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Predicting the factors influencing construction
enterprises’ adoption of green development
behaviors using artificial neural network
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The construction industry occupies a high proportion of the global economy. However, with

the energy consumption of construction enterprises, it still brings a series of serious

environmental problems. Construction enterprises should take active green development

behavior to respond. Based on enterprises’ green development behavior, this paper

explores the influencing factors of green development behavior adopted by construction

enterprises in China. Through literature analysis, this paper identifies that construction

enterprises’ adoption of green development behaviors is influenced by technological,

organizational and environmental factors. Then this paper constructs an index system of

the influencing factors of green development behaviors adopted by enterprises. According

to the data of construction enterprises from 2000 to 2020 of National Bureau of Statistics,

an artificial neural network is used to construct the prediction model of influencing factors

of green development behavior adopted by construction enterprises. The conclusions are as

follows. (1) Construction enterprises’ adoption of green development behavior shows an

upward trend over time. (2) Market share of construction enterprises is the most important

factor to promote construction enterprises’ adoption of green development behavior. (3)

The prediction model of influencing factors constructed in this paper is verified to be

effective by the technology-organization-environment framework. This paper provides a

reference for construction enterprises and the government to promote enterprises to adopt

green development behavior, which is beneficial for construction enterprises to achieve

green development faster.

https://doi.org/10.1057/s41599-022-01253-x OPEN

1 College of Architecture and Urban–Rural Planning, Sichuan Agricultural University, 611830 Chengdu, China. ✉email: xwl@sicau.edu.cn

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |           (2022) 9:238 | https://doi.org/10.1057/s41599-022-01253-x 1

12
34

56
78

9
0
()
:,;

http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-022-01253-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-022-01253-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-022-01253-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-022-01253-x&domain=pdf
http://orcid.org/0000-0002-8853-356X
http://orcid.org/0000-0002-8853-356X
http://orcid.org/0000-0002-8853-356X
http://orcid.org/0000-0002-8853-356X
http://orcid.org/0000-0002-8853-356X
http://orcid.org/0000-0003-3394-8714
http://orcid.org/0000-0003-3394-8714
http://orcid.org/0000-0003-3394-8714
http://orcid.org/0000-0003-3394-8714
http://orcid.org/0000-0003-3394-8714
mailto:xwl@sicau.edu.cn


Introduction

W ith the rapid development of economy, the construc-
tion industry occupied a high proportion of the global
economy (Huang et al., 2021). However, the devel-

opment of construction enterprises consumed a lot of energy and
natural resources, which brought serious environmental pro-
blems, such as air pollution and destruction of natural resources
(Xie et al., 2020). In 2019, the total CO2 emissions of global
construction enterprises were about 1 billion tons, accounting for
28% of the total global energy-related carbon emissions. For
China, facing increasingly serious environmental problems, con-
struction enterprises, as the main part of China’s national econ-
omy, should take active green development behavior to deal with
the existing problems. In 2019, the total output of China’s con-
struction enterprises exceeded 24 trillion yuan, accounting for
25% of the country’s total national economic output. However, in
the same year, China’s construction enterprises accounted for
30% of China’s total carbon emissions, which was the main cause
of China’s environmental pollution (Zhang et al., 2020). Many
scholars have explored green development from the perspective of
manufacturing enterprises (Yang et al., 2019), chemical enter-
prises (Chen et al., 2019a) and other industries. China’s con-
struction enterprises should also take green development as the
internal requirement of enterprise development and make a rapid
transformation towards green development. As a means to
achieve green development, green development behavior should
be focused on by various industries, but most of the studies on
green development behavior focused on industrial enterprises.
Therefore, starting from construction enterprises, this paper
explores the influencing factors of green development behavior
adopted by construction enterprises, broadens the research scope
of green development, and provides a theoretical supplement for
the follow-up study of green development behavior.

Based on technology–organization–environment (TOE) fra-
mework, this paper aims to construct an index system of influ-
encing factors of green development behavior adopted by
construction enterprises. Through the index system, this paper
analyzes the impact of technological, organizational, and envir-
onmental factors on enterprises’ adoption of green development
behavior and provides practical suggestions for construction
enterprises and the government to promote enterprises to adopt
green development behavior. The innovations of this paper are
as follows: First, the existing study on green development
behavior mostly focused on industrial enterprises. Therefore,
based on the new perspective of construction enterprises, this
paper can supplement relevant researches on green development
behavior of enterprises. Moreover, this paper provides evidence
from the construction industry for predicting the influencing
factors of enterprises’ green development behavior. Second, this
paper selects the new index of technology learning rate to con-
struct an index system of influencing factors of green develop-
ment behavior adopted by construction enterprises, which
clearly reflects the influence of technological innovation on
construction enterprises’ adoption of green development beha-
vior in technical factors. Third, different from other prediction
studies, this paper applies an artificial neural network to predict
the influencing factors of green development behavior adopted
by construction enterprises, which broadens the application
scope of an artificial neural network. Fourth, TOE theory pro-
vides a new research idea for explaining the influencing factors
of enterprises green development behavior, and broadens the
scope of application of TOE theory.

