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a b s t r a c t

Global environmental problems have arisen since some firms pursue fast growth at the expense of
massive resource consumption and environmental degradation. Under such conditions, stakeholders
increasingly require firms to implement sustainability-friendly practices. This paper explored whether
innovative knowledge assets and firm transparency promoted sustainability-friendly practices and
further investigated the moderating role of firm transparency on the relationship between innovative
knowledge assets and sustainability-friendly practices. Using 1186 firm-year observations of Chinese
listed firms from 2006 to 2015, the results showed that innovative knowledge assets (b¼ 0.787,
p< 0.001) and firm transparency (b¼ 0.280, p < 0.001) exerted positive impacts on sustainability-
friendly practices and that the interaction of innovative knowledge assets and firm transparency
(b¼ 0.274, p < 0.01) also positively affected the extent to which a firm's innovative knowledge can reach
its full potential for sustainability-friendly practices. The outcomes of this paper will innovate the
corporate sustainability literature and offer a fresh pathway to future studies.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

1.1. Research problem

Firms are not separate from the natural environment but are
located within it, and their activities have a significant impact on
the natural environment, as some firms pursue economic perfor-
mance while ignoring environmental protection (Flammer, 2013).
With the rise in environmental problems, firms have been
increasingly required to achieve a balance between economic
profitability and environmental responsibility (Law and
Gunasekaran, 2012). Under such conditions, firms are obliged to
make an extra effort to include environmental responsibility in
their corporate vision in an attempt to provide short-term and
long-term values to stakeholders. As such, an increasingly number
nd nonsubstitutability; CSR,
t; ROE, return on common

u), liuyexin1990@163.com,
of firms have begun to implement sustainability-friendly practices
(Maleti�c et al., 2016).

To deal with this emphasis on sustainability-friendly practices, a
growing body of literature explores the driving factors behind
sustainability-friendly practices, which can usually be divided into
two categories, namely, external driving factors and internal
driving factors (Lozano, 2015). Some of the most characteristic
driving factors are presented in Table 1. It can be concluded that
there is a tendency to transfer the focus from external to internal
driving factors.

Although numerous studies have investigated the driving fac-
tors of sustainability-friendly practices from different internal
perspectives, more research is required to develop an in-depth
understanding of why firms take part in sustainability-friendly
practices (Bai et al., 2015). From a knowledge-based view,
changes in business logics have their roots in organizational
knowledge (Bond et al., 2010). Innovative knowledge assets, a
particular kind of organizational knowledge, have the greatest
potential to nurture the transformations of business logics because
they are the foundations of strategy development, performance
improvement, and capability enhancement (Ferraresi et al., 2012;
Mills and Smith, 2011). Following this logic, innovative knowl-
edge assets may be the major reason why firms engage in
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Table 1
Summary of studies of the antecedents of sustainability-friendly practices.

Study Operational definition of sustainability-friendly
practices

Kinds of
antecedents

Main conclusions

External Internal

Blum-Kusterer
and Hussain
(2001)

7 items, seven-point Likert scales ✓ Regulation is the most important driver for sustainability improvements.

Moffat and Auer
(2006)

A voluntary initiative to accelerate sustainability
innovation and improve environmental
performance

✓ Government leadership and intervention to support and reward have impacts on
corporate sustainability.

Abreu (2009) Environmental management within business
system

✓ Continual efforts to work with government and society contribute to improve
corporate sustainability.

Collins et al.
(2010)

Practices related to the eco-efficiency strategies ✓ Reputation and brand are significant drivers for sustainability practices.

Windolph et al.
(2014)

Three indicators, representing an increasing level
of firm engagement

✓ Seeking corporate legitimacy and market success are the motivations to deal with
sustainability.

Miska et al.
(2018)

Firms' activities that contribute to the domains of
sustainability

✓ Globe cultural practices are related to the sustainability practices.

Wagner (2005) SO2 emissions, NOx emissions, COD emissions,
total energy input, and total water input

✓ Corporate strategies with regard to sustainability and environment influence
sustainability-friendly practices.

Hofmann et al.
(2012)

7 items, five-point ordinal scales ✓ The adoption of advanced technology, experiences with inter-firm relations and
capacity for product innovation are three capabilities that support firms' efforts to
become greener.

Chakrabarty and
Wang (2012)

The sum of the number of positive practices
across six sustainability-friendly related areas

✓ Firms with high R&D intensity and high internationalization are likely to develop
more sustainability practices.

Lourenço and
Branco (2013)

Bovespa Corporate Sustainability Index ✓ Financing characteristics are likely to have higher significance in determining
corporate sustainability.

Pedersen et al.
(2018)

10 statements, ten-point ordinal scales ✓ Firms with innovative business models are more likely to address corporate
sustainability.

Johannsdottir
and
Mcinerney
(2018)

An approach to environmental and social issues
influencing companies' actions

✓ Commitment, configuration, core business, communication, and continuous
improvement are related to environmental sustainability.

Masocha and
Fatoki (2018)

Twenty-one items, five-point Likert scale ✓ Coercive isomorphic pressures have a significant impact on sustainability practices.

Annunziata et al.
(2018)

Sixteen items, five-point Likert scale ✓ Organizational capabilities are positively associated with proactive socio-
environmental practices.
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sustainability-friendly practices. However, there is still a lack of
research demonstrating the antecedent effect of sustainability-
friendly practices from a knowledge-based view and thus on
whether there is a link between innovative knowledge assets and
sustainability-friendly practices remains unclear. By ignoring this
important research question, firms are unable to effectively pro-
mote sustainability-friendly practices. Therefore, this paper aimed
to probe a new research field, focusing on exploring the connection
between innovative knowledge assets and sustainability-friendly
practices.

