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Partl |

Development of Neural Substrate
of Languag®verthe Lifespan



Development of Neural Substraf#)

Judies in neurosciencef aging have found that systematic
OKFIy3aSa Ay UKS O0NJAyma ai NHz

1. The cerebrum loses 2% of its mass each year as well as
white matter structural integrity jell etal., 2013;Raz et
al., 2005); the cerebrum weight declines at a rate of
around5% per decade after agk), withthe actual rate of
declineincreasing significantly particularly over age 70
(Scahill et al., 2003).

2. Bvidencefrom behavioral studies of cognitiyisychology
alsofound aging effects onwaide rangeof cognitive
function, such as memory, attention, executive function
andso on.
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Development of Neural Substraf2)

A Frontallobe hypothesis:
Cognitivedeficits in older adults are primarily
dueto anatomicalandfunctionaldeterioration
In the frontal lobes Cabeza: Dennis, 2013;
Moscovitch& Winocur 1995.

A Executivdunction is mediated by the prefrontal cortex,
which is the lasmaturing brainregion during
neuroanatomical development (Casey, Galvan, & Hare
2005) and also the regianostsensitivao
degeneration in elderlyGabeza: Dennis, 2013).
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Two modelsfor neuralcompensation (1)

A PosteriorAnterior Shift in Aging (PASA)

phenomena (
the Increasec
which accom

Davis, et al., 2008
prefrontal lobe activatipn
nanies either decreased

activationin posterior regions, such asiddle

temporallobe

(MTL) and visuabrtex.
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Two models for neural compensati¢a)

A Hemispheric Asymmetry Reduction in
OLDermdults (HAROLDE&beza2002;Cabeza
& Dennis 2013:
greater recruitment othe homologous brain
regions(such as right frontal lohe
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Twobrains:neuratompensation

1.PosteriofAnterior Shift in Aging (PASA)
phenomena Davis, et al., 2008),

2.Hemispheridsymmetry Reductiom OLDer
adults HAROLD)greaterrecruitment of the
homologoudorain regions (such as right
frontal lobe) (Cabeza& Dennis 2013).
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Two minds: attention top and
bottom(Goleman2013)

1. The bottomup mind:
Faster, involuntary, automatic, intuitive,
AY Lz aA DS S Iy R KI o
2. The topdown mind:
Slower, voluntary, effortful, selfontrol,
YF1S ySé LI yazXo
3. KahnemanThinking Fast and Slow
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Language Development Over
the Lifespan



Cognitive Aging: stable crystalized
knowledge & lower fluid ability

Speed of Processing
Digit Symbol
Letter Comparison
== Pattern Comparison

Performance declines with
increasing age for Speed of

Processing, Working Memory, «
and Long-Term Memory Working Memory
Letter Rotation

Line Span
s Computation Span
=== Reading Span

Long-Term Memory

Benton
Rey
e — - s Cued Recall
erformance Is
preserved over Free Recall
T age for World
Knowledge World Knowledge
1.2 p= Shipley Vocabulary
s Antonym Vocabulary
20's 30's 40's 50's 60's 70's 80's

=== Synonym Vocabulary

Age (Years)

Park et al., 2002
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A Life Course Model of Scaffolding Theory of Aging and Cognition

* New Learning
. Engagement
* Exorcise
. + Cognitive Training
Biological «  Dopaminergic ’wm ¢  Muedialon
Aging »  Cortical
* Bran Volume
*  Whito Matlor intergrity
= Intellectual Engagement
= Education
- Fitress
Intervention
*  Multiingualism A
= Higher Ability \
Brain
Structure
Neural
Resouros 3 1T » [ Compensatory
Enrichment Scaffolding

Lite v S A
Course Neural « Recrutment of New Regions
Experience Resource + Newrogonesis

Depletion ““‘T‘L"'M

APOE
Stress
Vasular

Disease
Low SES

Depression
Neurobcism
Head Trauma
Toxin Exposure

A conceptual model of the scaffolding theory of aging and cognition-revised (STAC-r)
adapted from Reuter-Lorenz and Park (2014).
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Model of Age-related Compensation Task
= Demands
AGING i
- - "xmsmatch
. ™S Attempted ’/' Successful
\ﬁ . Com;_)*c_ansation Compav_sation
e | Nowmt TN o Neural | 2| cognitive
Resources Hasarca . Supply - Processing
+ 'l (_,J / =
'.' Unsuccessful
Jom '3 Compensation
Variables Physiology Connectivity
g P G e 4 __..---
---------------------- 5 -------‘-’--—-‘.-_—__-
Iinvwivo  ooTTmmneEEeT )
Measures MRI. DTI, PET fMRI, ERPs, MEG Behavioral Tests

A model of age-related compensation adapted from Cabeza and Dennis (2013).
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General Principles

1) First come, last go; Last come, first go

(analogous to brain development; embedadtie
concept dfanagwargkeismg

2) Use itorlose it
(In the context obi-multi-lingualism)

3) Means, opportunity, and motivation (MOM)
(for both first and second language acquisition

20



Cognitive Reserve: the Nun Study(.

