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Abstract: Over the past decade, the rapid development of e-commerce and express industries in China
has resulted in huge environmental costs. Compared with manufacturing industries, the values of
green innovation are less recognized in logistics industries. To promote the green practices in logistic
enterprises, it is imperative to have a thorough understanding of the determinants of green innovation
adoption. To this end, this paper performs an empirical investigation into the intentions to adopt green
innovation from 196 Chinese express companies. The determinant variables were constructed from
the perspective of technology characteristics (perceived green usefulness and perceived integration
ease of use), stakeholder pressure (government, customer, and platform pressures), and social
influence. Then, a 20-item scale was designed based on the literature review and expert opinions.
The results revealed the significant positive effects of technology characteristics and social influence
on the intentions to adopt green innovation. Meanwhile, only the platform pressure was significant
with the adopting intentions among the variables from stakeholder pressure. Moreover, variables
from technology characteristics were found to have meditation effects between social influence and
adopting intentions. Based on the findings, theoretical and practical implications are proposed to
promote the green and sustainable development of express companies in China.
Keywords: express companies; green innovation; technology adoption; e-commerce

1. Introduction
1.1. Background and Rationale
Green innovation (also known as green technology innovation) refers to the innovation activities
(e.g., technology, craft, and countermeasures) that aim to reduce the resource consumptions and
climate costs during the processes of product design, manufacture, delivery, and usage [1]. The green
innovation can not only reduce pollution, but also gain a competitive advantage in terms of financial
and operational performance [2–5]. These benefits have been widely spotted in manufacturing
industries [6–10]. However, in the development of the modern service industry, some overlooked
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environmental issues are becoming increasingly prominent, especially in transportation and logistics
industries [11–15]. While the major activities of the logistics services include transport, warehousing,
packaging, and distribution, each service can achieve sustainable innovation and green goals [16].
In recent years, the e-commerce economy and the express industry have grown rapidly in China.
Until 2019, the business volume and income of express companies reached 63 billion pieces and
745 billion yuan, respectively [17]. The average growing rates were over 24% and 23% for the business
volume and express company income, respectively. In addition, the online retail sales exceeded
8000 billion yuan. Consequently, over 10 million tons of packaging wastes were produced, while the
recycling rate was less than 10%. This was accompanied with massive pollutant emissions produced by
tens of thousands of delivery vehicles [18]. Warehousing-related environmental externalities, including
air pollution and traffic safety concerns, as well as packaging contamination, resource waste, and
energy consumption, have become the primary obstacles restricting the sustainable development of
China’s express industry [19].
To address the environmental pollutions in the logistics industry, a great deal of
environment-related green innovations may be the key to dealing with the above dilemma [20].
Green initiatives, such as increased energy efficiency and green technology applications, are widely
proposed. For example, some researchers have examined that the computerized routing and scheduling
and vehicle telematics can reduce CO2 emissions and fuel consumption in road freight [21]. Likewise,
the great potential of introducing electric vehicles into urban logistics to reduce pollution and the
cost of last mile distribution was discovered [22]. The Chinese government has also released several
policies that aim to promote environmental protection and energy saving in terms of green packaging,
green storage, green transportation, and standard systems, etc. Meanwhile, the industries are also
actively endorsing the applications of green technologies and products, such as new energy delivery
vehicles, shared delivery boxes, electronic waybills, radio frequency identification devices (RFID),
and cloud computing [3,23–25].
However, compared to developed countries, the express industry in China is still at the primary
stage with respect to environmental management and green practice. The rate of green innovation
practice is still relatively low, especially for the large amount of small and medium sized (SMS) express
companies. Therefore, it is of great significance to have prior knowledge of the determinants of the green
innovation adoptions of express companies before any practical implementation of countermeasures.
The studies of determinants for the enterprises’ green innovation adoptions experienced different
stages. Earlier studies were more concerned with the external factors—e.g., government regulations,
technology, and market [26,27]. Afterwards, some researchers paid more attention to internal factors
among the organizations, such as strategies, resources, and capabilities [28,29]. Recently, researchers
have explicated the benefits of green innovation for logistic industries [25,30]. Determinants of the
willingness to adopt green innovation practices for logistic enterprises have been explored, such
as technology characteristics, regulatory pressure, customer pressure, environmental uncertainty,
organization support, and quality of human resources [31–33].
It is worth noting that the e-commerce platforms are inextricably intertwined with the express