Furthermore, as proposed by the knowledge-based view, inno-
vative knowledge assets, because of their uniqueness, implicit na-
ture, and firm specificity, may induce a high degree of information
asymmetry between firms and their stakeholders (He and Wang,
2009). As a result, the process of transferring innovative knowl-
edge assets into sustainability-friendly practices is potentially
plagued with a firm-stakeholder relationship. Stakeholder theory
argues that stakeholders are critical in terms of their power, and
stakeholders’ influences on firms can be both direct and indirect
depending on resource dependence (Harrison and Wicks, 2013).
Firm transparency, one of the most critical ways for firms to create
shared interests with their stakeholders, is essential for forming
strong bonds between firms and their stakeholders (Baraibar-Diez
et al., 2017). This paper proposed that firm transparency had a
direct positive effect on sustainability-friendly practices and also
strengthened the relationship between innovative knowledge as-
sets and sustainability-friendly practices.

To respond to the focus on sustainability research and practice,
this paper has implications for the unexplored relationships among
innovative knowledge assets, firm transparency and sustainability-
friendly practices. Specifically, this paper addressed three research
questions: (1) Were innovative knowledge assets associated with
sustainability-friendly practices? (2) Was there a link between firm
transparency and sustainability-friendly practices? and (3) Did the
relationship between innovative knowledge assets and
sustainability-friendly practices differ for firms with different levels
of firm transparency? These three research questions were tested
in China, which is a transition economy. Although the theoretical
arguments investigated in this paper were universal, a transition
economy may offer a more appropriate research context. China's
market is quite diverse, which allows to obtain more variations in
terms of innovative knowledge assets, firm transparency and
sustainability-friendly practices.

The following section develops the hypotheses. Section 2 pre-
sents the method. Section 3 shows the analysis results, which are
discussed in Section 4. Section 5 summarizes the main findings,
proposes theoretical contributions and practical implications, and
offers possible extensions for future research.

1.2. Research hypotheses

1.2.1. Innovative knowledge assets and sustainability-friendly
practices

According to the resource-based view, variances in performance
among firms can be attributed to differences in their VRIN re-
sources, namely, value, rarity, inimitability, and nonsubstitutability
(Barney et al., 2011). As organizational knowledge becomes a kind
of progressive primary resource, many researchers argue that firms'
successes depend on organizational knowledge, and thus, a
knowledge-based view emerges (Håkanson, 2010). The knowledge-
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based view is a further development of the resource-based view,
and the central argument of the knowledge-based view is that the
differences in organizational knowledge are the main reason for
divergences in firms' performance (De Silva et al., 2018). Among
various kinds of organizational knowledge, innovative knowledge
assets, a type of firm-specific resource, are the most important
strategic resource with the most VRIN characteristics (He and
Wang, 2009). Following previous research, this paper defined
innovative knowledge assets as a firm's distinctive knowledge
stocks, which are essential for a firm to create competitive advan-
tages (He and Wang, 2009; Qian et al., 2017).

Sustainability-friendly practices refer to firms’ voluntary activ-
ities that incorporate social and environmental concerns into
business operations (Collins et al., 2010). Sustainability-friendly
practices can be seen as a type of investment that contributes to
innovations in current non-sustainability-friendly products and
processes, and firms can attain a certain level of sustainability-
friendly practices by achieving sustainability-friendly oriented
innovation (Schaltegger and Wagner, 2011). According to the
knowledge-based view, innovative knowledge assets can be
regarded as the basic constitutive elements that help firms increase
their capabilities to introduce creative destructions aimed at
improving the ecological features of their products and processes
(Doyle et al., 2019; Wang et al., 2016). For instance, innovative
knowledge assets can be transferred into energy-saving projects
and lead to environmentally friendly products (Amores-Salvad�o
et al., 2014). The innovative knowledge assets embedded in the
operation processes can also trigger environmentally responsible
operations, such as decreasing the emissions of carbon dioxide and
utilizing recyclable resources (Blum-Kusterer and Hussain, 2001;
Wijethilake et al., 2018). Following this logic, innovative knowl-
edge assets can act as an important input for implementing
sustainability-friendly practices because innovative knowledge
assets and sustainability-friendly practices are both associated with
product and process improvement.

At the same time, the outstanding performance generated by
innovative knowledge assets may attract more attention from
stakeholders, which contributes to firms' sustainability-friendly
practices (Rahman and Post, 2012). The prominent performance
produced by innovative knowledge assets increases the recognition
of community stakeholders and regulatory stakeholders, two of the
most important stakeholders focusing on firms' sustainability-
friendly practices (Ginesti et al., 2018; Kassinis and Vafeas, 2006).
Firms with remarkable performance can receive more attention
and enjoy more substantial communications with community
stakeholders (Harrison andWicks, 2013). The close correlationwith
their community stakeholders can help firms capture valuable
knowledge, which in turn, helps them realize sustainability-
friendly oriented innovation (Wolf, 2014). More importantly,
firms with high performance levels can also establish more con-
nections with regulatory stakeholders, which are helpful in
acquiring preferential financial and political support, such as sup-
port funding, project investment, tax exemptions, interest-free or
discount government loans, and relaxed regulatory enforcement
(Wu et al., 2018). These preferential financial and political supports
are pivotal for firms in implementing sustainability-friendly prac-
tices because they can help firms construct their R&D infrastruc-
ture, execute their R&D projects, and upgrade the essential skills of
their R&D employees (Wei et al., 2017). Therefore, innovative
knowledge assets can also link to sustainability-friendly practices
through stakeholders’ attentions. Based on the theoretical analysis
above, a hypothesis is formulated as follows:

H1. Ceteris paribus, innovative knowledge assets have a positive
impact on sustainability-friendly practices.
1.2.2. Firm transparency and sustainability-friendly practices
Firm transparency, conceptualized as the availability and val-

idity of particular information to firms' stakeholders (Bushman
et al., 2004), is one of the primary corporate governance mecha-
nisms to minimize information asymmetry (Firth et al., 2014). High
firm transparency always serves as a prerequisite for drawing
stakeholders' attention, while firms that fail to maintain trans-
parency risk suffering a non-compliance punishment
(Schnackenberg and Tomlinson, 2016). Stakeholder theory argues
that firms should continually meet the demands of diversity
stakeholders to obtain their support (Harrison and Wicks, 2013;
Crane, 2018). With the promotion of an awareness of environ-
mental protection, stakeholders' values have increasingly changed
from profit-oriented to sustainability-friendly oriented (Johnson
et al., 2018; Law and Gunasekaran, 2012), and they require a sub-
stantial material disclosure of corporate information to control
firms’ behaviours (Orlitzky et al., 2011). It can thus be inferred that
firm transparency can affect sustainability-friendly practices
through the firm-stakeholder relationship, including community
stakeholders and regulatory stakeholders.