In view of this, this paper answers the following scientific
questions: (1) What are the factors that influence construction
enterprises’ adoption of green development behavior? (2) What
is the most important factor for construction enterprises or the

government to pay attention to? (3) What is the evolution trend
of construction enterprises’ adoption of green development
behavior in the future?

Firstly, this paper identifies the influencing factors of green
development behavior adopted by construction enterprises
through literature analysis. Secondly, the index system of influ-
encing factors of green development behavior adopted by con-
struction enterprises is constructed. Finally, using an artificial
neural network, this paper constructs the prediction model of
the influencing factors of green development behavior adopted
by construction enterprises, then draws the research conclusion
and summarizes the theoretical and practical significance. In
terms of theoretical significance, on the one hand, the influen-
cing factors of green development behavior adopted by con-
struction enterprises are analyzed based on TOE framework.
This is not only an expansion of the research on enterprise green
development, but also a supplement to the research on enterprise
green behavior. On the other hand, an artificial neural network is
used to construct the prediction model of influencing factors for
green development behavior adopted by construction enter-
prises, which is a new application of this method into the field of
the construction industry. In terms of practical significance, this
paper is beneficial for construction enterprises to actively adopt
green development behavior. At the same time, it provides a
basis for the government to promote enterprises to adopt green
development behavior.

The rest of this paper is arranged as follows. The second
section reviews the relevant literature from the perspective of
enterprise green development behavior and its influencing
factors. The third section constructs the index system of the
influencing factors of green development behavior adopted by
construction enterprises. The fourth section describes the
research methods. The fifth section describes the similarities
and differences between the results of this study and those of
similar studies, and summarizes the limitations and future
researches. The last section describes the conclusion of this
paper, and summarizes the theoretical significance and prac-
tical enlightenment.

Literature review
This paper analyzes the influencing factors of green development
behavior adopted by construction enterprises, and believes that
construction enterprises and the government should actively take
measures to promote enterprises to adopt green development
behavior, so as to achieve the effect of effective environmental
protection and economic development. Table 1 shows the
research progress of enterprises green development behavior and
its influencing factors.

Enterprise Green development behavior. Green development is
closely related to environmental protection and economic
development, and has been highly concerned by domestic and
foreign research scholars. Scholars made great efforts in
exploring the concept of green development and achieved some
results. Wang et al. (2006) pointed out that green development
is a development model in which the environment and resources
are sustainable, human and nature coexist in harmony, and the
environment is the internal productive force. Li et al. (2019)
believed that green development is an emerging development
model that protects the ecological environment and achieves
sustainable development under the constraints of ecological
capacity and resource carrying capacity. Li et al. (2019) found
that green development is a complex adaptive system closely
related to social, economic and natural environments. Due to
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serious environmental problems, people’s demand for green
development is increasing day by day. People’s demand for
green development generated green development motives and
ultimately green behaviors (Li et al., 2018). Green behavior was a
kind of environmental protection behavior, such as cleaner
production, energy saving behavior, green consumption and so
on (Li et al., 2019). As for green behavior, many scholars
explored green purchasing behavior (He et al., 2021), green
procurement behavior (Yang et al., 2019), green consumption
behavior (Shiel et al., 2020), green management behavior (Chang
and Hung, 2021) and green development behavior (Li et al.,
2019) from the perspective of enterprises.

At present, the relevant research on the green development
behavior of enterprises is gradually attracting the attention of
academic circles. The influencing factors of enterprises green
development behavior have been verified through different
methods, such as: meta-analysis (Li et al., 2022) and grounded
theory analysis (Li et al., 2019). In addition, the green development
behavior of enterprises in different industries has also received
attention from scholars, such as the green development behavior of
industrial enterprises (Li et al., 2020) and the green development
behavior of building materials enterprises (Li, 2022).

Although the research on the green development behavior of
industrial enterprises is relatively complete, the research on the
green development behavior of construction enterprises is not
been conducted. And the research on the green development
behavior of enterprises is not systematic enough to effectively
reveal the influencing factors of the green development behavior
of construction enterprises. Therefore, from the perspective of
construction enterprises, this paper analyzes the influencing
factors of green development behavior adopted by construction
enterprises, and supplements the research on enterprise green
development behavior.

Influencing factors of enterprises’ adoption of green develop-
ment behavior. The theoretical basis of this paper is the TOE
framework, which was proposed by Tornatzky and Fleischer in
processes of technological innovation in 1990 and it was expanded
based on information technology innovation adoption and its
related theories. It summarized the factors that influence the
enterprise technology innovation or technology adoption into
three categories: technological, organizational and environmental
factors (Tornatzky et al., 1990).

