of Greek
orthography at least in the feedforward direction, that is, from print to sound (Protopapas & Vlahou,
2009). However, because these are computer generated transcriptions, they can only be an
approximation to Greek oral speech. Ambiguous CVV cases were handled by utilising syllabic
information and more precisely whether the two vowels were in the same syllabic unit or not. When
they are tautosyllabic, the medial vowel is fully pronounced (ayovic [a-yo-ni-'o]), and when they are
heterosyllabic, the vowel is not realised and, in the case of the previous consonant being [n] or [1], it is
palatalised and converted to [n] and [£] respectively (viw6w ['no-60]). However, this approach does
not imply or reflect a relationship between orthographic syllabification and the phonetic transcriptions
emerging in cases of palatalisation as this is a theoretical issue pertinent to the phonological domain

that is not trivial to universally resolve.

To assess how well the algorithm performed in this task, a comparison was carried out of the common
entries between GreekLex 2 and IPLR since the latter was phonetically converted using a highly
accurate text-to-speech module. This resulted in 24,627 common entries between the two databases.
The only changes made before the comparison were: i) The phonetic transcription of some
monosyllabic entries in IPLR had the syllable’s vowel stressed; this was assessed as redundant and
replaced with the unstressed version of the same vowel. ii) Protopapas et al. (2012) indicated that in
IPLR all cases of nasal consonants followed by homorganic stops (e.g. [mb],[nd]) were simplified by
dropping the nasal, an approach which was also followed in the phonetic conversion algorithm
presented here. However, it was observed that in the downloadable version of IPLR that was available
at the time of our analyses (21/09/2016, ‘all_num_clean_text.txt"), there was variation with respect to
whether the nasal was dropped or not (e.g. axovurdw [aku'mbao], axovurioaue [aku'bisame]).

Consequently, this simplification was applied to all entries in IPLR containing such combinations by

169



removing the nasal. iii) For the exact same reasons, the labiodental nasal [m] is treated as identical to

the bilabial nasal [m].

The level of agreement in phonetic transcriptions of the common entries between the presented
algorithm here and the procedure applied in IPLR was 98%. This is notable because it shows the level
of transparency of Greek orthography in the feedforward direction, from print to sound. The most
substantial inconsistency of Greek orthography involving the CVV pattern was overcome by providing
this information to the algorithm. Hence, the set of hand-written rules included in the current
algorithm was almost equally efficiently as a rule-based algorithm (Chalamandaris et al., 2005) trained
on an excessive amount of data (approximately 900,000 words). A qualitative investigation of the
inconsistent transcriptions revealed that the vast majority of them involved entries where the CiV
pattern could produce acceptable pronunciations either when [i] was fully pronounced or not (e.g.
Jdpavog [di'afanos], ['djafanos]). Remaining inconsistencies mainly involved differences in
pronunciation that could be broadly classified as allophones (e.g. avzéve [a'dena], [a'ntena]; eAéykmpia

[€'lengtria], [€'legtria]).

The algorithms for performing the tasks of syllabification and phonetic conversion are implemented in
Python. The scripts are useful for processing large databases and are freely available online in contrast
to similar software for Greek that have been typically developed for commercial purposes or restricted
use (e.g. Chalamandaris et al., 2005; Gakis, Panagiotakopoulos, Sgarbas, & Tsalidis, 2012) and cannot
be used for large datasets. At present, the algorithms provided in GreekLex 2 are employed for the
syllabification and phonetic transcription of another database including materials from Greek
textbooks that are used in primary and secondary education for schools outside Greece (Terzopoulos,
Niolaki, Kyparissiadis, Wilson, Duncan, & Masterson, in prep). Further work on these scripts
currently being undertaken involves the development of decision trees for ambiguous vowel clusters in

order to efficiently handle such cases entirely automatically.
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4.3.5 Measurements of stress regularity

Two distinct features have been added in GreekLex 2 regarding the word neighbourhoods that emerge
from stress position and word endings. For reasons of disambiguation, one is referred to as Rime
Neighbourhood and the other as Stress Neighbourhood. Rime Neighbourhood refers to the number of
entries in the database that match the target entry from the stressed vowel up to the final letter of the
word. Stress Neighbourhood (as proposed by Colombo, 1992) involves the orthographic ending of
each entry, comprising the nucleus vowel of the prefinal syllable up to the final letter of the word.
Stress diacritics are omitted up to this point of processing. Then the metric is generated after
calculating the proportion of entries having stress on the same syllabic position as the entry of interest
over all entries sharing the same ending with it. For both Rime and Stress Neighbourhood and their
corresponding variables, type and token counts as well as calculations on the orthographic and
phonological strings are provided separately. The average rime length of the polysyllabic entries in the
database was 3.7 letters (SD 1.9) and the average final sequence length based on Colombo’s criterion

was 3.6 letters (SD 0.9).

In a comparative study involving corpus analyses in several languages, Monaghan et al. (2016)
showed that in Greek, both beginning and ending letters convey cues regarding stress position and
depending on the word’s number of syllables they can have high predictive value, even though stress
position in Greek is explicitly marked with diacritics in lowercase. In a quantitative analysis, each
polysyllabic entry in the database was assigned stress at the position that was most frequent among the
entries it shared a common orthographic ending or rime with. When considering the orthographic
endings according to Colombo’s approach, it was computed that 86.9% of the types and 91.3% of
tokens in the database would be stressed correctly by following this simple procedure. Repeating the
same procedure with the rimes was less straight-forward given that each entry’s rime varied in length
according to stress position and there were many overlapping endings matching the same entry. The
approach of hierarchising endings from longer to shorter ones resulted in 75.5% accuracy for types

and 80.0% for tokens.
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Hence, it seems that Greek orthography provides sublexical information on stress position that could
be utilised by the reader to assign stress. Also, stress neighbourhood seems to offer more
straightforward information than rime neighbourhood in terms of stress position. It has been shown
that the stress assignment mechanism in Greek is a much more complex process than to simply decode
the orthographic diacritics to determine stress position. Rather, it also involves lexical and statistical
information (Protopapas et al., 2007). Grimani and Protopapas (2016) used pseudowords and found
significantly larger effects of their suffixes on stress assignment when the suffix did not have any
stress competitors compared to when it did, thus showing that such effects originate in the
distributional properties of the language. Hence, it remains to be further investigated empirically that
the measurements presented here constitute sources of stress information that operate in Greek

reading.

So far, the focus was on statistical characteristics of stress distribution involving subgroups of the
lexicon (e.g. words ending in a given letter string). Now the focus moves on the default metrical
pattern. Naturally, the preponderance of words receiving stress on a given syllabic position does not
have consistent statistical characteristics across all languages. For example, stress assignment of
Italian polysyllabic words with more than two syllables is the only instance of print-to-sound
ambiguity in Italian. But approximately 80% of these words are stressed on the prefinal syllable
(Thornton et al., 1997) and these words were indeed shown to be read and recognised faster than those
stressed on the other positions (Colombo, 1992). Similarly, more than 80% of English disyllabic
words in the CELEX database (Baayen et al., 1993) receive stress on the prefinal syllable and this
seems to generate similar experimental findings with Italian (Brown et al., 1994; but see Rastle &
Coltheart, 2000). In Greek, Protopapas (2006) calculated monosyllables to take up approximately 38%
of all words, and polysyllables to present the remaining stress position distribution as follows. Final:
19%, Prefinal: 28%, Antepenultimate: 16%. As illustrated in Table 4.2, the token analysis of the

lemmas in GreekLex 2.0 presents a similar distribution.
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Table 4. 2 Counts and proportions (percent) of type and token distribution of stress position.

Types Tokens
Stress position Counts Percentage Counts per million Percentage
Monosyllables 276 0.8 225192 53.2
Final 9951 28.2 61558 14.6
Prefinal 13569 38.4 88817 21
Antepenultimate 11508 32.6 47368 11.2

Note. Monosyllables are presented separately in the analysis as they can only be stressed on their sole

syllable.
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As illustrated in Table 4.2, the prefinal position only presents a relative dominance, and is higher only
when compared to the other positions singularly. It is far from being the most frequent in comparison
to its competing positions accumulatively neither in the whole set or even when considering just the
polysyllabic entries. Given that the previously-reported research seems to focus on the default pattern
specifically on subsets where the dominance is observed (e.g. disyllables in English), the distribution
of stress position was calculated separately for each different syllabic length occurring in the database

(Figure 4.2).
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Figure 4. 2 Distribution of stress position by number of syllables for types (A) and tokens (B). Syllabic
lengths higher than 7 (up to 11) are not presented in the graph as they accumulatively represent a
proportion less than 1% (types) and 0.1% (tokens) of the whole set.
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Interestingly, Figure 4.2 illustrates that only disyllabic words consistently show the statistical
dominance of the prefinal in both the type and token analysis, and trisyllabic words only in the type
analysis. All the other syllabic lengths show a statistical dominance of stress on the antepenultimate
syllable. This is important because the default pattern has been shown to be an active source of stress
information in behavioural experiments with items larger than disyllabic ones (e.g. Protopapas et al.,
2006, used items of 3-5 syllables). Hence, the metrical pattern seems to be active even with sub-
groups of words that, when seen in isolation, do not present this statistical dominance of the prefinal
syllable. This could perhaps be attributed to the highest overall number of disyllabic token items (see
Figure 4.2 B) compared to the other polysyllabic words. A potential concern is that this analysis is
based on lemmas and not on wordforms. This is particularly important because in Greek there are
several cases in which inflected forms have a different stress position than their lemma (see
Protopapas et al., 2006). To verify whether the same patterns would emerge with wordforms as well as
from a different source, this analysis was repeated with IPLR’s entries. Results showed that the
patterns were very similar to the lemma entries of GreekLex 2 (correlation for types: r = .95, p <.001,;
for tokens: r = .98, p <.001; tables are provided in the supplementary materials of the database).
Importantly, the crucial observation of non-uniform statistical predominance of stress on the

penultimate syllable was found in GreekLex 2 and IPLR.

Finally, the availability of PoS, syllabic, and stress information makes it possible to investigate
whether the Greek language has any regularities with respect to grammatical category and stress
position. In English, disyllabic nouns typically present a trochaic stress pattern while disyllabic verbs
typically present an iambic stress pattern and this has been shown to affect reading behaviour in
several psycholinguistic tasks (Arciuli & Cupples, 2003; 2006). Analysis with GreekLex 2 involved
the three major PoS categories of nouns, adjectives and verbs that take up 98% of all the entries in the
database. As illustrated in Figure 4.3, nouns and verbs are broadly following the overall pattern in all
analyses of disyllabic, trisyllabic and polysyllabic stimuli overall, but adjectives do not follow this
pattern. In sharp contrast to the default bias towards the prefinal syllable, in the case of adjectives this

syllabic position is actually disfavoured. However, it should be noted that this analysis is only based
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on lemmas and it remains to be confirmed whether the same pattern would emerge if wordforms were
considered. Unfortunately, none of the Greek databases containing wordforms have PoS information,
hence this analysis cannot be currently performed. However, the emergence of similar patterns when
considering lemmas (Greeklex 2) and wordforms (IPLR) in the analysis of stress position in relation to
syllabic length suggests that similar patterns for lemmas and wordforms could also be expected

regarding PoS.
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Figure 4. 3 Distribution of stress position by part-of-speech category. Counts are calculated for
disyllables (A), trisyllables (B), and all polysyllables (C). Only adjectives, nouns and verbs are

considered in this analysis.
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4.3.6 Measurements of orthographic similarity

As an alternative to Coltheart’s N (i.e. the number of words in a database that have the same length
and only differ in one letter from a given entry, Coltheart at al., 1977), Levenshtein distance (Yarkoni
et al., 2008) has recently been gaining ground as a more sensitive metric of orthographic similarity
because it discerns differences between orthographic strings that would not be captured by Coltheart’s
definition of neighbourhood. It is defined as the number of insertions, substitutions and deletions
required to produce an orthographic string from another string. OLD20 (Yarkoni et al., 2008), which is
provided in GreekLex 2, is the mean Levenshtein distance for each word in order to generate its 20
closest orthographic neighbours. While a high N density shows that there are many other words in the
database that are only one letter away from a given word, it is a low OLD20 that indicates large
orthographic overlap with the 20 closest items in the database. These measurements were calculated
both when considering the stressed and the unstressed versions of the entries. Additionally, they were
calculated both by considering only the lemmas, which the database currently consists of, but also by

processing all the word-forms from the HNC corpus that are assigned to each lemma.

As shown in Figure 4.4, the Coltheart’s N density counts that are by far the most frequent in the
database are zeros (i.e. no orthographic neighbours). The most frequent OLD20 values cluster around
the value of 2 (1.5-2.49). The figure illustrates the counts of both densities (N) and averaged similarity
values (OLD20) when considering all word-forms for neighbours rather than just the database’s
lemmas. As expected and illustrated in Figure 4.5, Coltheart’s N density depends upon word length,
with shorter words overall presenting higher densities. Similar patterns were observed and reported by
Ktori et al. (2008) in an analysis that only considered lemmas as potential neighbours and only those
with a frequency higher than 1 per million. A comparable pattern is observed when computing the
OLD20 measurement. In this case, higher values indicate lower amount of orthographic overlap with
their closest entries, hence the adverse pattern is observed. Again, Figure 4.5 also depicts the patterns
emerging after considering all word-forms related to the database’s lemmas. Finally, these
measurements were also calculated for the phonetic forms of the entries (PLD20, both the stressed and
unstressed versions). As expected, due to the high level of grapho-phonemic consistency of the Greek
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language, these indices highly correlated with their corresponding orthographic measures. Significant
correlations were found between the orthographic and phonological Coltheart’s N measurements for
stressed (r = 0.79) and unstressed forms (r = 0.79), as well as between the OLD20 and PLD20 for both

stressed (r = 0.95) and unstressed (r = 0.96) versions of the entries (in all cases, n = 35283 and p <

.001).

180



14000

B2

C

>

8 Measurement
> .Colthearts N
e OLD20

[0}

o

zZ

0 1 2 3 4 5 6 7 8 9 10
Orthographic neighbourhood densities

Figure 4. 4 Frequency counts for the clustered OLD20 Levenshtein Distance (based on Yarkoni et al.,
2008) values and Coltheart’s N orthographic similarity (based on Coltheart at al., 1977) values.
OLD20 values are clustered around their closest integer numbers (e.g. a value of 2 represents the
counts of all values between 1.5 and 2.49). Coltheart’s N values above 10 are not presented in the
graph as they accumulatively represent a proportion smaller than 0.5% of the whole set.
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Figure 4. 5 Distributions of mean OLD20 Levenshtein Distance (based on Yarkoni et al., 2008) and
Coltheart’s N orthographic similarity (based on Coltheart at al., 1977) as a function of word length
measured in letters.
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4.3.7 Zipf values

Log transformed word frequency values based on the Zipf scale are now provided in conjunction with
the traditional measurement of frequency per million (fpmw). As pointed out by van Heuven et al.
(2014), there is a relatively large proportion of entries in large corpora that have a frequency lower
than 1 fpmw and the word frequency effect is strongest for words below 1 fomw. The problem with
frequencies below 1 fpmw is that these become negative when a logarithmic transformation is applied.
Therefore, van Heuven et al. (2014) proposed the Zipf scale of word frequency, which has a number of
properties that make it easier to understand. In particular, it is a logarithmic scale with a few points
and the middle of the scale separates low from high frequency words. The Zipf values for the entries in

GreekLex 2 are calculated using the formula proposed by van Heuven et al. (2014):

requency count + 1
frequency ) 3.0 o)

Zinf = 10910( 46.89 + 0.0353

where the first number of the denominator represents the corpus size and the second one represents the

number of unique word types in the database, both measured in millions.
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4.4 Summary and future development

This chapter presented GreekLex 2, an updated version of the GreekLex database (Ktori et al., 2008),
reporting information such as part-of-speech category, which is not available in other Greek databases
and improved information about syllabic units and orthographic measurements that provide
predictability on stress position. Initially, a summary of the first version of GreekLex was presented as
well as other databases available in Greek and areas for further development were highlighted.
Subsequently, the procedures followed to generate the new information were reported. The database
now provides part-of-speech information for each entry; accurate orthographic and phonological
syllabification as well as syllabic length and stress position; stress and rime neighbourhood
measurements that indicate the regularity of stress position for each entry based on its ending.
Additionally, novel analyses, that the availability of the new features allowed, were carried out and the
regularities that Greek language presents were investigated. It was shown that the distribution of
stress position does not uniformly adhere to the prefinal syllable bias but is dependent upon
grammatical category. Additionally, it was shown that a proportion higher than 85% of the entries in

the database would be stressed correctly solely by relying on stress neighbourhood information.

In the publication related to the first version of GreekLex, the authors state that future developments
would involve “the inclusion of syntactic and phonological information as well as the calculation of
syllable frequency counts that would enable further insight into the orthographic processing of Modern
Greek.” (Ktori et al., 2008, p. 779). These issues have been all addressed in GreekLex 2. Plans for
future developments include adding information that is less dependent upon computational and
lexicographical tools like phonetic transcription modules or dictionaries, and more reliant on naturally-
produced speech (to generate phonetic transcriptions) and intact text corpora (to generate syntactic

information directly from such sources).

The database is provided in text files encoded in ASCII and UTF-8 (for users that do not have Greek
installed on their system) and as a comma-separated values (csv) file to be opened with spreadsheet

software. All files which are related to this chapter, such as the database, the complementary files with
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syllabic frequencies, Stress Neighbourhood and PoS information, and the Python scripts for automatic
syllabification and phonetic transcription can be found at

http://www.psychology.nottingham.ac.uk/greeklex/.
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CHAPTER 5

REVIEW OF STRESS IN EUROPEAN ORTHOGRAPHIES AND THE MECHANISMS OF

STRESS WITH ENGLISH DISYLLABIC WORDS

To exemplify the variability that the properties of stress are manifested in different languages, this
chapter initially presents a brief overview of this linguistic property in several European orthographies
with a specific emphasis on the role of stress in these languages as well as the level that it is
orthographically marked in each system. The purpose of this review is to highlight the need for
behavioural data collected from different linguistic environments before addressing the question of
whether a set of universal properties of reading that function beyond the considerable diversity within
different writing systems can be developed. Additionally, in light of starting to develop a
computational model that will attempt to tackle the challenge of simulating stress assignment in
Greek, the first step was to study in depth the behaviour of a leading computational model already
available for a different language. Hence, it was deemed essential to acquire data that could be later
directly compared to the model’s performance. Therefore, this chapter subsequently reports the
findings of two behavioural experiments performed with skilled native English speakers that aimed to
investigate the mechanisms of assigning stress in skilled English reading and advance on the
theoretical knowledge from previous studies of this aspect of reading. In particular, the default pattern
mechanism was scrutinised in English because this is an issue that has given rise to conflicting
findings reported in the literature. To achieve this, Experiment 1 employed reading aloud of disyllabic
words that were either not ambiguous regarding stress position (e.g. dOctor and inslst) or stress
minimal pairs. These are pairs of words with identical orthography yet different stress position that
differentiates the meaning between them (e.g. pErmit and permlt). Participants were asked to name
these words when presented in isolation, consequently allowing readers to stress minimal pairs on the
position they prefer. Experiment 2 aimed to investigate the dominance of representations of such
ambiguous words in the readers’ mental lexicon by testing whether a specific metrical pattern would

shift the stressing strategies that were adopted in Experiment 1. For this purpose, the same materials
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were utilised again but presented in a blocked manner in which minimal pairs appeared with
unambiguous items that were consistently stressed either on the first or the second syllable. In this
way, a within-blocks priming procedure was induced by either accenting the trochaic (stressed-
unstressed) or iambic (unstressed-stressed) metrical frame in each group of items. This way, lexical
contributions were directly compared with the effect of the default bias when assigning stress in
English (Experiment 1), and the strength of the phonological representations was assessed by
contrasting it against different stress position activation (Experiment 2). Additionally, this chapter
reports the results of computational simulations performed with these stimuli by using one of the
leading computational models of reading polysyllabic words, the Connectionist Dual-Route model
(CDP++, Perry et al., 2010; Perry et al., 2013). The purpose of performing these simulations was

twofold. Firstly, results of the simulations were used to evaluate how the different information

regarding stress position were utilised by CDP++ and draw conclusions on the theoretical assumptions

adopted by this model regarding their relative contributions to the way the stress assignment

mechanism has been wired and parameterised. Secondly, the patterns that emerged were compared to

the results of the behavioural experiments with the aim of assessing the model’s performance.
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5.1 Stress in different European orthographies

A common point of reference that characterises European alphabetic languages is that each
polysyllabic word has at least one syllable that is marked for heavier stress than the others and that its
phonological realisation will necessarily include this stress marking®. However, the predictability of
stress position and the manner that this position is determined varies considerably among different
languages. As an example, grammatically assigned stress involves grammatical rules or structural
constraints that determine stress position whereas lexical stress is not entirely predictable by grammar
hence requires some level of interaction with the phonological lexicon (Apoussidou, 2007). There are
languages in which stress is fixed to either an external boundary (first/last) or internal syllable, and
others in which it can be freely assigned on any of the word’s syllables or a subset of them.
Indicatively, in Turkish, stress is always assigned on the final syllabic position (Revithiadou, 1999),
whereas, in Greek and Portuguese, it can be freely assigned on any of the three right-most syllables
(Coreia, Frota, Butler, & Vigario, 2013). Additionally, the concept of orthographic marks, diacritics,
that determine stress position has been extensively discussed throughout this thesis. While it is not a
typical characteristic of an alphabetic language to use orthographic diacritics, it is important to
mention that this property does not overlap with any of the previously-mentioned ones; while Greek is
a language with variant, lexical stress in which orthographic diacritics indicate stress position in
lowercase, French, a language with fixed stress, also uses orthographic diacritics marked on several
vowels but functioning as accent marks rather than stress position indicators (Tranel, 1987). Finally, it
should be highlighted that in certain languages, stress can have a multi-level dimension. In English,
secondary stress can appear in conjunction with primary stress (Ashby & Cliffton, 2005). Indicatively,
tetrasyllabic words can follow patterns such as secondary_unstressed_primary_unstressed (e.g.
fundaméntal) or unstressed_stressed_unstressed_unstressed (e.g. inténsity). In contrast, in Greek, a
second (or otherwise enclitic) stress only emerges when words appear in context and content words are

followed by enclitics hence forming the phonological word that also needs to have stress on any of the

9 Occasional instances of these differences being gradual rather than binary exceed the purpose of the present
work. Overall, it does not constitute an oversimplification to consider that each polysyllabic word presents a
binary distinction among stressed and unstressed syllables (Protopapas, 2016).
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final three syllabic positions (see Chapter 1). In this case, the added stress has similar acoustic
properties to the primary stress, whereas the previously dominant stress results with similar acoustic

properties to the secondary or subordinate stress type (Arvaniti, 1992).

Table 5.1 presents a two-dimensional classification of European languages similar to the analysis of
orthographic complexity in Seymour et al.’s (2003) presented in Chapter 1. Here, the vertical axis
represents the continuum of orthographic depth, which is the level of transparency of the grapho-
phonemic conversions in the print-to-sound direction. The second dimension here, which in Seymour
et al.’s analysis corresponded to syllabic complexity, represents the continuum of stress position
predictability, namely the level of opaqueness that characterises stress assignment in each language.
This could be alternatively interpreted as the level that the reader needs to resort to the phonological
representations in order to retrieve stress or extract this information directly based on abstract

knowledge regarding each specific language.
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Table 5. 1 Classification of European languages relative to the dimensions of stress predictability
(high to low) and orthographic transparency (shallow/transparent to deep).

