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E TR G IESMIAX 3B/ B BN IA 12 B 21

Btk !

TEE' #Hgal

i

o

CWTTTIMFE O B BE, 418 321004) CAHERIMTE R OB S IR A2 b, B O MR 5 AL T S e s,
¥ 200062) C A ARIRTE2E e, /04RO B R S5 LR AE T I BE E2a ik SR E L=, 48 230601)

W ' WA R e RGPS B R FARAY AT X, AR B g B AOSE T ph il 57 (B AT 52 F A
A TR A o X AT BA DA R 2 Wl i AN SO B T4 % A AR B3 18] RIS R, A By TR AT AT 3
BRI, R SETAT AT T SR TR B R AL B S At . SR, Ao ik = BAT A 2

T RE 0o B St A5E R

X, AT T — AN T 2 B AT BA S R AR 25 R B P B IS I A A ——

Team-DINA #i71  SHEWFFFBAUBT S A5 R IHRALIE HT T 007 A S VEVEZ 800, T S8R i oA P A B Ak
RSP D P SR 5 BURTA I BE 1K1 A UECR T BRI W SR 7 5525 F, it —h e T

INRRZ I A 1 I

KA HIEVARIZH, BIBAEAE, BIBGAR, A2, DINA KR

2ES B84l

1 55

TEVISR TV B A 7 0 2 e 1l 1) & R B B, B4
(A T 25 TR A M LA R 4T ok, HIBA AR

+ [R) g e )RR IE ) RO R IR E B
AR A A B TR R QB (SR 96 %5, 2013; 10 7R,
2022). B L2 5r TH 2k AL, HIBNE R 8 M
BT AR, BUA AR 234 77 R AR I 1Y A 4
2UE . bbb e 5 55 B O TR A IR TR
MO R L ) R BB T 2 1 IR AL DR AR OV 52
SEAERE ANARAAT 55 BRI ) T S5 BE R T R
(2022 HFhR) ) FBOR ST B4R 1, BEsREA
GAERE T T B e e Rt 25 SR A H SR AR

[ BA & AE (teamwork) J2& 48 P~ 5 A~ LAk
T8 AR M SBR[ B AR 907 20 X HAE A B
TR PR B S I 517 A, PR S AFE
FE Fp AN 2Z (0] /) 32 H 5200 (Salas et al., 2017; Zhang
et al., 2024), YENHIAGIERIRZ R, HTEAIAA
(team cognition) & F A 53 AR [RITA 28 BIE 161 A1

W I 351: 2025-03-04

BAAKF- 0 AR & (e ] B A AT R R =), 2 R
M) AT BAA T SR 26 BEL A% 35 22 [ % (Cannon-Bowers et al.,
1993; Salas et al., 2017). HIBAINENAL & T S 4F )8
iR LBE S (Li et al., 2023), HIBAGIE 71 (Lu & Hao,
2024)F1 AT BN 1 (Woolley et al., 2010)%— Z2 51 [4]
BAKT- (RN N IR 2B A A o A 98 2 B B 2 ph vy
RE IR B AT BN, AR A IR, i
B A BAIA Y B 2 M (Xue et al., 2018; Woolley et
al., 2015). X AT BRI N A2 Wil 15 AU B THR &
VAT BN ] DA N 58 B, AT Bl TR 31 5 i 4]
BAAT A 2 B0 EL AR S FRL, - 3 T SA S it A X M T
Tl . 2T A1 AR P AL B B i fb K 3 (Lacerenza et
al., 2018; Salas et al., 2007),

T EEAE R RS SR IR R ], UL
AR I P2 A2 W7 S it i il P A8E X H
Koo Hodr, INHNZ S — P T2 Wl PF A 1)
AN EE RN, FRECE AR ) R LS Hof Rt
A2 W St B I PR NS WA B T A A
PERZ W R D RE, A B TR 515 i AR SR i

* UL P AL SR AR ST B R RS (25QNY CO10ZD) ¥ Bl
WEVEE: Ak, E-mail: pdzhan@gmail.com, zhan@zjnu.edu.cn; #f7*, E-mail: nhao@psy.ecnu.edu.cn
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FRBE, ARSI RUR IR ML T 5 12 3 4
(Tang & Zhan, 2021), fERIAHNZW A AZ.OHRER
1, N2 Wi A (cognitive diagnosis model, CDM)
S22 W R 2 i T AN RUE YE 5 AN AT A
Z IR AEOC R, M A & B (i, A7 5
95 1% 15 1) DT T ) B4 5 W 12 W 45 R 1 T A 42 R R
file BEME o BT, BT AS R B 40 4 A2 W oK
E4H V£ CDM ##2 i (von Davier & Lee, 2019),
Fean, i P A <5 1] (deterministic input,
noisy "and" gate; DINA)# %I (Junker & Sijtsma,
2001), 4R, BlA CDM )R BRT12 Wi s — Ay
INEE T, AN 2 B BA G AR I 35 ot AT BN g 12
Wp i) 2 ol BRI T A DA Ak FE ARl 2B =X
SEE S s R -

