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Exploring the Cognitive Mechanism of Cave Automatic Virtual
Environment-Based High-Risk Obstetric Nursing Simulation via
Eye-Tracking: A Pilot Study
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[Abstract]

This pilot study developed a Cave Automatic Virtual Environment-based simulation that physically distributed maternal, uterine,
and fetal information to explore cognitive mechanisms in high-risk obstetric nursing. The study examined correlations between
gaze patterns—particularly dwell time and transition frequency—and learning outcomes, including knowledge scores, SBAR
qualitative performance, and critical intervention time. A mixed-methods design was applied to 22 third-year nursing students
using Tobii Pro Glasses 2 to measure visual attention across areas of interest (AOIs). The results showed a significant increase
in total knowledge scores post-intervention. Notably, the AOI 3 dwell time positively correlated with pathophysiology scores,
while the gaze transition frequency was associated with SBAR assessment (A) scores. Furthermore, statistically significant negative
correlations were observed between EFM interpretation, A scores, and critical intervention time, indicating that a higher cognitive
performance was associated with an enhanced performance efficiency. In conclusion, the distributed environment of CAVE
facilitated active exploration and clinical reasoning for conditions such as fetal hypoxia. This study provides exploratory evidence

for the mechanisms of immersive VR education, establishing a foundation for future large-scale trials.
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Fig. 1.

CAVE-based immersive VR environment for high-risk
maternity care simulation integrating the distributed
cognition framework

T8 2. Veo HIH2 ¥4 2HE 2&310] 7iEet AZ 2pz2lof ot
=X A

£ Effote| Halx ZdH S AlS2|o[M
Dynamic simulation of fetal pathological progression
under uterine hypertonicity, generated using Google

DeepMind’s Veo video generation model

Fig. 2.



37N B el AR 8 v Ak
* 3 1(AOI 1t 5 el SAIEA Fo] F21 I 94
3} AAZF GEAF(BP, HR, Sp0,) RUES #j =] &t
AN el tie T4 Bt 32 AlEekich
B 2(A0I 2: Bjo} 9 A& dloJE]): Bjo} Aluk=e} A5
5 T Z(EFM)E AlFste] At g s 9l
Sk 3A dlolE] FrE A UsSith
« 9 3(A0I 3: ngw AlZ3}): Ak FpAf=el] W
o} AtaF 71AE JEA R AAstele, SRt
) A3} F7] oP& T1EE Zhe] AlERHA Ak
< Tpolshie® AASIAH LY 2).
ATe] FA) @A= CAVE A|2E] o #]dllgo] A} &
AlEE ol el o F3E AT WA, 37EA7E CAVE Al
228l 7R3 S EYstal gulE dEsiA 24 &

X

L.

QL= oF 5R7le] ZE|u ]y A|7HE JFHLE o] Al7lol=
CAVE 3739 EA AE#o)He 7|2 2y aa %2k el
Elslo] 2= A8 el whs) arsatgic. g z‘; A7 = AA

37 An) 2 2859 on, dlojEle) 43
NQrE Aol ggo] mASH: Xﬁ“’é%
7]8F 119]8) AR Esl s} Al B o]

BISIE Aol SR Fols

r;g M
ju]
o T

nJZ
>
)
o
by
b -

(A0 sk vfo} 3 A4 HoTEACI

o SHES AAIGh Al 1
o} 4401 3) 4712} 7 ¥lo} 77
WME olF A7) 4oz ANF F
Fasigion, gl A%
S 24
= SBAR °“‘°ﬂ E}E‘r :rL—ri
F7) vlolel 2 7S nh

I=NeY K]
)d _'__o]:__

aL=L
[*

rlloII

3) ARFERAL
10%7ke] A E2o] 4 2 AFsH ol
2 A3 A5

Aol AH, SR Y B2 ] AR
Qe HE et

2-5 82/ 7]
W o) B, Ak s doles] £ 2

w2l S s drsiglon], JAEA A7 Fols A
3 ¢ gla& AA8ISIH CAVE Al o)A el
%7 dojele} SBAR B3 A A8 A
o Sldslol AL, o] A AREE A7
2E 18 A B 93]
A Hrt D A
Bl A A2 %Tor
AL otk

gl A
Biié]—

SEHCAVE 7|8k nefs I f

201

AI-I-

F2s AlZdoldel 2AXH 7|

ahelst 67

2-6 AZEH

FH9 ARE SPSS/WIN 26.0 2338 o]g3lo] 7]
%27, Paired t-test Hi= Wilcoxon signed-rank test,
Pearson's correlation coefficient ¥23= Spearman's rank
correlationZ AREa] E4slion, E FA9 Fo4
< .05% AAsiqlrh. H7kat 7F 4lF]| k= SBAR 24 A4
D AASEA dlolg] 4o tid]l Fuld A (Intraclass
Correlation Coefficient, ICC)E A-8-3}¢] two-way random
effects model, absolute agreement H2 0 & Al=3} T
A4 ¥R AHHE Braun¥ Clarked] A4 H*—? 6EHAIE
%310 BASIGTH10]. 7= 27] 2P Hysow
e, 1zelA 2200] 3 A% 1 A bl
RS, oIF S 70 L 70 S BEAG, 2
RAR(RA T 8.3%) AALE APE el
Edagonl, 71 4Rt 4a g A9 A3el 44 A A

