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Construction of a quantitative model of flight crew team situation awareness based
on SART and SMM
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Abstract: To characterize both the individual situation awareness (ISA) and the team coordination state of flight crew
members, a quantitative team situation awareness (TSA) model is constructed in this paper. Sixty-six pilots
were selected for a high—fidelity flight simulation experiment. The situation awareness rating technique (SART)
scale and the shared mental model (SMM) questionnaire were used to measure the ISA and team coordination
states of the pilot flying and the pilot monitoring, respectively. On this basis, a team-level individual situation
awareness basis and a team coordination coefficient were constructed, and the TSA composite scores were cal-
culated. The scenario differences, indicator correlations and weight sensitivity were then analyzed. The results
show that the TSA composite scores in the normal approach scenario are significantly higher than those in the
controlled flight into terrain and low—level wind shear scenarios. The team—-level individual situation awareness
basis is positively correlated with the team coordination coefficient, but the two are not highly consistent.
When the weight of the team—level individual situation awareness basis is adjusted within the range of 0.1~
0.9, the conclusions of the scenario comparison remain unchanged. The model constructed in this study takes
into account both the individual cognitive basis of the members and the team coordination information, and can
provide a reference for the quantitative evaluation of flight crew TSA.
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Tab.2 Internal consistency test results of the SMM questionnaire

o Cronbach’s o
Yyt
PF PM
B 0.949 0 0.961 0
CFIT 0.959 0 0.897 0
Rzs W) AR 0.969 0 0914 3

32 TSA ZERHSREBARIERNGRER
3 K5 T TSA L5150 MILALSHR bR i ik
PEGE TN Friedman Kz 3025 5404 3 frs , Hid 2 o0
Friedman K304 i, $65 NEUE N B, p (B0
E MK, Kendall's W TR AES0N & o
3 TSA GEBSREARERNERESIT SHRERKE
Tab.3 Descriptive statistics and scenario difference tests of the TSA

composite scores and its component indicators

Mean+SD Kend

£t X(2) p  -all's
TEH PR CFIT iR WA W

B* 0.714£0.090  0.591+0.077 0.597+0.089 28.551 <0.001 0.433
L 0.870£0.110 0.814x0.136 0.833+0.135 8.397 0.015 0.127
A 0.881x0.113  0.822+0.088 0.856+0.079 5.737 0.057 0.087
C 07730165 0.677+0.154 0.719+0.157 9.650 0.008 0.146

341 73.950+11.510 62.920+9.980 65.120+10.160 26.727 <0.001 0.405

Friedman #6555 57~ , 3 2835t N AU TSA 2851547
B EZER(A(2) =26.727,p < 0.001,Kendall's W =
0.405) . 4 Bonferroni 5 1E ARG 58 7w, IE % HE T
Y5ty TSA 25130 B3 T CFIT s Ffiks W)
g ES S p BI/NT 0.001; CFIT 375 54k 2s W)
a2 MERALE,

FEA bR, BBAAMAS SRR B 7E 3 2545
FHRIEAE B % 22 53 (*(2) = 28.551,p < 0.001,Kendall's
W =0.433), HHAR S TSA 861550 5 E—3.
Bonferroni £ 1FJ&5 FYZE SR R, 1R 5 30T 37 5% A8 AT BAS
RSB R IERE B AKFE3 83 & F CRIT Al
RIS 5=t 8775l I P =3 Y NN

LR K L A BN R R %k C 2355815011
K- Hor L BRI ZE SR x(2) = 8.397,p = 0.015,
Kendall’s W = 0.127; C BRI ZE 0 x2(2) = 9.650,p =
0.008,Kendall’s W = 0.146 . L% Fe 48 @R, 15 #E 3T
Yt R LR PEM K L A0 BABh A R % ¢ ¥ B3
T CFIT Y, HoAh skt HU sty R ah 51 i 7K.

RO — 3 A 7E 3 R RN E R R R B
IKF-(A(2) = 5.737,p = 0.057,Kendall’'s W = 0.087), &
SRILYE R RE R BRI K D)AE 3
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Tab.4 Correlation analysis results between B* and C in different

scenarios

LRGN RN ek, (75 ] AR 5 AR
TRAFERRE o

ANFEFCESZAF F Y Friedman F 5450036 5 s,
M 5 GERATE Y, S AE BT 3 2K 5y SR 2%
SYRAGHEE L (p <0.001),Kendall's W 40.268~
0.508 Bonferroni A% 1F J5 A BT LU 45 R — 350 1B &
PEE G50 TSA 810 B35 T CFIT S5 iR
WAL 5%, PR s A 22 5 AR 3

x5 FEANEEHT TSA GEBHNGEERRBLER

Tab.5 Scenario difference test results of the TSA composite scores

under different weight conditions

Y5t p P Bootstrap 95% & {5 X [f]
i 0.555 <0.001 [0.249,0.802]
CFIT 0.375 0.031 [-0.011,0.667]
iz W )2E 0.331 0.060 [-0.060,0.648]

4 R EIR 3 R B AR BT R
filt B 5 HBAMFE R L C YR IEMCK R IEH ik
s T, WA RECH 0.555,p < 0.001;CFIT 3
N, HEMAKERECN 0.375,p = 0.031; k55 KBIAE
SN, HE AL RSN 0.331,p = 0.060, X} 3 7~
S AH LK B HE 4T Bonferroni A2 1F )5 , i & MK R
0.017 AN IEF HET 3750 N IAR MR BIAL IE 5 1Y) 3
PEFRIE . CFIT 3 5 AR s WA A5 7554 1 Bootstrap 95%
EAR XA 0,

34 WEHBMESHT

R S AR KT TSA LA 15345 R R, Ky
AN A 155 435 7 UL Al B AL TR w 0.1 3%
0.9, KK 0.1, H AP E R E C BIFLE 1-0 A ER
AR A E LM T TSA 25153573 Kt
1) TSA Z5G 15 53 (A BE AT A AR T 5 R SRRl B AL
HARLWE 1 R FEAE o 39, &5 TSA

80

—— IEHHET
-v-- CFIT
" sy o RS
juj=d |
& 0P,
& L
565t Tvew -
= I SN -
e~ =
AV""‘V\ e
60 - v
55 1 1 1 1 1 1 1
0.1 02 03 04 05 06 07 08 09
w

Bl1 TENELHT 3LHS TSA FEBHEL
Fig.1 Variation of the TSA composite scores of three scenarios under

different weight conditions

B'HE(w) CHE(l-w0) x(2) p Kendall's W
0.1 0.9 17.697 < 0.001 0.268
0.2 0.8 19.152 < 0.001 0.290
0.3 0.7 19.152 < 0.001 0.290
04 0.6 22.545 < 0.001 0.342
0.5 0.5 26.727 < 0.001 0.405
0.6 0.4 26.727 < 0.001 0.405
0.7 0.3 33.515 < 0.001 0.508
0.8 0.2 33.515 < 0.001 0.508
0.9 0.1 30.970 < 0.001 0.469
4 itig

TEIE#H 5 R, TSA 25619505 1 A4
R RILRN B KSEE R T CRIT 5 Ak as X123
5, H A AR 55 BRI BT 35 508 ek
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