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With the growth and development of Construction 4.0, new technologies such as BIM, Big Data, and the Internet of �ings are
commonly used. �ese digital technologies play a critical role in fostering �rm innovation and also have a major impact on �rm
performance. Based on panel data of 33 listed construction �rms in China’s construction industry from 2015 to 2020, this paper
uses regression analysis and mediation analysis methods to empirically examine the relationship between Construction 4.0,
technological innovation capabilities, and �rm performance. �e results demonstrate that Construction 4.0 has a signi�cant
positive promotional e�ect on the �rm performance, while technological innovation capabilities mediate between Construction
4.0 and the �rm performance. Based on these �ndings, it is suggested that construction �rms should pay attention to the new
technologies brought by Construction 4.0, increase investment in research and development, actively cultivate technological
innovation capabilities, and build technological innovation networks, so as to promote digital transformation of
construction �rms.

1. Introduction

�e construction industry is a pillar industry in China and
plays an important strategic role in supporting the national
economy [1]. During the “13th Five-Year Plan” period, the
total output value of China’s construction industry has
grown steadily at a rate of 10%, reaching 29.3 trillion yuan by
2021. Although the construction industry has a high total
output value and added value [2], the industry still faces
many challenges, including low productivity, poor industry
image, low predictability, lack of investment in R&D and
innovation, structural fragmentation, and poor technolog-
ical progress [3, 4]. Since its inception, the construction
industry has sought ways to reduce costs, increase e�ciency,
enhance visualization, strive to shorten delivery times, im-
prove data sharing, reduce construction waste, increase

productivity and sustainable performance, improve safety,
and improve quality [5]. New technologies brought about by
Industry 4.0 o�er this possibility [6]. �erefore, it is nec-
essary to carry out technological innovation to e�ectively
manage construction projects, improve productivity, and
promote construction industrialization and industrial
modernization [1].

�e fourth industrial revolution, characterized by the
convergence of emerging technologies, is rapidly changing
the industrial environment [7]. Industry 4.0 aims to combine
multiple technologies for mutual bene�ts, enabling re-
sponsiveness and improving the quality of production
systems [8]. �e concept is broad and considers many as-
pects of interdisciplinary technology and collaboration,
which are essential for continuous automation through
disparate processes [9]. Various digital technologies have
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also improved the quality and productivity of the
manufacturing industry, causing the manufacturing in-
dustry to undergo fundamental process changes [10]. In-
dustry 4.0 has become an important way for firms to gain the
advantage of sustainable development [8]. With the advent
of Industry 4.0, the forces of globalization and digitalization
are driving the construction industry to advance the process
of digitalization to improve the efficiency of the industry
[11]. Advances in new technologies in recent decades have
led to a new concept proposed in Germany in 2016, Con-
struction 4.0 [12]. Construction 4.0, by integrating emerging
technologies such as Building Information Modeling (BIM),
Augmented Reality (AR), Virtual Reality (VR), Internet of
(ings (IoT), blockchain technology, etc. [7], penetrates into
all stages of the building life cycle and plays an important
role [13]. (ese emerging technologies can bring economic
benefits, increase efficiency, productivity, quality, and col-
laboration, help improve sustainability and safety, and re-
store the bad image of the construction industry [14]. For
example, BIM can increase cooperation between different
project stakeholder groups, providing tools for transfor-
mation and improvement of project performance and
productivity [15]. Artificial Intelligence offers great potential
for greatly improving efficiency by quickly and accurately
analyzing large data volumes [5].(e implementation of IoT
can improve transparency and traceability [16], thereby
reducing costs, reducing waste [8], and improving con-
struction safety and productivity [17]. (e use of smart
construction sites can save costs and time and improve the
productivity and safety of construction projects [6]. Energy-
saving technologies help to build a more sustainable in-
dustrial structure to promote technological innovation [18].
(rough the effective use of blockchain technology, trans-
action costs can be significantly reduced while greatly im-
proving security [7]. 3D printing and autonomous robots
promise to reduce the risks that workers encounter in
construction projects [19], reduce labor and material costs,
increase productivity, and even create more jobs [20]. AR
and VR help to improve communication and collaboration,
improve project understanding, increase productivity, re-
duce project expenses, and facilitate the adoption of other
emerging digital technologies [21]. While improving safety,
big data are expected to improve productivity and shorten
construction duration and cost [22].

