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Abstract: In the current dynamic and competitive environment, the sustainable competitive advan-
tage of firms has flowed to the development of innovative knowledge assets. Drawing on resource
dependence theory, this paper develops a contingency research model to explore how technology-
independent directors affect innovative knowledge assets. A sample of Chinese manufacturing firms
listed on Shanghai and Shenzhen Stock Exchanges between 2010 and 2019 was used for the regres-
sion analysis. By employing the fixed effect model, the results show that technology-independent
directors have a significant positive impact on innovative knowledge assets. Furthermore, the im-
pact of technology-independent directors on innovative knowledge assets is strengthened in the
firms that are state-owned, larger, and older. These results provide important insights related to
innovation research.

Keywords: technology-independent directors; innovative knowledge assets; firm ownership; firm size;
firm age

1. Introduction

With the rise in environmental problems, more and more firms are obliged to achieve
sustainable development. The sustainable development requires firms to transform their
business logics from short-term, focusing on economic performance, to long-term, in-
cluding the concern of environmental responsibility [1]. It is argued that the innovative
knowledge assets, a particular kind of organizational knowledge, which are characterized
as firm-specific and difficult-to-imitate [2], is a strategic tool for firms to nurture the trans-
formations of business logics because they are the foundations of strategy development [3].
Therefore, it is important for firms to understand how to develop innovative knowledge
assets in order to achieve sustainable development.

Prior research on innovative knowledge assets has paid much attention to its role of
contributing to firm performance, particularly economic performance [4,5]. Meanwhile,
the research on the development of innovative knowledge assets always falls into organi-
sational and managerial practices [6]. For instance, Rai (2011) argues that organizational
culture is a critical factor in building knowledge creation [7]. Von Krogh et al. (2012)
proposes that leadership plays an important role in the knowledge creation process [8].
However, the research of the antecedent of the innovative knowledge assets have not
been extended to the board of directors. Investigating the role of the board of directors
is important because they are the decision-making groups [9], having significant influ-
ence on the organisational and managerial practices of a firm [10]. Specifically, this paper
is interested in a special kind of directors, which are technology-independent directors.
Technology-independent directors are the outside directors with backgrounds in tech-
nology [11]. There is some research that focuses on the effects of director backgrounds.
For instance, Dass et al. (2014) find that directors with industry expertise can help firms
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increase their R&D investment [12]. Balsmeier et al. (2014) find that independent direc-
tors with management experience have a positive effect on innovation performance [13].
However, less focus has paid on technology-independent directors. The independent
directors with technology backgrounds are critical for firms because they not only have
more in-depth understandings of specific technologies relevant to the firm, but also have
more connections with external stakeholders to gain special technology information and
knowledge. Thus, they may have a closer relationship with the development of innovative
knowledge assets. In this paper, we provide two underlying mechanisms to explain how
technology-independent directors affect innovative knowledge assets.

Beyond the direct relationship, this paper next explores whether the effect of
technology-independent directors on innovative knowledge assets may be enhanced or
restricted by three fundamental firm characteristics, which are firm ownership, firm size,
and firm age [14,15]. Previous research on the board of directors has paid some attention to
whether the functions of boards of directors are equally important in all firms. For instance,
O’connell and Cramer (2010) investigate the moderating role of firm size on the relation-
ship between board characteristics and firm performance [16]. Desender et al. (2013) find
that a firm’s ownership structure shapes the abilities of board members to monitor top
management [17]. Although the previous research has provided some insights regarding
the contingency effects of firm characteristics on their board of directors, they always
focus on single characteristic. Actually, a firm has more than one characteristic, and these
characteristics may have different effects. Firm size and firm age are two of the most
critical firm-level factors that influence innovation activities [18]. Firm ownership signals
a firm’s superior access to resources that are unavailable from market channels [19]. The
ownership is particularly important in the Chinese context in which state-owned firms
are significantly different from non-state-owned firms. In this paper, we argue that firm
ownership, firm size, and firm age may positively moderate the relationship between
technology-independent directors and innovative knowledge assets. The arguments are
based on the assumption that state-owned firms, larger firms, and older firms can bet-
ter access resources than non-state-owned firms, smaller firms, and younger firms [15],
which enables the technology-independent directors accelerate the innovative knowledge
assets more easily. The revelation of the moderating effects of firm ownership, firm size,
and firm age will provide us with a deeper understanding of the relationship between
technology-independent directors and innovative knowledge assets.

Using a panel data of Chinese manufacturing firms from 2010 to 2019, this paper
examines the relationship between independent directors with technology backgrounds
and innovative knowledge assets. Specifically, we address two research questions: Do
technology-independent directors positively affect innovative knowledge assets? If so,
do firm ownership, firm size, and firm age moderate that relationship? The remainder
of the paper is organized as follows. Section 2 develops the research hypotheses of this
paper. Sections 3 and 4 present the method issues and the analysis results, respectively. The
research results are discussed in Section 5, and the final section concludes with implications
and limitations.

