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Abstract

Background of the Study: Schizophrenia is a serious mental disorder, and cognitive deficit is one of
its core symptoms, which seriously affects patients’ daily life and social functions. Effective rehabil-
itation of cognitive deficits is essential for the comprehensive rehabilitation of patients with schiz-
ophrenia. However, traditional rehabilitation methods still have many shortcomings in improving
cognitive function. Although traditional rehabilitation methods, such as recreational therapy and
occupational therapy, have achieved certain effects in relieving symptoms and improving social
skills, they often have limited effects in improving cognitive function. These methods lack perti-
nence and are difficult to systematically train patients’ cognitive function, especially in memory,
attention and executive function. Based on the above background, painting rehabilitation as a new
means of rehabilitation has been gradually introduced. Through the process of artistic creation,
painting rehabilitation can stimulate the creativity and imagination of patients, and provide a plat-
form for emotional expression and self-cognition. In cognitive rehabilitation, painting rehabilita-
tion promotes the improvement of patients’ attention, memory and executive function through
complex mental activities. Compared with traditional public entertainment therapy, it may have a
certain positive effect on patients’ emotional stability, visual perception organization training, fine
motor training and brain connection activation. Although the research on the rehabilitation of
schizophrenic patients by painting training at home and abroad has made some progress, its spe-
cific research mostly stays at the traditional level of clinical manifestations and scale scores. There
is no good conclusion on the improvement of the key neurophysiological level, and there is no ap-
propriate method to evaluate it at the neurophysiological level. Objectives: The purpose of this study
is to verify the effect of painting treatment on the rehabilitation of cognitive deficits in patients with
schizophrenia from the perspective of neurophysiology, and to verify the value of a neuroelectro-
physiological technology in this field. Methods: It was validated by behavioral (MoCA) and cognitive
neuroelectrophysiological techniques. A total of 139 schizophrenic patients were recruited in Tongliao
Third People’s Hospital in this study. They were all in non-acute phase. The subjects were divided
into experimental group and control group. The experimental group received 12 weeks of conven-
tional rehabilitation therapy combined with painting training rehabilitation, and the control group
received conventional rehabilitation therapy. Montessori cognitive assessment (MoCA) and event-
related potential were used to evaluate the cognitive ability of individuals with schizophrenia. The
rehabilitation utility of cognitive deficits was verified from two different levels of behavior and cog-
nitive neuroelectrophysiology. Results: After 12 weeks of rehabilitation treatment, the cognitive
abilities of the two groups were improved. The MOCA score of the painting group was significantly
improved, but both groups were improved. The MOCA results could not effectively prove the effec-
tiveness of painting training; Through the application of ERP technology, the study found that the
phase synchronization (ITPC) of the painting group increased significantly, while the control group
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had little significant change; Compared with the index of ITPC, the changes of amplitude and latency
are not obvious. Conclusion: Although traditional MOCA can reflect cognitive changes to a certain
extent, it cannot prove the effectiveness of painting training compared with traditional rehabilita-
tion; The event-related potential fully proves the effectiveness of painting training from the per-
spective of neurophysiology, which represents that painting training can improve the cognitive
function of patients with schizophrenia from the perspective of neurophysiology; It is clear that the
event-related potential technology is of great value in evaluating painting training.

Keywords

Rehabilitation of Cognitive Deficits, Schizophrenia, Painting Training, Event Related Potential

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 51§

F& 1 73 ZL0E (Schizophrenia) /& —Ff DL ZE | A5 1K S AT NG ARFE ) B RS F50, 5 AEZI0T . 248
FALZZ D Re T, HAZ OISR AT DhRe « 1 R RRRG) % R A OB RR R [ 1] . R L G 2 A0 2R
TBIT PRI REIR 2], AHXHARI T B A T S RO A TR TR on, 2| gl i Jus il - i
BNERA K JE AR SRS A ZN R WA, v OGE BFA I D Re SR T IRAE,  BRA 29I T AR T — T
[3][4]- #&iM0, EWBFRZRRTFERPA, S EmyLHIIeIE, T RN A8 H B E A a5y
|H & rh T FH A% G 1 B 3 B I PRRE IR 2% 25 DAY 2 10 1| SRAEAS A 43 2408 b (R 8RN EL[5] . AR ARG HL AL
(ERP)EZ AR UL SR AL A VPAN B A% FLARR ANPERHE nl 3 S A N T2 PP g AR 3R 4k, G N170 57 57+
i S R T 8 0 5 B S5 AR [ 5 A SR AE G [ 7], $R N4 A8 i 1A o 22 JEE i [ 6]«

