Universiteit

4 Leiden
The Netherlands

The neurobiology of individual differences in grammar learning
Kepinska, O.

Citation
Kepinska, O. (2017, June 1). The neurobiology of individual differences in grammar learning.
Retrieved from https://hdl.handle.net/1887/49241

Version: Not Applicable (or Unknown)

Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/49241

License:

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/49241

Cover Page

The handle http://hdl.handle.net/1887/49241 holds various files of this Leiden University
dissertation.

Author: Kepinska, O.
Title: The neurobiology of individual differences in grammar learning
Issue Date: 2017-06-01


https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/49241
https://openaccess.leidenuniv.nl/handle/1887/1�

THE NEUROBIOLOGY
OF INDIVIDUAL
DIFFERENCES IN GRAMMAR LEARNING



Olga Kepinska

The Neurobiology of Individual Differences in Grammar Learning

Cover design: Olga Kepinska & Bobby Ruijgrok

Print: Ridderprint BV, Ridderkerk

© 2017 Olga Kepinska

All rights reserved, except chapter 3 and 4, for which the copyright lies with the
publishers of the corresponding research papers.



The Neurobiology of Individual Differences in Grammar
Learning

PROEFSCHRIFT

ter verkrijging van
de graad van Doctor aan de Universiteit Leiden,
op gezag van Rector Magnificus prof. mr. C.J.J.M. Stolker,
volgens besluit van het College voor Promoties
te verdedigen op donderdag 1 juni 2017
klokke 10.00 uur

door
Olga Kepinska
geboren te Wroctaw, Polen
in 1986



PROMOTOR:
Prof. dr. N.O. Schiller

CO-PROMOTOR:
Dr. J. Caspers

COMMITTEE:

Dr. N.H. de Jong

Prof. dr. C.C. Levelt

Dr. S. Reiterer (University of Vienna)
Prof. dr. S.A.R.B. Rombouts



Table of Contents

TADLE Of CONEEIIES 1eeuniiieiieieitieeieeeeeiereeeseeuneseseessssnesssessssusssssensssnsssssnns

Chapter 1 General INtroduction ..........cccveeuieieeeiieeinnieeniiecceeeeeeneens
1.1 INtroducCtion ......cccoccciiiiiiiiiciiienieeeierieieeceee e e e eeeenrt s eeeeseseeassenasans
1.2 Language aptitude resSearch ......ccccceeiveeveiieeieeiiieeeeeeeeeeeineeees
1.3  Scope of the present StUudy ......ccccccvvveiieiieeireeiieeiiiieeererereseesenens
IOV =3 1 o o (o) [ Y=yt

1.4.1 LLAMA measurement..........c.ceevvvviiiieeeeeeeeeeeiiiiiiiieeeeeeeennns
1.4.2 Grammar learning task .........cccccvvvviieiieiiiiiiiiiiiiee e
1.4.3 Neuroimaging methods...........coovviiiieeiiiiiiiiiiiiiiiiee e,

1.5 The neurobiology of individual differences in grammar

=Y. W 01 oY= SRRt

Chapter 2 Connectivity of the hippocampus and Broca’s area

during acquisition of a novel grammar ........ccccceveeeirerererieeniiireeeeennens
2.1 INErOAUCHION coeeueieeieeeeiereeeereeeeeeriteeeereeneeesseneeeessnnsneessssnnneens
2.2 MeEthods....cceeeeeeeeeiieeeeeece e eerieeeerte e e e ssan e eeansnaeesaasnaaaas
2.2.1 Participants ....coooooiiiiiiiiee e
2.2.2 Stimuli and design .........covviiiiiiiiiiiiiiicee e
2.2.3 Neuroimaging data acquisition and pre-processing.......
2.2.4 Data analysiS.......ccccvviiiiiiiiiiiiicceee e,
B T =10 1§ 1= SRRt
2.3.1 Behavioural data..........ccceeeeeiiiiiiiiiiiiiiie e
2.3.2 PPI results .uoeeeiiiiieicieee e
2.4 DISCUSSION ..eevveuiieeienieeeereeiieeereeteeeeettsneeserennnsessssnsseesssssssessssnnnsens

2.4.1 Interactions of the hippocampal system and the

PrEfrontal COTTEX? . ...