First, firm transparency can affect the level of firms' behaviours
that are opposite to community stakeholders' beliefs and thereby
enhance firms' commitments to sustainability-friendly practices.
Community stakeholders expect detailed information about how
firms' efforts are leveraged to the provision of sustainability-
friendly practices, such as pro-environmental programs (Chung
et al., 2015). Firm transparency addresses community stake-
holders’ information requests (Yu et al., 2018), and the more in-
formation that is made available to community stakeholders, the
more pressure from community stakeholders and the more modi-
fications firms would be requested to make (Schnackenberg and
Tomlinson, 2016). That is, firm transparency makes firms subject
to greater levels of scrutiny by their community stakeholders, and
community stakeholders may use the information received to put
pressure on firms in terms of their sustainability-friendly practices.

Second, firm transparency is also essential for regulatory
stakeholders to promote firms' sustainability-friendly practices.
Firms must provide the necessary information required by regu-
latory stakeholders, which is conducive to better assessing and
supervising firms’ behaviours (Weber, 2014). High levels of firm
transparency can affect the level of concern from regulatory
stakeholders, and as a result of such concern, firms have been
forced to reevaluate their strategic approaches towards the natural
environment and embrace environmental protection as part of how
they do business (Amores-Salvad�o et al., 2014). In such a way, firms
may implement more practices that can be identified as sustainable
and friendly and shun practices that primarily benefit firms rather
than the environment, given the environmental preferences of
regulatory stakeholders (Cuadrado-Ballesteros et al., 2016). In other
words, firms with high firm transparency may enact more
sustainability-friendly practices because they are under great
scrutiny from their regulatory stakeholders, which in turn helps
them become better corporate citizens.

Some statements from the stakeholder's perspective are actu-
ally consistent with the resource-based view. According to the
resource-based view, an excellent company philosophy is usually a
precious and unique resource that is difficult for other firms to copy
(Barney et al., 2011; Elsbach and Stigliani, 2018). Firm transparency
has been highlighted as a type of ethical company philosophy that
differentiates an organization from others (Hassan and Ibrahim,
2012), which can increase firms' responsibility for carrying out
beneficial activities to fulfil stakeholders' needs (H€orisch et al.,
2015; Wolf, 2014). Hence, firm transparency can be considered
necessary to encourage sustainability-friendly practices. Based on
the theoretical analysis presented above, a hypothesis is formulated
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as follows:

H2. Ceteris paribus, firm transparency has a positive impact on
sustainability-friendly practices.
1.2.3. Moderating role of firm transparency
Innovative knowledge assets can produce superior performance,

which in turn, can attract stakeholders' attention (He and Wang,
2009). Firm transparency is associated with information disclo-
sure of corporate documents related to business activities
(Bernstein, 2017), and increasing firm transparency is of great sig-
nificance in promoting the degree of firms’ openness to their
stakeholders, which is alleged to be a key factor for increasing the
attention generated by innovative knowledge assets (H€orisch et al.,
2015). Since transparent firms receive more concern from their
stakeholders, firm transparency may enhance the effect of inno-
vative knowledge assets, with the aim of meeting heightened
stakeholder expectations and demands. Following this logic, this
paper argued that firm transparency might also play a positive
moderating role in the relationship between innovative knowledge
assets and sustainability-friendly practices.

First, to meet the reasonable requests of community stake-
holders, firm should constantly disclose information (Benlemlih
et al., 2018), and increased firm transparency helps establish
common values and norms between firms and community stake-
holders (Bernstein, 2017). Awareness of firm transparency in-
creases the identification of community stakeholders and further
enhances the desire of community stakeholders to commit their
private knowledge to firms (Dawkins and Fraas, 2013; Vaccaro and
Sison, 2011). Firms showing greater transparency can thus obtain
more knowledge flows, which are often heterogeneous from firms’
internal knowledge. It then follows that innovative knowledge as-
sets can recognize the value of knowledge flows, assimilate them,
and apply them to achieve sustainability-friendly practices
(Schaltegger and Wagner, 2011). In short, when firm transparency
is high, social exchanges with community stakeholders strengthen,
and these exchanges can further expand efforts in terms of inno-
vative knowledge assets to ensure the implementation of
sustainability-friendly practices using newly acquired knowledge.

Second, firms are inevitably constrained by regulatory stake-
holders (Zhao et al., 2014) and always firmly seek political legiti-
macy to gain acceptance and approval from their regulatory
stakeholders (Ball et al., 2018; Kassinis and Vafeas, 2006). In an
information asymmetry context, the greater supply of firm trans-
parency signals firms' long-range promises to maintain political
legitimacy (Bushman et al., 2004), and it is more likely that high
levels of firm transparency lead regulatory stakeholders to positive
interpretations (Das Neves and Vaccaro, 2013). By doing so, the
greater the firm transparency, the higher the extent of firms’ citi-
zenship, which helps firms enhance the high level of political
legitimacy acquired from regulatory stakeholders (Bernstein, 2017).
Thus, firms with high transparency can shield themselves from
Innovative knowledge assets
H1

Firm transpare

H3

Fig. 1. The research model p
government disturbance and enjoy institutional support, and the
tangible and intangible supports thus acquired facilitate the
transfer of innovative knowledge assets to sustainability-friendly
practices more efficiently and effectively (Cuadrado-Ballesteros
et al., 2016). Based on the theoretical analysis presented above, a
hypothesis is formulated as follows:

H3. Firm transparency positively moderates the relationship be-
tween innovative knowledge assets and sustainability-friendly
practices.