=110
Y AE

=8 e,

ofl

K

A2}

3-1 &AL Yutx £

= o

EXx

AT AL QA BHE E 19} gk 7o) A}
= F 229elleon, Wit d#-2 22.84I(SD=1.2)2 224
A 264 Ajolo] EEale. AL ol4de] 207(90.9%).0

Jo T
<

2 Ykeg A48,
3-2 CAVE Z72] 2|4 g4 &1}

CAVE AE#01d 54 F 714 18 A%8 Ank ¥
s gl A4 U159 e 24 A BE 6.27

(SD=1.35)°A FA ¥ H3* 13.2%(SD=1.37) 2= SA A

o7 F93 2712 YEhitkt=33.05, p<.001). BE 3}9]
HoMZ FAFHCE Fondt H FUF BEEJT
EFM &4 A4(0-5)+= 1.84(SD=0.88)°4 4.04

(SD=0.95)2.=(t=19.77, p<.001), WelBE] H=0-57)&
2.17(SD=0.73)°l 4.5%(SD=0.71)Z(t=18.59, p<.001),
-5 A A0-53)= 2.2%(SD=0.5DelA 4.6%
(SD=0.50)2.=(t=23.26, p<.001) EAHS=E {93t &7}
£ B3tk

E 1. B7Rfel Uik 54
Table 1. General characteristics of participants (N = 22)

. + .
Variable Category M+ &D) o' | Range (Min-Max)
Age (years) - 228+ 1.2 22-26
Gender Male 2(9.1) -
Female 20 (90.9) -
Female 20 (90.9)

Note. M = Mean; SD = Standard Deviation
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Score Heplon, o= B & S0 a3} A7) st
Pathophysiology
— + +
Soore 0-5 | 2.1£0.73 | 4.5+0.71 | 18.59 | <.001 4 T9 i 70| Alphak
Emergency Table 4. Correlations among major study variables (N = 22)
Intervention 0-5 |2.2+0.51 | 4.6£0.50 | 23.26 | <.001 -
Score Variable 1 2 3 4 5 6 7 8 9
Total Knowledge 1. Gaze
Seore 0-15 | 6.241.35 | 13.241.37 | 33.05 | <.001 wransition | —
Note. M = Mean; SD = Standard Deviation; EFM = Electronic Fetal frequency
Monitoring. Analyzed by paired t—test. 2. AOI'3 . 15 | —
dwell time
3. EFM
Ic O [=F EaXe]
E 3. F2 A7 Hpo J|sEA _ . Interpretat| .28 | .10 | —
Table 3. Descriptive statistics of major study variables (N = 22) ion score
) 4. Pathophy—
Variable Range M £ SD siology 12| 517 | 33 | —
Eye tracking variables score
AOI 3 (Pathophysiology) _ 5. SBARS | o5 | 09| 48 | 21| —
dwell time (sec) 10117 81.10 +£ 29.04 score . . . .
Gaze transition frequency 6. SBAR B 05| .021] 11 |.08] .30 | —
! + . . . . .
between AOIs (count) 12781 21.00 £ 6.47 score
Outcome variables 7. SBAR A 45| 39| 30 | 36| .40 | 13| —
SBAR S score 0-2 1.01 + 0.51 score
SBAR B score 0-2 1.05 £ 0.58 8. ?Btqu os | 18| a5 | 28| 65| 50 | 70| —
SBAR A score 0-2 0.76 + 0.53 Sgofe aal b e Il b >
— +
SBAR R score 0-2 0.98 £ 0.64 9 Critical
SBAR Total score 0-8 3.80 £1.08 intervention| —.29 | -.31 |-.55"|-.33| -.42 | -.10 |-.49"| -.38 | —
Critical intervention time (sec) 5-45 22.50 £+ 10.30 time

Note. M = Mean; SD = Standard Deviation; AQOI = Area of Interest;
SBAR = Situation, Background, Assessment, Recommendation
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Note. Correlation coefficients are Pearson’s r. AOIl = Area of Interest;
EFM = Electronic Fetal Monitoring; SBAR = Situation, Background,
Assessment, Recommendation.