2.4.2 Connectivity of the hippocampus and Broca’s area

during the whole tasK............ccccceiiiiiii e,

.41



2.4.3 Dynamics of functional connectivity during novel

rammar LEATTIINE .......uuuuiiieieiieiiiiiiiiieeeeeeeeeeeei e e e eeeeeeeeaareeeeeeeaeeeees 44
2.5 CONCIUSION....coiiiiiiiciieeiieeiietit i ceeee e e eeeetra e eesesseesaanssasssnessassannans 45
2.6  Acknowledgements......cccccoeeveueeieeiineieeieeiieereeieeerenneeessenneeesesans 46

Chapter 3 Whole-brain functional connectivity during
acquisition of novel grammar: distinct functional networks depend
on language learning abilities......cccccceeeireiineeireiieeiieeiiieeeeeeeeeeeeenneeeesenes 47
3.1  INtroduction ....c.ccouueiieiiiiiiiiiiiecceeeeeeeeeree e ee e e e s e e sara e e e seeeaaeans 49

3.1.1 Functional networks of the brain and individual

differences in L2 acquiSition .........cocuveeiiiiiiieiiiiiiieeeieeeeeeee e 50

3.1.2 Language aptitude and language analytical ability.......... 51

3.1.3 Whole-brain functional connectivity approach.................. 52

3.1.4 HypotheSes...uuuiiiieiiiiiiiiciee e 53
3.2 Materials and methods......cccccecieeeiiiiiiiiiiiiicceee e eeeens 54

3.2.1 Participants .....ooooiiiiiiiiiee e 54

3.2.2 Stimuli and desSign ........ooevviiiiiiiieiiiiieic e 55

3.2.3 Data acqUISIEION .....ouuuiiiiiiieeciiee e 56

3.2.4 Data analysiS.......ccccciiiiiieeiiiiiiicceeee e 56
8.8 ReESUILS .. e e s ee et e e e e aeaas 59

3.3.1 Behavioural data..........ccccceeeiiiiiiiie e, 59

3.3.2 Functional connectivity networks involved in learning

1anN@UAZE TULES ...coviiiii e e 60

3.3.3 Group differences ......cocooovveeieiieiieeiiiieee e 65
3.4 Discussion and cONCIUSIONS ........ceeiiiiiieiieuiiiiiierieereenieniieeeieeeeanens 67

3.4.1 Task-positive/language network............ccccvvveeeeeeeiiieeinnnnnnn. 68

3.4.2 Default mode network............ooovvvieeieeiiiiiiiiiiiiieeeeeeeeeeeiie, 70

3.4.3  Working memory network ...........ccccceeeeeeieiiiiiiiiiiiiiieeeeeeeeees 71

3.4.4  Visual areas.....ccccceiiiiiiiiieeee e, 72

3.4.5 Cerebellar networK.........ccovvveieiieiiiiiiiiiceee e, 73

3.4.6 Emotional network........ccccoovieieieeiiiiiiiiiiiciieee e 73

3.4.7 The interconnected brain during novel language rule

JEATTIIIIE .uuviiieceeeeee e e e e e e e e e e e et e e e e e e e eaaaraaaas 74
3.5  Acknowledgements.......cccccooreiieeiieiiiiiiieieeeiieeeerineeeee s eernneeaes 76
3.6 Supplementary material ......ccccccceeireuiieriieiieiiieiiieeeeerreeee e e 76