TOE framework provided a new theoretical perspective for the
research of enterprise technology innovation and enterprise
technology adoption, which was widely used in the research of
information technology. Such as, TOE framework was used to
determine the factors that influence the information technology
capabilities of e-commerce (Yeh et al., 2015); TOE framework

was used to explore the factors influencing the adoption of
hospital information system (Ahmadi et al., 2017). TOE frame-
work can also be applied in other research fields. Such as, it
identified the determining factors that influence the adoption of
radio frequency identification technology (Wang et al., 2010); it
also researched the determining factors of online financial
transparency in America (Chen et al., 2019b).

To verify whether the three factors of TOE framework
influence enterprises’ adoption of technological innovation
behavior, relevant studies were carried out in China and abroad.
In China, through the integration of TOE framework and
technology acceptance model, it is verified that technological,
organizational and environmental factors were the key factors
influencing enterprises’ adoption of internet of things technology
(Zhang et al., 2018). On abroad, through the research on the
adoption of radio frequency identification technology in the retail
industry, the influence of technological, organizational and
environmental factors on the adoption behavior was verified
(Brown and Russell, 2007).

To sum up, according to the analysis of TOE framework and
considering the quantifiable influencing factors, this paper
summarizes the influencing factors of green development
behavior adopted by construction enterprises into three main
aspects: technological, organizational and environmental factors.
The influencing factors of these three aspects are analyzed in
detail below, and the analysis framework is shown in Fig. 1.

Technological factors. As a way for enterprises to achieve green
development, green technology innovation was an emerging field
of a new round of global industrial revolution and scientific and
technological competition, and it was the first time for China to
put forward the construction of innovation system in the field of
technology (Zhuang et al., 2020). At present, many studies found
that technological factors were the influencing factors of enter-
prises’ adoption of green technology innovation behavior.
Through the empirical research on green technology innovation
capability and its influencing factors, it was found that the
technological factor is one of the most important factors (Yin
et al., 2020). When analyzing the influencing factors of green
innovation adopted by small and medium-sized enterprises, it
was found that technological factors have a significant impact on
the adoption of green innovation by small and medium-sized
enterprises (Weng and Lin, 2011).

The existing literature found that the technological factor is the
key factor for enterprises to adopt technological innovation
behavior, but none of them aimed at enterprises’ adoption of green
development behavior. Therefore, this paper studies and verifies the
technological factors that influence enterprises’ adoption of
technological innovation behavior as the influencing factors of
construction enterprises’ adoption of green development behavior.

Table 1 Enterprises green development behavior and its influencing factors.

Fields Theoretical basis Main points

Enterprise green development behavior Green development The concept of green development
Green behavior Classification of green behaviors
green development behavior Green Development Behavior of Industrial Enterprises

Influencing factors enterprises’ adoption of green
development behavior

TOE framework Proposal and application of TOE framework
Technological factor Technological factors influence Enterprises’ adoption of

technological innovation behavior
Organizational factor Organizational factors influence Enterprises’ adoption of

environmental behavior
Environmental factor Environmental factors influence Enterprises’ adoption of

environmental behavior

TOE framework is technology–organization–environment framework.
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Organizational factors. Most studies showed that enterprise size
in organizational factors influences enterprises’ adoption of green
development behavior. When studying the behavior decision of
enterprises’ adoption of environmental technological innovation,
it was found that enterprise size is the influencing factor in
enterprises’ adoption of environmental technological innovation
(Du and Zhu, 2010). To study the environmental management of
road transportation, it was found that enterprise size has an
impact on enterprise’s environmental behavior (Fürst and
Oberhofer, 2012). Although the subject of the above studies is
enterprises’ adoption of environmental behavior, environmental
behavior referred to the behavior which has an impact on the
environment, including reducing pollution, saving resource con-
sumption and so on (Wu and Su, 2006). Therefore, environ-
mental behavior also plays an important role in the green
development of enterprises.

The existing literature found that the organizational factor is
the key factor for enterprises to adopt environmental behavior,
but none of them aimed at enterprises’ adoption of green
development behavior. Therefore, this paper studies and verifies
the organizational factors that influence enterprises’ adoption of
environmental behavior as the influencing factors of construction
enterprises’ adoption of green development behavior.

Environmental factors. According to the TOE framework, the
main factors influencing enterprises’ adoption of technological
innovation behavior were: technological, organizational and
environmental factors, among which environmental factors
included industry environment, social environment and so on
(Tornatzky et al., 1990). This paper summarizes the environ-
mental factors through literature analysis, and regards enterprise
demand, market share and the government behavior as the
environmental factors that affect the green development behavior
of construction enterprises.

The existing studies made specific analysis of the above three
types of environmental factors. Firstly, for the enterprise demand,
to study how internal and external factors drive enterprises to
adopt green supply chain plan at the same time, it was pointed
out that competitors in external factors have an impact on
promoting or hindering enterprises to implement green supply
chain management (Huang et al., 2017). Similarly, competitive
advantage was also the most important driving factor influencing
small and medium-sized enterprises to adopt environmental
management behavior (Zhang et al., 2009). Therefore, this paper
analyzes enterprises’ demand as an index to measure competi-
tiveness (Wang et al., 2012). Second, market share was also an
index of competitiveness (Huang and Xu, 2008). Finally, for the
government behavior, the government policies can be studied as
environmental factors (Stern and Paul, 2000).

