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e NLP (Natural Language Processing): 210 £E& =&, HAE S8 24

THR| I

o Developmental Psychology: Fischer &% 7|& O|&, Piaget 21 X| HE THA,
Vygotsky2| =& 2 JAH(ZPD)

e Conversational Al: L 210 RE(LLM), ZEZE AX|L|O2, SE Oj7fH= 5t

e Clinical Psychology / Education: X| 2% 5% 22 Moty CIXHSKX| =2
(CBT) 2 &3}



I 3.1 Fischer & 7|= O|&

Kurt W. Fischer 1 ==(Harvard Graduate School of Education)= 19803 "A theory of
cognitive development: The control and construction of hierarchies of skills"
(Psychological Review, 87(6), 477-531)0{ A QI1Zto] QIX|-ZHA 0| 13E-A 2| 2|4
70z 728 WEH, 4 B = g Mg o|EX oz YHTThi= 0|25 MA

ALt

AS THAIE HEH oY o £H

0 Single Reflexes 0-4mo 210f O

1 Reflex Mappings 4-8mo 210f O

2 Reflex Systems 8-12mo THof CHH

3 Single Sensorimotor Actions 1-2y The THo

4 Sensorimotor Mappings 2y 2-3 Eto] Zgt
5 Sensorimotor Systems 3-4y Tt 28

6 Single Representations 4-6y THZE FALSAL
7 Representational Mappings 6-10y 2A-elut AZA
8 Representational Systems 10-12y U7 #Y
9 Single Abstractions 12-15y o YA

10 Abstract Mappings 15-19y O EFQIX] H
11 Abstract Systems 19-24y Chetd Sg

12 Single Principles 24y + He|MA s



O,

}
M +=EEC}

i

—

-
O

RULF.
= X0l

—

Tier 110] QX ==

=
—

Ap20f A

Al
(=]

Tier 8, &
M+ 1)

L

—

{

-
O:
[ B

(

SHE CIE £E0A SA| ES"SHCt= MO|CH M2t S LS AFEXE HMAE &
Of| A
[
X A2 =9I GPT-4, Claude, Gemini S

4

Vygotsky(1978)2| ZPD 7 @2 3t& =17t S Ci=tk|

Fischer O]

4

.
O
—

-
[

1HZ-ns =0 QoM O]= Chg =X

A
O -

.

C

10l
!
olo

F13M HAEO A Tier 11-12 {22

2

E

[e)
=

A

<

od

0l
zr
ok
K

2 2y9 Y

C}
=

|2 &: BtAtE AR XLO|A| Tier 6 =& &

2
=

Al xet

3

H

E|X| BB AFEXL7L 0[5
FO|EH 2A7} gict.

8

-
o
=

HiC

Of7H A ==21 8
A LU 2RE XHE FEEX| o, (b) CHet T

2
(=]

(@) A

|E|X| &2, (c) Fischer 13THA|Q} ZH2

—

—

—

O]
A

A

R

10




HIC} AXO
EI-EF T = x|-

o

X O{fH LLM A|AEIE AL X}

—

e
[

& 89 £.

HiCk
=22

1. XS

wjr

2. BESHE 13CHA| ojf

i

ol

10
=
ki

ol
’r
&1

-

<0

mJ

7 Qleiotct ct

el
il

M. AHERZE ZAM-QIX]

14

—

ol
ol
ojo
o<
<+
ol

e

-

joll
10
Bl

o
KH

:’A
(L

e
[}

19| 2xY. CH=t7h T E O et AFEALS| &

~
o

=
L

=

=

A EHQIEHE BT Tier &8

—

+ A|QR2O0|EE &) 0-12 Tt

8

=

e

A| 20| S SHLY,
o

2lt) Of

(CSM): "dAM-CIX|.
H

—

—

P

BN

-
—

o

=
=
(e}

HE Szt
23 @
H| &, O Et
5.ZPD H™E7| (ZAC): SE Tier = AFEXf Tier + 12 23

i B |
o

5.1 A2 1 24

OH 2+

=]
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I 5.2 M XIHH (Inventive Step)



LM Z8: Fischer 13CHA| + LLM & Ofj7f|H0| 218 OjEHE2 M

o MAIZHZPD HM: Of STHOICt +1 HHOR & FY {X|,
7

ISX|o] AME HZ: Boston Neuromind YA HIO|EH 2 EXHE 177§

M 298

| 6.1 1771 2o 52l Ho)

7 AL AF 93 HAIKIZHE CHS 1770 B3 SRS =SBk

F1 MLD (Mean Lexical Difficulty) CHOjE HE 9= Hi Tier 1
F2 SLV (Sentence Length Variance) =% 40| 24 Tier 1

F3 ANR (Abstract Noun Ratio) e Tier 9+
=
o MMF (Metacognitive Marker "L Az, =AYt S e 0
ier
Frequency) =

| | ERA ofLpstE
F5 CCD (Causal Connective Density) Tier 7+

CHD (Conditional Hypothetical
Density)

F6 "QHof ~2pEH" Hi Tier 8+

F7 SCD (Subordinate Clause Depth) S5E G 40 Tier 1



F8

F9

F10

F11

F12

F13

F14

F15

F16

FUR (Figurative Usage Ratio)

MPI (Multi-Perspective Indicator)

EVL (Emotion Vocabulary Lexicon)

TPS (Temporal Perspective Shifts)

NEG (Negation Complexity)

QDF (Question Depth Factor)

SLF (Self-Reflection Frequency)

SCC (System Concept Count)

PRC (Principle Reference Count)