Construction 4.0 has continued to grow rapidly over the
past few years and represents one of the fundamental themes
of our current digital age. Existing research on the rela-
tionship between digital technology and firm performance is
still controversial, and some scholars believe that digital
technology actively promotes firm development. For ex-
ample, digital transformation can significantly improve the
information processing capability of firms, promote the flow
and sharing of information and knowledge elements within
the firm [23], alleviate the problem of information asym-
metry [24], and reduce the search, development, production,
operation, maintenance, management, and governance costs
[25–27], improve the technological innovation capability of
firms [28], promote the optimization and upgrading of
organizational structure and production and operation

process optimization [29], and promote business model
innovation [30]. On the other hand, the view that the ap-
plication of digital technology can directly promote firm
performance has been questioned by some researchers [31].
Li and Jia [32] believe that the use of information technology
alone cannot affect the change of firm performance, but the
support of information technology can only be played
through the arrangement of resources. Jiang et al. [33]
analyzed the impact of digital transformation on firm in-
novation and believed that the process of digital transfor-
mation will generate a large learning cost, which may be the
reason that hinders the positive effect of digital advantages.
Qi and Cai [34] also believe that a large number of derived
management costs are generated in the process of firm
digital transformation, which will seriously weaken its effect
on firm performance. Hajli et al. [35] analyzed the influence
of firm heterogeneity on this promotion and found that the
level of digitalization can only improve the operation level of
those firms that are more dependent on digital technology,
such as information and communication industry and
software and Internet firms. However, the impact on tra-
ditional manufacturing and real estate has not shown a
promotion effect. Usai et al. [36] argued that digital capa-
bilities have little or no impact on firm performance and
point out that firms’ innovation performance is not the
result of digital capabilities, but the result of creativity and
continuous efforts in R&D activities. (is suggests that
digital capabilities alone are not sufficient to achieve suc-
cessful innovation performance [37]. Digital technologymay
have an indirect impact on firm innovation performance
through other influences on other variables [36]. Although
digital technology can promote firm performance, if firms
want to make full use of digital technology in the innovation
process, they need to have sufficient technological innova-
tion capabilities to integrate and mobilize human and
technological advantages to speed up the innovation process
[38].

(rough literature review, it was found that, research on
Construction 4.0 is mainly conducted at the conceptual level,
focusing on new applications of existing technologies [9],
and few scholars empirically study the impact of the
implementation of Construction 4.0 on firm performance.
Although experience in other industries suggests that these
benefits are achievable, there is no conclusive evidence of
these benefits in construction [21]. It is therefore necessary
to identify potential benefits to incentivize the construction
industry to apply new technologies [39] and to enhance the
technology’s reputation [21]. From the perspective of
technological innovation capability, this paper analyzes the
direct impact of Construction 4.0 on firm performance, and
on this basis, with technological innovation capability as an
intermediary, it continues to explore the internal mechanism
of the connection between Construction 4.0 and firm per-
formance. (e possible main contributions of this paper are
as follows: First, referring to the text mining method in
economic research, using the frequency of relevant keywords
to construct relevant indicators, it solves the difficult
problem of quantitative measurement of Construction 4.0,
and by exploring the mediating role of technological
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innovation capability, it makes up for the existing insuffi-
cient research on the internal mechanism of the link between
Construction 4.0 and firm performance in the study. Second,
from the macroscopic to the microscopic research per-
spective, the empirical model is used to verify the impact of
Construction 4.0 on firm performance, which enriches the
research on the implementation effect of Construction 4.0.
(e conclusions of this study provide empirical evidence and
policy support for the continuous deepening of digital
transformation of Chinese firms, which can promote the
digital transformation of construction firms, strengthen
technological innovation, and create new development
momentum.

2. Theoretical Background and Assumptions

2.1. Implication of Construction 4.0 on Firm Performance.
(e “Digital Architecture? White Paper 2021” pointed out
that the so-called Construction 4.0 is based on the concept of
Digital Twins and comprehensively uses cutting-edge
technologies such as 5G, BIM, Internet of (ings, and
blockchain to realize all participants and all elements, and
the whole process is intelligent and digitized, so as to build a
new platform ecological system for industries, firms, and
projects. Construction 4.0 represents the exploration of new
technologies in the construction industry, equivalent to
Industry 4.0 in manufacturing [9]. In recent years, Con-
struction 4.0 has had a huge impact on global construction
activities [40], and the global construction industry has
begun to adopt digital technologies to improve operations
and productivity [19]. Technological advances brought
about by Construction 4.0 can provide solutions to many
problems in current architecture and have played an im-
portant role in architecture [41]. In almost every area of
project management, Construction 4.0 can bring enormous
benefits, including time savings, cost savings, improved
quality and collaboration, and enhanced safety and sus-
tainability [42]. Construction 4.0 is not only a traditional
building upgraded through technological innovation, but
also a new way of perceiving and understanding architecture
through innovation and increased productivity [14].