companies. Therefore, e-commerce platforms as a new form of stakeholders may be very influential to
the green innovation adoptions of express companies. However, very few studies have investigated such
impacts empirically, mainly due to the newly emerging research interests. Meanwhile, social influence
has been widely considered in the adoption of new technologies and information systems [34,35]. Since
the green innovation practice comprises the procedures of adopting new technologies, new products,
and advanced systems, it can be regarded as a technological innovation process [32]. Therefore,
following these rationales, this study aims to explore the determinants of green innovation adoptions
for Chinese express companies and then propose the effective countermeasures.
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2.2. Technology Characteristics and Green Innovation
The most commonly used theories in the adoption of new technologies or information systems
include the theory of reasoned action (TRA), the theory of planned behavior (TPB), and the technology
acceptance model (TAM), etc. [38–41]. TAM is a combined use of TRA and TPB, with a further utilization
of perceived usefulness and perceived ease of use. Later, Davis et al. (1996) [42] discovered the weak
prediction performance of attitudes towards intentions and behaviors and deleted the attitude variable
to rebuild TAM. Thereafter, technology characteristics (perceived usefulness and perceived ease of use)
were considered more in the research of technology innovation adoption [36,43,44].
Green innovation is a type of technology innovation, with an emphasis on the function of
emerging technologies on reducing environmental pollution and energy consumption [31,33]. Therefore,
to improve the prediction accuracy of the intentions to adopt green innovation in Chinese express
companies, based on TAM, this study modified the perceived usefulness and perceived ease of use as
perceived green usefulness (PGU) and perceived integration ease of use (PIE).
PGU represents the perceptions of the benefits of adopting green innovations, which mainly
reflects in reducing pollution and cost, gaining competitive advantage, social expectation, and legality,
etc. [25,45,46]. Previous evidence showed that the enterprises will adopt green innovation only
when they can expect enough revenue [47]. To figure out the return on investment (ROI) of green
innovation, Porter (1995) [48] reported that the green investment can be paid back partially or totally
in a relatively short period of time. In this regard, green innovation can not only help the enterprise
gain the first-mover advantage, but also take advantage of market competition by developing industry
standards [49]. Moreover, if the enterprises were inclined to adopt green innovation, they were likely
to harvest both economic and environmental benefits [50,51]. Therefore, we expect that the PGU is
positively related to the intentions of adopting green innovation, and propose the following hypothesis:
Hypothesis 1 (H1): PGU is positively related to the intentions of adopting green innovation for Chinese express
companies.
On the other hand, the effects of PIE on green innovation adoption were also found to be
significant in the literature. For enterprises, the green innovation always involves the application of
new technology, new products, new systems, and even the reengineering of the job and management
process. If these changes can be integrated with existing practices and pushed through smoothly, it
will have a profound effect on the decision making of green innovation adoption [50,52,53]. The closer
that the green innovation is linked with the enterprises’ existing operational experiences, the smaller
the resistance in adopting green innovation [46,54,55]. The green practices are easier to diffuse inside
the enterprises when they are compatible with existing technology and procedures [32]. Moreover, PIE
will also influence the enterprises’ perception of uncertain risks. High PIE can reduce the perception of
risk adoption while increasing the intention to adopt green innovation [56]. Therefore, we proposed
two hypotheses under the PIE variable:
Hypothesis 2 (H2): PIE has a significant positive correlation with the decision making of the intentions to
adopt green innovation for Chinese express companies.
Hypothesis 3 (H3): PIE has a significant positive correlation with PGU.
2.3. Stakeholder Pressure and Green Innovation
The institutional theory emphasized the impacts of the external environment on the green
innovations [57]. From an analytical logic point of view, the green innovation can be considered
as an approach to handling the regulation pressure and market demand. The objective is to
make the enterprises conform to the public recognition, social expectation, and legality [9,57,58].
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Under institutional pressure, the stakeholders’ proposal will have an imperative influence on the green
strategies and practices of the enterprises [59–63].
Among the various types of stakeholder pressures, government pressure (GP) and customer
pressure (CP) have been considered as the most important determinants in affecting the green innovation
adoption of enterprises [37,64]. This paper follows this point of view and also investigates these two
factors. However, the related works were more concerned with manufacturing industries. We consider
one more step on the heterogenous responses across industries and intend to see the unique response
from Chinese express companies [50]. Moreover, as a serious environmental situation of e-commerce
logistics, the e-commerce platform will be another important stakeholder in affecting the green practice
of express companies, and this is also a research gap, as few studies have considered this factor.
This paper intends to fulfill this gap by selecting the platform pressure from the e-commerce industry
