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Mokken Scale for Functional Assessment of Children with Autism Spectrum Disorderbased on ATEC
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ZHANG Lin, LIN Feng, GAO Fu—ning

UEE] B9 & T SCRIVHSETRTT PR 23 (autism treatment evaluation checklist, ATEC)HF il T IRAREE T
Z RS (ASD) JL 3 i BE 1 2% (Mokken scale) , FRUSUE AR . T53E R B SERAE N, 2 A ASD L3 5474 7 1
BF9C, 5E B ATEC Wi SChiR 77 44 B PRl . ARE (R HELH 5> SR ms (LATCRERF sk 2 4000 1 40, IR 212 047 ) , 4 ATEC FRE T8 % 2%
TAESOE I3 H AT BE S T 5 HT (Mokken scale analysis, MSA), £58 FL#iA 186 4 ASD JL# (B4 150 A, &tk
36 N) . 22 MSA ZEALFAEES R, B8 3744 H Y 5 iR R Bk (monotone homogeneity model, MHM) LA K & 35445
H /9 M B 18 #5 7Y (double monotonicity model, DMM) , 2 /™58 B [ 47 W15 &, HodBs 76 28 15 & & % (latent class
reliability coefficients, LCRC)4y> %24 MHM 0.942 DMM 0.943, P& & HIWE X ATECH 4N &, DMM B 5
ATEC 45 55845 835 FkH9E (P<0.001, 1, =—0.900) 5 5 LA IR A E PE &2 B2 (childhood autism rating scale, CARS)%&
JERRAR A 43 5 S5 ARG (P<0..001, Iy goriea=—0-550) o MR S5 HALSE T L 12 BEASIE BLUL—/NBEIE . 12 A& 48
K5 N IOWEHERENE Fe/N, G5 K+ vh S ATEC wl B B 20U R 400 B B2 F P IO 1 A B i L F A THhRELERG , b
JEEESHI B PR (parametric item response theory,pIRT) &4t 474% B ik .
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[Abstract] Objective To extract the Mokken scale for functional assessment of children with autism spectrum disorder based
on the Autism Treatment Evaluation Checklist (ATEC), and to evaluate its reliability and validity. Methods In this cross-sectional
study, children diagnosed with ASD were recruited through maximum variation sampling. The Chinese version of ATEC, comprising
77 items, was assessed. Based on a health scoring strategy (where no impairment or difficulty was scored as 1,otherwise 0), the ATEC
scores were converted into binary data and subjected to Mokken Scale Analysis (MSA). Results The sample comprised 186 ASD
children (male=150, female=36). MSA identified two scales: a Monotone Homogeneity Model (MHM) with 37 items and a Double
Monotonicity Model (DMM) with 35 items. Both models demonstrated high reliability, with Latent Class Reliability Coefficients
(LCRC) of 0.9420 (MHM) and 0.9432 (DMM). The items in both models covered all four subscales of the ATEC. The DMM total

score correlated strongly negatively with original ATEC scores (£<0.001, r, —-0.90) and moderately negatively with Childhood

Autism Rating Scale (CARS) scores (P<0.001, 7y, .i,.=—0-55). The most challenging items included " I .12 Often uses several
successive sentences" and " lll . 12 Shows imagination", while "IV .10 Lethargic" was the least difficult. Conclusion The Mokken
scales derived from the Chinese version of ATEC demonstrate good reliability and validity for functional assessment in children with
ASD. These scales provide a foundation for subsequent item screening in PIRT modeling.
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ASD AU B H AR 18 BO™ B2, 8 W] RE B
R L R, 25 R EERNE SR DU E AR, it
WS ALZE A R TR, v UL 7080 BB A # 4%
5 T 4 T e 3 B LRSI BRI IR , A R ik A8 LI e
AitEE, Bk, % ASD JLEIRTT AR IR PR 2 TR
1RYT ARG AT TG K S BEER Y .

