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Abstract: Using a resource-based approach to innovation, this study proposes an alternative
innovation model to the existing market-based Product Life Cycle (PLC) model. In particular, this
study explores how the attributes of corporate strategic resources affect product and process innovation
patterns. This study covers the development of new theory, as well as the empirical validation of the
innovation model proposed in this study. Based on survey data from 257 chief operations officers in
the United States, the ‘resource-based innovation model’ was tested and validated through various
analytical methods, such as clustering, discriminant, and structural equation modeling analysis.
The main findings are that (1) companies relying on both knowledge-based resources (KBR) and
property-based resources (PBR) tend to focus on product and process innovation at the same time,
(2) companies relying heavily on KBR tend to centralize their efforts for process innovation rather
than product innovation, (3) companies with low reliance on KBR and PBR tend to minimize R&D
efforts in product and process innovation, and (4) in a dynamic market condition, process innovations
serves as order winners, while product innovations serves as order winners in a stable market. This
research contributes to the operational management literature by proposing a new resource-based
innovation algorithm that helps to understand innovation phenomena that are difficult to explain
through the lens of the PLC-based innovation paradigm.

Keywords: product innovation; process innovation; property-based resource; knowledge-based
resource; resource-based view; market dynamism; sustainable competitive advantage; cluster analysis;
discriminant analysis; structural equation modeling

1. Introduction

Innovation is generally perceived as a significant driving force in corporate success, but innovation
is also often recognized as a critical cause of risk, social and environmental turmoil, the so-called ‘double
edges of innovation’ [1–3]. The literature has shown that decision-making on innovation activities can
have a significant impact on the creation or destruction of an organization’s competitive advantage [4,5].
Since Utterback and Abernathy [6] introduced a product life cycle (PLC) model for innovation, the
PLC model has become the dominant basis for how product and process innovation patterns evolve
over the life of the product. This model supports the ‘product–process innovation’ flow, where the
company’s process innovation follows the product innovation according to the product life cycle. Later,
Barras [7] proposed a ‘reverse product life cycle’ model to illustrate the ‘process–product innovation’
flow that is often seen in the service industry. As such, these two model frames provide complementary
insights into the enterprise’s decision-making processes for product and process innovation. However,
neither the models of Utterback and Abernathy [6] nor of Barras [7] fully explain the existence of
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an organization that pursues product innovation and process innovation simultaneously, such as
semiconductor and biotechnology companies. In addition, the two models cannot fully justify the
existence of an organization that essentially focuses on only one type of innovation—either process
innovation or product innovation. The limitations of existing PLC-based models can be attributed
to the theoretical background that the models depend on. The PLC-based models emphasized a
‘market-based’ perspective in which organizations are considered to be systems that continuously
adapt to changing business environments for survival [8–12]. Regarding this market-based perspective,
Hayes et al. [13] (p. 52) asserted that “a strategy based solely on such static concepts as fit, trade-offs,
and focus seemed lacking in an important respect: a more dynamic framework was needed for the
rapidly changing global competition.” In a similar vein, Gagnon [14] has also argued that the paradigm
shift has begun, with evidence that high performance is largely explained by the strength of corporate
resources rather than market position. Further, many previous studies have shown that the discipline
of competitive advantage has been transferring from a ‘market-based’ perspective to a ‘resource-based’
perspective [14–16]. Despite the paradigm shift in competitive advantage, research on the impact of
corporate strategic resources on a company’s innovation decisions is very limited, and there has been
no empirical study to investigate the relationship between strategic resource attributes and innovation
patterns. This gap in the literature has led to a key research question of this study, and more details
about the research gap are discussed in the next section. In short, the main purpose of this study is to
explore how the attributes of a company’s strategic resources affect product and process innovation patterns,
from a ‘resource-based’ perspective.

To investigate this research question, the remainder of this study includes the following
organizations. This study begins with a brief overview of the existing PLC-based innovation models
and their limitations. The discussion then leads to the theoretical underpinnings and hypotheses about
the role of corporate strategic resources in innovation strategy decisions. In particular, we propose a
‘resources-based innovation model’ that can explain the phenomenon of innovation that is difficult
to explain through the lens of the existing PLC-based innovation model. The following section
discusses our methodology that describes our measures, sample data, and survey procedure. Next,
various validation tests were conducted for the measurements and data used in this study, including
confirmative factor analysis, non-response bias test, and common method variance assessment. Then,
based on survey data from 257 chief operations officers in the United States, the ‘resource-based
innovation model’ proposed in this study was tested through cluster analysis and the results were
verified through discriminant analysis. In addition, some of the issues raised in this study were tested
through structural equation modeling analyses. Finally, we conclude by discussing some theoretical
and managerial implications, the limitations of the study, and suggestions for future research.

This study covers not only the development of new theory, but also the empirical validation
of the model proposed in this study. The study contributes to operation management literature by
suggesting a new resource-based innovation model that helps explain innovation phenomena that are
difficult to understand through the PLC-based innovation paradigm. In other words, by integrating
the literature on product and process innovation with a resource-based view, the study provides a
new paradigm for understanding the mechanisms by which corporate strategic resources influence
innovation strategy decisions.

