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Screening of Cognitive Test Items in High Temperature, High Humidity, Low Pressure and
Low Oxygen Environments and Study on the Changing Rules of Cognitive Performance
Xu Yuanjun HuYue SuXiaowen Sun Liangling
( Southwest Jiaotong University, School of Mechanical Engineering, Chengdu, 610031 )

[ Abstract] In this study, we screened the test items of cognitive function under high temperature, high humidity, low pressure
and low oxygen environment, and carried out cognitive experiments under the temperature of 37°C, relative humidity of 80%, and
altitude of 3,500m, to study the change rule of cognitive performance in the human movement state.Five cognitive test items,
including visual retention, digit retrieval, attention reversal, visual choice reaction time and Stroop, were screened out through the
evaluation of test item difficulty; the stimulus limit, response limit and stimulus amount of the test items were adjusted, and the
adjusted stimulus limit evaluation, comprehensive difficulty evaluation and duration acceptance evaluation reached moderate or just
acceptable, and the adjusted total test duration was about 710 s. The results of the cognitive experiment showed that the heart rate,
oral temperature and oxygen saturation were all within the safety limits, and the oral temperature reached a maximum of 38.3°C.
The subjects' cognitive test scores tended to increase during the experiment, indicating that the cognitive performance was
improved by exercise, but to maintain the cognitive test scores, the subjects needed to put in more subjective efforts resulting in an

increased brain load. The research results of this paper can provide a reference for the screening of cognitive test items and the
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study of the change rule of cognitive performance in complex environments.

[ Keywords]

0 5lF

ETJEREIE N, DGR« b R i e R IR S
MR R T i e R AR A R S 0 W T 3,
AR IS 18] 22 5 75 il e 1 B R AR BT T, A
MIThRERL 252 B4, —SURE AT 45 R B OR iR
B0 D RE i A% - Mazloumi A 25 BIE
FLRLFON B AT Mk TN FI T RE RS2 R I,
I 1] () AR B i 2 S EURFN B . 1R /152 . Chen
FONE SR LRI, TS ERE T, RS
2 FECA R HER I FEC . TRSENETTR IS A
AR FEAE PRI R, 13 R0 B B IRV T
i R B, BhoeJ7 A # e 7 BE iR T e S e
T e BRI A o (B — e g R EORTE MRS
B T2l LG N EN g . David 550808 i
W 16 22 E EEE 35°C . AR 60%1)3F
5N IZ 80 JE () N TR RGN 5 R B, i8 80 JE 52
TR () SR TR 4 5, (LA T o R B 353 () S e i
F%. Mcmorris ZEPW TR, fESRIAEE T, Ak
K SEIsRE, KIS B e FEE - v
N e AR = iYW EA w7 = X1y
AR TR UL PR 258 B 9% 30 58 Iy K, 3 17 48 s I B
[E] o

TEREIE T, TSR IR K ) 5
23 AN KT BE R N . Dykiert 25N i 5256 &
BLAEMFAR 4000m LA b RN )22 B Hifh . 520
X e AR DX R 2R e g AT 7S e R S S (] Y
J157 ECANAZ A, 25 R, INFI T RE Rl 1k
TF 22 308 ™ B . Andrew 25 U27E R85 ity A AL 4L
1524m. 2438m 1 3658m R IEAT NN, JEid
555 IR SO AR gt LR B, 7R 1524m Al
2438m Kb A HTI A B S L TR AR S B
W& LR/, 7E 3658m Ab A HIT G4 R 4R A
SiH IR E R

H AT, B P AN X e i AV PR AR S A 5
INFITHREISE AR 2 , (BN [R) 35 0T 78 52 SR e 5 1)
I FN T e FF AN 58 42— 2, A8 A B Fni ot H
Ao BRI, ARS8 0T 78 i M AR A R
BB T AThREM AR R . R, AT O

Low pressure and low oxygen environment; Cognitive test item screening; Cognitive performance; Mental load

A HIBTTT, T3 52w i R A R AR S A B Y
I REATIARTA H , FR 5 3 1 3 i
SRR FE NI H ALK, 55 T e s2 ik
PRIT el v A1 AR S 85 R AN D B K A2 AL
o A FE i 326 vt PR AR SR S A Sl ik
T H BRI T IR ST TN AN Th RE AR AL RUAR SR LA

1 INFALA B 6% & 5 B S 80N
1.1 AT E ik

SR I e O v AR R AR S A B X Ak A
TONFIDRERI S, 75 B PRS2 A B B R A
HIhRE. T AT ABEAL, P2 IR R R ) Y
TONFIZhfE, A ARIeIZ . BN R IR
LR, BT B IARI ThREANER 1 TR .