* p<.05,x* p< .01.

3-52% 24 2
CAVE ABdeld £ 4% AN u7zstd 4% ¥
T ARE A BAS B BT A, 349 78 FAlst

3
7he] B8] At =T,
o

o] Ealx%__i _I_OO A)

=2 =

e o FA 1 %Eﬂ*ﬂﬂl
FoJ A58 CAVE 3+ 0] 211%6&

71 WA A A olslek v

oha masglT). B3, A ule] 37

2]

AnTE 3D ofyrold ez Alzkskek AOL 3(gejde]
W& ShgAbge] el HelA] e fIR17E B s 1A
=l 7]efstaieh. d FoA2HPO3)= “H el A=
R Ay A AAR E 5 glolM o Hlelrt A8
A ds] A HAT . Azl B3 Hopiute 1
HZ7h o el FAp o] Wk | S Ao S
317] golgitharL SHe i A= 18W(81.8%)°IRAtt. o=
& A7 RS g Aol vehd ACL 3 Al AR



P F8 A 20 B AR B X H R
CAVE #749] 391 3t 7= e5Aks
frsigio, B A4 Reke fuelE 63

59 129(50. 5% oL ET g 2AsE EA
| s1415ke Tgel olee-g 23kt @ HoRHP12)
= “EFM 8= A7) Ql&shx] o), Ag 18X
Al Byzk Aol gidty Al sl =3k Ak
HEE SBAR gow Feeto] Harshks dpgolA] “edel
< e 22 x| oAt AL ¢ Foxke 119
(50.0%) 1%}tk o= ¥4 ZA}oA SBAR Assessment 7
Z7}F 3t 0.76/2.000.% 7g G| JeRd A dx|ah,
@1_%; F—o] Zqi o] }\1;‘1]_ ]OH 1:]_7;"‘— /\4:'_14 o7 Tﬁgé‘]_oﬂ o
U, o]2 =387 i 2207 45 o) A3to] A

mlm

2

E
AAFgbY,
« 58 54 3: CAVE $749] 714 7 &+
HolAk5-& CAVE #79) 817} w7 avke 344
E 5. DM 24 23k 50 5 2 otel 57
Table 5. Qualitative analysis results: Major themes and
subthemes (N = 22)
Major Theme Subtheme Participant Quotes S
ency (n)
Enhanced | could see the
” pathophysiological
1. Cogniti understanding rocesses- -+ it helped 15
- Lognitive through visualized P P
Clarity via athophysiology me understand more
Pathophy— P accurately.”
siological Improved data

“Projecting the EFM

Visualization ibili
Isuaizatt accessibility on graph on the wall made 18

large—scale it easy to interpret.”
screens
Challenges in Interpreting both fgtal
; heart rate and uterine
simultaneous )
: contraction graphs at 12
multi-stream

) the same time was
data processing

2. Cognitive challenging.”
Load in Complexity of “It was confusing to
Integrating three—sided decide which of the 10
Distributed integrated uterus, mother, or fetus
Information assessment to focus on first.”
Difficulty in “| understood the
synthesizing causes, but it was hard
i ) : X 11
observations into | to organize them into
SBAR reporting SBAR format.”
) Optimization of “The walls were so
3. TeCh’?'Ca' screen large | had to stand 13
r?tesq?olrreme dimensions and | back to see everything
CAVE viewing angles at once.
Environment| Demand for “I wish the projection
Optimization| enhanced visual | resolution had been 8
resolution clearer.”
Note. N = 22 participants; Frequency refers to the number of

participants mentioning each subtheme.

EFM = Electronic Fetal Monitoring; SBAR = Situation, Background,
Assessment, Recommendation; CAVE=Cave Automatic Virtual
Environment
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Table 6. Configuration of prompts and parameters used for
video generation

Category Details & Specifications
Model Google DeepMind Veo
Anatomical | Fetus inside the uterus (Anatomical cross—sectional
Subject view)
) .| Thickening of the uterine wall, inward pressure
Visual Logic |. . .
) indicators (arrows), and gradual decrease in fetal
& Motion -
motility.
Pathophy— | Fetal Hypoxia Simulation: Dynamic skin tone
siological [transition from healthy pink to blueish—purple
Visualization | (Cyanosis).
Stylistic 3D medical animation, high—fidelity rendering, and
Parameters | educational diagrammatic style.
“A cross—sectional 3D animation of a fetus in a
womb. The uterine walls contract and thicken
Structured | significantly. Blue arrows appear pointing inward to
Prompt represent pressure. The fetus initially moves
normally but gradually stops moving and turns
blueish—purple to simulate hypoxia.”
Post— Contrast optimization and graphical enhancement
Processing | of pressure indicators for improved clinical clarity.
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