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Abstract

The “bacteriophage invasion bacteria” experiment faces the problem of low teaching efficiency for a
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long time due to the difficulties of microscopic process invisability, isotope labeling technology abstrac-
tion, and real experiments cannot be carried out. Based on the framework of constructivism, cognitive
load and multimedia learning theory, this study relies on the virtual simulation platform to design a
five-step teaching process of “situational introduction - virtual operation - cooperative exploration -
discussion and argumentation - inductive migration”, and uses hypothesis-deduction throughout the
whole process. Test the teaching effect from the three dimensions of academic performance, scientific
exploration ability and learning interest. The results showed that the post-test results of the experi-
mental group were significantly better than those of the control group, and the understanding of the
application dimension effect was the largest; there was a significant difference in the ability of scientific
exploration, and the design experimental dimension was the most prominent; 86.3% of the students
in the experimental group reported that their interest in learning had improved. Research shows that
reasonable virtual simulation teaching design can effectively break through the teaching bottleneck of
this kind of “invisible and impossible” experiments.
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Figure 1. Research framework
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Figure 2. Triangular support of basic theory
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Figure 3. Advantages of virtual simulation experiments

3. ERMA AR RR S

£S5

s
TR iriE Jati: 30128 BRI REXE RIS

| BT |

RERIBERIR (BRI

T "ERN A EER T PR A SRR T "iSEIL" H "HEE

Figure 4. Correspondence between teaching difficulties and virtual simulation solutions
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Figure 5. Virtual simulation experiment platform
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Figure 6. Comparison of post-test scores between experimental and control groups
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Figure 7. Comparison of scientific inquiry ability sub-dimensions between experimental and control groups
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8. SKIEFS)FREERUERFD

6.4. FAELEIL

JEAATT B SEI6 BEA BRI UR A U7 HE i SEBGZAAE 2 il S S 2 A0 T 0 IR AL, JU LA “ B R
UEPER R I R o AP B BT SR B A% O EAE T B4R e (Eseieb iR, e Tl
RO R AT B R R, SCRpSAAE “BLRSEIR TR .

FE AT LSRN B R TCRE I IR TR AT AR — RE (R RN, SEERALAE “ Beih skl ” TR R 00 TX

H41(d = 0.85), {HAE “FRHLBU” TN RPN 0.51. X —Z R4 7RI JINDIREA T EfF
SCHF “BEBRA T DT RBCR I TR EE “ A T  FeE RT e A R A AN
KANTEJEH -

LREKRAE, AWHTON BT H SR IZ R BB SR T AP SR SR, (HE KRR AN HE
IR R R, AR JRR . FEADGE B ASTATIE, HET RIS, REET
BENLAL Y BE, W REAFAEE 3R 22 RSO LB T R ok — € MU Brar O, KRR M A IB BRI . R
KA FEATYRAEA . SERSEIR Y, JREE & IR Ja Mt — DA Bt ORI 5 8e ik
E&UH

1) SRUTE 2B 2026 K22 A G BNL I ZRtRIH - R RIS ——2ET UGS B 5%

DOI: 10.12677/ces.2026.1410827 624 ClE e E= R


https://doi.org/10.12677/ces.2026.1410827

JRH /N R R R 2 Y FE VT s e R ZE B T(TH 5 S202610649097). 2) A LLTTE 2B 2026 42 K%
A AN R « SRS, WD E——RIERO LA L TR S DR R R AT 2 (U H
5 2026XJ036). 3) ARILHEERE 2026 ARG AN ZTRITIH: G52 28, Biro——
7 R VR AR PBL T H A4S sh 1% 5 58 B (0 H 5 S202610649163X).

SE ik

[1]  BEFET ST s A N 2B 22 20 E LIER & W [EB/OL].
https://www.gov.cn/zhengce/zhengceku/202305/content 6883615.htm, 2023-05-17.

[2] &Pk, XUEE. RERMA SIS TR S R AR B R R FHBUIR R /R[], AR, 2025, 50(7): 48-50.

[3] TAWNAT, #—, XOFBuE, 25 ST ESLITE b A AT IR A [I]. BHER, 2025(5): 109-111.