Fig. 1 depicts the research model of this paper.
2. Method

2.1. Samples

The samples in this paper were selected from the Shenzhen
listed firms from 2006 to 2015. Initially, the samples were acquired
from the Shenzhen Stock Exchange website (http://www.szse.cn/),
and then, relevant information on each firm was searched. This
paper integrated the State Intellectual Property Office of the Peo-
ple's Republic of China and the China National Knowledge Infra-
structure to obtain innovative knowledge assets data. The
sustainability-friendly practices were measured by content anal-
ysis, and the content used for analysis were acquired from public
sources, such as corporate websites, firms' annual reports, corpo-
rate social responsibility (CSR) reports, and green CSR reports
(when available) (Kuo et al., 2012; Rahman and Post, 2012). The
firm transparency data were obtained from the Shenzhen stock
exchangewebsite, and the control variables datawere derived from
each firm's annual report and the China Stock Market and Ac-
counting Research (CSMAR) database, one of the largest databases
of Chinese publicly listed firms containing information on Chinese
stock markets.

Following previous research, this paper deleted Special Treat-
ment (ST) firms, as they were in an abnormal financial condition
and therefore unsuitable for data analysis. In addition, this paper
also removed a number of observations because their data were
incomplete. After merging data, the final panel dataset to be used
for analysis included 123 firms and 1186 firm-observations. Table 2
shows the sample distribution divided by year and industry.

Others include those include only one type of industry, such as
animal husbandry, instrumentation manufacturing, manufacturing
of railways, ships, aerospace and other transport equipment, paper
and paper products, etc.

2.2. Measurement

2.2.1. Innovative knowledge assets
Much of a firm's innovative knowledge assets are accumulated

internally (He and Wang, 2009). Usually, firms invest in R&D and
produce patent applications, which give rise to innovative
Sustainability-friendly practices

ncy

H2

resented in this paper.
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Table 2
Sample distribution by year and industry.

Industry type Year Subtotal %

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Forestry 1 2 1 2 2 2 2 2 2 2 18 1.52
Coal mining and dressing 3 4 4 4 4 4 3 3 3 3 35 2.95
Non-ferrous and black metals mining and dressing 4 4 4 4 4 4 4 4 4 4 40 3.37
Farm and sideline food processing 2 2 2 2 2 2 2 2 2 2 20 1.69
Wine, beverages and refined tea manufacturing 5 5 5 5 5 5 5 4 5 5 49 4.13
Textile 1 2 2 2 2 2 2 2 2 1 18 1.52
Chemical and pharmacy 10 11 11 11 11 11 11 11 11 11 109 9.19
Non-metallic mineral products 3 3 4 4 4 4 4 4 4 4 38 3.20
Metal smelting and rolling processing 10 11 11 11 10 11 11 11 11 11 108 9.11
Metal products 3 3 3 3 3 3 3 3 3 3 30 2.53
General and special equipment manufacturing 3 5 5 5 5 5 5 5 5 5 48 4.05
Auto manufacturing 5 6 7 7 7 7 7 7 7 7 67 5.65
Electrical machinery manufacturing 2 2 2 2 2 1 1 1 1 1 15 1.26
Telecommunication and IT 10 11 11 11 12 12 12 11 10 11 111 9.36
Power, thermal production and supply 5 5 5 5 5 5 4 4 4 5 47 3.96
Civil engineering construction 2 3 3 2 3 2 2 3 3 3 26 2.19
Real estate 11 13 13 13 13 12 13 13 13 13 127 10.71
Commercial service 2 2 1 2 2 2 2 2 2 2 19 1.60
Wholesale 4 4 4 4 4 4 4 4 4 4 40 3.37
Trade and retail 3 3 3 3 3 3 3 3 3 3 30 2.53
Road transport 2 2 2 2 2 2 2 2 2 2 20 1.69
Ecological protection 2 1 2 2 2 2 1 1 2 1 16 1.35
Others 17 19 16 16 16 15 14 14 14 14 155 13.07
Total by year 110 123 121 122 123 120 117 116 117 117 1186 100
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knowledge assets (Qian et al., 2017). Therefore, patent applications
can be used to represent innovative knowledge assets, at least in
part (Wang et al., 2016).

Using patent applications as a proxy variable of innovative
knowledge assets has a certain number of advantages. First, patent
applications incorporate the most detailed and systematically
compiled information related to innovative knowledge assets,
which is preserved through a uniform and rigorous process of ex-
amination (Choi et al., 2011). Second, the number of patent appli-
cations is more difficult to manipulate by managers and thus more
authentically reflects the actual situation of innovative knowledge
assets (Simeth and Cincera, 2015). Third, patent applications lack
hysteresis (Chen et al., 2015). For these reasons, this paper used the
number of patent applications as the measurement of innovative
knowledge assets (Ernst et al., 2011).
2.2.2. Firm transparency
Many researchers argue that firm transparency is achieved by

information disclosure (Gaa, 2009), and if authorities rate the level
of information disclosure strictly, firms may try to disclose their
information faithfully. The higher the authorities' evaluation score,
the more transparent the firm (Firth et al., 2014), and thus, the
authorities’ evaluation score can be utilized to measure firm
transparency (Liao et al., 2011).

According to the Assessment of Information Disclosure of the
Shenzhen Stock Exchange Listed Company (2017) (http://www.
szse.cn/main/rule/bsywgz/39771615.shtml), the Shenzhen Stock
Exchange assesses the information disclosure of listed firms from
the following five aspects: the truthfulness, accuracy, complete-
ness, timeliness, legal compliance and fairness of information
disclosure; the penalty, punishment and regulatorymeasures of the
listed firms received; the cooperation degree of the firms listed
with the Shenzhen Stock Exchange; the management of the infor-
mation disclosure of the listed firms; and others. The evaluation
score is classified into four levels: excellent (the highest level),
good, pass and fail (the lowest level).

This paper used the evaluation score on information disclosure
of the Shenzhen Stock Exchange as the proxy index of firm
transparency. Following previous research (Yeh et al., 2014), this
paper set a continuous variable to represent the extent of firm
transparency.

