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Motor Theory of Speech Perception

Understanding acoustic signal = matching to stored inputs

Motor representations of how sound is articulated?

Conditions
Speech Lips Eyes Control
Visual £ S ey
.
Auditory "
20 TMS pulses (5-8 sec ISI)
PET acquisition 60 sec
25

8

® 20 Listening to Speech
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Figure 2. Motor excitability changes. The graph shows the mean of 3

the change in size of the motor-evoked potential for the Speech, Lips,
and Eyes conditions relative to the Control condition. Error bars

represent standard errors of the mean. Watkins & Paus, (2004), Journal of Cognitive Neuroscience, 16-6, 978-987
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i Motor-based speech ps

s»where" rol

Sensori-motor speech loop j
(non-semantic repetition, Angular gyrus
motor - based speech perception?) {phonological buffer)

here

S

Broca’s area
{planning of

speech production) Part of Wernicke's area

(links auditory, motor and
visual aspects of speech?)

7

Semantic Speech Heschl's gyrus
knowledge recognition (primary auditory cortex)

There may be two routes for perceiving and repeating speech: one that is based on lexical-semantic processing
and one that is based on auditory-motor comrespondence. These have been termed the ventral “what”™ route
and the dorsal “how" route, respectively.



Different levels of language

Syntactic structure building
Syntactical level Thematic role assignment
Syntactic integration

Twoon]

Semantic- (oav| /. oARK]
conceptual level ol
| NIGHT |
-noun
Lexical level -singular

Phonological level




Das Sprachsignal

& 0

In the spectrogram, time is plotted along the x-axis and frequency along the y-axis, with intensity representad
by darkness. There are no gaps between words but certain consonants (e.g. “b") block the flow
produce gaps. Voweis are represented by bands of horizontal stripes (called formants). The spectrogram

it”. From Tartter (1986

of air and

represents “Joe took father's shoe bench Copyright © Vivien

he author.

xind permission of t

10



J Das Sprachsignal

SAARLANDES

Keine Unterbrechung zwischen Woértern
(Ice cream / | scream)

Formanten

AN

Phonemes (IPA)
Aspiration Voicing
Co-Artikulation —

“ssss”
11
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Figure 13.11

The results of a categorical perception experiment indicate

that /dal is perceived for VOTs to the left of the phonetic

boundary, and that /ta/ is perceived at VOTs to the right of

the phonetic boundary. (From Eimas & Corbit, 1973.) 12
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| ‘ Paul Broca und die Beobachtun
s Sprachstorungen

Bericht Uber klinische Falle, bei denen
Sprachausfalle mit Schadigungen der
3. linken Stirnhirnwindung assoziiert
waren

Paul Broca
(1824 - 1880)

14



Broca's Patient Tan

Figure 9.24 (a) The preserved brain of Leborgne, Broca’s patient “Tan,” which is maintained in a Paris museum. (b) The area in the
left hemisphere lesioned in Leborgne’s brain and now known as Broca’s area (in red). The dotted lines indicate the location of
Wernicke's area.

(a)

Broca's area

15
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Spontaneously
speaking

"Son ... university ...
smart ... boy ...
good ......good ..."

Expressive Sprachstorungen

<)

Listening for
. comprehension
Repeating P "The boy was hit
by the girl.
Who hit whom?"
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Carl Wernicke (187
10 Patienten mit Sprachst

» Beschreibung von Aphasien nach
Lasionen im temporo-parietalen
Ubergangsbereich,

» d.h. Sprachareal im linken Planum
temporale

Carl Wernicke
(1848 - 1911)

17
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Rezeptive Sprachstérungen

“I called my mother on the
television and did not understand
the door. It was not too breakfast,
but they came from far to near. My
mother is not too old for me to be

young."

“lk belde mijn moeder op de
televisie, en begreep de deur niet.
Het was niet voor ontbijt, maar ze
kwamen van ver tot dichtbij. Mijn
moeder is niet te oud voor mij om

jong te zijn.”