To sum up, industrial environment, customer demand and
social environment among environmental factors are included
into the influencing factors of green development behavior
adopted by construction enterprises. The existing literature found
that the environmental factor is the key factor for enterprises to
adopt environmental behavior, but none of them aimed at
enterprises’ adoption of green development behavior. Therefore,
this paper studies and verifies the environmental factors that
influence enterprises’ adoption of environmental behavior as the
influencing factors of green development behavior adopted by
construction enterprises.

Based on the above analysis, this paper constructs an index
system of influencing factors of green development behavior
adopted by construction enterprises, which is composed of 3
first-level indicators, 5 second-level indicators and 12 third-level
indicators, as shown in Table 2.

Research methods
Data sources. The main data in this paper comes from the
relevant data of construction enterprises in the whole society
from 2000 to 2020 released by the National Bureau of Statistics
of China, and the rest of the data comes from China National
Intellectual Property Administration and CNKI (China
National Knowledge Infrastructure). The specific data sources
are shown in Table 3.

Among them, the urbanization level is the ratio of the urban
population to the total population. Total output value of real
estate is the total income of all projects operated by the real estate
industry, including the main business income of real estate
enterprises, the income from land transfer, the income from the
sale of commercial housing, the income from housing rental and
other income. The number of policies is government documents
searched with “green” and “environment” as keywords after
consultation with experts. The number of patents is obtained by
searching through the keywords of “green building”, “building
energy saving”, “low carbon building”, “environmentally friendly
building”, “sustainable building” and “ecological building” after
consultation with experts.

In addition, for technological learning rates in the construction
industry through experience and technological learning rates in
the construction industry through research, this paper refers to
the research of Yang et al. (2012), and uses a dynamic two-factor
measurement model to measure it. First, choosing variables.
According to the research on the calculation of the technological
learning rate of the construction industry, this paper selects the
cost per unit area of China’s construction industry as the
dependent variable to measure the technological learning rate
(Zhang et al., 2020). The cost per unit area is the ratio of the total

Fig. 1 An analytical framework for the factors influencing construction enterprises’ adoption of green development behaviors. Environmental factors,
organizational factors and technical factors in the TOE framework influence construction enterprises’ adoption of green development behaviors.
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construction cost (fixed asset investment+main business cost -
fixed asset depreciation) to the total construction area of the
construction enterprises. This paper selects the cumulative
construction area of China’s construction industry and the
cumulative R&D expenditure of China’s construction industry as
independent variables. Among them, the cumulative construction
area and main business cost of the construction industry are from
China Statistical Yearbook on Construction, the cumulative R&D
expenditure of the construction industry is from China statistical
yearbook on science and technology, and the fixed asset
investment and fixed asset depreciation of the construction
industry are from the China fixed asset investment statistical
yearbook. Second, processing the data. Based on the research of
Zhang et al., this paper determines R&D lag periods and the
depreciation rate of R&D expenditures as 3 years and 20%, and
processes the accumulated R&D expenditures (Zhang et al.,
2020). At the same time, to eliminate the influence of inflation,

this paper uses the GDP deflator to deal with the cost per unit
area. Finally, calculating technological learning rate. This paper
uses Eviews10 to perform regression analysis on the above data.
According to the results of regression analysis, the dynamic two-
factor measurement model formula is used to calculate
technological learning rates in the construction industry through
experience and technological learning rates through research.

Methods introduction. The research method uses in this paper is
an artificial neural network, which was a mathematical model
that simulates biological neural network for information pro-
cessing (Zhang et al., 2021). It was developed based on M-P
neuron model (McCulloch and Pitts, 1943). M-P neuron model
was the first neuron model proposed by McCulloch and Pitts
(1943) to simulate the human brain. This model regards a single
neuron as a computing unit, and each computing unit is

Table 2 Index system of factors influencing construction enterprises’ adoption of green development behaviors.

First-level indicator Second-level indicator Third-level indicator Selection basis

Technological factor Technological level Total number of construction machinery and equipment owned by
construction enterprises

Li and Gao (2010)

Total power of the construction enterprise’s own construction machinery and
equipment

Li and Gao (2010)

Technical equipment rate of construction enterprises Gao (2008)
Power equipment rate of construction enterprises Gao (2008)

Technological innovation R&D expenditure Li et al. (2022)
Technological learning rates in the construction industry through experience Yang et al. (2011)
Technological learning rates in the construction industry through research Yang et al. (2011)

Organizational factor Enterprise size Number of construction enterprises Wang et al. (2013)
Number of employees in construction enterprises Wang et al. (2013)

Enterprise resources Total assets of construction enterprises Song et al. (2015)
Total profit and tax of construction enterprises Song et al. (2015)

Environmental factor Enterprise demand Urbanization level Wang et al. (2012)
Total output value of real estate Wang et al. (2012)

Market share Total output value of construction industry Song et al. (2015)
Building construction area of construction enterprises Wang et al. (2013)
Completed area of house of construction enterprises Song et al. (2015)

Government behavior Number of policies Chang et al. (2016)

Table 3 Data source description.

