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Abstract To investigate the acoustic characteristics of Putonghua speech conveying belief and disbelief, and the effects of the Big
Five personality dimensions (Neuroticism, Extroverts, Openness, Agreeableness, Conscientiousness) on acoustic distinctions
between these two attitudes, the scenarios were designed to elicit utterances in both tones of belief and disbelief from 47 participants.
Their personality dimensions were measured using the Neuroticism Extraversion Openness Five-Factor Inventory (NEO-FFI). With
six supervised classifiers, speech conveying belief and disbelief was identified on the basis of 23 acoustic features, achieving a
maximum recognition accuracy of 0.76. Based on the SHapley Additive exPlanation (Shap) values, eight important acoustic features
were selected for subsequent analyses. Redundancy analysis and linear mixed model showed that, compared to belief speech,
disbelief speech exhibited higher mean, standard deviation, minimum, and maximum values of fundamental frequency, as well as
harmonic-to-noise ratio. In addition, disbelief speech showed lower speech rate, harmonic difference (H1-H2), and lJitter. These
acoustic distinctions, however, were moderated by the personality dimensions: Neuroticism affected the mean, minimum and
standard deviation of fundamental frequency, while Extroversion influenced the mean fundamental frequency and harmonic-to-noise

ratio, and Openness impacted the standard deviation of fundamental frequency. Linear mixed model trees further revealed that the

*» EFRMSRFEESEFERTE (13&ZD189). E KB4 LHE TR AR 5B H 1R H (18120000302320) Fil g 5t Ui
K 1 A 18 SO 75 4 A B BRI H (18120000302418) %t B
T OEIRE# WS, wtgu@njnu.edu.cn


https://doi.org/10.12395/0371-0025.2024325
https://doi.org/10.12395/0371-0025.2024325
https://doi.org/10.12395/0371-0025.2024325
https://cstr.cn/32049.14.11-2065.2024325
https://cstr.cn/32049.14.11-2065.2024325
https://cstr.cn/32049.14.11-2065.2024325
mailto:wtgu@njnu.edu.cn
https://www.jac.ac.cn
https://www.jac.ac.cn
https://www.jac.ac.cn
https://www.jac.ac.cn

2 1 i

025 R NAME X AR 5 A5 T35 A5 A A B R ) 385

Five Big personality traits significantly modulated the differences in the mean fundamental frequency, the standard deviation of

fundamental frequency, and the speech rate between the utterances conveying belief and disbelief.

Keywords Big Five personality, Belief, Attitudinal speech, Acoustic characteristics

515

B TOREIES BN, WA T EE A
WE A, MmN, mEsl meyk
WF9E T 15 38 PRAS B 91535 o 6120, Aubergél A5
G IF LT 12 19 AR, Wi EiE . H
WD AR 2 R T T R A 4 B R gk g s
B G — e SR T IE RO ST O E X
AFEXT: Pell F BAEF XF 3015, REHEE T A8 B
FLST ML S X S I B R B, Gu
SRR XIVUE, B AT KUY AL | g
/W N5 X 25 B 3 I B B AR Y, R B )
A BB R R IE B A RG22 5%, A
) L I oA 2 R AR ARk

U, “HIf5E 7 (belief) F1“ A5 (disbelief), 1 J2:
HIEAEBR R A B X SE B9 ASEE . Anderson %
N BRE Bl R v Ry 1 (o375 2 Ak 3 A i) LR 1L
S5 B R B AT R e SRR AT . Gardner!! !
BT I RS T O AN B T W 3 X A Ak S R
B PRl , A BT T 35 A AT N A TR . R
TRARE FRAR (025 B e — Fh I B0 5 38 SR A T -

AR R RS 2 TR R, 5 HALAE HAE <A 5™

T A VARHE 2 ST, R AR L T A
FUAAT B2 BE TR 1075 22 22 5, ASANAT DUTR A B fif
TR R, A BT o8 AP REIE A
Y.