2. Research Hypotheses
2.1. Technology-Independent Directors and Innovative Knowledge Assets

This paper focuses on the independent directors with technology backgrounds, a
kind of board of directors that are less explored, and examines their effects on innovative
knowledge assets. This paper develops its theoretical arguments based on resource depen-
dence theory. Resource dependence theory is premised on the notion that the existence of
all firms critically depends on the provision of vital resources [20], and this is especially
true in firm innovation. According to the resource dependence theory, one of the most
important function of board of directors is the resource provision because they do not only
have essential skills and expertise themselves, but they can also link firms to external stake-
holders through their networks to help firms acquire external resources [21]. The resource
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provision function of the board of directors has been proven by several studies, and this
is particularly important for the development of innovative knowledge assets because
it involves a huge amount of resources input. The nature of the innovative knowledge
assets is that they cannot be readily bought and sold, and thus they must be built in-house
by firms [5]. However, if a firm has a lack of resources, the development of innovative
knowledge assets could not be achieved successfully. Therefore, technology-independent
directors may have a positive impact on innovative knowledge assets.

Firstly, technology-independent directors could affect innovative knowledge assets
by providing firms with advanced knowledge and diversified opinions regarding specific
technologies, and thus help firms to produce more innovative output. Researchers have
argued that the homogeneous groups are more likely to mire in myopic and faulty de-
cision making [22]. Accordingly, boards with more inside directors who have relatively
homogeneous backgrounds may lack a clear understanding of the external environment
and thus be less likely to support the development of innovative knowledge assets [23].
Conversely, boards with a greater proportion of technology-independent directors are
more likely to be heterogeneous in terms of the backgrounds of their members [24]. The
technology-independent directors may provide an in-depth understanding of specific
technologies relevant to the firm and to the corresponding industry. This provides firms
with more knowledge about external environments, which enables firms to become more
engaged in the innovative knowledge assets development. Moreover, the development of
innovative knowledge assets is a complex activity with high risk [25]. A board consisting
of more technology-independent directors is likely to be vigorous and vigilant in making
the strategic decisions related to innovative knowledge assets [26]. Independent directors
with technology backgrounds may not only have an appreciation of current technology dy-
namics, but also be skilled in identifying and exploiting new technology opportunities [27].
Accordingly, the incorporation of more technology-independent directors to the board may
ensure the success probability of the development of innovative knowledge assets.

Secondly, via positions in the industry, technology-independent directors could main-
tain good connections with external stakeholders, which enable them to help firms acquire
critical resources [28]. All of these resources can consequently contribute to the devel-
opment of innovative knowledge assets. Given that the innovative knowledge assets
development is a costly process, a lack of external information and knowledge may be
a major obstacle to success. Owing to their reputations, technology-independent direc-
tors always can build relationships with other firms’ directors, which may facilitate the
communication with high-quality information and knowledge enabling firms to be well-
informed of environmental events and trends [29]. This will allow firms to identify and
assess new opportunities for the development of innovative knowledge assets [30]. In
addition, the complexity of innovative knowledge assets also requires the execution of
multiple practices [5]. The social ties of technology-independent directors may be helpful
in providing an important source of information and knowledge about how other firms
develop innovative knowledge assets [31]. This information and knowledge can provide
firms with potential solutions when encountering difficulties in their innovation activities,
which is beneficial for the development of innovative knowledge assets. Lastly, the devel-
opment of innovative knowledge assets requires high-quality human resources [5]. The
social ties of technology-independent directors also allow firms to build valuable connec-
tions with other stakeholders in acquiring human resources [23]. Therefore, firms with
technology-independent directors may recruit more qualified human resources to imple-
ment innovation activities, which contribute to the development of innovative knowledge
assets. Based on the above arguments, the following hypothesis is proposed:

Hypothesis 1. Technology-independent directors are positively associated with the innovative
knowledge assets of the firm.
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2.2. Moderating Role of Firm Ownership

State-owned firms are the firms that are controlled by the government as the dominant
shareholder, while non-state-owned firms are those with different degrees of privatization.
The main difference between state-owned firms and non-state-owned firms is the gov-
ernment involvement. From a resource dependence perspective, the ownership ties with
government could bring firms with resource advantages [14], which will create a favorable
climate for technology-independent directors to develop innovative knowledge assets.
Firstly, from the perspective of financial resources, state-owned firms have advantages over
non-state-owned to access [32]. State-owned firms are more likely to obtain subsidies, tax
rebates, and research funding from government and are also more likely to obtain loans
from banks or other institutions [33]. Therefore, technology-independent directors in state-
owned firms could stimulate the development of innovative knowledge assets more easily.
In contrast, non-state-owned firms are typically faced with financial resource poverty when
engaging in innovation activities [34], which limits the role of technology-independent di-
rectors in the development of innovative knowledge assets. Secondly, from the perspective
of information resources, state-owned firms may have less policy uncertainty surrounding
innovation activities [35]. It is argued that being state-owned can help a firm gain more
information on government regulations and emerging policies [36]. With the access to
such kinds of information, a firm could better evaluate innovation projects according to
the government’s potentially requirements or preferences [37]. In such circumstances, the
technology-independent directors will have more confidence on their innovation invest-
ments, and thus are more likely to develop innovative knowledge assets. On the contrary,
the technology-independent directors in non-state-owned firms find it harder to make
decisions in innovation investments, which weakens their role in enhancing innovative
knowledge assets. Thirdly, state-owned firms also enjoy other resource advantages, such
as have greater access to up-to-date technology and technical human resources [38]. These
superiorities also place technology-independent directors of state-owned firms in an ad-
vantageous position to engage in the development of innovative knowledge assets. Based
on the above arguments, the following hypothesis is proposed:

Hypothesis 2. The relationship between technology-independent directors and innovative knowl-
edge assets is bounded by the firm’s ownership in such a way that the relationship would be stronger
for state-owned firms than non-state-owned firms.