Number Data name Data source

T1 The total number of construction machinery and equipment owned by
construction enterprises

National Bureau of Statistics (2022)

T2 The total power of the construction enterprise’s own construction machinery and
equipment

National Bureau of Statistics (2022)

T3 Power equipment rate of construction enterprises National Bureau of Statistics (2022)
T4 Technical equipment rate of construction enterprises National Bureau of Statistics (2022)
T5 R&D expenditure National Bureau of Statistics (2022)
T6 Technological learning rates in the construction industry through experience Detailed description below
T7 Technological learning rates in the construction industry through research Detailed description below
O1 Number of construction enterprises National Bureau of Statistics (2022)
O2 Number of employees in construction enterprises National Bureau of Statistics (2022)
O3 Total assets of construction enterprises National Bureau of Statistics (2022)
O4 Total profit and tax of construction enterprises National Bureau of Statistics (2022)
E1 Urbanization level National Bureau of Statistics (2022)
E2 Total output value of real estate National Bureau of Statistics (2022)
E3 Total output value of construction industry National Bureau of Statistics (2022)
E4 Building construction area of construction enterprises National Bureau of Statistics (2022)
E5 Completed area of house of construction enterprises National Bureau of Statistics (2022)
E6 Number of policies China National Knowledge Infrastructure (2022)
P Number of patents Patent Search and Analysis (2022)
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connected through some weighted lines to form a hierarchical
network structure. Artificial neural network can be used to
predict the importance of influencing factors. Many studies
proved that this method can accurately predict the importance of
influencing factors. Such as, predicting influencing factors of
traffic accident risk by an artificial neural network (Sliupas and
Bazaras, 2013), artificial neural network was used to identify the
correlation between some chronic diseases and behavior habits
(Raghupathi and Raghupathi, 2017).

This paper uses IBM SPSS modeler 18.0 to construct a
prediction model of the influencing factors of construction
enterprises’ adoption of green development behavior. SPSS
modeler provides various data mining algorithms, which can
solve specific types of problems and is widely used in some fields.
Such as, evaluating the performance of infection risk factors in
cancer patients undergoing chemotherapy in the medical field
(Park et al., 2015); solved the problem of improving the
mathematical modeling competence of undergraduates in the
field of education (Xiao et al., 2015). In addition, SPSS Modeler

provides two artificial neural network model algorithms, one is
the multi-layer perceptron (MLP) and another is the radial basis
function (RBF). MLP was proposed to solve the problem of multi-
class decomposition of nonlinear data in a single-layer perceptron
model (Sampson, 1987). Compared with MLP, RBF can only
contain one hidden layer at most, and its prediction ability is
relatively weak. Therefore, in order to improve the accuracy of
model prediction, this paper uses MLP to construct an artificial
neural network prediction model.

Model construction. The technology roadmap of this paper is
shown in Fig. 2.

Referring to the research of Dumitrașcu-Băldău et al. (2021), this
paper completes data import, variable setting, missing value
processing and model construction successively, as shown in Fig. 3.

To ensure the validity of the research results, this paper uses
IBM SPSS Statistics 27 to conduct a Pearson correlation analysis
on the influencing factors of construction enterprises’ adoption

Fig. 2 Technology roadmap. This paper analyzes through the steps of data collection, data processing, model building, selection of optimal model and
result analysis.

Fig. 3 Prediction model of influencing factors of construction enterprises’ adoption of green development behaviors. This paper completes data import,
variable setting, missing value processing and model construction successively.

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-022-01253-x

6 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |           (2022) 9:238 | https://doi.org/10.1057/s41599-022-01253-x



of green development behaviors. The analysis results are shown
in Table 4.

Table 4 shows the correlation between the various influencing
factors and the correlation of each influencing factor to the target
variable number of patents. Considering the correlation between a
total number of construction machinery and equipment, technical
equipment rate, power equipment rate, technological learning
rates in the construction industry through experience, and
technological learning rates in the construction industry through
research are not significant. Therefore, this paper excludes these
five influencing factors, and finally selects total power of the
construction enterprise’s own construction machinery and equip-
ment, R&D expenditures, the number of construction enterprises,
the number of employees in construction enterprises, total assets
of construction enterprises, total profits and taxes of construction
enterprises, and urbanization level, total output value of real estate,
total output value of construction industry, building construction
area, completed area of house, and the number of policies are used
as 12 input variables to construct the artificial neural network
prediction model of influencing factors of construction enterprises’
adoption of green development behaviors.

Moreover, to improve the accuracy of the prediction model,
this paper uses the “partition” node to randomly divide the data
into training data set and testing data set. The training data set
and testing data set are divided into nine models: 10:90, 20:80,
30:70, 40:60, 50:50, 60:40, 70:30, 80:20 and 90:10, and the
prediction accuracy is obtained by running the above nine
models, as shown in Table 5.