A An onrgoing longitudinal, epidemiological study
of aging, investigating risk factors for the
RSOSt 2LIYSYy G 2F ! f1 KSAY
longevity with a special focus on linguistic ability
(Snowdonret al., 1997)

A Linguistic ability: Idea density and grammatical
complexity

A Association between Low idea density in young
adulthood with suboptimaheurocogntive
development.
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Cognitive Reserve: the N@tudy(2)

ldea density (propositional density)
How much information can be packed into
a sentence, relative to number of words.

Propositions (conceptual and relational meaning) can be
expressed by words, phrases, clauses, and sentences.

People remember propositions and ultimately forget the
grammatical form in which they were expressed.

22



Cognitive Reserve: the N@&tudy(3)

. Grammaticacompexity
Tense inflection, affixation (prefix and suffix),
agreement, plural marking, and number of
different kind of embedded sentences.

. Embedded sentences with relative clauses are
harder to process than those with
complement clauses.
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Cognitive Reserve: the N#tudy(4)

. Relative clauses in English are embedded witl
right- branching structure, example:

| found the cat that killed a rat that ate the
meat that | bought from the the person

who came to sell the meat at the corner of
0KS O0dzAf RAYIXD

. Chinese and Japanese relative clauses are lef
branching.

24



Cognitive Reserve: the N@&tudy(5)

A Idea density is correlated with measures of
vocabulary; grammatical complexity, with
measures of working memory, including digit
span and reading span (Cheung & Kemper,
1992)

A Ideadensity: highscores reflect an economy
of expression, whereas low scores, vague,
repetitious and redundant expression.
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Cognitive Reserve: the N@&tudy(6)

A Idea density is less effected by normal aging
than grammatical complexity; however,
£ 1 KSAYSNRE& RA&aSKkas f
iIdea density.

. ID scores declined from 5.35 to 3.52
propositions per 10 words. (on average)

. Compexityfrom 4.78 to 2.34 on a scale of 7
point scale

26



PartlV

Construction of a Grammatical Complexity
Metrics forChinese
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Themain purpose

To measure ageelated language attritioof
thehealthy elderly and the demented elderly,
and hopefully for early detection and intervention
of MCI (Mild Cognitive Impairment), which is
often the earh\symptomof incurable Alzheimer
disease (AD).

28



Diagnostic Criteria for MCI (1)

1) The most common cause of mild cognitive

|l mpail rment (MCIlI) I s Azhe
followed by vascular disease, depression, Lewy
body di sease, and Par ki n

2) People with clinical evidence of early cognitive
decline, but who do not have dementia, meet the
criteria for MCI (Sperling et al, 2011, National
|l nsti tute on Aging and Al

3) Earlier detection of MCI for prevention and
Intervention.(the earlier, the better).

29



1)
2)

3)
4)

Diagnostic Criteria for MCI (2)

Change in cognition compared to prior level.

Impairment in one or more cognitive domains
(memory, attention, executive function, language,
and visuospatial skills)

Less efficient in managing daily affairs.

Not demented: the cognitive and behaviorial
changes are mild and do not interfere social and
occupational functioning significantly. (from Bayles
and Tomoeda 2014).
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Diagnostic Criteria for MCI (3)

1) MMSE (Mini-Mental State Examination) and CASI
(Cognitive Ability Screening Instrument) have been
developed and adopted to assess MCI as well as the
demented by clinical psychologists and neuropychiarists.

2) Biomarkers (e.g., presence of signature proteins, loss of
hippocampal volume, perfusion of temporoparietal cortex,
etc., ée)

3) The majority of individual with MCI have abnormal level
of betaamyloid deposit earlier and brain degeneration
later (Peterson, et., al. 2010).

