Advances in Education #{H /%, 2026, 16(10), 510-518 Hans X
Published Online October 2026 in Hans. https://www.hanspub.org/journal/ae
https://doi.org/10.12677/ae.2026.16102138

WFAHEET “fESCRuE, BEs—&” #5¥
RAEM

MR, B K, FEE, HER, 2K
R E AL A SR TR R, bt

Weks H . 20264F9H7H: #HH: 20264F10H8H; KA Hil: 2026410 15H

R

TREHEER TR OAESE TEMEAERNAZE . 70 T TRESEN A 2T A
WHFEELBRINGHT . M-S EUNHESREEET E. ACURSNMERAENENFES
WAL, $RHECRE. B AR, ERENT RS L ESROEAMEZE KB RV
B ZEBERZEEANG], WEREARM. BibER. SLRBIE. TRMAK MBS ESRE,
FEMEA ESRH DN E AR RIEE R B RETHEN TREBRS REXMRREBRST BRI =%
ARG R, URNARBR. SEBRAKKHERRNS . SEREGEE RRSHMRTERZE S
W, FEAFTIHBI T RGEMERENNESR, ATREHFRTFURERMESS.

XK ia

FerURee, BCRE, BH—k, HEEXEW

Reconstruction of the Teaching Model of
“Virtual-Real Integration and
Theory-Practice Unity” under

Digital Empowerment

Weiwei Xie*, Gen Huang, Jihui Li, Yujiao Yang, Lanhong He

School of Chemical and Environmental Engineering, China University of Mining and Technology (Beijing),
Beijing

EIREE

SCES| M YR, IR, I, BER, B BT REE TR ShRE, PSR,
2026, 16(10): 510-518. DOI: 10.12677/ae.2026.16102138


https://www.hanspub.org/journal/ae
https://doi.org/10.12677/ae.2026.16102138
https://doi.org/10.12677/ae.2026.16102138
https://www.hanspub.org/

AR %

Received: September 7, 2026; accepted: October 8, 2026; published: October 15, 2026

Abstract

The core task of the digital transformation of engineering education lies in reconstructing the cog-
nitive logic of the teaching model. Applied majors such as mineral processing engineering have long
faced structural contradictions between theoretical teaching and practical training, and between
microscopic cognition and macroscopic application. Based on embodied cognition theory and con-
structivist learning theory, this paper proposes a teaching model of virtual-real integration and the-
ory-practice unity, elaborates the complementary and nested logic between virtual scenarios and
physical practice as well as the alternating iteration mechanism between theoretical lecturing and
practical operation, and constructs a four-stage progressive teaching framework of virtual percep-
tion, theoretical deduction, experimental verification and engineering application. On this basis, a
three-tier digital support system is proposed, with the microscopic cognition layer serving as the
initial point for proof of concept and the intelligent design and engineering mapping layers intro-
duced when conditions are ready, together with implementation and safeguard mechanisms featur-
ing two-way feedback and multi-dimensional collaboration. This model bridges the gap between sen-
sory limitations and knowledge demands, connects the cross-scale cognitive chain from molecular
mechanisms to industrial systems, and provides a reference for the digital transformation of engi-
neering education.
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Figure 1. Cross-scale “micro-meso-macro” knowledge map and cognitive black box schematic diagram in
mineral processing engineering
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Table 1. Comparison between the traditional teaching model and the “virtual-real integration, theory-practice unity” model
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Figure 2. Complementary model of cognitive functions in virtual-real integration
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Figure 3. Comparison of representative virtual-real integrated teaching approaches and the proposed model

B 3. REMESGESHFRESAREMLLER

5.3. REHASZE TN

SR BT O ALAURH T BRSO SURBE B L AL 0% A B
FRIR S T M SR 2 076, 3B AT 00 ML S R o L0 S0 5 5
BRI AERCH LR b SRV BAE AT B S R AR TN R S TR R,
S A K o LU0 AV AT MR TS A T 128 A S 5 0
it

VN LG

B PP R RIS AR H B ILAL . AR SERIARIR G 5 S I il 5 4L A 38 - oP A RnRe 12 5 #
VERLTENE, A A A R Sk I AR BT IR A B BE 0 o AN ST H XU S BRPP A LA o AE B PP 4E 5
FINZ TR, WA EMNT & ENRR BRSSO HE . BERHERZE IR E. Lk
Bt AR R R RN S AW T RE S, LR RN IS B B 7 RS B . (2SI RBESE, T
TGS RS R S A0 B S S R ORI AR IR VP4, T BB B R S FAT3A

5.4. FFEREEHE
WO W RR BB AT A AT IR b . FEBTIRAESE, AT T ST R 58T RLE RS

DOI: 10.12677/ae.2026.16102138 516 HHHRE


https://doi.org/10.12677/ae.2026.16102138

AR %

HOLE i RN, FE N AR B K L, JFR R B, BTl T
FRMCR IR MM . (IR TE, b A GRS A O3 1 N IR 5 TR VP4
NHCE RGBS . (T GEARRE, KT B TR 1 T P5 U RE S EER, TRIEIL RO
HEBORG R AT AR 00 90 8 — ST B DB 1. JEsh, EHESNRERR L0 U £ (136 G
5, BGIKT BT

6. &EVE

HEBAHIFAEBORLRE R IETE, A B REE N ER & AN = E
TREAFH AR TSR ERAR. BIREM, IR AR AR B M AR 20 el
NZEM, FIEEL RS SRS IIRE L ANEE, REGURM, HENUSEE el S =R
HER S RLS VSR IE SR 3

LSO E T 7 S o S RSO g St R | NGRS G N SR S e S 2
9 Tl B AR AL 5 2 AL R MR R, R SE R LE AN [F) 22 Rk b BRI R, 475 5 B 2 SRR 36 i A
Wik JEERBTFOR NPT ETT: JFIRESEL. B8 LR b s, B BT A ROCR M SHIEESE TR
REAMRIG 171 5 TRERE 0 e AL AR LA 7 o

ELmEB
HE AR LRI A AR 2R AU ORI H BB (T H %5 YIG2026009).
SE K

[11 WEEE, $. BB HAA RN BBHELET]. P EBAETE, 2022(4): 41-49.