H AR D 5T 5 58 1T ARME ANME S TR
T . Manusov Fl Trees ") 5T 3= WE W7 8 & R, ik fi
o] T FROR o 8 32 35 R {7 o Levitan Al Hirschberg[14]
3 A8 43 AT 0 SR TR R 3 0 R U R AR 1 A
{5 FIANAF MR & B, ANF LUARAR 38 dh s,
SR E . Yu Ml Levitan'™! %8¢ T P4 PE 4 15 I
W, RIPIRNE F RN, MG LA F R T AREK
ARG | B B s A B/ By EATREE . Gander
AU FLTF 16 AP AR A B RE AL AR MRS T, o M {
FNMEIE S IHR L 0.76, AP, Armstrong 2517
RI, 5% JLEEE TR AR @R RTE AR, FI
R NAL B 03 BE 2 AR I S AN E, O A ik
0.80. LA [-HF5E SCHRFE W], AHAS N5 18 5 16 7 22 5
Tk EHEESR .

KBS R0 F 1B AP AT M E N YA
5 A R R E B9 4T I BESR, Costa Al McCare™ ! 72
5AHERE FE CAARRR BT, RO RIS (1) fi 4
Jot (Neuroticism, N): /=55 #1 25 Jit A BEF 25 Ik sh ik, (i
] TR GG TH BCIG 2 (Aneis . o, AR Bass . 4
A5)2324. (2) HMEIPE (Extraverts, E): 25 SMiM: A 35
TACPR, B 5 AN AHAL, 285 (R 2 BRI 25, A7
MR . FEASVE . B IS RO (3) Rk
(Openness, O): = FFCE ARER I B L 1 FE A
B3 7 . PRV S SRR, AT SR TR R B, IR0
B P07, (4) B APE (Agreeableness, A): 5 B
PEANFE SR THEZ A A 0L AR, A1
1T, BB R 3 BRI S5k 022, (5) Rt
% (Conscientiousness, C): /& & 57 1 A BF > 5 F
Hil. T RS S, RMEA RS AT
TEARIRGR | R IR S B S P02

A2 Ta i, NWIER AR . SMER) SR
B AL R e T AMA R RS PR AR B R
PR EE T AR AETE 5 5 15 A bR KUAK (1 415G 56
Z o Leung 25"V 5% 5w M A TR AR 7
PR B 1% . JTRCHIVERS . Ahmed 2520 (i 152
Fm XU A% i ¢ (Communication Style Inventory) il 7 T
K2F AR PR XS 1) 6 DI FE4E B FRaA M (fa
WRHER . B, WERRME (CH IR B RS R A
FOE . SRHLE M), TR Mol (B R SRR g
RE B, 5 W B G RR), WA PE (R IL
FEHLE AT L B TARR), 4Pk (O 25 B i i Ik
TN - S IR N MBI E S P L
(R AT LIRS, BRl (5 B, SRR, Fh
Pk 5 ek P S IEAR DG, I 51 F Bk vk | 164
PR BN B VR SR AR OC, S 5 1 5 R R A IE AR
K, TR S HESRTE . 15 F B v AT R R IE ARG,
B 558 B JRURS =2 ] (R S A i 2

R T IR AN, A KEMFR % %8
TN S8 X5 75 SRR AE 52 % Aronoviteh™™”
BRI TE T B R X UG & A LBy, &
PRAMIE 55 55 1 A N8 AT RN e 1 ] 22 TE A O,
ek N EA AR R P, Song 450
il 2 gl [ ANAEE RS PR & & A 4E 75
SOCHR M) IR ph 2 o 5 A B ATE ok R BN
rh 5 TR AR DG AMIYE 5 B R A AR DG, O HAE &



386 i e

2 il 2025 4E

P B A e 5 B0 24 (8 1 A DG | 5 R 04 ) B £ A
5 FFHCHE S RS SR ARG, JF HLAE Lotk & A
Hh 55 4R W 5] B 63 AH G . Aronovitch™”! T Michalsky
a2 HRAB TR T L S T BT A AMBE =2 ] 4 5
Z, BG5S H R - B A BAE R AMBT I S 1E A 5,
MG H R E R AME . Goesal™ 28T Btk &k
B NI B P 2R AE S RS B (] Y 2C &R 38 s
55 AMBTE FT i 24 5 TE AR O . Michalsky 45 P
W R BRSO DG R L R R
H5RIEZ MM IEMIESER . 5 IR 5 s 4
Z I A AR S, A 24 5 AR AN L BN
P ORSEE S RARERBERD, Ak, T
SRR XTS5 AN ARG GEIE (LA BN R A L AR A
K M B Bl o 28 kB, AMBPE (0.73) R B M
(0.73) AP S A v, Lk Ry 22 5 (0.68) AR A
(0.63), FF R HERIUA % A (0.60)12.