as the investigating target.
GP usually refers to the government regulations on enterprises, such as environmental policies.
To avoid punishment from the government and maintain the regulatory flexibility, enterprises have to
stop the environmentally unfriendly behaviors and take up green practices [57,65,66]. Many researchers
have demonstrated this viewpoint. For example, following the regulation has been proven as a core
driver for the enterprises’ green behaviors [67,68]. Likewise, through a survey of 92 manufacturing
enterprises in Germany, it was found that the likelihood of performing green innovation was positive
with the strictness of mandatory environmental regulations [9]. In addition, enterprises also need to
follow the international environmental regulations to participate in global competition. Therefore,
the regulation strictness and the enterprises’ perceptions will have a direct influence on the green
innovation adoption [69]. From our empirical knowledge, the perceptions towards GP of express
companies may not be as strong as the manufacturing industry. Thus, it is important to test this effect
in this study. We propose another hypothesis:
Hypothesis 4 (H4): GP has a significant positive correlation with the intentions to adopt green innovation for
Chinese express companies.
CP, originating from customer requirements and expectations of environmental protection, is
also an important factor that affects the green practices [70–72]. Several researchers have studied
the CP effects on the enterprises’ green practice decisions. For example, Lee (2008) [73] found a
stronger positive correlation between CP and the enterprises’ green actions. Likewise, CP was also
considered as a core driver for the green innovations of third-party logistic providers [4]. Different
from traditional logistic enterprises, the terminal customers are one of the important serving targets of
express companies, especially in countries and regions where e-commerce is highly developed, such
as China. Green and low carbon delivery service can help to gain the enterprises’ reputations and
improve customer satisfaction. Therefore, the CP effect is worthy of further investigation on Chinese
express companies. On this basis, we propose another hypothesis:
Hypothesis 5 (H5): CP has a significant positive correlation with the intention to adopt green innovation for
Chinese express companies.
PP from the e-commerce platform is a new stakeholder determinant that has been found in the
emerging stage of Chinese e-commerce logistics. In order to provide a green logistic service to fight
with the growing environmental issues, an e-commerce platform is also needed to implement the
service innovation very quickly [71,74–76]. At the same time, the government agencies also request
that the e-commerce platforms provide the customers with the choices of green logistic services. To this
end, the e-commerce platforms work with the cooperative express companies to promote the green
standardizations for e-commerce logistics, such as standard trays, shared delivery boxes, electronic
labels, and other green logistic facilities. For instance, it was discovered that organizations were
inclined to imitate the adopted actions from leading peers [77]. In addition, the standardized pressure
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played a significant role in the diffusion process of new technologies [78]. However, the perceptions
towards PP from the large amount of SMS express companies in China remain unclear. On this root,
we propose the following hypothesis:
Hypothesis 6 (H6): PP has a significant positive correlation with the intentions to adopt green innovation for
Chinese express companies.
2.4. Social Influence and Green Innovation
TAM was originally developed based on the rationale “belief–attitude–intention” from the rational
behavior theory (RBT). It ignores the effects of subjective norms on behavioral intentions [38]. To this
end, TAM was further developed by introducing the social influence (SI) concept, resulting in the
TAM3 and the unified theory of acceptance and use of technology (UTAUT), etc. [79,80]. SI mainly
includes subjective norms and impressions [81]. A subjective norm refers to an individual’s perceived
SI towards performing a specific behavior. Impression, to some extent, can be known as an individual’s
behavior of using a specific product to improve social status or reputation [34].
Many studies have shown the positive effects of SI on the adoption of new technologies or
products [82–85]. For example, the directors’ subjective norm of environmental regulations were found
to be positive, with the preference for pollution reduction countermeasures [85]. Impression changes
in both social media and word-of-mouth can significantly affect the intentions of adopting cleaning
products [34]. Following this idea, we propose the following three hypotheses:
Hypothesis 7 (H7): SI has a significant positive correlation with the intentions to adopt green innovation for
Chinese express companies.
Hypothesis 8 (H8): SI has a significant positive correlation with PGU.
Hypothesis 9 (H9): SI has a significant positive correlation with PIE.
3. Data Collection
3.1. Instrument Design
On root of the empirical findings from the reviewed literature and the theoretical framework
proposed in the previous section, we designed a questionnaire survey that targeted the corporators
from third-party express companies in China. In addition, to improve the reliability of the designed
items, we collected experts’ opinions from the directors of express companies during two conferences
on the logistics theme in China. Based on the feedback, we revised the survey accordingly and the
final version of the survey is shown in Appendix A (Table A1).
Meanwhile, to guarantee the consistency of the terminology usage of green innovation,
we categorized the green innovation by scope into the following types:
•
•
•
•
•

