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Abstract

Breaking the “principal-agent” dilemma in the quality testing of highway and waterway engineer-
ing, and eliminating information asymmetry and bureaucratic regulatory lag, are crucial for en-
hancing the governance efficacy of transportation infrastructure in the digital age. Drawing on
the Principal-Agent Theory and Collaborative Governance Theory, this paper takes a provincial
intelligent testing cloud platform as an empirical case to construct a multi-level linkage theoreti-
cal framework encompassing source data penetration, agile rectification response, and digital
credit incentives. The framework is then empirically tested using the platform’s operational big
data. The findings reveal that the Internet of Things (IoT)-based direct data reporting mechanism
deprives agents of the physical conditions for data tampering, thereby dismantling information
silos at the source. Moreover, the early-warning intelligent routing mechanism, which transcends
bureaucratic boundaries, significantly compresses the hazard response cycle, achieving an online
collaborative closed-loop in quality supervision. Simultaneously, dynamic credit profiling effec-
tively reshapes the agents’ payoff expectations, curbing opportunistic behaviors and mitigating
the risk of adverse selection. By reshaping the information flow and game structure between the
government and enterprises, the multi-level linkage mechanism of intelligent testing facilitates a
paradigm shift from top-down unilateral control to multi-party collaborative governance, provid-
ing a vital theoretical and practical paradigm for the digital transformation of large-scale infra-
structure supervision.
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Figure 1. Comparison chart of the evolution of government-enterprise game under traditional and smart regulatory models
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Figure 2. Framework diagram of theoretical analysis for intelligent supervision in highway and waterway engineering
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Figure 3. Closed-loop flow diagram of multi-level linkage mechanism for smart inspection
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Figure 4. Architecture and power mapping of the “terminal, network, cloud” integration for smart inspection
in highway and waterway engineering
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Figure S. Evolution trend chart of the number of unqualified data under IoT supervision for press tests
in highway engineering projects in the past 17 months

Bl 5. 12 17 MRABRIERBENNKEYKEENSHRBBELERLEEE

5.2.2. WAEREHIER: BHEMRMESARESH

i 22 R AN U R RE BORZ Lo AR b, o K 200 R i s A o o2 A 3 5 BE e A R . R AR St
RIRHZES T Bk TR BB SR B (IR R TS J 5K B AN R B RAMEIEAE R E 4 “ Bl - &
MKHIDE - BEPE B - NS KB, P B AR BOR RS, FRUBEAL 2 DN T E
TR, R RAN I =

T 6 REHR R SUE D MR, 2 ZUBEh LI SEIL 1 15 2 i LS R S S s i . AR
i3 T2 i B AR E AT RO B . BRI BE S A E BIOUE TR AR RN, ARG “ZMR” N
BT #1847, JFFD A0 H M S 2 e iy B M B U Ak e P00 o, M B T DB R A B Ay
NS IR~ R i 2 ) 5 s 45 2 50/ NI B phy (R P08 135 2 BT 6 32K 5 A A 1T

R, ILTERL LR, IRUEH SR, REEGNEREEE T2 A2 T, R
U A4 B DO R IEIR T . R D BOTCE MR R S R AL, RGBSl s HERUE WA T
P56 ML RIS . IXRY, ZRIRESNADET I 1R IR RS DR, 58 IR AT BOR 5 A S 1M
W EN = 5 T 1) SIC RN 20 7 M AR P 25

5.2.3. thEABEWRRH: ERES THTILESES

P EVA BRI B H bR A TH BRI AR, EMATLEAEES. AREERN &% HE EH RS
BB AL NS I R RIVEE S0 E, 48 A /Kis TN S0 K TGRS mRN .

(1) THEEERAES IR

BT G 05 FRY R AR A st LRI, AL il R GE BB W& BAE AT LK
N G0 i 35 P R 5 v A AT Nk B, B (A RS R B ISIoa % . RINE T, P AKXy
MBI BB SR G SR, SRR R G RE,. £ “—bRAE, MAZIR” ik
TR REIUALAL (5 B SR g R A T R A —— R S BT BURF S 2 1R A R AR, 6 E B # %
FHARES 2 AR LR A A 53 B B B 0 P R

(2) EMIGERFHIRTRE I

RIC A A M Kis TR B SRR O B e o KB, AR S T TS B A1 51 T 4EfR

DOI: 10.12677/mm.2026.166128 138 AR B


https://doi.org/10.12677/mm.2026.166128

BEAE 4

1 65 2 5 S A R B A AR 22 R RE AT H R R A B ESUR SE AGT TLAA) () R S i S e o B S TR
TR HE 20 RS A, T R AR SR TR AR IR TR B2 IR A AT IE TR B, HESh A BEK
2 TREFEIRE A RIS . BRI U R SA BB BL.

