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Abstract

Talker discrimination refers to the process by which listeners judge whether two speech utterances
originate from the same talker based on auditory cues. In this study, non-simultaneous Mandarin
speech materials with time intervals of 1 year and 16 years were constructed under the AX same-
different judgment paradigm. Speech length and talker gender were controlled, and 42 male listen-
ers were recruited to perform same-different judgments and confidence ratings. Generalized linear
mixed models were used for data analysis. The results showed that time span significantly reduced
discrimination accuracy; speech length exhibited a non-significant increasing trend of “long sen-
tences > short sentences > words”; talker gender had no significant effect on discrimination accu-
racy; and self-rated confidence significantly and positively predicted judgment accuracy. Signal de-
tection analysis revealed that listeners generally possessed certain perceptual sensitivity with ob-
vious individual differences, and the overall decision criterion was close to neutral. The study indi-
cates that time span weakens the identifiability of Mandarin speech, and self-rated confidence can
serve as an effective indicator for judging the reliability of discrimination.
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1. 3]

BEAHEESER, WOEESUE GRS FRE . A8 S 00 MAE R S R AR A
Ui id AR 5l (talker recognition), 3= EEAR T 2 XT3 75 A 5 & L2 RAE, 2 — P02 8 S 4 iR 00 77
s M s A% (talker discrimination) VI 2 AR 44 2 A Wy 5 25 450 4D UL P50 SR 4 e 5 > 75 55 A2 AH ALL I 2 AN [ (Hu
etal, 2017). TESEIGWFFCA, Uil AFE AT 08 5 K H [5) 7 4 W7 (same-different) AX AL 55100, %3050
A B AR B (R, R T 32 T VP Al W 2 6 a1 A1 22 e R SRR U (Park, 2019). B
FUWT 0 Ul 1l N AE 7 22 S PR OB, OoF T B A N SIS e A v 52 T A 1R W o i N R B A A OGS B
BHEEER N

BEA LR, SOl AFERE T W 38 e RE /0, 3852 B0 UG N B RS 5 RRAIE DA A 2 M S5 R 3R 1
LW . B R ER A SRR R R TE S R A N R . BE A B 5 R SRR AR BN A R A
PR R 5o, 7R R M RGE I S G R UL G, HLWT X SR M i B VP EAE B s, HAE
M 7S B S 2 AR A R A R R e #(Stevenage et al., 2018). H L1 NG 515 B AL 2 5 m Ui 5 A
HEMRI o v 25 18] 4 80 00 JR B B HL B AR L nT e B AR BA I, AT RE (R TR BT, o m
fegl & “H—iiih N 1 N AR R (Narayan et al., 2017; Quinto et al., 2020; Bradshaw et al., 2025). It4F,
1 22 e I UE S 2 i B 00 m A, A A — B35 N S8 S R HUON A RIAMA,  BAS 3] 0 18 A iR IA

][l
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A= N(Santos et al., 2025). Wi AR T, JoH R RES Aol ARSI, 2 520 doid N e m] 1 &
BORVR . BHAERAHERS, SE ANMREERE . & RO ST Re R AR AR A, AT PRI AN [R] B[] R v
Z AR ENAR AU . AR I, I IE & R A 2 B BRI U1 A 5 IR e %, Hazsg
M) K N ) %5 5 2% A2 58 B & (Hollien & Schwartz, 2000). [FINF, 535 XM A 7 20 5 M A 4% A 45 K]
F @ — P MREIX AT E N, Bl EAEAE & BT 8= 0k S F R SRR RE ST, RS RS
— 2 El i S A B 5] N [FAE 2 10 55 1) W R Bl (Bartle & Dellwo, 2015; Smith et al., 2019; Stevenage et al., 2021).
WEAR,  Vh 1 R T P B A b 18 N\ J A (A A 008 AR St ) ade T i Je ot 75 | 40 Ak 1) 52 i 9% J31) 3ot FE (A fshan et
al.,2022; Vyshnevetska et al., 2025). [Ri1E&E 5B E RIS, W MEZ 5 RS UL TE NHE ok 15 5 2R
o WFARE, ARWrEEEEBUSPE S AW RS AR 22 5, #ERREE [ nl NI B LK P 4L
K P ANSE(Schifer & Foulkes, 2022). &40 348 FIE & = KIME AR 8058 7260 FRIE,
I] TSR FH B A O S 1) ) 7 S s, T L P =8 D) B 25 2 K A TR 1 0% N2 R [R)— A (Bartle & Dellwo, 2015).
BEAh, W AGRE JOE & K R R W S5 P R I S B A5 P (Rose & Duncan, 1995; Hollien &
Schwartz, 2000). XEEZERKH], Uik AFAAGRIRAERE, B2 3MELR 5 ek s L FEEH .

