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Part I I 

 

 

Development of Neural Substrate 
of Language Over the Lifespan 
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Development of Neural Substrate (1) 

Studies in neuroscience of aging have found that systematic 
ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ōǊŀƛƴΩǎ ǎǘǊǳŎǘǳǊŜ ŀǎ ȅŜŀǊǎ ǇŀǎǎƛƴƎ by. 
1. The cerebrum loses 1ς2% of its mass each year as well as  
     white matter structural integrity (Fjell, etal., 2013; Raz, et 
      al., 2005) ; the cerebrum weight declines at a rate of  
      around 5% per decade after age 40, with the actual rate of  
       decline increasing significantly particularly over age 70  
      (Scahill, et al., 2003). 
 2.  Evidence from behavioral studies of cognitive psychology 
      also found aging effects on a wide range of cognitive 
       function, such as memory, attention, executive function, 
       and so on. 
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Development of Neural Substrate (2) 

ÅFrontal lobe hypothesis: 

    Cognitive deficits in older adults are primarily  

    due to anatomical andfunctional deterioration 

    in the frontal lobes (Cabeza & Dennis, 2013;  

    Moscovitch & Winocur, 1995). 

ÅExecutive function is  mediated by the prefrontal cortex, 
which is the last maturing brain region during 
neuroanatomical development (Casey, Galvan, & Hare, 
2005) and also the region mostsensitive to 
degeneration in elderly (Cabeza & Dennis, 2013). 
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Two models for neural compensation (1) 

ÅPosterior-Anterior Shift in Aging (PASA) 
phenomena (Davis, et al., 2008): 

    the increased prefrontal lobe activation, 

    which accompanies either decreased 

    activation in posterior regions, such as middle 

    temporal lobe (MTL) and visual cortex.  
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Two models for neural compensation (2) 

ÅHemispheric Asymmetry Reduction in 

   OLDer adults (HAROLD) (Cabeza, 2002; Cabeza 

   & Dennis, 2013): 

    greater recruitment of the homologous brain 

    regions (such as right frontal lobe). 
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Two brains:neural compensation 

1.Posterior-Anterior Shift in Aging (PASA)  

   phenomena (Davis, et al., 2008),  

 

2.Hemispheric Asymmetry Reduction in OLDer   

    adults (HAROLD) : greater recruitment of the 

    homologous brain regions (such as right  

    frontal lobe) ( Cabeza & Dennis, 2013). 
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Two minds: attention top and 
bottom(Goleman 2013) 

1. The bottom-up mind:  

      Faster, involuntary, automatic, intuitive,   

      ƛƳǇǳƭǎƛǾŜΣ  ŀƴŘ  ƘŀōƛǘǳŀƭΣ ΧΦ 

2. The top-down mind: 

      Slower, voluntary, effortful, self-control, 

      ƳŀƪŜ ƴŜǿ ǇƭŀƴǎΣΧΦ 

3.   Kahneman, Thinking Fast and Slow   
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Part III  

 

Language Development Over 

the Lifespan  
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Cognitive Aging: stable crystalized 
knowledge & lower fluid ability 
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A Life Course Model of Scaffolding Theory of Aging and Cognition 
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General Principles 

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

     (analogous to brain development; embedded in the 

concept of óworking languagesô) 

2)  Use it or lose it 

     (In the context of bi-multi-lingualism) 

3)  Means, opportunity, and motivation (MOM) 

     (for both first and second language acquisition) 



Cognitive Reserve: the Nun Study(1) 

ÅAn on-going longitudinal, epidemiological study 
of aging, investigating risk factors for the 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ ŀƴŘ 
longevity with a special focus on linguistic ability 
(Snowdon et al., 1997)  

ÅLinguistic ability: Idea density and grammatical 
complexity 

ÅAssociation between Low idea density in young 
adulthood with suboptimal neurocogntive 
development. 
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Cognitive Reserve: the Nun Study(2) 

¸Idea 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. 
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Cognitive Reserve: the Nun Study(3) 

Ģrammatical compexity 

       Tense inflection, affixation (prefix and suffix), 

        agreement, plural marking, and number of  

        different kind of embedded sentences. 