Rimland %1 1999 4£ 4w il 74 77 426 B 9k
SiE V8T PE fii B 7% (autism treatment evaluation checklist,
ATEC) , A 1Al ASD BllE RIATTBCRFEME T AT A, I
WA RAE 4443 3R, T 140 FRKIB/E S48 20 4>t
ZERETT A8 AT ANFNRE TT . 25 A (R e/ A /AT A 2 2
B, ol TR A E SRR B iy ASD JLE A TTE A
RS, ENANEA KEFLUE T ATEC (B ER
FRRYT 5 59T 05 YA A . Mahapatra %7
98T ATEC 4y %4 Bifi 4F- 3% F1 ASD ™ & f2 JiF ity LA ) i) A
b, G T ATEC #35y fEpIR [RI G R A5 fh A, 5 R
Xt HR 3ChR ATEC (AR 36 2 W , 12 2 2 HA T R L OB &
SRR, HOE R K & 4 B K Crohbach’s o & £ {E
0.750~0.787, 5 JL % 9K $h4E PF & & 7% (childhood autism
rating scale, CARS) Fl14K JiJiE 47 4 & % (autism behavior
checklist, ABC) 754y 5 i & 1IFE4H 3¢ (7=0.509 £10.580, P<
0.01) , UE B+ 3Chik ATEC S I T [ ASD JLFE Y A 5
AP LR, R4S E N3 ATEC [ B 50 o F B
TR BB Z AL, B Hr SChR ATEC A RE SE
BMSHAL, VPl OUR BT 22 85 805 1 850 PRFILE,
L E AR , mokt TN A B S SRR DR .

T AE Sk, UL B & 3% 4 Bt (Mokken scale analysis,
MSA) h R FAYAES BB TR B | B & (non-parametric
item reponse theory, npIRT ) 455U 7% 7 52 3 = 22 B 7% 40 35
ek, H A B AR T R AT A A1 05 10 6 1 40 B5ov
RIA N BE DA/ B e B dE A7 HE R ml 25
7 IRT (parametric IRT, pIRT) 5 %Y 3k 47 4 H 5 k"1,
AW RIE ASD JLE Y ATEC Hc¥fz , £ B MSA X177 4
4 RgkAT 3% , — J5 1 57 Mokken §:3% , 4 ASD JLEE RE
T3 PF R S T4 BOm S PR RS TR, 55— 75 R 5
PIRT AT 4% B, A IR S oL .

2%

2.1 BRI

AW 98 180 Fc R 7% Sl A SR % (maximum variation
sampling strategy) ", & 7£ it 1 BUEAT 0 5 S M A
A IR I SRR A WSS BRI . o P 1) L S
FEERE | TTREE 2 A LMt filee A 5 Bt , 8
G bEA B T R AL, AT A TRl LR A, A

202346 H 52024 4 8 H {E 1 5 R B A M IR L E BB
HEE AR 1212 SURE IZRA ASD JL# ,

IANFRE : OFF & CREHPREAFISIT SEE T (38 Shi)D
(diagnostic and statistical manual of mental disorders, fifth
edition, DSM-5) IV Bk AR PR AT 2 bRl ; @ CARS #5347
B FRAAE 12 W 5 (CARS=30 43 ) s @ 4R 2~ 12 %
@R NFNTERE © W NB A #F S LA B2 %
AR, HEBRPRAE : OARIR WA Nt R O AV RERD
EGESAH NP o AT T S B R AR L
P BE IS P2 B S FE 4L (202505034-1) , FFF 52 B 1 IRTT
T5ids R AR Bl s KBS 3 A Jn B LdE W N .

22 TR

2.2.1 JRARAEVRYT DFAl 8% (ATEC) 55 1/1 5y 8k 4%
2, 1,0 ZZRbrif SR PE 4y, R P40 B SRR A TE AR
25 Wy ®RA%0,1,2 ZG0E i, SRR B L
RIRATE ABIR EH BV oy mF450,1,2, 3 U IE T
51 RV B XARICHTE e o R, TR o R4
ek v , 2 W DR 7 o B R BRI

2.2.2 JLETVAEPE & 725 (CARS) 1Z%m:7% HH Schopler
S AL IS A& R 1 ~4 5y 4505y, A SRR
DA GHEWAH YT AR R e S P E
o WAL 604y, B4y 30364y HAT SIpEsr & T
353 Ay-vi BEARAE s 5236 53 H /DA ST 4 i T
34y, AEEIE, FHEEEAR ARSI, TR
H 5 DSM-4 12 i s thi o & — B (Kappa=1.0) , H 58k
(0.667) , 5 544 (0.864) 5 DSM-5 2 W bRk 1) — 5 24 v
%% (Kappa=0.509) , i W] CARS /&2 W7 ASD Y& 2 T H,

2.3 T ik

B ASD L 2 A TG B K UL EHRFRAY e
= A R U RIS 2 . A PRl S 7 e s B PR
P I L3 B B B 2 B~ B AT, th it e — B3I T4
NRAGER., TAYEN G JL#E#AT CARS PR, LER K
SER SRR ATECHL S

2.4 itk oy e

IR ZIRE N A EEAR I TS AT B R TR
A4 AT T, THRTTRER A rp A8 [95% BEAE X
] 1257 , 40 1) bh 4ge R Kruskal-Wallis 4556, TRk 7K €
(rank epsilon squared, Ez) VE A mAmbs"" . THECTORH
R B (%) Feor , 20 ) Eb s P T HB A SRS IE Y
Jz IR bR J5 # U6 (Pearson's Chi-squared test with Yates'
continuity correction, Chi-Yates) , 1845 & 7 [A] i) o= B A
J (Cramer’s V)EARS EHTFR. 2 ERBSAGLER I
MASLE , FETHAE TR KT LL P<0.05 4% B3 25 5%, npIRT £
TR R oy AR T R AR TS BRURRIA 3T EL .

