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(a) Orienting (b) Tapping (c) “Siing”

Copyright @ 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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(b) Round dance
(food near)

(c) Waggle dance
(food distant)

<,

@ ‘/Beehive

Location @) Location () Location @

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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Figure 2 Timelines for song
learning. a, In many seasona
species, such as the white-crowned
sparrow, the sensory and
sensonmator phases of leaming can
be separated in time. The initial
vocalizations, or "subsong ',
produced by young birds are
variable and generic across i Sensory »

individuals, akin to the babbling of =1 M——Sensorimotor—3=  Crystallized
human infants. Subsong gradually el I | | |
evolves into 'plastic song ', which Zebra finches 22 60 Day 90

remains highly vanable from one
rendition tothe nest, but also begins
toincorporate some recognizable
elements of tutor songs. Plastic
songis progressively refined until
the bird “crystallizes' its stable adult ; T _
song. b, Zebra finches develop Canaries
rapidly. and their two phases of

learning overlap extensively. ¢, "Open learners’, such as canaries, can continue or recapitulate the initial leaming process as adults.

Sensitive period ends  Subsong  Plastic song

=S ensorye ~&-Sensorimotor-Pe  Crystallized
Spring | I autumn | I Spring |

=
2]
=1

I

Sparrows

“— Sensory —e - Scnsory T -3
~f—— Sensorimotor ——e Crystallized - Sensorimotor-Pe Crystallized - -4
Plastic

|
I Spring I P autumn | I Spring I F gwstumn | I Spring I

Hatch

2012/11/06



SCIENCE VOL 328 21 MAY 2010 = ?E

EVOLUTION OF LANGUAGE

Animal Communication Helps
Reveal Roots of Language

An interdisciplinary gathering marks a turning point for a field historically richer in
talk than data, but which now is increasingly embracing studies of animals

— - o A :Er.‘r-. ol

o Lol I:i:ztfers*-ﬁﬁ! Bnthpnmates and birds have some- -
thing to'say about humap language origins.
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Do | make myself clear? Orangutan gestures are
intentional and meaningful.
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Getting the point. Both apes and humans may use language-related centers in the left brain when
pointing with their right hands.
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Vocal learner. Zebra
finches learn to
sing much like
babies learn
to talk.

Human brain
Broca's
. area @ @.W«emicke’s

O Bird Brain

Wernicke-like regions
. activated when the bird
hears song
Broca-like regions
‘ O activated when the
» ‘a bird sings

Singing centers. Birds may help reveal how humans learn to speak, because
both species have areas of the brain specialized for vocal learning.
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Around 650 BC, the Egyptian king Psammeticus reputedly had two
children raised by a mute goatherd, isolated from all linguistic input,
to determine what language they would speak spontaneously. As
legend has it, the children’s first word was bekos, so the king judged
the ‘original language’ to be Phrygian, in which bekos means bread
(that bekos represented the bleat of a goat was apparently not
considered). Today, such an experiment seems both unethical and
naive, for we know from numerous examples that children deprived
of linguistic input will not spontaneously speak any language. To
acquire language, humans need rich linguistic input early in life.
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Deaf children raised in hearing homes spontaneously create simple
communication systems termed home-sign. Lacking semantic and
grammatical complexity, such systems cater only to simple, specific
needs.

Adults thrown together with no common language develop pidgins-
communication systems with small vocabularies and simple grammar.

In both cases, later generations transform such simple systems into true
languages, with a full range of grammatical expressiveness. Pidgins can
become complex, stable languages known as creoles in just a few
generations.

In Nicaragua, deaf children transformed a set of simple home-sign
systems into the full Nicaraguan sign language (NSL) within a few
decades.



AR hibiEE
Allow us to designate an infinitely large number of items, actions,

and properties of items and actions, and to do so with respect to
items that are not immediately biologically compelling.

Allow us to relate items, actions, and properties to one another.
This propositional level of semantic content is beyond the scope of
any known animal communication system.

Allow us to express relationships between events and states of
affairs in the world, such as temporal order and causation. It reflects
the human ability to conceive of an enormous number of concepts
and to relate them to one another.



The preserved brain of Leborgne (Broca’s patient “Tan”)

Broca's area

REE
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Hearing
words

(>

Speaking Generating
words words

2012/11/06




Lichtheim’s 3% 3 &2 #-;" W]

. )/ I \>\ ‘‘‘‘‘‘‘‘ /
I? M 1|r :‘ I ;; A }
\ /..,_ L
| A
Motor Auditory

A: information about word sounds
M: speech planning and programming
B: conceptual information
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# B+ % 4 3Z 5 (Broca’s aphasia)

(a) Spontaneously
speaking

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

(c) Listening for

{ "The boy was hit
comprehension

by the girl.
Who hit whom?"

