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Abstract. To evaluate the competitive level of the construction industry in China,
this paper constructs a comprehensive evaluation index system from four aspects:
the scale competitiveness level, the efficiency competitiveness level, the market
competitiveness level, and the stakeholders' competitiveness level. Utilizing rel-
evant data from the 2022 China Statistical Yearbook, 31 provincial-level admin-
istrative regions in China are selected as the research objects, and factor analysis
method is employed for assessment. The 31 provincial-level administrative re-
gions in China can be classified into three categories: regions with high labor
skills, regions with large industrial operation scale, and regions with relatively
low labor efficiency and industrial scale. In terms of spatial distribution, prov-
inces with higher levels of development and competitiveness in the construction
industry are mostly located in the eastern coastal areas of China, as well as in the
developed central and southern regions. These areas have relatively higher eco-
nomic development levels, stronger government construction awareness, and
more comprehensive construction industry standards and regulations compared
to other regions. On the other hand, provinces with relatively lower levels of
competitiveness in the construction industry are mainly situated in the southern,
western, and northern border areas of China, where the development level is rel-
atively lower.

Keywords: Competitive level of construction industry; Evaluation index system;
Factor analysis; Evaluation

INTRODUCTION

™
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updates

The construction industry is advancing towards digital transformation, closely linked
to regional economies, social environments, and influenced by factors such as policies,
resources, and technology!!l. With the development of Industry 4.0 in recent years!?,
the construction industry is gradually exploring the application of emerging digital
technologies, leading to overall growth and competitiveness. However, due to the vast
geographical diversity in China, the uneven development levels across different regions
in the construction industry have resulted in varying competition levels. Therefore, in
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order to facilitate the modernization and digital transformation of the construction in-
dustry, it is necessary to quantitatively evaluate the competition levels of the construc-
tion industry in each province, providing a clearer assessment of the competition levels
in each province and municipality®]. This evaluation aims to help Chinese construction
enterprises better understand their development status, leverage their competitive ad-
vantages, improve industrial economic efficiency, and enhance the international influ-
ence and competitiveness of the construction industry in China.

2 FACTORS INFLUENCING THE COMPETITION LEVEL
OF THE CONSTRUCTION INDUSTRY

Many factors influence the competition level of the construction industry!, including
both internal and external elements. Regarding the competition level of the construction
industry, typically only some core internal factors are considered, while certain micro-
factors are often overlooked. Considering the characteristics of the construction indus-
try, the impact on the comprehensive competition level of the construction industry is
evaluated from three aspects: basic elements, external elements, and determinant fac-
tors.

(1) Basic elements. Basic elements mainly include natural environmental resources,
sources of enterprise capital, and human resources. For a country, the vital advantage
in developing industries lies in its natural environmental resources, such as land, for-
ests, and water resources. Abundant scarce resources can somewhat reduce material
acquisition costs, leading to higher profits. Construction projects have long construc-
tion periods, high quality requirements, and significant capital values involved™, re-
quiring substantial liquid and fixed assets to support construction. The capital value
determines the industry's ability to participate in the market and its economic strength.
Therefore, to further the development of enterprises, strong capital strength is essential.

(2) External elements. External elements refer to development factors outside the
industry itself, mainly related to regulatory policy elements and the external market
competitive environment!®. Government policies concerning industry development are
crucial for enhancing the competition level of the industry. Feasible and reliable indus-
trial development policies can better guide industries towards the future. The smooth
operation of industries depends on a favorable market environment, where enterprises
can optimize resource allocation and achieve healthy development.

(3) Determinant factors. Internal factors within the industry determine the competi-
tion level of the industry!’), rather than external factors. With the advancement of In-
dustry 4.0, the adoption of emerging digital technologies is intensifying competition in
the construction market, rendering traditional strategies such as reducing industry costs
to increase operational profits unfeasible®l. True enhancement of industry competition
level lies in the innovation and entrepreneurship capabilities of the industry itself. The
quality of enterprises within the construction industry determines the level of industry
competition. Management concepts, innovation levels of talent, and technological de-



A Study on the Competitiveness Level of the Construction Industry 1095

velopment levels constitute the determinant factors of enterprises. Only by continu-
ously improving the overall quality of internal enterprises can the comprehensive com-
petition level of the industry be truly enhanced.