Stress Predictability

High Low

Shallow  Finnish

Greek  Spanish Italian
German

Polish Portuguese  Dutch
French

Orthographic
Transparency

English

O
D
D
S
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On one extreme of this continuum, languages such as Finnish and French can be classified as entirely
predictable when considering stress assignment because they have a fixed stress position on the first or
last syllable of the word respectively (Hannhas, 2007; Karvonen, 2008). It should be noted that fixed
stress does not necessarily need to appear on word boundaries. For example, Polish language assigns
stress on the penultimate syllabic position (Revithiadou, 1999). Classification criteria for the present
analysis comprise stress fixation on a given position, orthographic stress indicators and their
consistency of appearance, and existence of linguistic rules that can render stress position
unambiguous. Arguably, combinations of the above-mentioned cues typically appear in great variation
across languages. For example, while both Finnish and French are characterised as languages with
fixed stress, in French, stress can also appear on the penultimate instead of final position when the
latter contains a schwa (Hannhas, 2007). This does not lower the level of stress opaqueness in French,
as this remains entirely predictable. However, it makes it less straightforward than in Finnish, in which
stress invariantly appears on the first syllable (Karvonen, 2008), because in French one additional
criterion needs to be applied sporadically. Hence, Finnish is placed higher than French in this

classification.

Moving on to languages with variant stress position, the left-most part of the continuum entails those
that, albeit variant in position, their stress can be extracted from orthography. In lowercase Greek,
stress is always marked orthographically by means of stress diacritics. This means that the reader
always has an indication of where stress falls on polysyllabic words without the need to know the
specific word or apply any linguistic rules. In comparison to Greek, Spanish is also a language with
entirely predictable stress position. There are certain words that take orthographic diacritics as well.
However, when the diacritics are not marked, the reader needs to be aware of the rule which posits that
stress should be assigned to the prefinal syllable unless the word ends in a consonant other than ‘n’ or
‘s’, in which case the final syllable is stressed (Gutiérrez-Palma & Palma-Reyes, 2008). Hence, despite

the absolute predictability of both languages, Greek is classified as less opague than Spanish.
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The final group of languages considered are those with at least a set of words that cannot be stressed
correctly without resorting to lexical knowledge. In Italian, stress is generally predictable except for
polysyllabic words with three or more syllables for which it cannot be extracted by rule whether they
are stressed on the penultimate or the antepenultimate (very few such words are stressed on the final
syllable and are marked with stress diacritics in this case). Another indicative example is Dutch
disyllabic words that, by rule, are stressed on the prefinal syllable except for when the final syllable is
a ‘super-heavy’ one (of CCV or CVV type) in which case stress falls on the final. The exceptional
cases that are stressed on the final syllable without it being a ‘super-heavy’ one (e.g. forEl) are
presumed to be stored in the phonological representations (Zonneveld, Trommelen, Jessen, Bruce, &
Arnason, 1999). An alternative account of addressing this irregularity is that all words with stress on
the prefinal syllable are considered default by Dutch speakers whereas any word with stress on the
final is considered exceptional and stored in the lexicon (Levelt, Roelofs, & Meyer, 1999).
Nonetheless, stored representations need to be involved at some point for the Dutch reader to be able
to stress any potential word correctly. Finally, German and English are two languages that stress is not
marked and its position cannot be adequately predicted by means of stress rules. Therefore, it has been
suggested that in such languages the stress pattern of individual words needs to be lexicalised due to
its largely unpredictable nature (Domahs, Wiese, Bornkessel-Schlesewsky, & Schlesewsky, 2008;

Wiese 1996).

The classification presented in Table 5.1 and the discussion that succeeds it only constitutes one
among several ways of categorising languages with respect to their stress predictability. Hierarchising
these criteria in a different manner might result in alternative classifications. If, for example, visually
available and consistently present stress marks are considered a more straightforward way of
extracting stress position compared to the need of knowing a language’s specific standardised position
in conjunction to grammatically predictable exceptions, then Greek should be classified as a more
transparent language than French in that aspect. While French has fixed stress and Greek variant
stress, in French, if the reader does not know the schwa exception described earlier, they will not be

able to assign stress correctly in such cases. On the contrary, while the reader of Greek needs to
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decode the orthographic diacritic to extract stress position (always, of course, under the assumption
that in either language this is not retrieved from the phonological representations), this guarantees that
this information is consistently provided as readily available. Hence, under different criteria, Greek
might be classified as a less opaque language than French in stress predictability despite the variant
stress position of the former. However, the reasons behind selecting this specific hierarchy of criteria
lie in the purposes of the present analysis, which was carried out in view of the reading task and the
ways this information interacts and shapes this cognitive process, rather than the way they function as
purely linguistic properties. For example, as showcased by choices of reading models, attempts to
simulate reading behaviour in languages such as French do not entail direct efforts of tackling the
stress assignment task due to its fixed property (e.g. Ans et al., 1998; Perry et al., 2014b), in sharp
contrast with modelling approaches in other languages even by the same research groups (e.g. Perry et

al., 2014a).

It is important to mention that in this analysis, probabilistic cues regarding stress position are not taken
into account for the language classification. For example, it is well known that English words contain
information regarding stress position in their morphemic affixes (both prefixes and suffixes) as
suggested by Fudge (1984) and implemented by Rastle and Coltheart (2000), but also in the more
abstract initial and final letter sequences of the word regardless their morphemic status (Arciuli et al.,
2010). Additionally, many of the languages with variant stress reviewed here present a statistical
preponderance for words stressed on a given syllable, typically the prefinal syllable (e.g. Italian,
Greek, German, and English). For some of these languages, such as Italian and Greek, there is clear-
cut evidence of a psycholinguistic dimension regarding the most frequent position which is manifested
as a processing advantage for words with default stress (Italian: Colombo, 1992; Colombo & Sulpizio,
2015; Greek: Protopapas et al., 2007; Chapter 2 of this thesis). For others, such as English and
German, interpretation of behavioural findings is still less clear-cut and whether they have a
behavioural dimension is subject to debate (e.g. English: Monsell et al., 1989; Rastle & Coltheart,
2000; German: Levelt et al., 1999; Domahs, Grande, Huber, & Domahs, 2014). But the main issue

that renders such cues problematic, hence precluded from the current analysis, is that they are not
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adequate to stress correctly a language’s word battery in its entirety. In all such languages, exceptional
words that take stress in non-default positions can be found. In English, most morphemic or
orthographic cues will present cases that stress goes against the cue as well (Arciuli & Cupples, 2006).
Consequently, no current model of reading polysyllabic words is able to simulate skilled reading
behaviour, which is characterised by at least near to perfect performance on accuracy for known
words, if they do not entail access to a lexicon that stores information on stress position. Similarly,
underlying linguistic rules can in many cases have high predictive power on stress position. In
German, the weight of the final syllable determines whether it is part of a monosyllabic (moraic) or a
disyllabic trochee (a prosodic foot consisting of a heavy followed by a light member), which, in turn,
affects stress position (Domahs, Knaus, EI Shanawany, & Wiese, 2014). However, this requires
implicit knowledge of this framework, while experiments investigating the unconscious application of
these regularities by readers when stressing nonwords do not yield entirely consistent stressing
patterns (Réttger, Domahs, Grande, & Domahs, 2012). Consequently, it cannot be safely inferred from
such experiments that sublexical cues are solely relied upon in order to apply stress in languages with

opaque stress position.

To conclude, as this analysis illustrates, there are languages with comparable levels of transparency
and stress predictability like English (deep orthography, unpredictable stress) and Finnish (shallow
orthography, predictable stress), but also languages with contrasting levels of these two characteristics,
such as French (deep orthography, predictable stress) and German (shallow orthography, unpredictable
stress). An additional feature that is important for orthographic processing is the extent that marked
diacritics play a role in each language’s stress predictability. Table 5.2 presents a classification of the
same languages in a continuum showing the existence of diacritics and their relevance to stress

position indication.
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Table 5. 2 Classification of European languages according to the existence of diacritical marks and

their relevance to stress position.

Diacritics as
No diacritics accent marks
English Finnish Always
French >
T 3
German B S
[ =
c O
Polish S

w
@
o
o
3

Diacritics as
stress indicators

Greek
Spanish
Portuguese

Italian
Dutch
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As illustrated by the table, it is typically the case that the orthographies of European languages contain
diacritic marks since among the reviewed languages only English orthography does not involve the
use of diacritics. However, in many cases the purpose of such marks is to alter the phonetic realisation
of a given letter rather than indicate stress position. Here, the focus is on the languages with diacritics
that mark stress. As mentioned before, the only language that consistently marks stress position with
diacritics is Greek and that is only in lowercase. Several other languages, such as Spanish and
Portuguese, take advantage of the straightforward rules that determine stress position and only use
diacritics to mark exceptions. In Italian, stress is only marked on polysyllabic words with more than
two syllables when they are stressed on the final and these constitute only a very limited set of the
language’s vocabulary. Additionally, the conjunction of such orthographic marks with linguistic rules
do not adequately cover all cases hence leaving several words to be non-transparent with regards to
stress position. Finally, in Dutch, a diacritic might be used occasionally and only in context and
indicates stress position but in an indirect manner. The purpose of this diacritic is to emphasise a given
word in a sentence and it is marked on this word’s stressed syllable. However, this use is neither
consistent nor obligatory so it cannot be considered a reliable source of stress information. English is
the language that lies at the opposite end of the continuum in comparison to Greek when considering
any of these classifications. It does not mark stress orthographically, and it does have overt rules that
the reader can follow to apply stress in written words. Therefore, it provides the ideal comparison to
the investigation of stress mechanisms in Greek reported in the previous chapters in which stress

position is entirely transparent and predictable.
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5.2 Stress assignment in skilled reading of English

It has been established from the previous section that stress assignment in English language requires
some level of involvement of the mental lexicon where stress is presumed to be stored in the
phonological representations. However, statistical analyses in this language as well as behavioural
experiments have shown that sublexical cues are available and that they affect the mechanisms of
assigning stress by native English speakers. This section serves as a brief summary of this evidence as

these studies have been more extensively reviewed in Chapter 1.

In English, there is a statistical predominance of words that receive stress on the prefinal syllable.
Approximately 83% of the disyllabic words in the CELEX database (Baayen et al., 1993) are stressed
on this syllable (Rastle & Coltheart, 2000). Behavioural data from a word naming experiment by
Monsell et al. (1989) have shown that words with stress on the prefinal are named faster than those
with stress on the final syllable. This pattern was also reported in an experiment by Brown, Lupker,
and Colombo (1994) and the advantage seems to be accentuated in low-frequency words that are
expected to encourage sublexical processing strategies. However, because experimental procedures
and statistical methods reported in these studies were not deemed entirely transparent, Rastle and
Coltheart (2000) attempted but failed to replicate this effect of stress regularity in a word naming
experiment that scrutinised this notion of regularity against word frequency. More precisely, while
they found an effect of frequency as expected, they did not find a main effect of regularity or an
interaction between regularity and frequency. Consequently, evidence from behavioural experiments is
not conclusive regarding the behavioural dimension of this statistical characteristic of English

language in reading.

Furthermore, we know from statistical analyses (Monaghann et al., 2016), behavioural experiments
(Arciuli et al., 2010), and computational simulations (Arciuli et al., 2010; Seva et al., 2009) that initial
and final letter sequences bear important information on stress position in English words. This
information directs readers on where to assign stress in nonwords and can be used to train

computational models to behave in a similar manner to human readers. Additionally, morphemic units
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in the beginning and ending of English words, either overlaping with orthographic strings or not, also
have predictive value on stress position in English as confirmed behaviourally and computationally
(Ktori et al., 2016; Rastle & Coltheart, 2000). Finally, it has been shown by Domahs et al. (2008,
2014) that stress assignment is sensitive to syllabic weight so that the structure of the final and prefinal
syllable is influential on how nonwords are stressed. Similarly, Kelly (2004) has shown that disyllabic
words with more consonants in the first syllable are more likely to be stressed on this position than
when they begin with one consonant (e.g. blossom vs. canal) and that readers also show the tendency
to stress disyllabic nonwords on the prefinal syllable when they begin with two consonants rather than

one (e.g. plonveen vs. ponveen).

Finally, an additional notion of regularity regarding stress position in English language involves
grammatical category. Typically stressed disyllabic nouns are considered those with stress on the
prefinal syllable and typically stressed verbs are those with stress on the final syllable (Kelly & Bock,
1988). Arciuli and Cupples (2006) have found that readers make fewer errors when naming or
recognising regularly compared to irregularly stressed nouns and verbs on this criterion. They have
also shown that when seen in written form, regularly stressed such words are easier for native English

speakers to classify on grammatical category than irregularly stress ones (Arciuli & Cupples, 2003).

Consequently, it was deemed important that future research additionally focuses on how these
different sources of information regarding stress position in English interact or complement each other
and whether a hierarchy of contributions from each one could be identified and highlighted. The aim
of the experiments reported below was to serve this purpose, particularly in relation to the specific

sources of lexical activations and the default metrical bias.
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5.3 Experiment 1

5.3.1 Rationale and hypotheses

The first aim of these experiments focusing on stress assignment in English was to investigate the
statistical predominance of the prefinal syllable and whether it affects the stressing patterns in this
language. Experiments investigating the default bias in English reported in the previous section
(Monsell et al., 1989; Brown et al., 1994) used real words as experimental materials but did not reach
theoretically consistent conclusions. On the other hand, the typical approach when investigating
sublexical cues in relation to the stress mechanism in behavioural research is to ask from readers to
perform a reading task with nonwords (Arciuli et al., 2010; Domabhs et al., 2014; Kelly, 2004; Ktori et
al., 2016; Monaghan et al., 2016; Rastle & Coltheart, 2000; Seva et al., 2009). The purpose of this is to
avoid any contributions from lexical retrieval that could hinder contributions from sublexical cues that
are expected to emerge (e.g. see Protopapas, 2006). Here, we have chosen to use real words as
experimental items but from a subset of the English stress minimal pairs. These are words with the
same orthographic form that differ in stress position (e.g. object vs. objéct). Consequently, such items
allow the reader to assign stress freely on any of the two syllables without this constituting a naming
mistake. Hence, the merits of this approach are expected to emerge from a more naturalistic reading
environment involving only real-word stimuli yet still suitable to isolate the reading behaviour under
investigation. This approach ensures that any effects arising from orthographic information can be
ruled out as potential reasons behind the stressing choices employed by readers, because the exact

same orthographic string can be phonetically realised with stress in any of the available positions.

Half of the stress minimal pairs included in the materials are significantly more frequent when stressed
on the prefinal syllable and half are more frequent with stress on the final. If the prefinal syllable bias
is active in English readers, it would be expected that readers show a tendency to stress items on this
syllabic position. Consequently, stress on the final syllable (for the items encouraging this position)
would be shifted to the prefinal given the free choice, or those stressed on the prefinal could present a

processing advantage. This interpretation would be valid provided that the frequencies of appearance
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of these items mirror the strengths of the phonological representations in the mental lexicon. Also, this
pattern would be evidence against a strong participation of the mental lexicon in the process of stress
assignment (again, under the assumption that calculated frequencies do constitute reliable estimations

of the reader’s lexicon).

An additional hypothesis that was investigated in this experiment was how participants would perform
with minimal pairs in comparison to disyllabic baseline words that can only take stress on one position
(e.g. dOctor and inslst). According to computational models such as the CDP++ (Perry et al, 2010),
which is a localist model, in the sublexical route, a two-layer assembly (TLA) network (see chapter 1)
creates associations between graphemes and two stress nodes (final — prefinal; note: this model can
accommodate input of up to two syllables). Therefore, as far as the sublexical route is concerned, the
orthographic form of minimal pairs will be unique, hence the connections between graphemes and the
stress nodes can only lead to one stress position. But with respect to the lexical route, a baseline
disyllabic word will have one entry in the phonological lexicon and one in the orthographic lexicon,
whereas a minimal stress pair will have one entry in the orthographic lexicon but two in the
phonological lexicon. This could be expected to introduce a conflict that would emerge from
competition in this route and consequently result in worse performance (reaction times or error rates)

for the minimal pairs in comparison to the baseline disyllable words.

Finally, in accordance with the approach adopted and justified in Experiment 3 of Chapter 3,
presentation of stimuli was not constrained within a specific time limit. Rather, each item remained on
screen until a response was given by the participant (or the three-second time-out triggered initiation
of the next trial). It is difficult to compare this approach directly to other English stress studies because
many such have employed other experimental tasks (e.g. Arciuli & Cupples, 2003; Cooper, Cutler, &
Wales, 2002), had atypical readers as partcipants (e.g. Ktori et al., 2016), only involved nonword
reading (e.g. Kelly, 2004; Ktori et al., 2016), or did not report presentation duration in their procedure
section (e.g. Kelly et al., 1998; Rastle & Coltheart, 2000). Again, this decision was driven by the

intention to avoid introducing nondesirable obstacles by inducing potentially rushed responses by the
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participants within the 500 ms time window and is consistent with the reading aloud experimental

conditions reported in Arciuli and Cupples (2006).

5.3.2 Method

Participants

Thirty native English undergraduate students from the University of Nottingham (age range 18-21
years, mean age 19.6 years, SD 1.1 years) participated in the experiments. Twenty-five were females.
All participants had normal or corrected-to-normal vision and none of them reported any diagnosed

learning or reading difficulties.

Materials

The stimulus set consisted of 80 monosyllabic and 80 disyllabic English words. The disyllabic set
consisted of 40 minimal pairs and 40 words with unambiguous stress position. All words were
retrieved from the SUBTLEX-UK database (van Heuven et al., 2014). Twenty minimal pairs had a
final-stress dominant entry in the database and 20 had a prefinal-stress dominant entry. Stress
dominant position was assessed by means of the ratio of the dominant member’s frequency over the
total frequency of the orthographic entry in the database (e.g. the frequency of the entry ‘compound’
occurring with stress on the prefinal syllable over the total frequency of the entry in the database).
Only minimal pairs with a ratio higher than 0.8 were considered as candidate items in the stimulus
selection process in order to ensure the highest and least ambiguous possible dominance of stress in
each syllabic position over the other. Item sets were matched for word frequency (Zipf), orthographic
neighbourhood (Coltheart’s N, as defined in Coltheart et al., 1977), letter length, and stress position
dominance ratio. Additionally, the two minimal pair sets were matched for the level that their
orthographic endings encouraged stressed on the final or prefinal syllable, based on the work by

Arciuli and Cupples (2006). More specifically, their analysis provides a percentage proportion of

201



words that present a trochaic or iambic stress pattern within each orthographic ending group (e.g. -ite:
61.9% trochaic, 38.1% iambic). Neither group mean of these indices significantly (p > .4) differed
from that of the other group or from 50% which is the absolute neutral value (not encouraging stress
on any position). The disyllabic words used as baselines were matched on the item level to the
minimal pairs on the additional criteria of stress position, and initial letter. Although some words
could not be matched exactly, two-tailed matched-paired t-tests indicated that there were no significant
differences between the two lists of minimal stress pairs and the two lists of disyllabic baselines, or
between each list of minimal stress pairs and each list of disyllabic baselines (p > .4). The same
procedure was followed for monosyllabic words, which were only used as filler items. The purpose of
using these items was to avoid any potential carry-over effects from each trial to the immediately
subsequent one. So, the filler items served to ‘washout’ prior traces of stress from the processing of
the new target word given that monosyllabic words are naturally not marked with stress position. All
materials used in the experiments are listed in Appendix C.1 and the statistical characteristics of the

stimulus sets are presented in Table 5.3.
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Table 5. 3 Statistical properties of the disyllabic stimuli used in the experiments

Minimal pairs Disyllabic baselines
Prefinal Final Prefinal Final
dominant dominant stress stress
Log Freq(Zipf) 3.94 3.74 3.86 3.7
Length 6.90 6.90 6.80 6.75
N Density 1.45 1.35 1.65 1.35
Stress dominance Ratio 0.92 0.95 - -
Trochaic Index 46.8 48.9 - -
lambic Index 49.9 45.9 - -

Notes. Zipf frequency was computed as defined in van Heuven et al. (2014) and Coltheart’s N was
computed as defined in Coltheart et al. (1977). Stress dominance Ratio mean measures each minimal
pair’s frequency of occurrence with stress on the given syllable over the total frequency of occurrence
of the orthographic form, per group. Trochaic and iambic mean indices are the percentage of words
that take stress on the prefinal (trochaic) or final syllable (iambic) for each given ending as reported by
Arciuli and Cupples (2006).
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Design, apparatus and procedure

A repeated-measures design was employed in which the independent variables were word type (stress
minimal pair, disyllabic baseline word), and stress position (first syllable — prefinal, second syllable -
final). Accuracy of responses and naming latencies, from the point the stimulus appeared on screen
until the onset of the participant’s vocal response, were recorded. In addition, position of stress
assignment per item was recorded by listening to all the responses of each participant after the

experimental session was over.

Stimuli were presented on a 19-inch CRT screen (1024x768 pixels, 85 Hz) connected to a PC running
Windows XP. Stimulus presentation and response recording was controlled with DMDX (Forster &
Forster, 2003, version 4). Participants were seated approximately 40 cm away from the computer
screen. Responses were recorded with a head-mounted microphone and participants were instructed to
be as fast and accurate as possible. The accuracy of the onset of the vocal responses was checked, and
adjusted where appropriate, with CheckVocal (Protopapas, 2007). This software was also used to mark

the stress position per item.

Stimuli were presented in 14-point Courier New, a non-proportional font in which all letters occupy
the same amount of space. Each disyllabic item, be it minimal pair or baseline word, was followed by
a monosyllabic item so there was a fixed order of monosyllabic, disyllabic, monosyllabic, disyllabic
etc. but the item order within each category was randomised. Each trial started with the presentation of
a fixation cross (+) for 500 ms, followed by a blank screen for 250 ms and presentation of the stimulus
which remained on the screen for three seconds if a verbal response had not been initiated. A naming
response (or the three-second time out) triggered onset of the next trial. The inter-trial interval was

1000 ms.

A practice session preceeded commencement of the experimental trials. In each case, the proportion of
practice items matched the proportion of experimental stimuli resulting from the variable
manipulations. Specifically, four minimal pair items (two with dominant stress on the prefinal and two

on the final), four baseline disyllabic items (two stressed on the prefinal and two on the final) and

204



eight monosyllabic items were presented to participants before the lower or uppercase blocks,

resulting in 16 items in total.

5.3.3 Results

In accordance with Ulrich and Miller (1994), 1% of response latencies greater than 3.5 SDs away from
the mean were excluded from the analysis. No responses were below the low cut-off point of 300
msec, so exclusion of low latencies was not needed. Mean reaction times for correct responses, error
rates, and consistency with the dominant stress position were calculated and submitted for analysis
across participants and across items. For minimal pairs, correct naming was taken as correct
pronunciation of the constituent letters, independent of the position where stress was applied.
Consistency with the dominant stress position was assessed on the criterion of whether the stress
applied to each critical item by each participant was the most frequent (dominant) between the two in
the database frequencies. Descriptive statistics for response times and accuracy rates are reported in

Table 5.4 and item-level data of these measurements are provided in Appendix C.2.
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Table 5. 4 Experiment 1: Mean reaction times (milliseconds), accuracy rates (percentage correct), and
consistency with dominant stress position (percentage consistent) in the disyllabic stress minimal pairs

and baselines. Standard deviation given in parenthesis.

Response latencies (ms)

Dominant prefinal Dominant final
Minimal Pair 524 (66) 515 (67)
Baseline 533 (66) 515 (62)

Accuracy (% correct)

Dominant prefinal Dominant final
Minimal Pair 97.7 (4.3) 97.9 (3.7)
Baseline 95.6 (5.1) 98.1 (2.9)

Consistency (% consistent)

Dominant prefinal Dominant final

Minimal Pair 67.7 (15.4) 73.0 (14.9)

Note. Dominant prefinal: Minimal pairs that appear more frequently with stress on the prefinal

syllable. Dominant final: Minimal pairs that appear more frequently with stress on the final syllable.
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For reaction times, there was no main effect of word type (F1(1, 29) = 2.88, p = .10, 5,° = .01, Fa(1,
76) = 0.74, p = .39, 5> = .01). There was a significant main effect of stress position for the subject
analysis (F1(1, 29) = 20.1, p < .001, #,° = .41), with words stressed on the final being named faster
than words stressed on the prefinal, but this difference was not significant for the item analysis (F2(1,
76) = 0.37, p = .54, 5> = .05). The interaction between word type and stress position was not

significant (Fy(1, 29) = 2.85, p = .10, 2 = .09, F»(1, 76) = 0.37, p = .54, 5,2 = .01).

