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Integrating Multi-Axis Academic Resources and Al-Assisted Systems to Support Hangul
Literacy Learning of Students with Borderline Intellectual Functioning: An Al-Assisted
Multi-Sensory Adaptive Learning System and a School-Home-Clinic Integrated Ecosystem
Model
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Abstract

This study proposes a theoretical model that integrates validated multi-axis academic
resources with Al-assisted systems to support Hangul literacy learning of students with
Borderline Intellectual Functioning (BIF). Addressing the guiding guestion—can BIF students
make substantive progress in Hangul literacy learning?—it offers a theoretical response of
conditional affirmation: such progress is attainableZA|MR|s SHlol st=2 2l S&
AHAHS2 227|128 YAHE)

when this integration is clinically realized across multi-sensory, multimodal, and
multi-environment dimensions. The proposed digital multi-sensory adaptive learning system
integrates Direct Instruction, Response to Intervention, Universal Design for Learning,
multi-sensory learning (VAKT), Total Physical Response, Baddeley's multi-component
working memory model, and Mayer's cognitive theory of multimedia learning, distributing
each resource across distinct layers of the system design. The study (a) presents a
four-phase pad-based architecture comprising baseline assessment (Phase A), adaptive
Korean literacy instruction (Phase B), self-regulation and affective support (Phase C), and
progress monitoring and adaptive reconfiguration with educational micro-diagnosis (Phase
D); (b) reinforces the kinesthetic and tactile modality via vision-recognition-based physical
manipulatives; and (c) proposes a school-home-clinic integrated learning ecosystem model.
Phase D, in particular, integrates automated micro-diagnostic dimensions—visual
discrimination error patterns (e.g., mirror-image confusions), self-correction patterns,
response latency, and performance-time variance across grapheme types and difficulty
levels—approximating the qualitative evaluation of clinical psychologists. A key design
feature is the integration of OCR- and LLM-based analysis of external clinical assessment
reports into the baseline assessment phase, complementing in-app screening. The system
also incorporates integrated intervention for dyslexia and dysgraphia, and positions Al as an
assistive infrastructure for—rather than a replacement of—teacher instruction. This study is a
theoretical design proposal without accompanying clinical case data; the proposed model's
effectiveness requires future empirical validation through single-subject research designs
and multiple-baseline studies.

Keywords: borderline intellectual functioning, dyslexia, dysgraphia, adaptive learning
system, multi-sensory learning, multimodal manipulatives, learning ecosystem, multi-axis
academic integration
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ST A A A 7te| FATH 1|2|= WALe| AZIe HOtR Y & O|EE M= zeffstil
QCHBrunsting, Sreckovic, & Lane, 2014, Skaalvik & Skaalvik, 2016). =W A& AANHMZ
groral- A M(2016)2 E4uAb 389 S A2 of FRUHA 23 ZFM-Z Sdl AJ0tEr 0]
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) Ct= ot 2te| 0|24 S8 1R E Yoty
) IS | A8l(Phase A~D)g HHAI5tH,
3) H|lA-5d A4 7|Et SR d= u+ L Stu-Jhy-2|=7| 2 A Sg JEfA=O| =Y

2 U} ClRE B3 23 YU BIF A0l 17| Jls FAS B0 HEe YA
SUHOR, SROUM-HYT| A ZH-25 SH| S Q2| 7150 S 59| FAS SAlo| A5t
ST WA 352 NS 2Ct

. = =LA o =
. 0|24 B &: Ct= of= Al &8

2 7L CHY DAMS HOEEH YO0, AYMAYD)EHUSRYRT)BHY Sty
M74(UDL)CHIZt S (VAKT) 24l BHS(TPR)- 2179 @& ZE(T|CIof 3t QI2(0|2 § HEE
CH% 3t 2f9I0) 3 X8 0|22 0|2 AH=Ch 'CHE(SH) 012 0] AAFS0| B4 44|(D)),
CFE AIYRT), 2 AA(UDL), CHIZ-AIAHSHVAKTTPR), 12| 2I(2ej7|e-2Eln|cio),
BIB0| 22 YOt MR T2 Z014 212 2ZE0f 200, 2 AIAY 2| NE CI2 29I5
L0} BHeChs <ol

1. 2134 (Direct Instruction)