A TR SRR RN RIS (MOCA) S & ERP iR, R G0 1AL 42 1811 2R 0 HS 40 240 B A 40
DhRe I ph e ] B gomm, A B 52 SR M B A1 o A BIE AR S

2. MREA%
2.1. wmBlLEFIRE

211 MR
S 2H >k H I3 T 3 =N R B B R RS b 3 B R
N bRHE:
(1) 7F& ICD-10 A4 ZLRE S bR itk 5
(2) “FUATE 18~65 % Z ], THIIAPR;
() LEMREKRTET 6 4F;
(4) RFE 2 FLL b
(5) N4HHT 2 J& B FH RIS R E s
(6) B KM NZEE IR E .
HEBR bR
(1) CHIZHIRIE J1 K BB AR R
(2) & H ™ E AR E AR 5
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(3) MEAREHIETEYI N 5 .

X EZE AT ) k22 FH SR R A2, Pl 4E 55 100 44
N ARE:

(1) “FUSTE 18 A 5 2] 65 & & Ju [l N 5

(2) MR, ZHEEFRAKTET 64

(3) B SR IG AT 70 29 %A ™ B KA o
HEBRARAE :

(1) Z 5B Ak Tl LS L ks

(2) A ZIPEPRE i FH S

(3) A MR T AR S PR 5 3 B Sk A8 0T 1k 450 2
(4) FPZAE R BEII BN LRSI 2R GO SR S S
(5) I HAE KAETEFAR(n gl REMASET. . BRI K HREE).

2.12. LG &

1% B A m] (Neuracle) B & A 77 IR 5 FH AR ARG LAY, [H B 10-20 R4cH 32 FHUARIE, 1EHL F3.
C3. FC3. F4. C4. FC4. Fz. Cz. FCz /UMM N EN 2B, Z% NN Cz i1, fEZIE
BeiiE Ay 0.01~100 Hz, JELZERFE, RAESIA N 1000 Hz, Sk LBALRFFAE 50 T-EXLL T

2.1.3. SLIOHH

(1) ANOpiRbAaR, ORES. S Rk, BRI, ZHERES;

(2) VAR BN HESE R 4 IR (WCST), SRFFIRIAFIIEAL R (MoCA &3R), Ki#fi 7 ZLAER
NAE R E R (SQLS), BT LhReAT Nk e ER ARG 4B 1ERE J1 PPl =R .
2.2. —fRPER

AW AL S B DB T 5 = N R B g AT Im R B S, 0 A i gk A7 N 1 22 BORMIS A (1
Wil EERY . A2 HCE ) A R B RIS (MOCA AT PANSS 25) . N 1 HEBSAS [ 473 28 T 2 56k-F-)1 2k
LERI, FTA S 50RO R IR > 240 . AT A8 FLE I T 8 =N R EE B AS B S 51 2> o
fidid, fRRE T ZE PG IR A R EE SR, B A s R B T B S R R . AN A2 N
5 i A X ERYT AR E SCRE, T H 9 5 [202202351]

2.3. B5EMSTREE

AHE TS LTS 22 HGTT A 1 0 S 8 H BEE I T-HURCR, JFEId ERP SN AT IR . 34T
KA TR TR, AT 12 A S A .

24. ZIERE

VG TRk, AT IREL 70 L5 &0 EE, Hd 40 AR RS54, A4t 30 A E =Xt
MR, e 1. &nt 12 BGITIE, ZEAYRTE 4 4, SBARTE 3 4 Ry IeEEM %
Pa, 2wl 2 4, WA 3 4, Ba RIS RS MR 34 44 (PP 44.1765 %, 28~58), X R4
R 24 4 (34 44.75 %, 20~63).

25. LENGRHE

IR KB T R AR R IR YT AL, IEAOMER NI 12 A2 miIlZe T, &R EAT IHX
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W&k, IR 40~60 0%, SRR 12 7.

DI ZRId FERe M f 5 L1 i SR T 2 ) R0, T I ) S A R SR s il (n 1] 1), VEGE 30 AT s T
FEAR AR A AR RGP RUELENRTT T, BRI e A A S R AT VRS, IR
—ARE A TEIN R TE R E, FRIGHTA LI RSO AR B AR . X BB 2N 52 RURE R R
J7, H5SEIGHALG, WEBR T LG ANCRRE S, W I AR R IRTT .