18



The mental lexicon

19

e includes
- semantic information
- syntactic information
- word form information

e works highly efficient
- no fixed content
- frequency effects
- neighbourhood effects
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Organisation of the mentzc

Visual form

Conceptual
level

- Lemma
/Tgenden | (mouton) | (chevre) [Toenger e™€ | evel
Spoken sound sound Spoken
word "sheep” form form word "goat”
Lexeme or

sound level

Figure 9.1 Fragment of a lexi-
cal network according to the
Levelt model. See the text for a
description.This model describes
the processes for spoken word
input, but a similar model applies
to written word input. Adapted
from Levelt (1994).



Transportation _

Bus Fire

Street
- . Truck ;

Firetruck .

Car

Sunrise ;

Ambulance °

Clouds :f

Violet i

Figure 9.2. Anexample of a semantic network. Note that words that have strong associative or semantic relations are closer to-
gether in the network (e.g., Car-Truck) than are words that have no such relation (e.g., Car-Clouds). Semantically related words are
colored similarly in the figure, and associatively related word (e.g., Firetruck-Fire) are closely connected.

21



Category-based vs

Property-based

(a) Category-based
organization

organization

(b)
Visual Functional |
S~—~——"273
/‘ / 2
/4 Z 2 o7 PR
.!"’;, s T
1548 N
/A\ : . 0"‘0
Verbal nam Ferpheal Input Visual picture
\ J systems
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Hanna , Thomas J.
& Antonio R. Damasio*’

, Daniel Tranel*, Richard D. Hichwa*

- logy
University o lowa College of Medicine, lowa Oty, lowa 52242, USA
¥ LaJolia, usA

Two parallel studies using positron emission

patients with brain lesions, the other in normal individuals, indicate that the normal process

of retrieving words that denote concrete entities depends in part on multiple regions of the left

cerebral hemisphere, located outside the classic language areas. Moreover, anatomically
regions tend to process words for distinct kinds of items.

st

person or object is recalled, and is either silently verbalized or
vocalized; that is, when an it
language s retrieved and explicitly represented in the mind. The
traditional answer, based largely on more than a century of
aphasia studies, invokes a set of left cerebral hemisphere struc-
tures around the Sylvian fissure, among which

Wernicke areas figure prominently" This assumes that the classic

education, Responaes were nnly scored as incorect when he
subject had approj
r:ﬁ:clcd e roveenmenl ahlhry (Tabl: \ay, For =xzmple if

er sponc “Some ind a1 dont now v - justan
animal), then that item was not included in the naming score. 1f
the subject recognized the item (as exemplified in the response
“Oh, that animal makes a terrible smellif you get t00 close t1t; it
is black and white, and gets squashed on the road by cars some

port 8
Studies of neurological patients’” have led to an alternative
answer, however.  Although perisylvian structures (including
carly auditory and somatomotor cortices) are indeed involved in

times”), the item was included in the naming score, either as a
) fai

response if the name was not provided. Thus whenever a naming
response was counted as incorrect, we were certain that the
subject knew the item that they failed to name. We cannot claim
that the subjecs” concep retrieval was as normal 35 in the
we can affirm that the concept was retrieved

of word forms, additional neural that
th

triggering and conducting the process of We

se that there would not be a single mediational ste for all
Yores, bt rather That there are scparabl reglons within & rge
network which would preferentially assist with the processing of

ntities belonging to
three distinctconceptual categories—unique _persons, non-
unique animals, and non-unique tools—depends on separable
regions in higher-order cortices of the left temporal lobe. The two
studie reparted below were designed (0 test this hypotheis. In
the first sty o 127 subjets wih ol brin s
reliablerelationship_between categor
Gefecs and nearal St within the of temporal Tobe. In he
sectnd sy, of goemal ects who paticpeed in  positon
und
iferontial actation of el (mporal sits, compardble o those
revealed by the lesion study.
Lexical retrieval in subjects with lesions
The lesion test of the hypothesis used a visual naming experiment
in 127 adults with single and stable focal brain lesions. We used
subjects with lesions throughout the telencephalon, allowing for
sampling in both hemispheres, within and outside the temporal