Engelmanni}t Carnine(1991)0] F&sH 2 u4-H (D) 2HAHE 71y A2 =2 MEststo
FAA AH - AHUE HE — SEA O 28 - FH L O E80| 4THA 2 LRSsHe w4 EA|
X AO|Ct. Adams2t Engelmann(1996)0| 25'37te| =24 ALE OiEEASH 21t Die 5 22,
BAMR| s, S50 S Hutol] A& L= FuE EJel, £3] Project Follow Through?|
Oit2 Hu HAFON CF2 ZE us HIS sotete &Y Mz 2 x| HYS LAEE0
B SUOIME 2Yu,E 202 o ShERE2 S 2|=2| 0|21t MA|7t A A5t of

QACHO|CHAI-StORSE, 2011).

2. L2t shgat A st

Fernald(1943)7t &gt VAKT(Visual-Auditory-Kinesthetic-Tactile) 22 22} &5 1HH0||A
ANzt 2s22-2210] SAlof 245t of 41F s|29 HZO| LstEltts AFstd Z2A0|
7|8kSICE  Asher(1969)2] Al BFZ(Total Physical Response; TPR) O|2& SHEAI7b Al
AU Soff A0 A=F2 M2 g i 7| BERE0| Fo0lotA A&EES BHFUC =L
APO| 22 E 2|3 (Psychomotorik) HE(Zimmer, 1999)2 SUst 2|2 AlH-Z2-ZHA-Q12|9
EH 2302t YN HES SEA ZHez, 2 Aol Crzkzt Ao o|24 V|8ts
M5Bt



3. BEHA st& AA|(UDL)QF 2AHEHZ2 2 (RTI)

HHA sty HA[(Universal Design  for Learning; UDL)= H%4FH(Representation),
s B3 (Action and Expression), 2t0d(Engagement)Q| CIYst £~CHS HSEE 2 & SHSAIE
nedof A St B AAH ASHO|CHCAST, 2018; Rose & Meyer, 2002; 2ERI-24E8%, 2017). &
A7t H|Otot= A|AERIZ O|=5HA| A UDLL| 3CH ¥2|E 25 113ttt 53 2 24 -U2AE
O|F TM-ZIZZ 12|E A|Zats BAC| LIS, 2| E2i1-55F 2234 Yoot A=
HES HAC| CHASIO|, A4S 0|t FA I|EE2 2F0{Qf CHFSto| 282 TSt Of2{gt &2H
A= Fuchs2t Fuchs(2006)7t d&let SAHBFSE2 Y (RTHL| 1&HA| B W40 s, sh5Ate|
UHE G[O|&{of| wet 2CHA B4 St 3THA| 718 S SM2 s detele O s S &+ =2
JNled &+ ULt =z EFTUSOME o=y SMUS H2e =g 20| YRo| de|el Ht
UL (O[CHA!, 2009), 2 A|AEIC| CHE X 12 1 =29 HAMO| UL

4. 27|91 BE|D|E O] QIZ|0[&E

2 AAHO| CIERY 7S QARSI J|8h E5 CITHIC Baddeley(2003)9 CIEAE
Q7|9 RS 22 2ot AIBZt FIIYO| HE B AAHOE HSHS HORD, Ol
A2b-H2H 22t U2 Sty A2 BAMAIZ O BIF SHYO| 27|o REHO| T Ao
AZE2| e AIHQIXH DS HBBHCH Mayer(2009)2] HE(D|CIO] 32 QIX|0j2 AlZH}
2t A'2o] SA| BB} ok BTHE IOHSHEFS 12712 A 2|2 H2lE bt ot

5. tMS SAS| S
2 d7E USEH @ WME(dysoraphia) ¥HS EHHo=2 Bt Berningeret

MBS0 22 55 £96tH, 82 A2|- &A1 BE7|(orthography)-EiA
QlA (morphology)- 27|99 & &3 EATIA| EE S LS ARG HE UCH 2
AAEIO| &7tak MT.AT M7| Ch|= Thest S 2 A30| oftL|2t Lt S S| sHA tHA=2