HER RS REMFREEE13641301
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2.4.1 BARTRAE Y B HIERH I AE>30% FrEE [H E /Y
4B RS ATEC 25 B 85 AT oy, sy A TEhRfg=1
(ATEC BL7E [H=0) Fnfi P ig=0 (ATEC B [E=1.2.3) . 1l
Bria o] (BR(E &8 1800 51, T3l i 2 B IR 5L
(Guttman errors, G, ), JlFxitdit G FHE FRRAIBEIL.

2.4.2 IEAARTER B MSA M BIERBIREM UG A2 58
Fig, ERBIBELLT & B OAEZYISE BREABL) .
O AHREE S B (briEA B2) @3k R s e 4 H
(b4 B3) @i S i PR 45 H (Bridh B4)

2.4.3 1A B INBY BE MSA m] 7 A B 1A [R] B Y
(monotone homogeneity model, MHM) Fi1 $ #a. i 45 %Y
(Double monotonicity model, DMM ) % ff npIRT #% BY |
MHM il )& st | s S M Fr s s 3644 . 72 MHM
el i —2 5k I & 7Pk (invariant item ordering,
HO)Hy45 B (Arid: 4 BS) BIF i DMM, fJi5 , of 28 5
R EATIEBE M. 15 FE 4 HT £ 45 Crohbach’s o,
Guttman’s A Molenaar Sijtsma &5 it& AR BNEE 25
(latent category reliability coefficient, LCRC)4 45fr. %%
JE 5y BT BLAE AR R 2 1 ok 35 R FLE I RS, DA BT 47
&5 ATEC Jit4f .55 . CARS .55 B EAHEHE 5

3IZR

3.1 —fToRE

A TGN 186 5] ASD JLE (5 150 &, %436 &),
B 4 L 41 (male-to-female ratio, MFR) 24 150:36=4.17 , %
A SCHRARE I L1250 B A R D 78 26 P 0 L 98 ™
FREE TRl 5 2 A R BRI BUETE B, BB m =
Btk , 75 a SR R B B R AR S, WAR 1 A L,

3.2 EEERAR A

TERAR T A B, IR AR B A R 2% (6203 J HUE
M H, BE, ARG, IR GEE K IERE EAY
18 {51 s T 1 1 (G.=408.93) , Bl — 1A 1b J5 1ty 1 16 55 471
T.ao, T.11, 113, 1.14, V.04 IV.17% 6 ~5<H ., g
Straat 2% MSA fi ICAE A R O BF 9041 38, FEAS R AE
50~250 filitt , [R5 fb Z B A 0.42 W AR AR FE 47 IS5 A
KR BIRENSHE 90% LA _E & B A A IETRFREE . ARHFFTHE
A 186 &, R, Fl S8 H(E 0.42 %5 8% H Bh it & H Tk it
#2 (automatic item selection procedure, AISP) &5 3, I [
34N HAREE S5 H (scale=0) . & 3745 HY BRIk
[R4% % %% (global scability coefficent, H,) 4 0.379, FrifE iR
0.030, [T H>0.3, & LIl 37 /> 4% H w2 e3¢, ik
— %t 5 B AT , 37 445 A A& JR sk Sr AR 1%
FEp P RI%,

AWFF AT ATECHY 77 AN R 46 4% B EAT 1 sy
B, &l —uaE AR MER 4044 H BN EE 5 3744 H
FIMHM, £ AR SIEEIN . 12, V.16 B4~ 45 H /5 ,
HISANKBELKDMM, ZI50E, 13544 H 54 DMM
FA B | SR s e | B TR BB T S 4 4 S5 i, L
DMM () H,=0.483 (0.4<H,<0.5) , #& R~ fE B F N & B HEF
FUA P ™ (32 2) o

3.2.1 15 BE 4y B 403k 3 Fian, 37 B MHM Fi1 35 T
DMM 115 B £ BCBUE 8 0.90, 2 7 9 RS 2 5 B
R

3.2.25% BE4yHr MHM fIDMM 7B 36 T ATEC |14 /4y
wR, DMMRG AT 104-Fk/E S0 114
FEZZRE S 104 B ANSNRE D (AR B HE R T A SE .