Bl TH AL 28 ) AR DT (438 Kz, % AT A& 1R
RIHDPEC L Z 0 N T | PEEUPE R 5 B
F(Andersson et al., 2017)56 28 IEFIHE YA E
115 WL K (Hesse et al., 2015; OECD, 2017), XFl
Bl 70 AR AR 5 A DA ST 18 B ) e A Y SR 3 A
A BAEZ 8088 (U, Andrews et al., 2017; Li et al.,
2023; Wilson et al., 2017; Yuan et al., 2019), k40,
Wilson 45 A (2017)38 i X B4k Rasch FEAI 5] A A BA
TR Bl AL 0N 2 8500k R AE AR B AR 28 A e 22 R 7
MMk, B TE g AT BA i g e [R] 5 e FLAE
NS AEAE 55 3R B, Li 55 A (2023)fif J11 79 4E 53
H S0 B 12 45878 X6 A A5 R ) R ik DA R g 0
FEACRE ST TN, B A R b AE R AE A
Ko BRI, AR Z )5 FR T B0 8 i T o
(BR, W& AF B g e fig ) e k2 5 BING
M DA D [ R B R ), A O3 Fh G B A4 2 52
HIE R AT BAAS & (R, AT BRI )X T BA A R 2R 31
A $4 I (Cooke, 2015; Salas et al., 2017), A, X4k
AU I T Rasch ARSI H 50 B AY 2,
Z R BE B A — N G 0 A5 A T R fik e e
B . T H= BRI W 5 R, X Se B AU HE
DL 7R 52 e 5 VR A 80PE i ELAR s R (i, B AR ek
SRR T = RN E AT DGARUEYE? ) Ah, i
A — LE 5T B AR T AT BA B B 2 [) Y 5 AR G FR N
2 [F v, MAERTBOANHI B2 i & tan, T
W £ 43 A1 B AT BB B 5 A 06 R/ IE 9 (Zhu &
Bergner, 2017)F03& T AH 5& 4B 2 BN 0] #4422 [R) 25
PN FR E 3l i = F 5T (Lu et al., 2023; Zhang et al.,
2024), W2z, BUA SRR R AL E BN ES B
oK, XMELLA AT BA A VR SR AEAT B0 M kb Rl 85 5%

AL

XF i, AT H R SE —FpaE T A BN VEVE
s 2 BT L BV HHZ W i BEHE SR, IZHESL IR A T
g ph 8 53R TR R0 28 B IR 1) AT BA DA R A
BN AR B2 ma LAY, DA 2 %55 AT BAIA
MW 75 5K, R AT A VR G B2 h ik = 12 W53
MR 25 1 o T SO e ] Bl JBd ] A
JRPEIZ WY DINA B8Y; SRJ5, LA DINA ARHY S S
it 4 2 3 FH 30 B 141 B A AR 28 080 1) 1 A5 4
DINA (teamwork-DINA, Team-DINA)#I; FAR 5,
HE T SR 5 e B AR AU A IS AT PR BRSO
PEFA, I-38 3k 7 DA AL S AR A 26 17400 LN o
FPERE: BE, BEETRAT R AR R, IR R
WEFEIT 1] o

2 PIBOGAAZ W

2.1 MEIAEZET DINA &8
ARHFFT DL DINA 5575 Ay 5 Al 455 764 44) 7 AT BA DA A0
2Ly B

K
Py =lo,) =g +(-s-g)] Jok . (D
k=1

KX, PY,=la,) £xn A JEMEE R
0, = (01500, 0 ) IS 5 n IEHVEREH 0 19
BER o, {0, A 5E o XEME k IEPRED,
ay =1FRRER, a, =0RZ; g4 (0,1} EH i
XETE & BRI, gy =1RREEE, ¢ =01

