Electrophysiological evidence for how readers
make use of the contextual information during
language comprehension
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» Aging has been associated with various cognitive declines,
including attention, memory and executive function.

* How aging may cause qualitative and quantitative changes
in language comprehension?

Top-down prediction
= Use the context to predict the upcoming words

The little girl refused to go to sleep until he told her a... = story
Bottom-up Integration

=> Integrate the meanings of individual
words .q

* N400, an ERPs component for semantic retrieval
and integration

» ERPs studies for contextual influences

— Cloze probability (predictability) effect in sentences
comprehension
— Chinese Classifier-noun agreement

« Semantic constraint effect of classifier
« Cloze probability effect of noun

» ERPs Data from
— Young adults (college students),

— Healthy elders
— Aphasics with different severity of comprehensign .‘
impairment —

2014/3/21



2014/3/21

!!E !lec!roencep”a'ograp”y

e S NS S Event-Related Potentials: ERPs

The time-locked brain potential elicited by a specific event.

» ElectroEncephaloGraphy: a recording (graphy) of

. . . [amptiier}—— =t ot et
electrical signal (electro) from the brain (Encephalo). ’ : = . :
Electroencephalography Recording System
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Th eory of S|g nal Ave raging — adapted from Barber and Kutas (2007)

THEORY OF SIGNAL AVERAGING

EEG following : evoked signal + random noise
stimulus.
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o | Well-learned vs novel patterns
= rthographic vs non-orthographic
N-gram frequency

Grammatical class (e.g., noun, verb)

| Wordness
s /\f\«/\’\ -V Word frequency
3 Averaging | i i Syllable frequency
'52 _______ Orthographic neighborhood size
“ o 60 /\JM % ' Phonological processing
Number of Averagings(N) Average EP Signal (O

Morphosyntax (e.g., gender, number)
Word & sentence level interactions

|

Event-related potential (ERPs) ecision-related processes

P1-N170-P200 N400 LPC

Electrical activities associated with specific cognitive processes are embedded.
in EEG and may be extracted by enhancing the signal/noise ratio. A <

A

Time from letter string onset in milliseconds ———
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. Semantic congruency

Sugar semantic congruent

| like my coffee with cream and... ¢ 7.0 o0 .qic incongruent
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How to evaluate the contextual effect

Brain and Language

Laboratory ‘

Institute of Lingustics, Academia Sinica

N400 responses have been found to decrease

in amplitude and increase in latency with age. latency
Group composition: gender, age, handedness, years of education

Decade  No. men No. Mean age Handedness ~ Education

‘women

20s 7 5 24 (2.9) 0R,2L  155(21)

30s 5 7 34 (3.7) 12R 17.6 (2.3)

40s 5 7 45 (3.6) 12R 170 2.3)

50s 6 6 54 (33) 12R 14.7 (3.0)

60s 6 6 66 (2.8) 0R,2A 163 (2.5)

70s 6 6 74 (3.1) IR, 1A 16.3 (2.8)

20 30%s 40's 50 60's 70's
Lminn&%%%%%
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Antonyms Categories -

Kutas & Iragm (1998)
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An index for language comprehension
Cloze probability of a word refers to the percentage of

people who would complete a sentence frame with that
particular word, determined empirically (Taylor, 1953).

He bought her a pearl necklace for her ... Birthday ~ cloze=90%

collections cloze=3%
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l N400 amplitude is inversely correlated with the cloze probability

‘The day was breezy so the boy went outside to fly ...’

‘airplane’ “Suv

7777 500 ms N400 x cloze probability correlations at vertex
: N 2 Nouns
'kite'
........... <50% Noun cloze
>50% Noun cloze

Mean amplitude
200-500 ms (uV)

2 r=-0.79
r-values at all recording sites

3 .
0 02 04 06 08 1.0

P Noun cloze probability
~032 -0.41

-0.33 02170.44 —0.550 2\
o 063 066 O (DelLong, 2005)
- —0.7° ~0.79 —0.65
083" 079
0.33
0.67
1.00

HOW conlex!ual |n|orma!lon m”uences !I !e

visual word recognition

2 by 2 design ( Frequency X Predictability )
« High frequency/High predictability (HFHP)

- AP EREEORMA RETRER  REbERER
» High frequency/Low predictability (HFLP)

- BHETARES HELLTRESFRR  BRFETE
« Low frequency/High predictability (LFHP)

— R EeyRS S RBGERREHRHEGOF AR
* Low frequency/Low predictability (LFLP)

— BARRTHE TR ZRE T SR AL 8 2 B B R

Lee, Liu, & Tsai (2012)

rs s u an cloze
on N400
Younger Adults Older Adults
300-500 ms

%~ 300-500 ms

< 50% Noun cloze
250% Noun cloze

Delong et al (2012)

daterial an rocedure

4 conditions, each condition composed of 25 target words ( two characters)
200 experimental sentences.