22| 2[0f 71,

6. 320 SR04 0 wetz =4y

ot=0] S2QAe] EYHH Ead2 & A2-S St=0| 80| Z2EA0|Ct. Hoi2H2012)= o=
Ots2l S20IA0| SH(syllable) — SHA|-ZM(body-coda) — S&(phoneme) HHIZ
AHC R HEHAS dSHe=Z BNSIRICE 2 A|AHICS 33 N2[E(2Y-S4-5H)2% AZSEHA
2% A2 Ht2 0| st=0f S2Ae| HUE AE AZA-RAHO2Z ASH 200, oA
SeUA FH £ 02 T st AutEat 22402 R E L

7. As¢¥

SHE A2(TS) 2 23 &5

lsd EETY A|AE(Intelligent Tutoring System; ITS)0| Ghest 2|A HMEYS HO sH&EAIQ|

712t BME & Oioliste 2dA SE(Affective ITS)E2 25T ©f &5 &7t ICiStEIC

VanLehn(2011), Kulik2t Fletcher(2016)2| OEREAM=2 TS7t MEH w4 ¢ CHH|l 0.66
FHafol| eidst= EMIAVIE YA AMEEHE EDEASH,  Steenbergen-Huft



Cooper(2014)2] 4 DIEFEMOIME 0.32~0.372] &237|7t &HQIE|0f TSO| HERHEL 8t
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T2m - A3 2= - SgA e - UHE2Y 0|8 — Al 24 — Z8I=2 A 2Ho| &8t

(1) A ZAF 2&: 4 WO CFS Wl S92 O|L] HALE slisteh: 22| AN R Y|
fine motor skill H7t), 3224 ZAHZOl2H(2012)2] & kS

DA, AlZH HE AHAZAH 22 FARSE A2 7)), =2t Q1A HAHAR A s3H).
Ol= Fuchs?t Fuchs(2006)2| RTI & A32|'d THAZE & WoM F3isl= FEfO|A}, 2ty
7|8t WI7HCurriculum-Based Measurement)2| C|2|& A-g0|Ct,
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2. Phase B. 484 sl=2 W=

o
Phase A9 Z2MAS EMZ LA 7HA| A3d g 2=0| 2SSt Phase BQ| W4 LEM}
Hate FQUUKUEY T[22 YME7L JY-4Se S0/ nE 8% sh2 H=S A=

D27734,(010HA 2f, 2022)9] 242tA| T2t ZHAE 10HA A= Z2E 7|He=2 5t
AAEIZ OIS LAY 2t 89| 48 Z== fHedet 20|t
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(3) B-3. W2} 47| AlIY: A2 2E LF k= BUHQ QAR 20|22 2 A|LHE
ZE2 22E0 shgats A2 2F AIYS ol =, B0l Waf o7 AYoiM Al 34
w2t 2@esich Al 24 QIA0| afA-24 H2(GPC; Ehri, 2005)2 H&t=ot gzl
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HES (St AS- A8 XHelE M5t m|EES A|Zetct 22 EfiARD 7|8t 24
DHlo| H|ok Bt O 2 (Korzekwa et al., 2022; El Kheir et al., 2023) &t=20{ At22-8+2
HE2| As HIPL gMH &8 Jhst HAZ IYSHACH O 34 QA(STT)Ol ‘&
YaM=7re| QAo JHACHH, Y39l e BIte ‘Yot d&s| MEM=IE URe 8o
HAHO|Ct, TetM 2 AABISl Wol WIt= 34 QA Eof, 7| #5E BEYS S8 ¥R=E
stE2t 2ot 34 HRlE JZEst, 232 ZHE (formant)2t H2HS2| FTHZIS AIZHAIZEHVOT)
s 8% ABRE EAMste YAE 2H=2 HeCh E7 =09 BZ-ZEs3-4ds o3UE:
YEAYo 2= HHO| 0124 0| S EA0| A A0l A StCt LTt Otz 2| ot=0) 842 YEA
HO7F B2, A|AE AM2|e0F 42 27H8 BHESHA| ¢4 HA|StE O Oz(0, O 2/& HEH2
WEAHESLAFAIAE AE27H2| 2018 HA|11 1 THE 2 CHA| A|ARIS| 7|& 20| SR EICt
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(5) B-5. 27| AW — HMS S FHe| 24 ST &7t 27| HE AV|=
Al B 7
o