Ȩmbedded sentences with relative clauses are 
harder to process than those with 
complement clauses. 
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Cognitive Reserve: the Nun Study(4) 

Ŗelative clauses in English are embedded with 

    right- branching structure, example: 

          I found the cat that killed a rat that ate the      
 meat that I bought from the the person 
 who came to sell the meat at the corner of 
 ǘƘŜ ōǳƛƭŘƛƴƎΧΦ 

Çhinese and Japanese relative clauses are left-
branching. 
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Cognitive Reserve: the Nun Study(5) 

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

ÅIdea density: high scores reflect an economy 
of expression, whereas low scores, vague, 
repetitious and redundant expression. 
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Cognitive Reserve: the Nun Study(6) 

ÅIdea density is less effected by normal aging 
than grammatical complexity; however, 
!ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ ƭŜŀŘǎ ǘƻ ŀ ǊŀǇƛŘ ŘŜŎƭƛƴŜ ƛƴ 

    idea density. 

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

Çompexity from 4.78 to 2.34 on a scale of 7 
point scale 
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Part IV  

 
Construction of a Grammatical Complexity 

Metrics for Chinese 
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The main purpose 

 

      To measure age-related language attrition of  

      the healthy elderly and the demented elderly,  

      and hopefully for early detection and intervention 

      of MCI (Mild Cognitive Impairment), which is 

      often the early symptom of incurable Alzheimer 

      disease (AD).  
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Diagnostic Criteria for MCI (1) 

1) The most common cause of mild cognitive 
impairment (MCI) is Azheimerôs disease (50%), 
followed by vascular disease, depression, Lewy 
body disease, and Parkinsonôs disease. 

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 
Institute on Aging and Alzheimerôs Association). 

3) Earlier detection of MCI for prevention and 
intervention.(the earlier, the better). 
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Diagnostic Criteria for MCI (2) 

1) Change in cognition compared to prior level. 

2) Impairment in one or more cognitive domains 

(memory, attention, executive function, language, 

and visuospatial skills) 

3) Less efficient in managing daily affairs. 

4) 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.,é) 

3) The majority of individual with MCI have abnormal level 

of beta-amyloid 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 



 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. Head-initial in English 

(centrally embedded issue) 

 

¸   The dog that the cat that the boy saw chased barked. 

       (well-formed but hard to process) 

    

¸   The boy saw the cat that chased the dog that baked. 

       (well-formed and easy to process) 
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Tree structure in English (Du 2013) 
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interrupt disinterrupt 



Tree structure in Chinese (Du 2013) 
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disinterrupt 

interrupt 



Classifier System 

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

2) The default classifier  (Myers 2000) 

3) Shape classifiers  (Kuo 2003)  

       one dimension: , ,  (Tai and Wang 1990) 

       two dimensions: , , (Tai and Zhao 1994)  

       three dimensions: , ,  

4) Shape with other object properties: flexible, rigid,  

      liquid, 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)  TǕ zuò wán shבush½, ɲ  zבuliׅo. 

  (Agent/Theme) -C1, (ɲ ,Agent/Theme)-C2 

  She finished surgery, ɲ left. 

 

4) ɲ  ShuǾzhe, tǕ xiào qׇl§i. 

    ( ,ɲ Agent) ð C1, (Agent) ð C2 

  ɲSaying this, he started laughing. 
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Topic chains (3) 

5) Wב wènle tǕmen, ɲ  dǾu bù zhǭd¨o. 

     (Agent) ð C1,   (ɲ , Theme) ð C2 

     I asked them, ɲ didnôt know. 

 

6) MǕmǕ gŊi wב qián, wב bù huǕ .ɲ 

    (Agent) ð C1,     (ɲ , Patient) ð C2 

    Mom gave me money, I didnôt spend .ɲ 
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Topic chains (4) 

7) Fàn hׅole, n ׇchǭ  ɲba. 

    (Theme) ð C1, (ɲ , Patient) ð C2 

    Dinner is ready, you can eat ɲ. 