2.3. Moderating Role of Firm Size

Firm size and firm age could be considered as two of the important contingency
organizational factors [39]. In the literature, firm size and firm age have been identified as
two of the key variables that may facilitate or constrain a firm’s innovation activities [40].
From resource dependence perspective, larger firms and older firms are in better positions
in resource accumulation as well as resource acquisition, which may influence the effect of
technology-independent directors. However, most of the previous research only includes
them as control variables in analyzing the relationship between boards of directors and
innovation. In this paper, we further investigate whether firm size and firm age play
the moderating role in the relationship between technology-independent directors and
innovative knowledge assets.

There are at least three potential reasons why the impact of technology-independent
directors on innovative knowledge assets is connected to firm size. Firstly, larger firms tend
to have more financial resources than smaller firms [41]. Therefore, they can invest more in
innovation projects, which can effectively motivate technology-independent directors to
make more decisions that are conducive to innovation, and hence produce more innovative
knowledge assets. In contrast, smaller firms, usually financially constrained firms, always
use their financial resources in operation rather than innovation, which could not motivate
technology-independent directors to support innovation. Secondly, larger firms are better
able to tolerate potential losses stemming from innovation [40]. Therefore, larger firms pro-
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vide technology-independent directors with more support in innovation decision-making,
which contributes to the development of innovative knowledge assets. In contrast, smaller
firms are less able to tolerate the potential losses associated with innovation initiatives.
Therefore, technology-independent directors in smaller firms will find it more difficult to
reach a consensus about innovation decisions, making them particularly detrimental to
innovative knowledge assets. Thirdly, larger firms generally have a better opportunity to
successfully realize innovation projects because they have well-defined procedures to carry
out innovation activities [42]. It has been acknowledged that larger firms have established
structures and processes [43]. In this case, the technology-independent directors in larger
firms probably face relatively few problems, and they could foster innovative knowledge
assets more easily. However, smaller firms always have less formalized structures and
processes, in which technology-independent directors have more difficult tasks to develop
innovative knowledge assets. Based on the above arguments, the following hypothesis
is proposed:

Hypothesis 3. The relationship between technology-independent directors and innovative knowl-
edge assets is bounded by the firm size in such a way that the relationship would be stronger for
larger firms than smaller firms.

2.4. Moderating Role of Firm Age

Firm age is also a demographic characteristic of a firm that may affect the relationship
between technology-independent directors and innovative knowledge assets. The theo-
retical basis for treating firm age as a moderator is the notion of liability of newness [44].
The liability of newness posits that younger firms are disadvantaged vis-a-vis older firms
because younger firms are always lacking resources, and there is much empirical support
for the liability of newness [45].

Liability of newness as a theoretical basis provides several predictions for the mod-
erating role of firm age on the effect of technology-independent directors on innovative
knowledge assets. Firstly, older firms tend to have more slack resources, while younger
firms have inadequate or constrained resources [40]. Moreover, the external actors, such
as creditors and suppliers, may also be reluctant to interact with younger firms, mak-
ing it more difficult for younger firms to acquire resources [46]. Therefore, the efforts of
technology-independent directors will not as readily translate into innovative knowledge
assets in younger firms because of a lack of resources. This logic is similar to that for firm
size. Secondly, older firms have more experience with innovation activities. Older firms
could be able to apply their experience to identify which innovation projects are more likely
to fail and terminate them earlier, reducing the risks and minimizing the costs of innovation
investments [47]. Furthermore, older firms may also have a more diversified portfolio of
innovation projects, which would reduce the overall uncertainty of their innovation activi-
ties [48]. On this occasion, the technology-independent directors in older firms may have
more return on innovative knowledge assets because the probability of innovation success
is higher. Thirdly, technology-independent directors in older firms could launch innovation
projects on the high-quality human resource [49]. In contrast, the human resources in
younger firms are less likely to have the experience to implement complex innovation
activities [50], which is likely to impede the effect of technology-independent directors.
Based on the above arguments, the following hypothesis is proposed:

Hypothesis 4. The relationship between technology-independent directors and innovative knowl-
edge assets is bounded by the firm age in such a way that the relationship would be stronger for
older firms than younger firms.
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3. Method
3.1. Samples

This paper integrated the China Stock Market and Accounting Research (CSMAR)
database, Wind database, and Chinese Research Data Services (CNRDS) database to obtain
research data. Specifically, this paper derived innovative knowledge assets data from
CSMAR and CNRDS database. The data on technology-independent directors and the
control variables data were obtained from the CSMAR database. We used Wind database
to supplement missing data. We included all manufacturing firms listed on Shanghai
and Shenzhen Stock Exchanges between 2010 and 2019 in our initial sample. Following
previous research, we then excluded the firms with ST and ST *, firms with abnormal data,
as well as those firms that did not disclose complete information. The final panel dataset to
be used for analysis included 734 firms and 5270 firm-observations.