For accuracy, there was no significant main effect of word type (F1(1, 29) = 1.79, p = .19, ,* = .06,
F2(1, 76) = 0.66, p = .42, n,* = .01), or stress position (F1(1, 29) = 3.77, p = .06, #,° = .12, F»(1, 76) =
1.32, p = .26, 5> = .02), and the interaction was also not significant (F1(1, 29) = 4.13, p = .051, > =

13, Fy(1, 76) = 0.86, p = .36, 1,2 = .01).

For consistency with the database’s dominant stress position, a t-test showed that there was no
significant effect of stress position (t(58) = 1.38, p =.17, d = 0.35). One-sample t-tests were also
conducted in order to see whether the consistency of minimal stress pairs with the database
frequencies was above chance (50%). These tests showed that consistency with the database was
significantly above chance for both minimal stress pairs dominantly stressed on the left (t(29) = 6.20, p
<.001, d = 2.30) and minimal stress pairs dominantly stressed on the right (t(29) = 8.35, p <.001,d =

3.10).

5.3.4 Discussion

Experiment 1 was conducted to investigate whether the default metrical bias towards the prefinal
syllable that is observed in statistical analyses of the language is active when readers assign stress to
real words either simply disyllabic or minimal stress pairs. The results were quite straightforward.
There was no advantage of the prefinal syllable that emerged from the present data. There was no
advantage for the unambiguous disyllabic words stressed on the left and no advantage for the minimal
pairs that were classified as dominant on the prefinal over those that were final-dominant, neither in
the naming times nor in the error rate analysis. In contrast to this sublexical stress mechanism that did
not appear to be active in this task, lexical contributions were confirmed to be a source of stress
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information for the minimal pairs. That is because the level of consistency between the stress position
of preference of the readers and the one emerging from the database frequencies showed that they
agreed beyond the chance level. Hence, participants seemed to rely predominantly on the phonological
representations to assign stress from the lexical route to these items and the strength of these
representations seemed to reflect the frequencies of each of the two phonological entries
corresponding to the unique orthographic one. Finally, the prediction regarding the hypothesised
conflict expected to emerge from these competing phonological forms as lexical candidate target
entries did not seem to slow reaction times for these items. Overall, minimal pair stimuli did not
present longer response latencies or higher error rates compared to the unambiguous baselines. A
potential interpretation of this result might be that the non-dominant phonological entry of each pair is
not strong enough to introduce competition. Alternatively, Cutler (1986) has hypothesised that English
readers might be ‘deaf” in hearing differences between stress minimal pairs such as fOrbear and
forbEar which could be treated as homophones. This would mean that such words would only be
represented by one entry in the phonological lexicon, similarly to the orthographic lexicon. Cutler
reached this conclusion because in a cross-modal associate priming study that utilised stress minimal
pairs, each such item activated associates of both members of the pair. To investigate these
possibilities, simulations were performed with the CDP++ model, seemingly the leading
computational model of reading at present, in order to further explore these hypotheses. The results of

these simulations are reported in the next section.
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5.4 Computational simulations using the Connectionist Dual-Route Model

The Connectionist Dual-Route model of reading (Perry et al., 2010; Perry et al., 2013) is developed
according to the theory that reading can be performed through two pathways, lexical and sublexical.
While the lexical route involves direct retrieval of orthographic and phonological entries from the
lexicon, the sublexical route involves the process of mapping sounds to graphemes through a learned
associative network that is trained by creating connections between graphemes and their
corresponding sounds as well as letter combinations and stress position (for a more detailed review of
the model’s architecture, see Chapter 1). This model was chosen to perform these simulations because
it has successfully integrated a stress algorithm to a fully working implementation of a theoretical
approach in reading and can accommodate disyllabic input. Hence, it was preferred over other models
that are either monosyllabic, or only limit their focus on stress assignment rather than integrate it as a
sub-process to a computationally implemented reading theory. Additionally, this model can adequately
simulate many behavioural effects in English (Perry et al., 2010), has been adapted for other languages
(Perry et al, 2014a; Perry et al., 2014b) and can also simulate seemingly contradictory results

(Colombo & Sulpizio, 2015; Perry et al., 2014a).

5.4.1 Simulation 1

The purpose of the first simulation was to establish how the different sources of information for stress
assignment interact according to the model’s architecture. To investigate this, all the minimal pair
items that were available in the model’s lexicon were initially collected. 125 items were identified and
they comprised base forms but also different wordforms belonging to the same lemma (e.g. protest,
protests). The output of this simulation is presented in Appendix D.1. Indicatively, the program
produced pronunciations of 85 of these items with stress on the prefinal syllable. However, this
calculation is not particularly informative because it might depend on several factors such as each
member’s dominant stress position (based on the split frequencies of each member) and the output of

the TLA network associations with orthographic patterns.
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To further explore this, all entries that were congruent between i) the TLA network output and ii) the
stress position assigned to the word’s output phonology were excluded from further analysis. This
resulted in 21 remaining entries that encouraged different stress position between i) the trained
associations of orthographic patterns and stress in the lexicon, and ii) the final output stress position
that was applied to the produced phonology. To explore where this inconsistency emerged from, the
output stress position was considered in relation to the relative frequencies of the two members of each
pair. Of the 21 entries, 18 had the TLA output stress on the position that pointed to the member with
the lowest frequency among the two, yet the member with the highest relative frequency was
produced. Consequently, it is concluded that lexical information arising from the phonological
representations of the lexical route have higher weight than the TLA output regarding the stress nodes

in the way that the model’s architecture is currently wired.

5.4.2 Simulation 2

The purpose of the second simulation was to see whether the model would replicate the patterns that
emerged from the behavioural investigations with the human participants. Because the model’s
lexicon did not include all the minimal pair items from the experimental materials, and using a subset
of each experimental group would change the statistical characteristics of their matching variables,
comparisons were made on the item level. Ten items were found in the model’s lexicon from the
minimal pairs with the dominant member stressed on the prefinal, and eight items from those with a

dominant final.

Importantly, it was observed that approximately half of these items did not have their dominant
member consistent between the SUBTLEX-UK database and the CDP++ model’s lexicon. For
example, while the entry contest belonged to the group with dominant stress on the prefinal according
to the database frequencies, the frequencies in the model’s lexicon were prefinal: 36, final: 164.
Similarly, the entry construct belonged to the group with dominant stress on the final syllable but the
model’s lexicon frequencies were prefinal: 148, final: 25. Consequently, these items were compared

irrespective of the initial groups they belonged to in the behavioural experiment. To make it
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comparable to the model’s output, each item was classified as stressed on the prefinal or final position
by participants depending on the ratio of times it was stressed on either of the syllables. For example, a
ratio of 75% prefinal classified the item as stressed on the prefinal whereas a ratio of 35% prefinal
classified the item as stressed on the final (the whole set of common items along with their

characteristics is provided in Appendix D.2).

Of the common items in total, 56% were stressed by the model at the same position as the human
readers and 44% were stressed on the other position. Consequently, performance of the model on this
aspect was not optimal. It should be noted, however, that neither should the database frequencies be
taken as the gold standard because the sporadic existence of low ratios of accordance between the
stress dominance emerging from the database and the stress position applied by the majority of readers
illustrates that the stressing attitudes did not always mirror the expectation arising from the database
split frequencies between the two members. Alternatively, for some items, different factors might have
been at play when naming them and assigning stress, which have not been controlled for or taken into
account when selecting the materials. Nonetheless, irrespective of the assumptions arising from the
database frequencies, sub-optimal performance of the model with such items when directly compared
to human responses warrants further investigations. The inconsistency of the split frequencies of each
pair’s members between the database and the lexicon might be one reason behind this result but it
would be extremely difficult to assess which source has more representative frequencies per each case.
Importantly, this model is able to successfully simulate several behavioural patterns, which suggests
that the lexicon’s frequencies that have been extracted from the CELEX database (Baayen et al., 1993)
are not problematic overall. Additionally, it should be kept in mind that minimal pairs constitute an
extremely limited set of English language and that their split frequencies between their member pairs
is a very fine issue that requires looking at the procedures that they have been collected for the two
databases in order to be assessed. This goes beyond the scope of the present work. But, unfortunately,
it limits evaluation of the model’s performance because it cannot be currently established whether the
relatively poor performance in the simulation should be attributed to problematic frequencies of the

critical items or inherent problems of the model’s architecture or parameterisation.
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5.5 Experiment 2

5.5.1 Rationale and hypotheses

In Experiment 1, lexical contributions to the stress assignment mechanism were compared against the
default metrical pattern in English naming. Results showed that the default bias was not active and that
in the absence of orthographic information as cues to stress position (which was excluded by means of
the identical orthography of minimal stress pairs), frequency of the phonological representations was
the primary source of information for assigning stress. In this experiment, to explore the stability of
this mechanism, lexical information is compared against a sublexical metrical frame that is induced by
presenting minimal pairs with disyllabic words that are consistently stressed in the final or the prefinal
syllable. This was expected to introduce a within-block activated trochaic (stressed — unstressed) or

iambic (unstressed — stressed) metrical frame.

Protopapas et al. (2007) have attempted to introduce such a metrical frame in a more explicit manner
by asking participants to remember a specific word while they were carrying out a nonword naming
task. In that case, this frame was put against the default metrical pattern that has been shown to be
active in Greek reading. However, activating a different stress position in working memory failed to
induce a shift from the default prefinal syllable since participants were still more likely to assign stress
there. In English, it has been shown that stress position can be primed and used as a cue that facilitates
lexical access (Cooper et al., 2002). When target words were visually presented at the offset of a
sentence that ended with a prime with congruent stress position to the target, then the target was
recognised faster in comparison to a control condition. However, minimal pairs have been shown to be
inefficient in inducing a stress position priming themselves (Cutler, 1986). That might be the case
because the difference of the acoustical properties could be less salient for such items compared to
unambiguous disyllabic words that clearly indicate their stress position. So, for stress minimal pairs,
the segmental phonological information itself prior to any suprasegmental features might be adequate
to activate both entries and consequently both stress positions. In the present experiment, minimal

stress pairs are used as targets rather than primes.
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In this experiment, the relative contributions of lexical information and sublexical suprasegmental
phonological cues are compared and quantified. If stress is assigned purely lexically, based on the
strength of the most frequent phonological representations between the two minimal pair members,
then it is expected that the same pattern with Experiment 1 should emerge. That is, minimal pairs
should be stressed on their dominant stress position, be it final or prefinal, regardless of whether the
position that is being primed is consistent or inconsistent to the strong phonological representation. If
metrical information can be primed, an effect that has been successfully elicited by Cooper et al.
(2002), then the trochaic or iambic metrical frame is expected to increase the activation of the entries
with a congruent stress pattern in the lexicon. Consequently, the member with congruent stress
position with the primes can reach the activation threshold first despite the stronger phonological
representation of the other member resulting from higher frequency of occurrence. This could be
reflected in the stress assignment of participants that can be shifted from the more dominant
phonological representation to the one that agrees in stress position with the prime, resulting in slower
reaction times for responses to items with the dominant member incongruent to the prime’s stress,
and/or lower performance on accuracy with these items. This will allow to further investigate whether
any effects emerging from the default pattern in English that have been previously reported (Brown et
al., 1994; Monsell et al., 1989) might be yielded due to higher activation of given syllabic positions
within specific lexical neighbourhoods or due to an overall higher activation in the default position
that is constantly active with speakers of this language due to more general properties of the

language’s word battery.

5.5.2 Method

Participants

Participants of Experiments 2 were the same with Experiment 1.

213



Materials

Materials for this experiment were also the same in Experiment 1 but items were split into two blocks
of 80 items each. Each block included the 20 unambiguous disyllabic baselines that were consistently
stressed on either the left or the right syllable. These disyllabic baselines acted as within-block primes
for the minimal stress pairs, and within each block 20 minimal stress pairs were included; 10 had the
dominant stress position on the left syllable, and 10 had the dominant stress on the right syllable. The
80 monosyllabic words were split between the two blocks, so each block contained 40 monosyllabic

filler words.

Design and procedure

A between groups design was employed in which the independent variable was stress position
(prefinal, final) of the critical items which were the stress minimal pairs. Comparisons were performed
separately for each block (i.e. when either the prefinal or the final syllable was primed). In addition to
accuracy of responses, naming latencies, and position of stress assignment per item, similar to
Experiment 1, consistency with the prime was also recorded with the criterion of whether the position
of the assigned stress agreed with the stress position of the particular block’s unambiguous disyllabic

baselines (or primes, for the purpose of this experiment).

The experimental procedure was identical to Experiment 1 except for the split of materials in two
blocks, each consisting 20 disyllabic primes (either consistently stressed on the prefinal or the final
syllable), 20 minimal pairs (10 with prefinal dominant and 10 with final dominant), and 40
monosyllabic filler items. The order of appearance of the word types was also kept the same as in

Experiment 1.

Between carrying out Experiment 1 and 2, participants were given instructions for a digit search task.
This was a filler task that was implemented in order to deter participants from focusing on the purpose
of the study, and to reduce any possible repetition effects when completing the second experiment, as

the same experimental materials were used (Scarborough, Gerard, & Cortese, 1979). In the digit
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search task, participants had to decide whether a single digit was present within a six-digit string.

There were no practice trials, and there were 40 real trials which lasted approximately seven minutes.

5.5.3 Results

In accordance with Ulrich and Miller (1994), 1% of response latencies greater than 3.5 SDs away from

the mean were excluded from the analysis. Mean reaction times for correct responses, error rates, and

consistency with the dominant stress position were calculated and submitted for analysis across
participants and across items. Additionally, consistency with each block’s primed syllabic position
was assessed on the criterion of whether the stress applied to each critical item by each participant
corresponded to the primed position of the block the item appeared in. Descriptive statistics for

response times and accuracy rates are reported in Table 5.5.
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Table 5. 5 Experiment 2: Mean reaction times (milliseconds), accuracy rates (percentage correct),
consistency with dominant stress position (percentage consistent), and consistency with the within-
block primed stress position (percentage consistent) in the stress minimal pairs. Standard deviation
given in parenthesis.

Response latencies (ms)

Prefinal syllable primed Final syllable primed
Dominant prefinal Dominant final Dominant prefinal Dominant final
Minimal Pair 498 (62) 495 (61) 500 (81) 485 (77)
Baseline 502 (64) - - 486 (64)
Accuracy (% correct)
Prefinal syllable primed Final syllable primed
Dominant prefinal Dominant final Dominant prefinal Dominant final
Minimal Pair 94.5(9.7) 97.9 (5.1) 98.9 (3.4) 98.3 (3.7)
Baseline 96.5 (4.8) - - 98.7 (2.9)
Consistency with database (% consistent)
Prefinal syllable primed Final syllable primed
Dominant prefinal Dominant final Dominant prefinal Dominant final
Minimal Pair 72.3(19.1) 54.1 (18.9) 63.8 (17.1) 80.5 (12.3)
Consistency with the primes (% consistent)
Prefinal syllable primed Final syllable primed
Dominant prefinal Dominant final Dominant prefinal Dominant final
Minimal Pair 72.3(19.1) 45.9 (18.9) 36.2 (17.1) 80.5 (12.3)

Note. Dominant prefinal: Minimal pairs that appear more frequently with stress on the prefinal syllable
in the database. Dominant final: Minimal pairs that appear more frequently with stress on the final
syllable in the database.
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For reaction times, there was no difference between the minimal pairs emerging from dominant stress
position in the block that the prefinal stress position was primed (t1(29) = 0.55, p = .59, d = 0.041,
t2(18) = 0.25, p = .81, d = 0.11). In the block that the final syllable was primed, the difference between
groups with dominant prefinal vs. final syllable in the database was significant in the by-subject
analysis (t1(29) = 2.10, p = .04, d = 0.18) that showed minimal pairs with dominant final syllable to be
read faster than those with prefinal dominant, but not in the by-item analysis (t2(18) = 1.61, p = .13, d

=0.72).

For accuracy, there was no significant difference between minimal pairs with dominant prefinal or
final syllable, neither when the prefinal (t1(29) =-1.74, p =.09, d = 0.44, t,(18) =-1.51, p=.15,d =

0.68) nor when the final (t1(29) = 0.65, p = .52, d = 0.151, t,(18) = 0.69, p = .50, d = 0.31) was primed.

Regarding the consistency of minimal stress pairs with the prime, rates of agreement were calculated
between the dominant stress position emerging from the database and the actual stress preference of
the readers. Comparisons were performed between minimal pairs that their database-dominant stress
position was the same with the primed position and those with their dominant position being
inconsistent with the primed one. Paired-samples t-tests showed that both when the prefinal stress
position was primed (11(29) = 5.45, p <.001, d = 1.37, t5(18) = 2.33, p =.032, d = 1.04) and when the
final stress position was primed (t1(29) = 3.36, p =.002, d = 1.03, t5(18) = 2.19, p = .042, d = 0.98), the
minimal pairs with the same dominant stress position as the prime were stressed by the readers on that
position with a higher rate of consistency when compared to the minimal pairs who did not have their
dominant stress on the same position as the prime. Statistical analysis of the consistency with the
database frequencies is not reported because this information replicates the consistency with the prime

in an inverse manner (see Table 5.5).
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5.5.4 Discussion

Experiment 2 was conducted to investigate whether inducing a metrical pattern would have an impact
on the performance of the readers depending on whether the critical items (minimal pairs) had their
dominant member’s stress congruent with the prime. When considering response latencies and error
rates, no such pattern emerged. When considering the stress assignment of readers, however, their
stressing strategies shifted from conformance to the database-dominant stress position, given that they
could freely assign stress on any of the two positions without this producing a naming error. It was
observed that the minimal pairs with the dominant member having stress on the different position from
the prime showed a statistically significant tendency to be stressed in accordance with the prime rather
than their dominant phonological representation when compared to those whose dominant stress
position was the same as the prime. This can be interpreted as evidence that the metrical pattern

induced became active and influenced the stress assignment mechanism of the participants.

Seemingly, this priming effect can be attributed to participants extracting the phonological information
and effectively priming themselves when naming disyllabic unambiguous words during Experiment 2,
as no explicit phonological output was provided to give information about stress assignment. Within
the context of the CDP++ model, this could be the result of an initial higher activation on either of the
two stress nodes, depending on the prime, which would subsequently interact with the phonological
lexicon. However, despite the apparent contributions of this sublexical cue to the stress mechanism,
this information did not outperform the one emerging from the lexicon and the strength of the
dominant member’s phonological representation. That is because for minimal pairs whose dominant
member is incongruent with the prime’s stress, the stress assignment preference of the readers is still
more consistent with the lexical factor compared to the priming factor (54.1 vs. 45.9 when priming the
prefinal, 63.8 vs. 36.2 when priming the final). Therefore, lexical contributions to stress assignment
appear to be the primal source of stress position information in the absence of orthographic
information emerging from the initial and final letter sequences of the orthographic forms. This is a
theoretical assumption that seems to have been adopted and implemented by the CDP++ model as

well, as shown from the output of the simulations reported in a previous section. It remains to be
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investigated whether a metrical frame would exemplify stronger contributions if it is induced in a

more explicit manner, as, for example, that attempted by Protopapas et al. (2007).

However, current results do not preclude the possibility that stress position extraction might be a
process that does not entirely rely in lexical retrieval but it can also be partly computed. Based on the
literature in English stress assignment discussed earlier, this process might be modulated by
frequency. The englsih language battery of minimal pairs, as captured by SUBTLEX-UK (van Heuven
et al., 2014) that materials were retrieved from, did not allow for this variable to manipulated in the
present study but was rather kept constant. The effort to match the critical, minimal-pair groups for
several other factors, such as length, orthographic similarity, adequately high dominance of either final
or prefinal stress within the item-specific frequency of each minimal pair’s orthographic entry, and
orthographic cues that do not encourage stress on either syllabic position, made it impossible to
manipulate frequency as well. The reason why controlling these variables was hierarchised higher than
manipulating frequency was based on the expectation that the free stressing patterns that minimal pairs
allow might function beyond the overall frequency of each orthographic entry, solely in relation to the
relative frequencies of the two phonological versions of each item. It could be hypothesised that items
of higher overall frequency might encourage heavier reliance on the phonological representations that
encode stress, whereas minimal-pair items of low overall frequency could be more susceptible to
experimental manipulations such as priming the stress position. It should be mentioned though that the
Zipf values of the items used in the present study indicate that their traditional frequency counts lie
between one and 10 occurrences per million words (see van Heuven et al., 2014), i.e. they are not
high-frequency words. Hence, the predominance of reliance on lexical sources shown in the present
data was elicited with stimuli on the lower side of the frequency continuum. But whether the strategies
elicited in these results would be shifted as a function of frequency in a deliberate frequency

manipulation is an issue for a future study to investigate.
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5.6 General discussion

In this chapter, a review of the linguistic characteristics of stress in several European orthographies
aimed to showcase why studying the stress assignment mechanism in different linguistic environments
is essential in reading research. English language was evaluated as a suitable plateau for these
investigations, due to the inconclusiveness of the theoretical knowledge drawn from previous research,
the identified variety of sources baring information on stress position, in similarity with Greek, and the
availability of computational models that behavioural results could be directly compared against.
Subsequently, results from two experiments were reported that aimed to investigate the relative
contributions of different sources of stress position to the stress assignment mechanism. It was shown
that the statistical preponderance of English disyllabic words stressed on the prefinal syllable was not
an active source of information regarding stress position, thus corroborating the results acquired by
Rastle and Coltheart (2000). In contrast, explicitly inducing a metrical frame to the participants’
working memory effectively shifted their stressing strategies to conform to this metrical pattern, but
only partly. Compared to the hypothesised dominant position emerging from the statistics of English
language or an explicitly activated metrical frame in the working memory by experimental
manipulations, lexical contributions regarding stress position are still stronger. Consequently, lexical
stress assignment appears to be the first point of reference as a source of information regarding stress
assignment in English. This resonates with findings reported earlier in this thesis regarding Greek, in
which lexical information is also dominant; the metrical bias was weaker than other cues and was
found to function mainly in their absence. Further investigations in English need to put lexical
retrieval against the orthographic information emerging from beginning and final letter sequences to
assess the relevant contributions of these two sources to the stress mechanism of English readers. That
is because it has not been yet established how these two factors work in conjunction to each other and
whether they contribute independently to the stress assignment mechanism. Utilisation of disyllabic
minimal stress could also shed light to this question by orthogonally manipulating database-dominant
stress position and the position associated with each word’s orthography. With respect to this issue,

results from computational simulations reported in this chapter indicate that in the context of a dual-
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route theory as implemented in CDP++, lexical information is weighted higher than any other cue
regarding stress position. This could be seen as mirroring the linguistic characteristics of English
language as stress position is considered not to be fully predictable from orthography. Hence it
encourages access to the phonological representations where this information is stored to perform the
task of stress assignment in reading. Finally, sub-optimal performance of the CDP++ model in
simulations involving stress minimal pairs compared to human data showed a potential area that the
model might need further development. Analyses with the particular stimuli could not shed light on
whether the inherent architecture of the model or the lexicon and the frequencies that it has been
trained with were the locus of problematic performance. Future simulations and behavioural data

collection should aim to address this issue.
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CHAPTER 6

GENERAL CONCLUSIONS AND OUTCOMES OF COMPUTATIONAL SIMULATIONS

6.1 General conclusions

With the recent shift of focus from investigating monosyllabic words towards the polysyllabic domain
in the field of reading research (e.g. Ktori et al., 2016; Yap & Balota, 2009) and computational
modelling of reading (Perry et al., 2010; 2013), new challenges have emerged in understanding the
cognitive mechanisms that underlie the reading task. Of central position among these new challenges
is understanding how readers perform the task of stress assignment, that is, how they decide to accent
certain syllables within polysyllabic words and pronounce them with greater prominence in
comparison to the other syllables of the word. Since, until recently, the leading computational models
of reading focused on explaining how monosyllabic input is processed (e.g. Coltheart et al., 2001;
Harm & Seidenberg, 2004), this question had not been adequately addressed neither has it received the
attention it deserved in the attempt to understand the complex reading process. With the shift to the
polysyllabic domain, several explanations have been proposed regarding how this challenge is tackled
by the reader, such as retrieving this information from memory or extracting it from the information
that is available in each language’s orthography, in either an explicit (e.g. diacritics marking stress
position) or covert manner (e.g. statistical regularities between orthographic patterns and stress
position). Since the availability of this information largely varies among languages, it is imperative
that research is conducted in each specific linguistic environment to investigate how readers of each
language utilise the information available to them and how this process affects the mechanisms of

reading.

