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Abstract: The purpose of this study is to investigate the mediation effects of external knowledge
acquisition on the relationships between environments (dynamism, complexity, and hostility)
and innovation. Although prior studies have extensively examined the relationships between
environments and innovation or innovativeness, the results of the studies appear to lack consistency.
To help clarify the relationships between environments and innovation, this study intends to examine
the impact of environments on innovation through external knowledge acquisition, and it is argued
that environments are likely to motivate or force firms to acquire new knowledge from the outside,
which, in turn, tends to enhance their ability to innovate. Based on data collected from manufacturing
SMEs in China through a questionnaire survey, we have found that dynamism, complexity and
hostility have all positive total effects on innovation and that they also have positive influences on
firms’ external knowledge acquisition. Besides, we have found that external knowledge acquisition
has a complete mediation effect on the relationships between all three environmental dimensions
and innovation. The results further show that the positive direct effects of all three environmental
dimensions on innovation disappear completely when external knowledge acquisition is considered
as a mediator. These results imply that the significant relationships between three respective
environmental dimensions and innovation demonstrated in prior studies may be spurious. Based on
these findings, we have presented key conclusions, implications, and limitations with the direction of
future research.
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1. Introduction

In the era of the Fourth Industrial Revolution, the importance of innovation or innovativeness for
firms’ survival and success has grown significantly, and firms’ interest in innovation or innovativeness
has also increased. In this regard, researchers have paid a lot of attention to studying the factors
affecting corporate innovation, especially external environments influencing corporate innovation [1–4].
According to the literature, the relationships between environments and innovation or innovativeness
have been extensively studied [1–4]. The existing research on this topic has empirically investigated the
effects of various environmental dimensions, such as dynamism [5,6], complexity [3,4], hostility [4,7],
technological turbulence [8,9], market turbulence [9,10] and competitive intensity [10] on innovation
or innovativeness.

Although firms’ innovation outcomes have long been viewed as reflections of their operating
environments in these studies, the empirical results of the environments–innovation relationships
seem to be rather incoherent, and even conflictive sometimes, as shown in Appendix A. For example,
Pervan, Al-Ansaari, and Xu [5] and Alexandrova [11] have empirically demonstrated a positive effect
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of environmental dynamism on innovation or innovativeness, respectively, while Tuominen, Rajala,
Möller, and Anttila [12] have shown little or no significant effect of environmental dynamism on
innovativeness in terms of new product development and commercialization. Similarly, Abdallah
and Persson [13] have revealed a positive impact of competitive intensity on innovativeness, whereas
Bodlaj and Čater [1] and Uzkurt, Kumar, Kimzan, and Sert [10] have shown no significant impact of
competitive intensity on innovativeness. Even worse, Miller and Friesen [3] have demonstrated a
positive influence of environmental hostility on innovation, Tajeddini and Trueman [4] have revealed
no significant influence of environmental hostility on innovativeness, while Prajogo and McDermott [7]
and Alexandrova [11] have shown a negative influence of environmental hostility on innovation and
innovativeness, respectively.

Such inconsistencies in these results could be caused by overlooking important moderation or
mediation variables that affect the environments–innovation relationships [14]. Moderation involves
ascertaining how the strength of the relationship between two variables varies depending on the
level of a moderation variable, whereas mediation entails investigating whether the nature of the
relationship between two variables is direct or not (i.e., direct or spurious) by identifying a significant
intervening mechanism between two variables [14,15]. So, to help explain the relationships between
environments and innovation better, some researchers have attempted to examine a moderation effect
of such variables as entrepreneurial orientation, network density, and the nature of the change on the
relationships [9,16,17]. For example, AL-Nuiami, Idris, AL-Ferokh, and Joma [16] have investigated a
moderation effect of entrepreneurial orientation on the relationship between environmental turbulence
(i.e., dynamism, complexity, predictability) and innovation performance. Rodrigo-Alarcon et al. [17]
have also examined a moderation effect of network density on the relationship between technological
and market dynamism and innovativeness. However, despite the potentially important role of
mediators in explaining the relationships between environments and innovation, few researchers
have tried to examine an intervening mechanism through which environmental contexts affect firms’
innovation, with the exception of Özsomer, Calantone, and Di Benedetto [18], who have examined
a mediation effect of strategic posture and organizational structure on the relationship between
environmental hostility and innovativeness.

Hence, we attempt to further investigate a mediation effect to clarify the relationships between
environments and innovation. In this connection, we propose external knowledge acquisition as an
intervening mechanism to link environments with innovation. External knowledge acquisition here
is comparable to the dimension of acquisition which is the first of four dimensions of absorptive
capacity [19–21]. Based on organizational learning and knowledge-based perspectives [22,23], we argue
that external knowledge acquisition is likely to mediate the relationships between environments and
innovation. Specifically, we maintain that, faced with dynamic, complex, or hostile environments,
firms tend to learn through knowledge acquisition from diverse external sources to cope with their
environments effectively and that the external knowledge acquired is expected to become an important
resource input for their innovation. In other words, it is argued that increases in environmental
dynamism, complexity, and hostility will motivate or prompt firms to acquire more new knowledge
from outside, which, in turn, tends to become a critical resource for firms to enhance their ability
to innovate.

With this background, we aim to empirically examine a mediation effect of external knowledge
acquisition on the relationships between environments (i.e., dynamism, complexity, and hostility) and
innovation, and for this purpose, we try to address the following three questions in this research:
(1) What effects do environments have on innovation? (2) What effects do environments have on
external knowledge acquisition? (3) Does external knowledge acquisition mediate the relationships
between environments and innovation?

For data collection and empirical investigation, we relied on an email questionnaire survey of
small- and medium-sized Chinese firms in five manufacturing industries. A total of 220 effective data
were collected and used in the study. Our results show that dynamism, complexity, and hostility
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have positive effects on innovation and that they also have positive influences on firms’ external
knowledge acquisition. They further reveal that external knowledge acquisition has a complete
mediation effect on the relationships between dynamism and innovation, between complexity and
innovation, and between hostility and innovation.

The remaining part of this paper is composed as follows. The next section reviews and discusses
the theoretical background of this research, followed by a section explaining a research model
and hypotheses on the relationships among environments, external knowledge acquisition, and
innovation. The subsequent section explains the methodology of the study, and the following section
tests hypotheses and provides the results of this research. The last section presents the conclusions,
implications, and limitations of this research with the direction of future research.

2. Theoretical Background

2.1. Environments

The theory of strategic management argues that environments are critical for organizations to
understand for their survival and success, since environments provide a specific context for their
operations and behaviors [24]. It is also important to understand that environments are composed
of multiple dimensions with varying characteristics, since different environmental dimensions may
have a varying influence on organizations’ operations and behaviors [3,25]. A review of the literature
reveals that dynamism, complexity, and hostility are regarded as three important environmental
dimensions [3]. Miller and Friesen [3] identified and utilized these three dimensions to examine the
relationships between environments and strategy-making in their research. These environmental
dimensions are inherently coherent with the ones identified by Dess and Beard [25]—dynamism,
complexity, and munificence, and by Child [26]—variability, complexity, and illiberality. Environmental
dynamism refers to the frequency and intensity of environmental changes in technologies, customer
needs, products, market demand and others [25]. Environmental complexity means the heterogeneity
or diversity of environmental factors, including buyers, suppliers, competitors, and technologies and
differentiated products [25,26]. Environmental hostility refers to the threat of environments to firms
posed by the intensity of unfriendly competition [4]. As such, we focus on these three environmental
dimensions to examine their effects on external knowledge acquisition and innovation in further detail
in the hypotheses section.