2.2.3. Sustainability-friendly practices
Content analysis is a technique for making inferences by sys-

tematically identifying and objectively assessing specific charac-
teristics of written materials, and it is a primary method used for
analysing published information. As a research method, content
analysis has been widely used in corporate sustainability research
(Ahi and Searcy, 2013; Ameer and Othman, 2012; Fonseca, 2010).
This paper employed content analysis to measure sustainability-
friendly practices (Chakrabarty and Wang, 2012; Hashmi et al.,
2015).

The final sustainability-friendly practices measure comprised 17
items, which were environmental management system establish-
ment (qualitative and quantitative), environmental investment,
energy saving (qualitative and quantitative), renewable energy
employment, resources recycling, water efficiency increase, emis-
sion reduction (qualitative and quantitative), garbage disposal
(qualitative and quantitative), pollution prevention, beneficial
products and services, sustainable package use, operation process
improvement, and green innovation (Chuang and Huang, 2018;
Lioui and Sharma, 2012; Rahman and Post, 2012). For each item,
if a firm reported relevant information, it was given a score of 1; if a
firm reported no information, it was given a score of 0. Lastly, this
paper summed the total scores for all the items to establish a firm's
specific value. To avoid bias as much as possible, data were
collected independently by two researchers. The collected data
were compared, and it was satisfied that there were no obvious
differences.

2.2.4. Control variables
This paper also included seven control variables in the research

model, namely, firm size, sales growth, leverage, rate of return on
common stockholders' equity (ROE), ownership concentration,
social responsibility sensitive industry, and mandatory disclosure.
Previous research has argued that firm size plays a significant role
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in the accumulation of innovative knowledge assets (Luo and Du,
2015). This paper used a natural logarithmic form of total assets
to measure firm size (Przychodzen and Przychodzen, 2015). Sales
growth may have links with innovative knowledge assets and
sustainability-friendly practices because it is associated with
innovation (Choi and Williams, 2014). Leverage is often used as a
proxy variable for reflecting the risk level (Yu et al., 2016), and high
leverage may restrict investment in sustainability-friendly prac-
tices (Brammer and Millington, 2008). ROE reflects the profitability
of business owners (Luo et al., 2012), which may influence the re-
sources commitment on innovative knowledge assets (Qian et al.,
2017). Ownership concentration has been argued to affect the
willingness to engage in sustainability-friendly practices (Kim et al.,
2012). Following research by Reverte (2009), this paper designed a
dummy variable to measure social responsibility sensitive industry,
as some industries faced stronger legislative actions to pursue
sustainability-friendly practices (Flammer, 2013). This paper also
added a dummy variable of mandatory disclosure because it may
affect a firm's transparency.

These control variables can also represent the antecedents of
sustainability-friendly practices identified by previous research, to
a certain degree. For instance, the social responsibility sensitive
industry bears greater pressure from governments to implement
sustainability-friendly practices (Reverte, 2009). The rate of return
on common stockholders’ equity can represent economic perfor-
mance, which is an important antecedent of sustainability-friendly
practices (Luo et al., 2012). Firm size and sales growth can reflect
firm strategy and firm capability to a certain extent because they
provide the resources for firm strategy development and firm
capability improvement (Annunziata et al., 2018). Thus, if the ef-
fects of innovative knowledge assets and firm transparency remain
significant after controlling for these variables, it can be concluded
that there is incremental validity.

3. Results

Table 3 reports the descriptive statistics, including mean and
standard deviation (SD), and correlations among the dependent
variable, independent variables and control variables. Consistent
with theoretical predictions, innovative knowledge assets and firm
transparency were significantly and positively related to
sustainability-friendly practices.

The paper further applied the pooled model and multivariate
panel data models, including the random effect model and fixed
effect model, to investigate the relationships among innovative
knowledge assets, firm transparency and sustainability-friendly
practices. This paper used the F-Test, Breusch-Pagan test, and
Hausman test to select an appropriate model. The null hypotheses
of these tests are different. The null hypothesis of the F test is that
the Pooled model is better than the fixed effect. The null hypothesis
Table 3
Descriptive statistics and correlations of variables used in this paper.

Variables Mean SD 1 2 3

1 Firm size 9.881 0.612 1.000
2 Sales growth 1.091 24.229 �0.006 1.000
3 Leverage 0.566 0.487 �0.125*** 0.005 1.00
4 ROE 0.097 0.303 �0.021 0.039* 0.25
5 Ownership concentration 37.781 16.840 0.165*** 0.073*** �0.0
6 Sensitive industry 0.440 0.496 �0.059* �0.028 �0.1
7 Mandatory disclosure 0.540 0.498 0.536*** �0.033 �0.1
8 Innovative knowledge assets 1.317 1.976 0.351*** �0.017 �0.0
9 Firm transparency 3.050 0.669 0.387*** �0.006 0.11
10 Sustainability-friendly practices 4.970 8.399 0.389*** �0.021 �0.0

N¼ 1186 *p< 0.05 **p< 0.01 ***p< 0.001.
of the Breusch-Pagan test is the variances across entities are zero,
which means that the Pooled model is better than the random ef-
fect. The null hypothesis of the Hausman test is that compared with
the Pooled model, the preferred model is the random effect. Firstly,
this paper ran the F-test to compare fixed effect and Pooled model;
secondly, this paper ran the Breusch-Pagan test to compare random
effect and Pooledmodel; thirdly, this paper ran the Hausman test to
compare fixed effect and random effect. The results of the Breusch-
Pagan test for all models showed that the random effect model was
better than the pooled model. The results of the Hausman test
showed that the random effect model was more suitable for Model
1, Model 2, Model 3, and Model 4, and the fixed effect model was
found to be appropriate for Model 5. The results are shown in
Table 4. As Model 2 showed, innovative knowledge assets signifi-
cantly and positively affected sustainability-friendly practices
(b¼ 0.777, p< 0.001), which meant that the more innovative
knowledge assets there were, the better firms' sustainability-
friendly practices were. Hence, H1 was supported. As Model 3
showed, firm transparency had a significant positive effect on
sustainability-friendly practices (b¼ 0.539, p< 0.1), which meant
that the higher firm transparency was, the better firms’
sustainability-friendly practices were. Hence, H2 was supported.
Model 5 reported the full model, which showed similar findings as
Model 3. As Model 5 showed, firm transparency (b¼ 0.280,
p< 0.001) significantly and positively affected sustainability-
friendly practices. Furthermore, the regression coefficient of the
interaction variable involving innovative knowledge assets and
firm transparency was positive and significant (b¼ 0.274, p< 0.01).
Hence, H3 was supported.