I _F IR = AN RSB PR T, AR W (R AT )R R N 22 BB AL, AR o e
PRy FRTH AR BLARE ST i3 A2 5051, B BB IS S I B A

6. FIESRE
6.1. FRGREEERR

FE (Ao i BN E) S R R RIS BN T, PR A IE AL it i v b AL
R, BB GeAT ML Is BN BT IR 00 h 2 o AR ST H R B A B A BOR T TR 3 R
H, R0 FE LA T B P R 5 22 0Bcah B B LA A o Gl 5N “Z&4E - B B 5 EG B
NEZR, ACRGHINT T ALGRHZ A N BE AR ) B2 BRI i, I LAAE Z00 B /K i R A I
GUNSGIEZG], o 78T RS T 102 JUNE A BUIZ AR 5 SRR

AW H LU DA 8

B BUR T ERDERBUR G B AR AR GERE XSS ARA RT3 . RIEIR I BOR 58
HREREM, BB =T 6 IR T AN 5 2 @4k BEAT B A A E A 5 P B 2L
MR SRR A NS RN A TR A I EE 57, MUk R 1 e A 1 LA i

B 2GRN IR R N 2% RE S A AU R SRR RO I B . ST ENE R REMES B
o R, AT TR LR RREES . SCIERW, L DR AT B 5 A, Kt KB, i
JEMFEIETT, Foy “PUETE . RIS S ISP, 3271 1 IS AR N AR S R

B, HETOREEE VP2 SEBAT ML D R 3EI6 R SATAT . 2 JOBEh L 1 iR &% s, #E T
B HH B SIS B TR, BN 2T S HE NS T IR o IX AP SRS 15 F A0 75 2 1 2R AL
PRI TARE N s T, Ok T B S N AESN 7). HESh AT R AR RS I TR G R 1] ) TR
755 ik

SRR AT FUONERE R TREH RGBT ez %, w8, BUFhE
P8 T ERD €00 S0 MIRE T 5 i PR I3 388 2 2 AR D U 5 SRR K 1 5 2 DL R I R ZE AR O 9P o 8 BEMRE RN
FETHASFHRA TATE IR IR A 0, TR Bk TR F SR ik 2 i, DL RHE ER A R 2
i 2 2 1) (1 T BE R

6.2. FBRMESARKRE

JRAEIET 2 RN BRI 21 & CAEMTERINAT . -T2 WM RBETT IS T R4 [ SEIIE
R AEARWE I R I B B S ER A AFAE — B KRR TR i, ASCHISIEREA E B T — B 1Bl
b, HHT G AP RZ O RATI LGSR 0 ) S AR PR ARURE T A i e AN, AT R AR
KT 0 SR 2 GO RO F AR T REZ,  FL DN v B TR E AL SR . S Al
Bt 5 BT T A, ER ELARATLA BER A B0 500k 2 o8 AT KO Bk e 2 T+, w1874
s AL . HRATER B ST B2, P 6 (A IR TT AN T8 Gt fi S WA R 25K ), MRS
B MITA LN B HEAT S B DI, AR 2 X 1 SH A DX sy AR PR R 55 1 4 ) B
SEXATWARET IS, AREE H K. 58S N 78 75 B 2 K 807 A BE A R 55 B B T T R EE Al
i E R BRI AR S TR 2 S, DB “E . RN IR s SO B

FEREHT AN TR REBOR 5 2 RME S BORIBEEE, AR S e PR R B BN IR S

DOI: 10.12677/mm.2026.166128 139 AR B


https://doi.org/10.12677/mm.2026.166128

BRAE 45

A [A]

(1) MRS MU ) SR R B B8 A T 5 7

I T AR RS 00 S TR AR T M AR (B 4 B 224 i 2 0 R R )« AR, AT T EL O S )
BT N LR RRS5VR BE 2 ) I TN IR B AE A o e VR BE 42 9 i B 22 VR M R (U A RO 2 8. i L
ZWE) . EMAREG AR, M TR SR B B IR AL 50 F AL B e 4R ST o A MR T DAV B
R AEIAGA%, SRR TN R & AR 1) ot B BB, HESh B B o SR R B0 3 3 1) SRR A B ) I
PR

(2) 5 BIM KEFEEBRIRERNZRI&

FI ARSI it 2 DL — 4Bl . 2k mOR R BIERRB R I, k= 5 TR S AR 23 [A)A5 B AR HER E
KRR 7 AT IE R BRI 2P 65 TR H BIM BRI AR 1, A A0 B Al 15 it (1 27 2 A
. BB BRI AN SR BEE BT, REAAEAAR TRTUE, IR =2 i 10077 (8] oPoRs v S b
71 HA R B R (A AR AR o (MR ), SRS 40 22 () AR 55 SIEAAAE) 1 £ 4 SRS 2 S, AT Al
KIZTH IR ey A% 56 5 4 A i Ja) 440 BORS AL KK

() HBREXBZEVEN D REIEEAS

BEE A ES— KR, TRERERRESERNEAINE . KRR TR AT ST 84 br
HlmBE 2, M [E R R B B 505 UL seAh, T — B IR R R A TN U Y i o
Hrr s me i, PRESELEE TR HE . B, KLk 5 I EHR AR Dy AR R IG 2 4 i i mdR
AT S B R AS AR, B B A A PRI IR 2, AR B B R R B AR A7 A ], AR AR AT
R B R TR TR