Chapter 4 On neural correlates of individual differences in
novel grammar learning: an fMRI study.....ccccceeeirevirerireerciieeieeerreveennne. 79
4.1  INntroducCtion ..cccoceeiciiiiiiiiiieiiiiccceee et eese e e e e s resasa e e s s e e eaaeans 81

4.1.1 High cognitive skills for grammar learning....................... 81

4.1.2 The artificial grammar learning paradigm........................ 83
4.2 Methods. ... e s ee et e e s e e e aaeaes 85



4.2.1 PremteSt i 85

4.2.2 Participants ....ooooiiiiiiiiee e 85
4.2.3 Stimuli and deSign ........ocvvviiiiiiiieiiieree e 86
4.2.4 Data acquUISIEION ......cuviiiiiiieeiiieeeeeeee e 88
4.3 Behavioural data .........cccieiiiiiiiiiiiiiiiiiicccnee e eaeees 88
4.3.1 Effect Of LAA ...t 88
4.3.2 Learning patterns over time.......ccceeeeeeeeeeeviiiiiiieeeeeeeeeeennennn. 90
4.4 Tmaging data.....ccccceeeriieeiieiireieeceeiieeeeeteeceeerse e eerennneeessesneeessans 92
4.4.1 Pre-processing ..........coveeieeiiiiiiiiiiicie e 92
4.4.2 Higher level analyses ......ccooeeeeeiiiiiiiiiiiiiiniiiiiiiecieieeeeeeeees 93
4.4.3 RESUILS cooviiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeereeeeee e 94
4.5 Discussion and CONCIUSIONS ......cceeeiiiriieuiiniieiereresereenisaiseeereseeans 102
4.6 Acknowledgements......cccccceieeeeeeiierieniiieeieniieeeenineeeesinnererenneaens 108
4.7 Supplementary material.......c.cccoeeveeiiieeieeiiereeeiiieeeeriecererrnneens 109
4.7.1 Stimulus material .........ccccoieieiiiiiiii 109
4.7.2 ReESUILS coovieiiiiiieeeeeeeeeeeee e, 113
Chapter 5 Neural oscillatory mechanisms during novel

grammar learning underlying language analytical abilities ............. 115
5.1 INtroduction ......cceuueiieiiieiiiiiiiiicieeceeeceeereeicee e e e e e eesaraaeeesaeeaans 117
5.2 Materials and methods......cccccoccieeiiiiiiiiiiiiiiccice e 121
5.2.1 Pre-test. e 121
5.2.2 Participants ....coooooiivieiiiiee e 122
5.2.3 Stimuli and desSign ........ooovvviiiiiieiiiiiieiiie e 122
5.2.4 EEG recording and pre-processing.........cceeeeeeeeeeevvvvvvennnnn. 124
5.3 EEG data analysis......ccccccciiiuiiiieiiiiniiniiiiicceeeeeeseesreneeeseeeeens 125
5.3.1 Power spectrum analysis........ccccceeeeeeeeiiiiiiiiiiiiiiieeeeeeeeeinns 125
5.3.2 Functional connectivity....ccccoeeeeiiiiiiiiiiiiineeeeeieeeiiiceeee e, 125
5.3.3 Defining electrode clusters from PLV values................... 126
5.3.4 Statistical analysiS.......cccccovvieiiieeiiiiiiiiiiiiiieee e, 127
5.4 ReSUIS.ccuuiii i e e s e ae e e aans 128
5.4.1 Grammar learning task ..........cccooevviiiiiineeiiiiiiiicceeeee, 128
5.4.2 Power spectra analysiS........ccccccvieeeeeieiiiiiiiiiiiiee e, 129
5.4.3 Phase synchrony analysis..........cccceeeeeeiiiiiiiiiiiiiiieeeeeeeeeinn, 131
5.4.4 Summary of the results........ccooeeeeiiiiiiiiiiiiiiiieeeeeeee, 137
5.5 Discussion and cONCIUSIONS ........ceciiiriimiieuiiiiieeieeneenieniieesieseeans 137
5.6 Acknowledgements.......cccccceeeeeeeiieiiiiiiieiieeiiieeeereeeeeeeeneeeeeennans 144
5.7 Supplementary material .......ccccccceireiiuiiieeieeiiieerieeeeeeeeieeeeeennens 144
5.7.1 Details on the estimation of the PS indices ..................... 144
5.7.2 Global PS values over time...........coovvveeeeeeieiieeiiiiiiiieeeennn, 147



