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7] 45 114 & O 2 LA T 2% (0] 45 K S b 38 9F 2 oy 2 38 0 38 3 sl A B 0] 4 B K 4 AN ) s
b B T R B N PR IEE 2021 4F 12 H —2022 4F 3 H St [81 i [a] 4 400 43, Hop A 3R]
350 0y , AL R 87.5% . ZidBiit , S 5 A WA & I & 0 Al 6 55 1 48 AR (50.29%) 42t
(16%) A (5.14%) AEH(14.29%) . PE 7 (1.14%) . FGAL (10.29%) AL (1.14%) . HAb (1.71%)
S, W R RN T 25 (1.71% ) RBELT41(0.57%) A1 AL T.(4.57%) R0 2 H25 (1.14%) HL
MR 25 (23.43%) FLF 77 i (32%) L B= 245 4l /B8 97 48 R (9.71%) B b OB (1.719%) VR 21 %5
(18.29% ) H:fh (6.87% ) %5 22 i A [6] (4 45 Ml , 33 2 £ ol B 2 il s ol 450 38 Tl 3 2 76 3 5 HoAE = T
SRR EES G . R RE EA =550 65.14% .30.86% 4% , £l B
H1 20 AL R &l 8%, 20~300 A b 37.14%, 300~1000 A 5t 13.72%, 1000 A Lk F 5
41.14%

2. EBEEMPER]

(1) BLBE RUE BEAS 36 o 0] 45 1% 250 B RIS B A 36 32 22 T 0 i R X Il 46 i A 36 o A 0 5 fifF
Cronbach’s o & BUR AL 7] 42 45 A @AY N FEAS E L 24 Cronbach’s o {H KT 0.7 B, 3t AT DL 18 25 7]
B DI Z . % 0T T S RS A NSNS RUER R E LR
KMO F1 Bartlett BRJE K5 56, H A 2 56 IF 2 ¢ 1) 0002 75 B 36 10 25 M A A%, KMO f K F 0.6, fR %38
4 s Bartlett BRI K 50 (A FH LA AS: 56 90 301 (1] AH OC 2 802 A5 W 3, 21 5 25 (B p<0.05) W) 3 45 fi A+
I3 o
%2 18 & A0 3% A B

Cronbach’s a % 3t KMO 1& Bartlett 2k ¥ A 40 18 Sig

0.906 0.785 1194916 0.000

12 2 0] 1, 5 2 A9 Cronbach’s o RECK T 0.9, 3 10 3 i R A5 M — S HER 47 . KMO i 7E
0.7~0.9 Z A , ARG A 8 H 53 H7 5 Bartlett BK BE K 55 45 1 W, LR J7 {8 1194.916, 50{E LA K,
i VA4 0.000( P<0.05) , [H It , 15 4 Bartlett 3K B2 A6 56 (19 2248 % , 156 W 1% H 2608 & i+ 40 #r
I 3R AR R AT

* 3 WEATNREBELARL
X E & 28 AT F F % Br #4415 £ CR FHF = EHREAVE
A KA 0.441
ol el 0.817
kS L E i 0.266 0.665 0.713
RIT A% 0.823
4k BT 0.461

96



AZ G IE 20245 B 11 1

k3
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FE HREFTE 0730 0.763 0.720
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B A R AR 0.772
N B R Y A 0.941 0.773 0.910
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. A2 ON 0.993
& 0.686 0.993
F 3 0.993
£ W iEE 0.007
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FE 0.6 LU b, 25 25 FE R 3 KT 50% , 156 WA AR Y] i e R 800E A i i R A RUE

(2) e [R] 7 e 2545 50 o Y 5% 14 B30 1) 36 R U8 1 TR — 67 1 252 2%, v g 5 8O3 6] 7 ¥k I 25 )
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3. Tt E X HlE Al F 2% %2 W B9 45 40 75 FE 4R BY