To better explain themoderating effect, this paper utilized Aiken
et al. (1991) approach to draw the interaction plot, shown as Fig. 2.
The figure indicates that at high levels of firm transparency, the
relationship between innovative knowledge assets and
sustainability-friendly practices was more positive. By contrast, at
low levels of firm transparency, the relationship between innova-
tive knowledge assets and sustainability-friendly practices tended
to become less positive.

To further confirm the robustness of the research results,
following Zaman et al. (2001), this paper removed samples of other
industries and performed the regression analysis again. As reported
in Table 5, there were no substantial differences between the pre-
vious findings and the robustness regression results, which showed
that the research results were robust.

4. Discussions

The result of H1, that innovative knowledge assets had a positive
impact on sustainability-friendly practices, is consistent with the
arguments of the resource-based view (Gold et al., 2010), an
effective theory to explain why one firm can produce or offer a
4 5 6 7 8 9 10

0
0*** 1.000
67*** 0.026 1.000
56*** 0.013 0.119*** 1.000
08*** 0.017 0.282*** 0.282*** 1.000
59* �0.011 0.019 0.011 0.189*** 1.000
0*** 0.040* 0.126*** 0.031 0.306*** 0.192*** 1.000
26 �0.020 0.063** 0.078** 0.191*** 0.271*** 0.196*** 1.000



Table 4
Regression results of the effects of innovative knowledge assets and firm transparency.

Variables Sustainability-friendly practices

Model 1 Model 2 Model 3 Model 4 Model 5

Re(1) Fe(1) Re(2) Fe(2) Re(3) Fe(3) Re(4) Fe(4) Re(5) Fe(5)

Firm size 5.574*** 5.434*** 4.772*** 4.656*** 5.409*** 5.315*** 4.668*** 4.598*** 4.748*** 4.658***

Sales growth �0.005 �0.004 �0.004 �0.004 �0.005 �0.004 �0.004 �0.004 �0.004 �0.004
Leverage 0.777 0.609 0.700 0.503 0.809 0.619 0.727 0.512 0.705 0.497
ROE �0.393 �0.162 �0.416 �0.203 �0.449 �0.195 �0.458 �0.223 �0.461 �0.206
Ownership concentration �0.034þ �0.077** �0.024 �0.059** �0.036þ �0.079** �0.026 �0.061 �0.232 �0.062*

Sensitive industry 1.315*** 1.213*** 1.346 1.308 1.343 1.326 1.366þ 1.358þ 1.401þ 1.372þ

Mandatory disclosure �0.674 �0.726 �0.766 �0.738 �0.790 �0.783 �0.849 �0.837 �0.851 �0.833
Innovative knowledge assets 0.777*** 0.869*** 0.759*** 0.852*** 0.669*** 0.787***

Firm transparency 0.539þ 0.391þ 0.398þ 0.243þ 0.479*** 0.280***

Innovative knowledge assets� Firm transparency 0.409** 0.274**

Hausman test 7.16 4.92 9.69 7.24 16.49*

F-test 4.35*** 4.19*** 4.30*** 4.15*** 4.04***

Breusch-Pagan test 325.36*** 312.97*** 312.75*** 301.85*** 281.23***

Year Y Y Y Y Y Y Y Y Y Y
Industry Y Y Y Y Y Y Y Y Y Y
R-squared 0.154 0.130 0.176 0.158 0.158 0.132 0.178 0.159 0.186 0.163

N¼ 1186 þp < 0.1 *p < 0.05 **p < 0.01 ***p < 0.001.
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Fig. 2. The moderating effect of firm transparency on the relationship between innovative knowledge assets and sustainability-friendly practices.
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performance equal to or better than another (Barney et al., 2011).
According to the resource-based view, firms are obliged to develop
their internal resources to generate competitive advantages.
However, not all resources are equally important, and findings
show that intangible resources are important determinants
because they are scarce, specialized and difficult to trade, imitate, or
appropriate. Stemming from the resource-based view, the
knowledge-based view posits that organizational knowledge is a
kind of intangible resource, and firms' environmental activities
depend on their knowledge to a great extent. Following this logic,
Aguilera-Caracuel et al. (2012) found that a more complex
knowledge of environmental international diversification was
positively related to a firm's proactive environmental strategy.
Furthermore, H€orisch et al. (2015) identified knowledge as a key
driver in promoting sustainability management. This paper
strengthened these arguments by revealing how innovative
knowledge assets, a particular kind of organizational knowledge,
can affect sustainability-friendly practices. Innovative knowledge
assets, which include know-how, have the same characteristics as
strategic resources. Accumulating innovative knowledge assets
increases a firm's absorptive capacity, placing it in a better position
to take advantage of opportunities related to corporate



Table 5
Robustness test of the effects of innovative knowledge assets and firm transparency.