2.2. Innovation

Innovation is adopting something new to the organization, including a new product, service,
technology, process, policy, plan, program, structure or administrative system [27]. The adoption
of innovation is inherently intended to improve organizational effectiveness or performance by
creating change in an organization in reaction to or in anticipation of changes in external and internal
conditions [28]. Therefore, external environments are expected to have an impact on the adoption
of innovation by firms. In this sense, it is not a coincidence to see ample existing studies on the
effects of external environments on innovation or innovativeness. For our purpose, innovation and
innovativeness are treated as basically equal, since they are closely related in that innovation reflects
the outcome of innovativeness, which refers to openness to new ideas as part of a firm’s culture [29].

A review of the literature shows that innovation can be classified into the four different
types: product innovation, process innovation, market innovation, and management innovation.
Schumpeter [30] identifies such innovation types as new products, new production methods, new
market exploitation and development, new ways to organize business, and others. This classification is
similar to the one introduced by the OECD Oslo Manual [31]: product innovation, process innovation,
marketing innovation, and organizational innovation. The two to three different types of innovation
identified by other researchers [32,33] can be summarized into the four types mentioned above. In this
research, a product innovation refers to a new product or service introduced to meet a market need; a
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process innovation is a new element adopted into a new production or service operation to increase
efficiency and quality; a market innovation means a new market or market segment development and
a new marketing method employed for the market; and a management innovation is a new managerial
and organizational practice introduced into the organization.

2.3. External Knowledge Acquisition and Mediation Role

According to the knowledge-based perspective, knowledge is a critical resource to create firms’
competitive advantage [23]. Therefore, it is understandable that firms try their best to secure knowledge
through both external and internal sources in the processes of organizational learning [22]. However,
as competition gets intensified, the product life cycle becomes shorter, and knowledge becomes more
widely dispersed as, today [34], firms are inclined to be increasingly more open to the idea of obtaining
knowledge externally, as in the case of open innovation [35]. As such, firms today are likely to
acquire external knowledge regarding technology, market, and management through such sources as
suppliers, buyers, competitors, and alliance partners [36]. Thus, it is expected that acquiring external
knowledge is important for firms to improve innovation and performance. Besides, prior research
has demonstrated that firms can improve innovation through external knowledge acquisition [37,38].
External knowledge acquisition (EKA) here is defined as an activity in which firms obtain knowledge
from external sources.

Moreover, the level of acquiring external knowledge tends to vary depending on the characteristics
of environments. For example, when technology- and market-related factors change significantly
because of dynamic external environments, firms may need to acquire more external knowledge
regarding technologies and markets to be able to respond to these environmental changes more
effectively. Similarly, when external environments are more complex and there are more factors to
consider in regard to suppliers, customers and competitors, firms are likely to have a greater need
to acquire more external knowledge about these factors in response to more complex environments.
As such, depending on the characteristics of external environments, firms tend to acquire a different
level of external knowledge, which, in turn, is expected to enhance innovation accordingly. Therefore,
external knowledge acquisition is expected to play an important mediation role in linking environments
with innovation.

3. Model and Hypotheses

In the first subsection, this study theorizes the effects of environments on innovation, based on the
first research question. In the second subsection, the study further theorizes the effects of environments
on external knowledge acquisition by addressing the second research question. In the last subsection,
this research theorizes the mediation effect of external knowledge acquisition on the relationships
between environments and innovation by tackling the last question. All the hypotheses included in
the study are summarized in the theoretical model, as presented in Figure 1.
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3.1. Effects of Environments on Innovation

3.1.1. Environmental Dynamism

Environmental dynamism relates to how frequent environmental changes are for firms [25,26].
Specifically, environmental dynamism comes from the changes in technologies, customer needs,
products and services, market demand, and competitors’ strategic behavior [17]. When environments
become more dynamic, firms are likely to be motivated or forced to behave more proactively by taking
risks to deal with changes in technologies, customer needs, markets, and others more effectively [39].
Bettis and Hitt [40] also argue that, when firms experience such environmental changes as a shorter
product life cycle and a shift in technology and market, pursuing a new product and technology
development becomes critical for their survival and success. In addition, when firms experience
competitors’ rapid behavioral changes, their existing resources and capabilities may become obsolete
and, to mitigate this threat of obsolescence, firms need to be more innovative and introduce new
products, services, and markets more proactively by continuously upgrading their resources and
capabilities [41]. Furthermore, environmental dynamism tends to enhance firms’ entrepreneurial
orientation, which leads to their increased innovation [42]. Steve Jobs’ commitment to innovation and
risk-taking is a great example of the outcome of the strong entrepreneurship orientation. Apple has
been successful in increasing customer satisfaction through innovative products in response to the
changes in customer needs. Besides, there is empirical evidence that environmental dynamism has
a positive influence on innovation [1,8,17]. Hence, it is expected that environmental dynamism is
positively related with innovation.

Hypothesis 1. Environmental dynamism has a positive relationship with innovation.

3.1.2. Environmental Complexity

Environmental complexity has to do with how heterogeneous or diverse environmental the factors
which firms must deal with are [25,26]. Environmental complexity increases with the number of
competitors, the diversity of buyers and suppliers, the existence of differentiated products, and the
diversity of technologies [25]. Therefore, operating in more complex environments, firms are likely to
face more diverse factors of environments, which enhance the demand for their strategic activities
with respect to technologies, products, markets, suppliers, and competitors [3]. To meet this demand
by heterogeneous environments more effectively, firms need to be more innovative in developing
diverse technologies, products, markets, and management processes and systems [43]. It seems logical
to expect that firms need to have the ability to adopt something new to the organization to effectively
cope with the diverse needs of heterogeneous factors of environments. Furthermore, prior research
has shown empirical evidence of a positive influence of environmental complexity on innovation or
innovativeness [3,4,44]. For example, in a large-scale study of the impact of environmental complexity
on firms’ behavior conducted by KPMG in 2010 with senior executives of large companies across
various industry sectors in twenty-two countries, environmental complexity has been found to be
closely correlated with technological innovation. Specifically, more than eighty percent of the executives
have identified the need to develop new skills as their primary challenge resulting from environmental
complexity. Based on the discussion above, it is expected that environmental complexity is positively
related with innovation.