K
Z; | folk FARBHE o XHEH @ A9 EAALE

k=1
i g Ms, BT E BRI AR RER, 4
MFRARERE LML EBEENS 5H D, BALE
BRI S 5 E) 2 BIE VR LR A iR
MEREMENSSHEW, HEEZENERNSS
)R AR AR

2 8RN N e Pk Z [ 7R AH O IF A e Al 1
SRR, T RIS 5 E AR E M R
% —INHIBE J1 9 %2 i (de la Torre & Douglas,
2004):

logit(P(a, =116,)) = 7o + 710, » (2)

K, 0, F"S5EH n —BOARGET), HHE L
HN 6, ~ N(0,1) LIFIEARE R AT R0 o, F gy 53501
FORIBME k B EIRE 5 BERIX 43 B

DINA BRI Y HAL Y 2 53 Sl 0 % 48
M ITANHBEPERE, HA A 5 m i A E VR % X
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LH o AFFEIE ] DINA BIRLR FERiIAL LT LR
PIA IR : (1) DINA BERE N i BARR AL CDM,
98] T T Z WSS RN, F5E 3 RS0 k28 X
HARHEEA T 1 (A EE T — A AR R AR Y i
5, DINA ARG = ) 2R 88K (Chiu et al.,
2018), £F& /NS AT B S PRI H 175 5K G)AS#F
I8 S AE T4 R 58 CDM B A1 BA A VE 53 2 T 2
fig, MRS E Z A A8 M 2 R 45 A 32 (R,
454 #] [condensation rule]). KL, BT DINA £
IR, IRl DIAE AL CDM A R FERfAR RS, {HiX
FFAEARM RO NE
2.2 EFBIAZIISHT IR
2.2.1 1REIHE

TERARIRVET, FRATSCTRIE 4 D OCHE A 25—,
A58 F AL T BN A A b J 3k Al i A oE A
(dyadie)fi=t, BMBREAE—HINt (1 =1, 2, ..., T/
FWHE A R B, 55, ARG P BAA 1EAE
7% (teamwork response)” & 48 W A1 A 5 0 A VB J5 4t
—HR 2 1Y S e AT BA R AR DS B 24 22 (AN, Woolley et
al., 2010; Zhang et al., 2024), £ =, ARHFITE X 1Y
NG 0 250 i) B, 5 4% o8 53 2 N7 VR E R
WA GVEMEE B H ; XA G AP AT BN &R
A 2E $R 88 T — L (Hao et al., 2017), FET I,
AR5 3 A HAEE AR, 7ol 2 D45
BB ST AR HERE(Y A F Y )BT 1 AP 5L & 1E
VEZBH R (Yap) o 20 VY, & T T BA DA A% 2 (A,
Cannon-Bowers et al., 1993; Salas et al., 2017), AW
GBI BN BE I (team  cognitive ability)” 52 R
H B 5[] — M DA T RE g 2 18] I8 1 i) AT BA— FBEIA 0
REJT, S —Fh A A K % 2 A8 it IR <l BRI KD
J& 1 (team cognitive attribute)” 5 Ay /A1 A B2 (8] 44
TA RN [] B B8 1) 6T 4 i DA R0 T 7 1) 2 [v] L e s
N, SR S AN AR AR X 4 1A A K
oA R, B AT BAIA IR T B4 52 e AT A
N B PR E R

BEE Yy, MYy, 70 2R BIBA ¢ TRt A B Xf
MSAAREREE i = 1, 2, ., IIITESS, Y, =Y,
FORELE L AR B BRUN BIBA ¢ XA AEVEZ 8 H
i(i=1,2, .., LFEE, X THIAEZS, il
EHEER N L5 DINA B8, .

X A

K
Py =ley) =g +(-s-g)] [elh .  Ga)
k=1

2% il %58 4%
logit(P(oa, =1164)) = 7or + 7146 » (4a)
X F RO B

K
P(Yy, =lap) =g +(1-s,—g)[ Jofi . (3b)
k=1

logit(P(og, =16)) = ¥or + 7145 » (4b)

2
wliih 2 ) o
Hp 7480 40 4 (712;

o, v R Y TE] — DA BE T 1 AH G R AL
g F g R IR B — BN RE I IIME,; o Fl o
SR B A — RN HIRE T B 22, HARS BRI A T
WIS B (A 5 BYSNS SLIRI A (D)FIQ) s
PRUFARI AT RG], TRy = pp =0, O'i = 0'123 =1,
ZAEB N MY TN #2555 hWidl, 44
& T=N/2%Z55%, Fifirambit.