2021 is the first year of the “14th Five-Year Plan.” With
the vigorous promotion of new infrastructure construction
and urban new infrastructure construction, digital tech-
nology represented by BIM is effectively transforming the
development model of the construction industry and pro-
moting the development of intelligent buildings, to help the
entire industry accelerate digital transformation. Digital
transformation refers to the process in which firms use
various digital technologies in business models and strategic
thinking to achieve firm reform in order to improve their
performance and competitiveness during innovation
[33, 43, 44]. (is has changed the organizational model,
strategic flexibility, and business development model of the
firm, which has a positive impact on the operational per-
formance of the firm [45]. Chen et al. [46] believe that the
unique rhythm and trajectory of digital technology will
enable firms to carry out innovative transformation be-
haviors, thereby improving economic performance. Fan and

Liu [47] concluded through empirical research that digital
transformation of firms can significantly improve the firm’s
operating performance. Liu [48] also found that the digital
transformation of firms can improve the production effi-
ciency of firms and promote the realization of high-quality
development of firms. Ren and Meng [45] pointed out that
the diversified value creation method endowed by digital
transformation has an efficient way of realizing it, which has
opened up more channels for firms to improve performance
and benefits. (e resource-based theory assumes that re-
source differences between organizations are the root cause
of firm performance gaps. Resource constraints have always
been an important problem that competitive firms try to
solve. (e digital embedding helps firms to break down the
barriers of physical resources and effectively alleviate the
problem of resource constraints [49]. Digital transformation
provides an effective transformation and upgrading idea for
firms to improve their own resources and capabilities and to
amplify their potential with the help of external entities and
promote the realization of high-quality development of
firms [45]. Consequently, we propose the following
hypothesis.

Hypothesis 1. Construction 4.0 is positively correlated with
firm performance.

2.2. Implication of Construction 4.0 on Technological Inno-
vation Capability. Technological innovation capability re-
fers to a firm’s ability to develop new products and services
by integrating its strategy with innovation processes [50].
(ese capabilities include the knowledge and skills to ac-
quire, use, absorb, adapt, improve, and generate new
technologies [51], contribute to the development of new
products and technologies, improve manufacturing pro-
cesses and quality control skills, and predict technological
changes in the industry [52]. Technological innovation ca-
pability has long been regarded as the backbone of economic
growth and the main source of a firm’s competitive ad-
vantage [53]. Technological innovation has a large enough
potential to achieve firm change [54].

All along, various digital technologies have promoted
firm innovation [55]. (e application of digital technology
promotes the improvement of the firm automation level,
business process improvement, and cost saving [56], helps
firms to realize the complementary of innovation network,
promotes the exchange and sharing of digital knowledge and
technology [57], and stimulates the spirit of firm innovation
[58], which strengthens the firm’s ability to integrate internal
and external information and its sensitivity to forward-
looking technologies and minimize innovation risks [59].
Liu et al. [60] pointed out that firm digitization can reduce
the coupling loss of resources in the process of technological
innovation, alleviate resource misallocation, improve in-
ternal synergy, reduce innovation costs, and provide nec-
essary conditions for the improvement of technological
innovation capabilities of firms and found that the level of
firm digitization has improved 1% which can promote
technological innovation capability by 18.29%. Xu [61]
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pointed out that, in the process of digital empowerment,
firms will reconstruct their original organizational capa-
bilities, accelerate the application and integration of digital
technologies in innovation activities, and form organiza-
tional dual capabilities for exploration and utilization in the
field of R&D innovation, thereby enhancing the techno-
logical innovation capabilities of firms.

During the “14th Five-Year Plan” period, the dependence
of social and economic development on scientific and tech-
nological innovation has gradually deepened. In the digital
economy era, digital technologymeans and abundant big data
resources will play a supporting role while firms optimize
their technological innovation models [62]. (e development
of various digital technologies promotes the development of
innovation and improves the efficiency of firms. In order to
improve value production and business model innovation,
digital technologies are applied in all aspects of business
management, which innovate willing power [55]. Conse-
quently, we propose the following hypothesis.

Hypothesis 2. Construction 4.0 is positively correlated with
technological innovation capability.