It can be seen from Table 5 that the model (6) with a training-
to-test ratio of 60:40 has the highest accuracy at 99.6%, indicating
that the prediction results are feasible. Therefore, this paper
finally selects model (6) to analyze the results.

Result analysis
The following is an analysis of the artificial neural network model,
the importance of the predictor variables, and the target variables.

Artificial neural network model analysis. The best prediction
model of an artificial neural network determined in this paper is
shown in Fig. 4.

Figure 4 shows a complete artificial neural network model,
which is composed of input layer, hidden layer and output layer
from top to bottom. The input layer has 10 predictive variables and
1 bias, the hidden layer has 7 neurons and 1 bias, and the output
layer has 1 target variable. Bias represents additional neurons
contained in each pre-output layer (Dumitrașcu-Băldău et al.,
2021). The input layer of the model is connected with the hidden
layer through different weights, and the weights are assigned
according to the importance of different predictive variables. The
higher the weight, the more important the prediction variable is,
and the thicker the connecting line between the prediction variable
and the hidden layer is. Figure 4 shows that total output value of
construction industry, R&D expenditure and several construction
enterprises are the most important prediction variables.

Analysis of importance of predictive variables. The importance
of influencing factors of construction enterprises’ adoption of
green development behaviors to the target variable (number of
patents) is shown in Fig. 5.

Figure 5 shows that total output value of the construction
industry, R&D expenditure, number of construction enterprises,
total output value of real estate, total power of machinery and
equipment, number of employees in construction enterprises,
building construction area, urbanization level, number of policies,
and total profit and tax of construction enterprises have anT
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impact on the number of patents. The total output value of the
construction industry, R&D expenditure and a number of
construction enterprises are the most influential factors in the
number of patents. Among them, the importance of total output
value of construction industry is 0.18, the importance of the
predictive variable of R&D expenditure is 0.17, and the
importance of the predictive variable of several construction
enterprises is 0.16.

Target variables analysis. Based on the partition of the training
data set and testing data set, the number of patents is analyzed by
using “analysis” nodes, analysis results are shown in Table 6.

From the analysis results in Table 6, it can be seen that the
linear correlation between the actual value and the predicted
value of the number of patents is 0.903, and the positive

correlation is strong, indicating that the prediction result of the
target variable is reliable.

In addition, to intuitively present the prediction results of the
number of patents, this paper selects the line chart to analyze it, as
shown in Fig. 6.

As seen in Fig. 6, the number of patents increases with time
evolution. Moreover, the trend of the actual patent number and
the predicted patent number curve is roughly the same, indicating
that the prediction of the target variable is reliable.

Discussion
Based on the research results, this section discusses the rela-
tionship between the three most important predictors of total
output value of construction industry, R&D expenditure and a
number of construction enterprises and construction enterprises’

Table 5 Prediction accuracy of the artificial neural network model on the influencing factors of construction enterprises’
adoption of green development behaviors.

Predictor variable Model Input variable
(a)

Output variable (a) Training data set (%) Testing data set (%) Accuracy
(%)

Number of patents (1) 12 1 10 90 77.4
(2) 12 1 20 80 87.7
(3) 12 1 30 70 32.8
(4) 12 1 40 60 38.9
(5) 12 1 50 50 97.7
(6) 12 1 60 40 99.6
(7) 12 1 70 30 58.0
(8) 12 1 80 20 58.0
(9) 12 1 90 10 88.1

Fig. 4 Artificial neural network model of influencing factors of construction enterprises’ adoption of green development behaviors. The artificial neural
network model is composed of input layer, hidden layer and output layer from top to bottom. The input layer has 10 predictive variables and 1 bias, the
hidden layer has 7 neurons and 1 bias, and the output layer has 1 target variable.
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adoption of green development behaviors, to verify the impact of
technological, organizational and environmental factors on con-
struction enterprises’ adoption of green development behaviors.

Important influencing factors. The importance of the predictive
variable of total output value of construction industry is 0.18,
which is the most important prediction variable and one of the
indicators to measure market share in environmental factors.
Therefore, for construction enterprises’ adoption of green devel-
opment behaviors, the market share of construction enterprises
should be regarded as a key factor. This result is similar to a large
number of previous studies that have pointed out that environ-
mental factors have an impact on enterprises’ adoption behavior.
For the market share in environmental factors, some studies have
considered the multi-agent interaction between the government,
enterprises and consumers to analyze the prefabricated building
model and the evolution of market share of enterprises. It founds
the price factors and quality factors of prefabricated buildings
have an important impact on the increase in market share (Li
et al., 2021). At the same time, Chinese government pays more
and more attention to the green development of enterprises, and
promotes the transformation of construction enterprises from the
traditional construction mode to the prefabricated construction
mode through policies such as technical subsidies, which accel-
erates the transformation of enterprises. In addition, enterprises
have also increased market share by adjusting the price factors
and quality factors of prefabricated buildings, thereby improving
the impact of environmental factors. In addition, for enterprise
adoption behavior, environmental factors are also the influencing
factors for enterprises to adopt radio frequency identification
technology (Chen and Wang, 2013). To sum up, environmental

factors are an important factor affecting construction enterprises’
adoption of green development behaviors.