E—2, XTEVEEZ M, A3 ()R A
TN 52 i P AN 0 8 1k i S R AR, (2) AT A
TAH R T %) 3 4R R 0 B2 i 5 R 1R 285 1 IE 10 A %
HETA

K
P(Y, =le) =g +(-s,—g)[ o, (6)
k=1
logit(P(a,, =16y, 05)) = o1 + 7146, » 7
0, =40,+ 0,0, +¢, , (8)

K, apg=a,= (0,,0,,....04 ) A G ENAE
P AEF R A9 AT BAIA R R X, e o, 3RO AT BA
BB A R B XA HUE M & A 3 R B A al =2 A
Oxp =0, FHATBNINEN R T, S BA G AR K E0A
fETHEE, 3200 A B B — NN RE 7 i 2L [R] 52 i,
2 02, AR BB, 6, F O, TRl RN 2 — T IE A
BARCAR(S); e =6 NIRZET, Fom HAIAFI
FE 7 Hh JC B R 51 Y — RO R g g e [ e R 1Y
H oy, T H N & ~ NO1= A7 =27 =24 4,745)
LR UEAE AL ] U (BD, 293 6, ~ N(0,1)). Fd 4l L=
0> 34 A5 5 (shared mental model) 55 A1 BA A 701 B i
(Klimoski & Mohammed, 1994), [1BAA %0 AT BE [ i
I N AERE RIS VELERE (55508 5%, 2022; Hesse
etal., 2015; Li et al., 2023); Kt, %5% 22 Wit nl g
6 455 b B Ay FLAth 52 ) P AN BE D A 1R 2 B
HZR LR G RN, 15 B Ci B R, AT ik
P B B B3 (B 04 A /AR A a2 2(8) T LAAT 3% fi
ToE AT B DA R A 18 i 53 A IR ) — S LR P 52 5]
i, 2 5k 2 T HR A4 X 1 A K S (i e (AR T
A ), B W 44 6% 5L I RE 1 KPR, ] BE
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A BN G, DA T AT A DA S e 1 2 4
REAR; RZ, 58 2 T L XEE 3K ) 1EAE B
(ln, & a A AE), B2 AL B g 1 KR,
AT e T BT BRI R TR AR, AT 1A BA DA R e
FER MR . K 1 2T Team-DINA A9 # AR
INEK, BRI, Team-DINA K55 4035 0t 37 /525
BRI G AEAE B BRI 43 -

Ya

Ys

B 1 FET g B A 25 44 1 P BOIA 2 W AR 3
W 04 F 05: BUSE A FI B 09— MOIAHIBE ST, o AT om: B A F
B A B M YA R Y S5 A FIB Il 37 VRS 1R i
Oas: FHBAIAHIRE 15 cam: BRI ME [ 4 Y e A 1R
P e SRZETCHALA VLR R ), B L T, R,
222 SHhI

ASHIF 5 A8 42 DL I Hr B JR T O B SR R R IO
2%} Team-DINA #1728k, I8 T JAGS # At
SCEL, PIZERRBN SR S1 TR R BT A S5
Y ABEE, T UM JAGS #EAT DUt S 400
31772 W, Zhan, Jiao, Man %5 A (2019),
223 S5eESEREBRAGEANEEE K F

1A

sk, Hlt 24— e & 7R 8
Fif AT 55 0o BRI S AR BB 2L 21 i
2047 BE YV 5 22 (ATC21S) HE 42 (Hesse et al.,
2015)8k 2015 45 [ b 24 A4 PEAG T H (PISA 2015)HESE
(OECD, 201 7). PIHEZLIAIA by B AE ) Rt fif o )
iP5 BN N 4 B Ak se 4 B2, X 5 A 1 AT BAIA A
e (0, LSO BB A I — B, T,
Team-DINA Fil T A A5 B 40\ R AT BA A 1E 32 2
INFVRIAE2E 4 B i 2L Rl e, BORG AT RAE T
W 2808 B T IR, T AS 2 AT e i (41 BAIA
HIE B SE EEE  2R ;. R, A 8 g sk 2= o
MR IE Gt b, s e 1A A % % 0] /) B A /4 3 i i, O
i HAr. AT, Team-DINA HIE A 1R
FEXHIH 3 8