2.3. Implication of Technological Innovation Capability on
Firm Performance. Under the current international market
situation and domestic economic conditions, in order to
promote long-term development, firms often turn their
development models into innovation-driven ones. In this
process, people pay more and more attention to the ability of
technological innovation. (e research on the impact of
technological innovation capability on firm performance has
long been concerned with the industry and academia, and
the research content is also deepening. However, the pre-
vious research was more on all listed firms or technology-
intensive industries and fast-growing manufacturing in-
dustries. (e research on the construction industry is rare.
(rough theoretical analysis and empirical research, most
scholars have come to the conclusion that technological
innovation capability can positively promote the growth of
firm performance and financial performance [63–66].
Murphy and Schlegelmilch [67] showed through research
that the higher the investment in technological innovation in
the US manufacturing industry, the better the firm per-
formance. Liu and Yang [68] used the data of 2956 firms as a
research sample and concluded that the R&D investment
and the number of patents of listed firms have a positive
effect on improving corporate performance. Shan eta l. [69]
took China’s small- and medium-sized board listed firms as
the research object, studied the impact of technological
innovation on firm performance, and found that techno-
logical innovation had a significant positive effect on firm
performance. Schumpeter’s innovation theory believes that
only technology and knowledge innovation can promote
firms to obtain competitive advantages, and new technol-
ogies and new products can also be used as heterogeneous
resources to improve firms’ market competitiveness and
ultimately improve performance [70]. Li and Chen [71]
pointed out that the dynamic ability of technological

innovation can effectively reduce production costs, improve
production efficiency, improve product performance and
environmental adaptability, etc., and make it possible to
improve the core competitiveness, market share, and op-
erating efficiency of firms, thereby promoting the im-
provement of firm performance. Firms with high
technological innovation capabilities can achieve impressive
results. Organizations with high levels of innovation tend to
improve organizational performance faster than those with
no innovation activities [72]. In contrast, the construction
industry has received less attention in this area. According to
research by Lee et al. [73], investment in technological in-
novation is a long-term process, and technological inno-
vation improves firm performance by increasing contractor
productivity and quality levels. Consequently, we propose
the following hypothesis.

Hypothesis 3. (ere is a positive correlation between
technological innovation capability and firm performance.

To sum up, Construction 4.0 can improve the techno-
logical innovation capability of firms, which in turn im-
proves firm performance. Technological innovation
capability plays a positive mediating role in firm perfor-
mance promotion during Construction 4.0. Consequently,
we propose the following hypothesis.

Hypothesis 4. In the process of Construction 4.0 to promote
firm performance, technological innovation capability plays
a positive mediating role.

3. Research Design

3.1. Sample and Data Collection. (is paper takes 33 listed
construction firms in China as the research object. Because
the first article mentioning Construction 4.0 was published
by Li and Shi [74] in 2015, the research time frame of this
paper is 2015–2020. (e relevant data to measure Con-
struction 4.0 comes from the annual reports of listed firms.
Relevant financial indicators come from the CSMAR da-
tabase, and the annual reports of listed firms are obtained
from http://www.cninfo.com.cn. In order to ensure the
accuracy of the empirical test, some samples with partial
missing data were eliminated, and 168 observation samples
were obtained in the end. Data processing and analysis are
mainly with the help of SPSS 23 and STATA 15.

3.2. Variable Definition

3.2.1. Dependent Variable. (is paper chooses return on
equity (ROE) to reflect the level of firm performance. It is a
highly representative and comprehensive financial indicator
to represent the financial efficiency and solvency of a firm.

3.2.2. Independent Variable. At present, the measurement of
firm Construction 4.0 level has yet to be developed. (is
study collects information related to Construction 4.0 in the
annual reports of listed firms. If the target keyword appears
more frequently, it indicates that the target firm is more
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concerned about the key technology represented by the vo-
cabulary [75]. Based on a review of existing research on
Construction 4.0 by sorting out and summarizing the relevant
literature of Construction 4.0, the keywords involved in
Construction 4.0 include “Digital,” “Intelligent,” “BIM,” “Big
Data,” “Internet,” “5G,” “Internet of (ings,” “Blockchain,”
“AI,” “AR,” “VR,” “3D printing,” “digital transformation,”
“smart construction,” “industrial Internet,” “artificial intelli-
gence,” “cloud computing,” and “smart construction site.”

(is study uses the ratio of the frequency of keywords in
the current year to the total frequency of keywords of all
firms in this year as a measure [45].(e specific calculation is
as formula (1). Among them, keywordi, t represents the
frequency of the keywords of the i-th firm in the t-th year,
and totalkeywordt represents the total frequency of the
keywords of all firms. After the above calculations, the value
range of Construction 4.0 is between 0 and 1, and firms with
a value of 0 hardly use Construction 4.0.