WL Ah, S A W 5 TF B AT A AR R T 5 1 k2
RN LA R B, B RD R T 4Bk
5 ENPEXTDUE S BT (A BUGS BE S AR
J3£ ) PSR F G S LA, 0 T8 AR S B R
TR AR XoF 5 2 A5 1 D S DU b S A i
FEATE o A T IR ARG AR 4 % A5 B 1 1
VEFIRLEE, AR SCR AR &, 898 el MG A
AR DUE I 35 75 R R, S AMIE | M B
N RFEE  JFR X 5 A A G B A5 A8
VB P AR 22 SR R 1

1 Jrik
1.1 =
KSR ) 2« fifi K LA #% 1 2% (Neuroticism

Extraversion Openness Five-Factor Inventory, NEO-
FFI) o 3R B 0 e 4 3 (9 A RS 4E B . NEO-FFI
5 Aot A, 23Sk AR 22 BT (AN A R R R
LA, FEWARAR ) AMBUIE (n: 3= R A TR 2 1
H) FEHCPE (I Fes ek 5 FUR SR8 19 2 4) . A
P (i IS X DB AW AL, AR
S0 TEE (0 B B O R R,
AR I 58 AT 55), B i A0 12 N, &
AR AL 5 BRI (1 AR AT, 5 AEHAT
Ao BZ R 12 IR R A 4E )
#. JH Cronbach’s o Z Eiks: 56 B A 22 LI A4 [ Jo
P, 45 R B 22 5 19 Cronbach’s o %M 0.86, 41
B A 0.84, JF Ut A 0.85, B A MK 0.73, R 5
4 0.84,

=R R A SR BT 1L ME
SCHPE R BRIR A VE R H bR (5 15 8k 241 M = 8.58,
PRfEZE SD =1.83, 7 [l range = 6~12), 4~ H Fr k)
WA TRIE, 2005 B ARG NG . 1AM
5 A R B R RS AR B S AL E BT,
PRGBS R R & OAE B 553G R
AFF . R TE HE T ELR, &t T 3~4 2R
TS, RS BB Y ek A SE PRt 42, 3R] 52 kT
W, T A A UL BARAT . AT & B bR
R <HNETAE T K F 09 7 55 FOME A4S, B A5 i
A UL

[#1F] EXee L& R AFARIAS R A X,
2P EAITFAEPFPFERIIBAET KH, &ABAEIK
BAERBESES—2ILET.

B: ¥ —TFTRZLZAMIFETKA.
WRK? ARMARERLT, THEFE,
W RAE, K ATMIRILA KA KT,
s AAE, RFLTFE ARG, SMEETX®.

[~Z) AER LA X AMMRIHLAS R A
Ro 58, 4 A& B ABpAMAIR T L,
: FRILR A R AL S EL T .

A: BAT? AL RREEIZLR?

B: R AEAH, SRS ETRAR!

A: RERE, StEAETK®, RARIRSRBLIEF
X7

> W >

ve)

1.2 #iliEE

it FHAF BB, Al 38 KR 0.05 (WU,
DA KT 80% W A5 (HIE /AT %00 3% T 5
PIREA R . BT IS 10 4 B0 08U, 4 9 UL
A 7R SF R AR S AR i R R PR R A B AU (Linear
Mixed Model, LMM), 7 & A [ 52 84 87, 8% 38 A H A
AR BEALRLN , 5 1000 Y05 B . 158 BT A 7 2
R 25 5 PR 15X I D RIE A S AR T34 J5 2 B, REAR
0 40 BIEIRUE R 93%. JH R 4.3.1°" {15 MixedPower
A g0 EL AT