(D)L H bR 117, Team-DINA 3B4S4 )
A, AN M) S A AR & can, FBVA S
PRI, T E A A 2 R B AR A
AN VR )P BE ) i 0 6

()L & W 75, Team-DINA & FH T2 Wi
W55, B 712 W AR AT BA 0 TA R0 T P 2 42 15
VIAE 7 5% M A5 VR A R i EL A R R, 4 DA 3k
A A Bl AT BN — e DA 1 RE T AR X (HE 3 ) o7 5 Tf
CA BRI 258 F TR AR g, 2 3 7E TR
AR BRI EE T A B . R, X—E R
ERER s A 2R A O : Team-DINA R4
/WAL BA RS DA R e 1 Ay 28 ) A i — BN RN BB ) hy i 252
Ardg, T C A R ARSI R D e T
USRS

Gyt B S, Team-DINA RETIEE
K BE B (B, 25 %548, 5 F A8 e AT BA DA Xt AT
BN VEVEZ 504 i sZ ma HIL ), A9 Boxd 4t 28 5 78
s (n, o BSOS ) o T S AL 0 ER o
CABRI (AN, Li et al., 2023)0 2332 48 I F FH
&t PR, DL SIS BN BB A A A 5 A B R Y
W
3 AR
3.1 BUEFERFNS R

A 5 A6 FH — DU RN R 94 e 288000 6 % i ok e
B Team-DINA A8 (4 52 B 0] W M o 288 60 2
67 XU HIBR(ER, 134 42 53F)%F 18 JH K H A
Fi SCE BB S (Zhan, Chen, Man et al., 2024)
A H BV S s, MZERMRN SRR AT 2 T 671
VAT BN 1) 18 5% 20 BUAR U2, o 32 36 v iy 9 ARy e T AR 2
BH, J5 9 BNGEEEBE; 3% 5 M-k
NFJE P (Carpenter et al., 1990; Wei et al., 2024):
(o)A T1H E B0 (constant in a row). (o)Hc X i 25 AE
| (quantitative pairwise progression). (o)/IIVEER M)
(o) = 1H 73 A # W
(distribution of three) Fll (as) — fH 4> i A N
(distribution of two); 1 5 A~HH R ) AT BA A %0 & 4
(oap )X AT HE S AL B9 36 (R BRAR | (ouapo) %) RS 722
PO B[R] BRAE © (otapa) R IITUBEANE ) F ] P A |
(0tapa) X = AH F3 A7 A0 FrY 2 [7] 2 A% F (ouaps) RF B
3 AT R F) 2 ] B At 0 55 Q A AN 8] 2a B, H:
R 5 A D R e SC e A 3 55 v i H
T MUY, I H B AR TR
PR W/, Hol T sz AR, 2% Q A
HABAZHME(THMER 55, 2010; RuNZL 4%,
2024; Kohn & Chiu, 2017), XE—ERE &R
W4 R B e T

(addition/subtraction) .



170 TN - % 58 &
a. PEQIEME
M VREREH SR
1 3 4 9 13 19 22 35 36 5 7 10 14 15 21 23 31 34
o | [
o, Gap2
2 % o
Oy Oan4
Os | OABSs | \ |
b. PHS7 AR B c. GYEER S H R
o > m o © 0 T M + 4
o B o & =5 ° < 4 * 4
~:g»ﬂ$‘ ch;iﬂ*\ \X/ x
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
BRI I ERIEEEE
s 6 18 s 6 78
& o B Q| F o m O ELE & AN & E & A &
HiIA HUAB A BEB

K2 SRR AN Q AERE . b Sz A& L 7 (91 F0 - AR AR 258 F 7
T8 P8 2a WL H RS o e 8 B SCHfE RN 55 ) SR A L L 5

XA AR E (B 2b), PR R4S A B
AEBARE R H P AR, R b AL
1EAC T X T EAEEZE A (K 2¢), AR EAEXSFR
B 1T (asymmetric design) (4, Hesse et al., 2015;
Yuan et al., 2019), i 3P4 %E 4 X A 34 K TE 1Y)
J7 5] A% JE B 4K (resource interdependence), £l
EsNOE 7S S b i AL CIB RO R AR iR B =)
Ui, VASEIGAE. PRI TESS A B4 b A A Al [
H AR A VE2Z R b uir 5 iR sC i, ikt
FAR S VE GRS T 38, PIRART Ak . 522 5m
PR, X TEEELSEH, R4 A&
AN [E, (X T8 H AR S, B EAA
JE A KA