Hypothesis 2. Environmental complexity has a positive relationship with innovation.
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3.1.3. Environmental Hostility

Environmental hostility relates to how serious threats to firms are posed by various unfavorable
external conditions, including competitive intensity, industry structure, governmental regulations, and
limited resources [45]. Similarly, Potter [46] maintains that environmental threats to firms can come
from such conditions as the degree of competitive intensity, the randomness of competitors’ behavior,
the industry growth rate, the access to necessary inputs, and the availability of product-market
opportunities. With regard to its effect on innovation, environmental hostility tends to have both
positive and negative influences on innovation or innovativeness for firms [2]. Some researchers
have argued that, in hostile environments, where firms encounter various challenges characterized by
intense competition, resource scarcity and others, they may still be motivated or forced to enhance their
innovative capability to cope with and adapt to those environmental challenges [4,11]. For instance,
faced with increased environmental hostility triggered by the recent COVID-19 pandemic and intensive
competition, Samsung Electronics has made the largest ever investment in R&D in the first quarter of
the year 2020 in order to widen the gap with competitors [47]. On the contrary, other researchers have
claimed that, in hostile environments, where firms are faced with severe competition, scarcer resources,
and thinner profit margins, they may try harder to conserve resources and pursue economical strategic
approaches more selectively by avoiding extensive experimentation, risk taking, and proactiveness
that can be harmful in threatening environments [3]. Based on the discussion above, we propose two
competing hypotheses, as follows.

Hypothesis 3a. Environmental hostility has a positive relationship with innovation.

Hypothesis 3b. Environmental hostility has a negative relationship with innovation.

3.2. Effects of Environments on External Knowledge Acquisition

3.2.1. Environmental Dynamism

Environmental dynamism represents the changes in environmental factors, such as technologies,
competitors, customers, suppliers, and markets [3]. The changes in these factors tend to give
rise to environmental uncertainties for firms [25], since firms lack knowledge regarding changing
environmental factors. Therefore, increased environmental uncertainties are likely to enhance the
need for new knowledge, thereby urging firms to obtain new knowledge about the state of changing
environmental factors, the effect of these environmental factors on firms, and the response firms can
make to address these environmental factors [48]. In this regard, firms will have to secure a diverse set
of knowledge to effectively cope with the uncertainties caused by environmental changes. However,
it is practically impossible for firms to secure all the necessary knowledge internally, so firms will have
to obtain knowledge externally through their interactions with various sources, including competitors,
suppliers, buyers, consultants, research institutes, and alliance partners [35]. For example, when a
new technology appears in an industry, firms needs to acquire new knowledge from external sources
to understand its state, its effect on firms, and the response options available to firms to cope with it
more effectively. Hence, it is expected that environmental dynamism tends to increase firms’ external
knowledge acquisition.

Hypothesis 4. Environmental dynamism has a positive relationship with external knowledge acquisition.

3.2.2. Environmental Complexity

Environmental complexity comes from heterogeneous or diverse environmental factors in an
industry [3,26]. This suggests that operating in more complex environments, firms will encounter
more diverse technologies, competitors, buyers, suppliers, and markets and have a greater number
of environmental elements to deal with [25]. So, the increased diversity of environmental factors
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will necessarily raise environmental uncertainties for firms to deal with, and the firms faced with
increased environmental uncertainties will have greater needs to acquire knowledge about diverse
environmental factors [49]. Hence, firms under more complex environments will have to obtain
more knowledge about diverse environmental factors through various sources to cope with them
effectively. For instance, when technologies or inputs to production are more complex in an industry,
firms are likely to be required to acquire more knowledge about diverse technologies and inputs
from competitors, suppliers, or other sources to understand them better before responding to them.
Therefore, environmental complexity is expected to increase firms’ external knowledge acquisition.

Hypothesis 5. Environmental complexity has a positive relationship with external knowledge acquisition.

3.2.3. Environmental Hostility

Environmental hostility has to do with the environmental threats to firms caused by various
unfavorable external conditions, which include competitive intensity, competitors’ random behavior,
adverse industry growth, governmental regulations, limited access to inputs and resources [3,45].
These unfavorable and adverse external conditions can certainly cause high environmental uncertainties
to firms, and the firms with such environmental uncertainties are likely to have greater needs to find
out more about their environments to reduce the uncertainties. Therefore, the firms operating in hostile
environments seem to be motivated to acquire more external knowledge about their environments
through various sources to deal with them effectively [46]. For example, when the price competition
(as a sign of environmental hostility) is prevalent in an industry, a company tends to be motivated to
find out more about competitors’ cost positions, the ways competitors achieve better cost positions,
if better at all, alternative ways to source low-cost inputs, and alternative cost-effective approaches to
marketing and sales through external sources like competitors, suppliers, buyers, and consultants to
cope with the adverse situation efficiently and effectively. Based on the discussion above, it is proposed
that environmental hostility is likely to enhance firms’ external knowledge acquisition.

Hypothesis 6. Environmental hostility has a positive relationship with external knowledge acquisition.

3.3. Mediation Effects of External Knowledge Acquisition

The literature provides evidence that external knowledge acquisition can contribute to the
enhancement of firms’ innovation [50]. Firms can certainly acquire a diverse set of both tacit and
explicit knowledge with regard to technology, market, and management through competitors, suppliers,
buyers, research institutes, and consultants and through interactive, social, and connected processes
with alliance or network partners [50]. This diverse set of knowledge acquired externally can be
utilized as valuable inputs into the processes of innovation in terms of product, process, market and
management, thereby improving firms’ innovation.

Furthermore, the previous section argues that environments, in terms of dynamism, complexity
and hostility, tend to have influence on external knowledge acquisition, and the section above argues
that increased external knowledge acquisition is expected to enhance innovation. These two arguments
combined seem to suggest that, faced with dynamic, complex or hostile environments, firms tend to
acquire knowledge from external sources to deal with their environments more effectively, and the
external knowledge acquired is likely to serve as a critical resource for improving firms’ innovation.
Thus, it is proposed here that external knowledge acquisition will mediate the relationships between
environments and innovation. Specifically, operating in more dynamic environments, firms are likely
to acquire more new knowledge about their changing environments from external sources, and the
new external knowledge acquired, in turn, is expected to become an important resource input into the
innovation processes. Similarly, faced with more complex environments with a greater number of
factors to consider, firms are likely to obtain more external knowledge regarding these factors through
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suppliers, competitors, and buyers to respond to them effectively, and the new knowledge acquired
externally is apt to be utilized as an essential resource to enhance innovation. In addition, operating in
more hostile environments, firms tend to be motivated to acquire more new knowledge about how
to deal with unfavorable conditions like severe competition, limited resources and others, and the
new external knowledge acquired is expected to become a critical resource necessary for improving
innovation. Based on the discussion above, the following hypotheses are proposed:

Hypothesis 7. External knowledge acquisition mediates the relationship between environmental dynamism
and innovation.

Hypothesis 8. External knowledge acquisition mediates the relationship between environmental complexity
and innovation.

Hypothesis 9. External knowledge acquisition mediates the relationship between environmental hostility
and innovation.

