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Predictive Value of Language Milestone Acquisition in Children with Autism Spectrum Disorder at
Different Ages Based on the Random Forest Model
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[Abstract] Objective This study aimed to analyze the language developmental milestones in children with Autism Spectrum
Disorder (ASD) aged 2 to 7 years and to explore their association with symptom severity, providing a basis for early identification
and personalized intervention. Methods 341 children with ASD treated in the Department of Pediatrics of the First Affiliated
Hospital of Air Force Military Medical University from June 2019 to August 2023 were selected, and the sequence of language
milestone development was determined by Mokken scale analysis. The random forest model combined with Boruta algorithm was
used to predict the severity of symptoms based on the acquisition of language milestones. Results The study found that the
acquisition sequence of language milestones in ASD children differed from that of typically developing children. The Mokken Scale
Analysis identified 33 items related to language understanding and expression, demonstrating the stage-like nature of language
development. The Random Forest model revealed characteristic sets of language milestones in ASD children of different age groups,
highlighting the importance of early identification. A subgroup analysis by gender and symptom severity revealed potential
differences in language development among ASD children. Conclusion Language developmental milestones in ASD children are
closely related to their symptom severity. The study emphasizes the necessity of early language skill assessment and individualized
intervention strategies. Future research should conduct long-term follow-up on ASD children to assess the impact of early language
milestones on long-term development.

[Key words] Autism spectrum disorder; Language development; Mokken scale; Random forest model

A 1 7 P (autism spectrum disorder, ASD) & ARHJF5 i i Mokken 32 53 Hrifii s ASD JLEZHYIE &5 HLER

— PR R TR , AR R 42 T3 O SRR i | T
SHIAT R LA B it 4R s, L4k, ASD
MIABR AR 2 ETHE R, IESRERIES LA R
%%, ASD LB IWIER 2 — . TSR 1
PRETC T PR PR VE 0 5 2 2 BRI 30 ASD L
AT S BRE PR IR LT A R AL T BT &), % LAY
EE R 5B RO R S RE DRI+ Y,

P RN, HF 4R 1o 10 35 LR ALY 2] 5 X REAR ™
T TN A8 oA T AL AP A 2 A TN 1 P A
0, A AN AL T T it o

1 @RS
L1 — it
HEIL2019 15 6 1 ~2023 4 8 A SBE LS 10 341

VEH AL R E R FE R EE I EEREILEL WX 710032
EZ R £ AR &I JLE RS
W IRVEE 483, E—mail : xianggiongyx@126 .com

610 FEMNESRERF RS 20245 (522%5) oM



Chinese Scientific Journal of Hearing and Speech Rehabilitation

RE8H

ASD JLH# BRI G, 40 2~ 7 %, S AR % 4.37+0.96
% PR BRI A ORGSR ISR SE L T3 1R
(the diagnostic and statistical manual of mental disorders,
DSM-5) #rifk fp ASD S Wi brife'™ W B B LA L P 31
(BE272161, &5 79.77%, 2otk 69 4], 5 20.23%) , F- PR H:
O R (L4 L3 IR A PR 7€ & 3% (childhood autism
rating scale, CARS)™ #1753 Jx J £ %% (social responsiveness
scale, SRS) ™ F1 9K Jh % 17 4 & F% (autism behavior
checklist, ABC)™", i, CARS 4 36.5 4y , ABC -
58.58 4y , HLAA 3G B R BBWIRE ) (12.1247) . ANEHIES
(13.62 43 ) ZIBRAT A (8.41 43 ) #1728 455 (15.30 43 ) Finjgk
W (9.1347), SRS 857 90.7 45, AT A3 (13.1947)
AL (152153 ) 38 (31.78 43 ) N (18.51 43 ) FR A
(12.0143), Gesell k & ®FF-1)60.00 5y, FH A~ A4ER
(56.44 4y) |15 (43.53 47 ) FEANEN1E(68.594) ) . Kizah
(69.95 53 ) Filid o 1 (61.48 43 ) . AFHFELBE NS FLZ 5
St (b fF5 KY20202111-F-1) , LK & % E 5 [\
B,

IIASRIE : OFF A ASDIZWTARAE s @3 24 H SC L IE B
W5 @ BIES A KT, HEBRbRME: QUL 3/~ ANE
A B GVETRIR s @ WIS WA Fil 42 Z Ge s A H At SR ST Y
fhe R & AT s ® T H &gk B4 o BRI R 5 12y
Bt UK PR BEAT  @ AR R SR IR 5 16 00 s © Al & 4