YT 55 %0E, SIEEZER T, Rvrn &
H 252 I O A8 S (1Y W o B S4B A8 T 28 22 1)
HIBNEAEVEZ A IER), H 9 —2 e 58 %
FI5 T R 7 — 4 MO IR S B R R R AT
— B ZVE TR AR O AR — B (R, PR
B PRAEE SR IR — B, JCIR X ) A B[R] A B
SETF IS TRICRP, 7 8 7 i 58 257 58 A I 1] 22 ) 25 AT g ke
BIBNAVE T AR . e, TERL 3 DB BN &
VT 9 G AEA T R 7R o B (VRS — B (2 M =
8.611, SD = 1.044) . Jl b1 18] 28 Wi M WK (z2; M =
172.642, SD = 101.720)F1 8 b (B AH B S5 RF AT (235
M =24.843, SD =37.958),

3.2 HiESW

fdi 1] Team-DINA B0 Hr s . S8,

i 5 K DRBERBE(BENLAS &), R0 E

=%

20,000 Y EAR (T 10,000 %), FRHEN 1; 2
AR 50,000 YA T 2R XTIl EE, i
G SRR RSB THEE X T Ho At 248
M 5 B E RS S BT 25 0 . R TER R
458 F F-(potential scale reduction factor, PSRF){E
R ZHAG TSR S e bR, % PSRF < 1.1 RIRS
AL TH S (Brooks & Gelman, 1998), fifi HJ5 5 i
I 45 7Y K6 56 (posterior predictive model checking,
PPMC; Gelman et al., 2013)J 3P4l 455 1% Hig 4 %F
A&, H o J5 5 Wt % (posterior predictive
probability, ppp) < 0.05 B > 0.95 F/RBH RS
BdE;, AOUT5EH, PPMC G B S0 A1 I A s
2 [8] 1)) 2% 5 (Zhan, Chen, Wang et al., 2024),
33 &R

B, IrARAI SN THEW L PSRF < 1.1,
H4s K280 & PSRE < 1.01, EHSHAHTE L
Wbk, HR, Team-DINA FERINE = ANEIEEE (YA .
Y H1Y 4p) 4 ppp (H 535147 0.340.0.429 F10.274, ¥
AbT0.05 ~ 0.95 P, FHHBIRGEIEILE KR

Bl 3 BT SRR AR AT A R . A,
Kl 3a 2P T EHSEAHE, 25 RERIZ b
B R IR SR R X AT R S g Y
VR HEFE AT 5 (cf., Liu et al., 2023), [ 3b BT
67 > BN B A AR DA A R A DA
PR A Ll oA . R BEA N E R (11111)
A NES e, HOZ s PR b A BA SR A 1
FERBCR TS B R, — R
Z 5 FHBER R HERLRE 1 BUR AR TR IR R =, O —
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a. A SHATHE
1.0

[e—g s

0.6 [

04

0.2

0 1 1 1 1 1 1 1 1 1 1 1 1 1
1 3 4913192235365 7 1014 15 21 23 31 34
c. WHBE S fliTHE

b, AFIR MR A L

68.66%
61.19%

50%

0%  10%
d. AR FR R EL

20% 30% 40% 60% 70% 80%

5 007 009 | 022 .. 024
z2  0.12 0.18 0.24
*k *okk
zZL 021 g33 044 Walue
1.0
sk sk - 8.5
€
0.42 I 205
1.0

oA

z2 z3

6B 6 AB € z1

&3 SCERESE oA sl

g BHBMSEG s:

BUHRRBHG A R A, B: UG B, AB: FIBA; 0: —RABESS; e SRZECHALGIRAEE R R); 210 MG RS

— 0k 2o SRR T S FAK; 23 053 T AH B2 R TG *: p < 0. 05, **: p < 0. 01, ***: p < 0. 001.

J7 1t 2% B AT BN S VRS AR R T IE RS, AR bA =2 ]
FHE—ERENEAMEEER

3¢ RILT 67 A BA A PR A 53 A AR — A
HIRE A THE . BIBVAFIRE AT HE RG22 10, 1
SE, Kk ILA BN EE J1 -5 PR L B R — A T B
1 22 [ AT 85 K S35 TE M 52 ((0,45,0,) = 0.80
(p < 0.001), r(@;.0,)=08 9 (»p < 0.001),
r(0,,05)=0.66 (p<0.001)), K, 4 MHAHI5EZ
TFITE O Bt ik sl, 2B R 61 iR — A i
JIaf e g i B A A BN e I, (BAT A AR 43
SR T Bl Y B OISR AR BE ) R, BV AT
BOINHITFFAE B B AN R PR dl A i —2, 1)
Pk 22 T = A A VEAT A8 5 22 (8] B AH OC R 4R (K]