4. Methodology

4.1. Sample and Data Collection

To test our hypotheses, we collected data through an email questionnaire survey from small- and
medium-sized manufacturing firms headquartered in Beijing, China. We targeted five manufacturing
industries, including food, textile and garment apparel, chemical raw materials and chemical, special
equipment, and computer/communication/other electronic equipment, with varying environmental
characteristics. Following the Notice on Printing and Distributing the Stipulation Standards for SMEs
jointly issued by the National Bureau of Statistics and the Ministry of Finance in China, we focused
on firms with employees ranging from less than 1000 to 20. Based on this criterion, a total of 1936
companies in five industries were identified from the 2018 Beijing Enterprise Yellow Pages. Out of
these, 283 firms were dropped in the process of confirming their contact information and of asking
for participating in the survey by phone calls and, finally, 1653 firms remained as the effective target
population of this study. In addition, since this research required a general management perspective
on external environments, external knowledge acquisition and innovation, the heads of these firms
were targeted as potential respondents for our survey.

We developed a survey questionnaire based on the literature. It was professionally translated into
Chinese and back into English to ensure conceptual equivalence. Then, an interview-based pretest
of the questionnaire was conducted with the four Chinese senior executives of SMEs in the relevant
industries to assess the clarity and appropriateness of the questions and the respondents’ ability to
answer the questions. The questionnaire was further revised based on their feedback. The finalized
questionnaire was emailed with an online link to the heads of effective target population three times
with intervals of two weeks, followed by phone calls each time to ask for their participation in the
survey. Personal visits were also made to the relevant firms for survey responses when necessary.
This resulted in a total of 242 responses and, after significantly incomplete and insincerely filled-out
surveys were dropped, 220 usable surveys remained, with an effective response rate of 13.3 percent.
This response rate is comparable to that of many previous studies [1].

To test for non-response bias, we compared the two groups of early and late responses, following
Bodlaj and Cater [1]. Early responses were the ones received from the first round of invitation emails,
and late responses were the ones received from the second and third rounds of invitation emails.
No significant differences were observed between these two groups in terms of industry (p = 0.230),
employees (p = 0.376), and total sales (p = 0.396), thereby suggesting that there was no potential
non-response bias in our study.

Furthermore, since our study relied on a single respondent to collect data for measuring both
independent and dependent variables at the same time, we checked for common method bias [51].
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To test for this potential bias in our study, Harman’s one-factor test was applied through a principal
components analysis of all the constructs included in our study, as suggested by Podsakoff and Organ
(1986) [52]. This analysis resulted in eight factors with eigenvalues greater than 1.0, explaining 65.35%
of the variance, whereas the first factor accounted for only 25.99% of the variance, far less than 50%,
a cut-off point suggested by Podsakoff and Organ (1986) [52]. Therefore, it was concluded that there
was little threat of notable common method bias.

The respondents had their current positions of Presidents (22.3%), Vice Presidents/Directors
(17.7%), Functional Managers (36.8%) and Assistant Managers and below (23.2%), and they had been
in their current positions for about five years on average. In our sample, firms in food, textile, chemical,
special equipment, and computer/communication/electronics industries account for 15.9%, 20.0%,
14.1%, 20.5%, and 29.5%, respectively. Firms with employees of 20–49, 50–99, 100–299, and 300–999
accounted for 50.4%, 20.4%, 13.2%, and 12.7%, respectively. Additionally, the average number of years
of operation for our sample firms was about 15. Overall, our sample firms seemed to be relatively
small and young in the sense that the majority of our sample firms had less than 100 employees (70.8%)
and less than 20 years of business experience (77.8%).

4.2. Measurement

4.2.1. Environmental Dynamism

We measured environmental dynamism with a four-item scale that we modified from
Fuentes-Fuentes et al. [53], and Li and Liu [54]. The scale was designed to primarily capture
the changes in environmental factors. Specifically, the question items included in this scale were:
“products in our industry become outdated very quickly”; “the tastes and preferences of customers in
our industry change very quickly”; “the rate of change in market activities of our competitors is very
high”; and “product technologies in our industry change very quickly”. For this measure, respondents
were asked to indicate (l = “strongly disagree” to 7 = “strongly agree”) the extent to which they agree
or disagree with each statement, based on the industry where their major business operates.

4.2.2. Environmental Complexity

We adapted the measure of environmental complexity from Fuentes-Fuentes et al. [53], Sutcliffe
and Huber [55], and Newkirk and Lederer [56]. The measure was intended to cover the diversity
of various environmental factors. To measure this variable, respondents were asked to indicate
(l = “strongly disagree” to 7 = “strongly agree”) the extent to which they agree or disagree with each
of the following statements, based on the industry where their major business operates: “firms in
our industry deal with very diverse types of customers”; “firms in our industry interact with a large
number of different organizations in the production and distribution of products”; “products in our
industry must reflect very diverse market needs”; and “the tastes and preferences of customers are
very heterogeneous”.

4.2.3. Environmental Hostility

Environmental hostility was measured with a four-item scale modified from Khandwalla [57] and
Slevin and Covin [58]. The scale was intended to capture the threatening or unfavorable environmental
conditions. For this scale, we used the following question items: “it is very difficult to find opportunities
for growth in our industry”; “firms in our industry face various environmental elements threatening
survival”; “our competitors’ strategic actions are very hostile”; and “firms in our industry are threatened
by tough competition”. To measure this variable, we asked respondents to indicate (l = “strongly
disagree” to 7 = “strongly agree”) the extent to which they agree or disagree with each statement,
based on the industry where their major business operates.
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4.2.4. External Knowledge Acquisition

We adapted the measure of external knowledge acquisition from Bojica and Fuentes [59] and
Li, Liu, and Liu [60]. Based on these previous studies, this measure focused on acquiring external
knowledge on the areas of technology, market/industry, and management. To measure this variable,
we asked respondents to indicate (l = “not at all acquired” to 7 = “extensively acquired”), based on their
major business, the extent to which their company acquires knowledge about each of the following
items from external sources: “external knowledge about technology”, “external knowledge about
product development”, “external knowledge about operations and production processes”, “external
knowledge about the market and industry”, and “external knowledge about management (management
systems/practices, etc.)”.

4.2.5. Innovation

Based on prior research [33], innovation was operationalized as a second-order factor which
comprises four first-order indicators: product innovation, process innovation, market innovation,
and management organization. We adapted the measures of these four innovation types from
Liao et al. [32], Wang and Ahmed [33]. These respective measures were designed to capture a new
product introduced to the market, a new element adopted into a new production process, a new market
development and a new marketing method employed, and a new managerial and organizational
practice introduced. For these measures, respondents were asked to indicate (l = “strongly disagree”
to 7 = “strongly agree”) the extent to which they agree or disagree with each of the statements, based
on their major business. The measurement items are provided in Appendix B.