Variables sustainability-friendly practices

Model 1 Model 2 Model 3 Model 4 Model 5

Re(1) Fe(1) Re(2) Fe(2) Re(3) Fe(3) Re(4) Fe(4) Re(5) Fe(5)

Firm size 6.208*** 6.402*** 5.296*** 5.421*** 6.045*** 6.287*** 5.197*** 5.374*** 5.260*** 5.432***

Sales growth �0.003 �0.002 �0.003 �0.002 �0.003 �0.002 �0.003 �0.002 �0.003 �0.002
Leverage 1.131 1.021 1.025 0.837 1.165 1.029 1.054 0.846 1.040 0.843
ROE �1.102 �0.893 �1.073 �0.811 �1.199 �0.939 �1.146 �0.839 �1.159 �0.837
Ownership concentration �0.057*** �0.118*** �0.043** �0.096** �0.057** �0.120** �0.044 �0.098 �0.041 �0.098
Sensitive industry 1.414*** 1.236*** 1.595 1.587 1.445 1.438 1.612þ 1.608þ 1.654þ 1.587þ

Mandatory disclosure �1.073 �1.112 �1.213 �1.87 �1.218 �1.187 �1.309 �1.296 �1.295 �1.332
Innovative knowledge assets 0.826*** 0.936*** 0.801*** 0.919*** 0.713*** 0.852***

Firm transparency 0.544þ 0.397þ 0.396þ 0.223þ 0.439*** 0.239***

Innovative knowledge assets� Firm transparency 0.399** 0.266**

Hausman test 8.93 7.28 8.22 10.48 18.64*

F-test 4.67*** 4.51*** 4.61*** 4.46*** 4.35***

Breusch-Pagan test 301.10*** 289.50*** 286.89*** 275.85*** 257.35***

Year Y Y Y Y Y Y Y Y Y Y
Industry Y Y Y Y Y Y Y Y Y Y
R-squared 0.144 0.1153 0.168 0.143 0.148 0.1172 0.171 0.145 0.178 0.148

N ¼ 1031, þp < 0.1 *p < 0.05 **p < 0.01 ***p < 0.001.

Table 6
The main theoretical implications of this paper.

Research gap Research hypotheses Theoretical implications

There is still lack of research demonstrating the antecedent
effect of innovative knowledge assets on sustainability-
friendly practices.

H1: Ceteris paribus, innovative knowledge
assets have a positive impact on sustainability-
friendly practices.

This paper contributes to knowledge based view by
identifying innovative knowledge assets as a new
antecedent of sustainability-friendly practices.

Whether firm transparency exerts direct impact on
sustainability-friendly practices and also strengthened
the relationship between innovative knowledge assets
and sustainability-friendly practices remain unclear.

H2: Ceteris paribus, firm transparency has a
positive impact on sustainability-friendly
practices.

This paper contributes to stakeholder theory by revealing
the significant positive effect of firm transparency on
sustainability-friendly practices.

H3: Firm transparency positively moderates the
relationship between innovative knowledge
assets and sustainability-friendly practices.

Firm transparency plays a moderating role, which expands
the comprehension of the boundary conditions concerning
the relationship between innovative knowledge assets and
sustainability-friendly practices.
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sustainability (H€orisch et al., 2015). Innovative knowledge assets
are thus expected to positively affect the degree of corporate sus-
tainability considerations in firms' operating strategies, which can
facilitate the implementation of sustainability-friendly practices
(Johnson, 2017). Moreover, innovative knowledge assets can help a
firm improve its product effectiveness and process efficiency (He
and Wang, 2009), which means that firms that own more innova-
tive knowledge assets can design or alter processes and products to
voluntarily better prevent negative environmental impacts
(Lozano, 2015). As a result, firms with high levels of innovative
knowledge assets are more committed to implementing
sustainability-friendly practices.

The results of H2 and H3, that firm transparency exerted
important impacts on sustainability-friendly practices, are consis-
tent with the arguments of stakeholder theory. One of the main
premises of stakeholder theory is that externalities often cause
stakeholders to increase pressures on firms to reduce negative
impacts and increase positive ones (Chen et al., 2018). For this
reason, corporate sustainability research extensively uses stake-
holder theory to explain why firms engaged in environmental ac-
tivities (Searcy, 2012). For example, Sarkis et al. (2010) found that
stakeholder pressure is associated with the adoption of environ-
mental practices. Wolf (2014) identified that stakeholder pressure
determines firms' sustainability performance. This paper extended
these arguments by exploring the firm-stakeholder relationship
from a firm-transparency perspective, and further proposed that
corporate sustainability was strongly dependent on firm trans-
parency. Firm transparency signifies a condition of voluntary
information disclosure, and when firms are more transparent, they
invest a great deal of time and resources in providing much infor-
mation in a timely manner (Heimst€adt, 2017). Highly transparent
firms are more likely to be identified by various stakeholders
(H€orisch et al., 2014) and thus can receive greater resource inflows,
which in turn, can promote sustainability-friendly practices.
Moreover, the availability of corporate information is very impor-
tant for stakeholders to develop a better understanding of firms’
behaviours, and thus, information disclosure forms a vital contin-
gent context for corporate sustainability research (Perego and Kolk,
2012). The greater the firm transparency, the closer the relation-
ships firms can build with their stakeholders (Crane, 2018). It can
then be argued that firms with high levels of firm transparency are
likely to obtain more potential support, which is necessary to
transfer more values from innovative knowledge assets to imple-
ment sustainability-friendly practices. Thus, firm transparency not
only had a positive impact on sustainability-friendly practices but
also positively moderated the relationship between innovative
knowledge assets and sustainability-friendly practices.

Previous research has noted that the resource-based view and
stakeholder theory are two important theories in corporate sus-
tainability research (Lozano et al., 2015), and each of these theories
has been applied for a particular purpose (Montiel and Delgado-
Ceballos, 2014). Several studies have combined these two theories
to investigate corporate sustainability (Lourenço and Branco, 2013;
Sarkis et al., 2010). This paper steps beyond them to further
construct a multi-theoretical research model using resource-based
view and stakeholder theory simultaneously. This multi-theoretical
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model lays a strong foundation for understanding the relationships
among innovative knowledge assets, firm transparency and
sustainability-friendly practices. By establishing a link between
these two theories, the model is not only valuable in providing
ample explanatory opportunities, but is also of significance for
firms in addressing sustainability-friendly practices from multiple
perspectives.