The aim of this thesis was to perform behavioural investigations in two languages, namely Greek and
English, with the purpose of advancing theoretical knowledge on how the stressing mechanisms

function in these languages. Additionally, it aimed to investigate through quantitative analyses the
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statistical characteristics of Greek, in an attempt to identify additional sources of information on stress
position that emerge from the orthography in Greek language. Finally, it aimed to assess the behaviour
of an already established computational model by directly comparing it with behavioural data that
would enhance understanding of how this model functions in specific circumstances related to the
stress assignment task. Results of these comparisons in conjunction with the theoretical implications
emerging from the behavioural experiments would then inform the efforts to develop an initial model
in reading polysyllabic words in Greek language, which has not been documented in previous
computational reading research. The outcome of this attempt is described and assessed by means of
computational simulations in a subsequent section of this chapter. The following section summarises
the results of the behavioural and quantitative investigations that were carried out and have been

previously presented in this thesis.

6.1.1 Summary of results and theoretical implications

Previous research on stress assignment in Greek has been conducted by Protopapas and colleagues
(Protopapas, 2006; Protopapas et al., 2006; 2007; Protopapas & Gerakaki, 2009) and has identified
three major sources of stress information in this language that are utilised by readers. These sources
are lexical contributions that allow the reader to assign stress by knowing the word, decoding of the
orthographic diacritics that indicate stress position in lowercase Greek, and reliance on the strategy to
assign stress on the default, prefinal syllabic position due to the higher proportion of words stressed
there in comparison to each of the other possible positions (final, and antepenultimate - m. third
syllable from the end). It has been argued by these researchers that all three sources are active and
engage in a complex interplay that ends up informing the reader on where to assign stress. The relative
contributions of these sources have been argued to depend on the factor of reading maturity since
skilled readers show a higher tendency to decode the orthographic marks, potentially due to the fact
that they have automatized the reading process to the level that they can afford to allocate part of their

cognitive resources in the additional task of decoding the diacritical stress marks. This thesis focused
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on skilled reading and attempted to identify which are the factors that encourage the relative
contributions of each of the three factors and under which circumstances these contributions might
shift by resorting to any of the three over the other sources. As an example, we know that in uppercase
reading of Greek, stress is not marked orthographically so its correct assignment should rely on lexical
knowledge or sublexical cues that do not emerge from the direct indication of stress position by the
diacritics. So the aim was to scrutinise the process that leads to correct assignment of stress in reading
Greek words. Additionally, of central focus regarding the aims of this thesis was identifying the
locus/i that stress is represented by Greek readers. In regard to computational models of reading such
as the CDP++ (Perry et al., 2010) or the DRC (Coltheart et al., 2001), these levels of representations
could be the phonological output lexicon, the orthographic input lexicon, and/or the letter-unit level

(figurative representations of these models’ architecture are presented in Chapter 1).

The first experimental chapter of this thesis (Chapter 2) reports the results of two reading aloud
experiments with native-Greek skilled readers who were asked to read Greek disyllabic low- and high-
frequency words and nonwords that were either stressed on the prefinal or final syllable and were
presented in either lowercase (i.e. with diacritics) or in uppercase (i.e. without diacritics). Activation of
the default metrical pattern was showcased by the fact that nonwords in uppercase presented a
statistically significant preference to be stressed on the prefinal, default syllabic position and by the
fact that low-frequency word stressed on the final showed a significant tendency to be erroneously
stressed on the prefinal syllable. Hence, even real word items, when lexical activations were not very
strong due to their low frequency, seemed to be read in a serial manner with the subsequent
application of stress to the default position despite this constituting a reading mistake. However,
postulations by previous research that this strategy is of limited use when the other sources of
information are present were also confirmed. When the diacritics were available (lowercase, both
frequency groups) or when lexical activations prevailed (uppercase, high-frequency group) words
were stressed correctly despite the absence of the diacritics and regardless of whether the correct stress

position was the default one or not.
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This experiment also yielded an overall effect of case type that was observed in the analysis of
response latencies but not durations of production. This led to the interpretation that it was an effect
involving only the earlier stages of processing as reflected by the response time measurements
whereas it subsequently faded in later processing phases as reflected in the duration analysis.
Nonetheless, it gave rise to the hypothesis that this case type effect could be originating on the
additional difference between lower and uppercase that characterises Greek language, namely the
absence of explicit orthographic information indicating stress position. This hypothesis was
investigated by conducting Experiment 2 in which the reading times of monosyllabic words and
nonwords were compared between lower and uppercase in Greek skilled reading. For this hypothesis
to be supported, the case type effects observed in disyllabic stimuli of Experiment 1 should not be
yielded by monosyllabic materials. Because the effect of case type prevailed in reading of
monosyllabic stimuli in Experiment 2, it was concluded that it was a true effect of the case type of
presentation rather than the result of the absence of one source of information indicating stress

position.

Subsequently, behavioural investigations on stress assignment in Greek focused on distinguishing
between the phonological and orthographic contributions of stress information and the different levels
that stress is being represented in the Greek reading system. Experiment 1 of Chapter 3 utilised
identical variable manipulations as Experiment 1 of Chapter 2 but in this case participants were asked
to carry out a lexical decision task. Hence, this experiment isolated the production phase of reading
and focused on the early processes of visual word recognition. Results highlighted both phonological
and orthographic contributions of stress assignment in Greek reading. In the absence of diacritics
(uppercase), participants showed faster reaction times when recognising low-frequency words stressed
on the prefinal compared to the final syllable. This pattern again directs to the activation of the default
bias in the absence of explicit orthographic indicators of stress position as well as strong lexical
activations (of the high-frequency words that did not allow this advantage to emerge; this is attributed

to direct lexical retrieval).
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In lowercase, where the diacritics were present, two effects were observed. Firstly, lowercase
nonwords stressed on the prefinal syllable elicited faster response times than those stressed on the
final. Because these otherwise well-matched items are not fully represented in the orthographic (nor
the phonological) lexicon the effect that emerged was attributed to the decoding of the diacritics and it
was concluded that these marks function and are processed as independent units with independent

contributions to the reading mechanism.

Additionally, a not a-priori predicted effect was that high-frequency words stressed on the final
syllable were recognised faster than those stressed on the prefinal syllable only in lowercase but not in
uppercase. To further investigate this effect, a post-hoc analysis of high-frequency stimuli in lower and
uppercase showed that specifically words that bare the diacritic and are stressed on the final present a
processing advantage over the other three categories. This was attributed to the syllabic structure of
Greek that posits that in a stressed syllable, the (vowel) letter that is marked with the diacritic is
typically the final one and in the case of final stress (but not prefinal stress), this overlaps with the
final letter of the word. This pattern corroborates findings in Italian that showed words receiving a
stress mark in the final letter to benefit from a processing advantage due to the salient position of the
diacritic that accelerates the lexical search in the orthographic representations by confining the group
of potential word candidates (Cubelli & Beschin, 2005). In the context of letter position encoding
literature, the exterior letter position advantage has been implemented by leading computational
models (Davis, 2010; Whitney, 2001; 2007) that posit simultaneous activations of all letter positions,
an implementation in accordance with the properties of direct lexical access that is expected to take
place with high-frequency stimuli. This possibility is further explored and discussed in the modelling

approach adopted and presented in the subsequent section of this chapter.

Nonetheless, the emergence of a positional effect of stress diacritics with real-word stimuli constitutes
evidence for the potential encoding of the stress diacritic in the orthographic lexicon. Hence, although
the diacritic seems to be processed as an independent unit, its gradual embedding in the orthographic

representations of the mental lexicon that comes with reading maturity and continuous encounters of
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the visual form of real words cannot be precluded. To summarise, Experiment 1 (Chapter 3) in lexical
decision showed evidence of stress functioning on the phonological and orthographic level and being

represented in both the phonological lexicon, the orthographic lexicon, and the letter level.

Subsequently, a lexical decision experiment with tri and tetrasyllabic words (Experiment 2, Chapter 3)
was conducted that aimed to disentangle any advantage emerging with the prefinal syllable of
disyllabic words, either as a result of the default pattern or because this syllable simply occurs prior to
the final one within the context of serial processing. The unexpected pattern of a positional
disadvantage of the antepenultimate syllable rather than the hypothesised advantage of the prefinal led
to further investigations regarding the default bias in Experiment 3, with better controlled trisyllabic
stimuli. Additionally, the experimental procedure employed in Experiment 3 did not apply the 500 ms
presentation duration of each item on screen. This choice was made because it was postulated that the
unexpected pattern in Experiment 2 of the same chapter could be due to the utilisation of longer
stimuli (three or four syllables) the processing of which could not be naturally completed by
participants within this time window. In Experiment 3, the metrical pattern advantage was indeed
elicited over the other two positions in this experiment but, importantly, it was not only observed with
the grammatical category of nouns that internally present the statistical dominance of words stressed
on the prefinal, but also with adjectives that do not present this preponderance. This raises questions
regarding the origin of the default pattern in Greek which, unlike English, does not seem to emerge
from neighbourhood activations of specific grammatical categories. Rather, either the relative
dominance of this position when compared to each of the other positions on the entire language battery
establishes a positional advantage for any lexical unit, or, alternatively, it arises from some structural

property of the language that has not been identified so far by research.

Manipulation of the grammatical category in the latter experiment was made possible after the work
carried out for the development of GreekLex 2 which is described in Chapter 4. More specifically, the
within-grammatical groups statistical dominance of different syllabic positions in other languages such

as English (Arciuli & Cupples, 2006) led to the investigation of this possibility for Greek. So far,
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statistical calculations regarding the syllabic position of stress in Greek had solely elicited the relative
dominance of prefinal syllable when specifically compared to the other possible ones rather than the
entirety of the remaining battery of lexical units (Protopapas, 2006; Protopapas & Vlahou, 2009). The
calculation of grammatical class and syllabic information for GreekLex 2 allowed novel analyses
showing that also in Greek the prefinal dominance is not uniformal but rather depends upon
grammatical category. Additionally, calculations of stress and rime neighbourhood showed that, in
accordance with other languages, final letter strings in Greek words also bare information that has
predictive value on stress position. It remains to be confirmed behaviourally whether this information
is utilised by Greek readers when assigning stress, although initial investigations seem to point
towards this direction (Grimani & Protopapas; 2016). The scripts used to perform the tasks of syllabic
parsing and orthography-to-phonology conversions have been made freely available in hope of

assisting the enhancement of other databases in development with this information.

Finally, the subsequent chapter started with a comparison of the linguistic properties of stress in
several European orthographies, with a specific emphasis on the level that it is orthographically
marked in each system as well as the way stress information interacts with and shapes the reading
process. The great variety of characteristics across languages in this aspect mandates independent
investigations and data collection before a set of universal properties can be de developed that
functions beyond the considerable diversity of different writing systems. English is a language that
presents many differences in comparison to Greek when considering stress; it is not explicitly marked
orthographically with diacritics but orthographic cues of written words carry information regarding its
position. Part of the stress research in English has investigated the function of the default bias but with
inconclusive results on whether it also has a behavioural dimension (Brown, Lupker, & Colombo,
1994; Monsell, Doyle, & Haggard, 1989; Rastle & Coltheart, 2000). In an attempt to shed light on this
issue, a naming experiment was carried out in which orthographic contributions were ruled out by the
use of disyllabic minimal stress pairs (e.g. object vs. objéct). This way, the strength of lexical
activations either favouring the prefinal or final syllable of each critical item were directly compared

against the default bias. Results showed that participants stressed these items in agreement to the
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dominant representation, that is, the entry with the highest frequency between the two in an English
psycholinguistic database, but no tendency to stress the prefinal syllable more often than the final.
Hence, it was concluded that the default bias, if existent in English, has much weaker contributions in
stress assignment than directly retrieving stress position from the phonological representations. In a
follow-up experiment utilising the same critical items, it was shown that participants were prone to
shift their stressing strategies against the lexically dominant stress position when they were primed to
stress the competing position. This was taken as evidence that stress assignment in English does not
entirely rely on lexical retrieval but might be partly computed. However, even in this experiment
lexical retrieval was the most consistent and reliable strategy of the readers. In future research, it
remains to be established what the preferred strategy of the readers is when lexical contributions are

directly compared against orthographic cues.

The chapter on English stress assignment also reported the results of computational simulations with
the CDP++ model that can shed some light to the latter question. When using minimal pairs whose
orthographic patterns indicated a stress position opposite to the position of the dominant entry of each
minimal pair (based on the frequencies of the two in the training lexicon), in 85% of cases the
produced output from the model was the entry with the highest frequency. Hence, the way this model
is currently wired seems to place lexical activations higher than orthographic cues on the hierarchy of
importance among the sources of information on stress position. However, an item-level analysis of a
subset of the minimal pairs used in the behavioural experiments that was present in the model’s
lexicon showed a poor level of agreement (50%) between the preferred position by humans and the
output of the simulation. But, in fairness to the model, that has been proven able to successfully
simulate a wide range of behavioural patterns, the reasons behind these inconsistencies might lie in the
word frequencies of the minimal pairs in the training lexicon rather than its architecture or

parameterisation.

In conclusion, a brief comparison between two languages with variant stress that have been studied in

this thesis shows significant differences in their mechanisms of assigning stress to polysyllabic words.
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While in Greek stress seems to be encoded on various levels of representation involving both
phonology and orthography, in English it is only represented on the phonological level. However,
contributions of orthography on stress assignment in English are also apparent through the
development of associations between orthographic patterns and stressed syllabic positions. Therefore,
orthography is indirectly affecting the phonological output on this aspect although there is no overt
and straightforward rule that can be extracted from these associations that could be expressed in a
confined set of linguistic rules. In Greek, on the other hand, the contributions of orthography to stress
assignment are more straightforward by the presence of orthographic diacritics. This justifies the
evidence that stress is encoded in the orthographic lexicon as an embedded part of the orthographic
representation and also directly decoded on the letter level by functioning as an independent unit. But
phonology also has an integral role in this process and interacts with the orthographic information
when available. In the absence of strong lexical activations, conformance to the default pattern is also
a strategy that, despite being imperfect, was shown to remain active in skilled Greek reading. This
contrasts the evidence we acquired in the English experiments in which the elsewhere observed and
reported in the literature default pattern did not manifest itself in any aspect of the present data. The
following section summarises an initial attempt to incorporate the theoretical implications that have
been concluded in this thesis in a preliminary computational model and the results from simulations to

evaluate the architecture of this implementation.
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6.2 Computational simulations

This chapter describes results of simulations performed with an Interactive Activation model (IA,
McClelland & Rumelhart, 1981; Rumelhart & McClelland, 1982). The aim was to simulate patterns of
results acquired in the behavioural data in word recognition that were discussed in the previous
sections. This model was implemented in a python version of the 1A model developed by van Heuven
(available at: http://www.psychology.nottingham.ac.uk/staff/wvh/). A very brief introduction of the

main characteristics of the model is followed by preliminary results from simulations.

6.2.1 Model overview

The Interactive Activation model is a connectionist model that intends to capture general properties of
neuronal populations and forms the basis of many currently state-of-the-art computational models
(DRC, Coltheart et al., 2001; CDP++, Perry et al., 2010) that are hand-wired, in the sense that they do
not rely on statistical learning methods such as back-propagation but rather have all their parameters
explicitly set by the experimenter. Hence, it belongs to the family of localist models, which include
representational units at the word level, as opposed to distributed models emerging from back-
propagation. Its interactive architecture allows activations to flow in both directions between adjacent
levels and occurs in a parallel manner; all letter positions fire simultaneously from the first cycle.
Importantly, it only represents language on the level of orthography while phonology and semantics
are not considered. The version used here has two levels of representation, letters and words. For
purposes of simplicity, the feature level, that IA model originally used as an additional level before
letters, has been deactivated. However, the current version is designed by van Heuven to simulate

exactly the same output to the corresponding model that includes the feature level.

6.2.2 Preliminary results

Attempts to simulate behavioural findings focused on the word recognition data with the bisyllabic

lowercase words. Because nonwords are handled on the basis of a fixed ‘time-out’, differences within
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this stimulus category cannot be considered with the current version of the model. As a benchmark,
the aim was to initially simulate the frequency effect and, subsequently, effects emerging from the
position of stress. As a reminder, an advantage on words stressed on the final syllable has been
observed in high-frequency items when stress was marked (lowercase). Simulations were performed
with a subset of the stimuli used in that experiment including only 4-letter words. As shown in Figure
6.1, the basic version of the model efficiently simulates the frequency effect but expectedly not any
stress effect (in the figure, the output of the simulation is indicatively compared to the effect elicited
by the high-frequency words). In an independent measures 2x2 by-item analysis with frequency and
stress position, there was a main effect of frequency (F2(1, 64) = 42.3, p < .001, ,* = .04) with a lower
number of cycles (M = 24.1, SD = 0.70) for the high- compared to the low-frequency items (M = 26.6,

SD = 2.03), no main effect of stress position (p > 0.5) and no interaction (p > 0.5).

However, in computational modelling, letters are regarded as abstract units once they get past the
feature level. Theoretical implications of the results from the lexical decision experiment with the
disyllabic stimuli suggest that stress should have an orthographic dimension on the representations of
the input lexicon. The representation of stressed letters as different units seems to produce some
interesting patterns. As seen in Figure 6.2, the presence of the diacritics appears to constrain
activations to fewer candidates. In the uppercase version of the model, the second closer word in the
lexicon to the input ATOPA is seemingly AI'OPI. However, when using the lowercase, stressed
versions of the words in the training lexicon, the different position of stress between the two items
leads to the competing candidate not surpassing the activation threshold (ayopd — ayopt). Weaker

competition is also reflected in recognition time that is faster in lowercase.
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Figure 6. 1 Comparison of results between Experiment 1 of Chapter 3 and computational simulations
with disyllabic Greek words.
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Figure 6. 2 Comparison of the activations of a Greek interactive activation model between the same
input word in upper and lowercase.
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6.2.3 Theoretical assumptions and model enhancements

Beyond using the lowercase version of words, the major advancement to the basic 1A model was to
represent stress position at a separate level. To achieve this, stress positions of the disyllabic entries in
the input lexicon were retrieved from GreekLex 2 (see Chapter 4) and separately encoded as 1 (final)
or 2 (prefinal). This distinction was used for the two nodes of the additional stress layer. Then
associations were not calculated only between letters and words in the input lexicon, but also between
each of these two levels and the intermittent stress layer. However, the connections between the letter
level and the stress level were only of excitatory but not inhibitory nature. The parameter set with all
the connections between the levels is presented in Table 6.1 and a schematic representation of the
emerging model’s architecture is presented in Figure 6.3. Finally, an additional enhancement to the
model was to extend it to receive output of different word lengths, between four and eight letters. To
achieve this, a template of eight positions was used and the empty slots were represented by dots.
Hence, lexical entries of different lengths to the input word are inhibited by the missing letters in the
template. For example, as illustrated in Figure 6.4, the entry xaver will receive inhibition from the

input word xave from the fourth (w) and fifth (.) slot.
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Table 6. 1 Parameter set of the excitatory and inhibitory connections between the different layers of
the model used in the lexical decision simulations.

Parameter Value
Letter-word excitation 0.03
Letter-word inhibition 0.06

Word-word inhibition 0.21
Word-letter excitation 0.3

Letter-stress excitation 0.07

Stress-word excitation 0.1
Stress-word inhibition 0.05

Word level

Letter level

Figure 6. 3 Schematic representation of the enhanced interactive activation model with the additional
layer of stress and the nature of the connections between different levels of representation.
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input word: kavw

STRESS

pos 1

L v Y¥ ¥/

OEHHEO000

LETTERS

Figure 6. 4 Example of the implementation of the template approach in the interactive activation
model to accommodate input that varies in length, and the resulting excitatory and inhibitory

activations.
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A behavioural pattern that was attempted to be simulated was the faster reaction times in recognising
lowercase, high-frequency words that were stressed on the final compared to the prefinal syllable. This
was attributed to the fact that stress on the final syllable typically occurs on the final letter of the word
and exterior positions have been argued to benefit from a processing advantage over interior positions
in several models of letter position encoding. Indicatively, Whitney, (2008) describes the architecture
of the SERIOL model as different between the lexical and sublexical routes because only in the former
one, additional excitation is induced to the word level from the final letter, which is not the case in the
sublexical route. This resonates with the fact that the final-letter advantage was only observed in high-
frequency items in which the lexical route should be more dominant, but not low-frequency items, in
which the sublexical route is expected to be the predominant one. To simulate this implementation in
the present model, both excitatory and inhibitory connections between the exterior letters and the other
two layers were consistently accented by a constant factor. Input words are parsed by the model into a
letter position template, but also parsed in the two comprising syllables (utilising the syllabifying
software described in Chapter 4), and subsequently the stressed position is identified. No other use of
the syllabic information is employed by the model. However, this process suffices for the letter level

to be able to feed information to the stress level regarding stress position.

The implementations described above were shown to be adequate to simulate the positional effect
observed with high-frequency items. A simulation that was performed with the high-frequency words
that were used in the behavioural experiment showed that those stressed on the final elicited responses
in significantly (t(39) = 2.66, p = .011, d = 1.6) fewer cycles (M = 15.8, SD = 1.17) than those stressed
on the prefinal syllable (M = 16.7, SD = 0.90). However, a model that would be able to simulate the
results of this study in their entirety has not yet been developed. For example, such an effect should
not be elicited in simulations with low-frequency stimuli because the effects of serial processing
should not allow exterior positional advantages to emerge. It would be easy to implement a cut-off
point to prohibit emergence of the external positions accentuation based on the input word’s initial
activation resulting from the frequency of occurrence, but this would be far too artificial and not

informative on the ‘horse race’ between the lexical and sublexical process. The purpose of this
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simulation was merely to investigate whether the behavioural results could be replicated
computationally by implementing specific theoretical postulations, which was shown to be the case.
To simulate the interaction between lexical and sublexical processes, a dual-route architecture would

be imperative.
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6.3 Outlook

This thesis was conducted with the aim of investigating the stress assignment mechanisms in two
languages, Greek and English. Experimental work in Greek highlighted that the process of stress
assignment in this language receives contributions from both the phonological and orthographic
domain. It also produced evidence that stress information is encoded on different levels of
representations in the native-Greek speaker’s reading system; the phonological output representations,
the orthographic input lexicon, and the letter level where orthographic stress diacritics are functioning
as independent processing units. Qualitative analyses have highlighted another potential source of
information, the orthographic and phonological word endings that present a high level of predictability
regarding stress position. Future research needs to directly investigate this factor in experimental
designs aiming to study stress assignment in Greek. Finally, qualitative and behavioural investigations
in regard to the metrical bias have shown that this is an active source of information but its effect
diminishes in the presence of other cues indicating stress position. However, it was shown that despite
the relative statistical dominance of this pattern in the language’s battery, its contributions to stress
assignment, when in effect, appear uniformal and do not solely emerge in stressing words coming

from the lexical neighbourhoods that the pattern originates from.