4.2.6. Control Variables

We included industry type, firm size, and firm age in our model to control their effects on external
knowledge acquisition and innovation. Firms operating in high-tech industries may be more motivated
to pursue external knowledge acquisition and innovation than others, since high-tech firms are more
likely to face uncertain environments than low-tech firms, so we controlled for industry type and coded
high-tech industries as “1” and others as “0” [11]. In addition, larger firms are likely to have more
resources and capabilities to engage in external knowledge acquisition and innovation than smaller
ones, so we also controlled for firm size and measured it by the number of employees [61]. Similarly,
since older firms tend to have more experience in acquiring external knowledge and participating in
innovation than younger ones, firm age was further controlled for and was measured by the number
of years of operation [62].

5. Analyses and Results

5.1. Method of Analyses

AMOS 25 was used to test the measurement model and the theoretical model based on the structural
equation modeling. To test the hypothesized mediation relationships, we employed Holmbeck’s [63]
guideline for testing for mediation using SEM. The bootstrap confidence interval approach was also
applied to test the statistical significance of indirect effects [15]. In doing so, we calculated the lower
limit (LLCI) and upper limit (ULCCI) of a 95% bootstrap confidence interval for indirect effects,
using 5000 bootstrap samples.

5.2. Measurement Model

Reflective measurement models were used in our study. All the latent variables in our study
were measured or modeled as first-order factors, except for innovation that was measured as a
second-order factor. To assess the reliability and validity of our measurement model, we conducted a
confirmatory factor analysis on the previously established scales with following criteria: factor loading,
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Chronbach’s Alpha, average variance extracted (AVE) composite reliability (CR), and discriminant
validity. As shown in Table 1, all the items loaded on their respective factors with factor loadings
greater than the cutoff value of 0.60 [64]. The results of the reliability test for the constructs shown in
Table 1 also confirmed the satisfactory levels of convergent validity that exceed the minimum cutoff

values of above 0.5 for the average variance extracted (AVE), above 0.7 for composite reliabilities
(CR) [65], and above 0.7 for Chronbach’s Alphas [66], respectively. The discriminant validity of the
constructs was further tested by the inter-construct correlation matrix in Table 2, where the square
root of AVE for each factor was greater than any of its correlations with the other factors, confirming
adequate discriminant validity for all the first and second-order factors [67]. As Table 1 shows,
the goodness-of-fit results for our CFA model revealed an acceptable level of fit with the covariances
provided by the dataset, with χ2 = 1001.687, df = 651, p < 0.001, χ2/df = 1.539, TLI(NNFI) = 0.903,
CFI = 0.910, RMSEA = 0.050 [64,68].

Table 1. Measurement model results.

Factors Items β
Factor

Loading S.E. t-Value
(C.R.) SMC AVE CR Cronbach’s

α

Dynamism

D1 1.000 0.739 *** 0.547

0.545 0.827 0.825
D2 1.042 0.790 *** 0.098 10.630 0.624
D3 0.907 0.675 *** 0.099 9.212 0.455
D4 1.077 0.744 *** 0.107 10.103 0.553

Complexity

C1 1.000 0.653 *** 0.426

0.510 0.805 0.807
C2 1.029 0.656 *** 0.128 8.015 0.430
C3 1.196 0.765 *** 0.133 8.961 0.585
C4 1.250 0.773 *** 0.139 9.018 0.597

Hostility

H1 1.000 0.701 *** 0.491

0.500 0.800 0.798
H2 1.000 0.694 *** 0.117 8.549 0.481
H3 0.984 0.728 *** 0.111 8.852 0.530
H4 1.125 0.705 *** 0.130 8.653 0.497

External
Knowledge
Acquisition

E1 1.000 0.797 *** 0.635

0.572 0.869 0.821
E2 0.785 0.665 *** 0.077 10.158 0.443
E3 0.990 0.785 *** 0.080 12.410 0.617
E4 1.085 0.825 *** 0.082 13.179 0.681
E5 0.851 0.697 *** 0.079 10.733 0.486

Product
Innovation

PD1 1.000 0.812 *** 0.659

0.559 0.863 0.855
PD2 0.835 0.802 *** 0.066 12.711 0.644
PD3 1.129 0.788 *** 0.091 12.448 0.621
PD4 0.865 0.687 *** 0.082 10.545 0.472
PD5 0.827 0.633 *** 0.086 9.577 0.402

Process
Innovation

PR1 1.000 0.706 *** 0.499

0.521 0.844 0.840
PR2 1.190 0.765 *** 0.118 10.100 0.586
PR3 1.358 0.734 *** 0.139 9.739 0.539
PR4 1.266 0.715 *** 0.133 9.517 0.512
PR5 1.241 0.686 *** 0.135 9.159 0.470

Market
Innovation

MK1 1.000 0.708 *** 0.501

0.507 0.837 0.835
MK2 1.013 0.745 *** 0.104 9.727 0.556
MK3 0.919 0.750 *** 0.094 9.777 0.563
MK4 0.985 0.669 *** 0.111 8.835 0.447
MK5 0.844 0.684 *** 0.094 9.024 0.468

Management
Innovation

MG1 1.000 0.784 *** 0.614

0.540 0.875 0.872

MG2 0.851 0.789 *** 0.070 12.093 0.622
MG3 0.803 0.724 *** 0.073 10.958 0.524
MG4 0.767 0.720 *** 0.070 10.884 0.518
MG5 0.807 0.741 *** 0.072 11.251 0.549
MG6 0.706 0.643 *** 0.074 9.558 0.413
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Table 1. Cont.

Factors Items β
Factor

Loading S.E. t-Value
(C.R.) SMC AVE CR Cronbach’s

α

Innovation

PD 1.000 0.691 *** 0.477

0.501 0.800 0.764
MG 1.265 0.723 *** 0.186 6.797 0.522
MK 0.921 0.640 *** 0.153 6.024 0.410
PR 0.879 0.772 *** 0.132 6.645 0.596

χ2 = 1001.687, df = 651, p < 0.001, χ2/df = 1.539, CFI = 0.910, TLI = 0.903, RMSEA = 0.050

Note: t-values for n = 220 subsamples; CR, composite reliability; SE, standard error; AVE, average variance extracted.
*** p ≤ 0.001.

Table 2. Inter-construct correlation matrix.

Mean SD 1 2 3 4 5

1. Dynamism 4.798 1.428 (0.738)
2. Complexity 4.641 1.322 0.583 *** (0.714)
3. Hostility 4.341 1.452 0.357 *** 0.140 (0.707)
4. EKA 4.438 1.406 0.600 *** 0.615 *** 0.441 *** (0.756)
5. Innovation - - 0.466 *** 0.408 *** 0.375 *** 0.690 *** (0.708)

Note: Diagonal elements (in parenthesis) are the square root of AVE; off-diagonal elements are the correlations
among constructs in the inner model. *** p ≤ 0.001.