3 EVALUATION SYSTEM FOR THE COMPETITION
LEVEL OF THE CONSTRUCTION INDUSTRY

3.1 Establishment of an evaluation index system

In order to accurately and clearly evaluate the competitive level of the construction
industry in different provinces and cities in China, it is necessary to establish a corre-
sponding evaluation index system. By combining the current development status of the
construction industry in various provinces and cities in China, referencing existing re-
search achievements in related fields, and following the principles of index system con-
struction, this study selects relevant data on the construction industry from the 2022
"China Statistical Yearbook." The study focuses on the 31 provinces and cities in China
as research objects, and constructs an evaluation system for the competitiveness level
of the construction industry in different regions using four systemic indicators and
twelve specific indicators, as detailed in Table 1. Overall, the competitiveness level of
the construction industry is mainly manifested in the following four aspects:

Firstly, scale competitiveness level: The size of the industry can reflect its develop-
ment status and overall strength. Based on historical data, the number of enterprises in
the industry, the number of employees in the industry, the value of technical equipment
in construction enterprises, and the annual output value of the construction industry can
roughly reflect the scale of the construction industry.

Secondly, efficiency competitiveness level: Efficiency refers to the actual opera-
tional level and profit-making ability of relevant enterprises in the industry. The total
asset value of the construction industry, labor productivity, and total profit obtained can
roughly reflect the overall efficiency level of the construction industry.

Thirdly, market competitiveness level: Market competitiveness refers to the compet-
itive ability of enterprises' construction projects in the construction marketl. The con-
struction area of buildings, completed building area, and total amount of contracted
engineering projects can roughly reflect the market competitiveness level.

At last, stakeholders' level: Stakeholders refer to entities related to construction, such
as survey and design units and construction units, whose operating income to a certain
extent reflects the competitive level of the construction industry!'?l.

Table 1. Comprehensive evaluation index system of competition level in the construction in-

dustry
T t
arge System layer Specific metrics substitutability
layer
Evalua- Scale competi- The number of enterprises Al

tion index tiveness level The number of employees A2
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of compe- The value of technical equip- A3
tition ment
level of The annual output value A4
construc-  Efficiency com- The total asset value, and B1
tion in- petitiveness Labor productivity B2
dustry level Total profit obtained B3
The construction area of build- c1
ings
Market t- O
. ér et compe Completed building area C2
itiveness level
Total amount of contracted en- C3
gineering projects
The operating income of the
. D1
Stakeholders' survey unit
level The operating income of the su- D2

pervision unit

3.2  Data processing

The text processes relevant data obtained from the statistical yearbook to obtain the
corresponding indicators required for the research. The factor analysis model used in
this paper is as follows:

Wi=yuFi+ yoF2+ yisF3 + .. yimFm+ zior Xpx )= Apxm Fmxn+ zp 1) @)

Where yij represents the factor loading, indicating the degree of dependency of Wi
on Fj, A is the factor loading matrix composed of yij, and zi is the special factor affect-
ing Wi. The scoring function for the i-th common factor is:

F=YbiWi(i=1,2, -**,p;j=1, 2, ***,m) 2)

Where bij represents the factors obtained in the matrix, Wi is the standardized indi-
cator data. The numerical value of Fi is directly reflected in the score of the i-th com-
mon factor.

In this study, factor analysis was employed to process the various indicators, and
further calculations were conducted using the standardized values. Factor analysis was
carried out using IBM SPSS Statistics 26 software to comprehensively evaluate the
level of competitiveness in the construction industry across 31 provincial-level admin-
istrative regions.

4 ANALYSIS RESULTS AND DISCUSSION

4.1 Scatter and Test of Correlation Matrix

Using factor analysis to standardize the 12 specific indicators under the 4 systemic in-
dicators of the evaluation object, the correlation matrix shown in Table 2 is calculated.
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Further, the relevant data is subjected to KMO test and Bartlett's sphericity test, with
the results presented in Table 3. In Table 3, the KMO value for the partial correlation
among variables in the correlation matrix is 0.793, the approximate chi-square value
for Bartlett's sphericity test is 722.118, and the associated probability is 0.000. There-
fore, the null hypothesis of variables being unrelated should be rejected, indicating that
the original variables are suitable for factor analysis!!!l. Factor analysis can be applied
to evaluate the competitiveness level of the construction industry in various prov-
inces!!?,

