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Abstract

Taking as its object four consecutive studies conducted by the authors’ team between 2021 and
2025 on the National University Students’ Intelligent Car Racing Competition and the National Un-
dergraduate Electronics Design Contest, this paper borrows Actor-Network Theory and translates
it into a vocational-education vocabulary of competition network, multi-party rights and responsi-
bilities, and obligatory review gate. Three findings are reported. First, what distinguishes the three
stages is not whether Al tools are used, but how the participants in the competition network are
recomposed and where the obligatory review gate is relocated: the instructor shifts from the central
supplier of knowledge and solutions to the final arbiter of engineering feasibility. Second, once large
language models absorb the supply of foundational knowledge and the generation of candidate so-
lutions, the episodes in which their advice fails in practice become the decisive moments for build-
ing students’ critical engineering literacy; the paper operationalises this literacy into three dimen-
sions, six sub-dimensions and sixteen observable behavioural indicators with an accompanying ob-
servation rubric, and traces in full the chain of negotiation among students, instructors, the model,
components, costs and contest rules at one key technical decision point. Third, an implementation
framework comprising a triadic division of rights and responsibilities and a four-phase procedure
is distilled, together with four pathways for migrating competition outcomes into routine practical
training. These claims rest on a strong-feedback setting in which physical artifacts can falsify Al ad-
vice and on a vocational-college competition context, so transfer to other disciplines, educational
levels and routine classroom teaching remains to be verified.
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Table 1. Translation of actor-network theory terms into vocational-education discourse
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Figure 1. Three-stage evolution of the engineering competition education model and the reconfiguration of its competition
network
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Table 2. Comparison of network configurations across the three stages of competition-based education
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Table 3. Dimensions, sub-dimensions and observable behavioural indicators of critical engineering literacy
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Figure 2. Competition network of the triadic human-Al collaborative model and the four moments of negotiation
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Figure 3. Four-phase implementation pathway of human-AlI collaborative competition-based education

3. AMLIHEIRFE B AR #Ei IR

Table 5. Four pathways for migrating competition training outcomes into routine practical training

5. RRIUNZGHRREBEASNEHHIMEREE

R AR SO TR 0 B L
Bife—. T (R4, VelRlE. RIRRT, 0 o LR s«
H92 5 N e
il S IA ST AR N
s g eargy AR T R WS R R SR
K TS f#w? 35 191 e 2
Wik
> pe 2 N o= P
P wgoen TR B s IO SR
N e *Z\ {EUTvﬁ*&uL%EF';‘ﬂ)ﬁ&L? =g =N ayat
il FEE AL R D B e e V1 AN
CERCER
BRI PR GOSN AR RO MR ks
BB BEIES B AT S0 S I i n L VU
Ve ARSI, BRI RE (R RE TR D 2.
DOI: 10.12677/ve.2026.159402 385 B H KR


https://doi.org/10.12677/ve.2026.159402

Wram, FRahib

6.4. IBEHSAR
ZHER AT AR TR Ho—, BRI, Rk = BN RS A2 e PR o, DL

SEEDS AT ESCHINUBIRE 2 R0 Fo o, BRI X R JEAT F——BEME L, T R RS F1id
W12 H=, EEELZ NIRRT [26], 7 3 KIUIIEHLE S — 7 )52
7. Wig

7.1. SRAWMRHIE

BEAXT LLM N T TRHFE TR, 2850 TIREG ST AR ZZ 5% 28R [22], SR
GrERIR AN UG TR 23] A RVIBT U2 R AL THERRURN T — A oA BRI (] 5 77 A
LIRS VF N 5638 TARIR, JFLA=J0 A HBURILET# LI “ 524 - A1 ZJ0XHE[9]. XAk Ik
Bl: ZRMARRES), R E AL RE VRN S AL & FUMII N EAE AT A NG AR, 1M
R EHE AL BN SISO CRBEE” KRIASYI[6] [12]; AXHARRY, X—
DR PR 58 55 i JBE MR A 35 FRI D S

FEHRRI, ASCHEATIE M2 K70 M TR RO R I51E . E AT St 2 &b TRl A
AREER R OB [17] 50 BRI LR AT [ 18] ASCRY], HFMmES 507 R& A REe it , e
#k Oz ERFATEA T BANE AR (0282, HAOUHLHETEIL 1 e mi 4R 2 = APt