F1ANOEEIRR
Pl A% ik EfkEn=186 k=36 S PEn=150 P Giitt  DF A Jith
AR [0(%)] 0.862  x*=0.0301 1 Cramer’s V=0.0127  Chi-Yates
R4 140(75.27) 28(77.78) 112(74.67)
i 46(24.73) 8(22.22) 38(25.33)
. 57.00 56.19 57.78 - .
i) [28.01:108.84] [27.91:8739] [2921:10087] O->04 HI0.7280 1 £40.0039 KWt
34.00 35.00 34.00 - .
CARS(7) [30.00:39.00]  [30.00:39.00] [30.003000] 2% HT12212 1 £470.0066 KWT
IhRERERG 2 [n(%)] 0.117  x*=2.4577 1 Cramer’s V=0.1149  Chi-Yates
b i 131(70.43) 21(58.33) 110(73.33)
HE 55(29.57) 15(41.67) 40(26.67)
TR AR (%)) 0.595  x*=3.7897 5 Cramer’s V=0.1427  Chi-Yates
£ 31(16.67) 6(16.67) 25(16.67)
FHi1~3 A 24(12.90) 5(13.89) 19(12.67)
FHi4~6 1 23(12.37) 2(5.56) 21(14.00)
FHi7T~12 A 49(26.34) 13(36.11) 36(24.00)
FHi13~24 1 22(11.83) 3(8.33) 19(12.67)
FHi>24 H 37(19.89) 7(19.44) 30(20.00)

DF: [ f1 % ; KWT: Kruskal-Wallis B FI445 ; Chi-Yates : 3 T HS BB M4 IE 1 B R 05 #8105 s H . Kruskall-Wallis 8¢ i &
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CARS

twelch

(51.88)=1.02, P=031, Z,,,,.. =0.19, CL,,, [-0.18,0.55], n, =186

CARS

welch

t . (63.07)=-159

,P=0.12, g, =0.28, Cl,,, [-0.64, 0.07).n,, =186

°
°

39- 39-
<R36 : -3 36-
i 3 i
[gﬂﬂ]
33- 8-
». g &
30- S 30-
Bk 4L F
(n=36) (n=150) (n=140) P (n=46)
A1 REVAER L R F S 2069 CARSF 5o
E AR (2~6 % ) Hiba(7~12%)
2 K EMEMRIEHEFA T ATECH B ES &
sy %H EEEA S H SE e B il A
Pk TE A 1.12 RefgE LI —/NEE 0.518 0.078 0.946
BN GNRE .12 H&M% 0.403 0.095 0.941
RN I.2 FLLEZIUN 0.360 0.063 0.899
R AN m.s HERE AR B AT 0.291 0.071 0.893
st ANFRE m.9 AR E R 0.443 0.052 0.887
L HE .4 Tr e fth NG LAl 2 0.371 0.059 0.881
HAHE I.1s 4k 0.268 0.058 0.839
Bt INNRE D .14 A O AR 0.339 0.052 0.833
FiRAE = A I8 REAB A 44l L BA il 4 0.386 0.056 0.821
FHEcRED .18 AN Je At N 1 % 0.265 0.056 0.816
et N SNRE .5 2 RN 0.315 0.055 0.816
TR ANFRE .10 HAARE S0 0.372 0.050 0.792
FikAE SR 1.9 1t Bl fth /At A AR B 2, 0.400 0.051 0.786
TS ANGRE m.11 e B B 0.387 0.049 0.780
AN FRE m3 KA N 0.308 0.055 0.768
Bt/ INFRE m.7 TN IR 5 0.359 0.054 0.756
R .14 [ IR RE 0.324 0.055 0.738
R HE .8 ANHLS AR 0.368 0.047 0.649
PR TEE A 3 REMEHATE 0 F5 4 0.412 0.044 0.625
FiRABE R 1.7 Sl 10 AN S - B i 0.359 0.048 0.601
FR/EF A 1.6 REAE— kB = A i (L L 4-)) 0.382 0.046 0.589
kB E A 12 AR R 0.431 0.042 0.577
AN 1.2 SRR HA 18] 2 0.424 0.044 0.554
AR .19 AETHNRERERE D 0.381 0.047 0.542
HREED .7 BRI G R 0.403 0.047 0.524
FR/EF A 1.4 e — kil — N HIA (8] iz k%) 0.465 0.045 0.476
FIRAES A Is REMS—IRFEB A I ORZE IR 0.460 0.047 0.470
FikABZ AR I.1 S O 0.420 0.049 0.446
(ke B/ 1 P47 V.2 SR T R A 0.343 0.057 0.429
e INK] ANSHEFUFI 0.513 0.052 0.286
RS .17 PN ES 0.494 0.053 0.280
e B/ T/ 47 V.3 FATEAEE T /BB R A 0.372 0.064 0.268
{ie B/ A= T /4T V.11 HERD 0.392 0.086 0.202
HARES .11 AN 0.454 0.084 0.161
(e B/ R /4T V.10 B 0.447 0.081 0.119
H A% BIRbRFR 5, SE AFRETRZE , M E - 1-5% H Ao %M,
FEWES REMNFREERE13681303
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#¢3 MHMFIDMM {5 £ 2 ¥k