2. Theory and Hypotheses Development

2.1. What Is Innovation

Gopalakrishnan and Damanpour [17] argued that innovation cannot be described as a unified
definition but can only be defined in the context of a particular field. For example, on the economic
side, innovation can be described as a factor that significantly improves productivity at the industry
level; on the other hand, in the context of technology, innovation is seen as “a continuous process
during which the innovation changes form as it is used and assimilated” [17] (p. 20). In terms of
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management, innovation can be defined as “the generation, evaluation, and implementation of new
ideas to meet organizational objectives” [18] (p. 6). In the context of manufacturing, innovation can
be depicted as “the application of new or different approaches or methods or technologies resulting
in improved quality or reduced cost relative to competition” [18] (p. 6). Further, innovation can be
taxonomically categorized into the following three sets of types: administrative vs. technical, radical vs.
incremental, and product vs. process [17,19,20]. However, the main purpose of this study is to propose
an alternative innovation algorithm that can account for innovation phenomena that are difficult to
understand (especially with respect to the idiosyncratic patterns of product and process innovation)
through the lens of PLC-based innovation models. Therefore, to clarify the boundaries of the research,
this study focuses taxonomically on product versus process innovation in the context of operations
management. Product innovation is illustrated as (i) a change made to the existing product or service
for the benefit of customers [17,21,22] and (ii) a creation of entirely new product or service [23–25].
On the other hand, process innovation refers to a change in the method and knowledge that transform
inputs into outputs [6,17,22,26]. In other words, product innovation is considered improvement and
creation at the end of the product or service offering [21,25,27], while process innovation is considered
a change in the way a firm produces a product or service [19,28–30].

2.2. PLC-Based Innovation Models

Abernathy and Utterback [6,31] introduced the product lifecycle innovation model to show how
innovation strategies change over the product life cycle (PLC) phases. In the early stage of PLC,
the ‘fluid phase,’ corporate R&D activities are mainly focused on product innovation [32]. As a result,
the rate of product innovation is much higher than the rate of process innovation. However, once the
dominant design of a product appears in the industry, the main competition tends to move towards
reducing general design costs, and product improvements are gradual [13,33]. As a result, in the second
phase, the ‘transitional phase,’ companies begin to invest more R&D budgets in process innovation
(e.g., ERP, Six Sigma, JIT system, and Lean production) and the level of process innovation exceeds the
level of product innovation. In the final phase, the ‘specific phase,’ companies rarely perform R&D
on both product and process innovation. Accordingly, both types of innovation activities shrink and
eventually converge to a more balanced level [31,34]. That is, the PLC innovation model assumes
that the strategy of innovation moves from product innovation to process innovation according to the
stages of PLC [6,31].

However, since the PLC model was initially developed to explain the patterns of innovation
occurring in the manufacturing industry, the PLC model has inherent limitations in explaining the
innovation patterns of the service industry. For this reason, Barras [7,35] proposed a ‘reverse PLC
innovation’ model to illustrate the innovation patterns that occur in the service industry, which
generally adopt new technologies developed in the manufacturing industry. Here, in the early stage of
reverse PLC, the company’s innovation efforts begin with incremental process innovations to improve
the efficiency of existing service delivery [7]. In the next phase, the company’s innovation activities
focus on more radical process innovations to not only improve service quality but to also maximize
service efficiency [7,34]. In the final stages, radical product innovation is dominant in creating a new
type of service [7,35]. In brief, the reverse PLC model argues that major innovation activities in the
service industry can be transformed from process innovation to product innovation, depending on the
PLC stages.

2.3. Limitations of PLC-based Innovation Models

PLC-based models provide excellent logic that can be applied to describe innovation patterns
in various industries. Furthermore, the PLC model and reverse PLC model complemented the
shortcomings of each model. Nonetheless, there are still some innovations patterns that cannot be
fully explained by the logic of these PLC-based innovation models. According to the PLC-based
model, corporate innovation patterns must show the ‘product–process’ or ‘process–product’ flow
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to survive in the industry they are competing with. However, as a matter of fact, companies do
not always follow one of them. For instance, companies in sectors such as pharmaceuticals and
semiconductors continue to pursue product and process innovation at the same time, regardless of
the PLC stage. Moreover, shipping delivery service companies such as FedEx and UPS mostly spend
more R&D expenditure on process innovation than product innovation, regardless of the phase of
the PLC. This limitation of the PLC-based model is mainly due to the theoretical view that the PLC
models rely on. Namely, the PLC-based models stand on a market-based competition view (MBV),
where the company’s strategy follows the guidelines set by market functions [14,36]. From an MBV
perspective, an enterprise’s operating system is considered a fully tunable system that adheres to
the rules defined by the market [14]. In particular, the PLC-based models are based broadly on the
concept of ‘contingency theory’ [8,10], which emphasizes the strategic fit between organizational
structure and environmental contingencies [37,38]. However, Hayes and Wheelwright [39] argue that
various unexpected factors, such as economic swing, government regulation, and learning curve, often
change the firm’s position on product–process matrices [40]. In addition, supporters of MBV suggest
that strategic choices should be made in the event of a conflict of competition in accordance with
the ‘trade-off’ principle [37,41]. However, some companies have challenged the ‘trade-off’ concept
because they operate with higher quality, lower cost, and faster delivery than competitors [40]. In fact,
“Japanese factories appeared to surpass their American counterparts on several competitive dimensions
such as lower cost, higher quality, greater flexibility, and faster product introductions-all at the same
time” [13] (p. 50). Besides, traditional PLC models are motivated to innovate processes only at an
intermediate stage of product life because the core purpose of process innovation is simply cost savings
of the product [13]. Strictly speaking, the PLC model regards process innovation simply as an auxiliary
means of improving the product’s cost leadership in the marketplace. However, Hayes et al. [13]
argued that new products could not be commercialized without significant advancements in process
technology in biotechnology, semiconductors, advanced materials, medical, and many other services
industries. In summary, MBV may not be the single framework that describes all sorts of product or
process innovation patterns. A more dynamic theoretical framework is needed to explain and fill the
limitations of MBV-based models.