7.2. ARBF SRR

R T S R, SHRHISE IR T, K CHE AT A e SR, DAL
l—— AR BCRESIZY B 08, AT ol 5254 6 TR T —— (RO 5 1 SBA 12 26 P E T
Bl HUMS TRMAST, LB TR M R, TIAERFED, A8 ASCAEDASCA 5757 iy
AL AR R, T LA LT VP, L% PR B AR T Dy S BT R S SR,
SRHEBEVAI, KRR S HNEIR I, (AR R B, Rk R R T
PUESESIH S GG SRR, 5 6.3 1D ST BB R PEBEATRCK . R 4
{3 B B

FESE AL b, ASCEA S0 R o DUSUTF T DA A 00 BB 3B A 2,
BV BRI AR 30, ZRbPRR IR B AP A BLRAE LS 2.4 1), LAk
SITHLBIT R A AR, 5131 SO BRI, LA SE AHRRE FE e S BLAATHE, %2 3 (UL 0
IRGRHIERT: =, BARDATVERABGETE #, ALHT “Al BURAC A HCEI AN,
T B B T SR T A R4, IR B ORI A SR AL FEHENL T I
Heelr 5 B T, IR — S SRR AL A AR BT LB R — K L.

8. &it

ARSLCATEREN 4 A AT Ry, R T TR 2021~2025 4F ] DU IE SR 7T, ZiE T TRISESEE
NS AR H 23] 4 ATSE SR AR T30 2] B = e AWLE R B N st i A

TEGRAM. H— =ABrBUINSERZERAE TN NS 5T RS L ad R DA, T
B AL TH: BUTdBAR ST B O, RN 5 $8 SRELRE, RERNT
REAMAT IR e i 8 2, S EVERE e A AR 9g . 58 =, ARl AT IIRBENLR A PNt ——&
WO T A BRI 8] 5524 77, OB I A S TRE LR R 1 R, SRRt T St A TRE R IR
AN =, ZRFFAIBIRIENA =R AN YRS S & ar AT e s, JF s B

DOI: 10.12677/ve.2026.159402 386 BV #E R


https://doi.org/10.12677/ve.2026.159402

Wram, FRahIE

DB RAE DU B St AU R PO SE e . B0, DUSERIR AT RO “ =Juilain 1 - TUpriddtiine”
MISHHEZE,  FF ] 20 il DU AR B AR IEAS 2 RSN [2]s JLBOLARRIUE 55 s e L 2 >0 3 AN A B
R BE ) 5N R I AH SR

RRBEFURTAEPIANT7 e DB ARAS A 5 B REAON R T, BEETEFRM LR I — P 4127
XS 3 A BT R MU AR 38261 DL RREAS . 5 Be B HE SEIR BT 30 A SCHE SR 1 i ARG £
ARRLA S T R IT Xt BT 7, A A SCF e iiE At

EHEUHE

A S NIV A B A BOF T A “ BB B S T IR E H AN TR (W HwS
2024CE35) Je {24300 H “ el & Xmiieis i th AL 5 05 5 B Eh-& S 7 (5 H %65 : 204202535904)
FIEh, R SRR AEAENSG S RN, BRI

&5k

[1] w3t &Rk (A #ERE RN E (2024—2035 4) ) [EB/OL].
https://www.gov.cn/zhengce/202501/content 6999913.htm, 2025-01-19.

2] HESERRTER (BERRE “+LT” M) fiEEB/OL].
https://www.gov.cn/zhengce/content/202606/content_7073640.htm, 2026-06-29.

3] #HEMELIIIRTER  “ANLERE + #F” /7shitkl) K@ #RHE (2026) 1 5[EB/OL).
https://www.gov.cn/zhengce/zhengceku/202604/content 7065138.htm, 2026-04-02.

[4]  GR. “RIRFHERE IR SR AA SR BIR R [T]. PRI E AR A, 2021(8): 5-10.

[5]1 ZKAK#Hr, BN, ChatGPT/AEKAN TR BESHBE BIF: VL. BREELLEARI]. LRI R FMEE RHFER),
2023, 41(7): 1-14.

(6] MRER, 88455, E#E, 8, HH, B4, ChatGPT/AE BN A TGS A RBULHE[T]. LR INE K EZEMR
(BRI, 2023, 41(7): 64-77.