"Boy hit girl"
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BR % ¥ £ e (Wernicke’s aphasia)

(a) English

"I called my mother on the
television and did not understand
the door. It was not for breakfast
but she came from far. My romer is
tomorrow morning, | think."

"Ik belde mijn moeder op de
televisie en begreep de deur niet.
Het was niet voor ontbijt, maar ze
kwam van ver. Ik denk dat mijn
romer morgen ochtend is."
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Somatosensory

Motor

Areas subsequently removed
No evoked naming errors
Evoked naming errors
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Lexical (word) decision task

Prime
car

Target
truck (real word, related)
tulip (real word, unrelated)
tckur (nonword)
turck (pseudoword)

Expectancy-induced priming
car: truck, bus, taxi, etc.
cat: dog, rabbit, mouse, etc.
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(b) Lesion results summarized

Tools 1, HilliiT
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Animals:x=93.3

Tools:x = 96.0

IT

IT+

Persons:x=75.5

Ll

Persons:x=91.7

Animals:x = 88.3

Tools:x=84.5
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nodes

g e
i hammer
CHI i 3

dog
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I | hammer ||
Phonological s
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Cat (four legs, furry, tail)
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Semantic categories

(animals vs. tools)
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Conceptual
system

am CONCEPT
R LEMMA
I N
e

Semantic memory
(as oppose to
episodic memory)

Lemmas
Mental lexicon
Word forms

[ SPOKEN WORD l | WRITTENWORD l
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Conceptual preparation

in terms of lexical concepts

Lexical concept

Lexical selection [QL__8E

Lemma I

Morphological Lemmas
| eﬁcodi.?g . Mental lexicon
o Word forms

Self- Morpheme
monitoring |

Phonological encoding
and syllabification
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Silence What do you mean?

"captain”

Segmentation problem
How the brain is able to extract meaning from speech in the
face of this variability in the physical signal?
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Context:

They always obeyed their...

Input:
[cl [al lpf It] 1al [i] In]

crown cap caption captain

creek | capitalist :1.: captain
cloud ..:! capitol

cap | caption

captain captain

cord

1“ £ } ..H ' i
.  Candidate
i Cohort 2 fg il vora I
R R TR R T
; i |'| e s e EEPE A reinibbit Lt fliy il rli:. “

Time

Lexical selection
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Tones > Noise [T i Primary auditory [
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P F R PRGNV 5 3N (serial)

L e Image demon
R_ R (receives sensory input)

Processing
of signal
Vertical lines Horizontal Obligue lines Right angles Acute angles  Discontinuous  Continuous
lines I curves curves Feature demons
I — N IT 3 (decode specific
i r features)
@O00 OSO0O OO0 OO0OBO OOCO 8OO0 OOCOO0
G 7 NI ~ s Cognitive demons
A i @ Tl G / 1 ,—®"=- SRl e e N ("shout" when
Q)T [ P B dpiteg arlt -\ Srl Y s
Al e 5 / =i \J Dy iy el receive certain
= Ol E e L Sl O e s W / “7 " combinations of
Ay TS s BT o T 7|~ features)

-

p1 O, Decisiondemon
R ("listens" for loudest shout in
pandemonium to identify input)
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FRPELE X 2 F 5 (parallel)

When the word node “trip” is activated, it will send out
inhibitory signals to low layers, and letters and features that
do not match the word “trip” will be inhibited.
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Word superiority effect

Does the stimulus contain an A or an E?

Condition Stimulus Accuracy
Word RACK 90%
MNonsense KARC 80%
string

Xs XAXX 80%

2012/11/06



S: sentence

NP: noun phrase

V: verb

VP: verb phrase

PP: prepositional phrase

2012/11/06

3 g R 4

Who has the binoculars?
the spy or the cop
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Prime: The child watched by the parent was playing quietly.

Target: The man watched by the woman was tall and handsome.

This reduction in the amplitude of the ERP to the second
presentation of “by” can be interpreted as evidence that it was
easier to understand the difficult syntactic structure when it
had been primed by an identical structure.
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7 R, I fF g 42 (interactive model) © B 4t F >
Before the scientist submitted the paper, the journal changed its policy.
After the scientist submitted the paper, the journal changed its policy.

300 ms
(a) Left Hemisphere ’ (b) Right hemisphere

1st clause 2nd clause 1st clause 2nd clause

prefrontal

Frontal

Occipital

---- "Before”

. the scientist submitted the paper, the journal changed its policy.
“After”
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~F pe v S
Correct
Trains in the Netherlands are yellow and very crowded.
World knowledge violation
Trains in the Netherlands are white and very crowded.
Semantic violation
Trains in the Netherlands are sour and very crowded.