F= 1 IAEIhEES A

Table 1 Classification of cognitive functions

INFITHRE 2 BRI ThRE =5 ]
WBERTIC 1288 C. Cian¥, 2001
I# 17 B Lindseth(, 2013
ARV AN R VA=A Lindseth, 2013
KR IZBE Lan LUS!, 2009
IOz BE Edward TU¢1, 2021
WA R A Wesley KI'7), 2016
AN B 2 [ EN 5L HE 7 C. Cian, 2001
B IRNRE Doohan!!8!, 2022
. R m AR C. Cian, 2001
ERE i
FEVEERE S Weilin Cuil', 2013
o .. Simmons S EP,
AT 52 B fg
2008
N7 N . o
PR 0 g Dominika?, 2010
PR RS Fe Wesley K, 2016

SR TIES R O S R RN St O 7 R
NES-C3, H & 48 5 A7 A fl {8 A0 A R 1) s
R, CHER DN R R R R XA R T BE R
Mig3-23241, H 280 2 SE % e A AL, NES-C3 &
GLgH e . Bk, ASLIRifsE NES-C3 /vl
B, HOR AR T RE AN H Ik 2 .



38 HE 5 W

RIEY, A il IR R AR IS IR T H 97 i B A R R I AR AG R 5T - 591 -

%z 2 NES-C3 3 ROAENR I E

Table 2 Cognitive test items corresponding to the

@Rl NEMETNES

Table 3 Content difficulty evaluation scores

NES-C3 INFIIRE 732K N EIA I TN 155
S 2 FT VA 1T st AR I G2 i 2.0
W AR S5 TR S5 23
BREAZ B IRVA=E Wi 2.0
SR B — VE 1 2.0
I 5 Y PR TE 2.8
U UL s S I 1.0
WA A S G2 SR WL A R 1.0
%5 ) 15 i ) AR S0 VL B S I 1.8
R IRAIRE ) Wi £ F4 NDAHAE
BT AL E%ij ik Table 4 Cognitive test items
HLERT WA H MR H 2
U ) @ﬁﬁ&ﬂﬁ LR R
(e BN Ss, BRI 8s, A 10 41
BUAAI IR Bt DL i T2 R HE 20 AT AR T S A R I 2 AN
Hyk®

1 A ME S BOR BRI H S SR B2
BN, ASBEAER SRS 0T N Ty e R s e A5 P
IHIThREMIARAL R . [HIE, 3N 4 4432l E A Tp
NEFFEABT I I, X A A SR EAT A
PRSI, W 1R,

I I
| 2 3 4
pia & i iz
rh X
E1 #EiIFMNiEE
Fig.1 Difficulty evaluation questionnaire
PN PP A 2 AR 3 R . IRAE VRN A5
g, BIBR T HERE PPN S BN BBV T H , IR
THEREVEN AT 0 AE 2-3& b I BRI 75
M ORE . B R Wi E . . M
WP o 5 AT B A I15E 4 Fos .
&3 ABHEITNES

Table 3 Content difficulty evaluation scores

WEIDIRE S 2R WEII I H PN AR5
P £ B 1.8
iz 1.0
ez HELRHNEIZ 3.8
(iR 33
W B R 3.5

7, VE% G HEBEE, flEE 15 A
FAE 7 E AN S, IR B o 2 PR BN GV B
JlE 2x20 4
RS AW IR SRR Ky, RIEER T 3s,
L33 TAER B RO EZ:, R 3x20 4
WP il 1R 2 A B R e e 1) 2 A [ 22 A
B B FIEORET 3s, PIZBRET 25, HIBE 3x12 4

1.2 NI H S8R

Wik 2

] | |

I ] 1

2 3 4

CIE -
otk

2
=
g L

1 2 3
] e ik -
i T it i
i) T /f\ D
% 1% il oy
= =z 1% {%
Z 5

>

Ca) D] PR s o A (b) A iR i HE 52 E PP A

B2 RUMPRES AT EITFNE)E

Fig.2 Stimulus time-limited evaluation questionnaire and

duration acceptability evaluation questionnaire

ORI H RGNS B TSR &
B, A BRI R ARSI B I A 75
FTEL, w5 EE OR B A 5 T80 H AT DT H
BORRS . SRR SRR R . S 117
IR 4 252350, (270 IR H T
e JEITIEE 5 NI FORIBER S o B BRI
SR, RS2 ulEE P T E R R A R R