LA B 47 £ TC 5 BT 1 9m s L 30 3 O R
Bk 22 B 25 20), P AR M = 2155 % (SD =
2.59, range = 18~27), Y RIEM K2 E T4 . 9%
K By 35 55 BRI NEO-FFI il 4 it A K& 4k B 43 %5 0
2% 1o K Wilcoxon Fk FIAS 56 Ho 45 58 4 Al & P AE AF
I8 NS A BE o B b 0 22 5, 45 3 S MR R 2
AN (ps > 0.1), F& WIAE IS LA 4 BE 43 500 Wi v
V] A 5947, TT HEBR A B 5 SR G 125 SR B R i


https://www.jac.ac.cn

2 1 B BRAE: RS AR 5 AE T & 5 22 0 52 387
# 1 #0958 KL 5L
i kgt & Rk, N=47 L, N=25 B, N=22 p-value
" M(SD) 21.55(2.59) 21.92(2.45) 21.14(2.75)
RS ) 0.395
Min~Max 18.00~27.00 18.00~25.00 19.00~27.00
. M(SD 35.30(8.42 34.88(8.09 35.77(8.94
MWEF(N) . ) (842) (8.09) 8.54) 0.790
Min~Max 22.00~52.00 23.00~48.00 22.00~52.00
M(SD, 36.81(7.63 36.76(8.02 36.86(7.36
AMIIE(E) ,( ) (7.63) (8.02) (7.36) >0.999
Min~Max 24.00~50.00 24.00~50.00 24.00~49.00
. M(SD 44.23(8.35 43.08(8.66 45.55(7.99
FFIPEO) . 6D (835) (8.66) (7:99) 0.359
Min~Max 23.00~59.00 23.00~59.00 30.00~57.00
N M(SD 41.15(6.51 40.92(6.27 41.41(6.91
HAMEA) . ) 1) (627) €91 0.661
Min~Max 24.00~52.00 28.00~52.00 24.00~50.00
M(SD, 44.83(7.15 45.48(5.08 44.09(9.02
IS0 ) D) (.15 (5.08) ©-02) 0.685
Min~Max 27.00~57.00 37.00~55.00 27.00~57.00

1 MR, SDFERARIEZE, MindR /M, MaxR /s i KA, NETREA R . p-valuey Wilcoxon kAl 3615 2 O ME A 1H .

1.3 SCIidiE

REAEE SR N#ETT . B REREN
Apogee BOOM 75 K Fll AKG =k 8 % 74 4, RAEF
& (5 5 FF 0 WAV U CRFERR 44.1 kHz, K
16 bit). i A1 Eprime 3.0 "7 % it 52 86 #2 %, I 7F
Philips 220SW I 7R it (43 HF 32 1280 x 1024) - &2
Mo AR =AW E: MBI | SRR TR
S, SCHGRFLRZY 1N

[ S5 B B o Bl A B 132 0148 38 I ) 13
J& , A NFEAR(F B NEO-FFI 48 LM% . A#%
Y B AT 3 X O 2, B 1 B AR 5 3 2 A K 1 Z1
MR EN G 085 ik .

SIS A B B o S B FEOKE g 5 A SR A,
BRI B R 52 70 em (R b, R R R
JE A O O e e b ok, S A R A R AR R
B, AL 75 B EE WO M T2 10 om, SEIG A h B R
Pl P 2 . B TR A S TR AR T RL

TSI B B e BE A L A X A, B
TRERAZ A O IO A, 5 S50 B B 5 2 1 6P A
PLHE I AR AL . Fras B e 29 500 ms i1
AL, R i B . Hak, B IUESE 53 bR
W, b AR R . ke 4 g ) B B
T AL WA, AR, A
BRI 32, BT TR R ROR AN, AT SRR
X B BAs A plaf e o R H b5 3
XiF 7 A 22 A S BEML S PR, [A)— H bRk & A A A
AMERE GO R R B 28, FERAE 47 #
2B (HAFE/AME) < 11 HbrA) = 1034 188 S0
LB 3 A B AT, /53] 1031 N iEEH
AT AT

o

14 FEESH

S DA A5 U K BT w5 R
() 7 25 R AE SR FH Praat 6,397, X 454> H ) 42 B
1 ASBEESEON 12 435 S5

FIR (0): A RBNAAIR . R A B A CTA SR
WO a2 i 2k, OF T2 B IE S H . XA
S T SR e L i RS S AR o A, A K
K1 12-log,(f0/f0ref), H: i foref N & % {H (& & N
50 Hz), & T35 09 3E00 Hh 28, 113 3{H (fOmean),
Fr i 2 (fostd), fe/MA (fomin), i K{H (fOmax). {8
[l (fOrange).