Table 1. Demographic information of participants

F 1 Wl ADERM

N /N IZIN -1 2
ol HE ZH FT 4 16 24 20 63 44.75 10.61275
253 1 25 [ AT % 34 28 58 44.1765 8.25529
Xt B2 1Y) PANSS 24 40 206 108.1667 38.93436
£ ZH 1Y) PANSS 34 47 206 113.7647 44.23427
it HEZEL ¥ MoCA 24 4 29 17.8333 6.66377
£ ZHf) MoCA 34 5 28 18 6.30536

%23 128

Figure 1. Schematic diagram of painting training effects
B 1. LEiNGSRREE

2.6. BAFFI/RINAITEBESR

SREARINAPEAS [8]2 — M5 30 NI H I i I & T H,, B ONBT b N SR Beit, 7ESAERE
ZUEBFE A BoR H RIFIORTR . AT REIN NS, BFlHATIIRE. Mbiad. L. ATEE.
HiEmGE. IR FIEEIZAE R F) . WA E R T SIS 1w, HEIEEIAT. ZEF
FIRAE 12 e 12 FLAUFEI 1 70 159 < 26 M FR NIRRT . AT TH) MoCA Hd etk il i ks
MR AEREAT, 23508 1 LA A T 0T 4R A0 1 TS SRS I 8] Bt A7 Bt Uie &g

2.7. BHHERXBAISEW R
AT FORE R A i 32 JE 3 R FH A 5 AL ACHEAT i LA 5 (KR A - SERR ISR TR, RIS 2
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BAE—A 17 SR R B B (2 P36 1024 x 768 133K, WI¥E: 75Hz), MEiEFaE. o &
Elgok B b E RS B RSt ANSRIG I 1 80 sirb ML S &L B (40 5K B3P FLAN 40 5k vk #L)7E
NRIBAEL(E 2). 1] Adobe Photoshop FifiAL A 6 ANHE I PR 282 o Tl 0 10y, 7 i EE 819 50%. R
IRSE 2 260 x 300 (6 x ). FTA RIEI#S B THSALBRRE b e, MLAZIN 4.8° x 67,

Figure 2. Incomplete neutral face paradigm
2. ArEERHARTER

2.7.1. XWRIE

oG, TEBF AR IR — AN A SO 8 A i (RS2 500 Z2F5), SR 5 7 BF FEHh g 5 30— /N84 T
BIE (FFSERE AL 1500 £ 2000 Z8P). ZJ5, FRHRAEREHEH gt R HLF728 OB E AL RU(FREE 500 2=80), B
Jo A R T e R H A e B (RRSERE AL 1500 | 2000 ZFP). AT 55 B SR 32k s v ff S e 45
DL PR B 2 TR A — A, Hodad 42 s B, Ay — o f 8, A — S0z j . A~
T IIE SR ARSI R, S TR ST R BT 75 B AT JLIRSL IR AT 45, BRI 58 A BB NI (E 3).

Fixation (500ms)

S1
1500~2000 ms or until respones

Fixation (500ms)

S2
1500~2000 ms or until respones

Figure 3. Experimental flowchart for face recognition task
B 3. mFLIRAMES SERIZE

2.7.2. ERP #iBsbmE
SKAER K] EEG 159 %38t MATLAB F (1 FJF EEG {55 403 T H EEGLAB #H4T#ikb . &4, Xt
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W E

EEG ¥ #k 4T K Af &2 250Hz, FFMHIE FIR JEE A, YN 0.1~79.5 Hzo RT3 73 B LA 2B
Iz R AR OIS, B S AT AR 25 DL L BR B RN DR 8 . 435 LE EEG HUdE 3 F A B A (1 56 Fof
B, BFAE [ 9—200 ms %2 800 ms. #HEER EEG {5 51t 150 puV [ilEe s B, F£44-200 ms %2 0 ms 8
ISR VE N BT A IR BE 2R . a8 a B aG T Bk AT 71 .

T ST S 9 ERP PRI, SKALERZ: T TA T M SURAE ERP Y EiAR (k. @it Goit- 7
BT JG WA . PRI 225, SRABAS 2 m T 106 T ERP S A8 . $edm ab3ian Bik, 5S8R 2 s f
ARSI EEGLAB KA H ORI 9w 5 i L5 S HEAL BRI A 1) EPAT T RAETER, HEH SPSS
27.0 BEATGETH AT o

TR AL H 5 1 73 B o F 2500 70 ) SO0 (7.5 Hz + 0.5) 5 Ff Hamming N & sinc FIR 38 % % (M %4 826,
REEE 2 hz, BRI 6~9 hz, FHHREIR-53 dB)HEATIEN . X TR AT 04T, JEMUE B IEAT
A RAARE R . BOMME(PLVS: WIRTHTR, {8 DL AT AN 1] 500 & s m) S FE[9]