©592 » A 5

1 2024 4F

I SR A AN AL 32 B o BRI PR i) 4 4
K2 () Fis, GEMEEITENFEE, wiE 1 PR,
R Z T G, WK 2 (b) Froas. il
AR S22 aE 34T 2 IR >, RIEIE BN 1T &
1, RO RS & R gk 2T T B i -

PR IR 5 Fivs . WA SR BN, M
R B P10 SR RS R A IR B 44 R R
10 )5, RIFIRE PSR T 2-E, ZRa Xk
JEPFNAR I T 2-8E b, B2 BV A5 0 T
- B A2, B R 15 MRIBE)S, 4
EHERLVF Ay 2-T WA AR, IR
PR T 2- IR0 FTHE 2 o VR I RS R

WA R, HIBERE PPN i T 2-&H, ZRE MR
VNS o8 2-1E v, B KEEZ MR BT 2-
IEUF A7 . IR S N I 8 (T B ) TR 46 s,
W0 18 AN, IR AR A M B VPN 1R
T, BHKIEZ BN AR T 2-1ELF v 452 .
e L R B K 22 52 BE PRI AS 0 O 2- IR G ]
52, FrLAKTE ORI, Rt & PN 1590 B AR
o PRI, 34 TR B S I H 2801 D S8 i (1) T
H 250 ARSI H 25000 10 BRI K2
79 660s (11 7384 , B 285 BARMNEAR K20 7108
(11 3%t 508)

x5 BRRERTNES

Table S Parameter settings and evaluation scores

VR € I &
RE RE KR KR
D U 3D O=P)

5 B /o 5 ) 5 B B
ZH B (s)
WHE RERN (s 8 3 — —
FlgE (4D 10 20 15 30
_— SR S AR 1.3 2.0 — —
. gra LBV 1.3 2.0 2.0 2.0
WRKEZEWN 22 1.5 1.6 1.75

EE EES O MEE MEE e ik
G R RIS & B
(R U&) R Oy i U

3 2
3 2 3 3
1.2 1.2
3x20 3x20 3x12 3x18  2x20  2x20
1.3 1.5 2.0 2.0 1.8 1.8
1.5 2.0 1.8 1.8 20 20
24 2.2 2.2 2 2 2

2 SISt
2.1 SEEGIAESE T

WWARTSRIG TEAR R P e AE ] HEAT, RS AR B i
EFEVE R 5~50°C MXHE L 20%~95% 1K<,
JE S35l 50kPa~ FE I BA 8T, P52 H Rt i 1%
HTHTASGEEAT 4% o A P L B WL R AR 57 3 . RS
Atk 3 fros.

i | =

\
- EER N m

3 REREARINE
Fig.3 Hypobaric chamber exterior image

M5 Hu 55 NEIHTFE, ARSI BOE TN

37°C, AXTIREE N 80%, 1K E N 3500m
(P=65.7kPa) . TESEIGIIFEH, fRIUEAE N =S
H/NT 0.1m/so MR RAK ZEERIIT 5T, K IR
PN K 308 0 it T T A T THD 2 DA AR R Y Bl s
A Bk, ASEEG IR T RS B s . AR (L
BB ANRTHE-REEHNE)Y (GBT
18048-2008) POI iR E , FEUG V-1 i 55 Bl 5 i
X (AT 78 T8 BE A 4km/ho AEURELHE S ST SR 2T
FL, 1E 3500m RN T, b 38R XS B 1K) 55 Bl
FERT R 20 B RS R LA B S5 A R
22 SEEOFEAR

AR SEI e P B R R BT R AT 10 44 B M52
&, TEiEbRHEY 3km FERS /N T 15min. o0 H A
BMI K Ehb A BES AR . TCATRAT 05 52 1 52 3R
o ZREVYER N 23.6£1.24 %, THEEN
17244.47cm , f& H A 63.3+4.27kg , BMI K
21.4£1.36. SLIGRTZFE S — RS, T L. RE.



38 HE 5 W

RIEY, A il IR R AR IS IR T H 97 i B A R R I AR AG R 5T * 593 -

WALE BN, HRBEIREHLN 0.6¢lo, RFISEE 224
fE— R BRI R BOEAT « fr Szl E 1238
THBFEES . AT CZ G 2l (HEiES
SWJTU-23011-SCS(126)) -

23 S HINE

ARS8 TN B DU B 5 A S 2300l N s AR B
S H N RERN /) Tifr o Heh A B S A
IR Z DAL A . RS H A B
MBERIESE . R MR KRR, =%
MBIRAR L « S8 TARAR 3 B S AT - IR B 4% LR 6

xo EESHRIMTSEOMENRE
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