the use of environmentally friendly packaging materials
the recyclability of packaging materials
the development of new packaging and delivering modes (e.g., shared delivery box)
the use of cleaner energy products (e.g., self-pickup cabinet, new energy delivery vehicle)
Resource saving and pollution reducing delivery method (delivering routing optimization,
joint distribution)

The survey consisted of two parts: part one involved the 20 measuring items categorized into
seven variables. A five-item technology characteristics scale measured the PGU and PIE [36,38,39]; an
eight-item stakeholder pressure scale measured the GP, CP, and PP [32,38,54]; a four-item social influence
scale measured the SI [34,81,86]; and a three-item intention scale measured the stated preference of
adopting intentions [38,39,79]. All the measuring items were designed based on a five-point Likert
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scale [87], ranging from strongly disagree to strongly agree. The scales have been widely adopted for
measuring the attitudes and perceptions in transportation and logistics research [88–91]. Part two
included social-demographic information—e.g., gender, age, education, years of working, position,
and enterprise properties, such as years of operation and ownership type [85,92]. These factors were
considered as control variables in this study.
3.2. Samples
The respondents of this survey were randomly selected from a list of Chinese express companies
provided by the China Express Association. The selecting criterion included the respondents’ green
practice experience or the familiarity with the green actions of their companies. The letter of recruitment
of the respondents was sent through email. To overcome the low response rate of the email delivery
method, we invited the local guilds and the government agencies as intermediaries to assist in
the distribution and collection of surveys. These intermediaries were also trained to improve the
understanding of the objectives and protect the privacy of the respondents. We also guaranteed to
share a free copy of our research results with the respondents.
Moreover, as the language of the survey was Chinese only, we adopted the back-translation
method to minimize the cultural and linguistic bias between our survey and the literature [93] and
experts were invited to validate the final version of items in both English and Chinese. The duration of
this survey lasted for three weeks, from 20 May, 2019. Finally, a total of 196 express companies were
selected. After filtering the invalid samples, we finally collected 282 valid samples. The recycle rate
of valid samples was 45.1%. The demographic distribution of respondents was basically consistent
with the research report on the practitioners of social e-commerce logistics in China released by the
Alibaba Research Institute in 2016 [94]. Both the managers and ordinary employees from the express
companies were included in the target range. A random sampling method was adopted to determine
the distribution of respondents and, generally, the respondents in this study could represent the
demographic characteristics of the express companies. Table 1 shows the descriptive statistics of the
control variables from the valid samples.
Table 1. Respondents’ demographic characteristics and enterprise properties.
Variable

Group

Frequency

Percentage (%)

Demographic characteristics
Male
Female

Gender

190
92

67.4
32.6

High school graduate
and below
Junior college
Bachelor degree
Master/Doctoral
degree

75

26.6

78
91

27.7
32.3

38

13.4

Years of working

Less than 1
1–4
5–9
10 or more

24
128
82
48

8.50
45.4
29.1
17.0

Position

Senior manager
Middle manager
Ordinary employee

46
73
163

16.3
25.9
57.8

Education

Enterprise properties
Ownership type

state-owned
foreign-owned
private-owned

89
32
161

31.6
11.3
57.1

Years of operation

Less than 3
3–7
8–15

17
52
93

6.00
18.4
33.0

282

100

Sum
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4. Data analysis and Results
4.1. Pre-Test Analysis
The primary objectives of the pre-test analysis were to validate the sample size requirement and
identify the threats of common method variance (CMV) and non-response bias to the study. First, the
acceptability of the sample size for SEM was investigated. Sample size affects the model’s degree of
freedom and the fitting process. In general, when the sample size is over 100, SEM can be regarded as
stable [95]. Therefore, the sample size of 282 was acceptable for our following analysis.
In order to lower the potential for common method variance (CMV) bias, we adopted a pilot study
method and selected the experienced respondents. We also paid attention to the voluntary and privacy
protection issues. Additionally, Harmon’s single-factor test was performed to examine the presence of
CMV [96,97]. The results showed that no factor accounted for >35% of the variance, indicating that the
common-method bias was not a significant issue for this study. In addition, researchers indicated that
for mail surveys, the latter respondents were closer to non-respondents [98]. Thus, we ran a two-way
t-test statistical analysis to test the potential bias arising from the time sequence. The data of earlier
respondents and latter respondents were compared, and no significant results between the two groups
were spotted. Therefore, the non-response bias should be an ignorable issue.
4.2. Reliability and Validity Analysis
To assess the measurement model and test the reliability and validity, a confirmatory factor
analysis (CFA) was performed using AMOS 24 in SPSS 22. Table 2 summarizes the results of the CFA
analysis. The values of Cronbach’s Alpha (α) and composite reliabilities (CR) were higher than the
recommended level of 0.70 for all proposed variables (range: 0.840–0.947 and 0.729–0.877), suggesting
adequate reliability [99]. Meanwhile, the corrected item-total correlation (CITC) of all the items was
over 0.6, and α would not be significantly increased by excluding items, providing further support for
reliability [99].
Table 2. The results of the confirmatory factor analysis (CFA) (N = 282).
Variables