1

I I T s
High >500 >70% 0.6
Low <2 <1% 0.4

0.2

0
Rapid serial visual presentation (RSVP)
word-by-word presentation

Target words were located at the middle of sentence.

450 ms

250 ms

450 ms Randomly follow a comprehension tg
at the end of sentences. (20% ofyials

2014/3/21



2014/3/21

Predictability effect on Anterior N1

Cz Predictability effect (Low-High)
4V 300-500ms
B N400 : R .
Fz Anterior N1 Predictability effect (Low-High)
. 4] ‘1‘ 120-150ms
High
=
Erequency 100 ﬂt?‘ ’330 N/\\wn ms
High

Fi W
reauensy oo 100 300 500 700 ms

4V

.

Low
Frequency ‘4}
-10

-4uV|
: i o Ry Low 1.5
Frequency ’ﬁ% ﬂ
-100 100 300 500 700 ms
4 —— High Predictability -1.5 yv

—— Low Predictability
—— High Predictability Lee. Liu. & Tsai (2012)

4 — Low Predictability
Context provides top-down information to facilitate the visual processing and <
attentional allocation of expected items.

Lee, Liu, & Tsai (2012)

Modified paradigm for aging study PredictabFi:ity effect in younger adults

Condi Is examples

High 40 Don'’t be annoyed by such a 1~
predictability tiny thing and lose your ...
temper.
(HBMED BN FEHE. R cz
FHERAZHERACHERS... Low 40  He plans that next month he
predictability wants to go to the ... desert.
(st ETA BATE... 5i%) PAW
5000 ms
Pz

High Predictability
Low Predictability

1000 ms

10

ol

2000 ms




!oung a!ults !ea't!y e|!ers

FzZ FzZ

cz

Pz Reduced and
delayed N400

-10 pV
High F i ilit
Low Predictability 0 300 600 900 ms .<
10 /AN 4

the severity of comprehension impairment

* Young adults
— typical central-posterior distributed predictability effect on
N400
» Elder controls
— reduced and delayed N400 with central posterior
distribution
* Aphasics with high ability
— reduced and delayed N400 with central distribution
* Aphasics with low ability
— reduced and prolonged N400 with frontal distribution

— Multiple cues/resources were used to compensate for their
comprehension deficit, so they showed a frontal distributed

'Healthy elders  High ability aphasics  Low ability aphasics

Fz Fz Fz N400

N400

[ High Predictability
Low Predictability

R S —
300 600 900 ms

Bar

N400 A .‘

Contextual Constraint versus Cloze probability

Top-down prediction

The little girl refused to go to sleep until he told her a... = story

Bottom-up Integration

The cloze probability effect may be reasoned as:
1. ltis easier to integrate the meaning of the high cloze word into the -
-

context
2. itis easier to predict the high cloze word based on the context- \..v A
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Cloze probability

Cloze probability of a word refers to the percentage of
people who would complete a sentence frame with that
particular word, determined empirically (Taylor, 1953).

He bought her a pearl necklace for her ... Birthday cloze=90°

He looked worried because he might broken his... Arm

cloze=36%

between cloze probability and contextual constraint

Edward W. Wlotko , Kara D. Federmeier (2007)

Strongly constrained

He bought her a pearl necklace

Birthday expect 90.3%
for her
Collection unexpected 3.1%
Not well
Weakly constrained matched!!
He looked worried because he might have
36.2%
broken his Arm expect 5
Collection unexpected 3.1%
-

S ——
Contextual Constraint

The number of words that can be used to complete the sentences.
Sentence constraint influences the range of completions.