3.2. Measurement
3.2.1. Dependent Variable

Usually, firms invest in R&D and then produce patent applications, which further
give rise to innovative knowledge assets [51]. Therefore, patent applications can represent
the latest innovative knowledge assets most directly [5]. Moreover, patent applications
indicate more managerial activities while patents granted can be the result of managerial
efforts, and it can also result from governmental regulations [52]. Since our focus in this
paper is the outcomes of technology-independent directors, patent applications are deemed
to be more proper than patents granted [53].

There are three sub-categories of patents in China, namely invention patents, utility
model patents, and design patents. Among these three kinds of patents, the invention
patents are the most original. Therefore, in line with previous research [54], we use the
number of invention patent applications in the firm plus one and then take the natural
logarithm to measure innovative knowledge assets. In the robustness tests, we also include
utility model patents and design patents to measure innovative knowledge assets.

In this paper, the dependent variable (innovative knowledge assets) is modeled
one year after the independent variables. This one-year lag allows time for technology-
independent directors to develop innovative knowledge assets.

3.2.2. Independent Variable

Following previous research, independent directors with working experience in pro-
duction, R&D, and design are considered as technology-independent directors [11]. Fol-
lowing this operating definition, we first reviewed the vitae of each independent director
obtained from CSMAR to determine whether a director is a technology-independent direc-
tor or not. We then used the number of technology-independent director divided by the
total number of independent directors as the proxy in the regression analysis.

3.2.3. Moderating Variables

Following previous research, firm ownership is measured by the ultimate controller
of the firm. If a firm was state-owned, it was assigned a value of 1. If a firm was non-
state-owned, it was assigned a value of 0 [36]. Firm size is measured as the natural log
of the total assets [55], while firm age is computed by the number of years since the firm
was established [56]. Furthermore, as part of our research design, the variables of firm
ownership, firm size, and firm age are used as independent and moderating variables as
well as control variables.

3.2.4. Control Variables

Control variables were included to improve the reliability of our analysis. Leverage,
measured by the book value of debt divided by total assets, was chosen because a high debt
to equity ratio may affect investment decisions on innovation [57]. Firm growth, measured
by the annual growth rate of sales revenue, was chosen because firms with high growth
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may have more flexibility in innovation investments [58]. To account for the effect of firm
performance on innovative knowledge assets, we included return on assets (ROA) as a
control variable [59]. To account for the effect of board on innovative knowledge assets, we
included board size as a control variable [60]. To capture the effect of a firm’s competitive
environment, we included Herfindahl-Hirschman Index (HHI) as a control variable [61].
Finally, the year dummies were included to control for any potential patenting trends
over time.

3.3. Model Specification

To test our hypotheses, we use the following regression models:

Innovative knowledge assets; ;.1 = By Technology-independent directors;; + v1Leverage; ; +
YoFirm growth;; + v3ROA;; + y4Board size;; + ysHIHI; ; + p;,

Innovative knowledge assets; 1,1 = B1Technology-independent directors; ; + B Firm ownership; ;
+ BsTechnology-independent directors; ;. Firm ownership; ; + v1Leverage; y + y,Firm growth; ; +
v3ROA;; + v4Board size;; + ysHIHI; ; + p;

Innovative knowledge assets; ;.1 = B1Technology-independent directors;; + By Firm size;; +
BsTechnology-independent directors; y  Firm size;; + -y1Leverage; ; + ~y2Firm growth;; + y3ROA; ;
+ y4Board size;; + ysHIHI; 1 + p;

Innovative knowledge assets; 1,1 = B1Technology-independent directors;; + BoFirm age; ; +
BsTechnology-independent directors; ;, Firm age;; + y1Leverage; y + y2Firm growth;; + v3ROA;
+ y4Board size;; + ysHIHI; 1 + p;

Innovative knowledge assets; 1,1 = B1Technology-independent directors; ; + By Firm ownership; ,
+ BzTechnology-independent directors; ;. Firm ownership;; + B4Firm size;; + BsTechnology-
independent directors; ; « Firm size;; + BcFirm age; ; + B7Technology-independent directors; ; « Firm
age; ; + y1Leverage; ; + yoFirm growth; ; + vy3ROA; ; + v4Board size;; + ysHIHI; , + p;,

Model 1 introduces technology-independent directors and control variables to explain
the impact of technology-independent directors on innovation knowledge assets. Models 2
to 4 introduce the moderating variables and their interactions with technology-independent
directors to explain the moderating effects of firm ownership, firm size, and firm age on the
relationship between technology-independent directors and innovation knowledge assets.
Model 5 is the full model.