 

8) ShȊ, wב b¼mׅi ,ɲ yŊ bù kàn .ɲ 

    (Patient) ð C1,  (ɲ , Patient) ð C2   

    Books, I donôt buy  ɲand donôt read .ɲ 
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Topic chains (5) 

9) Qiáng shàng yבu fú huà,  ɲhŊn piàoliang. 

     (Location) ð C1, (ɲ ) theme ð C2 

     On the wall is a picture, ɲ very pretty. 

 

10) ZhuǾ shàng yבu gè hú,  ɲlׇmi¨n yבu chá. 

      (Location) -C1, (ɲ +position word, Locative) ï C2  

      On the table there is a pot, ɲ inside there is tea. 
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Topic chains (6) 

11) TǕ, rén lׅo,  ɲxǭn b½lׅo. 

       Overt Double Topic Chain 

       He, age is old, ɲ heart is not old. 

 

12) Wב kȊle,  ɲlèi liú mׅnmi¨n. 

       Covert Double Topic Chain 

       I cried, ɲ  tears streaming down. 
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Part VI  

 
Field Methods  
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Case 1: Narration and Description 
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¸  

     

    Ǎ Ǎ 65 85 ̙  

    Ǎ : (1) Ǎ  

    ̘ ̘ ̘ ̘ ̘ ̙ 

    (2) AD-8 ǉLiu, Chou, Lai, & Yang,  

    2009Ǌ̙   

    Ǎ 40 ̙ Ǎ 65-74 Ǎ  

    75-85 Ǎ ( )̙ 

 



¸  
     Olympus LS-10 Ǎ   

    Ǎ Ǎ  

    ǉnarrat iveǊǍ ǉpicture   

    descr ip t ionǊ̙ ñFrog,  

    where are you?òǉMayer, 1969Ǌ̙ 

 

¸  
ü 2.0 ǉRuan  

    et al., 2012Ǌ̙ ǉ  

    Ǎ2008/2011Ǌ ̘  

    3.0ǉ Ǎ1995/1998Ǌ ̙ 
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ü Ǎ  

    ̙ Ǎ  

    ̙  

    Ǎ Ǎ 100% ̙ 

 

¸  
ü B r o w n  ( 1 9 7 3) ̘  

   ǉ199 8Ǌ Ǎ  

    Ǎ ̘ 

    ǉBrown , 1973ǊǍ  

   ǉ ̘ Ǎ 2 0 0 7ǊǍ  

    1671 ̙ 
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ü (1) (main clauses)̘(2) (embedded clauses)  

    ( 3 ) ( s u b o r d i n a t e  c l a u s e s ) ̙  

    ( 1 9 8 3) ( 2 0 0 7) 

    : (1) (Serial  verb construction )̘(2)  

     (Complement clause)̘(3)  (Relative Clause)̘(4) 

    (Descriptive clause) (5) (Pivotal construction) 

    ̙ ̘ ̘  

    ̙ 

 

¸  
    IBM SPSS stat ist ics V.21  

    ̙ 
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¸  
    Ǎ Ǎ  

    ǉp < .05ǊǍ75-85  

    Ǎ 65-74 ̙ 

    65 Ǎ  

    Ǎ 65 ̘ ̙ 

      

      

 

 

Ǜ 65-74 75-85  



Ǜ  

¸  
    Ǎ Ǎ  

    ǯ ǉp < .05Ǌ̙  

    ǯ  

    ̙ Ǎ  

    Ǎ ǉKemper et al. 1989Ǌ̙ 
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Ǜ    
             
 

¸  
    T Ǎ ̘ ̘ Ǎ  

    ǉp < .05Ǌ̙  

     ̙  

    ̘ ǉ Ǎ1999ǜ 

    Berman & Slobin, 1994ǜTrabasso & van den Broek, 1985ǊǍ  

    Ǎ ̙ 

      

      

 

 

Ǜ  
             54 



Ǜ  
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¸  
    Ǎ ̘ Ǎ  

    (r > .900)Ǎ  

  ̙ ǉ Ǌ 

    Ǎ ǉ Ǌ ǜ Ǎ  

    ǉ Ǌ Ǎ Ǌ ̙ 

      

      

 

 

Ǜ
 

Ǜ
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