2.4. Resource-Based Perspective for Alternative Innovation Paradigm

While the contingency theory assumes that most resources within a particular industry are
homogeneous because they are highly mobile, the resource-based view (RBV) starts with two alternative
assumptions: ‘resource heterogeneity’ and ‘resource mobility’ [42,43]. RBV claims that organizations
can manage multiple resource bundles and that resource bundles are not easy to move across enterprises,
increasing the heterogeneity of enterprise resources [15]. Based on these two alternative assumptions,
the RBV suggests that a company is consistently superior to other companies if the resource has
the following four attributes: valuable, rare, imperfectly imitable, and non-substitutable [42,44–47].
In short, the RBV ascertains that the potential to create a competitive advantage is related to the
strength of the corporate resources, but MBV assumes that the competitive advantage of the firm is
achieved by the strength of the firm’s market position [14,15,43,48]. Hence, proponents of the RBV
assert that the paradigm is moving from the power of a firm’s market position to the power of a firm’s
strategic resource [13,14,42,49,50]. Table 1 summarizes the differences between MBV and RBV; these
comparisons reflect relative differences rather than the absolute nature of each view.

Table 1. Comparison of market-based and resource-based perspectives.

Market-Based View Resource-Based View Supporting Literature

Assumption on resources Mobility and homogeneity Immobility and heterogeneity [15,42]

Strategic approach Fit to market rules Change market rules [10,13,14,36,41]

Source of competitive advantage The power of a firm’s market position The power of a firm’s strategic resource [14,15,37,43,49]

Operating focus Superior performance Sustainability [51–53]
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2.5. Resource-based Innovation Model

Taxonomically, a company’s resources can be defined as a set of different types. For example,
Grant [54] suggested that resources could be classified into two categories: tangible resources and
intangible resources. Das and Teng [55] argued that corporate resources could be classified into
four types, such as technological, physical, managerial, and financial resources. Barney [42] (p. 100)
described corporate resources as “all assets, capabilities, organizational processes, firm attributes,
information, knowledge, etc. controlled by a firm that enable the firm to conceive and implement
strategies that improve its efficiency and effectiveness.” In terms of resource theory, corporate resources
include technology [49], leadership [56], organizational culture [57], innovation climate [58], product
and service reputation [58], organizational structure [46], and workforce [45]. Based on the idea of
barriers to imitability in the context of RBV, Miller and Shamsie [59] classified corporate resources
into two groups: ‘knowledge-based’ resources and ‘property-based’ resources. According to their
classification, property-based resources (PBR) are defined as some resources that can be protected by
property rights such as patents, ownership, contracts, copyrights, trademarks and registered designs,
while knowledge-based resources (KBR) are described as other resources that can be protected by
knowledge barriers such as the company’s expertise, know-how, managerial system and processes
that competitors cannot easily identify or imitate [59,60]. In other words, PBR is difficult to imitate
by market competitors due to the granting of exclusive property rights; on the other hand, KBR
cannot easily be imitated by competitors because of its ambiguous nature [60]. In short, KBR and PBR
are resource types conceptualized based on RBV. Thus, this study adopts the resource typology of
Miller and Shamsie [59] to develop a new theoretical framework of innovative patterns based on RBV.
Figure 1 presents our research model called the ‘resource-based innovation matrix’ developed with the
assumption that the pattern for product and process innovation can vary depending on the nature of
the enterprise’s strategic resources. A detailed discussion of each innovation pattern in this innovation
matrix is provided below, along with real industry examples:
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Figure 1. Resource-based product and process innovation model.

2.5.1. Process-Centric Innovation

Trader Joe’s, operating more than 500 grocery stores in the U.S. as of 2019, is an example of a
‘process-centric innovation’ company because their competitiveness is derived primarily from their
superior tacit know-how and innovative supply chain systems related to gourmet and organic foods.
Trader Joe‘s founder, Coulombe, said in an interview with Business Week, “we adopted a policy
of not carrying anything we could not be outstanding in, in terms of price . . . we had to create a
whole new chain of logistics” [61]. In an article on why Trader Joe’s stands out from all the rest in
the grocery business, Llopis [62] noted that “their (Trader Joe’s) non-conventional culturally-tailored
approach and attitude is one that is deeply embedded in the roots of their business model: from their



Sustainability 2020, 12, 913 6 of 23

packaging, product selection, store layout, and graphics, to their vendors, employees, and management.”
Bloomberg Businessweek [61] reported that Trader Joe’s could sell twice as many products per square
foot than other supermarkets by restricting their products to specialized but inexpensive items. Thus,
Trader Joe‘s success cannot be explained by the traditional ‘trade-offs’ approach based on MBV. Instead,
Trader Joe‘s was able to gain a competitive edge in the market by creating an entirely new logistics
system that could deliver high quality and affordable prices to their customers at the same time.
In other words, Trader Joe’s changed market rules in the grocery industry, rather than complying
with existing market rules, based on its superior KBR strength in logistics. Another example of a
process-centric innovation company is FedEx, which offers USD 38 billion in delivery services annually.
FedEx’s competitiveness comes from innovative knowledge-based know-how such as on-time delivery
and technical superiority in tracking packages; FedEx invested more than USD 100 million in the
process of coordinating the flow of goods [63]. The examples of Trader Joe’s and FedEx indicate
that KBR acts as a major source of competitive advantage. As such, companies such as Trader Joe‘s
and FedEx, where KBR plays an integral role in value-added activities, are likely to focus on process
innovation rather than product innovation in order to create competitive advantages. Therefore, the
following hypothesis is proposed to investigate the relationship between ‘process-centric innovation’
and KBR-based companies:

Hypothesis 1. Firms heavily dependent upon knowledge-based resources tend to focus more on process
innovation than on product innovation.