1.2 f2 % & Pl 3R OB 5 B CIH ik

{5 FIUEAR Gesell & & 211 &%) ASD JL# (1) ff
Lk BTG IZ ER UL LE b, 5 1374
ESMAEESIE , WEAN AR VES S VERE Bt
T, REBEENLARBEESIS 47, NERPHHiL
RAKEIESERBLE , o BRI NES
AYEJE,

1.3 #J% MSA (mokken scale analysis ) {5 %

R HAES B0 MSA R R, i 5 51 H B PR (item
response theory, IRT) 4y 1% & & Jie AR WA XE 5) F2 B
R TERE TR, IRT{R AR EA WA, a0l
I (e FE AR 0 N2 ST RE O, 3 SR o o R A R b
AT A A B B, B R R E R FUKSE T &
IERRAAEER, T MSA 547 iifik 4% B IS5 45808
LG A | R UM R RPN AT S . B Rk
[ Mokken #7652 1. , 2P TRELHE : © B e AR LS s @ [F] B
PV ;s @ B UM HT s @ ATl s O s M. X
SEPIRTRIR 2 45 B BRI ek

1.4 AL B AR bR T A Y

BEWLAR K (random forest, RF) & —Fh 4 i 21 H R

FIIH 2 A SRRt e T 43 28l VA, Tz B T PR 2
FUVRFIE LR . ASTRITEE & Boruta 575, FI HI RF AL 2H 3y 4
e Hm I O BEFRAE . DT UATE & BLARRR AR R 1l
B4 &, UL ASD JLERY CARS P45 (PF4>>36 43 4™ &
REAR ARICA 1, BN 0) A A &, BTSRRI
BRI , BREA Sy A/ N T 4 B4 % R UL BRI, BT
AR : BHE AL PR , HEBR BRI B AR A, 2k 341 3]s Kt o0 4.
4B LLTFN4 S UL A& 172 4611169 4] 5 I ZRFEFIMR
X5y (LA 75% F125% ) s FEAE TR , R ] Boruta i
{ERIEF AT B S EURAL , W AR 48 2 RF %
RSB A 5 DR , A RF BRI o H2 0 4
VE$:1IE th 2% T 1 2 (receiver operating characteristic-area
under the curve, ROC-AUC) 17 P fli (AUC<0.7 2%k 5
22,0.7~0.9 K%, >0.9 hit) .,

1.5 G511 757

Mokken % F1l Boruta ¢ AiF § i 5 FH R #f 4.3.0 58
Jo BEMLAR bR T Python 3.9 A4 , Ik R A HE LR
i1k SPSS 25.0 FR k- dE AT , 1E 2545 A BHE ¥ {E+prife 22
For, R RS AR IEAEAE T T AL 8RR , R 1 Mann-
Whitney US54 B8 n (%) Fom, R RIS
POOSINARGIFR L.

24%

2.1 Mokken &%

Z5i8 M 1E = (expressive language, EL) fl148: 5% P15 &
(receptive language, RL) fJ H Z % B 7w [7] B e, 49 W4
0.889 F10.886, I H &7 247524 0.807 ~0.994, EL flI
RL [ T H (6] # & (item-item overlap, 110) Z £% 4> %1l 24
0.884 F10.965, F B S M: R 4F . 7E W] %& 1 5 1, EL Fi
RL 915 B 2 505y B2k 0.964 §110.932, Cronbach's o4y 51l
0.952 F1 0.865, .7~ 1 Al g M. 45 B S1 AR 1.4% ~
98.2% , A Mk o3 A , FUERRRUR P WK 1.2,

2.2 ASD JLEE1E 7 B MR SE R AN W™ AR Y
MSA 5 #r

AT CARS {4y, ASD JL# 5y A% fE (CARS<36
4y, n=197) F1 7 E (CARS >36 4% , n=144) i 4 , - 47
MSA 53 #r bR = BRI R R NP 2 5. fE EL 4k
B b B LB e S S Ut T, AR S A T AR S AN ]
) FH3E , Bl R R EIME N E )T RIENS AT K,
A2 LB A AR 5 , 0 AR AR ) A Al 22 51
FERL 4k i, 5 vp B4R )L 3 SR PR AR AE A 4R A FiR Bl i,
SRIGER RN VEFIE S, , B S Je 38 1R 55 () RS FT B AR 20 1
L2 ™, A LA PR S (RS Rl e = S
FRERTL, LR ESHhEHMTL, XLERE