A§340| OfL|2} tMZ SAe| sHA CHAI0|Ct Berninger2t Wolf(2009)7t Z+2RSH HiRE Z0],
=S HMS 2 SF 55 060, S 2|8 OfL 2t ZAF H7|, HEfA QA AAHTV|Qo| 25
=4 SATA| SeE SA7t L2502 A|AEHE IHE SHHOM &7t AEAHA =9
HA-2eTAES 250 A 2Uo| Y E OfLet HMS TR Jtsst 39 &=

ClIO|E1E 4Bttt



3. Phase C. At7| 2 &-A}7|HIIRF A MA Z|X|

UDLe| &0i(Engagement) ¥2l= Tttt 7| F01E 90 shgAte| HERIZE 22T A2
LSBT & AIARE SHSAOA| AH4of ZIHES ABHO 2 AZfelsto] E0{FH, g 10|

o g — — = i
' BES oedt SIE J]50| OfLjzt staAte
f

SHHE SISAA Folettt. =ty 27|t 2
7|28 E70|0, otg S8 AlY0| stgAt AA2 SHote B2 A8V AEH| 0| AVt 2tS et
£3| BIF stse 22 Al 2o stEE 27/ (learned helplessness)& 27| 41RB2,

] g, 25t A= A E Hots GAMA DEYS S
oF A HEE 8O stgAte] S7|° YME

Oi7hshe A4 SE 2 2tsshe A2 ¥2|(Kulik & Fletcher, 2016; VanLehn, 2011)0{| £&sict.
4. Phase D. /I{E BILAHZ2Z ot w=2A O[M| 2IE

2 AA”IS 2ITHA A2 ChESt YEHE A0 UAA| Tt ME sFo st} :E HI0|EE
YA 2|Ate] E/dH IO o= AsatE OM /I 22 2ol 7HsotH, 2 AA-E2 OHg Y| 7t
2t 28 S8 240 ECiZE A=Ct

(1) Al HE 28 I8 212 Bt 22(0f]: 7—L, o), 4o
| O HAH 27 IEHZ AlZF X2|-J

CHAMO|D, LH=Z20| AZASHAM EZI3F 2IASICHLyon, Shaywitz, & Shaywitz, 2003). £ A|AEIS

SHGAO| HOMOM H24 =52 BI=-Hek-A 2 21 E As A et

(2) 27|11y i (HH H3): SV HE 51 HHE
wYo| SF(AIE WA vs 22| 0|5)= HEIRAA|-2}7|=E 24 =
oF ol JEO| =25t= sgAtet, LS HA A|uge=2 | =Edts stgAts &4 2t
SYotete Q1A 22| L0l =24 2= TH=n,

’

(3) Al BrS(response latency): 3t A|A| & SIGA7F A HSS ZHAISH|7HA|9] AlZtE 22|
SE, YUY Foh, Z[Al Olsf 3o SEH AEIL ECi(Baddeley, 2003). & A|AHE2
ARE-IA RAE A AUS XS 7|F5H0] St5Ae| 22| £ Z2OAUS S

AZHEAR Y 88 MRS (1 cc-w-m-2) R BG (H- A b sl o]l
S5H01S-HSENE 48 A7t BMS B0 32 X2 A (LoKat,
A 0

~

Of7|0l| Cish Wt YBE (B-3-8-4), 2R BY-He- LYo
A7 S8 LEO| B SHECH Al REL 0| S8 CofE
AelD, 1 2% Yol BE Clojer S8t 2Hzs ¢
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5. & = 2tFo| 244 ot

CIOF HE OFS SEe BAM SIS ZSrh 0T SUS A2 33 22w oof
A0l K205, YROF U BIF SHY LT LA A3 Z(fine motor skil)2] X
TS MG ZZIV|S OfECH AX-AZS ST ASS HHZ AE Axs s HE
SFOtORE Sa WIS UM RHY 4 Yct

V. AlAE B 42 DS £5

—

A HEfA

0
Il
]

1. 4= W8 Sot AMAet-=2t EY2|E| B

2 d4ls IE thE 3HEo| 244 otA — £5] BIFER0F HEo| T4l AFs A AlX|St
CtA o] & e — & Etst7| ol 4= et HI’H QIAl 7|&0| Z2THE REe|E| B 2ES
AotSict, StSAVE AR S 25 72702 AHE AE 25 MES £22 F 1 3 12| BEE Q{0
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