Item

Std. Factor Loading *

AVE

CR

Cronbach’s α

PGU

PGU1
PGU2
PGU3

0.812
0.898
0.880

0.744

0.897

0.897

PIE

PIE1
PIE2

0.929
0.945

0.877

0.934

0.934

GP

GP1
GP2

0.850
0.857

0.729

0.843

0.840

CP

CP1
CP2
CP3

0.750
0.950
0.902

0.753

0.901

0.896

PP

PP1
PP2
PP3

0.842
0.885
0.948

0.797

0.921

0.919

SI

SI1
SI2
SI3
SI4

0.897
0.892
0.911
0.896

0.810

0.944

0.943

AI

AI1
AI2
AI3

0.914
0.970
0.902

0.863

0.950

0.947

Note: AVE—average variance extracted; CR—composite reliability; * —all item loadings are significant at
p < 0.001 level.
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Table 2 also shows that all items loaded over 0.70 (significant at p < 0.001) and all values of average
variance extracted (AVE) were above the suggested value of 0.50 (range: 0.729–0.877), indicating
adequate convergent validity. Discriminant validity is a measure of the extent to which a given item
differs from those of other constructs and is demonstrated when the square roots of AVE of each
construct is higher than the correlations [99]. As shown in Table 3, the square roots of the AVEs on the
diagonal were higher than all correlations off the diagonal of the matrix, indicating well discriminant
validity. The findings also showed that no given item had higher loading with another construct but
its respective construct [100]. The results indicated that discriminant validity was further supported by
all the constructs.
Table 3. Correlations and the square roots of AVEs.

PGU
PIE
GP
CP
PP
SI
AI

Mean

S.D.

PGU

PIE

GP

CP

PP

SI

AI

4.351
4.365
4.126
4.053
4.014
4.094
4.280

0.866
0.867
0.973
0.996
0.962
0.951
0.852

0.863
0.722
0.538
0.702
0.617
0.668
0.694

0.936
0.540
0.695
0.624
0.656
0.715

0.854
0.486
0.705
0.617
0.574

0.868
0.637
0.709
0.707

0.892
0.774
0.713

0.900
0.791

0.929

Note: The squared root of AVE is shown on the diagonal of each matrix in bold; inter-construct correlation is shown
off the diagonal.

In addition, the results suggested that each factor exhibited a close relationship with related items,
which indicated that the research constructs had a well-constructed validity. The internal validity of
the data was examined with Kaiser–Meyer –Olkin (KMO) statistics and a Bartlett spherical hypothesis
test [99]. The results showed that KMO = 0.943 > 0.5 and the Bartlett spherical hypothesis test was
significant (p < 0.001). Therefore, the proposed model survived the reliability and validity test.
4.3. Structural Model and Hypothesis Test
The goodness of fit of the measurement model and structural model was estimated in this
study, and some critical measures of goodness of fit indices were selected to evaluate the model’s
performance, such as X2 /df, root mean square error of approximation (RMSEA), incremental fit index
(IFI), etc. [101,102]. As is shown in Table 4, all of these indices values were within the acceptable limits
recommended for previous studies. Therefore, the model construct of this study satisfied the model fit.
Table 4. Measures of goodness of fit for the structural equation model (SEM).
Goodness of Fit Index

X2 /df

RMSEA

IFI

NFI

NNFI

Recommended limit

<3

<0.10

>0.9

>0.9

>0.9

Measurement model
Structural model

2.287
2.693

0.068
0.077

0.968
0.956

0.945
0.932

0.959
0.946

PCU (β = 0.154; p < 0.05) and PIE (β = 0.193; p < 0.01) had a significant and positive influence on
AI, providing support for H1 and H2 in our analysis. PIE positively affected PGU (β = 0.511; p < 0.001),
which meant that H3 was validated. Moreover, in terms of the effects of stakeholder pressure (GP,
CP, and PP), only PP had a significant and positive impact on AI (β = 0.155; p < 0.05); GP (β = −0.02;
p = 0.765) and CP (β = 0.58; p = 0.326) were not significant, indicating support for H6 and rejection for
H4 and H5. In addition, SI significantly and positively affected AI (β = 0.42; p < 0.001), PGU (β = 0.38;
p < 0.001), and PIE (β = 0.73; p < 0.001), suggesting that H7, H8, and H9 were supported. The results of
the hypothesis tests were shown in Table 5. (See Figure 2).