5. Conclusions and implications

5.1. Conclusions

This paper examined the relationships among innovative
knowledge assets, firm transparency and sustainability-friendly
practices. Overall, this paper demonstrated that innovative
knowledge assets (b¼ 0.787, p< 0.001) and firm transparency
(b¼ 0.280, p< 0.001) were important antecedents of
sustainability-friendly practices. In addition, firm transparency
(b¼ 0.274, p< 0.01) emerged as a contingency context for the links
between innovative knowledge assets and sustainability-friendly
practices in such a way that high levels of firm transparency
enhanced the effect of innovative knowledge assets on
sustainability-friendly practices.

5.2. Implications

This paper enriched the existing literature in several ways. First,
this paper revealed the correlation between organizational
knowledge and corporate sustainability by providing theoretical
bases and empirical evidence for positing innovative knowledge
assets affecting sustainability-friendly practices. Previous studies of
innovative knowledge assets mainly focus on the effect on eco-
nomic performance (He and Wang, 2009; Qian et al., 2017). This
paper transferred this stream of literature by revealing that inno-
vative knowledge assets can exert influences on sustainability-
friendly practices. Hence this paper, on the one hand, identified a
new antecedent of sustainability-friendly practices and thus
offered important new directions on how firms can stimulate
sustainability-friendly practices. On the other hand, this paper also
extended the implications of innovative knowledge assets and shed
light on the exploration of the further consequences of innovative
knowledge assets.

Second, this paper deepened the understanding of the rela-
tionship between information disclosure and corporate sustain-
ability by underlining the direct effect of firm transparency on
sustainability-friendly practices. Although claims have been pre-
sented concerning the effect of firm transparency on customers’
willingness to undertake sustainability programs (Orlitzky et al.,
2011), there is little empirical support for the notion that firm
transparency enhances corporate sustainability (Kassinis and
Vafeas, 2006). The identified positive relationship between firm
transparency and sustainability-friendly practices contributes to
extending previous declarations in the extant literature about the
effect of firm transparency and further extends the understanding
of why firms are involved in sustainability-friendly practices from a
stakeholder perspective. In this manner, this paper revealed an
important new direction as to how stakeholders can acquire the
potential value of firm transparency.

Third, this paper contributed to further interpreting the condi-
tions under which the relationship between innovative knowledge
assets and sustainability-friendly practices can be intensified or
weakened from a stakeholder perspective. By examining the
interaction effect of innovative knowledge assets and firm trans-
parency on sustainability-friendly practices, the results confirmed
that firm transparency not only exerted a direct impact on
sustainability-friendly practices, as did innovative knowledge as-
sets, but also moderated the relationship between innovative
knowledge assets and sustainability-friendly practices. This paper
thus expands the understanding of boundary conditions and
further opens a research field for other moderating effects con-
cerning the relationship between innovative knowledge assets and
sustainability-friendly practices. The main theoretical implications
of this paper are summarized in Table 6.

This paper also has some practical implications. First, firms
should accumulate innovative knowledge assets. The result high-
lighted the importance of innovative knowledge assets for
sustainability-friendly practices. Therefore, it is important for firms
planning to implement sustainability-friendly practices to accu-
mulate innovative knowledge assets. Firms can develop innovative
knowledge assets in several ways. On the one hand, firms should
use information technologies and systems to search and acquire
internal and external knowledge. On the other hand, firms should
employ some practices to encourage employees to share knowl-
edge, such as encouraging teamwork, incorporating knowledge-
sharing into routine performance appraisal, and informing and
rewarding employees’ knowledge-sharing behaviour. In addition, it
is beneficial for firms to create a knowledge-sharing culture, one
that aims to forge a clear connection between knowledge-sharing
and business goals.

Second, to bemore sustainability-friendly, firms should improve
their transparency. The effects of firm transparency on
sustainability-friendly practices demonstrate that increasing firm
transparency is a potential means of promoting sustainability-
friendly practices as well as magnifying the effect of innovative
knowledge assets. Therefore, firms pursuing sustainability should
try to be more transparent. Several possible ways of improving
transparency are suggested, such as explicitly mentioning the role
of key stakeholders, actively responding to requests for information
from stakeholders, managing the interfaces between firms and
stakeholders, offering multiple channels of access to information,
and increasing the truthfulness, accuracy, completeness, timeli-
ness, legal compliance and fairness of information.

5.3. Limitations and future research

Although this paper made several key contributions to the
current literature, it also suffered from some limitations. First, a
limitation of this paper was the measurements of some variables.
For instance, although content analysis is widely used in corporate
sustainability research, it cannot precisely reflect a firm's actual
sustainability-friendly practices. Further research might create a
more robust measurement to measure a firm's sustainability-
friendly practices. In addition, even though patent applications
are broadly used to measure innovative knowledge assets, not all
firms apply patents to protect their innovative knowledge assets.
Therefore, the results would be greatly reinforced if future research
measured innovative knowledge assets directly.

Second, this paper provided insights into the effect of innovative
knowledge assets on sustainability-friendly practices, but one
limitation was that the internal mediating mechanism of this
connection was note explicitly clarified. For the sake of obtaining
greater benefits from innovative knowledge assets, future research
is needed to investigate the internal mediating mechanisms in
detail.

Third, this paper analysed the contingent factors of the rela-
tionship between innovative knowledge assets and sustainability-
friendly practices only from the perspective of firm transparency.
Future research could move forward to analyse other types of
moderators, which would offer a more comprehensive under-
standing of how innovative knowledge assets affect sustainability-
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friendly practices.
Lastly, another opportunity for future research derives from the

research sample. The sample in this paper was limited to the listed
firms of the Shenzhen Stock Exchange. It would be interesting to
further examine the research results in different country contexts
to obtain further insights into the relationships among innovative
knowledge assets, firm transparency and sustainability-friendly
practices.

Limitations notwithstanding, this paper found support for the
positive effects of innovative knowledge assets and firm trans-
parency on sustainability-friendly practices. It also demonstrated
that innovative knowledge assets interacted with firm trans-
parency to positively affect sustainability-friendly practices. This
paper can be seen as a first step in investigating the antecedents of
sustainability-friendly practices by integrating the resource-based
view and stakeholder theory, and it is hoped that further research
will offer a better understanding of sustainability-friendly
practices.
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