Semantic N400 effect World knowledge N400 effect
(300-550 ms) (300-550 ms)

@

B - . !
™= ’:’ ‘\‘\
- Iy \‘ ' i
m:_,n 4;’\ .::,J A ¥ — .] . .
B 0 \ C o N40O0 is a signature
= ‘,‘ - I'. ~
- of semantic effect
i R )
L , fripsse o M o :‘. (@ } I/
0 200 400 600 I [
Time (ms)
3uV opv 3pv W oWV 3pv
Correct: The Dutch trains are yelfow and very crowded
------- World knowledge violation:  The Dutch trains are white and very crowded
————— Semantic violation: The Dutch trains are sour and very crowded
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The Runaway 4;1 British Bestseller

Shoots

The Zero Tolerance
Approach to Punctuation

|
LYNNE TRUSS

With a Foreword by Frank McCourt,
author of Angela’s Ashes



PRAERY R RS
This is very rewarding but tends to be quite expensive even if you own
all that you need. The outfit does not really matter. One can get
seriously injured without proper instruction even if it comes more
naturally to some people than others. Some don’t like the smell or the
lack of control. So some people are scared to try even if they’ve
dreamed of it since they were a kid reading about it in books and
watching it on television. A running start is uncommon, although there
are some who do it. Typically, success requires that you start with your
left leg, and make sure it is securely in place. Then swing your body
high into the air. The direction matters. Once you are settled, your
thumbs should be pointing up. Sometimes there is no security but the
animal’s hair. Other times you can hang off the side. In any case you will
be sore if this is your first time.

Horseback Riding



After an air crash, where should the survivors be buried?

Semantic illusion (3£ 8,4 §)
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A tourist wanted to bring his huge suitcase onto the airplane. However, because
the suitcase was so heavy, the woman behind the check-in counter decided to
charge the tourist extra. In response, the tourist opened his suitcase and threw
some stuff out. So now, the suitcase of the resourceful tourist weighed less than
the maximum twenty kilos.

Coherent: Next the woman told the tourist that she thought he looked really
trendy. The tourist grabbed the woman’s hand and eagerly asked her for a date.
But the woman reprimanded the tourist for being pushy and told him to just get
on the plane right away.

Anomalous: Next the woman told the suitcase that she thought he looked really
trendy. The tourist grabbed the woman’s hand and eagerly asked her for a date.
But the woman reprimanded the suitcase for being pushy and told him to just get

on the plane right away.
—4]..[1'u" "

N400 effect is absent »
. . Pz : T
P500-600 is evident o 4 s00 1200\ ms

\
Solid line: coherent 3 f e !
. Critical-word v
Dashed line: anomalous Shcet



Difficulty
The boy that was hit by the girl cried.

Normal priming effect for words that are
associatively related (e.g., cottage cheese)

No priming effect for words that not
associatively related but are from the same
semantic category (e.g.., dog and horse)

Right hemisphere might play an important
role in the processing of meaning.
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Searching for the Google Effect on People’'s Memory

0 0 0/Zrx FLUG E GRUGE %\ WIKIPEDIA % ' 00 o/FRor Y +\

I‘“;'“_+ et ;ﬂ.lﬁ"—”fl'l..lmu“‘..-.'r,i"‘"';—hﬂ_j jtﬂ]* = = C...L_m.hrh-'#dl:ﬁ.tdfuﬂlf_ﬁmt_rru" __]@q
[t |[eeans] e ) | 7
Y = WIKPEDIA HAS A PROBIEM
spﬁl{ﬁ PLUG B GL2ET TRY WATING A FEW IINUTES AND RELOADING
i —— WikiPepA (CANT CONTRGT THE DRTRABASE SERVER:

' it bl .ﬁ, T UNkNowN ERROR, (10.0.0.241))
WIKIPEDIA | «nn ~ )
i | = {ODO_Messhce wimy_Ming 1979 I DO Meswace W Mg 1979
MIKE1979: T REPLACED MY SPRRK, PLUGS AND MIKE1979: T REPLACED MY SPARK PLUGS AND

— NOW MY CAR 1S RUNNING WEIRD.

—r NOW MY CPR 1S RUNNING WEIRD.
TS| ME: THE SPARK GAP MIGHT GE OFF.

ME: WHAT IS A SPARK PLG 77
ME: HELP

= || KE 19792 WHAT SHOULD THE GAP BE? ME: WHAT IS A CART?

vRr| ME: USUALLY BETWEEN 0.035" AniD 0.0707
“AME: BUT IT DEPENDS ON THE ENGINE.

e / e 4
0 e S e e e~ B e Y L‘ ——— —J

WHEN WIKIPEDIA HAS A SERVER DUTREE, MY APPARENT IQ DROPS BY ABOUT 30 FOINTS,

External brain. There's a growing belief, illustrated in this xkcd comic, that people have become more
dependent on online information, but few studies have directly examined this.

2012/11/06 www.sciencemag.org SCIENCE VOL333 15 JULY 2011
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