2.5.2. Product-Centric Innovation

Unlike the previous cases, 3M, which produces more than 55,000 products, can be considered
a ‘product-centric innovation’ company because its competitive advantage is fundamentally created
by PBR, such as numerous product patents and registered product designs. Another example of
a product-centric innovation company could be Procter and Gamble, the world’s largest consumer
product company with USD 84 billion in revenue and USD 25 billion in brand value [64]. The Symphony
IRI New Product Pacesetters reported that “over the past 16 years, P&G has had 132 products on
the top 25 Pacesetters list-more than its six largest competitors combined” [65]. 3M and P&G’s
major innovation activities mainly focus on PBR-related innovations such as new product and brand
development, or existing product improvement. In brief, companies like P&G and 3M, which rely
heavily on PBR-based value-added activities, have been more committed to product innovation
than process innovation to sustain a competitive advantage in the market. Hence, we propose the
following hypothesis to investigate the ‘product-centric innovation’ phenomenon that is often seen in
PBR-oriented companies:

Hypothesis 2. Firms heavily dependent upon property-based resources tend to focus more on product innovation
than on process innovation.

2.5.3. Co-Centric Innovation

Some companies require strong KBR and PBR at the same time to gain a competitive edge
due to the rapid evolution of technology. Samsung Electronics, a global leader in semiconductor
and consumer electronics with consolidated revenues of USD 221 billion in 2018, is an example of
a ‘co-centric innovation’ company. In particular, the Dynamic Random-Access Memory (DRAM)
industry requires new product development to be done simultaneously with process innovation due to
a very short product life cycle, technology-driven, and equipment-based industry characteristics [66].
Between 1987 and 1992, Samsung’s capital expenditures accounted for about 40% of revenues, twice
the average spending of the semiconductor industry, and the investment focused not only on the
development of next-generation DRAM products but also on the manufacturing process of new DRAM
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products [66]. In addition, Samsung has been able to shorten development lead times through its
specialized ‘concurrent engineering’ process know-how, which is an alternative to the traditional
sequential development approach, where multiple development phases overlap [67]. Due to these
simultaneous product and process innovations, Samsung’s DRAM became a leading company in 1992
and has accounted for more than 40% of the global market share since 2012. Other industry examples
of ‘co-centered innovation’ are biotechnology enterprises such as Vertex Pharmaceuticals and Gilead
Sciences, because new products cannot be commercialized without significant progress in process
technology in the biotechnology industry [13]. In a nutshell, for some companies, the simultaneous
innovation of products and processes is a prerequisite condition to remain competitive in the industry.
Therefore, the following hypothesis is proposed to examine the ‘co-centric innovation’ phenomenon
that is frequently observed in companies that heavily rely on both KBR and PBR:

Hypothesis 3. Firms heavily dependent upon both knowledge-based and property-based resources tend to focus
on process and product innovation at the same time.

2.5.4. Marginal Innovation

Finally, some companies, such as spring water and paper manufacturers, tend to minimize product
and process innovation efforts because there is limited room for improvement through any innovation
activities related to KBR or PBR. Instead, competitive advantage is simply generated by more effective
marketing or lower prices than competitors. Accordingly, the following hypothesis is presented to
verify the ‘marginal innovation’ phenomenon that is often found in companies that do not heavily rely
on KBR as well as PBR:

Hypothesis 4. Firms marginally dependent upon knowledge-based and property-based resources tend to
minimize process and product innovation efforts.

3. Methodology

3.1. Measures

Multi-item scales were designed based on previous studies to test the hypotheses of this study.
Survey respondents were asked to indicate their agreement with each statement on a seven-point
Likert-type scale (e.g., 1 = strongly disagree and 7 = strongly agree). A detailed description of each
item is given in Appendix A.

3.1.1. Product Innovation Intensity

Product innovation scales identify the extent of the company’s product innovation activities such
as the improvements of existing products or services and the creation of entirely new products or
services [17,23,25,34,68,69]. The high score on these scales means that the company tends to maintain a
competitive advantage in the market by implementing a wider range of product innovation activities
than their competitors [70–73]. Scale items PdI1 and PdI2 were adapted from [68]; PdI3 was developed
based on [21,72]; PdI4 was developed, referring to [17,34,69]; PdI5 was adapted from [19].

3.1.2. Process Innovation Intensity

Process innovation scales capture the extent of the company’s process innovation activities, such
as improving the way a company produces a product or service [17,19,22,26,68,74]. The high scores
on these scales mean that the company tends to focus on process innovation to sustain a competitive
advantage in the market [17,70,72,73]. In particular, scale item PcI1 was adapted from [68]; PcI2 was
developed, referring to [17,70,72]; PcI3 was developed based on [17,19,74]; PcI4 was adapted from [73].
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3.1.3. Property-Based Resource

The scale of property-based resources determines how much a company relies on property-based
resources to maintain a competitive edge [13,14,42,59]. The high scores for these items indicate that the
company relies heavily on property-based resources such as patents, ownership, contracts, copyrights,
trademarks, and registered designs [19,59,60]. Item Pr1 was developed based on [59,60]; Pr2 was
developed, referring to [13,14,42,49,59]; Pr3 was adapted from [19]; Pr4 was developed, referring
to [63]; Pr5 was developed, referring to [59,60]; Pr6 was developed based on [13,14,19,59]

3.1.4. Knowledge-Based Resource

The scale of knowledge-based resources determines how much a company depends upon
knowledge-based resources to sustain a competitive advantage [13,14,42,59]. High scores on these items
denote that the company greatly depends on knowledge-based resources such as a firm’s specialized
skills, processes, technical and managerial systems, and know-how to attain their competitive edge
in the market [59,60,75,76]. Item Kr1 was developed based on [59,60]; Kr2 was developed, referring
to [13,14,42,59,77]; items Kr3–Kr6 were adapted from [76].