Chapter 6 The perisylvian language network and language

ERaRe1 an 1ot 1 BE: Y o1 AT <Y TNt 149
6.1  INtroduction ......ccceuiceiiieiiiiiiiicieece e e e e e e e e s sara e e aeeeaaes 151
6.2  Methods...cccciiiiiiieiccecceer e e e s e se e e aaes 152

6.2.1 Participants ....cooooeiivieeiiieee e 152
6.2.2 DTI data acquisition and processing...........ccceeeeeeeeeeeeennns 153
6.2.3 Statistical analysiS.......cccccovviiiiieeieiiiiiiiiciciee e, 154
6.3  ReSUILS...uuiiii e e e e se e aans 155
6.4 DiSCUSSION ...coiiiiiiiiiiiieeiiereeetiticreee e e e e e eenteatteeseeeseeessssnnssnssasaaans 156
6.5  CONCIUSION.....ccciitiitiicieeieeeeeiieirceee e e e e e eenteatieeseeeseeessssnnssnsssasaaans 159
6.6 Acknowledgements.......cccccceeeeeeeiiieiiiiiieiieeiiieeeerreeeereenee e eeeanaes 159
6.7 Supplementary material .......ccccccceireiiueiieriieiiieerreeee e eeeeaeens 160
Chapter 7 General diSCUSSION .......uciieiiiiiiieiiiiiccereeeeerreerr e eeeeeene 163
7.1  Summary of fINdINGS ....cccovvvreiriiiiiiieeeeeiicrceeeeeeeeesrr e seeeeens 165
7.2 Integration of fINdINgS.....cccccccveeiieiiieiiriiiieiieieeeeeererireeee e eeeens 168
7.2.1  More (and better integrated) neural resources................ 169
7.2.2 Right-hemispheric involvement in the initial L2
rammar LEATTIIIIE .......uvuuiieeeieeiieiiiiiieiee e e e e e et eeeeeeeeeeaa e eeaeas 170
7.2.3 Fronto-parietal contributions to novel grammar
LEATTIIIIE ©ouviiiieeeeeciee et e e e e e e e e e e e e e e e e aaaaaa 171
7.3 Limitations and future research.........ccccccceeeeeeiieeiiecicicieeeeennnn. 172
T4 CONCIUSION.....cciiiiiiticeeeieeeeeeieicceee e e e e e eetreatseseeeeeeeesssnsssnnssasaanns 174
References e 175
LISt Of fIGUTES  .uucieeieeiiiiiiiiiieeieeeeeiiiiieeseeeeeessstrseieesesessssssssasssnsessssssssnnns 205
| DTS A ) =1 o) U= S 209

Appendix 1 Participants’ instructions explaining the procedure of

the LLAMA teStS ccccciiiiiiiiiiiiiiiiiieiiieieiineecieeeeeeeeeeeeeeneeeseeeseseesenesenasenssaneas 211
Appendix 2 Participants’ questionnaire ...........ccccveeueeeereeneeereeeneeernennnns 219
Samenvatting in het Nederlands......ccccccooevieeiiieeienierieeeceeeeeieceeeeveeceeens 225
ACKNOWIEdZMENtS .....ccevviieieeiieeieeiiceeeeeiieeeeetieeeeeren e e ereaneeessesneesasnnnns 231
CUTTICUIUIM VIEAE... . i eeene e eseeeeaeeneenneenaneanes 233