Th:'mk required the naming of 327 visually presented items:

umqu: (subordinate) level; (2) animals, and (3) tools, both of
whic we tobe named at non-unigue (basic sbict) eel. The

specifcally =n0ngh o provide  oton of wha he Smulos was
)

but
not right hemisphere. (2) The disruption of word retrieval for each
category would be consistently correlated with separable neural
sites within left higher-order cortices of the temporal region,
samely, temporal pole (TF) and infesoemporl (IT) sector
(Fig. 1a).
‘The subjects were first classified according to their task perfor-
‘mance, which was normal in 97 subjects (47 with left-hemisphere
damage, 50 with right) and abnormal in 30). All but one of the
latter the left hemisphere., first
prediction. The scores of brain-damaged subjects who performed
abnormally in each of the three word categories were significantly
lower (P < 0.001 in each case) than those of the brain-damaged
subjects who performed nomually(Tabe 1)

retrieval defects for unique per-

s involved ‘persons/animals’ or ‘animalstools’,
“persons/tools’ (Table 1a). When the naming of persons and
tools was impaired in the same individual, the naming of animals.
was impaired as well. The non-occurrence of instances of the

“pemonsitools’ combination i statistcalysignifican (P < 0.001
“Table la). Tt
this combination of defects is not possible on the basis of a single
lesion.
Each subject’s lesion was reconstructed in three dimensions'.
he lesions of the 29 lef-hemisphere subjecs with sbnomal
ormance were ansysed using MAP, u lchnique which

subject q
dnmmng eoch cafly, A rosponis was soored 48 carrec I it
conformed to that of normal controls matched for age and

NATURE - VOL 380 - 11 APRIL 1996

allows the the volumetric w:llap of lesions
rom multiple subjects (Fig 15). The overlaps reveated that: (1)
abnormal retrieval of words for persons was correlated with

499

Naming persons, animal

Lesion data

Animals

Tools

Lesion results summarized

Animals x=93.3

Tools x = 96.0

IT

IT+

Persons x =75.5

Tools x = 84.5

[
| Personsx=91.7

I Animals x = 88.3

Figure 9.3 Locations of brain lesions that are correlated with selective deficits in naming persons, animals, or tools.On the left, the
actual averaged lesion data are displayed for patients that had person-naming (top), animal-naming (middle), or tool-naming (bot-
tom) deficits. The colors indicate the percentage of patients with a given deficit whose lesion is located in the indicated area.Red in-
dicates that most patients had a lesion in that area, whereas purple indicates that few had a lesion in that area. On the right, the
lesion results are summarized.The blue area corresponds to the temporal pole (TP); the red area, to the inferotemporal region (IT);
and the green area, to the posterior part of the inferotemporal lobe extending to the anterior part of the lateral occipital region
(IT+). Scores in the boxes indicate the percentage of recognized items that were correctly named. Patients with TP lesions scored
lowest on naming persons (59.8%), patients with IT lesions scored lowest on naming animals (80.1%), and patients with IT+ lesions
scored lowest on naming tools (78.5%). Adapted from Damasio et al. (1996).

Damasio et al (2006)
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' Naming persons, animals

(a) PET data (b) PET results summarized

Persons Tools
Animals

Y=-55

Figure 9.4 Activations in neurologically unimpaired subjects during naming of persons, animals, or tools as determined by
positron emission tomography (PET). (a) The PET activations in lateral and ventral views (left), and in four coronal sections at the lev-
els indicated by the dashed lines.The values correspond to millimeters in anterior and posterior directions from a zero point in the
brain defined by a stereotactic coordinate system. (b) The summarized PET results. Naming persons mostly activated the temporal
pole, naming animals mostly activated the middle portion of the inferior temporal gyri,and naming tools mostly activated the pos-
terior portions of the inferior temporal gyrus. Adapted from Damasio et al. (1996).