FHIR (Int): HF SR E . THRESREN
MRAF 23 5m A BF AR M 2R o JE T PO A FIE 1 5 B3 5
i 28 31 5 ) { (Intmean). #5 i 22 (Intstd). /) E
(Intmin), HKMH (Intmax)., JEF (Intrange). H4vk dB.

& (SpRate): & & NEFD ™ & w4k, it
B R A A RO A ) B . B R
TBURS .

BEHE (Spec): i i AE & W 4> A, AL 55 3 & O
(Spec-cog) Fl ik &5 # & (Spec-std). I & A — B I i
M, EE N ZHrhan . Bk Hz,

WP (HD): A [ 9 Bl % BE A 22 5, L ik
FTTHINCE R o PR I IR M FE 16 1F B9 A4
BE I 22 H1-H2, H2-H4, 75 4 BE I 22 H2K-H5K
(2000 Hz F11 5000 Hz 1% % G it 1Y 22 1H), LA M HI 5 =
A SEHR I HE R ] A 25 1 HI-AL, H1-A2, H1-A3, ¥
W 22 (EBOR, 7T A S A

BRI L S H: G I Bl (itter), PRIF L
#l (Shimmer). i M [t (HNR). “F 35 8] 33% 0% {5 & %%
(CPPS). lJitter F Shimmer 4771l 3% 71~ AH <P Jii] 1 3L 55 Al

W\



388 i e

2 il 2025 4E

PRWR A2 5 2, T 20 BOR, JU(E BN, TR L
W o HNR 7R 33 15 W By ) RE At LU fEL, PR
{22 dB, BUEMOR, R AL . CPPS 45 -F- 1 3%
AE B (U (B0 55 W T 1) 2k 2 (o] B BE B, B2 8 dB,
SRR, R BN o

15 Zitah

e, A B RS MEAENSEE S
8CE 35328, 25 B S 25 B 18 3 A A o A5 ] i i
225 o BT or SRR A A P 27 R A o) A
H #4311 Br 5T #k (SHapley Additive exPlanation, Shap),
TEHTT R = T 0 R E S 22 5 AT

HUR, TR B B R 2 R OT AR G B
(Redundancy Analysis, RDA), 3 7~ il B AF & 45 [ (A
& 4 B ) X me) 7 A2 e [ (PR SRR AR ) T 22 B i R
Ao AR RWIAE: (1) H T AR 75 24 R £ RDA,
53 178 5 N A B FARAR A S B X 7 22 R AR Y 52
Wi o (2) B T AHAR NS 00 25 B T 5 75 2 R IR 1Y) 446 %)
ZEH A RDA, FRFE NS ZE B X0F T b 285 B 1 75~ A
R ZE SRR . R, K2R L 5
BEAS NS HE B 0] 22 46 75 27 R AR D7 22 i BRI ST
UAR;:/NS

SRIG, HI T RDA A A 2 B2 4 9815 4 R A A
BRGS0, BT L XoF 8 A o B 75 A4 R B — 4D 2k
RAHA (LMM), 558 A48 S5 MR/ AME S
JE R B S H AL

Ba, BT B REA R RYBR 4, LMM 2 B> 5
B A NG A BE X AR AN T 8 75 2 R A 8
TEH . HIL, #F—2 R &R A AR (LMMT),
LRGHEE S A N YR AR b0 T R 2 B 1 1 R
TAEM . LMMT iy PRI 4 (1) F DR SR 51,
R AAR i B2 7 27 B o3 Sy 24 [R] ot (9S4, AR
SRS R (2) A BRI L B B A LMM, 5
[#6] 2 S50 B AL

i R 43157 521 Bk G br . SE BRI TE R
5 5206 B 1 77 4% 7E Open Science Framework(OSF)
15 (https://osf.io/365hc/?view_only=273159dc8c53438
a9cdb78d18f8389b6),