In contrast, the experiments in English did not yield any evidence supporting the debated in the
literature effect of the default metrical pattern which was not manifested in the presence of lexical
activations. However, by eliciting positional effects in stress assignment it was shown that stress in
English reading might still be partly computed and partly lexically retrieved. Future investigations
regarding this issue in English should focus on directly exploring the relative contributions of these
two sources of stress position information in the English reading system. While several computational
approaches regarding polysyllabic reading in English address the problem of stress assignment by
means of calculating its position from orthography, utilisation of identical orthographic patterns with
multiple alternative stress positions that result in different lexical entries highlighted why this

approach cannot be adequate on each own to tackle the stress assignment problem. Comparisons of the
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behavioural results to the output of a leading computational model, CDP++, showed suboptimal

performance which suggests that further work might be necessary to accommodate such results.

Finally, comprehensive analyses of the characteristics of Greek orthography resulted in the publication
of a lexical database, GreekLex 2, which offers new information (e.g. part-of-speech), alternatively
calculated variables in comparison to previous sources (e.g. syllabic units), and results of qualitative
analyses that might be informing future experimentations in this language. Freely available software
tools that were created in the development of this database are provided in hope that they will be used

for the development of future databases with corresponding information.

Part of this software has been also used for the development of a primitive model in Greek visual word
recognition in an attempt to provide some theoretical justification for the assumptions adopted in the
discussion of the experimental results reported in the thesis. As no other results of computational
simulations have been reported so far in the reading literature regarding Greek, it is aspired that these
attempts might be the initial step to develop a fully working computational model of reading Greek

polysyllabic input by the author of this thesis.
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APPENDICES

Appendix A - Experimental materials used in Chapter 2

Table A. 1 List of the disyllabic stimuli used in Experiment 1 of Chapter 2 (and Experiment 1 of
Chapter 3).

Words Nonwords
High Frequency Low Frequency Prefinal Final
Prefinal Final Prefinal Final - —
oo apyd Baopw Bopen apte UEAOOV apd opmn
YOp® apyn piog YopYOg Paog  pépa apCi molh
déKa KOKO Boog Oopd BiAw UTEYOG Bomi mnpi
Covn KOG o Kepl Bova puoun Boxn mpo
0w Kapold yida KIAO YOKN vELa YU mpa
0éua KOoTO! yvabog KW@ YoM vipo yvopodg moén
6éom podi 6P Ko7 yoTO Eéom YOPTNS o
K60e petd Yoo ) 0éym opTL deAD poAl
KaT vepo EAkm popm Ompa mho Coavd OTUTOG
AEEN vnot Capt Umepég Ko mépa Lopa oxeYUN
uaym Eava oMK opon Képmelt  mwpéAov Oela Topi
uéALOV myn nooL opbo KAo® oiyn Oev) TPOJYL
Epw TOAD Ebvo ot KEOM TéAo onin TOPO
nicw owyd mlo ToTD kifo Tévn Kayd QOAG
TPETEL Ty oK, neln KOO TiKo Kopm Qonn
T4&N oxedOV T4l pomn Kova YOK® kil Qoppic
TPOTOG TN Tom QOK| Aéta yA®dTOG Uop® folatai]
TP QoI QoL YOAD Moo Y0 vopli yori
YEPL Yopa (POPTOC YAWDPOC uéA®  yadbog Eapa YEPO
xXOPOL yoxn YoATNg Yy paon  yoou Sutd Yipd

Note: Prefinal and Final refer to the syllabic position of stress
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Table A. 2 Translations of real-word stimuli used in Experiment 1 of Chapter 2 (and Experiment 1 of

Chapter 3).
High Frequency Low Frequency
Prefinal Final Prefinal Final
aipo blood apyd late Baopw (D) paint Boen paint
YOP® around apyn start Biog life Yopyoc fast
déxal ten Kokd bad Boog boa Owpd () look
Cowvn belt KOAG well BoAt shot Kepl candle
0w (D want | xapdid heart yida goat KIAO kilo
0éua subject Katd against | yvéfog jaw KIV® () move
Oéon position poli  together | yoPa pump Komn cut
KGOg every UETA after yYouo. rubber Mt lean
kGt something | vepd water EAKO () pull popn midwife
AEEN word wnol island Capt dice UmEPES beret
waym battle Eava again Ok case opdn horde
UEAAOV future myn source uoot mussel opBo correct
Epo (1) know | mold much Ehvo (1) scratch ot duck
afel) back oya slowly mlo (1) congeal T (1) step
TpEMEL must otyun moment | mwoka  (card game) | weln on foot
Taén class oyxedov  almost (140 (I) promise pom inclination
TPOTOG way Tn price TOTL ball QOKN lentil
TP now QOVN voice QoA poE:iTed yar®  (I) damage
xéEPL hand xapd  happiness @dptog burden YA®POG verdant
xdpo. country  yuyn soul WaATNG chanter Wi thin

Note: Prefinal and Final refer to the syllabic position of stress
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Table A. 3 List of the monosyllabic stimuli used in Experiment 2 of Chapter 2, and the root words that
the nonwords were generated from.

Words Nonwords
High Frequency Low Frequency Root word Nonword Root word  Nonword
Pret Breg Hog Mg Bpo YpO
Bpet Bpeg deg dog oLV duv
Wz yop oG g Tup Top
Mg opag T M Beg Bog
Y106 dpug PG TPEG OTOL oTEL
Cet opw Hag Ppag Cewg povg
Couv KOG oTNG OTNG LLELS Boig
Aeg Kvp TovV yov Ko KEW
HOTG Aovg douvv dowv LG PEIC
umop UTEG [oF) et oTOV KAov
umel TAoLG OElg 601G ™I KAg
ANV povl YELG KELg deig Bog
Tpw povg (QAOV QAEL TELG TAEC
TPpOg oKOV UTAE vipe Voug VTIg
oKop KOG otop oTEP YKpL YKpE
GTOVG OVOK K KAem v POV
TEOT POV YKOA YPOA UTTOA KpOA
TPELS ToEK GTUA OTOA TPOK TPOK
Q®g QTG pBeig Oporg KA0IG YPOIG
x0eg WEG UTpOg VIPOG UTELG YAELG
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Table A. 4 Translations of the real-word monosyllabic stimuli used in Experiment 2 of Chapter 2, and of the
root words that the nonwords were generated from.

Words Nonwords
High Frequency Low Frequency Root word Root word
Byet  (she'll)exit  Pyeg  (you) exit (imper.)  pvg muscle Bpw (1" find
Bper  (she'l)find | Bpec  (you) find (imper.) | dec (zfr‘]‘gesref vy plus
Y hi yop because TTOG (you) go op arm
s earth dpag (you) act U (I"I) enter Deg (you) want
(article, sing.,
Y106 son dpug oak TPOG (you) eat OTOV masc.. genitive)
€3] (she) lives Spw (1) act umog in case Celc (you) live
Covov  (they) live KOG (you) burn oG f(ear‘rr:.I,CIg(Znsiltri]\?é’) Heg we
¥l (you) say Kop mister oLV (they' II) say Ko (they) burn
HOITG game Aov§ luxurious dovv (they' 1) see oG child
(you) enter (article, plural.,
HIap bar HILES (imper.) pev alas TV masc., genitive)
urer  (she'll) enter | Thovg sail OELG you TPIG three times
v minus povl blush YEG (you've) got deig (you'II) see
Tpwv before povg course @Lov vague TELG (you' Il) say
POG toward oKov (they) explode UmAE blue VoG mind
oKop score oKag (you) explode otap star YKpL grey
(article,
otovg plural, masc. | ovax snack Kum clip v jean
dative)
10T test POV (they) eat YKOMA goal UTTOA bowl
TPELG three TGEK check OTUA style TPOK  Nervoussness
folole light etoug  (you) are at fault  pBeig (you'll) come KAOIG (you) cry
10eg yesterday YEG yesterday UTPOG forward umelg  (you' Il) enter

Note. masc: masculine gender, fem.: feminine gender, sing.: singular number, imper.: imperative.
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Table A. 5 Item-level measurements regarding response time and accuracy of all word stimuli used in the

reading aloud experiments (involving monosyllabic and disyllabic items) in Chapter 2.

Item Stress  Frequency  Syllables
aipoe  prefinal high 2
apya final high 2
opxn final high 2
Paon final low 2
Baoow  prefinal low 2
Prev - high 1
Breg - low 1
Blog prefinal low 2
Boac  prefinal low 2
Boir  prefinal low 2
Ppet - high 1
Bpeg - low 1
yap - low 1
yew - high 1
ng - high 1
yida  prefinal low 2
Y10G - high 1
yvaBog  prefinal low 2
yoBo.  prefinal low 2
youo  prefinal low 2
yopydg final low 2
yopw  prefinal high 2
d¢ka.  prefinal high 2
dpog - low 1
dpug - low 1
dpw - low 1
Eco  prefinal low 2
Capr  prefinal low 2
Cet - high 1
Covv - high 1
Covn  prefinal high 2
0éhow  prefinal high 2
Ocpo  prefinal high 2
B¢on  prefinal high 2
Onkn prefinal low 2
Bopod final low 2
kGBe  prefinal high 2
Kaug - low 1
KOKO final high 2
KOAQ final high 2
Kopold final high 2
Katd final high 2

Response  Accuracy
Time (ms) (%)
479 100
462 100
442 100
501 93.8
472 100
439 100
428 100
481 100
480 100
477 100
438 95.8
453 91.7
437 95.8
412 100
429 100
463 100
425 100
481 96.9
475 100
476 100
499 100
474 100
463 100
440 100
440 100
427 100
473 100
464 100
431 100
427 100
444 100
452 100
440 100
439 100
475 100
433 93.8
480 100
515 100
426 96.9
491 100
479 100
488 100

Uppercase

AIMA
APT'A
APXH
BA®H
BAOQ
BI'EI
BI'EX
BIOZ
BOAX
BOAI
BPEI
BPEX
AP
I'EIA
I'HZ
I'TAA
I'ox
I'NAGOZ
I'OBA
I'OMA
I'OPIOX
I'YpPQ
AEKA
APAX
APYX
APQ
EAKQ
ZAPI
ZEl
ZOYN
ZONH
OEAQ
OEMA
®EZH
OHKH
BOQPO
KAGE
KAIX
KAKO
KAAA
KAPAIA
KATA

Response  Accuracy
Time (ms) (%)
512 100
537 93.8
457 100
525 96.8
540 100
448 100
452 95.8
515 100
523 100
547 84.4
448 75
460 83.3
462 100
484 100
452 100
505 100
485 100
526 100
514 100
505 100
583 68.8
515 96.9
504 100
451 95.8
457 100
454 100
519 96.9
504 100
432 100
425 100
490 100
461 100
473 100
467 100
540 100
494 96.9
533 100
539 75
481 100
560 93.8
490 100
551 93.8
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KéiTt
Kepi
KIAO
KWV®
KOTN
KLp
AéCN
¥l
am
hové
podi
popn
potg
popn
péALOV
HETH
pmap
pmeL
HTEPEG
umeg
pod
vepo
vnot
Eava
Epw
Eovo
opdn
op0o
mouti
TaTO
meln
myn
nil€o)
oo
TNV
TAOVG
TOKOL
TOAD
TPEMEL
Tpw
TPpog
pomi|
povg
povg
oya
oKov

prefinal
final
final
final
final

prefinal

final
final
final
prefinal
prefinal
final

final
prefinal
final
final
final
prefinal
prefinal
final
final
final
final
final
final
prefinal
prefinal

prefinal
final
prefinal

high
low
low
low
low
low
high
high
low
low
high
low
high
high
high
high
high
high
low
low
low
high
high
high
high
low
low
low
low
low
low
high
low
high
high
low
low
high
high
high
high
low
low
low
high
low

P NP P NPEFPEFPDNNMNMNPEPRERPRPDNNMNDNDNPNDDNDDNDDNNDNDNDNDNNDNDNNDNNNNNDNNNDNNNNNEPENMNPRPRPDNDMNNDNNNEDNMNNNMENMNPENMNEDNDMNNDNDNDDND

507
483
466
475
479
464
467
432
466
484
449
467
450
463
451
463
441
430
510
420
475
452
451
439
478
493
465
471
497
486
487
474
507
473
449
473
500
486
483
466
445
460
450
442
416
431

100
100
100
100
100
100
96.9
100
100
100
96.9
100
100
100
100
100
95.8
100
96.9
100
100
100
100
100
100
100
93.8
96.8
100
100
100
100
100
100
100
100
100
100
100
95.8
100
100
95.8
100
100
100

KATI
KEPI
KIAO
KINQ
KOITH
KYP
AEEH
AEX
AITH
AOYE
MAZI
MAMH
MATX
MAXH
MEAAON
META
MIIAP
MIIEI
MIIEPEZ
MIIEZ
MYAI
NEPO
NHXI
ZEANA
ZEPQ
ZYNQ
OPAH
OPOO
ITAIII
[TATQ
I[IEZH
[THI'H
[MHZQ
MzQ
ITAHN
I[TAOYZX
[IOKA
[IOAY
ITPEIIEI
ITPIN
[IPOX
POITH
POYZ
POYX
2IT'A
~KAN

531
516
515
535
530
478
501
438
533
504
486
566
480
527
498
498
437
435
548
424
511
483
488
493
498
543
530
522
541
551
571
557
540
505
463
473
563
530
548
465
468
513
476
451
476
429

100
81.2
96.9
90.6
87.5
100
100
100
87.1
100
100
75
100
93.3
96.9
93.8
100
95.8
87.5
100
100
96.8
100
100
100
100
96.8
90.6
93.8
77.4
90.6
96.9
100
100
100
100
100
96.9
100
100
100
93.8
100
100
100
100
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OKOG - low 1 408 95.8 2KAX 434 100
oKOp - high 1 413 95.8 >KOP 422 100
VoK - low 1 399 95.8 INAK 409 100
oTLyuUn final high 2 462 100 XTI'MH 492 96.9
GTOVG - high 1 410 100 XTOYZ 416 95.7
oedOV final high 2 419 100 2XEAON 454 100
talo  prefinal low 2 494 100 TAZQ 535 100
t4&n  prefinal high 2 462 100 TAEH 514 96.9
TE0T - high 1 475 100 TEXT 498 100
TN final high 2 478 100 TIMH 517 100
oM prefinal low 2 506 100 TOIII 563 100
TPELG - high 1 471 100 TPEIX 495 95.7
tpomog  prefinal high 2 477 100 TPOIIOX 545 100
v - low 1 460 100 TPQN 498 100
TOEK - low 1 474 100 TXEK 495 100
wopa  prefinal high 2 478 100 TQPA 523 100
QoK final low 2 434 96.8 ®AKH 471 96.9
eora  prefinal low 2 427 100 DOAA 497 90.3
@optoc  prefinal low 2 456 100 ®OPTOX 495 96.9
PTG - low 1 412 95.8 OTAIX 464 100
ofayyi final high 2 414 96.9 OQNH 454 100
olole - high 1 398 100 OQ% 397 100
XOAD final low 2 431 100 XAAQ 465 78.1
xXopoL final high 2 444 96.9 XAPA 469 100
XEPL prefinal high 2 493 100 XEPI 513 100
xOeg - high 1 414 100 XOEX 416 100
YAwpog  final low 2 433 96.9 XAQPOZ 468 90.6
xopa  prefinal high 2 416 100 XQPA 450 100
yartng  prefinal low 2 500 100 YAATHZ 500 100
Veg - low 1 404 100 YEX 408 95.8
Y final low 2 453 100 YIAH 527 90.6
Yol final high 2 456 100 PYYXH 463 100

Notes. The first Response Time (ms) and Accuracy (%) measurements presented in the table correspond to the
lowercase items and the subsequent columns to the uppercase items. In the experimental sessions, all items in
this table were presented for 500 ms and then disappeared from screen regardless of whether participants had
input a response by the end of this period or not.
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Table A. 6 Item-level measurements regarding response time and accuracy of all nonword stimuli used in
the reading aloud experiments (involving monosyllabic and disyllabic items) in Chapter 2.

Ite

apa
apli
apte
Paug
Baog
Bouri
Biro
Poxn
Boveo
yov
YN
YKPE
YAELG
Yvapog
YoKN
yomL
YopTig
PG
YpOA
Yp®
yoTO
R]vla
dend
dowv
duv
Coavd
Lopd
OeAd
Ogvn
0éxm
oncn
Boig
0oc
Opotg
0mPa
Koy
Ko
Kapm
Képmel
Kdom
KEOM
KEW

Stress

Syllables

final
final
prefinal
prefinal
final
prefinal
final
prefinal
final

final
prefinal
prefinal

final

prefinal

final

final
final
final
final
prefinal
final

prefinal
final
final
prefinal
prefinal
prefinal
prefinal

N

P NN DNDNDNDNMNDNPEPRPRPRERPDNNDNNDNPNNNNNNNNPEPRPRPNMENPEPRPERPDNPNNDNNMNPNNEPRERPRPNEDNNNMNNNMNNNNNEDNDDND

Response Accuracy
Time (ms) (%)
562 100
490 96.9
495 100
473 73.9
496 100
481 100
475 100
486 93.8
470 100
521 76.2
483 100
493 100
504 91.3
493 93.8
485 93.8
481 96.8
547 74.2
484 83.3
476 91.3
440 91.3
480 100
442 100
484 96.9
473 91.7
432 100
488 100
605 73.3
467 100
463 100
487 90.6
439 96.9
455 95.8
411 100
444 100
524 100
522 100
477 96.9
506 100
555 96.9
497 100
499 100
494 87.5

Uppercase

AIPA
APZI
APTE
BAIX
BAOX
BAIII
BIAQ
BOKH
BONQ
TI'AIN
I'TAH
I'KPE
I'AEIX
I'NAPOZ
I'OKH
I'oI1I
I'OPTHX
I'PAIZ
I'POA
I'PQ
I'YTA
AAX
AEAY
AOIN
AYN
ZANQ
ZQPA
OEAA
O®ENH
OEXH
®HZH
OO0I%
60z
BOPOIX
OOQBA
KAT'A
KAMH
KAMH
KAPIIEI
KAXQ
KEAH
KEIN

Response  Accuracy
Time (ms) (%)
614 86.2
567 87.1
557 96.9
540 72.7
571 100
572 100
570 93.5
591 100
542 100
543 84.2
543 96.9
503 95.5
514 91.7
545 100
545 100
562 100
618 935
539 86.4
481 95.5
450 87.5
553 96.9
447 100
541 93.8
467 90.5
437 100
558 96.9
593 96.9
513 100
563 100
538 84.4
497 93.8
455 91.7
428 100
468 91.3
648 100
567 100
601 96.6
587 100
630 90.3
580 100
598 100
565 91.7
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KEIG
Ko
kifo
K\em
KAG
KAV
KOOL
Kova
KPOA
AéTal
Aida
Avg
oA
Hopod
Haoen

UEASOV
pEHOL

HTEYOS
poun
VELL
vipa.
vopi
VTIg
vipe

VIpOog
Eapd
&éon
VT
opm
optt
nal®
méxo
Top
TEUQ,
npi
mpo
g
mpa
TAEC
mog
ot

TPEAOV
pm
peg
poAd
oixn

final
prefinal

prefinal
prefinal
prefinal
prefinal
prefinal
final
prefinal
prefinal
prefinal
prefinal
prefinal
prefinal
prefinal
final

final
prefinal
final
final
prefinal
final
prefinal
prefinal
final
final

final

final

final
prefinal

final
prefinal

N NP FPDNDNMNDNEPEDNEPEDNDNNDNDNNEPEDNNPNNDNDNNDNDNNDNNDNNMNDNNEPERPERPDNDNPNNDPNNDNPNNDPNNDNPNDNPNDNPNDNDNNDNENMNNNMNENMNNNPERPERPERPDNDDNDPRE

505
499
484
499
485
476
479
468
480
481
461
440
483
463
485
517
479
512
480
535
507
486
446
469
456
520
524
489
475
531
534
521
473
529
573
497
466
498
488
530
485
571
473
496
483
454

100
100
100
91.7
100
100
100
100
100
100
100
100
100
100
100
100
96.9
100
93.8
93.8
93.8
96.9
95.8
100
100
100
100
100
100
100
93.8
96.9
100
100
93.3
100
95.8
100
95.8
100
100
96.9
100
100
100
93.8

KEIX
KIzZQ
KI®O
KAEII
KAIZ
KAQN
KOAI
KONA
KPOA
AETA
AIAA
AYZ
MAAQ
MAPQ
MA®H
MEAAON
MEMA
MIIET'OX
MYMH
NEMA
NHPA
NOPI
NTIZ
NTPE
NTPOZ
ZAPA
=ZEXZH
ZYTQ
OPIIH
OPTI
[TAZQ
[TAKA
ITAP
INEMA
ITHPI
[THPQ
I[THX
ITIPA
ITAEXZ
IIOZH
I[NIOTH
[TPEAON
I1PH
PEIX
POAI
XIXH

543
552
550
519
497
481
551
565
507
558
537
450
548
557
567
615
549
596
595
610
571
527
464
467
473
614
574
582
514
611
616
611
507
606
687
629
487
605
487
621
581
671
507
506
555
515

95.8
96.8
100
100
100
100
100
100
95.8
90.6
100
100
96.9
100
96.7
71
100
100
96.8
100
96.8
100
100
100
95.8
96.9
93.5
100
96.8
100
96.9
96.9
100
100
87.5
90.6
100
100
100
100
96.6
96.6
100
83.3
93.3
96.9
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o015 - 1 466 87.5 201X 461 77.3
onng - 1 452 100 2ITHX 429 100
OTOA - 1 402 100 XTAA 422 100
GTEL - 1 408 83.3 2TEI 426 79.2
otep - 1 400 91.7 XTEP 437 91.7
GTLTOG final 2 501 96.9 2TINIOZ 528 90.3
CYeYMN final 2 532 100 IXEI'MH 570 100
T6ho prefinal 2 519 100 TAAO 608 100
Tavn prefinal 2 519 100 TANH 612 100
Tika prefinal 2 544 100 TIKA 590 100
Topi final 2 437 100 TOPI 633 96.8
POV - 1 477 100 TPAN 508 100
TPES - 1 482 95.8 TPEX 491 91.7
TpodhL final 2 526 100 TPOAIA 606 100
TPOK - 1 486 95.8 TPOK 491 95.8
TOPD final 2 508 100 TQPQ 547 100
QoA final 2 480 96.9 DAAA 539 96.8
Pet - 1 446 100 OEI 483 95.8
PAet - 1 439 95.7 OAEI 448 95.8
Qom final 2 470 90.6 ®OITH 516 100
Qoppig final 2 461 96.9 ®OPPIZ 509 100
QoVg - 1 413 100 OOYZ 424 100
Ppog - 1 428 95.8 DOPAX 452 95.8
olatay] final 2 464 96.7 OQEH 553 90.3
XOK® prefinal 2 464 96.9 XAKQ 502 96.7
yorrt final 2 446 87.5 XATI 504 100
XEPO final 2 469 90.6 XEPO 544 86.2
YADTOG prefinal 2 450 93.8 XAQTOX 501 84.4
X0 prefinal 2 493 93.8 XQOE 527 100
WaAB0G prefinal 2 535 100 YAAOOZ 571 100
Yipm final 2 495 96.9 YIPQ 543 96.6
Yoot prefinal 2 520 100 PYZI 645 100

Notes. The first Response Time (ms) and Accuracy (%) measurements presented in the table correspond to
the lowercase items and the subsequent columns to the uppercase items. In the experimental sessions, all items
in this table were presented for 500 ms and then disappeared from screen regardless of whether participants
had input a response by the end of this period or not.
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Appendix B - Experimental materials used in Chapter 3

Table B. 1 List of the real word stimuli used in Experiment 2 of Chapter 3.