Strongly constrained:

He bought her a pearl necklace for her... Birthday
collection

Weakly constrained:

He looked worried because he might broken his... Arm

leg, cup, treasure,
mirror...collection

“<

in sentence reading

Federmeier et. al (2007)

Sentence frame Expected Unexpected
sc He bought her a pearl necklace for her birthday collection
wC He looked worried because he might have broken his  arm collection

YOUNG ADULTS

| ——— Strongly Constrained,
800 ms Expected

........ Strongly Constrained,
Unexpected

==« Weakly Constrained,
Expected

Weakly Constrained,
Unexpected

® A significant interaction between constraint and cloze  #=9»
probability on N400. -
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A possible confound
between cloze probability and contextual constraint

YOUNG ADULTS

Wiotko et. al (2008)

St ly Constrained,
rongly Constraine Overall
Expected

cloze (%)
-------- Strongly Constrained,

Unexpected SC-EE 90.3 (7.61) Not well
——= Weakly Constrained,  WC-EE  362(1137) [~ matched!!
Expected
SC-UE 3.1(3.78)
Weakly Constrained, WC-UE 3.1(5.60)
Unexpected

Chinese Classifier-noun agreement

NP
/\
DP Object-NP

T~ |

Numeral Classifier Noun

— 15 #BF (arope)

Classifier Noun (meaning, CP%) “

Strongly H 18 (hat, 96.55%) %
Constrained | i, 382 (wig, 24.14%) E(crown, 10.34%) \ ) 4

(5Q) 3155 (wide-brimmed rain hat, 3.45 %)
Weakl B (drink, 72.41%) o= |
Y o BB Kwater,5170%)  ME(beer, 2060%) | i

Constrained 7
(W) /Ping2/ St uice, 2070%) “FYi(milk, 10.30%) _ - m

FZ (poison, 6.90%) B7K(glue, 3.45%) 4 e\é §
7

it
7]
WY

A 2-by-3 factorial design

Strongly versus weakly constrained classifier:
Measured by the number of nouns that can
be paired by a specific classifier.

Cloze probability (CP) of a following noun:
High cloze (CP>50%)
Low cloze (CP<6.9%),
Implausible noun (CP=0%)

Examples of the materials

constraint X X
(rating) High cloze Low cloze Implausible

—ﬁ-@s%asig%) — R RME25%) —EHBH —RBE
—‘#R—ékh‘fﬂr(75.63%) —-B%(368%) —HBE/ —HEH |

Procedure

Random:200~350ms

400ms

Plausibility judgment
Rating 1~5:

Implausible Plausible and expected !
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Constraint effect on Classifiers

The constraint effect on P200 and N400

Channel FZ
N400
N

600 700 800 900

. P200

Channel CZ

Qf400°@Q_600 700 800 900

—— Strongly constrained
—— Weakly constrained

~

Modified paradigm for elders

300ms

Random:200~350ms

800ms

Plausibility judgment
Rating 1,3,5

* For the pairing Nouns

® An interaction between constraint and cloze probability on N400

Strongly Weakly

Channel CZ Channel CZ

High<Low<Implausible

Y B
ﬁ” %‘ Wy s

THTE B

AY"\ 00 800 900

0 Xo\eoneqo 7¢

\\ o High cloze
oA Low cloze

Implausible

* The constraint effect on Classifiers

® Only young adults showed a significant Constraint effect on N400

Young adults Elders

Channel CPZ Channel CPZ

¢ Constraint effect

s Time(ms)
— Strongly constrained = — i@
—— Weakly constrained — ¥R

| -~
Implausible Plausible  Highly expected -
unexpectedbut —7 o
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ERPs elicited by the pairing Nouns

Younger Adults Older Adults
Strongly Weakly Strongly Weakly
Constrained Constrained Constrained Constrained

Frontal % W v«kﬂm wib%—_«gé
Central fml m W "’AVW
Parietal w@ M/ W S

= High cloze probability —BEE

2] ) ) = LOW cloze probability —)EEI’EJE
-100 100 300 500 700 900 ms Implausible _;E¥$+
implausible > low cloze > high cloze implausible = low cloze > high cloze
—

Discussion

With slower presentation rate and easier task demand,
young adults showed a graded cloze probability effect on N400

Prior experiment This study

400ms E 800ms

TH 9T
W%

Discussion

» Under strongly constrained condition, elders could form the
best completion for strong constrained classifiers (or find it
easier to integrate the classifier-noun pair), but showed less
flexibility to process the low cloze nouns.

» The planned comparison showed no cloze probability effect
under Weakly constraining condition. Elders

Channe CZ

Conclusion

* Healthy elders showed
* No constraining effect from the classifiers on P200
and N400.
» Reduced and delayed cloze probability effect on
N400.
» Our data supports that the ability to use the contextual
information is compromised with age.

» The ERP components, such as P200 and N400 may
serve as neural markers for evaluating the severity of
comprehension impairment.
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J&] % 4= (Chia-Ju Chou)
7% %% (Chih-Ting-Chang)

Cloze Task

THANKS FOR YOUR

|
ATTENTION (CLOZE P. =99%)

QUESTION (cLOZE P. =1%)
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