5.3. Structural Model

We adopted Holmbeck’s [63] guideline to test the hypothesized mediation effects. Based on Baron
and Kenny’s [69] causal step approach, Holmbeck [63] proposes a guideline to examine mediation
effects through sequential goodness-of-fit and significance tests for the three structural models in the
following steps. The first step is to test the direct effect model where mediators (M) are not included.
At this point, the model should provide an adequate fit with a significant direct effect of independent
variables (X) on dependent variables (Y) [63]. The next step is to test the complete mediation model
as a baseline in which X-Y path is constrained to zero, given that the direct effect model is consistent
with the data or meets the criteria given above. As in the direct effect model, the model should fit
the data well and both X-M and M-Y path coefficients must be significant in the directions predicted.
The final step in assessing a mediation effect is to compare the difference in model fits between the
baseline (complete mediation) model and the partial mediation model where the direct path from X to
Y is not constrained to zero. If the partial mediation model cannot provide a significant improvement
in fit over the complete mediation model, namely, if the addition of X-Y path to the baseline model
does not improve fit, complete mediation effect can be confirmed empirically. Improvement in fit can
be assessed with a chi-square difference test using chi-square values and degrees of freedom from
two nested models. Therefore, if the difference between chi-square statistics for two models is not
significant, a complete mediation model should be employed. However, if the difference between
chi-square statistics for the two models is significant, which implies that the partial mediation model
significantly improves fit, there exists a partial mediation effect in the theoretical model. In this case,
the direct path between X and Y with M controlled should be significant, with a smaller path coefficient
in absolute value than that in the direct effect model [63,65].

The guideline by Holmbeck [63] provides the following advantages in testing mediation effect
based on the structural equation modeling approach. First, it allows researchers to determine a proper
form of mediation model a priori through the comparison of different goodness-of-fit tests for the
two mediation models so that they can avoid the potential problems of over- and under-estimation of
mediation effects. Second, although there are some studies advocating indirect effects with no causal
relationship between X and Y anticipated, complete or partial mediation can be defined only when
a researcher has determined that the total effect is different from zero [15]. Hence, the guideline or
method is particularly useful for the studies that need to first establish that X exerts a direct effect on Y
and then investigate a specific mechanism by which the effect of X is transferred to Y.
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To examine a possible mediation role of external knowledge acquisition in our research, we tested
the following three structural models based on the guideline offered by Holmbeck [63]. Model 1 is
the direct effect model to establish the effect of dynamism, complexity and hostility on innovation,
Model 2 is the complete mediation model in which X-Y path is set to zero, and Model 3 is the partial
mediation model that represents hypothesized relationships. Path coefficients and their significance
levels, along with the R2 values, for each of the endogenous constructs, are shown in Figure 1 for the
direct effect model (Model 1), in Figure 2 for the complete mediation model (Model 2), and in Figure 3
for the partial mediation model (Model 3).
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As reported in Table 3, Model 1 (direct effect model) indicates an acceptable level of fit despite a
relatively low TLI index (χ2 = 868.496, df = 572, p < 0.001, χ2/df = 1.518, CFI = 0.909, TLI = 0.899, RMSEA
= 0.049) [70]. Furthermore, the model yielded significant results for the hypothesized relationships
between dynamism and innovation (β = 0.228, p < 0.05), between complexity and innovation (β = 0.215,
p < 0.05) and between hostility and innovation (β = 0.224, p < 0.05), thereby supporting Hypotheses 1,
2, and 3a, respectively (see Figure 2 and Table 3). Notably, a positive, rather than negative, relationship
between hostility and innovation was revealed in the study, and this result was consistent with that of
some previous studies [3,11]. Additionally, we found that among the control variables, only firm size
played a significant role in affecting innovation, while firm age and industry type had no significant
effect on innovation.
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Table 3. Mediation analysis and model fit comparison.

Direct Effect Model
(Model 1)

S·β (t-Value)

Full Mediation Model
(Model 2)

S·β (t-Value)

Partial Mediation
Model

(Model 3)
S·β (t-Value)

Path
DN-INN 0.228(2.018) * 0.078(0.732)
CM-INN 0.215(2.044) * −0.037(−0.328)
HS-INN 0.224(2.455) * 0.046(0.508)
DN-EKA 0.251(2.822) ** 0.244(2.712) **
CM-EKA 0.411(4.749) *** 0.419(4.774) ***
HS-EKA 0.298(4.076) *** 0.296(4.003) ***

EKA-INN 0.699(6.877) *** 0.612(4.491) ***
Firm age-INN 0.104(1.456) 0.094(1.425)
Firm size-INN 0.143(2.005) ** 0.035(0.515)

Industry type-INN 0.059(0.829) 0.085(1.269)
Firm age-EKA 0.023(0.410) 0.012(0.212)
Firm size-EKA 0.179((3.229) *** 0.177(3.144) **

Industry type-EKA −0.033(−0.591) −0.043(−0.758)

R2

INN 0.340 0.488 0.502
EKA 0.581 0.574

Model Fit
χ2 868.496 *** 1091.417 *** 1085.081 ***
df 572 756 750

χ2/df 1.518 1.444 1.447
CFI 0.909 0.915 0.915
TLI 0.899 0.907 0.907

RMSEA 0.049 0.045 0.045

Note: * p ≤ 0.05. ** p ≤ 0.01. *** p ≤ 0.001.

The fit indices of Model 2 (complete mediation model) (χ2 = 1091.417, df = 756, p < 0.001,
χ2/df = 1.444, CFI = 0.915, TLI = 0.907, RMSEA = 0.045), as shown in Table 3, suggested a better
fit to the data. Model 2 also indicated that dynamism (β = 0.251, p < 0.01), complexity (β = 0.411,
p < 0.001), and hostility (β = 0.298, p < 0.001) were all positively associated with external knowledge
acquisition, together with the R2 index of the endogenous latent variables, innovation (0.488) and EKA
(0.581), which were much higher than the required minimum of 0.1 recommended by [71]. Therefore,
Hypotheses 4, 5, and 6 were supported. In addition, the path coefficient from external knowledge
acquisition to innovation is also positive and significant (β = 0.699, p < 0.001) (see Figure 3 and Table 3).

As a final step, we conducted a chi-square difference test for Model 2 (complete mediation model)
and Model 3 (partial mediation model) to determine a proper form of mediation model that better
explains the hypothesized relationships. Given that the difference in the degrees of freedom between
the two models was 6, it was concluded that the difference in chi-square value between the two was
statistically insignificant (∆ = 6.336, p > 0.05). Therefore, we were able to confirm that the hypothesized
mediation relationships in our study were all intrinsically complete. Moreover, in Model 3 (partial
mediation model) (χ2 = 1085.081, df = 750, p < 0.001, χ2/df = 1.447, CFI = 0.915, TLI = 0.907, RMSEA
= 0.045), we found that the previously positive and significant path coefficients from dynamism,
complexity, and hostility to innovation were all reduced to non-significance after controlling for
the effect of external knowledge acquisition on innovation (see Figure 4). These findings suggest
that external knowledge acquisition completely mediates the relationships between three respective
environmental dimensions and innovation.



Sustainability 2020, 12, 5541 15 of 23

Sustainability 2019, 11, x FOR PEER REVIEW 15 of 23 

 

Figure 4. Partial mediation model (Model 3). Note: ⁎⁎ p ≤ 0.01. ⁎⁎⁎ p ≤ 0.001. 