C4i,j �
keywordi,t

total keywordt

. (1)

3.2.3. Mediating Variable. In order to comprehensively
evaluate the technological innovation ability, this study adopts
the comprehensive index evaluation method, selects the
technical ratio of R&D personnel, the proportion of em-
ployees with a bachelor’s degree or above, the number of
patents in the current year, and the R&D investment intensity
to measure the technological innovation capability of firms,
and uses the principal component analysismethod to calculate
the composite score of the technological innovation capability
of construction firms.(e comprehensivemeasurement index
of technological innovation capability is shown in Table 1.

First, the kmo and Bartlett tests were performed on the
sample data, where the p value of the Bartlett test was 0.000,
the chi-square value was 82.43, and the kmo value was 0.597,
which was greater than 0.5. In line with the conditions of
factor analysis; this study uses principal component analysis
to extract common factors whose eigenvalues are greater than
1. (e results show that the cumulative contribution rate of
the first two principal component factors has reached 71.34%,
retaining most of the information, so the first two factors are
retained. (en, based on the scoring coefficients of the two
factors, the following molecular scoring function is derived:

F1 � 0.353X1 + 0.447X2 + 0.251X3 + 0.401X4,

F2 � −0.546X1 + 0.124X2 + 0.795X3 − 0.156X4.
(2)

Finally, according to the variance contribution of the two
principal components, the comprehensive score of tech-
nological innovation capability is calculated as follows:

F � 0.639F1 + 0.361F2. (3)

In order to exclude the influence of other factors, this
paper controls the firm’s age (Age), management expense
contribution (Cme), asset-liability ratio (Lev), and total asset
turnover (Ttc).

(e specific variable definitions are shown in Table 2.

3.3. Model Settings. In order to analyze the influence be-
tween Construction 4.0, technological innovation capability,
and firm performance, this paper draws on the study of the
mediation model by Wen et al. [76] and establishes the
following model to test this hypothesis:

ROE � α1C4 + α2Age + α3Lev + α4Cme + α5Ttc + ε, (4)

Inf � β1C4 + β2Age + β3Lev + β4Cme + β5Ttc + ε, (5)

ROE � Y1C4 +Y2Inf +Y2Age +Y4Lev +Y5Cme +Y6Ttc +ε.
(6)

4. Results

4.1. Descriptive Statistics. As shown in Table 3, the maxi-
mum value of firm performance is 26.40, the minimum value
is −4.260, and the average value is 8.649. (e average per-
formance level of construction firms is relatively high, and
the differences between different construction firms are
obvious. (e maximum value of the technological innova-
tion capability is as high as 3.759, the minimum value is only
−1.004, and the average value is 0. It shows that there is a big
difference in the level of technological innovation capability
of construction firms. (e maximum value of Construction
4.0 is 0.194, the minimum value is 0, the mean value is 0.031,
and the value of some firms is 0, indicating that digital
construction technology is hardly used. Large max-min gap
and variance of control variables such as Lev and Cme have a
significant impact on dependent variables.

4.2. Correlation Analysis. Table 4 shows the results of the
Person correlation test in the model. Both Construction 4.0
and technological innovation capability have a significant
positive correlation with firm performance, meaning hy-
pothesis H1 and hypothesis H3 are verified. (ere is also a
significant positive correlation between Construction 4.0

Table 1: Selection of technical innovation capability indicators.

Indicators Indicator composition
R&D personnel technical ratio Total number of technicians/total number of employees
(e proportion of employees with a bachelor’s degree or
above

Total number of employees with bachelor degree or above/total number of
employees

Number of patents in the current year Number of patents in the current year
R&D investment intensity R&D investment/main business income
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and technological innovation capability, where hypothesis
H2 is verified. Among the control variables, Cme and Age
have no significant correlation with other variables, indi-
cating that Age and Cme of construction firms are not the
key factors affecting performance and innovation, while Lev
and Ttc have significant correlation with most other vari-
ables, which are more suitable as a control variable.

4.3. Regression Analysis. Regression analysis was used to
verify the relationship between the hypothesis of Con-
struction 4.0, technological innovation capability, and firm
performance.(e results are shown in Table 5. Model 1 is the
relationship between Construction 4.0 and firm perfor-
mance. (e regression results show that Construction 4.0 is
significantly positively related to firm performance. (is
shows that the firm application of Construction 4.0 tech-
nologies can achieve higher firm performance, which verifies
hypothesis H1. From the results of Model 2, it can be seen
that the impact of Construction 4.0 on technological in-
novation capability is significantly positive at the 1% level.
(is shows that Construction 4.0 has a significant role in
promoting technological innovation which verifies hy-
pothesis H2. Model 3 is the relationship between Con-
struction 4.0, technological innovation capability, and firm

performance. It can be seen that technological innovation
capability is significantly positively correlated with firm
performance, which verifies hypothesis H3. Combining
Models 1, 2, and 3, the conclusion is that technological
innovation capability has an intermediary role while ap-
plying Construction 4.0 to promote firm performance.
Hypothesis H4 is verified.