In addition, a composite index of six variables, which includes a firm’s sales growth, market share
growth, net profit margin, return on assets, customer satisfaction, and customer retention, was used to
determine a firm’s sustainable competitive advantage in its competition [60,78]. Survey participants
were asked to indicate their opinion about how their firm’s performance over the last three years
compared with its competition in their industry on a scale of 1 to 7, with 1 being ‘low end of the
industry,’ 2 being ‘much worse than average,’ 3 being ‘worse than average,’ 4 being ‘average,’ 5 being
‘better than average,’ 6 being ‘much better than average,’ 7 being ‘superior’ [79]. Furthermore, we have
controlled for some theoretically relevant variables such as the size of the firm (i.e., the number of
employees), the age of the firm (i.e., the length of time in business), and the dynamics of the market,
because previous studies have suggested that the likelihood of R&D activities in firms is related to the
firm’s size [80–83], the firm’s age [84], and market dynamism [85,86].

3.2. Sample

A survey method was used to collect the primary data, following the online survey design and
procedure of Dillman et al. [87]. Our target respondents were chief operations officers or business owners
(for relatively small businesses) in the U.S.-based companies because they were considered to have a
comprehensive knowledge of the company’s resources, operations, and performance [88,89]. “Survey
research has played a prominent role in testing theorized relationships that have collectively enhanced
the operations management (OM) and supply chain management bodies of knowledge” [90] (p. 578).
However, previous OM scholars acknowledged the potential threat of a common method variance
(CMV) on the validity of the survey results due to the self-reported nature of data [91,92]. Therefore, as
ex-ante remedies for controlling CMV, we applied the following criteria to recruit appropriate survey
participants; (i) the participant must have a full-time position in his/her organization, and (ii) the
participant must be fully aware of his/her organization’s resources and innovation activities, and (iii) if
there are two or more respondents in the same organization, the survey participants are selected based
on the position of the organization, that is, the top level information provider of the respondents [93,94].
We also asked respondents to participate in the survey anonymously to minimize the likelihood of
CMV in the data [95]. Invitations to the survey were sent to a total of 346 target respondents and
finally, 257 useful responses were collected with a response rate of 74.27%. A detailed description of
the sample data is provided in Appendix B (Table A1).

3.3. Assessment of Sample Data

After collecting data from the survey respondents, the presence of non-response bias was assessed
by the extrapolation method, comparing early and late survey responses [78,96,97]. The t-test results
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showed no significant differences between the two groups, suggesting that non-response bias is not
present in our sample. We then applied Harman’s single-factor test using CFA settings to assess the
potential threats of CMV [90,98]. As shown in Table 2, while the fit statistics for the measurement
model showed that all fit statistics fully met the desirable thresholds for each fit index, the single-factor
model revealed poor fit for the data and the items in the single-factor model also significantly suffered
from poor path loadings, implying that the CMV threat was unlikely to exist in this study [22].

Table 2. Test results of the model fit (n = 257).

Index (Threshold) Measurement Model (CFA) CMV Testing Model (Single Factor)

Chi-square (X2) 816.549 2109.014
The degree of Freedom (d.f.) 314 324

X2/d.f. <3.00 b 2.600 6.509
Comparative fit index >0.90 c 0.938 0.781

Parsimony normed fit index >0.50 d 0.809 0.694
Tucker-Lewis coefficient index Close to 1.00 e 0.931 0.762

RMSEA a <0.08 f 0.079 (0.072~0.086) g 0.147 (0.141~0.153)

a Root mean square error of approximation; b [99]; c [100]; d [101]; e [102]; f [103]; g RMSEA 90% confidence interval.

4. Data Analysis

4.1. Assessment of Measures

Confirmatory factor analysis (CFA) was conducted to assess the validity of the measures prepared
for this study. As shown in Table 3, CFA results indicated that the factor loading for each item was in
the range between 0.796 and 0.926, demonstrating that all measure items met the ideal acceptance level
of 0.70 or higher [104]. The internal consistency examined by Cronbach alpha ranged between 0.934
for sustainable competitive advantage (SCA) variable and 0.959 for product-based resource variable,
satisfying the threshold of 0.70 or higher [104,105]. The average variance extracted (AVE) estimates
for each construct ranged from 70.2% for SCA to 81.4% for process innovation, indicating that all
constructs fully satisfied the adequate level of convergent validity (50% or higher) [20,104]. Table 3
summarizes the results of CFA and other scales assessments. Further, Table 4 presents the correlation
coefficients are lower than the square root of AVE estimates, which supports the discriminant validity
of the constructs [106,107].

4.2. Hypotheses Test

First, to test hypotheses (i.e., resource-based innovation matrix) developed in this study, our
sample was clustered into four groups according to the dichotomy of high and low dependence on
property-based and knowledge-based resources. Based on the central tendency and distribution of data,
the cutoff point to classify high and low reliance was set at 4.51 for property-based resources and 4.84 for
knowledge-based resources [108]. Figure 2 shows the result of this sample grouping. Next, the mean
value of product and process innovation intensity for each group was computed. Figure 3 presents the
group means for (a) the product innovation intensity and (b) the process innovation intensity. Group 1
indicated the lowest levels of both product innovation (x = 3.267, S.D. = 1.343, S.E. = 0.131) and process
innovation (x = 3.262, S.D. = 1.411, S.E. = 0.137) intensity. In Group 3, the intensity level of process
innovation (x = 5.087, SD = 1.232, S.E. = 0.241) was statistically high but product innovation is low
(x = 4.438, SD = 1.128, S.E. = 0.221). Group 4 illustrated the highest levels of both product innovation
(x = 5.786, S.D. = 1.032, S.E. = 0.098) and process innovation (x = 5.811, S.D. = 0.840, S.E. = 0.079)
intensity. However, Group 2 showed no significant difference between product innovation (x = 4.640,
S.D. = 1.141, S.E. = 0.294) and process innovation (x = 4.767, S.D. = 0.703, S.E. = 0.181) intensity.
In addition, the significances of the differences in product and process innovation intensity across the
four clusters were examined by the ANOVA test, as presented in Table 5. In particular, since the sample
size of the groups is not the same, all possible pairs of group means were compared using Tukey’s
Honest Significance Difference (HSD) method [109]. As seen in Table 6, significant differences were
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observed between most pairs of group means (significant at p < 0.05) except for the mean between
Group 2 and Group 3. Therefore, combining all the above statistics, H1, H3, and H4 were supported,
but H2 was not supported on our sample data.