Additionally, to test the statistical significance of indirect effects, we applied the bootstrap 
confidence interval approach suggested by Hayes [15]. We calculated the lower limit (LLCI) and 
upper limit (ULCCI) of a 95% bootstrap confidence interval for indirect effects, using 5000 bootstrap 
samples. As reported in Table 4, the indirect effects of dynamism (β = 0.175, CI = 0.044–0.298), 
complexity (β = 0.287, CI = 0.171–0.411), and hostility (β = 0.208, CI = 0.101–0.325) on innovation 
through external knowledge acquisition were all positive and significant. Thus, Hypotheses 7, 8, and 
9 were finally supported.  

Table 4. Bootstrap significance test for indirect effects in Model 2. 

 Path S·β Boot SE 
Boot 95% CI 

LLCI ULCI 

Indirect effect 
DN-INN 0.175 0.065 0.044 0.298 
CM-INN 0.287 0.062 0.171 0.411 
HS-INN 0.208 0.056 0.101 0.325 

6. Conclusions and Discussions 

6.1. Conclusions 

Researchers have paid a lot of attention to investigating the relationships between environments 
in terms of dynamism, complexity, and hostility and innovation or innovativeness [1,2,6,18]. 
However, the results of previous research seem to be rather incoherent and, to clarify the 
relationships between environments and innovation, we have proposed external knowledge 
acquisition as an intervening mechanism to link them and investigated its mediation effect on the 
relationships. We have argued that increased environmental dynamism, complexity, and hostility are 
likely to push firms to acquire more external knowledge, which can serve as a valuable resource input 
to improve firms’ innovation. 

The key conclusions of the study are as follows. First, all three respective environmental 
dimensions—dynamism, complexity, and hostility—have positive total effects on innovation before 
the effect of external knowledge acquisition is controlled for. That is, increased environmental 
dynamism, complexity, and hostility seem to motivate or lead firms to adopt more innovations in 
terms of product, process, market and management to cope with their environments more effectively 
when external knowledge acquisition as a mediator is not considered. Second, environmental 
dynamism, complexity, and hostility have all positive influences on firms’ acquiring external 
knowledge. As environments become more dynamic, complex, and hostile, firms are likely to acquire 

Figure 4. Partial mediation model (Model 3). Note: ** p ≤ 0.01. *** p ≤ 0.001.

Additionally, to test the statistical significance of indirect effects, we applied the bootstrap
confidence interval approach suggested by Hayes [15]. We calculated the lower limit (LLCI) and
upper limit (ULCCI) of a 95% bootstrap confidence interval for indirect effects, using 5000 bootstrap
samples. As reported in Table 4, the indirect effects of dynamism (β = 0.175, CI = 0.044–0.298),
complexity (β = 0.287, CI = 0.171–0.411), and hostility (β = 0.208, CI = 0.101–0.325) on innovation
through external knowledge acquisition were all positive and significant. Thus, Hypotheses 7, 8, and 9
were finally supported.

Table 4. Bootstrap significance test for indirect effects in Model 2.

Path S·β Boot SE
Boot 95% CI

LLCI ULCI

Indirect effect
DN-INN 0.175 0.065 0.044 0.298
CM-INN 0.287 0.062 0.171 0.411
HS-INN 0.208 0.056 0.101 0.325

6. Conclusions and Discussion

6.1. Conclusions

Researchers have paid a lot of attention to investigating the relationships between environments
in terms of dynamism, complexity, and hostility and innovation or innovativeness [1,2,6,18]. However,
the results of previous research seem to be rather incoherent and, to clarify the relationships between
environments and innovation, we have proposed external knowledge acquisition as an intervening
mechanism to link them and investigated its mediation effect on the relationships. We have argued
that increased environmental dynamism, complexity, and hostility are likely to push firms to acquire
more external knowledge, which can serve as a valuable resource input to improve firms’ innovation.

The key conclusions of the study are as follows. First, all three respective environmental
dimensions—dynamism, complexity, and hostility—have positive total effects on innovation before the
effect of external knowledge acquisition is controlled for. That is, increased environmental dynamism,
complexity, and hostility seem to motivate or lead firms to adopt more innovations in terms of product,
process, market and management to cope with their environments more effectively when external
knowledge acquisition as a mediator is not considered. Second, environmental dynamism, complexity,
and hostility have all positive influences on firms’ acquiring external knowledge. As environments
become more dynamic, complex, and hostile, firms are likely to acquire more new knowledge from
external sources to deal with their environments better. Third, external knowledge acquisition has
a positive impact on innovation, and this suggests that, as firms acquire more new knowledge from
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external sources, they tend to improve their ability to innovate by utilizing external knowledge acquired
as their critical resource input in the process of innovation. Fourth, the relationships between dynamism
and innovation, between complexity and innovation, and between hostility and innovation are all
completely mediated by external knowledge acquisition. Namely, dynamism, complexity, and hostility
all have strong indirect positive effects on innovation through external knowledge acquisition, and the
direct positive effects that three respective environmental dimensions have on innovation disappear
completely after controlling for the effect of external knowledge acquisition.

These findings suggest the importance of open innovation for firms operating in dynamic, complex
and hostile environments, and these findings appear to be consistent with those of previous studies
on open innovation that refers to innovation through learning from others beyond organizational
boundaries by building collaboration networks with external partners. According to the open
innovation literature, the degree of openness in firms’ innovation depends on various environmental
dimensions or factors [72], which tend to motivate firms to rely more on external knowledge for their
innovation, such as technological and market turbulence [73,74], competition intensity [72], industry
characteristics and product life cycles [75], changes in customer preferences [76], and changes in
government policies [77].

6.2. Implications

Our study provides several important theoretical and practical implications. From a theoretical
perspective, first, in order to help clarify the relationships between environments and innovation,
our study makes an initial attempt to examine a mediation effect of external knowledge acquisition on
their relationships, based on organizational learning and knowledge-based perspectives. Previous
studies have focused on the direct effects of environments in terms of dynamism, complexity,
and hostility on innovation, mostly ignoring the indirect effects of environments on innovation
through a mediator, despite that an intermediary mechanism may play a role in linking environments
with innovation more tightly. As such, our study fills an important gap in the literature by proposing
and empirically validating that external knowledge acquisition is a critical mediating mechanism
between environments and innovation. Second, it is suggested that the direct relationships between
environments and innovation discussed in prior studies may be spurious in nature, since our results
clearly show that the relationships are completely mediated by external knowledge acquisition. In the
case where the direct positive effects of environments on innovation disappear completely when
external knowledge acquisition is taken into account as a mediator, it can be inferred that solid direct
relationships between environments and innovation may not have existed inherently in the first place.
In this sense, the inconsistent results of extant research on the relationships between environments
and innovation, as discussed in the introduction section, may have been caused by this potentially
spurious nature of the relationships. Third, in relation to the second theoretical implication, the study
further suggests that, for a better understanding of the relationships between environments and
innovation, other intermediary mechanisms (in addition to external knowledge acquisition) to connect
environments with innovation more closely need to be investigated, since environments and innovation
are believed to be fairly apart from each other.