(1) G54 7 R B RUAR 2 S5 Ak 0 o 45 0 O R A 100 b Bl A A 3 O 2 205 M B R 2 — ol o7 FH 6 0
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XA AR B S T 13T AR e R AR R TR s R A R AR
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Wheaton 55 (1977) 79\ Ry x/7df £ /N F 5 14 7K - BBl 9 556 AT DA B 45 52 5 RMSEA J2& [ W B O 26 45
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|%‘“ﬁ%JiF£LL| %I i
R 080 N % 0.002 Y
@ it 0.002 > Wi @
5.64
0.15 S 045
@ &
0.66 ’ o
@ TN, o
0.64 RO 00 o
® 3 L P
0.85 N 040
©
) -1.27 AR
> E )< ol ()
[\ %9; QM8 Ly,
0.89 0.92 |91 20 086 0.03 £~ 0.02y014 0.83
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RS B R B IR R 2 A, HE R [ A 2R B0 3R e AR e Y e R 25 A
x4 WA
LA F6 A X X /df RMSEA SRMR GFI PGFI
R 378.45 2.523 0.041 0.037 0.885 0.910
WA AR AGFI NFI NNFI PNFI IFI CFI
AR VEAE 0.900 0.931 0911 0.940 0.924 0.913

ABIRI) A i B 70, LA FE AR 0T A B R 2 /df=2.523, /N T S B BR E, PGFI=0.910,
NFI=0.931 NNFI=0.911 .PNFI=0.940 .1FI=0.924 .CFI=0.913,¥] K T 0.9, GFI=0.885 . AGFI=0.900, 11
FEIE T 0.9; REMSA 4 0.041, SRMR 3 0.037 , ¥ /N T 0.05, 3 TR B 45 5 | 350 B 3% 455 784 4% £ 8 3 A1 T3
DU RE 77 90 L A5 BRARL  IZ AR A S0 SO AL H 30T

S 4 1 2 5 kg 5 A5 70 g ke v 4 A B AR A B E AR A T R BOR e Tl it it loAS R
BIHT AT R Z IR Y O R, [ B, A SCRIH o5 p (6 %5 %56 1 25 B AR Al 1T R B0 i 35 0 47 i 3 W)
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ATl 3 5 (9 bR o AR B A2 R BN 1.69(1=21.702,p=0.000<0.05) , 7E 5% 1 B & PE K FF
583 U B M e R B B O OE s e B SR AR R AR B0 B0 5 A Tl i B AR ) B
LB R ECN -1.97(1=-7.479,p=0.000<0.05) , ¥t W T2k 3 5 % ol A H AT i 3 (%) 171 [ 52 ), 9% 50 1
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FATR) 5 22 25 [ 4G 06 (B P 2 IR 07 22 B9 3 By, o 15 45 ) ) 158 22 T 2 45 () ARG 6 (B 7 2 [N 1
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L2 25 A~ DU A4 AR B D00 3R 22 4 TR A 38 (B AR B A B 2 R)) o a7 R 6 4 2R T LR 2, Aol RE A
£ 1000 A LA _FFIE T 1000 A F) P9 20 25 46 5 2 114 e A2 2R B BLAT — Btk .

5 SUGEMTRBEAELBEAYNSCERRECEREDS R
A EA KA df | Chi-Square | RMSE | NNFI | CFI | £7 % SR
ML | BARE | 48| :26?0500) 0.044 | 0908 | 001 | — | * ﬂggf ;i‘ jﬁfﬁf— Z{(iﬁﬂ %
M2 | REBy, %R | 149 G 7:2(')?(;00) 0.043 | 0.908 | 0.91 | -0.03 +ﬁi;$;§if%§éﬂ%
M3 | REy, FE | 149 o 7:3('3300) 0.043 | 0.908 | 0.91 027 | 7 i ézliif?zéﬂ %
M4 | RBB, EF | 149 " 7:55300) 0.045 | 0.908 | 091 | 1.90 Jﬁﬁi;;ﬁ;ii;ﬁﬁzéﬁ%

(2) BRSO | T 28 0 5 B AR o A T A B B TR R AR, 7 4 K O R Al 4 SR A SRl
e 23 A T X o b R R R AR | L RO ] AN (hR AR ), I 6 BT

* 6 Tt EXH AR oy BN EBERN S R
X R BB k35 gl Ie] 2 2%
ARG F— TRt & 0.929 0.929
FE—TLit&E 0.825 0.009 0.816
RA—T it E -0.796 -0.742 -0.054
B E 0.002 0.002
B 3 AR 0.037 0.037
BT hit& 0.031 0.031
B 35— B A A H 0.048 0.048