E&ME
WIRE A SRR A IR R L T & R T O & g 2 2023-21)7
S5

[1] Eisenhardt, K.M. (1989) Agency Theory: An Assessment and Review. The Academy of Management Review, 14, 57-74.
https://doi.org/10.2307/258191

(21 FBCT, A, KENEE. TR EBUT BB 5 2 R K EImALEIR T[], B ERE, 2017, 25(6):

82-90.
(31 FWT, SKENYE, Baol. TREREBUFIE 2 2 0ON 2870 o5 Bl i LR TE[0]. b EE ER 2, 2019, 27(2):
170-178.

[4] Janowski, T. (2015) Digital Government Evolution: From Transformation to Contextualization. Government Information
Quarterly, 32, 221-236. https://doi.org/10.1016/].2i9.2015.07.001

[5]1 BT, £, i, & LRERSEBUN AT AR I AL S B0 SN [T]. #4028 R/ R
i), 2017, 38(2): 164-168.

[6] MR&EH, PREMR. A THRN- 28 TR ERE fRa @il TEBATIA, 2019, 4(19): 146-147.

(7] A&7 WA R A BT B TR (7], (EB 5 55, 2025(29): 95-97.

[8] Ansell, C. and Gash, A. (2008) Collaborative Governance in Theory and Practice. Journal of Public Administration

Research and Theory, 18, 543-571. https://doi.org/10.1093/jopart/mum032

[91 Emerson, K., Nabatchi, T. and Balogh, S. (2012) An Integrative Framework for Collaborative Governance. Journal of’
Public Administration Research and Theory, 22, 1-29. https://doi.org/10.1093/jopart/mur011

[10] BB, R, BWER, & BARERIA B RE: BFEBUF RN T — 2T [J]. BT, 2022(4): 1-27.
[11] ER, T HBFEBUFEEYE R 20 E BRI RS A 5 3G 8UER T I]. S5 R, 2023(1): 110-113.
[12]  FRKA. TR FRAL ARG B A AR TR B AR [T). 22N R 2R (R 2 B2 RR), 2022, 50(6): 72-80.

DOI: 10.12677/mm.2026.166128 140 AR B


https://doi.org/10.12677/mm.2026.166128
https://doi.org/10.2307/258191
https://doi.org/10.1016/j.giq.2015.07.001
https://doi.org/10.1093/jopart/mum032
https://doi.org/10.1093/jopart/mur011

BEAE 4

[13] ®A%HA, FEuh5. BT A BRG] IR RS H MO S R2ERR), 2010, 49(1): 11-15.

[14] FF. BAMHEN A T8 ST LB A ], #raiEEiL, 2023(6): 120-123.

[15] XBE=, 87, BRIE, & BEAEE TRERE0NEHE LB NIRER 598D, TERE, 2025, 43(6): 16-
19+23.

DOI: 10.12677/mm.2026.166128 141 AR B


https://doi.org/10.12677/mm.2026.166128

	政企协同视域下公路水运工程智慧检测多级联动机制研究
	摘  要
	关键词
	Research on the Multi-Level Linkage Mechanism of Intelligent Testing in Highway and Waterway Engineering from the Perspective of Government-Enterprise Collaboration
	Abstract
	Keywords
	1. 引言
	2. 公路水运工程检测管理多级协同的理论基础与内在逻辑
	2.1. 传统检测管理中的“委托–代理”困境与信息不对称
	2.2. 多级科层体制下的制度摩擦与监管滞后
	2.3. 政企协同视域下智慧监管的理论分析框架构建

	3. 政企协同视域下多级联动机制的构建
	3.1. 破除信息不对称：基于数据穿透的要素锁定与源头防伪机制
	3.2. 跨越科层边界：敏捷纠偏与多级动态博弈机制
	3.3. 化解逆向选择：数据驱动的信用激励与行业自律重构机制

	4. 云平台支撑下的多级联动实践：以省级智慧检测系统为例
	4.1. 赋能政企协同的“端–网–云”总体技术架构与权力映射
	4.2. 支撑机制落地路径一：过程管控模块化解信息不对称
	4.3. 支撑机制落地路径二：智能预警分析模块驱动的敏捷博弈网络
	4.4. 支撑机制落地路径三：信用与能力评价模块构建的自律生态

	5. 实证与成效分析
	5.1. 实证背景与数据来源
	5.2. 核心机制的治理效能验证
	5.2.1. 破除信息不对称：数据穿透与不合格数据阳光化
	5.2.2. 破解科层制摩擦：敏捷纠偏效能与闭环率分析
	5.2.3. 协同治理的宏观演进：信用驱动下的行业生态重构


	6. 结语与展望
	6.1. 研究结论与管理启示
	6.2. 局限性与未来展望

	基金项目
	参考文献