Table 3. CFA results (n = 257).

Factor and Items Loading a S.E. b t-Value Sig. AVE c

Product Innovation (Cronbach α = 0.945)

PdI1 0.860 0.051 19.412 ***

0.774
PdI2 0.856 0.050 19.240 ***
PdI3 0.888 0.048 20.804 ***
PdI4 0.912 0.045 22.131 ***
PdI5 0.883

Process Innovation (Cronbach α = 0.946)

PcI1 0.884 0.048 21.409 ***

0.814
PcI2 0.921 0.043 23.756 ***
PcI3 0.907 0.047 22.848 ***
PcI4 0.897

Product-Based Resource (Cronbach α = 0.959)

Pr1 0.926 0.044 22.999 ***

0.795

Pr2 0.914 0.045 22.301 ***
Pr3 0.902 0.047 21.615 ***
Pr4 0.861 0.048 19.509 ***
Pr5 0.865 0.045 19.698 ***
Pr6 0.879

Knowledge-Based Resource (Cronbach α = 0.952)

Kr1 0.871 0.050 19.873 ***

0.767

Kr2 0.879 0.049 20.280 ***
Kr3 0.906 0.049 21.686 ***
Kr4 0.896 0.048 21.125 ***
Kr5 0.823 0.053 17.775 ***
Kr6 0.878

Sustainable Competitive Advantage (Cronbach α = 0.934)

Sca1 0.852 0.066 15.727 ***

0.702

Sca2 0.868 0.065 16.126 ***
Sca3 0.866 0.063 16.078 ***
Sca4 0.842 0.065 15.465 ***
Sca5 0.801 0.067 14.456 ***
Sca6 0.796

a Standardized coefficient; b Standard error; c Average variances extracted; S.E. and t-value were not estimated
when loading set to fixed value (i.e., 1.0); *** p < 0.001.

Table 4. Inter-factors correlations matrix.

Factors 1 2 3 4 5 6 7 Mean S.D.

1 Product innovation 0.880 a 4.553 1.651
2 Process innovation 0.823 ** 0.902 a 4.635 1.638
3 PBR 0.800 ** 0.821 ** 0.892 a 4.496 1.648
4 KBR 0.765 ** 0.824 ** 0.834 ** 0.876 a 4.835 1.548
5 SCA 0.638 ** 0.669 ** 0.677 ** 0.780 ** 0.838 a 4.717 1.248

(Control Variables)

6 Firm age −0.092 −0.134 * −0.102 −0.128 * −0.016 3.964 1.705
7 Firm size 0.160 * 0.112 0.201 ** 0.132 * 0.128 * 0.446 ** 4.470 1.800
8 Market dynamism 0.588 ** 0.587 ** 0.660 ** 0.648 ** 0.607 ** −0.154 * 0.118 4.726 1.426

a Square root of AVE; ** Significant at the 0.01 level (2-tailed); * Significant at the 0.05 level (2-tailed);
PBR = Property-based resources; KBR = Knowledge-based resources; SCA = Sustainable competitive advantage.
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Table 5. ANOVA test results.

Variable Sum of Squares d.f. Mean Square F Sig.

Product
Innovation

Between Groups 342.832 3 114.277 81.441 0.000
Within Groups 355.008 253 1.403

Total 697.840 256

Process
Innovation

Between Groups 356.988 3 118.996 91.265 0.000
Within Groups 329.876 253 1.304

Total 686.864 256

Table 6. Tukey’s HSD test results.

Variable Group Group Mean Difference Std. Error Sig.

Product
innovation

1 2 −1.373 * 0.326 0.000
1 3 −1.171 * 0.259 0.000
1 4 −2.518 * 0.161 0.000
2 3 0.201 0.384 0.953
2 4 −1.145 * 0.325 0.003
3 4 −1.347 * 0.258 0.000

Process
innovation

1 2 −1.504 * 0.315 0.000
1 3 −1.824 * 0.250 0.000
1 4 −2.548 * 0.155 0.000
2 3 −0.319 0.370 0.823
2 4 −1.044 * 0.314 0.006
3 4 −0.724 * 0.248 0.020

* Significant at the 0.05 level.
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4.3. Post hoc Analysis