4.4. Robustness Test. In order to test the robustness, the
return on total assets in this paper is a surrogate variable. As
the regression results in Table 6, besides the coefficient
change, there is still a significant positive correlation between
the main indicators, which is not much different from the
previous results. It can be concluded that the research model
and conclusions selected in this paper have certain robustness.

5. Discussions

(e conclusions of this paper are as follows: First, there is a
significant positive correlation between the level of Con-
struction 4.0 and firm performance. (is result shows that
firms that apply Construction 4.0 technologies tend to achieve
higher firm performance. Results are similar to the studies of
Garćıa de Soto et al. [77] and Ghaffar et al. [78]; Construction

Table 2: Definition of variables.

Variables Variable
symbol Description

Dependent variable Firm performance ROE Return on equity
Independent variable Construction 4.0 C4 Sourced from text mining
Mediating variable Technological innovation capability Inf Index of technological innovation capability

Control variables

Company age Age (e natural logarithm of the year the company was
founded

Debt asset ratio Lev Total liabilities/total assets
Contribution of management expenses Cme Main business income/administrative expenses

Total assets turnover Ttc Net profit/total average assets

Table 3: Descriptive statistics.

Variable N Mean Median Standard deviation Min Max
ROE 168 8.649 8.925 4.615 −4.260 26.40
C4 168 0.031 0.019 0.035 0 0.194
Inf 168 0.000 −0.158 0.734 −1.004 3.759
Age 168 2.995 3.091 0.347 1.946 3.664
Lev 168 74.126 76.935 11.547 41.28 92.22
Cme 168 38.98 33.92 47.49 2.539 606.4
Ttc 168 0.559 0.527 0.223 0.177 1.222

Table 4: Correlation analysis.

ROE C4 Inf Age Lev Cme Ttc
ROE 1
C4 0.301∗∗∗ 1
Inf 0.390∗∗∗ 0.286∗∗∗ 1
Age −0.065 0.075 −0.104 1
Lev 0.232∗∗∗ 0.008 0.014 -0.155∗∗ 1
Cme 0.089 −0.061 0.028 0.064 −0.001 1
Ttc 0.433∗∗∗ 0.067 0.262∗∗∗ −0.255∗∗∗ 0.346∗∗∗ 0.098 1
Note: ∗p< 0.10; ∗∗p< 0.05; and ∗∗∗p< 0.01.
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4.0 enables construction firms to improve productivity, re-
duce project delays and cost overruns, and improve safety,
quality, and resource efficiency, leading to better firm per-
formance. Different from the research results of Hajli et al.
[35], the possible reason is that the digitalization process of
China firms is advancing rapidly [79], and they have tasted the
digital dividend in the development of the digital economy
[80]. In addition, technical capabilities complement digital
capabilities, which further promotes the positive impact of
Construction 4.0 on firm performance [37]. Second, there is a
significant positive correlation between technological inno-
vation capability and firm performance, which is similar to
the studies of Liu and Cheng [81] and Lu and Zhang [82],
indicating that firms with a high level of technological in-
novation aremore likely to achieve considerable performance.

(ird, there is a significant positive correlation between
Construction 4.0 and technological innovation capabilities.
(e results are consistent with Liu et al. [60] and Xu [61].
Firms applying Construction 4.0 can better engage in social
interaction, knowledge sharing, and coordinated practice with
stakeholders, thereby promoting their technological inno-
vation capabilities. Fourth, in the process of Construction 4.0
to promote firm performance, technological innovation ca-
pability plays a positive mediating role.(is is consistent with
Khin and Ho [38] view that if a firm wants to make full use of
digital technology, it is inseparable from the technological
innovation capability to integrate and mobilize human and
technological advantages.