4. Results
4.1. Descriptive Statistics

Table 1 reports the descriptive statistics of the regression variables. From Table 1, it
can be seen that the minimum value and the maximum value of innovation knowledge
assets are 0 and 8.8346, respectively, which indicates that there exist significant variations
in the innovative knowledge assets of the sample firms. The mean value of technology-
independent directors is 0.8222. The average value of firm ownership is 0.2606, indicating
that the proportion of state-owned firms in the sample was 26.06%. The standard deviations
of firm size and firm age are 1.2101 and 5.7249, respectively, indicating that there are certain
differences in the selected firms in terms of firm size and firm age.

Table 2 reports the correlation coefficients between the regression variables. The
correlation coefficient between innovative knowledge assets and technology-independent
directors is 0.049 (p < 0.01). This result shows that without considering the influence of other
variables, the more technology-independent directors, the more innovative knowledge
assets. This result essentially meets the expectations of Hypothesis 1. To prevent serious
multicollinearity among explanatory variables, we also calculated the variance inflation
factor (VIF value) of each variable. The calculation results show the VIF value of each
explanatory variable.
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Table 1. Descriptive statistics.

Variable N Mean SD Min P25 P50 P75 Max
Innovative knowledge assets 5270 2.2149 1.4466 0 1.0986 21972 3.0910 8.8346
Technology-independent directors 5270 0.8222 0.2171 0 0.6931 0.6931 1.0986 1.7918
Firm ownership 5270 0.2606 0.4390 0 0 0 1 1
Firm size 5270 219712 1.2101 18.1093 21.0952 21.7774  22.6101 27.3074
Firm age 5270 17.3318  5.7249 2.6712 13.4137 16.7932  20.5863 64.2932
Leverage 5270 0.3778 0.1937 0.0126 0.2229 0.3646 0.5172 2.0239
Firm growth 5270 0.2200 1.0291 —0.9132 0.0027 0.1276 0.2874 5.0444
ROA 5270 0.0511 0.0659 —0.6385 0.0200 0.0477 0.0824 1.1928
Board size 5270 8.7272 1.6167 4 7 9 9 18
HHI 5270 0.0584 0.0509 0.0148 0.0258 0.0393 0.0837 1

Table 2. Correlations results.

1 2 3 4 5 6 7 8 9 10
1 Innovative
knowledge assets 1.000
2 Technology-
independent 0.049 *** 1.000
directors
3 Firm ownership 0.237 *** 0.024 ** 1.000
4 Firm size 0.550 *** 0.047 *** 0.370 *** 1.000
5 Firm age 0.081 *** —0.030 ** 0.137 *** 0.193 *** 1.000
6 Leverage 0.301 *** 0.023 ** 0.328 *** 0.558 *** 0.153 *** 1.000
7 Firm growth 0.040 *** —0.011 —0.018 0.045 *** —0.016 0.047 *** 1.000
8 ROA —0.017* —0.009 * —0.115**  —0.073**  —0.073**  —0.376 *** 0.097 *** 1.000
9 Board size 0.161 *** 0.141 *** 0.267 *** 0.285 *** 0.104 *** 0.194 *** —0.008 **  —0.025 ** 1.000
10 HHI —0.027 ** —0.005 0.071 *** 0.106 *** —0.065 *** 0.080 *** —0.021* 0.006 * 0.073 ** 1.000

Note: “***” “**” and “*” indicate significance at the levels of 1%, 5%, and 10%, respectively.

4.2. Regression Analysis

To reduce the potential problem of multicollinearity, the predictor and moderator
variables were mean-centered prior to the creation of the interaction terms. Before the
regression analysis, the Hausman test was run, which specifies that the fixed effect model
is better than random effect model (p < 0.001). As a result, this paper employs the fixed
effect model to explain the regression results. The results are shown in Table 3. Model 1
tests the main effect of technology-independent directors on innovative knowledge assets.
The coefficient of technology-independent directors is positive and significant (3 = 0.1960,
p < 0.01). Thus, Hypothesis 1 is supported. We entered the three moderators into Models 2,
Model 3, and Model 4, to test Hypothesis 2, Hypothesis 3, and Hypothesis 4, respectively.
Model 2 examines the effect of the interaction between technology-independent directors
and firm ownership. The coefficient of the interaction term is found to be positive and
significant (3 = 0.0541, p < 0.01). Hence, Hypothesis 2 is supported. Model 3 shows the
coefficient of the interactive term between technology-independent directors and firm
size to be positive and significant (3 = 0.0073, p < 0.05). Therefore, Hypothesis 3 receives
supports. Model 4 examines the effect of the interaction between technology-independent
directors and firm age. The coefficient of the interaction term is found to be positive and
significant (3 = 0.1102, p < 0.05). Hence, Hypothesis 4 is supported. The results show
consistent findings with those presented in Model 2 to Model 4.
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Table 3. Regression results.