Crohbach’s o Guttman’s A “Molenaa}r .. LCRC

Sijtsma G &
37T MHM 0.908 0913 0.916 0.942
351 DMM 0.908 0914 0.919 0.943

DMM 45 5 ATEC J5Uhh 5y BA .35 A% (P<0.001),
5K 58 E A A 5 (Fpeon=—0.90) s o 55 CARS 1357 [A] b
HA 25 AR 56 (P<0.001) , AH 5C 98 B8 oA b 28 AR G
(Pinsorize==0-55 ), $&7R BT BE S EFRABUERAS

4 itig

ARHFFRLATCERRFIC A 15 A FERFIL A 047, 4 5 4a
ATEC BRuE 11T R —{E L0, A i BE R
% B B o 1 40 B EL AR Wi RE D o (K, LR 52 A8
Sy 2R FE MR, T IRT 45 Y A 2.0 SR ER , B AE A A
R RIStk B R, B E R Re A 8 X o Bt
IRIRE H 7K, Ho 3 SCAE T 4md | Peft e sk i [l
Ao BIKMSARNRES S HLir 4 BMEREE , (R T LLA
- B ANBBR BN L ARG EIE ., K27 T
7~ T DMM 4% H e BEE S Bctibn , Hod 112 GB08E 5
Wt —/ MBI 12 B A8 G 0 A JE B 45 B, V.10
W R A B B IR 4 B . X — S5 5 ASD LU E R Fr
fEEmEY &, EEERMSEE YW & il moh
fiE, A& ASD JLEEMIRL O GRBF 48, BEAR [R]EIN%: ASD L
B LI 2 —, 4 H V.10 MERE R A R e 75K
it ST A (el A

s B, A EE R RAA R ERE A
RFEIAELL T 3 510 (1) B 15 B BIRE ) , AN TR B IR B
Z B AR R logit, W] B 8 R 3R S 0 I~ A BE
(2) B#ae Ay H [ i (item-free person ordering )!%-27
BT MHM 15 4% B S E B AR B TR B e g f0 e 14 .
K/NHATRE D HET . ¥ E 2, ABFST 37 5 MHM "] 4 5y
Sy 5/ MHM B35 Br (56, JET8 pIRT 457 51l £ />3
B, #42 Hi% & MHM, (3) DMM £ /£ MHM 5 F 7
IO FEH 4 , Btk DMMOE A 28 = A3, Bl A i
Fl Fh 1 (person-free ) 1> 1520:26028 32k i B8 2 H M J5
HEP AN ZREARSZN, 3 THEA AT SR B2, SR F D
A AN e BEHE T, BIORS 25 6k B e il 1 e (A
Bl AR S ) TR A BE A

R EAR . Bk, EERERHGES T
SE A IRE HHEFF 8 4% B A EEHET , ARETEA A RE
5& A T . 20 pIRT S A% ] LLfi# e i% 1]
M, Hok, RS ASD LB R s K , R 58 BUATT
i 5 ATEC PEAl BYIR G D, i A S A LU T T T Aif

304 FEMHESRERF RS 20265 (524%5) 38

Jr i) ATEC 53 1 UL, 4 Jr 5 S 3 N 1) bl , df — A xf
ASD JL# HeS T Hilai Ja 9 ATEC PFoy 25 RBEFTLLEL, T
fi ASD JLEEDhfEBh B NG UL

5 £ig

AWFFEHE T SO ATEC ) BE S B 304, AR e —(H
TR (g fe 40 g (TCRE RS SR 2 W4 1 4y, BRERS 832
T4 045 ) 37 npIRT RS 7Y, 4 475 B 15 R 2 1) 2 Fh ey .
3715 MHM %135 15 DMM, JEABRI HAT RAFRIE RS . 1R
PR, W R R S RO R RE K, 4% AR
6 BT FT T 66 T B A 1T B AR AT T I,
TS T RIS AR

223k
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