Sustainability 2020, 12, 2891

10 of 19

Table 5. Results of hypothesis testing.
Hypothesis

X

→

Y

S.E.

p Value

Std. Coefficient

Support

H1
H2
H3
H4
H5
H6
H7
H8
H9

PGU
PIE
PIE
GP
CP
PP
SI
SI
SI

→
→
→
→
→
→
→
→
→

AI
AI
PGU
AI
AI
AI
AI
PGU
PIE

0.072
0.064
0.066
0.065
0.056
0.071
0.094
0.060
0.048

*
**
***
0.765
0.326
*
***
***
***

0.154
0.193
0.511
−0.020
0.058
0.155
0.420
0.380
0.730

Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes

Note: X: independent variable; Y: dependent variable; →: the path influence relationship; S.E.: standard error; *:
significant
at03,
p <x0.05
**significant
Sustainability
2020,
FORlevel;
PEER
REVIEW at p < 0.01 level; ***significant at p < 0.001 level.
10 of 20

Figure 2. The results of the SEM. Note:
FigureX:2.independent
The results ofvariable;
the SEM.Y: dependent variable; →: the path
influence relationship; S.E.: standard error; *: significant at p < 0.05 level; **significant at p < 0.01 level;
***significant at p < 0.001 level. Table 5. Results of hypothesis testing.

4.4. Mediation
Effect andXControl→Variables
Hypothesis
Y Test S.E.
P value
Std. coefficient
Support
→ AI
PGU model
*
0.154
Yes
The H1
proposed structural
required 0.072
a mediation analysis
to verify
if the size of the
effect of SI
→
H2
PIE
AI
0.064
**
0.193
Yes
on the AI was influenced by multiple mediator variables, such as PGU and PIE. Thus, a PROCESS
PIE 6) →
PGU by Hayes
0.066 (2018) [103]
*** was utilized
0.511
Yes
modelingH3
technique (Model
proposed
in this study. As
this study
→
GP
AI analysis,
0.065the PROCESS
0.765 technique
−0.020
was basedH4
on a serial multiple
mediator
was suitable, as No
it generated
→
0.058 pairwise comparisons
No
CP
AI all indirect
0.056 effects,0.326
bootstrapH5
confidence intervals
(CI) for
as well as all possible
H6
PPusing →
*
0.155
Yes
between indirect
effects
5000 AI
bootstrap0.071
samples [104].
As shown
paths (SI ⇒***
PGU ⇒ AI, β0.420
= 0.1541, p < 0.001;
→indirect
H7 in TableSI6, three
AI effect0.094
YesSI ⇒ PIE
⇒ AI, β =H8
0.0506, p < 0.001;
⇒ PIE
⇒ PGU0.060
⇒ AI, β = 0.0485,
p < 0.001)
were positivelyYes
significant.
SI SI→
PGU
***
0.380
The percentile
valuePIE
by the 5000
bootstrapped
[105]. These
H9 95% CI had
SI zero→
0.048
*** sample approaches
0.730
Yes findings
revealed
that
both
PGU
and
PIE
had
mediating
effects
on
AI,
while
SI
positively
and
directly
influenced
Note：X: independent variable; Y: dependent variable; →: the path influence relationship;
AI. S.E.:
Withstandard
regards toerror;
the control
variables,
path **significant
coefficients were
significant,
only the years
*: significant
at pas
< other
0.05 level;
at p <not
0.01
level; ***significant
of working
(β
=
0.145,
p
<
0.05)
and
years
of
operation
(β
=
0.203,
p
<
0.01)
were
found
to
significantly
at p < 0.001 level.
affect AI. These results suggested that the long-standing express companies had advantages in green
technology
and
the and
talent
retainment
played
4.4.
Mediation
effect
control
variables
test an important role. In addition, the results of the variance
analysis showed that there was no significant difference in the willingness of green innovation among
The proposed
structural
required a the
mediation
analysis
to verify
if the
size
of the
effect
of
the respondents
with
differentmodel
jobs. Moreover,
regression
analysis
showed
that
D-W
= 1.931
and
SI
the AI was
influenced
multiple
mediatorwere
variables,
such
PGU
and indicated
PIE. Thus,that
a PROCESS
theon
variance
inflation
factor by
(VIF)
of all variables
less than
5. as
The
results
there are
modeling
technique
(Model
6)
proposed
by
Hayes
(2018)
[103]
was
utilized
in
this
study.
As this
no collinearity or autocorrelation problems in the current model.
study was based on a serial multiple mediator analysis, the PROCESS technique was suitable, as it
generated bootstrap confidence intervals (CI) for all indirect effects, as well as all possible pairwise
comparisons between indirect effects using 5000 bootstrap samples [104].
As shown in Table 6, three indirect effect paths (SI ⇒ PGU ⇒ AI, β = 0.1541, p < 0.001; SI ⇒ PIE
⇒ AI, β = 0.0506, p < 0.001; SI ⇒ PIE ⇒ PGU ⇒ AI, β = 0.0485, p < 0.001) were positively significant.
The percentile 95% CI had zero value by the 5000 bootstrapped sample approaches [105]. These
findings revealed that both PGU and PIE had mediating effects on AI, while SI positively and directly
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Table 6. Indirect effects of social influence on adopting intention of green innovation.
Path