Damasio et al 2006 24




The Damasio

lexical node|of the word cat, which in turn activates

Figure 9.5 Three levels of representation that are needed in speech production: semantic features, lexical nodes,and phonological

segments. (a) The semantic features pf the word cat (four legs, furry) activate th

th¢ phonological segments pf that word. (b) A model that fits the data of Damasio and colleagues shown in Figures 9.3 and 9.4.The
information at the lexical level is organized according to specific semantic categories (e.g., animals versus tools). Adapted from Cara-

mazza (1996).
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Conceptual
system

CONCEPT

Conceptual activation

Lemma's
Mental lexicon
word forms

Lemma activation
LEXICAL SELECTION

L
Activation of
auditory word form

PHONOLOGICAL b
| INPUT CODE i

Activation of
visual word form

ORTHOGRAPHIC
INPUT CODE .
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Wo werden

Sprachsignale

anders verarbeitet

als andere auditive
Signale? ‘

“where"”

':/:' what”™ / —}.
( =

- Linke Temporal-Region separiert zwischen
deutlicher und undeutlich gesprochener Sprache und Klangen
mit und ohne Vokale.

- Worttaubheit: Links temporale Regionen. 27



primarer
auditorischer
Cortex

sekundarer
auditorischer
Cortex

Sulcus
lateralis
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[Lateral slices <€ » Medial slices

WsT T-NEEE W->T-NB=

Figure 9.10 Superior temporal activations to speech and nonspeech sounds. Four sagittal slices are shown for each hemisphere.
The posterior areas of the superior temporal gyrus are more active bilaterally for frequency-modulated sounds than for simple noise
(in blue), whereas areas that are more sensitive to speech sounds are located ventrolateral to this area (in yellow), in or near the su-
perior temporal sulcus.This latter activation is somewhat lateralized to the left. Areas that are more active for words (W) and tones
(T) than for noise (N) are also indicated (in red). Adapted from Binder et al. (2000).
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Word recognition

Lateral slices <

Tones > Noise Speech > Nonspeech Words > Nonwords [ Primary Auditory

Figure 9.15 A hierarchical processing stream for speech processing (see text for explanation). Four slices are shown for the left

and right hemispheres. Heschl's gyri, the site of primary auditory cortex, are indicated in purple. Indicated in blue are areas of the
dorsal superior temporal gyri that are activated more by frequency-modulated tones than by random noise. Yellow areas are clus-
tered in superior temporal sulcus and are speech specific; that is, they show more activation for speech sounds (words, pseudo-
words, or reversed speech) than for nonspeech sounds. Finally, red areas include regions of the middle temporal gyrus, inferior
temporal gyrus, angular gyrus, and temporal pole and are more active for words than for pseudowords or nonwords. Note that these
‘word" areas mostly are lateralized to the left. The latter areas were identified in a number of studies (Démonet et al., 1992, 1994;
Perani et al., 1996; Binder et al., 1999, 2000). From Binder et al.(2000).
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~ Motor Theory of Spe

Sensori-motor speech loop ‘r
(non-semantic repetition, Angular gyrus
motor - based speech perception?) {phonological buffer)

How / where
Route

Broca’s area
(planning of \ \
speech production) \ Part of Wernicke's area
(links auditory, motor and
\\ visual aspects of speech?)
Semantic Speech Heschl's gyrus
knowledge recognition (primary auditory cortex)

There may be two routes for perceiving and repeating speech: one that is based on lexical-semantic processing
and one that is based on auditory-motor comrespondence. These have been termed the ventral “what” route

and the dorsal “how" route, respectively.
J1



Neural substrates of written
Processing: The visual word for
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Gyri orbitales
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Gyrus rectus
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Area subcallosa

Gyrus paraterminalis
Gyrus diagonalis

Sulcus rhinalis

Gyrus ambiens

Sulcus collateralis

Gyrus parahippocampalis
Pulvinar thalami
Splenium corporis callosi
Isthmus gyri cinguli
Sulcus calcarinus

Gyrus occipitotemporalis
medialis

Puce et al. (1986)



Fine Neural Tuning for Orthographic Properties
of Words Emerges Early in Children Reading