Model 1 Model 2 Model 3 Model 4 Model 5
Technology-independent directors 0.1960 *** 0.2119 ** 0.3686 *** 0.0012 *** 0.0267 ***
Firm ownership 0.1608 ** 0.3591 **
Technology-independent directors x Firm ownership 0.0541 *** 0.1890 ***
Firm size 0.5161 *** 0.3856 ***
Technology-independent directors x Firm size 0.0073 ** 0.0009 ***
Firm age 0.0835 *** 0.0260 **
Technology-independent directors x Firm age 0.1102 ** 0.0126 ***
Leverage 1.1564 *** 1.1563 *** 0.1558 ** 0.6849 *** 0.2111
Firm growth 0.0482 *** 0.0484 *** 0.0227 ** 0.0464 *** 0.2860 **
ROA 0.4085 *** 0.4044 0.3938 0.9205 *** 0.5860 **
Board size 0.0076 ** 0.0089 *** 0.0034 0.0270 ** 0.0067 **
HHI —0.2498 **  —0.1956 ***  —0.6132 ** —0.6845 * —0.9147 **
R2 0.0969 0.1176 0.1465 0.2799 0.0888
Hausman test 71.74 % 62.04 *** 21.14** 23.94 *** 46.84 ***
Year Yes Yes Yes Yes Yes
N 5270 5270 5270 5270 5270

Note: This table reports the regression results of fixed effect model. “***”, “**” and “*” indicate significance at the levels of 1%, 5%, and
10%, respectively.

To visualize the significant interaction effects, we plotted three figures to show the
moderating effects of firm ownership, firm size, and firm age. Figure 1 shows that the slope
is much steeper when the firm is state-owned. In other words, the innovative knowledge
assets will increase significantly faster when the technology-independent directors are in
state-owned firms. Figures 2 and 3 depict the moderating effects of firm size and firm
age, respectively. From the figure, we can know that the innovative knowledge assets will
increases significantly faster when the technology-independent directors are in larger firms
and older firms.

—e— Low firm ownership --#---High firm ownership

Innovative knowledge assets
W
Il

2.5 4
2 a
1.5 A
1
Low Technology independent High Technology independent
directors directors

Figure 1. The moderating effect of firm ownership.



Sustainability 2021, 13, 9106 10 of 17

—— Low firm size --#--- High firm size
5
4.5 A

2 4
2 o
7
P
s -
E 3S4
=
g -
£
E
®
>
=
g 2.5

2 a

1.5 1
1
Low Technology independent High Technology independent
directors directors

Figure 2. The moderating effect of firm size.

—e— Low firm age --#--- High firm age

4.5 A

Innovative knowledge assets
(98]
(9]
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4.3. Robustness Tests

This paper ran two robustness tests to verify whether the results were robust. Firstly,
we included all three sub-categories of patents, namely, invention patents, utility model
patents, and design patents, to measure innovative knowledge assets. In order to reflect the
innovative differences of different kinds of patents, this paper assigned different weights
to different kinds of patents. To be specific, the weight of invention patents, utility model
patents, and design patents was 3:2:1. Then, we re-ran the regression analysis. As reported
in Table 4, the robustness regression results had no substantial differences with the previous
findings, which showed that the research results were robust.

Table 4. Robustness test of alternative measure of the innovative knowledge assets.

Model 1 Model 2 Model 3 Model 4 Model 5
Technology-independent directors 0.0380 *** 0.0160 ** 0.2773 *** 0.0677 *** 0.3335 ***
Firm ownership 0.1389 ** 0.1270 **
Technology-independent directors x Firm ownership 0.0736 *** 0.0853 ***
Firm size 0.6593 *** 0.3848 ***
Technology-independent directors x Firm size 0.2490 ** 0.1740 ***
Firm age 0.1314 *** 0.0760 ***
Technology-independent directors x Firm age 0.0053 ** 0.0068 ***
Leverage 1.1923 *** 1.1923 *** 0.8440 *** 0.5028 *** 0.0513 **
Firm growth 0.0209 ** 0.0208 ** 0.0117 ** 0.0181 ** 0.0007 **
ROA 0.3627 *** 0.3588 ** 0.3815 * 0.3918 * 0.0749 **
Board size 0.0078 ** 0.0070 ** 0.0024 ** 0.0431 ** 0.0252 *
HHI —0.1852 ***  —(.2182 *** —1.0970 ** —0.5781 ** —0.2835 **
R2 0.0201 0.0011 0.0578 0.4742 0.1742
Hausman test 90.33 *** 92.37 *** 97.49 *** 96.38 *** 114.19 ***
Year Yes Yes Yes Yes Yes
N 5270 5270 5270 5270 5270

Note: This table reports the regression results of alternative measure of the innovative knowledge assets with fixed effect model. “***”, “**”,
indicate significance at the levels of 1%, 5%, and 10%, respectively.

and

sy

Furthermore, according to the research of Tabesh et al. (2019) [62], this paper included
other control variables to determine whether the results were robust. We included two
control variables, which were the R&D investment and the board shareholding ratio. A
higher R&D investment allows firms to stimulate more innovative output [63] while board
shareholding has a direct relationship with how boards engage in innovation [64]. After
adding two control variables, we re-ran the regression analysis. The results are shown in
Table 5. The results are in line with the previous findings, which showed that the research
results were robust.

4.4. Endogeneity

This paper takes several measures to avoid endogeneity. For instance, we set the value
for all of the independent variables and control variables with a one-year lag to avoid the
potential endogeneity caused by correlations among independent variables. Moreover, we
also employed the fixed effect model to avoid time-invariant heterogeneities.