Furthermore, from a practical perspective, our study indicates that it is essential to acquire
knowledge from outside before firms can improve their innovation when they face dynamic,
complex, or hostile environments. Unlike what extant research claims, dynamic, complex and
hostile environments alone do not enhance firms’ innovation directly or automatically, but rather
such environments can increase firms’ innovation outputs through the intermediary mechanism of
firms’ external knowledge acquisition. In other words, our study suggests to managers that, to achieve
higher innovation outputs, firms are required to make efforts to secure new knowledge regarding their
dynamic, complex, or hostile environments from various external sources. More specifically, managers
should bear in mind that firms operating in dynamic environments can improve innovation in terms
of product, process, market, and management by acquiring new external knowledge about changing
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environments in technologies and markets from such sources as suppliers, buyers, competitors,
and alliance or network partners. Similarly, managers should remember that, when facing complex
environments, firms can increase innovation outputs through the acquisition of new knowledge
regarding diverse technologies, products, markets, and management processes and systems from
various external sources. Besides, managers should also keep in mind that it is essential for firms
under hostile environments to secure new knowledge with regard to unfavorable or adverse external
conditions like severe competition, tight regulations, and limited resources to increase their innovative
capability and innovation outputs.

6.3. Limitations and Future Research

These conclusions and implications need be considered alongside the following limitations of the
study, which may suggest a need for potential future research. First, the context of this research focused
on small and medium-sized manufacturing firms headquartered in Beijing, China. This narrowly
defined target population may limit the generalization of our research results. Therefore, it seems
desirable for future studies to evaluate the generalizability of our results by expanding their research
context to a broader range of geographies, industries, and firms. Second, like most survey research,
the study collected data for measuring both independent and dependent variables from a single
respondent, which may imply the possibility of common method bias. Harman’s one-factor test
was employed to check for this potential bias, and the test revealed that there was little threat of
notable common method bias. However, given that Harman’s one-factor test itself has limitations [51],
the potential of this bias in our study may not be completely ruled out. Therefore, future studies
on this research issue should try to collect data from multiple respondents to resolve this limitation.
Third, because we used innovation as a second-order construct in our study, we could not deal
with the individual types of innovation—product, process, market, and management—and could
not address how each of these innovation types matters for different environments and external
knowledge acquisition. Firms’ external knowledge acquisition under different environments may
have varying effects on different innovation types. Hence, it seems desirable for future studies to
deal with the individual types of innovation for more detailed analyses. Fourth, our study focused
on only knowledge acquisition from outside as an intervening mechanism between environments
and innovation, excluding other relevant learning processes of knowledge transformation and
exploitation [78]. However, these other learning processes may also play important mediation roles
and provide additional insights into this research issue. Thus, future studies should try to deal with
the mediation effects of knowledge transformation and exploitation on the relationships between
environments and innovation.
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Appendix A

Table A1. Prior Research on the Effects of Environments on Innovation or Innovativeness.

Authors Dependent Variable(s) Independent Variable(s) Result Sample

Bodlaj & Čater [1] Innovativeness
Market turbulence (+)

Technological turbulence (+)
Competitive intensity (+)

+
x
x 373 SMEs in Europe

Kach, Busse, Azadegan &
Wagner [2]

Product Innovativeness
Process Innovativeness

Market decline (-, -)
Restrictiveness (-, +)
Competition (+, +)

Resource Scarcity (-, +)

-, x
-, +
+, +
-, +

148 SMEs in US

Miller & Friesen [3] Innovation Dynamism (+), Hostility (-)
Complexity (+)

+, +
+

128 firms in US and
Canada

Tajeddini & Trueman [4] Innovativeness Complicated (+), Dynamic (+)
Hostile (+)

+, +
x 127 SOEs in Iran

Pervan, Al-Ansaari & Xu [5] Innovation Market dynamism (+) + 200 SMEs in Dubai

Martinez-Conesa, Soto-Acosta &
Carayannis [6] Open Innovation Environmental dynamism (+) + 429 SMEs in Spain

Prajogo & McDermott [7] Exploratory innovation
Exploitative innovation

Environmental uncertainty
(+,+)

Environmental hostility (-, +)

+, +
-, - 196 SMEs in Australia

Prajogo & McDermott [7] Exploratory innovation
Exploitative innovation

Environmental uncertainty
(+,+)

Environmental hostility (-, +)

+, +
-, - 196 SMEs in Australia

Lee & Tang [8] Innovation orientation Dysfunctional competition (+)
Technological turbulence (+)

+
+

147 firms in China

Calantone, Harmancioglu &
Droge [9] New Product Innovation Market Turbulence (+)

Technological Turbulence (+)
+
x Meta-analysis
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Table A1. Cont.

Authors Dependent Variable(s) Independent Variable(s) Result Sample

Uzkurt, Kumar, Kimzan & Sert
[10] Innovativeness

Competitive intensity (+)
Market turbulence (+)

Technological turbulence (+)

x
+
+

156 SMEs in Turkey

Alexandrova [11] Innovativeness
Environmental uncertainty (+)

Environmental hostility (+)
Environmental dynamism (+)

+
-
+

382 micro-firms in Bulgaria

Tuominen, Rajala, Möller &
Anttila [12]

Innovativeness:
-new product development

-commercialization

Environmental Dynamism:
Technology-based (+,+)

Market-based (+,+)

+, x
x, x 140 in Finnish

Abdallah & Persson [13] Innovativeness
Environmental uncertainty:
Technological turbulence (+)

Competitive intensity (+)

x
+

250 SME’s in Sweden.

Note: +, positive relationship; -, negative relationship; x, no relationship.
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Appendix B : Measure for Innovation

Product Innovation:

1. Our company often develops new products well accepted by the market
2. A great majority of our company’s profits are generated by the new products developed
3. The new products developed by our company always arouse imitation from competitors
4. Our company often launches new products faster than our competitors
5. Our company has better capability in R&D of new products than our competitors

Process Innovation:

1. Our company often tries different operation procedures to hasten the realization of the
company’s goals

2. Our company always acquires new skills or equipment to impr-ove the production operation
3. Our company develops more efficient production process or operation procedure
4. Our company flexibly provides products according to the demands of the customers
5. The new production process or operation procedure employed by our company always arouses

imitation from competitors

Market Innovation:

1. Our company enters new market segments more often than similar companies
2. In comparison with its competitors, our company’s most recent product marketing program is

revolutionary in the market
3. Our company adopts new approaches to enter and exploit the target market
4. Our company renews distribution channels, pricing techniques, and promotion techniques
5. Our company enters market segments that are novel to the industry

Management Innovation:

1. Our company adopts the innovative financial management systems that effectively monitors
the actual discrepancy between our performance and our goals

2. Our company emphasizes innovative and creative capability when recruiting staff/employees
3. Our company renews the routines, procedures, and processes employed to execute firm

activities innovatively
4. Our company renews the supply chain management system
5. Our company adopts innovative management systems and practices
6. Our company renews the organization structure to facilitate teamwork
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