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A Study of Artificial intelligence technology to improve cognitive
rehabilitation training efficiency
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Abstract As society enters an aging population, the increase in the elderly population has raised
concerns about health issues among the elderly, particularly dementia and mild cognitive impairment,
which have become social issues. As of 2021, the ratio of dementia patients and individuals with mild
cognitive impairment to the elderly population was approximately 11%, highlighting the importance of
cognitive rehabilitation training. Cognitive rehabilitation training is actively being introduced as one of
the treatments in nursing homes and elderly welfare centers, primarily conducted by assigning
standardized performance tasks in a structured environment to train specific cognitive domains. To
enhance the effectiveness of cognitive rehabilitation training, it is necessary to analyze each cognitive
domain (such as attention, memory, language, executive function) and propose personalized cognitive
rehabilitation training methods for individuals. In this study, we have proposed a method for utilizing
artificial intelligence technology to establish universal and objective criteria for training in seven
cognitive domains based MMSE-DS protocol. We have implemented user-customized training content

based on an analysis of the user's abilities with the aim of utilizing it in cognitive rehabilitation training.
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(Table 1> Development status of cognitive rehabilitation
system

Development

status Explanation

Various cognitive tasks are trained using computer
programs, and are provided repeatedly and
customized to suit individual abilityes.

Computer—based
training

It provides training to perform cognitive tasks in a

Virtual Reality | situation similar to the actual daily environment using
(VR) virtual reality technology, and helps to arouse interest

and improve daily application skills.

By measuring bio-signals such as brain waves, heart
rate, and blood pressure, the user's cognitive abilit:
status is identified and appropriate feedback is
provided.

Bio—signal
measurement
and feedback

Organize training into game elements and challenge|
elements. Increases user motivation and reduces
boredom.

Application of
game elements

We provide customized training considering individual
Costom training | cognitive abilities and needs. Focus on strengths and
compensation for weaknesses.

Utilization of | It monitors the user’s condition through sensors and
sensors and loT| internet-connected devices and expands the system|
technology to apply to daily life.
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[Fig. 11 Cognitive assessment-Training correlation
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Classification of
Cognitive E ination

‘ Cognitive rehabilitation Training ‘

Fruit, Animal, Place, Object, Word,
Sentence, Story

Word, Sentence, Story, Activity, Explain,
Time, Space

Language
Understand
Picture
Time
Memory Object
Space

Language
m Activity

Language

Clock, Mernmg Noon, Evening, Season,
Year, Day

Object name

Environment(ex: mountain, Sea, nver)
Left, Right, Up, Down, East, West ...

Situation of present, past and future

Fruit, Animal, Place, Object, Word,
Sentence, Story

Word, Sentence, Story, Activity, Explain,

Picture Time, Space

Speed
Activity
Exact

[Fig. 2] Classification of Cognitive Examination-
Training

Memory, Catch object, chose,
Turnabout, Avoid object.
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‘ Meta Data + MMSE-K ‘
cntl

right_rate
error_rate
cgntv_flxblt
prblm_slvng_ablt
sustainability
exe_time
avg_rctn_time
e_score

mbi

cdr

}

{cl, 1, el, cfl, pl, sl, etl, artl, esl, ml, cdl),...} + &Lt datetime)

c: total number of execution, r! correct rate, elerror rate, cf: perpetual error
rate, p: non-perpetuated error rate, s: concept target response, et: total
duration, art: average time, es: EFPT score, m: Badel index, cd: Clinical
dementia scale

[Fig. 3] User feedback and test level design
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‘ Cognitive therapy ‘

v

cognitive function?

: v

Computerized cognitive evaluation?

Need to

v

w ‘ vy

Computerized Conventional
evaluation evaluation
T T

v v v

Attention &
visuospatial dlME-‘ﬂt‘)"rY Executive
dysfunction sturbance | | dysfunction
A:lt;iz:lo:cii Memory Executive
traLnI;ng training function training

Does eduation of Y

patients and < Re-education

favorably?
v

Need more treatment )
after discharge?