3A)AI B, HR 25 TKOF By, DUk B AR A — B
PEE R (r(é,45,2) = 0.517 (p<0.001)). AL E]ZEHT
U 5 (7(8 45,2,) = 0.268 (p = 0.028)) HLAK 5 7]
A AR A RHE AR (1(€ 43, 23) = —0.379 (p = 0.002)),
—ERRE F R ZET S SR N R A K.
itk — 0 R BRI R A SR, 3R 1 S
T 7 AP EAE ST R o A 1R — A~ IR
UG AR, T8 H2 B 7 A A3 2 1T B RS A 1)
A BRI RE A FA R & PR R AR, P AL
DAEP ST AR B MG AEVEE A 345064,
LI YR 8 32 It 0 A58 T 1 R B A e B L S ke
HH O A B SRR SRR B . 5
ZARXF, S AN 2 AR A S AA R K 1 T
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F1 1 THEANNEETEEHETE
Ei]UN 0a 0s O €AB o op OAB Raw, Rawp Rawap z; Z) 73
1 0.79 0.81 0.86 0.17 11111 11111 11111 9 9 9 9 118 17.01
2 0.48 0.40 0.09 -0.25 11111 11111 11101 8 7 6 9 141 17.11
7 -1.38 —1.48 -1.95 -0.63 11100 10100 01000 5 5 0 3 66 100.45
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P T IR A A A
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Bernoulli(P(Y,; =1]a,)) A, AW/ PBENLRZE, &
PRI 30 25 0 N & A 10 R = 30 44Kk

i/} Team-DINA B 4CHE . RATPISR S
IR AT REEWIIRIEREDL), 2588605 10,000 YA
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Abstract

Teamwork involves individuals collaborating to achieve shared goals that exceed individual capabilities. As

a team-level construct, team cognition plays a critical role in effective teamwork by integrating individual

expertise and fostering shared understanding. Identifying the causes of inefficiencies or poor performance in
teams is essential for implementing targeted interventions and promoting the development of team cognition.
However, traditional cognitive diagnosis models (CDMs), which are limited to individual problem-solving
contexts, are inadequate for diagnosing team cognition in collaborative settings.
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To address this, this study introduces a teamwork DINA (Team-DINA) model, an extension of the
traditional DINA model for individual cognitive diagnosis, specifically designed to analyze teamwork response
data. The proposed model constructs the formation mechanism of team members' individual cognitions into team
cognition based on a higher-order latent structure. Further, it is hypothesized that individual cognition affects the
mastery of individual cognitive attributes, while team cognition influences the mastery of team-level cognitive
attributes. This allows for the simultaneous assessment of cognitive attribute mastery and the collective
cognitive ability of both the team and its individual members. To demonstrate the practical applicability of the
model, a dyadic teamwork matrix reasoning test was conducted. Additionally, two simulation studies were
carried out to evaluate the psychometric performance of the model.

The results of the empirical study revealed that the Team-DINA model provides a deeper understanding of
teamwork performance and identifies specific cognitive factors affecting team outcomes. The simulation studies
highlighted two main findings: (1) The model demonstrates strong psychometric performance across various test
scenarios, with improvements in model accuracy achieved by increasing the number of items and teams; (2)
When the test includes an equal number of independent and collaborative response items, the model parameters
are recovered in a balanced and appropriate manner, allowing for flexible adjustments of item proportions to
enhance measurement accuracy.

Overall, the proposed Team-DINA model fills a critical methodological gap in the field of team cognition
diagnosis and expands the application of cognitive diagnostic measurement paradigms from individual cognitive
diagnosis to teamwork cognitive diagnosis.