gE BTk, BEAWF SN ZRHME. IBSE R WG ANMREESTE ZREZANZIER 720
VIl ANFEA ) E BN 2 o e oG T RS B Uil A AR e T AR, — I BT LR 2
REESRbR, M LLX o 0 AR 22 N B 5T SR IR TR BB PR AR A2 M HE N AR 4k s R AE AR AT Ee it
HE B2 WA RR, TaRES AR SIESAHE;, =2iTEEE SR URI 2 FMEILR
Mz Rgitale. BT BRI R S E R, AU FRAEIRME same-different AX Bi1E AFEATEAT,
g 15 16 FE I BOAR @ E Sk, ISR w T s TR BRI R A, DI E S N
ZEFR S HIWT . xS 42 ANEE B S RO AT UE AN e, SR IR A
(Generalized Linear Mixed Models, GLMM) LA & W5 & 5 532 H FBENL T, 45615 S0 B8 [F) I
ZER G BURYE S F R ], 3PS E VP EAE FE X R B e A TR A, AT SRS 2 R 4R R
N[5 2 261 B TR S LA B2 A
2. LWHE
2.1. #ik

ARSI LIS 42 2 PV ER(18~22 %), HINIbRFEAER KA, @ iEhaE, ol JIRERS .
A #R S K5 # BANE . SCIGFTRIE S MR 20 42 B 20 4otk Sk, i K& AN
WIEbRE, THIRTTF HE RS S R .
2.2. &R

AR B TR FE R VIR 35 1015 “ K22l 7 (3 B ) A Rk B M AR A 7 (8 H ) AIA] ¢ AL
LG E, RABRITEERATE” (19 &719), DEZTEEE S REARTT, WIREAE
TR FEE B MR R R .
23. BEERESLE

VB AR S SIS S R . SEER A R B R R I PE 2 16 A IR RE BTN IR R] 2 SE R, X IR ZE
CERAELY 1 AF R B R P AN IS 18] SR e SR & o TR S & SAAE AR X — B S B B TR AT .

RPRUEAS [F 2644 B BRI Tt t, P A&t g — Wik, BFREERE. a1 %
AARHEAL T, A4 — N H A TE PCM wav 1% 3,
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2.4. SEWERF

SEERIZAT T PsychoPy K41 6(2023.2.3 MiAY), K H A 57 i (same-different) AX Ju . 52587 Hyin]
B AR AR, BIRIRTE & R AT S . MR, BT AW BOE & 2 Aok H IR
— YNGR/, I 4 Rl AT B VP B A BV (1~10 47). SEIGIRFE ILIE 1, SO G5 X E & &A%
TR E WL 1

REmnH REFIS
w=aemmE | > KEMERTS :{> SSEEImET j1> IFHEEREC
= KA GHATFR FHEAER

|\ J

Y
ERH
e

VEERBIE: 53

2B, RIS VRIS 53

SESTERHIR—5 165AARSEMEEIAN : 5%

16FERI IS 5%

Figure 1. Experimental procedure flowchart
1. KHRIZE

Table 1. Summary of speech pair stimuli
1. LWAESXRAAER

IS i) 25 5 4501 [ — P 1l N1 S 4 ASFIUEAE N X5
TSz AN T 1E 2S5 A 3 B A0
14 5 5 5%t 5 %t
A=) 16 5 5 5 %F 5 %t
14 «u 5 %t 5 5%t
16 £ -4 5 %t 5%