The developing visua

Alphabetic Script

Jing Zhao"
Xuchu Weng?*

Abstract

W The lefelueralized NI70 compouent of ERPs for words
compared with various control stimuli is consicl an
clectophysiological manifestation of visual expertise for written
words. To understand the information sensitiviey of the cffeer,
researchers distingnish herveen coarse mning for words (the
N170 amplirude difference herween words and symhol stringsy
and fine runing for words ithe N170 amplimde difference
between words and consanant strings). Farlier developmental
TRP studies demonstrated that the coarse tuning for words
occurred early in children (8 vears oldy, whereas the fine tuning
for words emerged much later (10 years old), Given that there
e individual differences in reading ability in young chil-
: tuning etiects m dlier than expeeted in
some chiklren, This study o
and control stimuli in

INTRODUCTION
Literate people possess a special form of visual expe:
that allows their visual system (o pracess words efficiently
(MeCandliss, Cohen, & Dehaene, 2008; Raner & Pollusck,
1989). A negative component of the ERP, peaking about
170 msec alier orthographic stimulus onset and termec
NI170 (N1 in some studies?, is believed to be an electro-
physiologi uch word expertise. T
araphic N170 is typically more pronounced over the
left than over the right hemisphere (Maurer, Zevin, &
McCandliss, 2008; Maurer, Brandeis, & McCandliss, 2005).
In various ERP studics, the carly electrophysiological
activity evoked by ally presented words were com-
parcd with that of two ypes of control stimulus— symbol
strings (Maurer et al., 2008; Maurer, Brandeis, et al., 2005;
Wong, Gauthicr, Worach, DeBuse, & Curran, 2005; Bentin,
Mouchetant-Rostaing, Giard, Lchallier, & Pernier, 1999}
and consonant strings (alphabetic seripts; Pre

orther

'/hejiang Key Laboratory for Rescarch in Assessment
of Cognitive Impainments, Hangzhou, “Uim Univer i
carhriiclen, Genany

prasetss Institnte of Technology

3, Kerstin Kipp®, Carl Gaspar®>, Urs Maurer>¢,
5 Axel Mcckl.ingcr", and Su Li*

widely it reading ability. In hoth low and high reading abil
ity groups, we observed the coanse neural tuning for words.
More in ingly, we found that 4 stronger N170 for words
than consonant strings emerged in chikleen with high bt not
lowe reading ability. Our smdy demonstates for the first time
that fine nenral tuning for arthogrphic properties of words
can be ohserved in young children with high reading ability
suggesting hat the emergent age of his effect is much earlie
than previously assumed. The modulation af this effect by
readling ability suggests that fine wning is Mlexible and highly
related 10 experience. Moreover, we found a correlation
Between this wning elfect at lelt occipitotemporal electodes
and children's reading ability, suggesting that the fine woing
might be @ biomarker of reading skills at the very beginuing
of learning 10 read. W

Vecchi, & Zani, 2004 McCandliss, Posner, & Givon, 1997)
or false characters (logographic scripts; Zhuo
Lin et al., 2011). ‘These studies suggest that, although the
N170 amplitude difference between words and symbol
sirings may reflect ¢ neural tuning for print (Maurer
ct al., 2006), the N170 amplitude difference between
words and consonant strings or between real and false
Chinese characters may retlect fine neural tuning within
orthographic pattems (Lin et al., 2017; Posner & McCandliss,
2000).

Anumber of ERP studics in children atempt o examine
the emersence and developmental trajectory of N170
tuning effects for wo howing that the [Tects appear
o emerge and develop sequentially during children’s
acquisition of reading skill. The coarse wning for words
is established rapidly and shortly after children begin to
learn 1o read. Maurer and colleagues found thac the
N170 amplitude ditference between words and symbol
strings was absent in nonreading preschool children
(6.5 ¥ oldy (Maurer, Brem, Bucher, & Brandeis,
2008), but a larger N170 for words than symbol strings
quickly developed in the same group of children after only
1.5 years of reading training in primary school (8.3 years
old: Maurer et al., 2006). However, the fine tuning for