Al LLE H, Tl 38 B A BRN  0.825, e r B RERL N g 0.009 , 8] HE R W K 0.816 , 6] 3
BONE R 5 Tl 1 B X AR ) AR A —0.796 , e P B 4 50 S -0.742, [8] 32 %% i S -0.054; Tk
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SN IR AL 2 Bl 58 b — S USSR ) 2 B0 52 07 3k, B AT LA VA 94 5K B 2 B8
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Impact of Industrial Metrology on Manufacturing Upgrading:
Examination based on Three Dimensions of Quality,

Cost and Technological Innovation
SHAO Jing-ting' ,HUANG Qun-hui*, LI Fang-fang’
(1.Institute of Industrial Economics of Chinese Academy of Social Sciences , Beijing, 100006, China;
2.Institute of Economics of Chinese Academy of Social Sciences, Beijing, 100836, China;
3.The School of Economics and Management of Beijing Forestry University , Beijing, 100083, China)
Abstract: Metrology is one of the five important elements of industrial technology infrastructure in the “four foundations” of
industry, and is an important component of the improvement of industrial basic capabilities. Under the background of the
current era of quantization in the current metrology development, it is of extraordinary significance to deeply interpret the
impact mechanism of industrial metrology on the upgrading of manufacturing industry and conduct practical tests on it, in
order to accelerate the construction of a modern industrial system.

This paper innovatively examines the importance of the improvement of industrial basic capabilities, represented by
industrial metrology, for the upgrading of manufacturing industries from an economic perspective.lt constructs a micro and
macro theoretical framework of the impact of industrial metrology on the upgrading of the manufacturing industry, and
introduces the corresponding research hypotheses.Then, a combination of empirical and interpretive analysis methods is
used to conduct a practical test. Firstly, based on a questionnaire survey of the manufacturing enterprises from multiple
industries and various regions in China, 400 survey data are obtained, and a structural equation model is constructed based
on the survey.The research hypotheses were quantitatively tested.To overcome the drawback that the research data comes
from only the micro level enterprises and cannot test the impact mechanism of industrial metrology on the upgrading of
manufacturing industry from the macro level, this paper further selects two typical representative enterprises in the field of
industrial metrology (one is the leading company of the industry and the other is the company that sets the industry
standard) to conduct case studies.On the one hand, the structural equation model constructed by the quantitative research
institute is tested qualitatively, and on the other hand, the impact of industrial metrology on the upgrading of the
manufacturing industry can also be verified from the macro level.

The research results indicate that: at the micro level, industrial metrology can positively affect the economic benefits of
enterprises through the improvement of product quality and the reduction of production costs.At the same time, industrial
metrology can also directly affect the technological innovation of enterprises, and the technological innovation of enterprises
will further affect economic benefits by affecting product quality and production costs, and promote the upgrading of the
manufacturing industry with higher added value and higher comprehensive efficiency; At the macro level, industrial
metrology can lead the technological progress of the manufacturing industry and produce a positive feedback effect on the
measurement activities of enterprises at the micro level, forming a multiple and circular influence mechanism of industrial
metrology on the upgrading of the manufacturing industry.

From a theoretical perspective, this study provides an economic theoretical basis for revealing the mechanism by
which industrial metrology promotes the upgrading of the manufacturing industry. It innovatively explores the economic
value of industrial metrology, a traditional concept in the field of engineering, and constructs measurable economic
indicators for it, which is the first time in both the field of industrial metrology and economics ; From a practical perspective,
as China’s economy enters a new stage of high-quality development, the construction of a modern industrial system driven
by the enhancement of industrial basic capabilities becomes an urgent practical problem that needs to be solved.This study
explores the upgrading path of China’s manufacturing industry by taking industrial metrology as the entry point, which
provides a direction for thinking in response to the above questions. Especially in the current time point that industrial
metrology enters into the era of quantum metrology, the transformation of technological paradigms provides a rare
opportunity for China to win the strategic advantage of development in the new round of technology and industry
competition. It is of great significance to fully leverage the supporting and guiding role of industrial metrology in China’s
intelligent manufacturing development.
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