Follow-up tests were conducted to verify some issues raised in this study, as well as to provide
additional evidence of the validity of this study. First, a discriminant analysis was conducted to
determine whether there was a statistically significant difference between the four defined groups.
The results demonstrated that standardized function coefficients for product and process innovations
were 0.470 and 0.627, respectively, which indicates that product and process innovation intensity
predicts group membership significantly (Wilks’ Lambda = 0.431, p < 0.001). The results also showed
that the discriminant function means were −1.264 for Group 1, 0.107 for Group 2, 0.202 for Group
3, and 1.134 for Group 4, with a predictive accuracy of 77.0% for the sample. These results suggest
that Group 1 has the least product and process innovation activity, while Group 4 has the most
product and process innovation activity. Figure 4 presents the territorial map for the four-group
discriminant analysis.
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Second, the results of the inter-factor correlation analysis revealed that market dynamism (control
variable) was strongly related to all other factors, as shown in Table 4. Further, a previous study has
shown that environmental dynamism is positively associated with product and process innovation
strategies [22]. For this reason, to control the impact of market dynamics on the company’s innovation
patterns, the sample was divided into two groups based on a cutoff point of 4 (i.e., ‘neutral’) on a 7-point
Likert-type scale: companies with dynamic market condition (N = 162) and companies with stable
market condition (N = 94). Then, we established a structural equation model (SEM) to investigate how
market forces affect the comprehensive relationship between enterprise strategic resources, innovation
and performance. Table 7 summarizes the SEM results performed by IBM AMOS 24. The results
showed that under dynamic market condition, process innovation (β = 0.628, t = 5.281) made a greater
contribution to a firm’s SCA than product innovation (β = 0.112, t = 1.049). The results also indicated
that KBR had a more significant relationship with process innovation (β = 0.620, t = 6.222) than product
innovation (β = 0.231, t = 1.833) while PBR was more significantly related to product innovation
(β = 0.610, t = 4.675) than process innovation (β = 0.347, t = 3.702) (X2/d.f. = 2.278; PNFI = 0.763;
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PCFI = 0.818; RMSEA = 0.089; TLI = 0.896; CFI = 0.906). On the other hand, when the market
environment was stable, the results showed that SCA was significantly determined by the company’s
product innovations (β = 0.573, t = 4.182) rather than process innovations (β = 0.152, t = 1.193)
(X2/d.f. = 2.850; PNFI = 0.807; PCFI = 0.838; RMSEA = 0.085; TLI = 0.920; CFI = 0.928).

Table 7. SEM test results.

Path

Dynamic Market
(n = 162)

Stable Market
(n = 94)

Beta a t-Value b Beta t-Value

Second-Order Factors (Latent Variables)

SCA ← Product innovation 0.112 1.049 0.573 4.182
SCA ← Process innovation 0.628 5.281 0.152 1.193

Process innovation ← PBR 0.347 3.702 0.371 3.486
Product innovation ← PBR 0.610 4.675 0.379 4.198
Process innovation ← KBR 0.620 6.222 0.509 4.629
Product innovation ← KBR 0.231 1.833 0.591 6.120

First-Order Factors (Measure Items)

pd5 ← Product innovation 0.846 0.873
pd1 ← Product innovation 0.849 13.725 0.836 10.796
pd2 ← Product innovation 0.834 13.310 0.837 10.841
pd3 ← Product innovation 0.877 14.514 0.861 11.436
pd4 ← Product innovation 0.892 14.955 0.893 12.313
pc3 ← Process innovation 0.882 16.842 0.924 12.829
pc1 ← Process innovation 0.822 14.474 0.912 12.473
pc2 ← Process innovation 0.890 17.226 0.943 13.387
pc4 ← Process innovation 0.898 0.857
kr5 ← KBR 0.763 11.520 0.772 9.140
pr2 ← PBR 0.874 15.497 0.964 11.848
kr1 ← KBR 0.813 12.706 0.874 11.295
pr6 ← PBR 0.869 0.800
pr3 ← PBR 0.884 15.881 0.862 9.963
pr1 ← PBR 0.900 16.466 0.967 11.907
kr6 ← KBR 0.838 0.851
kr2 ← KBR 0.830 13.131 0.908 12.145
kr3 ← KBR 0.879 14.485 0.907 12.122
kr4 ← KBR 0.868 14.164 0.870 11.193
pr5 ← PBR 0.856 14.883 0.733 7.967
pr4 ← PBR 0.860 15.006 0.783 8.698

Market share growth ← SCA 0.840 9.971 0.873 10.818
Net profit margin ← SCA 0.778 9.281 0.949 12.578

Customer retention ← SCA 0.710 0.828
Customer satisfaction ← SCA 0.725 8.667 0.808 9.557

Return on assets ← SCA 0.755 9.016 0.906 11.556
Sale growth ← SCA 0.729 8.715 0.971 13.155

a Standardized factor loading; b Not estimated when loading set to fixed value (i.e., 1.0); SCA = sustainable
competitive advantage; KBR = knowledge-based resources; PBR = property-based resources.

5. Discussions and Conclusions

5.1. Implications for Research and Practice

In this study, we proposed an alternative innovation model to the existing market-based PLC
innovation model, using a resource-based approach to innovation. Based on survey data from 257 chief
operations officers in the US, the ‘resource-based innovation model’ proposed in this study was tested
and validated through various analytical methods, such as clustering, discriminant, and structural
equation modeling analyses. The main findings were that (i) companies that heavily rely on KBR
tend to focus their efforts on process innovation rather than on product innovation, (ii) companies
that heavily rely on both KBR and PBR tend to focus on product and process innovation at the same
time, (iii) companies with low reliance on KBR and PBR also tend to minimize their product and
process innovation efforts, and (iv) in a dynamic market environment, process innovation has more
significantly contributed to the company’s sustainable competitive advantage than product innovation,
while in a stable market situation, the company’s product innovation, rather than process innovation,
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determined its sustainable competitive advantage. These findings contribute to research and practice
in several ways:

Firstly, this study provides new insights that can complement the limitations of the existing
PLC-based research paradigm. The most fundamental difference between ‘PLC-based’ and
‘resource-based’ innovation models lies in the theoretical perspectives of each model. In terms of
organizational theory, the PLC-based model is consistent with an ‘open system’ in which an organization
is seen as a system that continuously interacts with environmental variations to survive [8,110].
Accordingly, in the PLC-based model, external contingencies (e.g., market environment, changes
in customer demand, and competition) are considered as crucial determinants of the company’s
innovation strategy [6,111,112]. Contrastingly, the ‘resource-based’ innovation model focuses on
internal coincidence within the organization and assumes that the inherent characteristics of strategic
resources serve as the decisive determinants of innovation decision making. In other words,
the innovation model proposed in this study is theoretically harmonized with the literature on
the resource-based view of the firm [14,42,49], while the existing PLC-based model is consistent with
the contingency theory [8,10,113]. Therefore, this study contributes to the operation management
literature by providing new insights into how corporate resources impact innovation strategy decisions
from a resource-based perspective.