Table 2. Correlation coefficient matrix

Al A2 A3 A4 Bl B2 B3 Cl C2 C3 D1 D2

A 1.00 087 0.79 086 0.65 0 ;‘0 0.70 0.80 0.80 0.78 043 0.77
1 0 1 5 8 9 '3 9 6 8 8 7 7
A 087 1.00 0.88 093 0.60 0 ;‘9 0.80 093 094 079 042 0.81
2 1 0 3 9 4 .2 3 1 5 8 4 3
A 079 088 1.00 091 0.70 0 _27 083 091 091 082 0.55 0.68
3 5 3 0 7 2 .0 7 0 5 1 0 9
A 086 093 091 1.00 0.81 0 _27 091 096 096 094 0.65 0.85
4 8 9 7 0 7 .9 3 6 5 1 7 7
B 065 0.60 070 0.81 1.00 0 ;)0 086 0.76 0.68 091 0.88 0.79
1 9 4 2 7 0 .6 1 7 9 2 2 4
]; 040 049 027 027 0.00 1‘80 0.19 0.28 029 0.09 Ofl 0.25
3 2 0 9 6 2 5 8 6 8
B 070 0.80 083 091 0.86 0 _19 1.00 089 0.87 086 0.72 0.77
3 9 3 7 3 1 .2 0 2 3 3 1 1
C 080 093 091 096 0.76 0 -28 0.89 1.00 097 087 0.65 0.82
1 6 1 0 6 7 '5 2 0 5 7 1 7
C 080 094 091 096 0.68 0 _29 087 097 1.00 084 054 0.75
2 8 5 5 5 9 .8 3 5 0 8 0 2
C 078 0.79 082 094 0091 0 ;)9 086 0.87 0.84 1.00 0.79 0.88
3 8 8 1 1 2 .6 3 7 8 0 7 7

043 042 055 065 088 021 0.72 065 054 0.79 1.00 0.72

0.77 0.81 0.68 0.85 0.79 - 0.77 082 0.75 0.88 0.72 1.00
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7 3 9 7 4

0.25

1 7 2 7 3 0

Table 3. KMO test and Bartlett's sphericity test

The KMO value for the partial correlation among variables

. . . 0.793
in the correlation matrix
N The approximate chi-square 722118
Bartlett's sphericity test value
The degree of freedom 66

4.2  Calculate the eigenvalues and contribution rates of the correlation matrix

Following the principle of eigenvalues greater than 1, the factor analysis results in Ta-
ble 4 indicate that the 12 indicators can be categorized into 2 factors, with a cumulative
variance contribution rate of 88.833%. This effectively reflects the relevant information
of the specific indicators. In extracting common factors, the contribution rate of com-
ponents should reach 85%. Therefore, extracting two components for principal compo-

nent analysis is appropriatel'?].

Table 4. Total variance explained

Extract the sum of

Initial eigenvalues

squares of the load

Sum of squares of rota-
tional loads

Com-
po- Sum-  Vari- Accu- Sum-  Vari- Accu- Sum-  Vari- Accu-
mula- mula- mula-
nents  ma- ance tion ma- ance tion ma- ance tion
tion % o tion % o tion % o
F1 9.118 75982 75982 9.118 75982 75982 8.168 68.065 68.065
F2 1.542  12.850 88.833 1.542 12.850 88.833 2.492 20.767 88.833
F3 0.510 4.253  93.086
F4 0311 2.593  95.679
F5 0.205 1.712  97.391
Fo6 0.121  1.005  98.396
F7 0.079  0.662  99.059
F8 0.067 0.558  99.617
Fo 0.034 0.284  99.901
F10  0.007  0.059  99.960
F11  0.003 0.028  99.988
F12  0.001 0.012 100.000

4.3  Rotated factor loading matrix

Due to the lack of clarity in expressing the meaning of factors in the original factor
loading matrix, rotation is necessary to address this issue. By rotating the matrix, the
variables will exhibit higher loadings on common factors and significantly different
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loadings on other factors, thereby enhancing the clarity of the common factors' essence.
The resulting factor loading matrix is presented in Table 5.

From Table 5, it can be observed the computed rotated factor loading matrix. The
first factor F1 shows large loadings on all indicators, indicating that F1 can effectively
represent the competitiveness level in the construction industry. The second principal
component, F2, demonstrates significant loading on labor productivity (B2), suggesting
that F2 can represent the labor efficiency level in the construction sector.

Table 5. Component matrix after rotation

Components
Index
Fl1 F2
Al 0.718 0.544
A2 0.737 0.652
A3 0.811 0.431
A4 0.910 0.397
Bl 0.944 -0.066
B2 0.042 0.887
B3 0.904 0.230
Cl1 0.881 0.406
C2 0.827 0.477
C3 0.962 0.143
D1 0.891 -0.325
D2 0.856 0.255

4.4  Factor scores and analysis

Based on the explanation of total variance, the component score coefficients in Table 4
and standardized variable data are calculated to obtain different scores F for each factor
and rank them as shown in Table 6. The formula for calculating the composite score F
is shown in Equation (3):

F =0.681 X F1 + 0.208 X F2 3)