3 i*gk
E e
k=1

Forp N2 RIS UEL, T K SRS 5 A TR M B, DAIRBE N AL, PLVS /BN ITPC IAEXHE T, 7=
AEAT 0 GRIGIAAR AL 28 7)1 GREG TR AR5 510 2 7] FE RN 2 5 38 I = AN BB HEL R (01, 02,
0z) 75 PLVs, FfF AN t A58 (7E MATLAB HscBl) 31T HEAR 25 1 2 (R 4L Ge it Eu i . e t A8
TESEBR I ) 1000 ms B B 3 A EAT, FEXF 2 IR AT 45 R R B (FDR)AZ 1F o

3. R
3.1 AOZEER

AUFFFNHNESE 139 N, (Hl FEFFE R AfEss), #tnik 53 N, &/ax#dE iy
R0 L BRTCVE M AR 18 (15 + 3)BIHkik, mAWIRLEAH 34 N, XA 24 N, mA&SHPAMA
FPpE R 2. MARENZHERE, i, T, 1A, PANSS HXIUE B LR EER, X
HREZCEY) - 4HIE = 9.2083, “FH) - 40 =10.5882; p = 0.065); JHFLECFH - X = 18.9583, P -
ZeH =17.3529; p=0.456); ER(CTH - 4R =44.75, 15 - £H =44.1765; p=0.818); Genders (p =
0.812); PANSS (*F-¥ - Xl =108.1667, ~1-¥ - £:H =113.7647; p=0.62)], PAHBIKKIABEN DS
THERHE EAAAE R 225, R I8 X P A IR B AR N 1 2R AR B AR o IX A AL
PEA BTl N 2 R MBI FU 45 SRR AR RE I, IFdem TR A &t . N B — A B T
THERTEE RS, E A3 F0 RS T g vHEfff 1t 7 A AN R BEAS [F) 2L 1) LAt A8 5 11 2 S B Ot e 45 SR 1)

AP

ITPC=% A1

Table 2. Statistical results of demographic data
F 2. AOZHERGITER

T

t P —

X HE 2T
ZHERE -1.886 0.065 9.2083 10.5882
e 0.751 0.456 18.9583 17.3529
SRS 0.231 0.818 44.75 44.1765

P53 -0.238 0.812

PANSS -0.498 0.62 108.1667 113.7647
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MoCA

TEWFFH, SPER RN L 4 HEAT I MoCA VPG o T H BRI Z (R 3). TERFFLITLARS, MoCA-
draw (MoCA-d) Al MoCA-#%Z(MoCA-c) 5 2H (1) MoCA-baseline (MoCA-b) E# I I Kk s th i 257, xR
B ZELLE BN I RE T TRIWI AR K T IR A ML, ASAEAE 535 22 57 (p = 0.923; mean-MoCA-d = 18, mean-MoCA-
c=17.8333). 4Rifi, FE¥IT THE, RN MoCA B0 # L LTS, B2 m4LH MoCA Wil
&5 5 5 P B B 9 A8 fk. (mean-Before = 18, mean-After = 23.2941; p = 0.0005).

Table 3. Table of participants’ MoCA scores
3. #K MoCA B4r%

t T - P
VI VENE
MoCA-b -0.097 0.923
MoCA-d 3.6793 18 23.2941 0.0005
MoCA-c 2.421 17.8333 22.2917 0.019

3.2. ERP SLIE4ER

3.2.1. ITPC {ETNE T HRIREBRERATHROBEL—F 1%

ITPC 3 #TioRn, TEBEAS ik NG 30 S A TR (RIS T UR 21 s ke, ANEFE SRS 7 2 8 b2
T 1, 22 4), STHRZA P If R L RS Mo, (AR, LEATHER ITPC LT
ITPC &4 M. £ P1 (100 ms Ffic) I N170 FrIi [a) & Bt (170 ms Piix), IS DN R R R s, JC
L NA70 f R 1A) 3 BRI (RS T L2 4 AT 4). ITPC AR T & eiGsh Bk, sk phiftE, S5k
22 I 45 R DR D RE 25 UIAROG . BT, ARG #h o BUE BB TEIRIT RIS, RPN AE N FN SR AT %,
PN LEL AT EPi A T E 2 7T

Table 4. Pre- and post-treatment ITPC comparison in CP5/CP6 participant groups
& 4. CP5/CP6 FLA#IR ITPC jATTRIGXTEL