Close therapy

Y+ I +Y

Mobile based
rehabilitation

Transfer to long-term
rehabilitation center

[Fig. 4] Cognitive rehabilitation training algorithm
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3.4.2 Markov Decision Process(MDP)
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R: Rewardof State
~v: Discount factor

[Fig. 5] A Study of MDP
(Markov Decision Process)
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Training design

MDP Apply dynamic programing

Contents A
Probabilty: 07 robabilty:
ity = Probabilty: 04
Contents B Contents C
Level: 2 X
Level: 4 | b cbability: 05
Probabily: 03 Probabiity: 06

Contents D ] [ Contents E ] [ Contents F ]
Level: 5 Level: 3 Level: 2

‘ Contents A

| Contents B
‘ Contents E

Score: 07°2 = 03°5 Score: 07°2 + 063 I Score: 0474 + 0572
=29 =32 =26

Customized training

MAX SCORE: 3.2

[Fig. 6] Apply MDP to Cognitive Rehabilitation
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Concentration of attentiol

n(Level High, Medium)
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- CPU : AMD Ryzen 7 5800X 8-Core
s Vi t Processor 3.80 GHz Calculation ability
SIVer environment | _ Gpy : NVIDIA GeForce RTX 3070 Ti . .
- RAM : 64GB - -
- HDD : 500GB A 4392 3 doevie? AEM KoM Y34 At el Hojelzta?
L 500m
3,008 3,500¢ 5
Python 3.9.16 R soom
Development tensorflow 2.8.0 " " N L)
environment scikit-leam 1.1.1 st | 45t || B B ,,
numpy 1.24.3 @ @
Language ability
_ HO|E<F> HO|E <4t
42 —E—Eﬂﬁ I‘"x_!' A8 M Bele Solole? szl Boj waige gotete?
- . n2s
£ ATl ASE Zelxe Setoc sue) 9 = = o .
AE WS o2 cRgon, A, A5, <=1l 2L =
wag
AYERS2 914, AHE Q4 =1 A =8, 2) ||, @ o
% o)l g70) 2A2E AL WIAE TAg rrtaton
ez 771 A, 7198, FFFY, Aliks W W
ay /\]X]Z}'%‘-Eﬂ ﬂq%a, Aaloo%a)gl ]H_'O]E*Eé‘ /g,, = HleE ¥ Rt 8ze 2olehie? a2 ol Tl polelar —
St= FEsto] ZH=E AL ol [ 8l & = 2
=] 7 ‘ % ' 2
a O‘I—%q—‘ P—xl?\:}
C @) ¢ @

[Fig. 8] Example of Contents




ro
Rl
=
futor
Foh
ry
fol
o
o[
rA
o
Ho
rot
ro
Ok
pal
oIr
re
B
w
©

4.3 A LI ¥ Z2u
2 da3E

o gk A

&%

29

19

HotRATH15].

Agsteict.

1 A% e
=REE

847} pet 2

10401:4

—]o]

Ayt QA B
A A A2TL, Al 716S

Ae57] SJA et A Zel=
dlo|E7t " gsitt. & dAoA= dHlolH
Hol7] A A77|&9 =98 APFol doH, o
5 JAZ3A Y A BA = A W5t
ot wekA], Al-hub®] ‘4=8lEof sksal A5 &7
HlolE'E v O Z pre-trained ZEE 1x}F 02 7
gt w4, 7he ekt wae
7t AA2E B9 499 A4 HlolEE el

(Table 3) List of Cognitive rehabilitation training

(Table 4) Classification of areas according to
evaluation results

5o AE

HAES

SRR

=sto] A
doliee] wet 59 £ 24
3, 419 22 %

contents
Classification 7 Training/ . |Level Count| Ru‘\e‘ i Result of training
area cognitive training
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Memory of in egg 2. executive number
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01-1|rehabilitation _Aermory Mid | 10 success:success
! (Viewing time 5
training Count/(success
3sec) )
count +ail
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Area classification according to evaluation results
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