High frequency Low frequency
Trisyllabic Tetrasyllabic Trisyllabic Tetrasyllabic
APU PU u APU PU uU APU PU U APU PU U

€otele modeiog KEVIPIKNG vopitepa yempylog avaeopd ATOALLOVG Bappévor n0Oucot oolwo 10e®dn e€amaTm
TPOKELTOL {ntoel Bovievtég Suhoyo niiog aploTEPd pétotkot ekPaiiet £PAOTNG Siémovton 1epéag EMTEAD
Bpiokovtat avaykeg mAnbvopon Eexivnoe totopiag gl00y®OYN pvoowvo ekBéto EKTEVOG eEDOKO KaAonon £ONPkod
glkoot KWV OELG TOKTIKN Katdpepe TpoiovTo, emloyn gidmong EKAAPYELG YTECIVI| eEmeLALQ BopuPddn VITOKONG
aitnuo XIMGdeg aQopovV gl06omua TEPUCUEVN EMIGTOAN EULETPOG €pYATNG HonTég eméle€al eKAOYENG mopofoin
nhvtote TPOTAGELG VITOVPYOV TOVAGYIGTOV  OPIGUEVEG EMTPOTN éumepot eQEoELg gpvbpdc emikTnT ToKido emdpoun
avOpwmog oyoheio apynyos TOPAOELYLOL gpyacieg EPAPLOYN £VOGTPOG nysiton GUVETEG eminAnén tapadieg EMPOVIG
TUAUOTOG  UITopovcay kabeoTmdg onuocio yeyovota KaOnynTig £€voTolot TAOKAOGCEL dvopopel OBoudvare TILOPIES TOAVTEAN
m\oiclo oy violo peta&d AMyoTEPO ophiol KOW®OVIKY Kottoypo WOpOVEL TPOTOVEL 166moG0. VINPETEG EMPPODV
ovppaon avOpdTOLG apOpoc e&eMén gfdopdda KOTPLOKO KOALVOPOG WAVTEG TOVIPOVG KOTAOTPOUO, ONUOCIES VTOTIUD
yivovton yvopifovv  Agrtovpyodv AmOYEL AL nyecio pETOPOPE, npocbetol Koo pLmv eMumeic veoTNTa dopnpéva ovluykd
pOOLIoN ovpPaivet UOVGIKNG mopadoon emmAéOV HOVOSIKN TPAOTEVO, olkelog GUVOQEIC moryloon VIKNUEVN EPNUIKN
0éatpo npoPrémel TPOPAVADG {nmpoata eEautiog TPy YN TPOTLTEG ounpéreg ayunpot TopAcLTO YeE®TOVOG e€oyucég
évvola ATOYELG TPOKOAEL Suotnpa TEAELTOIO  TOPOCKELN TPDOLOL TOKIAOVG KATAKTOOV TOAOUN VT Wpopévn LLOVOYIKT
TPOYPULLLLOL WADVTOG apyIKa oevaplo YOPOKTI PO mepoyn TOPOON TPOKpivel EVTPENMOG TPOOAVAL0 KOVOQOPO,  QUAETIKOV
aicOnon eKeivog TPOGPOPE enioKkeyn TOPOTAVE® TOMTIKO GTAo TPOGUEVEL dvotuyeic npocélBovpe  mponyuévn  mopodikol
épyovral TLOTELOVLV AGQPAADG nepiodo EMOUEVG TPOOTTIKY oTélvoupe onovpyitt TPUEAOVG VREPEPOLV Euplopéva  BpnvnTiko
TPAYLOTL aKopoL nmpoomadel emifeon OmOPACEL;  TPOCMMIKO oTpPEPOUIL GLOTNVO cpopkol QuyoTOV 0WKOVOHOG  VOpavAIKA
TPOCOATO Kkepdioel YOVOIK®V opeileTon gvavtiov onuepVn ovveon Tavtifovv OKOTEWNG ALTAOVIO emPang KULLOTIOTN
TEGGEPIG dnAwoelg SvuoTuydg Sudtaén dedopéva GUVOAIKGL Yelpotog TUYOiVOLY  cuykpovobel YOUATIVO OmodpAGE  LLOVOUEPNG

Note. APU: Antepenultimate stress; PU: Penultimate stress; U: Ultimate stress.
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Table B. 2 Translations of the high-frequency stimuli used in Experiment 2 of Chapter 3.

APU
éotelle she sent
TpOKELTOL it's about
, they are
Bpiockovtot located
glkoot twenty
aitnpo request
nhvtote always
avOpwmog human
TUALOTO section
Hnpotog (gen.)
TAQIG10 framework
ovupaon convention
yivovton b(et[:]g)nlw)e
pvbwon  configuration
0éatpo thatre
£vvola meaning

mPOYpaLLe  programme

aicOnon sense
. they're
épyovrat (conili ng)

Trisyllabic
PU
nondeiac education
(gen.)
{nmoet (she'll) ask
OVOYKES needs
KWVNOELG movements
AMGdEG thousands
mpotdoelg  proposals
oyoheio schools
, (they)
umopovoav could
oy vido games
avOpdTovg humans
. (they)
yvopilovv Know
. (i)
ouppaivel happens
. (i)
mpofhénel predicts
andyelg opinions
, (while)
MAGVIAS  king
eketvog he/him
TIOTEVOVV (th_ey)
believe

KEVTPIKNG
Bovievtéc
mAnBvcov
TOKTIKN
aQopovV

VITOVPYOD

apynyYos

KafeoTmg
petao
apOpog

Agrtovpyovv
HOVGIKNG
TPOPAVDG
TpoKaAel

apyKé
TPOGPOPA

0GPUADG

9]

central (gen.)

congressmen
population
(gen.)
tactic

(they)
concern
minister

(gen.)
leader

regime

between

number

(they)
function

music

obviously

(she)
provokes

initially
offer

surely

APU

vopitepa
diAoyo
Eexivnoe
KaThpepe
£1600M L0

TOVAGYIOTOV
ToPAdEYLLOL
dnuocio
AyoTEPO
e&EMEN
amOYELLLOL
mapdooon
Cntipata
oo

oevéplo

emiokeym

mepiodo

earlier

dialogue

(she)
started

(she)
managed

income

at least
example
public
less
evolution

afternoon

tradition
issues
space

scenario
visit
period
(accus.)

Tetrasyllabic

PU
, agriculture
YEOPYLOS (genit.)
. age
nAiog @ e% it)
. history
oToplog (genit)

TPOIoVTOL products

. passed
TEPACUEVN (femin.)

. certain
OPICUEVES (femin.)
gpyooieg works

yeyovota events
opAia speech

efdopada week
Nyeoio leadership

emmiéov  furthemore

e&antiog due to
, last
TelgLTOIO
(neutral)
character

XOPOKTNPOL (accus.)
napordve  additional

emopéveg  therefore

avapopd
apLoTEP
E100YOYN
emoyn
EMOTOAN

EMUTPOTN
£QUPUOYH
kabnyneg

KOW®VIKN
KUTTPLOKO

HeTapopd
HOVASIKT

TOPAY®YN

TOPACKELT

TEPLOYN

TOAMTIKO

TPOOTTIKT

V]

reference
left
introduction
choice
epistle

committee
application
professor

social
(femin.)
cypriot
transfer

unique
(femin.)

production
preparation

region
political

prospect
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npaypatt indeed aKopo yet npooradei (she) tries emifeon attack amodoelg  decisions | mpocwmikd personnel

npdopata recently Kkepdioet (he'll) win YOVOIK®OV V\(/;g:]e)n opeileton < mt)odue gvavtiov against onuepwv  present-day's
TE00EPIG four dnidoeglg  statements dvotuydg  unfortunately Sdragn layout dedopéva data GUVOMKG, in total

Notes. APU: Antepenultimate stress; PU: Penultimate stress; U: Ultimate stress. gen: genitive (possessive) case. accus.: accusative case. femin.: feminine
gender. neutral: neutral gender.
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Table B. 3 Translations of the low-frequency stimuli used in Experiment 2 of Chapter 3.

GToApOVG

pétokot
Bocowvo

gldnong

EHHETPOG
£umelpot

£VOoTPOG
£VGeTOAOL
Koitaypa
KOAVOpOg

TpocheTol

TpOTEWVA

TPOTLTTES

TPOLILOL
TOPOON

otdopa

APU

timorous

immigrants
sour cherry

news (gen.)

rhyming
experienced

starry

uniformed
glance

cylinder

additional
(pl)
(1) suggested
standard

premature
zealotry

statically

Trisyllabic
PU
Bopuévor painted (pl.)
exPailet (she) emits
ekbét (1) expose
eKMAYELG flares
gpydrng worker
£PEcELS appeals
nyeiton (he) leads
TAOKDGEL (he'll) cover
1BpdveL (she) sweats
wévteg straps
KovovpLov new (gen.)
01Keiog familiar
ounpéLeg umbrellas
TOIKIAOVG various
TPoKpivel (she) qualifies
TPOGUEVEL (she) awaits

LN
EPOUOTNG
EKTEVAG

XTECIVN

HIONTES
epLBpdC

GUVETEG
dvepopel
TPOTOVEL
ToVNPOvG

eMumeic

oLVaQElQ

arunpoi

KOTOKTOOV
EVTPETADG

dvuotuyeic

Ic

ethical (pl.)

lover
extensively

yesterday's

hateful (fem.)

red

prudent
(fem.)

(she) grudges

(she) trains
sneaky (pl.,
accus.)
incomplete
(pl)
relevant (pl.)
sharp (pl.)
(they)
conquer
decently

unfortunate

(pl.)

APU
QOlwo animal-loving
Siémovtan (they're)
governed
eEmduco extrajudicial
eEdeuiia book covers
eméheEal (1) chose
emikTnTn acquired
enimAnén scolding
Bopdvare (you) got mad
160TOGN commensurate
KOTAGTPOUO ship deck
vedTOo youth
nayioon consolidation
ToPACLTO parasite
TOAOUNV of many
v months (fem.)
TPOOOAL0 forecourt
npocéABovpe  (we'll) attend

Tetrasyllabic

10EMOM

epéog
KaAon o

BopuPddn

ekhoyéag
TvoKido

tapadieg
TIHOpieg
VINPETEG
onuooieg

dopnpéva

VIKNUEV
YEOTOVOG

WOpoUEVN
KOVOQopo.

TpONYHEVN

PU

ideal beliefs

priest

benign

noisy (pl.
neutral)

elector
plate/sign

troubemakers

punishments
servants
meanings

structured

beaten (fem.)
agriculturist

sweaty (fem.)

coniferous

advanced
(fem.)

egomatm
EMTEAD
£onPiko

VTOKONG

mapaforn
emdpoun

EMPAVIG
TOAVTEAN
EMPPODV
VTOT®D

ovluyd

EPMHIKY
e€oyucég

HOVOIKN

PLAETIKDV

TopodIKoi

Ic

() deceive

(1) perform

adolescent
obedience
(fem., gen.)
parable
raid
prominent
luxurious
(pl., neutral)
influences
(gen)

underestimate

spousal (pl.)

deserted
rural

lonesome
(fem.)

racial (pl.,
gen.)
temporary

(pl.)
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éAvooue (we) send ovpyitt sparrow UELOD! three-part VIEPEPOY (they) Euplopéva shaved (pl., OpnvnTikod mournful
ot K omovptT P P £ (gen.) TEPEP suffered plop neutral) PV (neutral)
oTpEPOMaL (1) turn to GLOTHV® (1) introduce oQapKoi spherical Quyomovn shirker 01KOVOLOG housekeeper | vépavAKd hydraulics
olveon prudence TovTilouv (they) identify OKOTEWVNG dar;e(:e)m" ITOVIO tunic emParng passenger kopatoty  wavy (fem.)
, , (they) happen , (she'll) . . ,
xeipLoTog worst TUYAiVOLV to ovykpovobel collide YOUATIVO clay-made anodpaoelg escapes povopepng monomer

Notes. APU: Antepenultimate stress; PU: Penultimate stress; U: Ultimate stress. gen: genitive (possessive) case. femin.: feminine gender. neutral: neutral

gender, pl.: plural number.
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Table B. 4 List of the nonword stimuli used in Experiment 2 of Chapter 3.

Stress consistent

Stress inconsistent

Trisyllabic Tetrasyllabic Trisyllabic Tetrasyllabic
APU PU U APU PU U APU PU U APU PU U
Byaipape aTpoiKov ayyr0ovg a&ilaxe anopeiym oryyEOIKaL dApovog adpameL 0oKIoTPL avaxkpoen EYKLVUOPEL AKLVOCD
TYPOUES aproiov aKPIAO amipovn amoypdéet BonpnOei dotpumo apoipeg appoov €04puTog ektofdbo  yudoukeldg
dvopoy®v  aoTPieElg avTAn0ovg atoPnoa oroBnKng SKTVOUN dvKatng apVIY® OVIEPOVYV eEdT00V eEyEom EVOUETNG
EKTTOMOL  YMOTPAKELS acapn| Blombnke EPOTEVT evolkn Oovyacpov {nuedtovg OGKELEG EMOYIVO epnBikn exoppold
£pyovat EYKANUELG Baviotd Botéyete EVOUETOL eEemybo OpvtiKeg gyKheionet Oorm(el gpnuITo NTAONG Aew@oyol
Kpéooa nreivovg EMTOD Bavaotym emPrélo n&Bavn UTPOGTIKOL EKTTENELG IKPLOEL nAédama. nowiko o&vyold
Spiopot keCam KOUIQES EVOTNKO, empooet LTOALTOG TPMOIVOG Baupikng UTOVG®VOVV wayevev Oavapikeg mo&epevo
0éy1ot0g KOVUTAOL OYor®V 1opdovGeEeS HEMOES unyovipd GTIPOVPYOLVS yomvioTto TEGUEYNG kaBoywov  Bulatpikeg VITOPNKN
UTAEKEVOL Aavtlovpt TOSITOV EUVONYO0 VYOUEST Hovoypo ovupovpn TOAOVTONG OKPIUUEVN VOUAEIKNG HOVOYDA® VITOPEYD
K\eitopon Beoitng minEmBeig MyoOyEPOG KOGOVAKL  HVGOTOL00V poikeg yopikot TOVOETD nacybuvov  mopabilm YOKOPOVD
KAolapyo yeTpOVOE KpokAnOovv opoimpa KOGUNKEVO VONTIAO ATA®OKE avitot Bpatnon oAdTavE avepdoe POKIUO
YANTTOLUE EuyiCer KPOGLTEG HaveDTNKE palebéva ofoyevn Bévvaiog Sddypa. ypopfot oA o m ekeyéoe avvropTol
KkpooBeon otteiovg YEIGUIKOT HETAOMYN pelevaxt OLLOVOY® glotpattm dpooipe dpio1pong Bonpave ETITOVO yova&iopd
oKipave nmutldoeg otofmotovv  Enuépmie VELPLAY® opPovodd EKhenTELG EVYPUDOTEG Spopeva EMICAAL® evotaveiog  euyayng
OTLATYLO pEVTOVL GUTTOVT® Tavicyuen Eedutiow OpUNYIKA chpedeg UTPEKECOL gopapdg palépermv gygupéon nuieoi
oeNAato cuykpiéovv  ouvrnpovv TapESLE oopépog  cLpPaEKOG papevouvv oelfovpe KOVOGTPOG opé€aryog Copipopor  Kmpomoon
otévecbe Buvacelg GYOMUOG TOVTOPMUOL  OMUONEKL COPOTIYN péTpovvay TPOGTOVUE TOTNKE mapdlom Covtadeve oponkod
oei&ovton Onpnoovv talaybodv TOPEKEVON VIOYOA® VIEPYOUES To0pedag GKPWYVOVLE pobotoi nehdoeag  Enmoocovpe  molofacng
pAdOTEG vuvovpe QuTidoi VAdKOVGQ Qukevaoo YOPOYELD OTOAWOEL OTPOGINO TOLGTPLA toapicpeva efnudoe GOUVELIG
@povynon pwvilovv Owpioton VEDGOVUE op1loréog (PUKETIKO ypaumevol yMBéTan moumlovpng  vepdotovpe  yneilépor QUOTIAN

Notes. APU: Antepenultimate stress; PU: Penultimate stress; U: Ultimate stress. Stress consistent: Nonword is stressed on the same position as the real word
it was generated from. Stress inconsistent: Nonword is stressed on a different position than the real word it was generated from.
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Table B. 5 List of the stimuli used in Experiment 3 of Chapter 3.

Words
Nonwords
Verbs Adjectives
APU PU U APU PU U APU PU
aKoOVIoE aBpoilel AVNOLY® ayvootot aAyXONG aunpov Byaipope HeTadnyn aTpOikov appoiov ayyrBovg avTEPOVLV
Badioe OmOPAETE;  OMOGTATOOV  GTOLYTOG aKpoiog elmeig TYPOUUEG  QWVOTIUN apmaiov ooKeieg aKpILO OpPOLPES
Bartile Booilelg anwOel Gomoyvn aKpaiovg e€oyucég dvopoywv  apoKIo OCTPIPELG Bordlet ayyEOIKd, {nuevtovg
SiépyeTan exPaidet BonBovv EVTEYVEG ov0adng EPNUIKN EKTTOAOL vypiapfot YAMOTPNKE, —pmovcovovy  Ponpnbdet £YKpeLoTEL
€KOToEg exbét drokeig YOQTIKOL aPPmOELG gvoefav amipovn dpicpovg eyKApelg TEGUENG Bavictd Bopknc
£movTal eKADOLV dvotuyel dvoPatog yoraiovg poAlopoc | Piombnke dpdoeva, EMUKAET®D GKPUUUEVT gvolkn NToONG
epyaleote EMPIA® extelelg EUETPOG yortioleg onTég dpiciuot €0HOPOG emPooet TUVhET® e€emybm TOAOVTONG
€pyeote EMIGVPEL EKTEAEDTEL EUTELPOL yeloiovg povimytoi | B€yiotog KOVOOTPOG KOUUTTAUOL  OPOTOV®D OYOADV Yoot
gvhvvecat Ceotaivelg gvonuovv £umoTol Bopparéo 0peVoNg umhdkeoor  maumhovpng  Aavt{ovpt exoappolo TLS1POV LOVOY®A®D
guyopaoTay  myeital eEavtinOel £VaGTPOC BopvBadn mopodikol | KAeitopon avépace Eeduticm VITOVEP® mnémbeig oApovog
KpEPOOE WOpMVEL e€omoTm £vGToAOL KONUEVOG ToVNPOVG kohoiapyo  Copifopon yeTpovoe oAamdve KkpokAnBovv  actpimtod
VIPEMEDTE kaBapilw e€aokel EMKTNTN KOWVOTOHO GKEMOOTO yMTToope  evypovoteg  Euyilet ATPDOCTE KPOOITEG dvkotng
yevopot Eeprlmvel e€oprovv éuypnoto KovoOuplov  ouluyikd Kkpocbeom UTPEKEGOL otteiong Bevvaiog YeIGuKOL Oovyacpod
npocélbovpe  mnyalovv gvAoyoLV 166moca AaBpaiog GLVOQELG Enuécmoe  oelboupe mutlaoeg €10TPATT® otofmotovv  Ponpdve
TPOTEVOL TAOKDOGEL KOTOKTOVOV Kpioyovg HOVTEPVEG opoapkol OTATIIO TPAGTOVLLE VIOYOA® EKAEUTELG GLTOVT®D TpOVOG
céPovrtat TPOKPIVEL TPOTOVEL povomlevpn  owkeiog Tohunpot OTOAOLOL oKpoyvovpe ovykpiovv  voootovue cuvtnpovv GTUPOVPYOVG
OKEPTNKES TPOCUEVEL mpombel TPOLILOL OKOVOLOG TPUEAOVG otévecbe OTPOCULO Buvaéelg TOPELOLV GYOAMUOG cupfoupn
otélvovpe GLOTIV® GULYKIVEIG ciyovpovg ope&arog POVVIMTY| pei&ovran yAMPeTon 6npnoovv tpovoay taoyfovv nopodved
oTpEPOLLOL tavtiovv ovykpovahei  @AdTEYVOL  mOoKilovg QeUAETIKOV  VEDGOLPE  yYnmeipgoat pelevat mobpovog ofoyevn ekmelelg
ovveAde Tuyaivouy oLUVaVTAG YOUATIVO TEUTEANG XTECIVN epodymnon  dypuvol povifovv GTOADGEL Owpioton mopaldg

Notes. APU: Antepenultimate stress; PU: Penultimate stress; U: Ultimate stress. Materials are presented in lowercase in this table so that the orthographic
stress diacritics position can be apparent, but they were always presented to participants in uppercase in the experimental session.
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Table B. 6 Translations of the real-word stimuli used in Experiment 3 of Chapter 3.

Antepenultimate

aKoOvioe
Badioe
Bartile

Siépyetan
€KOTOEC
£émovton

epyaleote

é€pyeote

gvBvvecat

guyopacTay

KpELOoE

VIPEMEDTE

yevopot

npocéhbovpe

(she)
sharpened
(she)
walked
(she was)
baptising
(she) goes
through

(you) sat

(they)
follow

you (work)

(pl)

(you) come
(pl)

(you) are
responsible

(we used
to) wish

(she) hang

(you) are
ashamed
(pl)
(I'am)
tasting

(we will)
attend

Verbs
Penultimate
afpoilel (she) gathers
anoPAénelg  (you) aspire
Booilelg (you) base
ekPBaAdet she (emits)
exBétm () expose
gKADOVV (they)
release
eMPAAL®D (1) force
EMOVPEL (it) entails
Ceotaiverg  (you) warm
nyeiton (she) leads
1BpdveL (she) sweats
kabapito (1) clean
, (she)
Sepiover eradicates
. (they)
mydGovy originate

Ultimate
, (Iam)
avnovXe® worried
, (they)
ATOGTATOVV defect
a0 (she) pushes
away
Bonbovv (they) help
dloikeic (you)
command
, (she) is
SuoTvyEt miserable
ekTENElS (you)
perform
(she will
eKTEAEOTEL be)
executed
gvonpovv (1) reside
(she will
e&avtinOei get)
exhausted
g€omatd (1) deceive
e€aokel (Shg)
practices
, (they) pay
eEoprolv off
gvloyolv (they) bless

Antepenultimate

AyveooTol
amoryTog
domhoyvn
évteyveg
YooTIKO
dvoParog
ELHETPOG
éumepot

éumorol

€VOooTpOg

£VoTOAOL

EMiKTNTN

éuypnoto

160mocN

strangers

unbeaten

heartless
(fem.)
artistic
(fem., pl.)
of gypsy
origin (pl.)

rutty

rhyming

skilled (pl.)

trustworthy

(pl)
starry

wearing
uniform

(pl)

acquired
(fem.)

handy
(neutral)
of same
quantity
(neutal, pl.)

Adjectives
Penultimate
ayyddng stressful
aKpaiog blooming

, extreme (pl.,
aKpaiovg accus.)
ovBadng insolent
aPpdIELS foamy (pl.)