[2] Wilson, M. (2002) Six Views of Embodied Cognition. Psychonomic Bulletin & Review, 9, 625-636.
https://doi.org/10.3758/bf03196322

[3] B, XUER, X, 2 Borasd: RN R T FAUE R E R4, 2018, 24(1): 1-18.

[4] #EHIPATIHRTF 2017-2020 T IR M 62 U B I #0210 H 2 3 1l A1[EB/OL].
http://www.moe.gov.cn/srcsite/A08/s7945/s7946/201707/t20170721_309819.html, 2017-07-13.

[5]1 W, R8T, xipes, 2 5TmsN0 B HIKsh R RIS S E A SR R FEMT]. mBEET, 2026, 12(S2): 5-8.

[6] ZEkN, ZEhes. HT BR8-S M WRF BT IRARR & NBUER D], M1, 2026, 12(S2): 30-33.

[7] #mede, R4k, M) %, 2 MHSEE TRES =t — A s B R 20r oo 5B ). mEeET, 2026,
12(S2): 26-29.

[8] &%, ikotdl, IWEHM. B S TR AL E ST R M@ R R[] S#EET, 2026, 12(S2): 72-75.

[91 delJong, T., Linn, M.C. and Zacharia, Z.C. (2013) Physical and Virtual Laboratories in Science and Engineering Educa-
tion. Science, 340, 305-308. https://doi.org/10.1126/science.1230579

[10] Zacharia, Z.C. (2007) Comparing and Combining Real and Virtual Experimentation: An Effort to Enhance Students’
Conceptual Understanding of Electric Circuits. Journal of Computer Assisted Learning, 23, 120-132.
https://doi.org/10.1111/j.1365-2729.2006.00215.x

[11] Brinson, J.R. (2015) Learning Outcome Achievement in Non-Traditional (Virtual and Remote) versus Traditional (Hands-
On) Laboratories: A Review of the Empirical Research. Computers & Education, 87, 218-237.
https://doi.org/10.1016/j.compedu.2015.07.003

[12] Potkonjak, V., Gardner, M., Callaghan, V., Mattila, P., Guetl, C., Petrovi¢, V.M., et al. (2016) Virtual Laboratories for
Education in Science, Technology, and Engineering: A Review. Computers & Education, 95, 309-327.
https://doi.org/10.1016/j.compedu.2016.02.002

[13] %8G8, ¥, BT E SR AFTH @BHRRT). RBHE AR 5, 2018, 35(2): 108-111, 116.
[14] JEBEM, FBFRE, B S MAMRM L AT R R IR RV T[], T EEIR, 2014, 40(8): 88-92.
[15] fldifh, ET, sk, 5. FTREC RS IO 0kt R s2m[J]. W 7= 456 FIH, 2026, 47(1): 89-96.

DOI: 10.12677/ae.2026.16102138 517 HHHRE


https://doi.org/10.12677/ae.2026.16102138
https://doi.org/10.3758/bf03196322
http://www.moe.gov.cn/srcsite/A08/s7945/s7946/201707/t20170721_309819.html
https://doi.org/10.1126/science.1230579
https://doi.org/10.1111/j.1365-2729.2006.00215.x
https://doi.org/10.1016/j.compedu.2015.07.003
https://doi.org/10.1016/j.compedu.2016.02.002

fRdEr %

[16] A5, BT X ——3F LS #A MBS ER( ) [1]. AL BB, 1997(3): 3-9.
[17] EATSL. @k S MR RR 2 SBB )], mARHE 443, 2011, 29(2): 11-18.

[18] HExmipWEsEHAR, ERRMELE RS, GB/T 46427-2025. M) B AT 20k R G 8 BEALIEE J7EE[S].
Abt: A EARAE H R, 2025.

DOI: 10.12677/ae.2026.16102138 518 HHHRE


https://doi.org/10.12677/ae.2026.16102138

	数字化赋能下“虚实融通，理实一体”教学模式重构
	摘  要
	关键词
	Reconstruction of the Teaching Model of “Virtual-Real Integration and Theory-Practice Unity” under Digital Empowerment
	Abstract
	Keywords
	1. 引言
	2. 传统工程教学模式的困局
	2.1. 感官缺席：微观认知的不可及性
	2.2. 安全约束：高危实验的可及性困境
	2.3. 逻辑割裂：分科教学与系统思维的冲突

	3. 虚实融通、理实一体教学模式的理论建构
	3.1. 学理基础：具身认知与建构主义的双重基础
	3.2. 核心理念：从虚实结合到虚实融通
	3.3. 理实一体：打破讲与练的时序隔阂

	4. 递进式教学框架与数字化支撑体系
	4.1. 四阶递进框架的设计逻辑
	4.2. 三层数字化支撑体系的架构

	5. 分阶段实施路径与保障机制
	5.1. 实施挑战与前提条件
	5.2. 分阶段实施路径
	5.3. 课程组织与学习评价机制
	学习评价机制

	5.4. 持续保障机制

	6. 结语
	基金项目
	参考文献