Journal of Cognitive Ne 11, pp. 2431-2442

joch_a_00660

dred

A Lampe Remba Bsmrs Qmuoa

B

1600 msec

Figure 1. (A) Examples of stimuli: word, pseudoword, consonant
string, and symbol string from the left side to the right side.
(B) Sketch map of the 1-back color repetition detection task.
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The developing visua
arcas

Table 1. Mean Age, SES, Home Literacy Experience (HLE), Reading Training Time (RTT), and Reading Performance

(Error and Speed)

Group Age SES HLE RTT“ Error Speed”
Low ability 7.13 (0.14) 55.43 (4.24) 3.09 (0.13) 0.64 (0.04) 236 (0.45) 4.79 (0.30)
High ability 7.20 (0.08) 61.79 (4.35) 3.14 (0.07) 0.67 (0.04) 1.07 (0.25) 2.62 (0.20)

Standard errors of means are given in parentheses.

*Time interval between attending a school to participating in the experiment (years).

PIn seconds per word.

34
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Two stages of reading developm_
words > symbol st
Fine tuning: words > consonant st

25.00 -
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15.00 1
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N170 amplitude (pV)

5.00 -

0.00 -

%
&k e
*
wx B ———
% ril
—

i_|

mmm Word

B Pscudoword
Consonant string
[ Symbol string

Low reading ability group High reading ability group Low reading ability group  High reading ability group

Left Hemisphere Right Hemisphere

Figure 3. The mean of N170 amplitude for the four stimulus categories at P7/P8 in each children group. +p < .1, %p < .05; ¥¥p < 0L
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A cortical network fc

Lau et al. (2008)



A cortical network for semantics

The N400 is sensitive to semantic expectancies ....

- Do readers use context to generate expectancies
for upcoming events?

- Are readers forced by the words to devote
more resources to integrate words?

Delong, Urbach & Kutas, 2005; Nature NS



A cortical network fo"
The prediction vs inte

The N400 to articles and nouns ...

Vertex ERPs by median split on cloze probability,
e.g., ' The day was breezy so the boy went outside to fly ...

Nouns
‘airplane' -5 uV “
-.—[-—ﬁ(\ \

----------- < 50% Noun cloze
> 50% Noun cloze

DelLong, Urbach & Kutas, 2005; Nature NS



N400 (articles) = N40O (words)

—

Mean amplitude
200-500 ms (uV)

N400 x cloze probability correlations at vertex
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Von Wértern zu

The pianist rose to the applause of the audience

The tall man planted an apple tree on the bank

The little old lady bites the gigantic dog



Von Wértern zu S

= Thematic role assignments

= Parsing = The immediate assignment of syntactic
structure to incoming words

The cat eats the food

The cat cries



= ,Garden-path-model” Frazier (1987)

=  Minimal attachment

= |ate closure




» ,Garden-path-model”“ Frazier (1987)

« Minimal attachment

e Late closure
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UNIVERSITAT M I n I m a I ‘:

DES

SAARLANDES Iate

Late closure = Anbindung an aktuell verarbeitete
Phrase

~Ron loves Holland and his mother enjoyed her trip to America®

.1 he manager sold the couch and the employee sold the desk™



EKP Korrela
Syntaxverarbeitung:

{c)
5w Pz
0 e
- — '.\ f"f
1 s
v +”
5 T 1 5 l. . |

1
0 05 1 1% 0 0.4 ! 5

— Das Hemd wurde gebugelt

-- Die Bluse wurde am gebugelt

Friederici, 2002 47



Die P60
Dis

Spite Positivierung




BIOLOGICAL
PSYCHOLOGY

ELS EVI ER Biological Psychology 47 (1998) 193-221

Working memory constraints on syntactic
ambiguity resolution as revealed by electrical brain
responses

Angela D. Friederici *, Karsten Steinhauer, Axel Mecklinger,
Martin Meyer

Max-Planck-Institute of Cognitive Neuroscience, Inselstr. 22-26, 04103 Leipzig, Germany