. azure (pl.,
yoAdCrovg accug))
yorioleg catlike
hoion ridiculous
¥ 5 (pl., accus.)
. brave
Bappaiéo (neutral)

] noisy (pl.,
Bopufoon neutral)
KONUEVog lamented

. pioneering
KOVOTOUO (neutral)

, new (pl.,

Kotvovplwv fem. gen.)
AoBpaiog smuggled

Ultimate
ayunpov  sharp (gen.)
, incomplete
eamel
: (0l
. rural (pl.,
e€oyucég fem.)
P deserted
P (fem.)
gvoefav pious (pl.,
gen.)
poAopdg hairy
p despised
wontes (pl., fem.)
. conniving
ovAwytoi
HovROX (0l
OOEVOD mountainous
P B (pl., accus.)
. temporary
TOPOSKOT
P (0l
, sneaky (pl.,
OV POLG accus.)
ETOGTO covered
ORETAOT (neutral)
. spousal (pl.,
ovCuyd neutral)
ouvagpeig  relevant (pl.)
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. m , (she will) , (they) , crucial (pl., . modern (pl., . spherical
npoTEWVA suggested TAOKACEL cover KOTOKTOOV conquer kplotpovg accus.) HOVTEPVEG fem.) opopKoi ®l)

. (they) , (she) , (she) ) one-sided , - , courageous
oéfovton respect npokpivel qualifies TPOTOVEL coaches povomAgvpn (fem.) otkelog familiar Tolunpoi ®l)

. ou . she . she ] remature . . , tripartite
OKEPTNKES th(g/ugf)n) TPOCUEVEL ant(icip;tes npowel p&ope)ls TPOLOL P ®l.) OLKOVOLLOG thrifty TPYLELOVG (gen.)
otéhvoupe (we) send ovotive (1) introduce CLYKIVEIG (you) affect | oiyovpoug Cer;g::rtljs()p 2 ope&atog hearty eovvtewty  bushy (fem.)
GTPEPOLLOL (1) turn tavtifouv i(gzhnet%?y oLYKpOLGHET (skga\;vslll) QUOTEYVOL dllat)tla)nte TOKIAOVG Vaggéﬁs(? = PLAETIKOV ra(;:r: ()pl.

(you) consisting ,
obverde recover ToYOivVOLV (they) GLVOVTOG (you) YOUATIVO of clay TEUTEANG lazy YTECIV yesterday’s
. happen (to) encounter (fem.)
(imper.) (neutral)

Note. pl.: plural number, fem.: feminine gender, neutral: neutral gender, accus.:

accusative case, gen.: genitive (possessive) case, imper.: imperative
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Table B. 7 Item-level measurements regarding response time and accuracy of all word stimuli used in the lexical decision Experiments
1 and 2 (involving polysyllabic items) in Chapter 3.

Ite

oipLol
aicOnon
altnpo
ayunpoi
KOO
OVAYKES
avapopd
avOpwmog
avBpodmovg
omdygv L
OTOdPAGELS
omoPAacelg
onoyelg
apya
aplOpog
aploTeEPA
apn
apYNYOS
opyIKA
0CPUADG
ATOALOVG
aQOPOvY

Stress  Frequency  Syllables
PU high 2
APU high 3
APU high 3
U low 3
PU high 3
PU high 3
U high 4
APU high 3
PU high 3
APU high 4
PU low 4
PU high 4
PU high 3
U high 2
U high 3
U high 4
U high 2
U high 3
U high 3
U high 3
APU low 3
U high 3

Response Accuracy
Time (ms) %
523 100
550 100
519 96.9
621 93.8
517 100
513 96.9
499 100
518 93.8
523 100
557 100
580 100
557 100
503 96.9
511 100
501 96.9
523 100
480 100
524 96.9
493 100
506 100
907 51.6
572 93.8

Uppercase

AIMA
AIZ®HXH
AITHMA
AIXMHPOI
AKOMA
ANATKEX
ANA®DOPA
ANGPQIIOXZ
ANGPQIIOYX
AIIOT'EYMA
AIIOAPAXEIX
ATIODAXEIX
AIIOYEIZ
APT'A
API®GMOZ
APIZTEPA
APXH
APXHI'OZ
APXIKA
AXOAANQEY
ATOAMOYZ
AD®OPOYN

Response  Accuracy

Time (ms) (%)
513 94
588 93.8
609 96.9
671 87.5
495 100
574 93.8
569 100
587 100
540 90.6
515 96.9
615 100
611 100
548 100
568 100
528 100
602 100
495 100
585 100
543 93.8
560 100
839 84.4
592 100
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Bappévol
Paen
Baow
Piog
Poag
o
BovAevtéc
Bpiokovtot
Booovo
yeyovota
Ye®@nOVOG
yewpyiag
yida
yivovrtot
yvabog
yvopilovv
6P
youo
YOpYOg
YOVOIK®V
YOp®
dedopéva
déKa
dMimdoelg
onuoéco
duhoyo
dlloTnuo

PU
U
PU
PU
PU
PU
U
APU
APU
PU
PU
PU
PU
APU
PU
PU
PU
PU
U
U
PU
PU
PU
PU
APU
APU
APU

low
low
low
low
low
low
high
high
low
high
low
high
low
high
low
high
low
low
low
high
high
high
high
high
high
high
high

A A DB ONPBEDNODNDNNMNDNODNODNPEPEPREOWWDNDNMNMNDNMNDNDDNDND W

594
590
563
655
656
702
528
540
680
508
605
552
638
596
616
618
601
590
608
550
650
524
547
528
498
561
545

100
80
90.6
96.9
81.2
90.3
100
96.9
96.9
100
96.9
100
100
96.9
96.9
100
90.3
87.1
90.6
100
93.8
100
96.9
100
100
100
100

BAMMENOI
BAOH
BADQ

BIOX
BOAX
BOAI
BOYAEYTEZ
BPIZKONTAI
BYZXINO
I'ETONOTA
I'EQITIONOX
I'EQPTIAX
I'TAA
I'INONTALI
I'NAGOZ

I'NQPIZOYN
I'OBA
I'OMA

I'OPTOX

I'YNAIKQN
I'YypPQ

AEAOMENA
AEKA

AHAQXEIX
AHMOZXIO
ATAAOI'O

ATAXTHMA

716
597
567
571
709
606
666
572
689
608
649
734
618
651
617
576
579
604
647
573
641
541
508
572
541
594
613

93.8
93.3
100
100
81.2
96.8
96.9
100
81.2
96.9
100
96.9
93.5
87.1
100
96.9
100
90
75
96.9
90
96.9
100
96.9
100
96.9
93.8
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owTaén
Siémovtan
dopnpéva
dvoTuyeic
dVGTLYOG
dvucpopel
eBoopdoa
gionong
glkoot
gloaywyn
€1000M 1oL
exPardret
eKelvog
exbéTo
eKAAELG
exhoyéng
EKTEVAG
EAK®
eMamelg
EUMETPOG
éumelpot
gvavtiov
£€vaoTpog
évvoln
évotolot
eEattiog
eCamatd

APU
APU
PU

C

C

PU
APU
APU

APU
PU
PU
PU
PU
PU

PU

APU
APU
PU
APU
APU
APU
PU

high
low
low
low
high
low
high
low
high
high
high
low
high
low
low
low
low
low
low
low
low
high
low
high
low
high
low

AR OWWWPRERWWWODNWPEWLWWWEPRROLOWOLODEDWWWESER™SED

603
772
740
624
496
612
519
627
570
550
519
667
513
533
616
616
555
617
624
720
612
563
687
574
606
531
614

96.9
87.5
84.4
96.9
96.9
87.5
100
90.6
100
100
100
96.9
100
100
90.6
78.1
100
87.5
96.9
75
90.6
100
87.5
96.9
90.6
100
100

AIATAZH
AIETIONTAI
AOMHMENA
AYETYXEIZ
AYZTYXOQX
AYXOOPEI
EBAOMAAA
EIAHZHX
EIKOZXI
EIZATQI'H
EIZOAHMA
EKBAAAEI
EKEINOX
EKG®ETQ
EKAAMVYEIZ
EKAOI'EAX
EKTENQX
EAKQ
EAAIIIEIZ
EMMETPOX
EMIIEIPOI
ENANTION
ENAXTPOX
ENNOIA
ENXTOAOI
EZAITIAX
EZAITATQ

641
902
738
677
531
715
565
701
652
599
574
623
591
577
671
721
661
642
792
776
581
671
752
637
624
658
808

96.9
65.6
90.6
93.8
100
100
100
935
87.5
93.8
100
87.5
100
96.8
90.6
90.6
96.9
100
84.4
71.9
100
84.4
81.2
93.8
87.5
83.9
83.9
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PU
PU
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low
low
low
low
low
high
low
high
high
low
low
high
high
low
high
low
high
low
high
low
low
low
high
high
low
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534
560
673
636
649
527
538
535
766
537
507
730
7
539
511
622
508
532
527
570
523
495
545
606
542
651
611

100
100
90.6
96.9
100
100
100
96.9
93.5
100
100
90.6
75
96.9
96.9
100
100
96.9
100
100
100
100
96.9
100
96.9
100
93.8
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EEQAIKO
EZQOYAAA
EIIEAEEA
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EITNIAPOMH
EINIOEXH
EINIKTHTH
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EINIIIAH=EH
EITIPPOQN
EINIZKEYH
EIIZXTOAH
EIIITEAQ
EINITPOITH
EINIOANHX
EITOMENQX
EPAXTHX
EPI'AXIEX
EPI'ATHX
EPHMIKH
EPY®POX
EPXONTAI
EXTEIAE
EYIIPEIIQX

653
668
677
649
789
609
586
574
810
524
572
771
877
523
560
666
577
613
585
632
636
625
624
711
555
657
708

935
78.1
90.6
100
77.4
100
100
96.9
77.4
96.9
100
96.9
84.4
100
100
96.9
96.9
96.9
100
100
96.9
96.9
96.9
96.9
96.9
100
93.8
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PU
PU
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high
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high
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610
527
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542
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502
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534
742
609
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816
653
664
593
538
570
732
761
574
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96.9
96.8
90.6
100
100
96.9
100
100
100
100
100
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84.4
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71.9
62.5
90.6
96.9
96.9
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93.8
71.9
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623
607
638
535
715
591
578
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581
475
544
495
783
737
806
830
649
664
652
605
659
769
821
616
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84.4
100
100
100
96.9
100
90.6
96.9
96.9
96.9
100
100
100
100
87.5
93.8
64.5
62.5
80.6
96.9
93.8
90.6
93.8
84.4
78.1
96.9
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U
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high
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high
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high
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high
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572
544
567
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507
732
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527
607
561
581
577
590
548
670
564
519
671
541
738
588
654
722
614
736
596

96.9
96.9
100
86.7
100
100
96.8
100
100
96.8
96.9
96.9
87.5
100
100
93.8
96.8
100
84.4
96.9
96.9
87.5
93.8
96.9
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78.1
96.9
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KOINQNIKH
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KONOOOPA
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511
644
613
752
584
534
738
502
616
749
606
619
582
701
578
672
604
585
701
647
772
616
694
835
628
831
647

97
100
96.9
80.6
96.9
93.8
96.9
100
81.2
84.4
96.8
90.6

94
96.9
96.9
78.1
100
96.9
87.1
96.9
90.6
87.5
90.6
65.6
96.8
78.1
96.9
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748
651
542
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493
806
572
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540
624
503
671
595
646
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513
495
588
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539

96.9
93.8
84.4
93.8
71.9
77.4
100
96.9
100
100
90.6
100
93.8
100
96.9
100
100
90.6
100
100
90.6
100
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90.6
100
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100

AEZH
AI'OTEPO
AITH
MAZI
MAMH
MAXH
MEAAON
META
METAEY
META®OPA
METOIKOI
MIAQNTAX
MIZHTEX
MONAAIKH
MONAXIKH
MONOMEPHX
MOYZIKHX
MIIEPEX
MIIOPOYXZAN
MYAI
NEOTHTA
NEPO
NHXI
NIKHMENH
NQPITEPA
EANA
ZEKINHXE
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550
744
685
485
511
607
550
783
655
726
570
584
668
583
654
576
546
633
490
537
678
571
521
675

97
100
71.9
100
67.7

87
100
96.9
93.8
100
78.1
87.5
78.1
100
90.6
100
100
80.6
100
90.6
100
100
100
96.9
100
100
96.9
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low
low
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low
high
low
low
low
high
high
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high
high
high
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low
high
high
high
high
low
high
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low
high
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551
687
658
582
598
500
598
663
551
519
556
707
559
530
603
647
521
531
542
493
563
654
523
662
594
658
616

96.9
76.7
90.6
100
100
100
100
87.1
90.6
96.9
100
87.1
100
100
93.8
96.9
100
100
100
100
100
93.8
100
96.9
96.9
96.9
93.8
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[TATQ
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537
767
674
649
631
611
629
654
599
589
632
869
640
625
609
610
593
593
569
569
614
735
571
690
634
720
714

97
78.1
96.9
93.8
100
100
93.8
71.9

90
100
96.9

75
100
96.9
71.9
96.9
100
96.9
100
100
96.9
87.5
100
93.8
90.6
74.2
96.9
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531
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572
548
610
530
564
562
568
513
543
613
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93.8
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96.9
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96.9
87.5
67.7
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96.9
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96.9
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93.8
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90.6
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565
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526
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663
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658
743
553
581
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635
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617
535
715
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689
572
544
597
728

96.9
100
96.8
100
93.8
100
100
96.8
96.8
100
90.6
74.2
100
93.8
60
90.6
96.9
90.6
94
100
96.9
96.9
96.9
96.9
100
96.9
87.5
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563
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503
490
643
721
683
603
516
623

100
96.9
93.8
93.8
96.9
100
100
100
100
100
93.8
93.8
100
90.6
75.9
93.8
93.8
100
100
100
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87.5
93.8
96.9
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96.9
96.9
93.8
100
96.9
100
100
100
100
90.6
100
90.6
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93.8
87.1
100
93.5
100
96.9
93.8
93.8
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93.8
96.9
93.8
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high
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582
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524
493
652
525
498
635
580
522
586
504
558
632
597
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96.9
100
100
100
90.3
75
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96.9
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93.8
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566
540
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615
736
538
619
673
500
550
640
627
534
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591
668
566
610
739
604
595
672
554
629

83.9
87.5
100
100
93.8
90.6
84.4
96.9
96.9
93.8
96.9
93.8
87.5
100
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93.8
100
100
96.9
100
93.8
71.9
84.4
96.9
90.6
100
87.5
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538
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566
533
590
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660
644
638
808
742
515
652
489
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542
802
597
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610
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647

100
100
100
96.9
100
100
100
100
93.8
83.9
93.8
81.2
84.4
100
87.1
100
100
90.6
100
93.8
65.6
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100
87.5
100
96.9
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XEIPIZETOZ
XEPI
XIAIAAEX
XITQNIO
XAQPOZ
XTEZINH
XOMATINO
XQPA
YAATHX
YIAH

502
620
656
617
722
616
612
571
683
680
666
813
795
508
704
563
573
800
477
589
904
557
616
734
538
529
735

100
100
96.8
96.9
96.9
100
96.9
93.8
90.3
71.9
84.4
73.3
84.4
100
74.2
100
100
80.6
100
100
65.6
96.9
96.9
84.4
100
100
93.8
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Yoy U high 2 490 96.9 YYXH 501 100
Notes. APU: Antepenultimate stress; PU: Penultimate stress; U: Ultimate stress. The first Response Time (ms) and Accuracy (%)
measurements presented in the table correspond to the lowercase items and the subsequent columns to the uppercase items. In the
experimental sessions, all items in this table were presented for 500 ms and then disappeared from screen regardless of whether

participants had input a response by the end of this period or not.
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Table B. 8 Item-level measurements regarding response time and accuracy of all nonword stimuli used in

the lexical decision Experiment 1 (involving polysyllabic items) in Chapter 3.

Item Stress  Syllables

opa. final 2
apCi final 2
apte  prefinal 2
Baog  prefinal 2
Bormi final 2
Biro  prefinal 2
Poxn final 2
Bove  prefinal 2
Y final 2
yvapods  final 2
yoxn  prefinal 2
yom  prefinal 2
yoptig  final 2
yota  prefinal 2
OEAD final 2
Cava final 2
Copd final 2
Oeld final 2
Bevn final 2
0éym prefinal 2
onin final 2
OmBa  prefinal 2
Kayd final 2
Ko final 2
kapn  prefinal 2
Kaprer  prefinal 2
kaow  prefinal 2
k€dn  prefinal 2
KiGo final 2
kifo prefinal 2
koot prefinal 2
kova  prefinal 2
Mta  prefinal 2
Moo prefinal 2
uéro  prefinal 2
Hop® final 2
paen  prefinal 2
uérdov  prefinal 2
pépo  prefinal 2
unéyog  prefinal 2

Response Accuracy
Time (ms) %
674 100
837 84.4
621 90.3
653 96.9
800 87.5
616 100
654 100
616 100
607 96.9
757 90.6
608 96.9
661 90.6
737 77.4
614 100
801 84.4
654 96.9
746 100
723 96.9
708 100
654 93.8
666 96.9
640 100
640 100
785 93.3
644 100
686 96.8
601 100
666 96.9
639 90.3
732 96.9
679 100
653 96.9
660 96.9
684 90.6
652 96.9
659 100
712 96.9
671 96.9
627 100
662 100

Lowercase

AIPA
APZI
APTE
BAOZ
BAIII
BIAQ
BOKH
BONQ
I'TAH
I'NAPOZ
I'OKH
o1
I'OPTHX
I'YTA
AEAY
ZANQ
ZQPA
OEAA
OENH
OEXH
®HZH
OOQBA
KAT'A
KAMH
KABH
KAPIIEI
KAXQ
KEAH
KIZQ
KI®O
KOAI
KONA
AETA
AIAA
MAAQ
MAPQ
MA®H
MEAAON
MEMA
MIIET'OX

Response  Accuracy

Time (ms) (%)
773 90.3
739 79.3
659 90.6
608 96.9
788 71
631 96.9
601 100
655 96.9
652 100
806 87.5
591 100
679 90.6
731 87.1
635 100
854 62.1
613 100
666 90.6
722 93.8
721 93.8
693 93.8
675 93.8
661 96.9
621 96.8
744 80.6
632 100
690 93.5
632 100
653 93.8
611 100
694 96.8
671 100
681 96.9
683 96.8
790 92.9
643 93.8
670 100
730 87.5
773 87.5
613 100
712 96.9
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pwoun  prefinal 2 716 100 MYMH 742 93.8
vépo  prefinal 2 663 84.4 NEMA 730 77.4
vipa.  prefinal 2 689 100 NHPA 686 96.9
vopi final 2 771 90.3 NOPI 734 71.9
capa final 2 648 96.9 EAPA 742 87.5
Eéon  prefinal 2 657 90.6 EEXZH 661 96.9
Eutd final 2 826 80 EYTQ 953 71.9
opmi final 2 817 56.7 OPITH 844 62.5
optt  prefinal 2 686 96.9 OPTI 693 77.4
noCo final 2 697 96.9 ITAZQ 747 96.9
maxo  prefinal 2 633 93.8 I[TAKA 760 84.4
népo  prefinal 2 669 100 ITIEMA 716 93.5
mmpi final 2 687 96.8 ITHPI 717 96.9
mpo final 2 709 90.6 ITHPQ 756 96.9
mpd final 2 697 100 ITIPA 744 80
mo&r final 2 720 41.9 ITO=EH 713 93.8
ToT final 2 786 87.5 I[IOTH 818 72.4
mpédov  prefinal 2 665 96.9 [TPEAON 700 100
poAi final 2 725 96.9 POAI 758 78.1
otyn  prefinal 2 642 100 2IXH 679 96.8
oTog final 2 693 96.9 2TIIIOZ 701 96.9
oyeyun final 2 658 100 2XEI'MH 647 93.5
ThAO prefinal 2 616 96.8 TAAO 614 96.8
évm prefinal 2 597 100 TANH 634 96.9
TiKa prefinal 2 591 96.9 TIKA 596 100
Topl final 2 646 96.9 TOPI 701 90.3
TPOOIA final 2 723 96.9 TPOAIA 702 96.9
TOP® final 2 732 96.9 TQPQ 697 93.8
QoA final 2 673 96.9 DAAA 652 96.9
(o final 2 660 96.9 ®OITH 683 93.8
poppic  final 2 799 71 ®OPPIZ 721 87.5
olata)] final 2 686 93.8 OQEH 662 93.8
xokw  prefinal 2 586 100 XAKQ 669 96.9
yorrt final 2 724 96.9 XATI 755 93.8
XEPO final 2 718 100 XEPO 704 90.6
xAotog  prefinal 2 760 87.5 XAQTOX 765 77.4
x®0e  prefinal 2 681 41.9 XQOE 706 25.8
yaAbog  prefinal 2 708 90.6 YAABGOX 725 90.6
Yipm final 2 827 77.4 YIDQ 714 84.4
yoor  prefinal 2 716 96.9 YYZI 697 93.5

Notes. The first Response Time (ms) and Accuracy (%) measurements presented in the table correspond
to the lowercase items and the subsequent columns to the uppercase items. In the experimental sessions,
all items in this table were presented for 500 ms and then disappeared from screen regardless of whether
participants had input a response by the end of this period or not. Nonword items from Experiment 2 of

Chapter 3 are not presented as they were not systematically measured and analysed.
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Table B. 9 Item-level measurements regarding response time and accuracy of all word stimuli
used in the lexical decision Experiment 3 in Chapter 3.