Effect

Boot SE

BootLLCI

BootULCI

Total
SI ⇒ PGU ⇒ AI
SI ⇒ PIE ⇒ AI
SI ⇒ PIE ⇒ PGU ⇒ AI

0.2532
0.1541
0.0506
0.0485

0.0453
0.0437
0.0246
0.0201

0.1704
0.0688
0.0132
0.0160

0.3448
0.2401
0.1083
0.0947

Note: 95% bootstrap confidence. Number of bootstrap samples for percentile bootstrap confidence intervals: 5000.

5. Discussions
5.1. Theoretical and Empirical Contributions
Firstly, some previous studies have investigated the pre-determinants of green innovation
adoption for enterprises; however, few of them have discussed this issue from multiple theoretical
views [106–108]. To this end, this study integrated the technology acceptance model (TAM), stakeholder
theory, and rational behavior theory (RBT), and established a comprehensive model framework. This
model further expands the interpretability of the three theories, implicating that the green innovation
adoptions can be learned from three perspectives, such as technology characteristics, stakeholder
pressure, and social influence. In addition, our research reveals the mediation effects of technology
characteristics (PGU and PIE) between social influence and green innovation adoption. This result
implicates that the effects of the countermeasures should be considered dynamically due to the
interactions among these determinants.
Secondly, this study makes a contribution to the stakeholder theory by considering a novel factor
platform pressure (PP) from the e-commerce economy, and this new factor has exhibited a significant
influence on the green innovation adoptions for Chinese express companies. In contrast, the pressure
from the government and customer have no significant incentive effects on the green innovation
adoptions. These results are different from the manufacturing industries [32,57]. This may be mainly
caused by the different properties across industries. For example, express companies are not the pivot
domain for green regulations, as the influence of express companies on the environment are generally
much smaller than the manufacturing enterprises [32]. In addition, the green regulations in China for
the express industry are not completed [76,109]. Therefore, the government pressure is not significant.
With respect to customer pressure, the free delivery policy of e-commerce platforms makes the public
less concerned with the green aspects of the express services, but more concerned with the efficiency.
An important revelation here is that the understanding of the drivers of green innovation needs to
be contextualized.
Thirdly, due to the lack of research on green innovation in China’s express industry, this paper is
conducive to the in-depth analysis of the literature on green innovation in China’s express industry.
Moreover, combined with internal and external factors, this article seeks to find out what factors affect
the adoption of green innovation for Chinese express companies. Some common factors will lay a
certain foundation for the future research on the green innovation theory and the practice of industries
and enterprises.
5.2. Practical Implications
We spot several useful practical implications for express companies based on the findings from
technology characteristics and social influence. Firstly, the express companies should note the value of
green innovation and be actively involved in the green practices as early as possible. Secondly, the
effectiveness of green innovations should also be noticed to manage the potential risk. Thirdly, the
effect of social influence cannot be ignored, as it may not be less than the financial performance. The
government and social media should enhance the value of green innovation and relieve the harm of
logistic pollution through advertisements.
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On the other hand, the findings of this study focus on the starting phase of China’s express
industries. The enterprises should have a progressive perspective on the GP and PP. From previous
experience in manufacturing industries, the environmental protection awareness of the government
and public would rise with the development of industries. Therefore, in the foreseeable future, the
regulation and public needs may also rise for green logistics. It is also important for the enterprises to
be prepared for the future trends. In addition, inspired by the large effects from PP, the government
can transform their management ideas and put more regulations on the e-commerce platforms, such
as binding green policies to motivate the green actions of express companies. From the view of the
supply chain, the customer effects should be incorporated into the entire logistics system. Express
companies should gradually guide the customer’s habits to pay for a green delivery service initiatively.
This orientation can also inspire the green innovation in supply chain management.
Finally, a clearer research design of how to adopt green innovation for express companies with
different business types will provide a richer perspective and practical guidance for this study. At the
same time, from a supply chain perspective, proximity to final consumers is an important factor that
affects the environmental behavior of express companies, which is worth exploring in the future.
6. Conclusions
As a modern service industry, express companies have non-negligible issues in energy consumption
and environmental pollution in spite of the fact that they will not be directly involved in manufacturing.
As the public attention on environmental protection grows, it is imperative to introduce green
innovations to handle the environmental and sustainable issues of express companies. To this end, it is
important to have prior knowledge of the determinants of the enterprises’ intentions to accept the
green innovations before any practical implications. However, previous studies have often considered
the direct influence of the determinants, while few of them have noticed the underlying structures and
interactions among these determinants.
To fill the research gaps in the studies of the green innovation of the Chinese express industry, this
study integrated different theories into the investigation of the influencing factors of green innovation
and examined the perceptions of express companies on adopting green innovation. Results showed
significant positive effects from technology characteristics (perceived green usefulness and perceived
integrated ease of use) and the social influence (subjective norm and impression) on the adopting
intentions of green innovation from express companies. In addition, the effects from stakeholder
pressure only worked with platform pressure; the government pressure and customer pressure were
not significant, which was different from the hypotheses. It was also revealed that some technology
characteristics might have meditated the effects between social influence and the intentions of green
innovation adoptions. Finally, it was discovered that the years of working for green participants and
the years of operating for express companies were also significant with the adopted intentions of
green innovations.
Based on the findings of this study, several implications were proposed:
•