The importance of the predictive variable of R&D expenditure
is 0.17, which is the second important prediction variable and one
of the indicators of technological innovation among technological
factors. Therefore, in the process of green development of
construction enterprises, the level of green technology innovation
should be improved. This result is similar to a large number of
previous studies. Due to the continuous decline of economic
globalization, the intensification of enterprises’ competitiveness
and the deterioration of the environment brought about by
enterprises development, enterprises transformation has become
an important part of enterprises green development. In order to
study enterprise transformation, Song et al. constructed a
structural equation model from the driving factors of enterprises
to analyze the impact of technological innovation on enterprise
transformation, and found that technological innovation sig-
nificantly affects enterprise transformation (Song et al., 2021).
Therefore, improving the level of technological innovation of
enterprises can promote the transformation of enterprises to
green development. In addition, to promote enterprises to
establish a more comprehensive and efficient technology manage-
ment system, based on edge computing technology, the enterprise
technology innovation management system is studied, and the
relationship between knowledge depth, knowledge breadth and

Fig. 5 The importance of factors influencing construction enterprises’ adoption of green development behaviors to the target variable. The total output
value of the construction industry, R&D expenditure, number of construction enterprises, total output value of real estate, total power of machinery and
equipment, number of employees in construction enterprises, building construction area, urbanization level, number of policies, and total profit and tax of
construction enterprises have an impact on the number of patents.

Table 6 Target variable analysis of the artificial neural
network prediction model for the influencing factors of
construction enterprises’ adoption of green development
behaviors.

Partition Training data set Testing data set

Minimum error −95.177 −152.688
Maximum error 52.744 456.234
Average error −8.711 38.786
Mean absolute error 34.604 132.201
Standard deviation 42.138 201.808
Linear correlation 0.998 0.903
Incidence 14 7

Fig. 6 A line graph of the actual and predicted values of the target
variables in the artificial neural network prediction model of the
influencing factors of construction enterprises’ adoption of green
development behaviors. The trend of the actual patent number and the
predicted patent number curve is roughly the same.
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enterprise innovation performance is analyzed, so as to improve
the efficiency of enterprise resource scheduling (Tian and Wang,
2022). This is conducive to more efficient management of
enterprises, and it has a positive impact on the sustainable
development of enterprises. To sum up, technological factors are
an important factor affecting construction enterprises’ adoption
of green development behaviors.

The importance of the predictive variable of a number of
construction enterprises is 0.16, which is the third most
important prediction variable and one of the indicators to
measure enterprise size in the organizational factor. Therefore,
construction enterprises should consider expanding enterprise
size and promoting enterprises to adopt green development
behaviors. This result is similar to many previous studies. The
enterprise size in the organizational factor has a significant
impact on many aspects of the construction enterprise. Such as,
for enterprise safety, given the high injury rate in construction
enterprise jobs, a study investigated the relationship between the
size of Danish construction enterprises and injury rates. It found
that large enterprises place more emphasis on improving the safe
working environment for construction enterprises (Pedersen
et al., 2011). Therefore, expanding the construction enterprises
size can reduce casualties and have a positive impact on human
development and socio-economics. Furthermore, according to
Negahban et al. (2012), it was found that the application of
enterprise resource planning in the construction enterprises is
limited to a few large organizations, and a large number of small
and medium organizations have not yet adopted the technology
due to their unfamiliarity with the technology. This shows that
the larger the enterprise size, the more advanced the resources
and technology of the enterprise, and the better the development
of the enterprise. To sum up, according to the above-mentioned
organizational factors, the enterprise scale affects enterprise
security and enterprise resources, etc., organizational factors are
also important factors affecting construction enterprises’ adop-
tion of green development behaviors.

In addition, the importance of other predictive factors is
ranked as follows: total output value of real estate (0.13), total
power of the construction enterprise’s own construction machin-
ery and equipment (0.12), number of employees in construction
enterprises (0.08), building construction area of construction
enterprises (0.04), urbanization level (0.03), number of policies
(0.02) and total profits and taxes (0.02). These factors also have
an impact on construction enterprises’ adoption of green
development behaviors.

