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Abstract: The green and low-carbon transition extends civil engineering talent cultivation from the traditional focus on safety,
quality, and professional norms to the incorporation of ecological responsibility, resource constraints, intergenerational equity,
and public interest judgment. To address the deficiencies in existing research—fragmented cultivation elements, insufficient
characterization of feedback relationships, and the lack of model testability—a four-dimensional “engineering—human—nature—
society” indicator system and a system dynamics model composed of course teaching, practical activities, environmental

influence, and social evaluation are constructed, together with seven cultivation scenarios. Monte Carlo simulation experiments
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with a fixed random seed are conducted, generating 480 virtual individuals, each observed at nine time points, across 500
repeated simulation runs, to examine the parameter recovery of the learning transfer and decay coefficients, trajectory fitting
errors, and the stability of scenario rankings. The results show that the maximum absolute relative deviation of the averaged
parameter estimates across parameters is 4.60%, and the cross-parameter median of the median absolute relative error is 6.10%;
the median trajectory root mean square error is 0.0031, with the 95th percentile at 0.0044. The median Spearman correlation
coefficients for both the final Q ranking and the efficiency ranking are 1.00, with 2.5th percentiles of 0.964 and 0.943,
respectively. Under the simulated conditions, the university—enterprise collaboration scenario achieves the highest final
comprehensive level in 87.6% of the replications, while the practice-enhancement scenario attains the highest cumulative
output per unit input in 99.0% of the replications. The simulation results indicate that maximizing cultivation effectiveness and
maximizing input efficiency correspond to distinct resource allocation schemes. A conditional cultivation pathway of
“curriculum foundation—practice deepening—university—enterprise collaboration—environmental reinforcement—feedback
calibration” is thus proposed, providing a scientific reference for the engineering ethics cultivation of civil engineering
undergraduates in Inner Mongolia.
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Monte Carlo simulation
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Table 1 Four-dimensional indicators of engineering ethics training and their roles in the model

—iRbR /& = 2 Lo VA 7] FERE R A (1) 4 H

T ZETHE. FERR. BREHE ARG ERRRFIEEZ BRI ERS
R SR EIE SRR 4. FUE. B SRmAR 3

X WAVIERE, lbigifE. BIBVEME AR PUNTHET M. Wl ERAERTHER LR
HH&THUE. SETHERER W AELPR I AT Bl 3

(1 AR R R R ARSI TREEA G R ERESRERS
a Haxt R S RIS RRHRR 3

i FHER. RS, Al FERGRE ARG A% RS A MEERS
H5RERHH. AR HMzd . MU AR A1 3

2 RAENIEEBWE
2.1 EEENERZAUSN

BRI H AN T — SR B AMAAT Ry, TR 20 BT i AR 1 6 Tt AE A A 22 T P K SR AR A
MBURH A . BB EARRRE IR W, I A A [ B s 2 (A1 F o N 52 vl i
XA EARTRE, TREEH, TRENSHCEWHER. SR NHAE SR Bk A
VRFE. SCER. MESRIPREAR R ZEWEOR . A7l T SRR AR S A A AR S R BUR R
BERY ., 2 REETS e MR RS R R S TR R AR SRS B p R SR T, H RETE SETE Al T R N 5
JoR ik SR % o) AR AL FE
22 FRGR5RBILH

WY T RGUE IRFEE G SO RN . 05 SR BT BE 752 e 2 A0 1 5 20
FEZR; SEERTESN T RGUE L. BUH L. S 5B E iR N ITal IR 3
B TR ¥ R GuE S R SRS RIS AN BRGSO 55 S A R EA T AR SVR TR
GUUEBOR R AT R A DSA R 4G SR, R R IR NI 72 7 R . U T R4
SLRMVEHFPURAE TR R IR, A RIFINBVEN SR R 22N, TR i (B
D .

13



2% g %5

ST EE

SR ERR R
P T RS
B, kS 4 2R

[%izﬁmﬂﬁ%
LRIFENTF ARG i

IR 0 H SRk
e RS RUEAT O

P43 brih & HHEWE T R%
: = BRI 6
(B S B £
L
s

AT T RS

)

BRI 54T k7 R
FUERZN

~ ARt

1 REOMEEER T EARRKZETEAEIEIRK SD SR
Fig. 1 SD conceptual framework for engineering ethics training of civil engineering students under the green and low-

carbon transition

BURQEPIRERGE. 56— e e it IR ek 2 2 5 RIS L A3t i
BRI EE— S SRR G SRR N R TH A SN R, AA RS AES S8 0T
FESCERM IR . 5 R P . Sk e b E I AT A B IR B S 24 ST 1], BRSNS itk vy
REM IR 20T TAE EMAL AL R, K, EREMSZEIFIERE ML, BN FHRBANGE S
)P R B IX V) o i < 8 2 T — 3 O 4 2 B BV N— T 3R T B 5 s A Ak ]
P, AN B A B B
23 ZBEEEARGE

VTR TEAC B L AR TS B, 3 AR A S IE B & A S B U IRS B BB E() « H@)
N(t) 1 S(2) » ¥IFRAEACE [0,1] X 8] o RFASIRASAR B 85 72 1 B AA R ZEIL [ e o LLYERE & A,
HIEAREAN:

d);;(t) =a 'Ik(t)'[l—Xk(t)]_lk - X (), ke{E,H,N,S} M

Hodts X (0 NH k RICERFFFR, L) AIREE. LB ARSI I R B A 2008 7
BN, o, WESTHACREL, 4 NBEEEER AR [1-X, ()] Fondin IR il bridig. A R80%5R
BT 5 &1 2 Gl N AR 2L -

I,(t1)= B.C-C(t)+ BP-P(t—tP)+ BV -V (t)+ BR-R(t—tR)+ BT -T(t) ()

X, €y PV RATPRZORRIEA SLEGESh. B VP AT e
P 5 tR RN KRR R 2 RGN B SEIR , B AN 4L f1E ] R 3. 2R B 597
HARARHOE SN

O(t) = wi - E(t) +wy - H(t) +wy - N(@) +ws -S(0), HD w, =1 (3)

B wy, AT AHP BREGUEVEDR 704 3Rk15 . /i sk, EIRJ7Reen 7 Al r R i ai i
B, Ha 2. p ¢ MHHELIHERHE SR N HIE . REHERT A I LR 5 B AR 70t Tt,
AREE SRS RERg . EETEILE 2.

14



2%

AR R

%5

®2 SDEBEETELWERIN

Table 2 Main variables of the SD model and recommended measurements
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Table 3 Seven scenarios for engineering ethics training pathways(continued)
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Fig. 2 Parameter recovery and stability tests in the Monte Carlo simulation
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Table 4 Recovery of core parameters in the Monte Carlo simulation (500 replications)

SH A BUE P X i 22/ % 20 AR R 2 A Y%
B 0.240 0.245 1.88 3.70
aH 0.220 0.226 2.55 5.18
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Table 4 Recovery of core parameters in the Monte Carlo simulation (500 replications) (continued)
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Fig. 3 Monte Carlo simulation results for the seven training scenarios
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Table 5 Monte Carlo simulation results for the seven training scenarios (500 replications)
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