2 4k
21 BYEHHESE

FETF 1031 PDREAS . 23 2R ERAE, MR K3
AR (KKNNM), 2R I ] 5 B8 (FDM), 4% 7] 5 32
e Al (RSVM), FEALARAK (RF), i b6 T 42 7+

R (LGBDT), X iF ¥ K3k 1Y AHAR 5 74 09 28 Bl
B35, T 3TN RUR, B 5 A4 AR
I3 H 10 H738 CRIE B BB AE Ry B R AE, 98 AL
PEAE TR RY, 1O & R AL, ) S B R (Stacks
Model, SM). A 1 1 BRAMA 22 5 (1 52 R, 1> 75 2
IE LA Ay B e 48Ry z 3R B AR 7R 70% Il
GRAE (720 REAR) FT 30% MHRAE (311 MFEAR), YIlZk
LT EBREZ, MK TIPM AR 1 R,
KRR A AR 100 W) A 3 S IR X
WEEEE 2. YRR (Accuracy, ACC) Fl#EZ & T
VERFAE # 28 F i £ (Area Under Curve, AUC) 34l 15
R PSR

W% 2 s, 5 Fp LB RL7E UK 4 1Y ACC #D
76 0.71 UL I, B EE T 0.50 AUPLL 7K F (95% CIy
A5 0.50), AUC #BTE 0.79 LA L5 Hirdf, RSVM L1
ORI (ACC = 0.76, AUC = 0.84), HEZ A L
T Bk RSVM LIS HEAE AL, AUC $27F T 2%~5%.

HT SM TR AR 2 FEAE R Shap {H, 3 HXF
AEAR AT 1 ) W A DTk A R 2 R E . Al 1
FF 7, STRRAE & T 48 X5 Shap Y9{8 A9 75 25 1E, H
ZAKHEF) K : fomean, Jitter, HNR, fOstd, fOmax, fOmin,
SpRate, H2-H4 . FET3X 8 4~ 45 AE HHUS L2437 -

22 RS

JIT A R AR S TE bR HEAL CRe 4l 2 00 B0 Je 3
RDA. I 25 i B 7 BV mT A B 25 1) B 19 e
WS ZERE (RDAT Fi RDA2) 1E = 4RI, 1Al 2 fir
o P 2(a) $R T A L B AR AR ASE 1B R 75
238 B oA o AN B T A B 1Y fomean,
fOmin, fOmax. HNR, %K (1 Jitter, H2-H4, A& 4k
JEE X 7 A R 1Y) T 25 A R Rl s AR R R
P (37.12%). AMEHE (30.62%). JT i T (14.00%). Fi
20 (13.62%). HAME (5.12%), R 3515 fomean.,
fOstd, fOmax, fOmin, SpRate ‘& I1FE A ¢, 5 H2-H4,
Jitter 2 HUAHIC, AMBIE . FFHCHE IR 2 5 H2-H4,
Jitter 2 IEAH¢, 5 fOmean. fOmin. fOmax, HNR £ 1
fHK, BEAMEYS HNR. fOmin, fOmean 2 IEfH%, 5
H2-H4, Jitter 2 5%,

P 2(b) 3R T A G X6 T R S B O 3 7 AR
TIE A2 X 22 (B I RE IR o RS 48 B 1Y) 7 22 Ff RS bl 1
B 0 502 BB (25.73%) SMBTTE (25.48%). IF
TPE (22.58%) . etk (13.31%). HAME (12.98), #£
it fomax . fOstd., SpRate, Jitter F21EA5C, 5 fOmean,
fOmin & A0 ¢ . MY 5 fOmean, fOmin, fOmax.
Jitter, HNR 2 I #H 3¢, 15 SpRate, H2-H4 /1% & 171 #H


https://osf.io/365hc/?view_only=273159dc8c53438a9cdb78d18f8389b6
https://osf.io/365hc/?view_only=273159dc8c53438a9cdb78d18f8389b6
https://www.jac.ac.cn

2 1

W] WRAE RIS XS S ANME TR A 2 R E A 2 ) 389

F2 AWEBSIIESUE IR
KKNNM FDM RSVM RF LGBDT SM
ntree: 706, mtry: 9
R tree_depth: 3
kernel: inverse nprune: 10 C:15.7 ntree: 1803
Bz K9 degree: | sigma: 0,004 miry: 3 learn_rate: 0.004 lambda: 0.0001
lambda: 0.63, min_n: 10
loss_reduction: 0.003