6. Conclusions

(e “14th Five-Year Plan” proposes that China should
promote the digital transformation of its industries, so the
current construction industry needs an urgent transfor-
mation, to focus on quality and efficiency instead of scale
and speed. For some time to come, digital technology will be
a new driving force of construction industry development,
which pushes the transformation of construction models
and the development of engineering technology. (is
Construction 4.0 model will change the construction in-
dustry, improve the productivity of construction firms, and
promote the construction industry to adapt to innovation.
(e innovation capability based on the digital construction
model will be the core competitiveness of the construction
industry. Based on a microscopic perspective, this study
takes 2015–2020 listed firms in China’s construction in-
dustry as a research sample and uses the mediation effect test
to empirically discuss the impact of Construction 4.0 on firm
performance and its mechanism. (e research results show
that Construction 4.0 can help improve firm performance.
Secondly, the implementation of Construction 4.0 has a
significant promoting effect on strengthening technological
innovation capability, and technological innovation capa-
bility plays a positive intermediary role in the process of
Construction 4.0 improving firm performance. (e con-
clusions of this paper have certain practical implications for
construction firms to promote Construction 4.0 and en-
courage construction firms to achieve high-quality devel-
opment [3, 4, 25, 27, 43, 44, 63, 66, 79].

7. Theoretical and Practical Implications

7.1. 3eoretical Implications. Construction 4.0 is an inevi-
table direction for the future development of firms, and the
importance of research on the mechanism of construction
firms cannot be ignored. (e theoretical implications of this
paper are as follows: First, the current research on the impact
of Construction 4.0 on the performance of construction
firms is only at the level of results, lacking the exploration of
the internal mechanism. Referring to the text mining
method in economic research, this paper uses the frequency
of keywords to construct relevant indicators and solves the
problem of quantitative measurement of Construction 4.0.
By exploring the mediating role of technological innovation

Table 5: Regression analysis results.

Model 1 Model 2 Model 3
ROE Inf ROE

C4 36.859∗∗∗ 5.920∗∗∗ 27.630∗∗∗
(−3.95) (−3.28) (−2.81)

Inf 1.559∗∗∗
(−3.99)

Age 0.314 −0.165 0.571
(−0.41) (−0.80) (−0.83)

Lev 0.036 −0.006 0.046
(−1.24) (−1.47) (−1.61)

Cme 0.005 0.001 0.004
(−0.95) (−1.36 (−0.81)

Ttc 7.936∗∗∗ 0.829∗∗∗ 6.643∗∗∗
(−4.36) (−3.00) (−3.78)

Constant −0.77 0.27 −1.191
(−0.23) −0.35 (−0.38)

N 168 168 168
R 2 0.273 0.154 0.325
F 10.79 5.602 15.81
Note. T statistic in parentheses.

Table 6: Regression analysis results.

Model 1 Model 2 Model 3
ROA Inf ROA

C4 11.616∗∗∗ 5.920∗∗∗ 9.586∗∗∗
(4.03) (3.82) (3.24)

Inf 0.343∗∗
(2.39)

Age 0.138 −0.165 0.195
(0.46) (−1.03) (0.66)

Lev −0.059∗∗∗ −0.006 0.057∗∗∗
(−6.39) (−1.22) (−6.22)

Cme 0.001 0.001 0.001
(0.64) (0.58) (0.54)

Ttc 1.885∗∗∗ 0.829∗∗∗ 1.601∗∗∗
(3.89) (3.18) (3.25)

Constant 4.488∗∗∗ 0.270 4.395∗∗∗
(3.78) (0.42) (3.75)

N 168 168 168
R 2 0.283 0.154 0.307
F 12.77 5.888 11.90
Note. T statistic in parentheses.

Mathematical Problems in Engineering 7



capability, it makes up for the lack of research on the internal
mechanism of the connection between Construction 4.0 and
firm performance in existing research.

Second, research onConstruction 4.0 ismainly conducted at
the conceptual level, focusing on new applications of existing
technologies, lacking empirical evidence to bridge the theoretical
gap between existing literature and practical issues. (erefore,
this paper changes the research perspective frommacro tomicro
and uses an empirical model to verify the impact of Con-
struction 4.0 on firm performance, which enriches the research
on the implementation effect of Construction 4.0.

7.2. Practical Implications. (is study provides the following
implications for managers of listed construction firms on
digital construction and technological innovation to im-
prove firm performance: First, pay attention to digital
construction and actively develop new technologies. Con-
struction 4.0 has great potential to improve productivity and
profit margins. Firms should increase the integration of new
technologies such as BIM, big data, blockchain, 5G, cloud
computing, and the Internet of (ings in the whole process
of construction and transform the production methods of
construction firms, adjust and optimize the industrial
structure, and accelerate the digital transformation of firms.