Item Stress  Frequency Syllables TRi_p_enieo[nmsSe: Accuracy (%)
ATNQXTOI APU low 3 860 86.4
ATXQAHX PU low 3 829 81.8
AGPOIZEI PU low 3 805 90.9

AIXMHPOY U low 3 576 100
AKMAIOX PU low 3 719 90.9
AKONIZE APU low 4 701 100

AKPAIOYX PU low 3 904 81.8
ANHXZYXQ U low 4 682 100

ATIAIXTOX APU low 3 716 90.9

AITIOBAEIIEIX PU low 4 803 90.9
AIIOZTATOYN U low 4 732 100
AITQOEI U low 3 894 95.5

AZIIAAXNH APU low 3 818 90.9
AYO®AAHX PU low 3 840 86.4
ADPQAEIX PU low 3 894 81.8

BAAIZE APU low 3 672 100
BAIITIZE APU low 3 705 100
BAXIZEIX PU low 3 555 100
BOHOOYN U low 3 687 100

T'AAAZIOYZX PU low 3 681 100

I'ATIZIEX PU low 3 715 81.8
I'EAOIOYX PU low 3 583 100
I'EYOMALI APU low 3 898 95.5
I'YOTIKA APU low 3 584 100

AIEPXETAI APU low 4 832 95.5
AIOIKEIZ U low 3 937 90.9

AYXBATOX APU low 3 172 95.5
AYXZTYXEI U low 3 824 955
EKATXEX APU low 3 660 100

EKBAAAEI PU low 3 734 90.9

EKOETQ PU low 3 712 95.5
EKAYOYN PU low 3 913 95.5
EKTEAEIX U low 3 653 100
EKTEAEXTEI U low 4 777 95.5
EAAIIIEIZ U low 3 874 100

EMMETPOX APU low 3 812 86.4
EMIIEIPOI APU low 3 677 100
EMIIIXTOI APU low 3 677 100

ENAXTPOX APU low 3 803 95.5

ENAHMOYN U low 3 935 81.8

ENZTOAOI APU low 3 867 86.4
ENTEXNEX APU low 3 743 86.4
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EEANTAHG®EI
EZAITATQ
E=AXKEI
EZOPAOYN
EEOXIKEX
EITIBAAAQ
EINIKTHTH
EINIXYPEI
EIIONTAI
EPI'AZEXTE
EPHMIKH
EPXEXTE
EY®YNEXAI
EYAOI'OYN
EYZEBQN
EYXOMAZTAN
EYXPHXTO
ZEXTAINEIZ
HI'EITAI
OAPPAAEO
OOPYBQAH
IAPQNEI
[ZOIIOZA
KAHMENOZX
KA®APIZQ
KAINOTOMO
KAINOYPIQN
KATAKTOYN
KPEMAZXE
KPIZIMOYZ
AAGPAIOX
MAAAIAPOZ
MIZHTEX
MONOITAEYPH
MONTEPNEX
MOYAQXTOI
NTPEIIEXTE
EEPIZONEI
OIKEIOZ
OIKONOMOZX
OPEINOYZX
OPEEATOX
ITAPOAIKOI
I[TH'AZOYN
[NAAKQXEI
[NOIKIAOYX

cCcccc

APU
APU

APU
APU
U
U
APU
APU
PU
PU
PU
PU
PU
APU
PU
PU
PU
PU
U
APU
APU
PU
U
U
APU
PU
U
APU
PU
PU
PU
U
PU
U
PU
PU
PU

low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low

Wwwrprp,owbrbhowrbowuwowuwowrowouwowowowowwprbrprhowuprowupsrprrhowuowowrowuowprowuprbrowprhrprprproowowowpsr>s

662
643
790
682
788
826
981
880
749
819
773
734
936
864
835
985
872
680
841
790
814
652
779
789
811
763
651
851
640
832
878
866
741
1045
571
976
724
770
768
729
659
733
855
882
624
734

95.5
95.5
90.9
100
90.9
95.5
81.8
95.5
100
95.5
86.4
81.8
95.5
81.8
81.8
95.5
95.5
100
95.5
90.9
90.9
100
100
86.4
95.5
86.4
100
95.5
100
95.5
86.4
95.5
100
81.8
100
86.4
90.9
95.5
95.5
90.9
100
90.9
95.5
95.5
100
90.9
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IIONHPOYX U low 3 690 100
ITPOKPINEI PU low 3 636 100
ITPOITIONEI U low 3 688 95.5
ITIPOZEAGOYME  APU low 4 948 81.8
TTPOXMENEI PU low 3 657 100
IMPOTEINA APU low 3 647 95.5
IMTPOQOEI U low 3 978 81.8
IMPQIMOI APU low 3 825 81.8
2EBONTAI APU low 3 842 95.5
SI'OYPOYZ APU low 3 625 100
2KEITAXTO U low 3 902 86.4
SKEOTHKEX APU low 3 824 95.5
STEANOYME APU low 3 719 95.5
STPEOOMALI APU low 3 824 90.9
2YTKINEIX U low 3 870 955
2YIT'KPOYZX®EI U low 3 914 95.5
2YZYTIKA U low 4 928 90.9
SYNANTAX U low 3 736 100
2YNAO®EIX U low 3 872 86.4
SYNEAGE APU low 3 940 95.5
2YXTHNQ PU low 3 624 100
XOAIPIKOI U low 3 756 100
TAYTIZOYN PU low 3 758 100
TEMIIEAHX PU low 3 656 95.5
TOAMHPOI U low 3 647 100
TPIMEAOYZX U low 3 902 81.8
TYXAINOYN PU low 3 757 100
OIAOTEXNOI APU low 4 949 81.8
OOYNTQTH U low 3 851 955
OYAETIKON U low 4 807 90.9
XTEXINH U low 3 662 100
XOMATINO APU low 3 762 100

Notes. In the experimental session, all items in this table were presented on screen until
participants input a response. Nonword items from Experiment 3 of Chapter 3 are not presented
as they were not systematically measured and analysed. In the same experiment, stimuli were
only presented on uppercase, hence the absence of lowercase measurements on this table.
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Appendix C - Experimental materials used in Chapter 5

Table C. 1 List of the stimuli used in both Experiment 1 and Experiment 2 of Chapter 5.

Minimal pairs Disyllabic baselines
) ) ) ) Monosyllabic filler words
Prefinal Final Prefinal Final
dominant dominant  stress stress

annex affect annum afraid angst aisles aired choice
compound combine comrade commend clinched checked cleanse cramped
conflict ~ complex concrete compare clothes cracked claimed chopped
contest  construct context  connect crashed classed charged climbed
contract convert  constant  confirm crossed chipped cleared cleaned
default dictate  deepest  disgust drought drained  drawers  drilled
desert discard dentist diffuse dreams draught drowned ditched
discount  discharge district  dispatch strapped drenched dressed dragged
fragment  exploit  fracture  extinct freight weighed  freaked wrecked
impact extract  impulse  explode missed springs  leagues whipped
incense impress injure improve clamped trapped  stocked dropped
instinct invite inkling indulge strengths stepped  tricked  plucked
insult produce insect prolong weighs planned  starred prepped
mandate recall mansion  redeem matched rolled threats risked
misprint refresh ~ mistress  reflect screened reigned  switched reached
perfect refuse person regard pleased ripped picked rounds
project reject product relate stopped robbed  pressed  rocked
rebel reprint relish repent roast realms roped racked
replay torment reflex terrain ranked thrived rammed thieves
retail update reason uphold rained blocked raised  snowed

Note. Prefinal dominant: minimal pairs whose entry with stress on the prefinal syllable has
a higher frequency than the entry with stress on the final in SUBTLEX-UK (van Heuven,
Mandera, & Keuleers, 2014). Final dominant: minimal pairs whose entry with stress on the
final syllable has a higher frequency than the entry with stress on the prefinal in
SUBTLEX-UK.
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Table C. 2 Item-level measurements regarding response time and accuracy of all
word stimuli used in the readind aloud Experiment 1 in Chapter 5.

Item

affect
afraid
annex
annum
combine
commend
compare
complex
compound
comrade
concrete
confirm
conflict
connect
constant
construct
contest
context
contract
convert
deepest
default
dentist
desert
dictate
diffuse
discard
discharge
discount
disgust
dispatch
district
explode
exploit
extinct
extract
fracture
fragment
impact
impress
improve
impulse

Type

minimal pair
baseline
minimal pair
baseline
minimal pair
baseline
baseline
minimal pair
minimal pair
baseline
baseline
baseline
minimal pair
baseline
baseline
minimal pair
minimal pair
baseline
minimal pair
minimal pair
baseline
minimal pair
baseline
minimal pair
minimal pair
baseline
minimal pair
minimal pair
minimal pair
baseline
baseline
baseline
baseline
minimal pair
baseline
minimal pair
baseline
minimal pair
minimal pair
minimal pair
baseline
baseline

Stress

final
final
prefinal
prefinal
final
final
final
final
prefinal
prefinal
prefinal
final
prefinal
final
prefinal
final
prefinal
prefinal
prefinal
final
prefinal
prefinal
prefinal
prefinal
final
final
final
final
prefinal
final
final
prefinal
final
final
final
final
prefinal
prefinal
prefinal
final
final
prefinal

Response
Time (ms)

509
483
548
571
494
578
468
499
501
554
496
503
508
498
514
545
479
523
503
513
598
544
565
561
604
518
518
515
526
501
525
543
493
494
532
505
545
525
494
499
465
502

Accuracy

(%)
96.7
100
96.4
89.3
100
92.6
100
100
100
58.6
100
100
100
100
100
100
96.7
96.7
100
96.7
96.6
100
100
92.3
96.4
100
100
96.7
96.6
100
100
92.6
96.7
96.7
83.3
100
96.4
100
100
100
100
100
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incense
indulge
injure
inkling
insect
instinct
insult
invite
mandate
mansion
misprint
mistress
perfect
person
produce
product
project
prolong
reason
rebel
recall
redeem
reflect
reflex
refresh
refuse
regard
reject
relate
relish
repent
replay
reprint
retail
terrain
torment
update
uphold

minimal pair
baseline
baseline
baseline
baseline
minimal pair
minimal pair
minimal pair
minimal pair
baseline
minimal pair
baseline
minimal pair
baseline
minimal pair
baseline
minimal pair
baseline
baseline
minimal pair
minimal pair
baseline
baseline
baseline
minimal pair
minimal pair
baseline
minimal pair
baseline
baseline
baseline
minimal pair
minimal pair
minimal pair
baseline
minimal pair
minimal pair
baseline

prefinal
final
prefinal
prefinal
prefinal
prefinal
prefinal
final
prefinal
prefinal
prefinal
prefinal
prefinal
prefinal
final
prefinal
prefinal
final
prefinal
prefinal
final
final
final
prefinal
final
final
final
final
final
prefinal
final
prefinal
final
prefinal
final
final
final
final

569
510
515
552
522
497
482
487
546
519
543
525
516
491
539
530
542
541
493
506
495
515
515
515
506
475
491
510
504
546
565
508
561
532
555
514
478
532

92.6
96.6
100
100
100
93.1
100
100
100
100
96.7
96.6
100
100
93.3
96.6
96.7
100
100
96.7
96.7
100
100
96.7
96.6
100
100
96.6
100
93.1
96.7
96.7
96.7
100
96.6
96.6
100
100

Notes. In minimal pairs, final or prefinal stress indicates the dominant stress position of
each orthographic form, i.e. the phonological version of each form with the highest
frequency between the two. In the experimental session, all items in this table were

presented on screen until participants initiated their response. Monosyllabic items are not
presented as they were not systematically measured and analysed. In the same experiment,
stimuli were only presented on lowercase, hence the absence of uppercase measurements

on this table.
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Appendix D - Outputs of computational simulations discussed in Chapter 5 and Chapter 6

Table D. 1 List of the minimal pairs present in the lexicon of CDP++ (Perry, Ziegler, & Zorzi, 2010), the stress position of each entry, the output of the TLA
nodes, the final output of the model, and the congruency between the two. All entries were considered in the first step of Simulation 1 in Chapter 5 whereas

only the incongruent ones were considered in the second phase of analysis.

Output
Stress Freq Stress Freq Cum. Cycles TLA TLA TLA Output Output str_ep_ss

Word (A) (A) (B) (B) freq. 1 2 output nodel node?2 position Congruent
absent 1 16 2 235 251 78 0.328 0.661 2 0.076  0.103 2 YES
addict 2 25 1 0 25 98 0.848 0.203 1 0.427 0.073 1 YES
addicts 1 39 2 0 39 99 0.854 0.196 1 0.321 0.077 1 YES
affix 1 0 2 4 4 87 0.89 0.126 1 0.398 0.008 1 YES
allied 1 50 2 436 486 79 0.747 0.26 1 0.115 0.088 1 YES
allies 2 356 1 7 363 79 0.837 0.177 1 0.109 0.087 1 YES
alloy 1 24 2 0 24 81 0.633 0.381 1 0.228 0.12 1 YES
alloys 1 15 2 0 15 86 0.476 0.507 2 0.143 0.134 1 NO
ally 2 96 1 28 124 78 0.943 0.091 1 0.445 0.019 1 YES
annex 1 8 2 36 36 83 0.869 0.15 1 0.338 0.017 1 YES
august 1 19 2 940 959 195 0.648 0.303 1 0.411 0.087 1 YES
collect 1 0 2 468 468 144 0.779 0.238 1 0.58  0.091 1 YES
collects 1 2 2 51 53 182 0.787 0.23 1 0.542  0.059 1 YES
combine 1 54 2 244 298 118 0.551 0.447 1 0.478 0.175 1 YES
combines 2 16 1 72 88 156 0.564 0.436 1 0.373 0.181 1 YES
commune 2 98 1 4 102 98 0.339 0.627 2 0.159 0.228 2 YES
communes 2 75 1 0 75 153 0.351 0.617 2 0.165 0.386 2 YES
compact 2 39 1 110 149 112 0.457 0.512 2 0.408 0.197 1 NO
compacts 2 5 1 0 5 125 0.47 0.501 2 0.31 0.28 1 NO
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compound
compounds
compress
concert
concerts
conduct
confab
confabs
confines
conflict
conflicts
conjunct
conjure
conjured
conjures
conscript
conscripts
console
consoles
construct
constructs
content
contents
contest
contests
contract
contracts

P P NNDNDNPEFEPNNPRPRPPDNMNNMNMNNNDMNNNMNNNERPPRPEPRPNMNMPEPERERPNMNMNNNDMNNEDND

214
161

272
98
278

834
175

16
15
13

15
34

148
15
590
366
164
42
538
214

NNERPRPNMNRPRPRPNNMNNNRPRRPRPRPRNMNNNNNRPRPRPNNNNRRRERNPR

394

36

72
14

238
175
30
272
98
422

71
890
186

16
15
13

15
74

173
26
984
373
200
45
610
228

99
229
153

88
148

84

91

93

88

82
107

99

90
216

99

95

97

90
161

84
109

92
147
110
146

72

80

0.193
0.201
0.269
0.886
0.899
0.6
0.509
0.543
0.286
0.811
0.524
0.435
0.543
0.215
0.577
0.612
0.612
0.314
0.325
0.773
0.278
0.747
0.756
0.783
0.791
0.899
0.796

0.767
0.758
0.691
0.141
0.125
0.423
0.504
0.469
0.686
0.234
0.496
0.588
0.463
0.765
0.428
0.445
0.445
0.655
0.644
0.281
0.713
0.253
0.244
0.225
0.217
0.123
0.217

P PP RPRPRPNMRPNMNNRPRPRPNMNRNNMNRPRPRPNRRRRERNDNDN

0.211
0.064
0.093
0.104
0.577
0.1
0.19
0.134
0.102
0.179
0.249
0.105
0.098
0.031
0.099
0.104
0.103
0.122
0.158
0.146
0.221
0.28
0.618
0.509
0.58
0.102
0.1

0.099
0.486
0.599
0.099
0.066
0.077
0.168
0.1
0.061
0.05
0.053
0.074
0.103
0.591
0.105
0.044
0.058
0.113
0.373
0.048
0.049
0.079
0.057
0.085
0.073
0.052
0.059

P PR RPRPRPRPEPNRPPRPNMNNMNRPRPRPRPRPREPRPRERLRNONLEPR

NO
YES
YES
YES
YES
YES
YES
YES

NO
YES
YES

NO

NO
YES

NO
YES
YES

NO
YES
YES

NO
YES
YES
YES
YES
YES
YES
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contrast
contrasts
converse
convert
converts
convict
convicts
decoy
decoys
defect
defects
defile
defiles
desert
deserts
digest
digests

entrance
escort

escorts
excess
exploit
exploits
export
exports
extract
extracts

729
38
20
31
32
16
15
13
14
72

131

666
69
12

842
114

24
165
13
35
225
181
105
47

NP NMNEFPEFPNMNENMNENMNNMNMNMNENMNMMMNNDNMNRERPRPRPRPERENNENEREREDN

104

745
72
56

199
59
44
15
17
14
80

134
14

694
79
72

842
142

24
305
229

50
273
188
209

56

72
89
90
88
91
115
98
81
85
136
129
82
90
78
139
110
95

203
80

90
80
95
164
100
178
86
124

0.899
0.532
0.378
0.779
0.801
0.56
0.573
0.451
0.302
0.229
0.238
0.162
0.17
0.572
0.605
0.641
0.652

0.21
0.092

0.104
0.351
0.505
0.539
0.219
0.243
0.198
0.206

0.123
0.442
0.636
0.265
0.238
0.455
0.444
0.578
0.696
0.74
0.731
0.794
0.786
0.439
0.404
0.374
0.364

0.713
0.868

0.851
0.652
0.554
0.519
0.764
0.738
0.777
0.769

N DN DNEDNNNPNNDNPEPRPRPERPERPNMNNNMNNNDNNNDNMNNNERPRPRPRRERNPREPE

0.102
0.103
0.101
0.116
0.101
0.462
0.111
0.151
0.087
0.056
0.082
0.054
0.061
0.113
0.389
0.382
0.164

0.102
0.08

0.087
0.103
0.183
0.295
0.119
0.08
0.102
0.146

0.052
0.064
0.064
0.085
0.067
0.166
0.077
0.203
0.177
0.617
0.605
0.141
0.111
0.082
0.178
0.229
0.132

0.398
0.114

0.105
0.107
0.177
0.239
0.409
0.472
0.054
0.439

NFRPNNREPRPNMNNNMNNRPRRPRPRNMNNMNNMNNMNNNNRRRRERRPRER

YES
YES
NO
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES

YES
YES
NO
YES
YES
YES
NO
YES
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ferment
fragment
fragments
frequent
inland
minute
niger
object
objects
perfect
perfects
perfume
perfumes
permit
permits
pervert
perverts
premise
premiss
present
presents
proceeds
process
processed
produce
project
projects

P P P FRPPFPPFPEFEPNMNNNMNNNMNNNPRPRPEPNMNEPEDNMNNMNNMNENMNNDNNDNNNDNNDNDDND

29
100
282

134
1321

1008
851
24

116
28
70
25
10

72
72
536
121
70
2631
10
147
798
441

N NOMNNMNNMNNMNNRPRRPERPNNMNNMNRERNRRPRPRNNRRRERRERPR

16 45
12 112
0 282
396 404
78 212
304 1625
9 12
288 1296
0 851
1131 1155
7 9
4 120
0 28
248 318
79 104
8 18
1 8
0 72
0 72
3850 4386
215 336
70 140
56 2687
95 105
1692 1839
152 950
18 459

88
82
88
169
155
163
140
208
224
198
186
86
99
79
88
89
98
231
183
101
87
94
73
97
70
88
81

0.855
0.998
0.993
0.786
0.395
0.55
0.992
0.28
0.29
0.62
0.632
0.281
0.291
0.914
0.924
0.874
0.889
0.548
0.666
0.606
0.606
0.169
0.948
0.242
0.935
0.733
0.733

0.165
0.005
0.017
0.245
0.566
0.427
0.019
0.703
0.693
0.384
0.373
0.682
0.673
0.099
0.087
0.154
0.136
0.437
0.334
0.393
0.393
0.798
0.072
0.72
0.085
0.28
0.28

P PP NP NRPRPRRPRPRPRPRPREPNNMRPRPNNNRPRRNRRERPR

0.107
0.063
0.073
0.225
0.163
0.295
0.659
0.062
0.037
0.444
0.44
0.1
0.107
0.121
0.111
0.119
0.106
0.293
0.446
0.393
0.101
0.09
0.101
0.088
0.064
0.202
0.101

0.063
0.105
0.112
0.424
0.336
0.19

0.472
0.555
0.082
0.093
0.061
0.103
0.083
0.077
0.055
0.056
0.129
0.087
0.101
0.081
0.102
0.072
0.101
0.1
0.068
0.07

P PNNNRPNRPRPPRPRPPRPRPRPREPRPRPEPRPNNMNEPEPNNMNNNDNLPR

YES
NO
NO
NO

YES

YES

YES

YES

YES

YES

YES
NO
NO

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES
NO

YES

YES
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prospect 2 539 1 0 539 82 0.906 0.122 1 0.076  0.118 2 NO
prospects 2 302 1 0 302 131 0.712 0.309 1 0.486 0.138 1 YES
protest 2 521 1 100 621 94 0.872 0.14 1 0.303  0.077 1 YES
protests 1 182 2 7 189 85 0.872 0.14 1 0.101 0.068 1 YES
real 1 5464 2 0 5464 152 0.999 0.002 1 0.688 0.013 1 YES
rebel 2 74 1 48 122 70 0.861 0.17 1 0.115 0.059 1 YES
rebels 1 95 2 19 114 79 0.877 0.151 1 0.12  0.067 1 YES
rebound 1 12 2 8 20 90 0.193 0.785 2 0.085 0.116 2 YES
recoil 2 7 1 8 15 84 0.634 0.427 1 0.147  0.109 1 YES
record 2 1190 1 228 1418 78 0.286 0.718 2 0.088 0.113 2 YES
records 1 598 2 52 650 81 0.315 0.688 2 0.102 0.074 1 NO
refuse 2 59 1 528 587 210 0.089 0.889 2 0.018 0.654 2 YES
reject 1 0 2 296 296 139 0.338 0.655 2 0.095 0.538 2 YES
rejects 2 11 1 70 81 204 0.349 0.644 2 0.099 0.39 2 YES
second 2 6089 1 0 6089 68 0.486 0.514 2 0.063  0.105 2 YES
seconds 2 742 1 0 742 86 0.499 0.502 2 0.084 0.101 2 YES
segment 2 60 1 4 64 103 096  0.07 1 0.444  0.075 1 YES
segments 1 69 2 1 70 90 0.962 0.067 1 0.101  0.07 1 YES
subject 2 2952 1 0 2952 96 0.762 0.3 1 0.325 0.113 1 YES
subjects 1 1014 2 0 1014 88 0.772 0.291 1 0.134 0.059 1 YES
survey 1 543 2 76 619 152 0.916 0.104 1 0.623  0.033 1 YES
surveys 1 155 2 3 158 150 0.852 0.162 1 0596 0.042 1 YES
suspect 1 173 2 496 669 78 0.643 0.37 1 0.106  0.066 1 YES
suspects 1 56 2 56 112 87 0.643 0.37 1 0.102  0.06 1 YES

Notes. Stress (A) and (B) represent the syllabic position of each minimal pair in the order of occurrence in the lexicon and Freq (A) and (B) their corresponding word frequencies. Cum. freq:

The cumulative frequency of the two. Cycles: the number of cycles that the model needed to produce an output. TLA 1 and 2: The association of each stress position with the specific
orthographic form as calculated by its two-layer sublexical network (TLA). Output node 1 and 2: Calculations of each competing stress node’s values determining the final stress position
output. Congruent: Consistency between the dominant position of the TLA network and the final stress choice of the model. Stress position is represented as 1: prefinal position, 2: final

position.
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Table D. 2 Comparison of the stress position preferences between the output of the
computational model and human readers. The within-readers consistency refers to the level of

agreement on stress position assignment among participants regarding each given word.

Stress position Consistency
Word Model Human Model - Human  Readers consistency
output output
annex 1 1 YES 96.3
compound 1 2 NO 63.3
conflict 1 1 YES 76.7
contest 1 1 YES 55.2
contract 1 1 YES 73.3
desert 1 2 NO 63.5
fragment 2 1 NO 100
perfect 1 1 YES 96.7
project 1 1 YES 72.4
rebel 1 1 YES 52.3
combine 1 2 NO 100
construct 1 2 NO 70
convert 1 2 NO 82.8
exploit 1 2 NO 79.3
extract 1 2 NO 66.7
produce 2 2 YES 89.3
refuse 2 2 YES 100
reject 2 2 YES 92.9
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Table D. 3 Output of Simulation 1 reported in Chapter 6.

High Frequency Low Frequency
Prefinal Final Prefinal Final
Word Cycles Word Cycles Word Cycles Word Cycles
oo 24 apyd 24 Baopw 23 Boen 26
YOP® 24 apyn 23 Piog 26 Oopd 26
déka 24 KOKO 25 Boag 25 Kepl 29
C{ovn 24 KOAG 25 Boi 28 KILO 25
0éhw 24 Katd 24 vida 27 KIVO 26
0éua 23 padi 24 YoPa 25 Ko7 30
0éon 24 UeTd. 23 youo 26 Mt 25
K60e 25 vepo 25 €K 27 popn 27
KdT 24 vnot 24 Capt 26 opdn 27
AEEN 25 Eava 24 oMk 27 opbo 27
uéym 24 myn 25 noot 25 oL 26
Eépw 24 TOAD 22 Eovm 31 TT® 27
Tiow 24 oyd 24 o 21 neln 26
TéEN 24 Tn 24 oKo, 31 poTN 24
THpa 24 ooV 25 4w 27 QoKN 27
YEPL 24 xopa 23 oM 30 YOAD 28
YDPOL 25 yoyn 25 QOO 26 YIAR 26

Note: Prefinal and Final refer to the syllabic position of stress
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Table D. 4 Output of Simulation 2 reported in Chapter 6.

Prefinal Final
Word Cycles Word Cycles
oo 15 apyd 15
YOp® 18 opxn 16
déKa 17 KoKO 18
Ldvn 17 KOAG 15
0w 17 KapdLd 15
Oépa 16 KoTd 15
6éom 17 poli 15
KaOg 17 LETd 16
KdT 16 vepo 15
AEEN 18 vnot 14
péym 17 Eava 14
péALOV 18 myn 16
EEpo 15 oA 15
it 17 oyd 15
TPEMEL 16 GTIYUN 17
T4En 17 oYEOOV 18
TPOTOG 17 T 17
Thpa 15 OOV 17
YépL 17 xopa 17
xXOPpOL 17 yoxn 16

Note: Prefinal and Final refer to the syllabic position of stress
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