3. IRGERE R
3.1. BIETAE

Table 2. Data coding scheme
2. LUHIRRT

E3 G5
BEHLRS: 1535 %} (Speaker_pair ID) 1~120
BEALRON : W& 4k (Listener_ID) 1~42
[ 58 2R s 1 REHE FE (Length) WiE =1; WA =2; KA =3
[ 5 RN BEiE A (Speaker Gender) Bt =0, &Pk =1
[ 5 RO . B 85 (Interval) 14E =1; 164F =16
PR VB S B (Confidence) 1~10
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Xof 42 40T AR I S b SRR AT S SR PR 7 A A BT AT SR 4 SR Ak o SR SR AR N A
Gi— BB, b RAR B R T factor 2878, DUE 5 St AN HT (L 2).
3.2. ["UEMHREERENGE

S AL F 22 AN B O E R T, USCEE T e R (R 0 BROEAR 1), B R R A5 b ik
BN AR B HER A, A2 5 (logistic) [ 3 . GLMM fit % [ i A [ 52 RN, i 16 A5
IR RE . R . BB GBI, WsLINS5H MEZER . 15350 1) N 2 2 7 (Suire et al.,
2019). fHF R 1EF H Imed::glmerOFEAERL, 6 5206 b (K FE M R R AT 185 R (T 14 2).

N
R, AR R
B ERCRE: Wik ARSI WHEEEE . BRI
BEHLRON : W5 ik
l J
FERI: B X BEAL R
fi] 58 R ANAR
BENLRCN: Wik, Bt
¢ J
RS. 35— I X AT HL AL
3a: PRI X IR
3b: A X ERHCE
3c: WIAIESRE X iERKE
J
FR4, 58 4Ar H A
SR E AT H AN
ZEZHYMN
J
Figure 2. Model construction flowchart
2. BRI ERIEE
3.3. EERYTEMEMEL
Table 3. Comparison of generalized linear mixed models
3. B NEMREEREGER
it npar AIC BIC  logLik —2LL AChisq Adf p
A 6 6359.3  6398.5 -—3173.7 63473 — — —
FET 2 7 53227 53684 —2654.4 53087 10386 1 <0.001
i 3a 8 53229  5375.1 —2653.5 53069 1.793 1 0.181
T 3b 9 5325.1 53839 -2653.6 5307.1 1.574 2 04553
R 3¢ 9 53262 53849 -2654.1 53082 0.536 2 0.7649
FAT 4 14 53324  5423.8 —2652.2 53044  0.385 2 0.8251
B 2 + WA EANE R E LRI 16 5339.8 54442 26539 5307.8 0.952 9 0.9995
IR 2 + A TETE A5 (R BEATL R R 19 53444 54684 -2653.2 53064 2306 12 0.9988
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FIH anova OBEATRASA LR S, ELBR EIR DU BRI G 0, FIMTINN BT A B 2 15 2 4R A
RA o BT RIS S (ATC) AN DL {5 Sk N((BIC)Fabw, 453 3 fin, fEAUE & B HLAEE
AR IERE b, NI 25X BEATL 808, 2 35 S B A 0 B (p < 0.001), T8 BHAT 55 DR 22 St T 45 SR A A =

M. HE— B IINS A B BENLR G, BALA R 2 S (p > 0.05). HH LA F 4004 i .
PRI, e 2 3B 25 W 5 4k 5 1 5 0T B LA PR PR AR B A S i AR
34. RIAEB SR

R G I (WA 4 32 5)R A, IR [A] 2% FE @ ik — S 35 S i 1 A\ ) Y 22 1) R 35 (p = 0.006), 16
SELAE T I e R KT 1 4E4 1, AR 3 i (odds ratio, OR)ZIN 0.49. il A B 51 R 1
RIBFNRZARY, (ATERHC R R ILBE K R I s F s . BENLRN 45 R B, 158502 I 148 57K
TUr B MR AMAZE R B IR R,