Limitations and future research. This paper also has some
limitations. Firstly, this paper selects the best prediction model
with the highest accuracy through the partition. Although the
accuracy of the prediction model in this paper is as high as 99.6%,
the large error between the actual value and the predicted value of
the number of patents is still a problem in this paper. The analysis
results in Table 4 show that the maximum error in the testing
data set is as high as 456.234. After analysis, it is found that the
possible reason is that in processing missing data, the average
value method adopted has a great impact on the data of time
series and cannot accurately replace the actual data. Therefore, if
the complete data from 2000 to 2020 can be collected in future
research, the prediction of the model will be more accurate.
Secondly, this paper adopts quantifiable data and does not ana-
lyze the influencing factors of construction enterprises’ adoption
of green development behavior from a qualitative perspective. In
the future research, if the quantitative and qualitative indicators
are considered comprehensively, the research results will be more
accurate. For example, when considering organizational factors,

qualitative indicators such as employee attitude can be included
in the research scope. Thirdly, this paper only analyzes China’s
construction enterprises. Future research can take more countries
as the research object as much as possible, so as to draw a more
universal conclusion. Finally, this paper only adopts an artificial
neural network to construct the model. In the future, a combi-
nation of multiple research methods can be considered to obtain a
prediction model with higher accuracy. Such as, Bayesian net-
works, decision trees and so on. However, the prediction of the
influencing factors of construction enterprises’ adoption of green
development behaviors in this paper not only provides a basis for
the future research on the green development behavior of
enterprises, but also provides a preliminary result for the future
research on the influencing factors of construction enterprises’
adoption of green development behaviors in more countries.

Conclusions and enlightenment
The purpose of this paper is to predict the influencing factors of
construction enterprises’ adoption of green development behaviors.
Through literature analysis, this paper identifies that the con-
struction enterprises’ adoption of green development behaviors is
influenced by technological, organizational and environmental
factors, and constructs an index system of the influencing factors of
construction enterprises’ adoption of green development behaviors.
According to the data of construction enterprises from 2000 to
2020 of National Bureau of Statistics, an artificial neural network is
used to construct the prediction model of influencing factors of
construction enterprises’ adoption of green development behavior.
Through running the model, it is found that total output value of
construction industry, R&D expenditure and several construction
enterprises are the three most important factors influencing con-
struction enterprises’ adoption of green development behaviors,
and the other factors also have an impact.

Therefore, the research conclusions of this paper are as follows:
First, construction enterprises’ adoption of green development

behavior shows an upward trend over time. As a quantifiable
index, the number of patents can clearly show the increase or
decrease each year, and can infer the trend of construction
enterprises adopting green development behavior. In this paper,
the number of patents related to “green building”, “building
energy efficiency”, “low-carbon building”, “environmental pro-
tection building”, “sustainable building” and “ecological building”
is taken as the target variable of the prediction model. The number
of patents reflects the adoption trend of green development
behavior in the development process of construction enterprises.
The results show that the development trend of the number of
patents increases with time evolution from 2000 to 2020.

Second, market share of construction enterprises is the most
important factor to promote construction enterprises’ adoption of
green development behavior. The results show that the impor-
tance of the prediction variable of total output value of con-
struction industry is 0.18, which is the most important prediction
variable and has the greatest impact on the number of patents. At
the same time, total output value of the construction industry is
one of the indicators to measure market share in environmental
factors, indicating that environmental factors are the most
important factor to promote construction enterprises’ adoption of
green development behaviors.

Third, the prediction model of influencing factors con-
structed in this paper is verified to be effective by the
technology–organization–environment framework. Through
literature analysis and TOE framework, this paper summarizes
the influencing factors of construction enterprises’ adoption of
green development behavior are technological, organizational
and environmental factors. According to the research results of
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the artificial neural network prediction model, it is found that
total output value of construction industry, R&D expenditure
and a number of construction enterprises are the three most
important factors that affect the green development behavior of
construction enterprises. And these three influencing factors
respectively represent the influence of environmental factors,
technological factors and organizational factors on construction
enterprises’ adoption of green development behavior, which is
consistent with the analysis results of the TOE framework.

The theoretical contributions of this paper are as follows: on
the one hand, for the research content, most of the previous
studies focused on enterprises’ environmental behavior and green
behavior, and none of them studied enterprises’ adoption of green
development behavior. Based on TOE framework, this paper
analyzes the influencing factors of construction enterprises’
adoption of green development behavior, which is not only an
expansion of enterprise green development research, but also a
supplement to enterprise green behavior research. On the other
hand, for research methods, the previous application of the
artificial neural network mostly focused on the field of medicine
and education. In this paper, an artificial neural network is used
to construct the prediction model of influencing factors for
construction enterprises’ adoption of green development beha-
vior, which is a new application of this method into the field of
the construction industry.

The research conclusions of this paper have practical sig-
nificance for construction enterprises and countries. For con-
struction enterprises, technological factors and organizational
factors, as the internal influencing factors of enterprises, can
promote the green development of enterprises. Therefore,
enterprises should consider green technology innovation and
enterprise size expansion from their own perspective, and pro-
mote enterprises to actively adopt green development behavior.
For the country, environmental factors, as the external influen-
cing factors of construction enterprises, can promote the green
development of enterprises. Therefore, the government should
implement the new development concept, formulate more poli-
cies for green development and promote construction enterprises
to adopt green development behaviors.

Data availability
Some or all data, models, or codes that support the findings of
this study are available from the corresponding author upon
reasonable request.
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