[4] Hershey, A.D. and Chase, M. (1952) Independent Functions of Viral Protein and Nucleic Acid in Growth of Bacteriophage.
Journal of General Physiology, 36, 39-56. https://doi.org/10.1085/jgp.36.1.39

[5]  ShBRAE. ZIuHCA AL g AR T2 W 2 Qe K AT 1 556 (K B8 LA [EB/OL. JLIT U, 2026.
https://jje jiujiang.gov.cn/tslm/jyxh/202604/P020260424348511434743 .pdf, 2026-10-24.

[6] Vygotsky, L.S. (1978) Mind in Society: The Development of Higher Psychological Processes. Harvard University Press.

[7] Jonassen, D.H., Peck, K.L. and Wilson, B.G. (1999) Learning with Technology: A Constructivist Perspective. Prentice
Hall.

[8] Sweller, J. (1988) Cognitive Load during Problem Solving: Effects on Learning. Cognitive Science, 12, 257-285.
https://doi.org/10.1207/s15516709c0g1202_4

[91 Sweller, J., van Merrienboer, J.J.G. and Paas, F.G.W.C. (1998) Cognitive Architecture and Instructional Design. Educa-
tional Psychology Review, 10, 251-296. https://doi.org/10.1023/a:1022193728205

[10] Mayer, R.E. (2020) Multimedia Learning. 3rd Edition, Cambridge University Press.

[11] RiEE, &5 R. @R R -Eyse ok 2@t 5], dbat: ANR#EE AR, 2019.

[12] EENRILAE KRG . Ld e H A AR REARME(Q2017 SRR 2020 FF424T) [S]. bRt AREH ik, 2020.
[13] XU, B4R @AY ERREFRUEQO 17 FEROMEM]. dbET: E5E#E Bk, 2018.

[14] B &R, Wil h A HH PRHAR SRR, BREE -0 0%, 2020, 40(7): 101-107.

[15] FhiA, SAA, 2440, 5. BEDAATE i AR A 22 B0 v I R —— DLWk b A 4% R 4 B 1 S 3 — EROA B T].

AW, 2023(6): 58-61.

[16] kAL, LAUREUN TS, DIARIUA T 2—— W5 B AR el B B SE 36 0 BT A WA )], BB #F R S5 (h 2
HE ), 2014(3): 80-84.

[17] ARG, AR, BRI P EEY E IR HEE T & 10 SWOT /3 #[J]. Siie i 54048, 2024, 41(5): 104-106.
[18] AP, RE3lT B LG AR & AP S it A A RN F BE AR IR AT [J]. /s F 2, 2023, 8(1): 84-86.

DOI: 10.12677/ces.2026.1410827 625 ClE e E= R


https://doi.org/10.12677/ces.2026.1410827
https://www.gov.cn/zhengce/zhengceku/202305/content_6883615.htm
https://doi.org/10.1085/jgp.36.1.39
https://jje.jiujiang.gov.cn/tslm/jyxh/202604/P020260424348511434743.pdf
https://doi.org/10.1207/s15516709cog1202_4
https://doi.org/10.1023/a:1022193728205

	高中生物学微观实验数字化教学路径探析
	——虚拟仿真实验在“噬菌体侵染细菌”一课的应用研究
	摘  要
	关键词
	Analysis of the Digital Teaching Path of High School Biology Micro-Experiments
	—Applied Research on Virtual Simulation Experiments in the Lesson of “Bacteriophage Infecting Bacteria”
	Abstract
	Keywords
	1. 引言
	2. 研究背景与思路
	2.1. 研究背景
	2.2. 研究方法与思路

	3. 理论基础(见图2)
	3.1. 建构主义学习理论
	3.2. 认知负荷理论
	3.3. 多媒体学习认知理论

	4. 教学难点分析
	4.1. 教学内容与课标定位
	4.2. 教学难点
	4.2.1. 微观过程的不可见性
	4.2.2. 同位素标记技术的抽象性
	4.2.3. 假说–演绎法的高阶思维要求
	4.2.4. 真实实验的不可操作性

	4.3. 虚拟仿真实验的破解优势(见图3、图4)

	5. 基于虚拟仿真实验的教学设计
	5.1. 教学目标
	5.2. 教学环节
	5.3. 教学评价

	6. 结果分析
	6.1. 学业成绩差异分析(见图6)
	6.2. 科学探究能力差异分析
	6.3. 学习兴趣与参与度分析
	6.4. 研究结论

	基金项目
	参考文献