0~700 ms 80~150 ms 150~200 ms
H) A AR A FHME P FME P FHME P
CP5~CP5 -0.0032 0.824 1.2295 0.278 —0.1502 0.928
! CP6~CP6 —0.0021 0.897 0.7624 0.394 1.4727 0.353
CP5~CP5 —0.0050 0.736 0.5968 0.6 0.1627 0.936
X ? CP6~CP6 —0.0020 0.898 0.8598 0.381 1.6511 0.348
CP5~CP5 0.0055 0.67 1.6531 0.193 —0.3829 0.8
’ CP6~CP6 0.0026 0.886 0.9861 0.321 1.0633 0.482
CP5~CP5 0.0220 0.02 3.0637 0 2.0662 0.011
! CP6~CP6 0.0197 0.054 1.6462 0.006 1.4598 0.124
e ) CP5~CP5 0.0229 0.003 3.7101 0 4.5963 0
CP6~CP6 0.0158 0.109 1.8933 0.003 2.4970 0.005
CP5~CP5 0.0208 0.186 24111 0.013 1.1846 0.241
: CP6~CP6 0.0269 0.038 1.9143 0.014 1.8123 0.088
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Figure 4. ITPC results before and after painting rehabilitation intervention
E 4. ERE TG ITPC LRE

3.2.2. KEAITHIEHRIES BRA

N T VLRI ERP BB IIREM, BATER 1 BB Rigte. wRE, 2amiE
JTx T ERP BBV - 80A A0 &3 EE I (72 5), SRTMILE ITPC HHATIRESS W & AR ¢ 2 25, IX i
WY ITPC (352 SR A0 D0 T A0 P 22 T i A 277 5K

Table 5. Results of amplitude and latency
5. iE. BREER

451 %4 AR A SEEME Sig. (2-tailed)

. CP5~CP5 0.02168 0.929

CP6~CP6 ~0.31068 0.149

o _ CP5~CP5 0.15452 0.505
B Xt HE - 22 2

CP6~CP6 ~0.27489 0.306

5 CP5~CP5 -0.08321 0.801

CP6~CP6 ~0.32588 0.165

. CP5~CP5 3.23529 0.721

CP6~CP6 -13.82353 0.123

_ CP5~CP5 -8.23529 0.376
"R SR - 2o 2

CP6~CP6 4.70588 0.563

5 CP5~CP5 6.47059 0.411

CP6~CP6 ~3.23529 0.754

1 %% condition 1, HEEA=TBAEAR A B (O IS 0 4SS 2 2« @ 504, all S1), 2 /%3 condition 2, BE4=#BIE4H
K A, 3485 condition 3, B4 S0 (1K) B 450470

4. g
4.1. MoCA ATEELENIZEI TH#SEEMNARENE
MWEANGITFE R R — A S+ 1 MoCA 45 BxFtbkE, P EERAMEBEIEER T —&
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" A

MR, XA DAERT FORARRT G I[5]. R BEMRINAAAE— ERE LI FIEREE, 22 mE T X I FI DI RE M
SCRTE TS 019 2 S5, (B AN B 2 BE S . AT T0vEM E 2 miIl Zho TR
7 ZURE B ARG DL DL, X W] e i 152 TR B S 10RIRTE MoCA WAL MR 4 KA
BEES, AT IR MUKEE MoCA IX R % St 1 B R JC IR MER T 2 I R A A% S0 LI T
AR HALF

4.2. ERP \#E I8 £ B I 4nE I 2k 3 THE 5 RUER AR E NHE

5T MoCA A A FI R ANE, ML m AT 2 X — M RE, &R ESR, H
WG ER CL o RE, AR ITPC 7% R W 7T A5t £ 3 I\ R0 5 175 0 ¥ R 50 iH SR A
FomE. BRI

ITPC I35 INFIRE /T ER =G o0, B FEAL I BRI RE /I [10] . Y= [11AIEZ e i [12] i,
TE— SO R, G0 BE SRR | R R I/ 22 Bh RS [ L3 ARG 4 43 S0E [14] W WL 82 31— BRI . BT ITPC
ST A N AT A O R B RS S B R D RE S, R e AR AL T —RloBr 7, bR T PRI Bk
PERICRAL, S REHIE TORE 43 2URE AT N R H IR 2B .

2 1TPC BETH R IR R 7L ma 7 B R 2 7= 28 T AR IR, 4l e 1E
FIBAEIE I B T T o A0 G R PR $R R T RESR B T A RN T R CSCE (T FE ML o R ot 20 2R £ 5 e
FENHUT S PAT RAEE R TR SR R % . R, V697 )5 1TPC RIS N ] B8-S A 0 o R K & 5k
HBH K,

it b, AR YRR S S AT S ORI e 22 T M 25 A UE R A 0%, X4 BT A
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