HERNEERENFREEE27H611



RE8H

Chinese Scientific Journal of Hearing and Speech Rehabilitation

71 ASD Ui kPR = HER R ) A0

%&H H 13 (95%CI) (%) BRAR il > f AR
El VAR 14> 0.994 92.3(90.2~94.8) 315 36 JH
E2 A 10-19 47 0.979 70.1(66.5 ~74.2) 239 154
E3 23 ARk 0.945 60.9(57.1~65.2) 208 18 4
E4 PLH 14524 0.909 57.2(53.3~61.5) 195 18 A
E5 EEERAOEE 0.903 57.2(53.3~61.5) 195 18 A
E6 DL 1A B 0.896 55.5(51.6~59.9) 190 21 4
E7 Ui 3-4 />R ) F- 0.905 53.7(49.8~58.1) 183 21 A
ES A 0.877 51.8(47.8~56.1) 177 21 A
E9 SR 0.883 41.3(37.4~45.6) 141 21A
E10 FH 4 RN [R] 0.882 38.3(34.5~42.6) 131 18 A
Ell SHE— AR 0.858 32.9(29.2~37.0) 112 24 H
E12 8-9A4~F A1)+ 0.862 24.9(21.4~28.7) 85 30 H
El3 S AFR(R) 0.870 21.8(16.6~23.4) 68 24 A
El4 AR E )T 0.820 13.9(11.1~17.1) 48 36 A
El5 T H 2-3 KA 0.807 12.6(10.0~15.5) 43 30/
E16 S5 = AR b/ 0.856 11.9(9.3~14.9) 41 30 H
El7 HE 13N FHITF 0.825 6.4(4.4~8.7) 22 48 A
E18 & EIE 0.918 1.4(0.5~2.7) 5 72 A
F2 ASD LA MEE S HARM ] 27
%H H 2112 (95%CT) (%) SN Frifl > f AR

R1 WFFREI 0.841 98.2(97.2~99.6) 335 -

R2 FES S FAZRN, 45 NBcE 0.848 97.8(96.7~99.3) 334 -

R3 BB BB AR e 0.938 92.8(90.7~95.2) 316 48
R4 =1 e =g N A 0.922 85.4(82.6~88.6) 291 52 J8
RS FRH sk 0.951 76.8(73.5~80.6) 262 154
R6 Fe R e 0.919 58.3(54.4~62.6) 199 304
R7 B2 P 0.903 48.3(44.4~52.7) 165 36 A
RS LN 0.901 41.9(38.0~46.2) 143 30 H
R9Y ] 2 1AM [a) 0.869 21.4(18.2~25.1) 73 36 A
R10 i 3 Fhzhdy 0.834 16.5(13.6~19.9) 57 48 A
R11 i tH & Py A 1 6 1 FH i 0.830 10.1(7.7~12.9) 35 48 A
RI2 IR AT 34 0.832 9.5(7.1~12.2) 33 42 A
R13 2t 64~ i 0.843 6.5(4.5~8.9) 23 24
R14 PRI BER P Dok 0.875 2.6(1.3~43) 9 60
R15 ZF 4 ARl 0.902 23(1.0~3.9) 8 60 A

7R T ASDER ™ B AR B 1 5 RE ) K SR .

2.3 ASD JLE I & HLRR AR I8 AE R A [R] PR BT MSA
xi

FEVERI 73 4L ASD L, 5544 (n=279) FiZe P (n=
62) (IMSA 3 BT iE /s 118 BRI R RIFRI 22 5. £
EL % R, 55 PEFN Lo PR Ry HLRR B30 Je Gt R ARLL , AN 158 B
R AT BB LERGE b an AR B K
A7 L R, ERLYEEE, Bt e e TR,
ifii 2 PEAE R D VR RS € BT e 2 T2 . ALAE
T B AR AR LA T (LS A R SRR e — B

2.4 FRETIE

AWFFEFIH Boruta B} 33 Tl 5 % Jit AR AT
FAIEZESE , 4 4 LUT LB SCBEFHIE AR IR BIZ 1F b TR
RE AL RULEILE S B E G AR R L | IR &

612 FEMHESREMF RS 20245 (5225) ol

S X SRR A BT R IR BRI T 1 ASD JLEIE S
K,

2.5 BEALAR A

2.5.1 ASD JLFE (<4 %) 1 BEARRR > 1600 R
HIBEHL AR PR PR R BEALAR AR AL B 2 55 , B
T PSR B R (n_estimators ) Sy 40 FE A e R f5e KT
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