4) Dementia Centers/Memory Clinics in major hospitals.
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Part V

Construction of grammatical
complexity metric in Chinese:

Key Components
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Construction of grammatical complexity metric
In Chinese (1)

(1) . (0 point)

(2) . 1 point

(3) . 2 points

(4) . 3 points
(5) , ) 4 points

(6) , ) 5 points
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Construction of grammatical complexity metric
In Chinese (2)

Final particles as modals

(7) (1 point+

(8) (1 point++)

(9) | (1 point+++)
(10) (2 points++++)

(11) 2 points+++++
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Construction of grammatical complexity metric
In Chinese (3)

1) Complexity of pronominal references.
Subject Vs. Object.

Initial Vs. medial Vs final position. Wu and Su
2016)

2) Different types of embedded sentences.

3) Counting complexity of relative clauses.
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Relative Clauses in Chinese

Head final in Chinese vs. Heanitial in English
(centrally embedded issue)

The dog that the cat that the boy saw chased barke
(well-formed but hard to process)

The boy saw the cat that chased the dog that bake
(well-formed and easy to process)
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Tree structure in English (Du 2013)

IP
NP,//‘\VP
T e v NP
The boy (J/\II’ called the police
\\'Lo NP/\VP
| PR

subject gap V NP

found the girl

IP

/\\
NP 3

NP

/\\
found NP CP

thegirl C P
| /\

who NP VP
N

subject gap V NP

The boy \Y

called, the police

I interrupt

I I disinterrupt
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Tree structure in Chinese (Du 2013)

[P
//*\\
NP VP
CP NP yujian le x1aozhang
|
[P C  xuezhe
NP VPode )

| N

subjectgap  V NP

pettong yuanzhang

L

I disinterrupt I

IP

/\
NP VP
xiaozhang VP NP
yujianle CP NP
/\ A
P C  xuezhe
/\ |
NP VP de
| N

subject gap

peitong yuanzhang

L

interrupt I
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Classifier System

1) Distinction between measure words and classifiers
(Tal and Wang 1990)

2) The default classifier (Myers 2000)

3) Shape classifiergKuo 2003)
one dimension: , , (Taiand Wang 1990)

two dimensions: , , (Taiand Zhao 1994)
three dimensions: ,

4) Shape with other object properties: flexible, rigid,
liguid, semisolid, etc., (Pinker 1989)
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Topic chains (1)

1) Basic discourse units in Chinese are topic chain
rather than sentences as in English (Tsao 1990)

2) Li (2005) has identified 10 patterns of topic chain
for the purpose of teaching Chinese as a second
language.
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Topic chains (2)

3) T Guowans h auyszq3dal i o
(Agent/Theme}C1, ¢ ,Agent/Theme)C2
Shefinished surgery) left.

NN Shudez kbaeqg . | §i
(", Agent)o C1, (Agent)d C2
N Saying this, he started laughing.
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Topic chains (3)

5)YWaweénlet Ume e Gz h 0.d o
(Agent)o C1, (, Theme)d C2
| askedthem di dnot know.

6) M U mdJ i 2gian, w 2buh unU

(Agent)d C1, [, Patientd C2
Momgave me moneyh. | di dn
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Topic chains (4)

7)Fanh or ceh'dha
(Theme)o C1, (0, Patientd C2
Dinneris ready, you can eat

8)S h,ivab Yamn,y Mukann .
(Patient)do C1, ¢, Patientd C2
Books | doaaoad bDdown.ot

r e ad
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Topic chains (5)

9) Qiangshangy 1fu hua" h NDmaoliang
(Location)o C1, () themed C2
Onthe wall is a pictur@! very pretty.

10)Z h wskdingy 21gehd? | . my dcha
(Location)-C1, ¢ +position word, Locative) C2
Onthe table there is a pat,inside there is tea.
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Topic chains (6)

11)T kénl  pox gbn'sl. o
OvertDouble Topic Chain
He, age Is oldQ heart is not old.

12)Wak | pléiliam nmi © n
CovertDouble Topic Chain
| cried,” tears streaming down.
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PartVi

Field Methods
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Case 1: Narration and Descriptic
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Olympus LS-10 A
A A
i narrativeNJA i picture
descriptionNJ AnFr og,
where are y o ulj?Mayer, 1969NJ

2.0 ] Ruan
et al., 2012NJ |
A 2008201INJ
3.0lj A 19951998\J
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(3)

(Complement clause), (3)

(1) (main clauses) (2) (embedded clauses)
(subordinate clauses).

(1983) (2007)

(1) (Serial verb construction ). (2)
(Relative Clause),

(4)

(Descriptive clause) (5) (Pivotal construction)

IBM SPSS statistics V.21
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