NRD (Narrative Reasoning Depth)
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Tier 9+

Tier 11+

Tier 9+

Tier 8+

Tier 8+

Tier 1t

Tier 10+

Tier 12

Tier 12

Tier 1t

user input text

1..17) wi = trained weight for

S AR A0 Chlf 37 = QIE 2 SE X2l Tierg &

feature i (calibrated on Boston Neuromind clinical corpus) b = bias

term o = logistic sigmoid: o(z) =1 / (1 + e*(-z)) round(-) = nearest

integer in {0, 1, 2, ..., 12}
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T _emotional = T(x, weights emotional) T cognitive = T(x,
weights cognitive) T relational = T(x, weights relational) > Tier

Vector V = (T_e, T_c, T_r)

Zt | 21 7S X|(weights_emotional, weights_cognitive, weights_relational)= 17
N EY TG 2N O Hot AlA8E = ST ZXTHLL

TS E Tier0l| el LLM S dd Al Bt5 470 D2 7t X5 =H= &l

Tier 9-12
P1: 03] & 7| 1000 £HOf HZ 3000 THOf 17 6000+ EHOY
P2: 2% Z0| e e =& 58 5H 344
P3: =4 H|E 0-10% 10-35% 35-70%
P4: HE[QIX| R & A= AR—Es INES

6.5 ZPD E7d (+1 Rule)

T _response = min( T user + 1, 12 ) > Response is generated using
parameter set for T_response, not T_user, ensuring conversation stays

in Zone of Proximal Development

O: AtEX} Tier 7 (10M| Ot &) — S& Tier 8
MMSIO AFE2X7F M =2 I E| =M= E F o0
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1LEIAE 43 - 177 §F =& (LFE)

2. 370 =M Q1 Tier = (TIE + CSM)
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4,
5. SHE o=

6.

Z|2 570 HAIX] Ol B2 = Tier 283}

+1 B HE (ZACQ)

LLMO]| O§7f = X &l system prompt T2 = SE

A 0| E (RPM)

AH
(=}

M
o

User Input

Text Message

TIE + CSM

Linguistic Feature Tier Inference
Extractor (17 feat.) 3 domains

DUL ZAC RPM
. ZPD Adjuster Param Mapper
Dynamic Update Tier i 1 p1,p4pp
Loop
5-msg avg

LLM Response Generator

..............

parameters injected via system prompt
— developmentally calibrated output

ZHENE S5 A4 EZDUL).

T 1. A|AE MA GJOJE S E. LFE — TIE - CSM — ZAC — RPM — LLM &E
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Abstract (1 2—24y)
Principles (24y|+)

Sensorimotor (0—4y)

Representational (2-1 4)/)

/.

o
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Response calibrated to Tier 8

Fischer 13-Tier Developmental Hierarchy
ZPD: Response = User Tier + 1

Conversation maintained in Zone of Proximal Development

& 2. Fischer 13EtA RIA 2t ZPD +1 28

User detected at Tier 7

| Tier 0-4
| Tier 5-8
| Tier 9-11
| Tier 12
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A. FISCHER S8 7|& O|&

Fischer KW. A theory of cognitive development: The control and construction
of hierarchies of skills. Psychological Review, 1980; 87(6):477-531.  DOI »

Fischer KW, Bidell TR. Dynamic development of action and thought. In:

Damon W, Lerner RM (Eds.), Handbook of Child Psychology, 6th ed. Wiley, 2006;
1:313-399.

Fischer KW, Daley SG. Connecting cognitive science and neuroscience to
education: Potentials and pitfalls in inferring executive processes. In: Mind, Brain, and
Education in Reading Disorders, Cambridge University Press, 2007; 55-72.

m Fischer KW. Dynamic cycles of cognitive and brain development: Measuring
growth in mind, brain, and education. In: Battro AM et al. (Eds.), The Educated Brain,
Cambridge University Press, 2008; 127-150.
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m Vygotsky LS. Mind in Society: The Development of Higher Psychological
Processes. Harvard University Press, 1978.

m Wood D, Bruner JS, Ross G. The role of tutoring in problem solving. Journal
of Child Psychology and Psychiatry, 1976; 17(2):89-100. = DOI ~

Chaiklin S. The zone of proximal development in Vygotsky's analysis of
learning and instruction. In: Kozulin A et al. (Eds.), Vygotsky's Educational Theory in
Cultural Context, Cambridge University Press, 2003; 39-64.
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Flesch R. A new readability yardstick. Journal of Applied Psychology, 1948;
32(3):221-233.  poIl ~

McCarthy PM, Jarvis S. MTLD, vocd-D, and HD-D: A validation study of
sophisticated approaches to lexical diversity assessment. Behavior Research Methods,
2010; 42(2):381-392. Dol »

Lu X. Automatic analysis of syntactic complexity in second language writing.
International Journal of Corpus Linguistics, 2010; 15(4):474-496. Dol »

Graesser AC, McNamara DS, Louwerse MM, Cai Z. Coh-Metrix: Analysis of
text on cohesion and language. Behavior Research Methods, Instruments, &
Computers, 2004; 36(2):193-202.  DOI »
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m Brown TB, Mann B, Ryder N, et al. Language Models are Few-Shot Learners
(GPT-3 paper). NeurlPS 2020.  arXiv »
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ﬂ VanLehn K. The Behavior of Tutoring Systems. International Journal of Artificial
Intelligence in Education, 2006; 16(3):227-265.

Aleven V, Sewall J. Hands-on tutorial: Constructing tutors with the Cognitive
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