As shown in the calculation results in Table 6, Jiangsu ranks first as a strong province
in construction, with a composite score exceeding 2. Two southern provinces, Dong
and Zhejiang, rank second and third respectively. Following closely are the relatively
strong developing regions of Beijing, Hubei, and Shandong in recent years. Hainan,
Ningxia, and Tibet rank at the bottom three, possibly due to their relatively lagging
development in comparison. According to the calculations, among the 31 provinces and
municipalities, 12 regions have positive scores, indicating that the competitiveness of
the construction industry in these areas exceeds the average level. Most of these 12
regions are located in the southeast, while the remaining 19 regions have negative
scores and are mainly distributed in the central and western regions, showing regional
characteristics with a pattern of strong performance in the east and lagging behind in
the west.
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Furthermore, from the results above, it can be observed that Jiangsu and Guangdong
have significantly higher scores in the common factor F1 compared to other cities,
which is the advantage that secures their first and second rankings. Zhejiang, Beijing,
Hubei, Shandong, and Sichuan all have relatively high scores in F1, exceeding 0.5,
indicating their advantages in construction scale and strong economic development.
The cities ranking last, Hainan, Ningxia, and Tibet, have negative scores in F1 and
show a considerable gap compared to the scores of other provinces and cities. This may
be related to issues such as unreasonable industrial development structure, small market
size, and lower industrial competitiveness in these regions. In terms of F2 scores,
Jiangsu, Zhejiang, and Fujian stand out, indicating higher labor productivity in these
provinces, allowing for the rational arrangement of industrial structure and leveraging
labor advantages.

Table 6. Scores and rankings of the competition level factor of the construction industry in
China's 31 provincial-level administrative regions

Province F1 F2 F Ranking Province F1 F2 F Ranking
Jiangsu 2.667 2.366 2.310 1 Yunan -0.523  0.404  -0.270 17
Guangdong 1.726  -0.284 1.120 2 Shanxi -0.518 0293 -0.290 18
Zhejiang 1.158 1.438 1.090 3 Tianjin -0.387  -0.373  -0.340 19
Beijing 2.021 -2.587  0.840 4 Guangxi -0.542  0.018  -0.370 20
Hubei 1.417  -1.288  0.700 5 Liaoning -0.544  -0.110  -0.390 21
Shandong 0.917 0.022 0.630 6 Guizhou -0.561  -0.246  -0.430 22
Sichuan 0.656 0.862 0.630 7 Xinjiang -0.841 0.034  -0.570 23
Fujian 0.294 1.662 0.550 8 Gansu -0.914 0270  -0.570 24
Henan 0.217 0.919 0.340 9 Jilin -0.748  -0.313  -0.570 25
Hunan 0.147 0.571 0.220 10 Heilongjiang ~ -1.089  0.433  -0.650 26
Shanghai 0.993  -2278  0.200 11 Neimenggu -0.969  -0.076  -0.680 27
Anhui 0.194  -0.014  0.130 12 Qinghai -0.780  -1.008  -0.740 28
Shanxi -0.019  -0.298  -0.070 13 Hainan -0.839  -0.831  -0.740 29
Jiangxi -0.268 0209  -0.140 14 Ningxia -1.269 0562 -0.750 30
Chongging  -0.426  0.690  -0.150 15 Xizang -0.995  -0.409  -0.760 31

Hebei -0.174  -0.641  -0.250 16
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5 CONCLUSION

This study focuses on the construction industry of 31 different provinces and munici-
palities in China, applying factor analysis to analyze the factors that can influence the
competitiveness level of the construction industry. Subsequently, relevant data on the
construction industry from the "China Statistical Yearbook 2022" are selected, and fac-
tor analysis is conducted using IBM SPSS Statistics 26 to derive two main components.
The competitiveness scores and rankings of the 31 provinces and municipalities nation-
wide are then calculated. In general, the 31 provinces and municipalities in China can
be roughly classified into three categories. Spatially, provinces and municipalities with
higher levels of competitiveness in the construction industry are mostly located in the
developed eastern coastal regions of China, while provinces with relatively lower levels
of development in the construction industry are predominantly situated in the central
and western regions. The reasons for this phenomenon may be related to the varying
levels of development, technological advancement, policy support, and talent cultiva-
tion in different regions of China, all of which are factors that government decision-
makers should pay attention to. Efforts should be initiated at the regional government
level to enhance the competitiveness of the regional construction industry, emphasizing
the optimal allocation of resources in the construction sector to maintain large-scale
development. The quality of the workforce is a key factor influencing the competitive-
ness level of the construction industry. When recruiting employees, the construction
industry should focus on enhancing the quality of staff and actively utilize advanced
digital equipment to elevate the competitiveness of the local construction industry.
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