[7] Li, Y., Chen,Q., Chen, H.C. and Lin, Y.L. (2021) Project-Based Learning in a Competition of Intelligent Transport System:
Knowledge Innovation Viewpoint by Actor-Network Theory. 2021 [EEE 4th International Conference on Knowledge In-

novation and Invention (ICKII), Taichung, 23-25 July 2021, 34-37.
https://doi.org/10.1109/ickii51822.2021.9574726

[8] Chen, Q. and Chen, H.C. (2022) Project-Based Learning in Competition of Energy-Harvesting Electric Vehicles: Opti-
mal Design. 2022 IEEE 5th Eurasian Conference on Educational Innovation (ECEI), Taipei, 10-12 February 2022, 62-
64. https://doi.org/10.1109/ecei53102.2022.9829471

[9] Chen, H.C. and Chen, Q. (2025) Large Language Model-Driven Human-AI Collaboration: An Innovative Approach for
Training and Knowledge Construction in Undergraduate Electronics Design Competitions. Sensors and Materials, 37,
3539-3555. https://doi.org/10.18494/sam5660

[10] Kasneci, E., Sessler, K., Kiichemann, S., Bannert, M., Dementieva, D., Fischer, F., et al. (2023) ChatGPT for Good? On
Opportunities and Challenges of Large Language Models for Education. Learning and Individual Differences, 103, Ar-
ticle ID: 102274. https://doi.org/10.1016/j.1indif.2023.102274

[11] UNESCO (2023) Guidance for Generative Al in Education and Research. UNESCO.
[12] s, F£H, Filgih, BT, BRE, MRR. £REAN L REE MK SR eyl S R ——E5 T
S BT ) YRS TRESE[T]. JFIRBUE W IE, 2025, 31(4): 97-108.

[13] Bearman, M., Ryan, J. and Ajjawi, R. (2023) Discourses of Artificial Intelligence in Higher Education: A Critical Liter-
ature Review. Higher Education, 86, 369-385. https://doi.org/10.1007/s10734-022-00937-2

[14] Chen, Q., Chen, H.C. and Lin, Y.L. (2024) ChatGPT-Powered Inquiry-Based Learning Model of Training for Intelligent
Car Racing Competition. Sensors and Materials, 36, 1147-1161. https://doi.org/10.18494/sam4726

[15] Callon, M. (1984) Some Elements of a Sociology of Translation: Domestication of the Scallops and the Fishermen of St
Brieuc Bay. The Sociological Review, 32, 196-233. https://doi.org/10.1111/1.1467-954x.1984.tb00113.x

[16] Fenwick, T. and Edwards, R. (2010) Actor-Network Theory in Education. Routledge.
https://doi.org/10.4324/9780203849088

DOI: 10.12677/ve.2026.159402 387 BV #E R


https://doi.org/10.12677/ve.2026.159402
https://www.gov.cn/zhengce/202501/content_6999913.htm
https://www.gov.cn/zhengce/content/202606/content_7073640.htm
https://www.gov.cn/zhengce/zhengceku/202604/content_7065138.htm
https://doi.org/10.1109/ickii51822.2021.9574726
https://doi.org/10.1109/ecei53102.2022.9829471
https://doi.org/10.18494/sam5660
https://doi.org/10.1016/j.lindif.2023.102274
https://doi.org/10.1007/s10734-022-00937-2
https://doi.org/10.18494/sam4726
https://doi.org/10.1111/j.1467-954x.1984.tb00113.x
https://doi.org/10.4324/9780203849088

Wram, FRahib

[17]
[18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]
[26]

[27]

HE¥, 575, 7303 M 15 v 3 CHER S ERT]. 1L RRH R F 22 i (2R RR), 2023, 25(4): 20-28.
v, FRBRIR. A7 L8 ATl T R A BN AR RS . B TR RIS R ART]. TR R B R (LR
fiR), 2024, 26(5): 52-63.