Table 4. Random effects estimates

= 4. BEHVRL 434

A Name Var Std. Dev.
X Intercept 1.819 1.349
W35 Ak Intercept 0.046 0.213

Table 5. Fixed effects estimates of the main effects model

5. EMRREMEEHMLER

3 Est. SE z p
B 1.115 0.291 3.835 <0.001
Vhih AN (L) —0.033 0.258 —0.127 0.900
I [E) 5 FE (16 4F) —0.706 0.258 —-2.731 0.006
AR (JEA)) 0.117 0.316 0.369 0.712
ERHCE (K A)) 0.359 0.317 1.134 0.257

[FIBERRR (DA ERES)
BHKES FHiE A B0 W K&

IR 1£F iEIFE164E
100%
75% A n n
0 ® [ 2 A R
50% =
—~ 25%
X
=~ 0%
$100%
7
L 75% ° A u
A ] pap
0 °
50% )
25%
0%
=& =2a Ka =& X)) NGl
BRHRE

Figure 3. Main effects on accuracy

B 3. EHMSEHRIRE

DOI: 10.12677/ap.2026.165266 316 o3 2


https://doi.org/10.12677/ap.2026.165266

Tk 4%

3.5. BBRYR 34T

FERERY 2 FOFERE Bt — DT T IABRBON i, DLE RIS R R PR B . 45 R
1 6 TUBRREN TS RS RN A —F . I (A R FOE R R R B R, 1 SRR AT 16
A ERREREI KA > A > IR K, EREBIRZENCT SR AR LSS AN

WA, RN EE T 2B T AR BERA S T RHEIL @A 4).

Table 6. Estimated marginal means and pairwise comparisons of main effects

6. ZERFYHABRESAB EEHLERR

A emmean p
B 0.921
0.899
Pt 0.888
1 4 1.257
0.006
16 4 0.551
T 0.746 W - A p=0.928
kel 0.862 W - KA p=0.493
KA 1.105 faA) - KA p=0.723

TN IERZRAGARRIAL. (GLMM)

BEHKES FE A B9 B KG

00 EfR 1 [Elb@ 165

6

75%

50%

X 25%

M 0%

#100%

= 75% ,

5% *
25%
0%

A - ®
[ —
e ——

0
®
»>

A& 1) KA & g6

IBRHRE
Figure 4. Marginal effects of the three factors
4. ZERBFRHNESE

3.6. ESENIEL D HT

K

N Y EA . SR B AR A AR TR A AT 55 B RN BE I AR EE L, ASHIESLREAT TS
KB (SDT) T (AL 7). SPREH], FolBARA —EBMBURIECT d'=0.85), RIm THEHLK
-, BRI AR ZE (A 5). FIRIARHERAR G (e = 0), RRILH 23 1SR 1] (40 ] 6).
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Table 7. Descriptive statistics of signal detection measures

# 7. [ESMEFER R R

A Min Q1 Median Mean Q3 Max
d' 0.177 0.672 0.937 0.853 1.023 1.293
c —0.693 -0.279 —0.089 —0.098 0.017 0.588

RNEURE d' 5%

7.5

2'5 -. III
0.0
0.5

d:

1
1
0.0

C

1.0

Figure 5. Distribution of d' values
5. MMENHERE

FIBENIRE c 510

10.0

7.5

2.5

o 1R

-0.8 -04

04

Figure 6. Distribution of criterion ¢

6.cENHEFE
4. BEEEE S
4.1. BITERFENZMER AW AEE
FIVP LS R ML, TR P A U8 A S 988) Linear Mixed-effects #781, LMM), *H0f
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E R ATE N TREAL RN 1 P, BT R AV IR R L TR RHC R R R BARH], R RRE
F T E PO B EE

IR RINGE 8 Pun. GiREFW], Wik NEA SFRHC X B VF B S BB &5, i [R5 i
REZHIIIAEE . BT S, LV s N SBATERZE T R EBAEEVF 2 s (LA 7).