Second, integrate and coordinate the construction in-
dustry value chain and build a technological innovation
network. Firms should integrate and coordinate two or more
members, such as the construction party, the designer, and
the operator, to jointly carry out collaborative innovation of
the construction supply chain and to share knowledge, plan,
and implementing together in the research and development
work. Firms should actively participate in innovation ac-
tivities, learn from each other with firms in the construction
supply chain, discover new opportunities and acquire new
knowledge in the process of learning, and realize knowledge
integration and reorganization through mutual exchange to
solve important problems and problems in construction
projects.

(ird, increase investment in R&D and maintain high-
level innovation. Firms should attach importance to the
cultivation and improvement of technological innovation
capabilities, increase the level of R&D investment, and
cooperate with universities and relevant talents in the field of
digital technology to enhance scientific research strength,
strengthen scientific research teams, and accelerate the speed
of digital innovation.

Fourth, improve the digital transformation policy system
of construction firms. (e government should fully consider
the production characteristics and development needs of
construction firms, formulate digital policies and precise
digital solutions unique to the construction industry, and
promote digital transformation of construction firms.

8. Limitations and Future Research Directions

8.1. Limitations. Although the hypothesis proposed in this
study has been verified, there are still some limitations due to
the research conditions. First, the framework is based on

Chinese conditions, only Chinese construction firms are
studied, and the sample size is small. Due to the different
structure, dynamics, market, stakeholders, firms, customers,
labor force, etc. of the construction industry in different re-
gions, the results given in this study may not be fully gener-
alizable to other regions, which may be different from other
developed countries. Future research could use data from other
emerging markets to test the generalizability of our results.

Second, this study uses patents and R&D expenses as
part of the measurement of technological innovation ca-
pabilities. Some small- and medium-sized firms do not have
invention patents and R&D expenses or do not disclose
relevant information, which may bias the results.

(ird, the impact of Construction 4.0 on firm perfor-
mance may have multiple paths, and this study only con-
firms that technological innovation capability plays a partial
mediating role in the relationship between Construction 4.0
and firm performance.

8.2. Future Research Directions. In the past, the research on
digital transformation has mostly started from the per-
spective of technology, thinking that digital transformation
is the application of digital technology in the production and
operation of firms, and the definition of digital transfor-
mation is also defined around digital technology [83]. In
recent years, with the advancement of digital technology and
the continuous deepening of the degree of integration with
the real economy, the research on digital transformation not
only is limited to digital technology but also has begun to
look at the digital transformation from the perspective of
organizational change [84].(e concepts of Industry 4.0 and
Construction 4.0 involve not only new technologies but also
organization, management, and process aspects [85]. Al-
though the research on Construction 4.0 mainly focuses on
technology, technology alone cannot solve all challenges,
management also plays a key role [86], and firms should
consider both social and technological factors [87]. Industry
4.0 brings new business models [88], so future research can
incorporate management innovation capabilities, business
models, organizational innovation, management structure,
corporate culture, etc. into the influencing factors to help
firms carry out digital transformation.

Second, the construction industry in most developing
countries of the world is flooded with small- and medium-
sized firms [89]. Small- and medium-sized firms lack the
financial and technical capabilities for digital transformation
[20], invest relatively little in emerging technologies [17],
and have almost no R&D investment and patents, making it
difficult to measure their technological innovation capa-
bilities. (erefore, future research can develop a new
measurement system to evaluate the technological innova-
tion capability of small- and medium-sized firms to expand
the research scope and draw more reliable conclusions.

(ird, our findings demonstrate that the use of Con-
struction 4.0 technologies positively promotes firm per-
formance.(e previous literature is mostly about the specific
application of new technologies in the construction industry,
and few scholars consider the potential synergistic effects of
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these technologies [9]. Compared with the separate appli-
cation of new technologies, the integration of multiple
technologies will bring more potential benefits and op-
portunities [14]. (erefore, it is imperative to explore the
synergies of Construction 4.0 technologies in construction
projects to optimize and address future environmental
challenges [9]. In addition, other emerging technologies may
also have a beneficial impact on the construction industry.
Quantum computing is a quantum-mechanical-based
technology capable of rapidly solving complex computations
while processing and transmitting information [90]. A
growing number of other industries and sectors have re-
cently recognized its potential for practical application [91].
For example, quantum computing applications in sectors
such as healthcare, finance, and energy have the potential to
increase the efficiency and effectiveness of business processes
[92]. (e mixed use of quantum computing and blockchain
technology has the potential to improve information privacy
and security [93], and it has important advantages in
technological transformation in the corporate world [94].
(erefore, scholars can study the specific application of
other emerging technologies such as quantum computing in
the construction industry to promote the digital transfor-
mation of construction firms.
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