Irish, R. and Romkey, L. (2021) Using Actor Network Theory to Explore Sustainability Issues in an Engineering & Society

Course. Proceedings of the Canadian Engineering Education Association (CEEA), Charlottetown, 20-23 June 2021, 183-
189. https://doi.org/10.24908/pceea.vi0.14960

Pedaste, M., Mieots, M., Siiman, L.A., de Jong, T., van Riesen, S.A.N., Kamp, E.T., ef al. (2015) Phases of Inquiry-
Based Learning: Definitions and the Inquiry Cycle. Educational Research Review, 14, 47-61.
https://doi.org/10.1016/j.edurev.2015.02.003

Iz, L. e KA S AR N TR e P [R) 2 ST S (0], SR 2RI R 2 2 (B A R R,
2025, 43(2): 34-48.

Bernabei, M., Colabianchi, S., Falegnami, A. and Costantino, F. (2023) Students’ Use of Large Language Models in Engi-

neering Education: A Case Study on Technology Acceptance, Perceptions, Efficacy, and Detection Chances. Computers
and Education: Artificial Intelligence, S, Article ID: 100172. https://doi.org/10.1016/j.caeai.2023.100172

Filippi, S. and Motyl, B. (2024) Large Language Models (LLMs) in Engineering Education: A Systematic Review and
Suggestions for Practical Adoption. Information, 15, Article 345. https://doi.org/10.3390/info15060345

BTN, XA, BEMERFE AR W #ne. NHRSHERES——HRX ChatGPT 1@ 4§ 1) J e
[7]. SRS R 2225 R (BB B2, 2024, 42(8): 76-84.
FE—, XN, FAKF. AN RS SEEiiE S B [T]. JFSEE AL, 2024, 30(1): 65-72.

Chiu, T.K.F. (2024) Future Research Recommendations for Transforming Higher Education with Generative Al. Com-
puters and Education: Artificial Intelligence, 6, Article ID: 100197. https://doi.org/10.1016/j.caeai.2023.100197

BN, WS, BRNZER: EAEREIERRKRRN 2 FEARI]. BRI K FEIREE B0, 2025,
43(5): 16-29.

DOI: 10.12677/ve.2026.159402 388 BV #E R


https://doi.org/10.12677/ve.2026.159402
https://doi.org/10.24908/pceea.vi0.14960
https://doi.org/10.1016/j.edurev.2015.02.003
https://doi.org/10.1016/j.caeai.2023.100172
https://doi.org/10.3390/info15060345
https://doi.org/10.1016/j.caeai.2023.100197

	从项目式学习到人机协同：生成式人工智能赋能高职工科竞赛育人的演进机制与可迁移路径
	摘  要
	关键词
	From Project-Based Learning to Human-AI Collaboration: Evolutionary Mechanisms and Transferable Pathways of Generative AI-Empowered Engineering Competition Education in Vocational Colleges
	Abstract
	Keywords
	1. 引言
	1.1. 政策语境：“十五五”规划下工科竞赛育人的新坐标
	1.2. 问题的提出：竞赛育人的三重张力
	1.3. 研究团队的四年轨迹与本文定位

	2. 分析框架：竞赛网络与必经审核关口
	2.1. 从行动者网络到职教话语的转译
	2.2. 与国内相关研究的对话
	2.3. 三阶段的整体图景
	2.4. 经验材料的来源与处理

	3. 1.0阶段：跨学科项目式学习与教师主导的协商(2021~2022)
	3.1. 网络构型与协商过程
	3.2. 两项关键实证及其育人机理

	4. 2.0阶段：大模型入网与批判性工程素养的生成(2023~2024)
	4.1. 新参与方的入网方式
	4.2. 关键实证：“AI建议失效”作为教学契机
	4.3. 批判性工程素养：操作化定义与观测框架
	4.4. 机制提炼

	5. 3.0阶段：三元人机协同与审核关口的再锚定(2024~2025)
	5.1. 六轮人机迭代的设计流程
	5.2. 四项关键取舍：技术先进性与现实约束的权衡
	5.3. 一个决策点的完整协商链：功率调节方案的形成
	5.4. 教师角色的三次转型

	6. 从竞赛实践到教学策略：可迁移的实施框架
	6.1. 三元权责分工与边界
	6.2. 四阶递进实施流程
	6.3. 从竞赛训练走向常规实训：四条迁移路径
	6.4. 迁移条件与边界

	7. 讨论
	7.1. 与既有研究的对话
	7.2. 研究边界与局限

	8. 结论
	基金项目
	参考文献