Keywords teamwork cognitive diagnosis, teamwork, team cognition, cognitive diagnosis model, DINA model
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200 10 0.005 0.631 0.770 —0.006 0.632 0.770 —0.005 0.582 0.802
15 —0.004 0.584 0.807 0.002 0.586 0.805 —0.001 0.544 0.839
30 0.000 0.545 0.823 0.001 0.547 0.830 0.004 0.508 0.851
0 50 10 0.001 0.690 0.715 —0.005 0.674 0.727 0.007 0.670 0.732
15 —0.003 0.665 0.739 0.011 0.653 0.732 0.035 0.627 0.765
30 0.003 0.629 0.772 —-0.014 0.601 0.795 0.004 0.592 0.792
100 10 —0.008 0.683 0.723 0.007 0.676 0.729 —-0.010 0.660 0.752
15 0.002 0.657 0.746 0.000 0.644 0.758 0.007 0.623 0.774
30 0.003 0.599 0.796 —0.001 0.615 0.783 0.015 0.572 0.816
200 10 —0.003 0.673 0.733 0.003 0.674 0.732 0.001 0.655 0.752
15 —-0.004 0.649 0.755 0.006 0.647 0.757 0.005 0.628 0.777
30 —0.002 0.601 0.795 0.004 0.608 0.789 0.005 0.586 0.809
-0.6 50 10 0.010 0.668 0.736 —-0.015 0.666 0.739 0.010 0.690 0.713
15 —-0.002 0.627 0.773 —0.001 0.628 0.773 —0.023 0.676 0.720
30 0.004 0.609 0.787 —0.002 0.592 0.801 0.009 0.633 0.780
100 10 —0.002 0.650 0.754 0.000 0.657 0.746 0.010 0.694 0.728
15 0.003 0.639 0.763 —0.004 0.629 0.772 0.009 0.675 0.726
30 0.019 0.593 0.800 —0.015 0.588 0.805 —0.004 0.635 0.763
200 10 0.000 0.649 0.754 0.001 0.650 0.755 0.009 0.710 0.705
15 —0.003 0.622 0.778 0.003 0.628 0.773 —0.001 0.662 0.748
30 —0.004 0.584 0.808 0.005 0.589 0.803 0.002 0.616 0.788




51 FEUGE A BTG IA] R B AR S8 Y A BAA T2 T A
FAS. EUMR 2 EESHGAITEEY
gl sl g2 s2 g s
¢ Bias RMSE Cor Bias RMSE Cor Bias RMSE Cor Bias RMSE Cor Bias RMSE Cor Bias RMSE Cor
5-25 0.085 0.109 0.660 0.080 0.106 0.707 0.017 0.046 0.916 0.041 0.081 0.821 0.028 0.057 0.876 0.048 0.086 0.803
10-20 0.023 0.051 0.861 0.024 0.061 0.809 0.021 0.053 0.894 0.042 0.082 0.816 0.022 0.052 0.887 0.036 0.075 0.826
15-15 0.011 0.038 0.910 0.026 0.054 0.885 0.021 0.052 0.876 0.037 0.073 0.824 0.016 0.045 0.901 0.031 0.064 0.863
20-10 0.010 0.033 0.950 0.015 0.047 0.919 0.008 0.041 0.918 0.067 0.101 0.748 0.009 0.035 0.950 0.032 0.065 0.854
25-5 0.008 0.033 0.954 0.018 0.050 0.918 0.006 0.038 0.892 0.120 0.160 0.589 0.007 0.034 0.953 0.035 0.068 0.833
x A6, EHTRE 2 INFBEHHEE
ACCR_A ACCR B ACCR_AB PCCR PCCR PCCR
¢ al a2 a3 a4 as al a2 a3 a4 as al a2 a3 a4 as A B AB
5-25 0.875 0.838 0.855 0.857 0.887 0.875 0.838 0.855 0.857 0.887 0.875 0.838 0.855 0.857 0.887 0.490 0.495 0.816
10-20 0.934 0.899 0.900 0.919 0.912 0.934 0.899 0.900 0.919 0.912 0.934 0.899 0.900 0.919 0.912 0.650 0.637 0.763
15-15 0.955 0.922 0.920 0.924 0.914 0.955 0.922 0.920 0.924 0.914 0.955 0.922 0.920 0.924 0914 0.714 0.723 0.726
20-10 0.969 0.963 0.967 0.964 0.951 0.969 0.963 0.967 0.964 0.951 0.969 0.963 0.967 0.964 0.951 0.834 0.827 0.498
25-5 0.991 0.976 0.968 0.967 0.964 0.991 0.976 0.968 0.967 0.964 0.991 0.976 0.968 0.967 0.964 0.879 0.882 0.344
x A7, EUBR 2 NMEAGITREN
A B AB
S-C
Bias RMSE Cor Bias RMSE Cor Bias RMSE Cor
5-25 0.003 0.648 0.755 —0.004 0.629 0.771 0.010 0.564 0.822
10-20 0.001 0.606 0.789 0.001 0.599 0.796 —0.007 0.547 0.836
15-15 —0.004 0.589 0.803 0.004 0.586 0.805 —0.005 0.550 0.836
20-10 —0.002 0.578 0.811 0.000 0.593 0.800 —0.005 0.578 0.807
25-5 0.005 0.576 0.812 -0.001 0.575 0.813 -0.008 0.592 0.798