ACC 0.71 0.75 0.76 0.76 0.75 0.75
95% CI 0.66~0.76 0.69~0.79 0.71~0.81 0.71~0.81 0.69~0.79 0.70~0.80

AUC 0.79 0.81 0.84 0.82 0.82 0.84
95% CI 0.74~0.84 0.77~0.86 0.79~0.88 0.77~0.87 0.77~0.87 0.79~0.88

7 kernel FR 7R TR A 18] B 23 A A bR A, KR T 1000 2 500 1 30 4T 05 400 npruneRoR fi 245 B {R B (MR IE £ i, degreesRoR AUV IT)
B 1 28 ELH G CRARAHRAIREA R IE T, sigma3R7R SCHF ) B 5 PRI S M BE S ; ntree R 7m RS B0, mtry R BFK 73 R3E T (M RHE £
i; tree_depthZR N 70 22 1) 5 KIKAY, learn_rate R /R $e T+ BIE 1) % 2] #, lambdaR /R L1 IERIML REL, min_n3RoR 1 s M i /ME A &,
loss_reductionZ 7R 73 T 75 I dR /M o 95% CIERINIS% I B A5 X (7]

SpRate foinean Jitter HNR f0§td meaxfomln H2-H4
, ~0.0171 00083 200.0042%0.003500.003500.003000.002
1 1
1 1
£(69)=0.492 :
1
E[/(x)]=0.533
1 1 1 1 1
0.49 0.50 0.51 0.52 0.53
Shap 18

Bl 1 EEEERFER Shap (B ((URZR Shap {ER TAXTAERY 8 N FARE. BARSUN T K IR EFAEXT R 032 R 5Tk £,

IR ARSI B S BN AR XTI AT BR TR IE o f () AEBS B, E [ f (0)] AL T EL )

B BERE I 7 2R KRB J7 2R
EmEmmn O B Af o

10%  20%  30%  40% 15% 20% 25%

@ 1.0 ®) 1.0

SpRate

o, %

RDA2(25%)
RDA2(32%)

fOmean

~1.01
RDA1(56%)

_1.0-
RDA1(56%)

K2 AT RDA B =HRE (a) AASLEEFIREE/AE S TR A2 WA 23 (b) NS R0 TR 25 B T35 7 2 R AR A 2 X0 22

RIS (VU £ B2 5 FC LA SRR3R FE AR 1) it SER 7Sk Fm AMS AR BE R 1) 42, 3773k B AU TR Fm B A A FE XS P 2P R AE T 22 1Y
SRS TR [ Hak 5] e A BRI AR 5K 2 A A ) R AR A AR AN AR BE 0 DR G 580 B AR S I TSRS, AR 2

FHEm B EREGERIR A H I P REIRME; RDAT Fll RDA2 FIRAET AR YR IOL M S A RO TRAE I, T 0B S MR TR 2

BT AR 22 o VAT SRR T 22 B LB )



390 i e

2 il 2025 4E

* . JFHcPE S SpRate, H2-H4 5 1FE A%, 5 fOmean,
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fOmean fOstd
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SpRate: Node4(M = —0.64, CI [-1.06,—0.22], p =
0.004) F1 Node6(M = —0.42, CI [-0.58,-0.25], p <
0.001) A4 & 3 /N T 0, Node8 Y34 1 10 2% g 2 /N
T 0(M =—0.40, CI [-0.82,0.02], p = 0.063), Node3(M =
—0.08, CI [-0.23,0.07], p = 0.301) il Node9(M = 0.28,
CI [-0.14,0.70], p = 0.187) (Y 5 0 %A % 2
o FHIGKEK L, Node3(H & it < 37, JFitk <
55) i) SpRate it # = T Noded(b = 0.56, CI[0.13,0.99],
p = 0.030, d = 0.88) I Node6(h = 0.34, CI [0.16,0.52],
p=0.005, d = 0.53), Node9(¥f £ JF > 40, JF ik P >
49) ) SpRate i % 5 T Noded(b = 0.92, CI[0.33,1.50],
p=0.009, d = 1.44), Node6(b = 0.70, CI [0.26,1.13], p =
0.009, d = 1.10) il Node8(b = 0.68, CI [0.10,1.26], p =
0.046, d = 1.07).
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