In order to further address the concern of endogeneity, we used the system GMM
method to re-run the main model of regression analysis as well as the robustness test.
The GMM method has several advantages, such as tackling the endogeneity based on
internal instruments instead of relying on external instruments and explicitly modeling the
dynamic nature of the relationship by including past performance as one of the variables.
The results of the system GMM regression are shown in Table 6, having no substantial
differences with the previous findings.
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Table 5. Robustness test of inclusion of other control variables.
Model 1 Model 2 Model 3 Model 4 Model 5
Technology-independent directors 0.1937 *** 0.2395 *** 0.4431 *** 0.0353 ** 0.0387 **
Firm ownership 0.2861 ** 0.3624 *
Technology-independent directors x Firm ownership 0.1535 ** 0.1974
Firm size 0.4034 *** 0.3292 ***
Technology-independent directors x Firm size 0.0108 *** 0.0007 **
Firm age 0.2923 ** 0.0148 **
Technology-independent directors x Firm age 0.0251 ** 0.0141 **
Leverage 0.6219 *** 0.6202 *** 0.1667 * 0.3336 * 0.2046
Firm growth 0.0290 *** 0.292 *** 0.0207 ** 0.0134 ** 0.0256 **
ROA 0.5509 *** 0.5429 ** 0.4557 * 0.5389 ** 0.5768 **
Board size 0.0022 ** 0.0040 ** 0.0019 ** 0.0021 ** 0.0049 **
HHI —0.7008 *** —0.6284 ** —0.3593 ** —0.7010 ** —0.8857 *
R&D investment 0.2602 *** 0.2623 *** 0.1023 *** 0.2729 *** 0.0832 ***
Board shareholding ratio —0.6677 ***  —0.6474 *** —0.3252 ** —0.1231 ** —0.2042 *
R2 0.3569 0.3247 0.1968 0.1685 0.1519
Hausman test 180.15 *** 174.69 *** 172.23 *** 153.41 *** 177.04 ***
Year Yes Yes Yes Yes Yes
N 5270 5270 5270 5270 5270
Note: This table reports the regression results of inclusion of other control variables with fixed effect model. “***”, “**” and “*” indicate
significance at the levels of 1%, 5%, and 10%, respectively.
Table 6. System GMM regression results.
Model 1 for Model 2 for Robustness Model 3 for Robustness
Regression Analysis Test 1 Test 2
L_innovative knowledge assets 0.2723 *** 0.2192 *** 0.2451 ***
Technology-independent directors 0.2681 *** 0.3633 *** 0.3862 ***
Leverage 0.4883 *** 0.2981 *** 0.1296
Firm growth 0.0633 *** 0.0494 ** 0.0382 **
ROA 0.5509 *** 0.4817 04611 *
Board size 0.0026 *** 0.0072 *** 0.0043 ***
HHI —0.3832 —0.3655 *** —0.3782
R&D investment 0.2171 ***
Board shareholding ratio —0.3815 ***
Year Yes Yes Yes
N 5270 5270 5270

Note: L_innovative knowledge assets is the lag of innovative knowledge assets. “***”, “**” and “*” indicate significance at the levels of 1%,

5%, and 10%, respectively.

5. Discussions

The literature has long recognized the importance of the board of directors to a firm'’s
innovation [65], and it has been argued that the resource provision of the board of directors
is an important function for firm innovation [66]. The development of innovative knowl-
edge assets is a complex innovation issue, and thus the board of directors is particularly
important [67]. Our results prove that technology-independent directors have positive
and significant effect on innovative knowledge assets (3 = 0.1960, p < 0.01), which is in
line with the broad arguments of the effect of board of directors [68]. This paper provides
two underlying mechanisms for the effects of technology-independent directors based
on the resource dependence theory. On one hand, it is widely accepted that independent
directors have accumulated varied human capital during their professional careers. This
allows them to learn how to engage in innovation decisions and further to acquire better
decisions’ consequences [69]. Therefore, the technology background of independent direc-
tors could assist firms by enhancing positive value from investments in innovation, which
brings benefit to the development of innovative knowledge assets. On the other hand,
firms with more independent directors could access to more innovation related resources
because they provide a firm with connections with external stakeholders [70]. Therefore,
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technology-independent directors can exert a significant positive impact on innovative
knowledge assets since they can be regarded as a means for facilitating the acquisition
of external resources, especially the resources related to firm innovation. As a result,
the technology-independent directors have closely positive relationship with innovative
knowledge assets.