Table 8. Linear mixed-effects model results for confidence ratings

* 8. BERETONEMRESRESITER

B3 Est. P
R 7.75
BiAh N PE R () +0.61 0.007
I TE] B P (16 4F) +0.04 0.855
ARG B A)) +0.54 0.017
ERHC (KA +0.51 0.024
PG NPERI (L) ERHCEGE ) -0.72 0.024
PG NPERI (L) ERH A A)) -0.74 0.020
FARAH AR p>0.1 Not significant

BEEESM (MEE + 80)

Bfg 15 [BfE 164
10
9
8
7
6 v
2 [
S 3
= 2
N 1
410
¥
i 7
: %
Z [F=3
3
2
1
s =g Ka . s =Xl e
BRHKE

Figure 7. Distribution of confidence ratings across conditions

E 7. TRFZFHTEREEFD HE

4.2. B EFEMERERNTUER

ARSCHECA I F AR EIAN B VP EAE B — AR E, MR A RS A BE
o, T E VP EAS R BT T HER R TN RE S, 2RI 9 INANBIEE S, BN AIC FI
BIC #JFEAK, XF £ BAAR (Log-likelihood) i # #2 y, RITHE R & (p < 0.001), YW BT E(E G 2&
B ARG . R A AU 1, (B RIS R R T IR B ROR, UEEH B VR EAS R A B E R

=

Ho
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Table 9. Comparison between the baseline model and the confidence-enhanced model

F 9. FHNARE S EEEIERIERRI L 4T

HiRY AIC BIC logLik Chi-sq Df p
A 2 5322.7 5368.4 —-2654.4 — — —
R 2 1oR 5304.7 5356.9 -2644.3 20.017 1 <0.001

43. BEEEHEBERSTER

AR BEHG SRR AR SRR A R B T G5 SR NS 10 Frzs o IS 1] 85 BE T Ui il N 500 vE R 2 LA 2 R0,
FHELT 1 AE56AF, 16 SR ()5 BT AW v A 3 25 P IR 1 VP15 RO U I A 1 0 A A 24 1) I 17 T
JAEFI(Est. = 0.173, p < 0.001), RN EAE H PFE A BRI SR RefE IR m AT, RGN 1 o brif
AAE O, BT IR IPL S (odds) 214 1R 19%. BRIV [R)E5 BEAT B VP BLAS L Ah, FLAR AR RN A W ffg 5
PR . N EW RPN R SRR AT T B RS R S AIWHER R L MR R, b TR B
S I HET R AR AL T 22 (LK 8).

Table 10. Results of the confidence-enhanced model

F# 10. EFEEBRI TSGR

Bl Est. SE z p
e 1.11 0.288 3.855 <0.001
iAE NP () -0.037 0.255 —0.146 0.884
I} H) 25 5 (16 4F) -0.678 0.255 —2.655 0.008
TERHC (R AD) 0.114 0.313 0.367 0.714
TR B (K AT) 0.357 0.313 1.142 0.253
AiEE 0.173 0.039 4.467 <0.001

EEE—ERRUEHE (REEESKLS)
BRKEe E A BO R KY

IEPR 1 [EfE165F

100%
75%
50%

§ 25%
= 0%
i&j’loo%
gy 75%
50%
25%
0%

123 456 7 8 910 1 23 456 7 8 910
BfEE (1-10)
ANEEEESRTNTHERS; B4%H Wilson 95% Cl,

Figure 8. Effect of confidence on accuracy

8. B EFEMEREXRE
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5. i
5.1. EERMMAERE

A FIET T MR A S5E SRMBERKERE 20, REFHE 7 AR PR @G E S %0
YEIE NF RS R . 85 R EoR, WA B IPE S LU AS B ARG IR AL Uil AL
FEFAHE TAFZHIER, o 1 B (a1 5 26 00 T IERAL 5 R S ML 22 4L -

(1) I IR)ES X Bl A FEn R B AT 2 50 m . Wi ORAAE 1 R BRI MR IR F LT 16 4F
[IRG . S5 RRW, Vil NEFIRHEIF AR e e AasE, SR RHERS A A T BR PE LI IRl 2T R
VIR N TERAE . & KA IR BEIN (E 13l 742 B ARERS, TS8R — BE i AAEAS RN 1) 5
A T AR RN A (B TP R B B IR TR I, SRR AR A2 ) 9515 I 18] 3 3 2 (R A AR UL A b,
3 TR N BHIWAE SR A AN TS 7, AT AR ol HE TR