•

•

Chinese express companies have generally realized the benefits of green innovations in terms
of promoting the economical profits and environmental benefits. Thus, the green policies may
have incentive effects on the investments of green innovations for the large amount of small and
medium sized express companies in China.
The perceived integrated ease of use of green innovation is negatively related to the perceptions
of uncertain risks from enterprises. As a higher level of PIE is beneficial to the acceptance of
green practices, standardized and integrable friendly green products—e.g., e-tag and smart
cabinets—should be promoted at the initial stage of green promotion.
Shaping the green image of enterprises is an important response to social influence, which
plays an important role in gaining the support of consumers and improving the competitiveness
of enterprises.
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The prominent role of platform pressure (the only significant factor in adopting intention) may
inspire the government to develop bundled policies from a supply chain aspect—e.g., giving
incentives to the e-commerce platforms for green practices so as to encourage the platforms to
force their cooperative carriers to use green products.

To sum up, the findings of this study not only provided a solid theoretical basis for further
investigating the motivation of the express companies for adopting green innovation, but also
presented many recommendations on the practical implications in green innovation practices.
However, several limitations of the current research and the future research needs should also
be noted:
Firstly, this paper only considered the antecedents of green innovation from a combination of
acceptance and behavioral theories. Future research needs to introduce different theories—e.g., the
network embedding theory—for exploring the influencing factors of the green innovation’s adoption.
Secondly, current research only considers the external influencing factors of green innovation, but
ignores the internal factors, such as resources and capabilities, human capital, organizational support,
etc. Therefore, more determinants need to be considered to clarify the internal motivation and explore
the integrated effects of external and internal factors on green innovation adoptions.
Thirdly, this study only investigated the chain mediating effect of technical characteristics, and
future research should examine the potential mediating effects or moderating effects between different
factors and clean up the process of green innovation behavior.
Fourthly, this paper is a static study using cross-sectional data, which is difficult when reflecting
the dynamic change of the green innovation characteristics of express companies in different stages,
and future research will take panel data or a longitudinal analysis into consideration.
Finally, the respondents in this study may present the demographic characteristics of express
companies. However, more abundant sample sources in the evaluation will help to improve the
reliability and generalizability of the research conclusions. In future studies, more heterogenous
elements, such as cultural difference, should be integrated in the prediction model.
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Appendix A. The Details of the Survey
Table A1. The details of the survey.
Variable

Perceive green
usefulness

Perceived
integration ease of
use
Government
pressure

Customer pressure

Platform pressure

Social influence

Adopting
intention

Index

Measuring Item

PGU1

Green innovation can bring better economic
and environmental performance to express
companies

PGU2

Green innovation can significantly reduce
the environmental pollution of express
companies

PGU3

Green innovation can bring better
competitive advantage and social image to
express companies

PIE1

Green innovation is easy to use

PIE2

Green innovation is easy to integrate into
existing systems

GP1

Express companies feel pressure from the
government’s environmental policies

GP2

Express companies that do not comply with
environmental regulations will be punished

CP1

Customers require us to improve
environmental performance

CP2

Customers pay more attention to the
environmental protection of operational
process

CP3

Express companies feel pressure from
customers to provide green services

PP1

Express companies feel pressure from the
e-commerce platform’s environmental
requirements

PP2

The collaborative e-commerce platforms
call for us to provide green service

PP3

The e-commerce platform will reduce the
business volume for non-environmental
express companies

SI1

People who focus on green innovation are
more fashionable

SI2

People who apply green innovation are
loyal environmentalists

SI3

My colleagues support green innovation

SI4

My leaders feel that green innovation is
important

AI1

We are willing to adopt green innovation in
our work

AI2

We recommend that partners adopt green
innovation

AI3

We are likely to adopt green innovation in
the future

Reference

[36,38,39]

[32,38,54]

[23,32,37]

[23,32,37]

-

[34,81,86]

[38,39,79]
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