On the basis of the direct effect, this paper also explored the boundary conditions of
the relationship between technology-independent directors and innovative knowledge
assets. It has been found that the firm ownership (3 = 0.0541, p < 0.01), firm size (3 = 0.0073,
p <0.05), and firm age (3 = 0.1102, p < 0.05) all exerted important impacts on that relation-
ship, which is also consistent with the arguments of the resource dependence theory. One
of the basic arguments of the resource dependence theory is that firms are not autonomous,
but rather are constrained by a network of interdependencies with other stakeholders [21].
It is argued that being connected with the government will strongly influences business
operations through resource allocation [36]. Therefore, as government-owned entities,
state-owned firms enjoy privileges granted by the government and related agencies. For in-
stance, state-owned banks, which control most of the lending capital, prioritize state-owned
firms as their top clients. State ownership thus helps a firm to access such capital [71],
which then enable the technology-independent directors obtain more finical support to
develop innovative knowledge assets. In addition, the firm size and firm age also affect a
firm’s ability to acquire and retain resources. Over time, firms make strategic commitments
that embed them within a value network of suppliers, customers, communities, etc. [18].
Consequently, larger firms and older firms have better access to external resources for
firm innovation. Following this logic, compared to smaller firms and younger firms, the
technology-independent directors in larger firms and older firms have more chances to
develop valuable innovations.

6. Conclusions

This paper was motivated by the desire to better understand the role of technology-
independent directors in the development of innovative knowledge assets. Using data
on Chinese manufacturing firms from 2010 to 2019, this paper found that the technology-
independent directors have a significant positive impact on innovative knowledge assets
(B =0.1960, p < 0.01), and that impact was stronger for state-owned firms ( = 0.0541,
p < 0.01), larger firms (3 = 0.0073, p < 0.05), and older firms ( = 0.1102, p < 0.05) than
non-state-owned firms, smaller firms, and younger firms. Based on these research results,
this paper advances the literature in several ways.

Firstly, this paper extends the resource dependence theory by showing how technology-
independent directors apply their human capital and relation capital to develop innovative
knowledge assets. Previous studies of innovative knowledge assets mainly focus on its
consequence [4,5], while the research on the board of directors mainly focuses on the
effect of independent directors [31,72]. This paper transferred these streams of litera-
ture by revealing that technology-independent directors can exert influences on innova-
tive knowledge assets. Hence, this paper, on the one hand, extends the implications of
technology-independent directors and sheds light on the exploration of further conse-
quences of technology-independent directors. On the other hand, this paper also identifies
a new antecedent of innovative knowledge assets and thus offers important new directions
on how firms can stimulate innovative knowledge assets.

Secondly, this paper contributes the interpretation of the conditions under which the
relationship between technology-independent directors and innovative knowledge assets
can be intensified or weakened. Although there are several studies that have investigated
the impact of firm characteristics on boards of directors [42,50], there are few studies
that explore the effects of firm ownership, firm size, and firm age on the relationship
between independent directors and firm innovation simultaneously. The results of this
paper confirmed that firm ownership, firm size, and firm age all positively moderate
the relationship between technology-independent directors and innovative knowledge



Sustainability 2021, 13, 9106

14 of 17

assets. This paper thus provides a more detailed elaboration of the mechanisms that
enable independent directors to apply and leverage their human capital to govern firm
innovation. The results of this paper can also open a research field for other moderating
effects concerning the effect of technology-independent directors.

Thirdly, this paper also contributes to innovation research by providing fresh insights
into how resources provision affects firm innovation and further presents a more nuanced
and comprehensive account of which kind of firms could benefit more from the resources
provision. Thus, this paper demonstrates that the development of innovative knowledge
assets is more multifaceted than previously assumed.

This paper also has some practical implications. Firstly, the technology-independent
directors have a significant and positive effect on innovative knowledge assets. This
result indicates that firms attempting to gain a competitive advantage through innovative
knowledge assets should increase the weight of technology-independent directors in their
boards. Secondly, by confirming the moderating roles of firm ownership, firm size, and
firm age on the relationship between technology-independent directors and innovative
knowledge assets, we emphasize that the increasing of technology-independent directors
should depend on each firm’s ownership, size, and age. To be specific, firms that are state-
owned, larger, and older could employ more technology-independent directors because
these firms could benefit more from the employment.

Although this paper provides some relevant contributions to the existing literature, it
also presents some limitations, which leave room for future research. Firstly, this paper
relies on patent applications to measure innovative knowledge assets. Despite their exten-
sive use, patent applications can only capture a subset of a firm’s innovative knowledge
assets. Therefore, further research might create a more comprehensive measurement to
measure innovative knowledge assets.

Secondly, although this paper provided some insights into the effect of technology-
independent directors on innovative knowledge assets, the internal mediating mechanism
of this connection was not examined. For the sake of obtaining greater benefits from
technology-independent directors, future research is needed to examine the internal medi-
ating mechanisms in detail.

Thirdly, in addition to firm ownership, firm size, and firm age, other firm charac-
teristics may be considered such as organizational structure, which might also influence
the relationship between technology-independent directors and innovative knowledge
assets. Moreover, future research may also extend our line of inquiry by investigating
the moderating effect of the external environment, such as competitive intensity and
environmental dynamism.

Lastly, another opportunity for future research derives from the research sample. The
sample in this paper was limited to the Chinese manufacturing listed firms. In order to
verify the generalizability of our findings, other industries and countries may be analyzed.

Limitations notwithstanding, this paper has found support for the positive effect
of technology-independent directors on innovative knowledge assets. It also systemati-
cally examined how firms” fundamental attributes may differentially affect the effect of
technology-independent directors on innovative knowledge assets. Our findings could en-
hance the understanding of how boards of directors affect innovation, which may stimulate
more future research in this important research area.
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