(2) B VFEAR LR Y E A H 0 HEAA 2 1) 3 0E ) T PR 1o Bl rE Al L e LA AT, S A T e g
AT S5 RRY], PR AR X SIS A LR X 7 I AR, R p 3 X 5 2 H
AR ERPPAL o Wik B B IR O R AR e 4 M EBE AL, T2 SN T R R Aok, AR
TN RS ORHENLE . B B ST AR AT PR ) S B i . BRI & PRSI 1 B2
HTEFEAR -

(3) PRI ERA AR A B3 RN, (HEI “KA) > fA) > 157 MARRERTHES
SRR, TERHKEE AT RO YR AR e (R, (BRI UM, B A 2 B B4
. FEEREER: H5E, KRR =R RN 3242 M ISR, B & T ORI K
EAEEZES, HEEENE . RETANER SRS SR — 2, BRI R AR TS () 5 3 28
FIAE AT . L, SRR PR AERE S BRI INAE b, I TALES P P 51N B Ui 1% A A 3R e B
Wi ) R DR B AR IR R, T — AR b 7 RRERN . felm, BRI RLE W RENS S it T 28
L RGBSR SRR R IR R R, (HR SR A AT R TAE ST MERL . AP 22 I 2 bt
AEFER

(4) VO N AR Fe 0 AR 7 AR R 2 R . S SRR WIAE ASHIE 7T i R ) A 3 15 52 4% A RLA [F) St
WA 5, VEBIAH I 75 2 22 57 T R S 35 T PR & B Ui i A R 5 W o R I R T e R A TE AR
55 H bR AW P AN TE S AEAR R TR B F WA, AR B N PRI S . I, R 5 e
S SEYRVE I A T HAFAE — € RGUZE ST, W3 18 52 R 73 4 i IRl 56 T B AR F) A0 J= T ) B 4 A
RER, MARIERNZ BRI LR BLhh, LI T AT S AL B @R AR e . 3 2 PH A
B SR, XA R B> TR ZE R S ARG AR R R R Z M RO, BT REFISS 1
X HE AR R -

(5) FENLRLNSE SRR, 1 F 0 Z 18] A5 KT W BH AR M AMAZE 57 S5 RRBIMAL T W & Mk
REJIBIZE S, AN [ 3 X A B (K F] IR BE 22 7t 0 4 i 48 SR TE K o SRl 3 ) T RE b T Ui il A P
RAERBONEE W] 5 I 8] A8 (BN T SE 2 2 W, T 53— i 3 0 U AT e bl T U630 AR R BOR . 1R
LR RMTTEAEX 7o BRI, BB I AR 58 4 Bl & RE 0 07 R g, TR & IR R /0 S5 01
B RVRFAEIE R AR PR 45 2R

52. FESRKRE

AW FEHE R 1 AR RN 8 1A e, DR TR B, W R R AR X B,
AHE 18~22 F AL HURE R, REARLENEN . AR AR &5 1 SO0 T AR IEA IR, B FEas e msh
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HEVEDSRERE—2DIIE. FK, I EMBERRAAIR, SCIRTERIS O BRSO, R F ARG 4 PETE
TR 2, IR 4 RAE R SE S S P E A . BRR, SRR AN A, I TR B A
BWHE 1 H£5 16 FNAI AR LU =32 FERE A AR < (815 2 1A A AR e 5 L S TR B X
Vo BAh, EARETTURILE P E (S RENS B 2E TR W R 2, Bl 3 BAT — @ RR B AR S AR g
J35 AB T AT BT B A S A SCHRZ T, MR — D LR R 261 N BLAR ES IR R R A — B
BAFEE T

AR FERT CAE LUR LA TN BLRN . — W] 5|45 G & MR A 3 261, ARG
I 1B 2527 B SR 58 B ARtk s R KPR A 2 R, IAAFEER] . SR ATT 5 T 50T
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