Accepted 23 October 1997

SubjektRelativSatz:
Das sind , die die Arbeiterin gesehen

ObjektRelativSatz:
Das sind die Managerinnen, die gesehen
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Disambiguierung beim Satz

Reaktionszeit

800

700
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|:|SR -OR

60

% richtig



“,ix_— verstehen: P350

—— SR: Das sind die Managerinnen, die die Arbeiterin gesehen HABEN.
------- OR: Das sind die Arbeiterinnen, die die Managerin gesehen HAT.
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PZ

—— SR: Das ist der Professor, DER ...
=== OR: Das ist der Professor, DEN ...

hohe Lesespanne (LS) niedrige Lesespanne (LS)

Pz T

I
-200

200 400 600 800 -200 0 200 400 600 800



Friihe Disambiguiert
Effekte am Satz

PZ

—— SR: ... der Professor, der die Studenten gesucht HAT.
------- OR: ... der Professor, den die Studenten gesucht HABEN.

hohe LS niedrige LS




EKP Komponenten bei ‘
Satzverarbeitung:

N40O: Semantic expectancy violations.

ELAN: Syntactic expecatancy violations.

P600/P345: Syntactic disambiguations



Figure 3.2. The mock scanner at the Max Planck Institute for Human Cognitive and Brain

Sciences. Children go through a training session in which the real MR environment can be

simulated playfully in order to familiarize them with the experimental procedures.



Semantic
Plausibility
(high = low)

”] Semantische und syntaktisc
Disambiguierung bei 3-4 Jahric

Example sentences

Syntactic
Complexity
(low = high)

Plausible

Proposition

Wo ist der groRe Fuchs, der den kleinen Kafer tragt?
Where is the big fox, [wholyom [the]acc small beetle carries?

Where is the big fox, who carries the small beetle?

Subject
Relative

Clauses

Implausible

Proposition

Wo ist der kleine Kafer, der den groRen Fuchs tragt?
Where is the small beetle, [who]yom [the]acc big fox carries?

Where is the small beetle, who carries the big fox?

Low
Subject

Relative

Clauses

Plausible

Proposition

Wo ist der kleine Kéfer, den der groRe Fuchs tragt?
Where is the small beetle, [who]acc [thelvom big fox carries?

Where is the small beetle, who the big fox carries?

Object
Relative

Clauses

High

Implausible

Proposition

Wo ist der groRe Fuchs, den der kleine Kéfer tragt?
Where is the big fox, [who]acc [thelyom small beetle carries?

Where is the big fox, who the small beetle carries?

the sentence-picture matching task.

Object
Relative

Clauses

Table 4.1. The 2x2 factorial design. lllustrated are example sentences the participants lis-

tened to while a corresponding picture set (Figure 4.1.) was presented simultaneously during



A [ 34 9-10 | [ Adults | B [ 34 ][ 67 ][ 9-10 | [ Aduits |
100— Semantic Plausibility B
N 0O plausible 1000 'JE"
& 80 mE implausible |
) £ 800-
E (0]
- . -
3 60- Syntactic Complexity E
< _ < 600
3 SR: Subject S
S 40+ M Relative s
> Clauses @ 4007
o c
& 5o OR: Subject o
g Om Relative =12005
Clauses
0_ 1 1 i 1 0_ L L) L
OR SR OR SR OR SR OR SR OR SR OR SR OR SR OR SR

6-7 Jahrige zeigen bessere Verarbeitung 3-4 Jahrige zeigen schnellere Verarbeitungs-

bei geringer syntaktischer Komplexitat

zeiten bei semantisch plausiblen Satzen



Figure 4.3. Whole-brain level fMRI results. Activation clusters indicate significant blood-

oxygen-level-dependent (BOLD) main effects of syntactic complexity (red) and semantic
plausibility (yellow). as well as the interaction of both factors (orange) thresholded at P < 0.01
(family-wise error corrected) in adults, and at P < 0.005 (cluster size corrected) in the 3 child

groups. See Table 4.2. for cluster sizes, MNI coordinates and Ty, scores of all activated re-

gions.
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