Secondly, the study also provides new insights to business executives and policy makers by
showing why more attention should be paid to the inherent attributes of corporate resources in
determining innovation strategies. The findings supported the critical role of corporate strategic
resources in optimizing product and process innovation. In particular, the ‘resource-based matrix’
proposed in this study provides a new algorithm for understanding the mechanism by which corporate
strategic resources influence innovation strategy decisions. That is, the findings suggest that innovation
strategy decisions should begin by identifying which enterprise resources are the primary source of
competitive advantage [14,15,49,51]. Accordingly, it might be first asked where the firm’s competitive
edge is derived from PBR, KBR, or both types of resources. The company can then use the intrinsic nature
of its strategic resources as a profound guide for identifying the most optimal innovation alternatives:
(a) product-centric, (b) process-centric, (c) co-centric, and (d) marginal innovations. This resource-based
innovation approach is thereby expected to enhance the company’s core competencies and ultimately
lead to a sustainable competitive advantage [15].

Thirdly, this study raises a fundamental question about the common rationale of the relationship
between innovation adoption and competitive advantage. As discussed previously, the PLC model
postulates that companies are more likely to focus on product innovation during the early dynamic
market phase until its product design is standardized in an industry [31]. Then, as demand for
products becomes more stable and predictable, companies accelerate process innovation to reduce
production costs [13,33]. This logical frame is beneficial in explaining the relationship between industrial
variations and innovation adoption, which can be advocated by the contingency theory [10]. However,
a fundamental question arises when companies pursue the same innovation strategy according to
industrial environmental factors; here, companies can face ‘competitive parity’ rather than ‘competitive
advantage.’ Our study results suggest an alternative basis for how innovation strategies can have a
competitive advantage, indicating that in dynamic market condition, a company’s process innovation
had a more significant impact on competitive advantage than product innovation, while in a stable
market, product innovation more significantly affected competitive advantage than process innovation.
Based on these findings, it is inferred that when market dynamics are high, process innovation can
be a source of ‘order winner’ that differentiates from competitions while product innovation plays a
role of ‘order qualifier,’ a prerequisite for survival in the industry. Conversely, the results also suggest
that in a stable market condition, product innovation creates a source of ‘order winners,’ but process
innovation serves as ‘order qualifier’ because it is the minimum requirement for survival amongst the
competition. Figure 5 is a graphical summary of these claims about how competitive advantage can be
achieved through innovation activities in line with market dynamics.
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Finally, the study also contributes to the research methodology by newly developing scale items
for KBR and PBR measurements. Existing studies have used self-selected indicators as proxy to
measure KBR and PBR, so they often suffer from non-representative samples, and there is a limit to
comprehensively estimating the characteristics of strategic resources of individual companies [59].
In this study, based on extensive literature review, we developed PBR scale items that can be
used to measure the extent to which a company relies on property-based resources (e.g., patents,
ownership, contracts, copyrights, trademarks, and registered designs) to maintain a competitive
advantage [13,19,49,59,60]. KBR scale items were also developed to measure the extent to which a
company relies on knowledge-based resources (e.g., a firm’s specialized skills, processes, technical and
managerial systems, and know-how) to maintain a competitive advantage in the market [14,42,60,76,77].
These items were validated through various statistical methods, including Cronbach alpha, average
variances extracted, and factor analysis, and were posted in the Appendix for future researchers.

5.2. Limitations and Suggestions for Future Research

Although current research has made some meaningful contributions to the literature on product
and process innovation, the methodological limitations of this research should be noted. Above all,
the relatively small sample size of this study may be a source of concern about the generalizability of
our model. In this study, H2 was not particularly supported. The reason why H2 is not supported
can be thought of in two ways: (i) the rationale for H2 is wrong, or (ii) the problem of small sample
size. We think the latter is more likely because we did a discriminant analysis to verify this problem
as the post hoc analysis, and the results showed that there was a significant difference between the
four groups even though the functional mean of Group 2 (i.e., high PBR and low KBR) was the lowest.
As such, from a loose perspective, even H2 can be seen as being supported. Hence, given the minimal
number of participants (n = 15) meeting the preconditions for H2 (i.e., high PBR and low KBR), future
research can verify the claim of H2 with a larger-scale sampling. Another possible reason why H2
is not supported is that this study was conducted in the sole context of the US economy. H2 is an
assumption for a company that relies heavily on PBR rather than KBR to stay competitive in the market.
However, given the knowledge-intensive industrial structure of the United States, it is never easy for
a company to gain a competitive advantage by simply focusing on PBR. In short, the sample that
meets the H2 criteria is expected to be more structurally rare than other sample groups due to US
business environmental factors. Besides, H2 was developed based the idea of barriers to imitability
in the context of RBV. However, given that the ‘technical diffusion processes’ vary from country to
country, even the basic assumption of RBV may not be applicable in the business environment of other
countries (e.g., different barriers and regulations for patent, copyright, and technology transfer in
countries) [114–116]. It is, thus, worthwhile for future studies to explore the insights of resource-based
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innovation models in a broader context beyond the U.S. economy by examining samples from various
background countries. Further, instead of sticking to one innovation paradigm, future research will
need to develop a multi-dimensional approach model to find the most effective innovation strategy by
integrating resource-based and PLC-based innovation models.

5.3. Conclusions

As discussed earlier, we acknowledge that PLC-based innovation models [6,7,28,31] have
contributed significantly to establishing a general logic that can be applied to a wide range of
industrial innovation patterns. However, many of the innovation patterns in real industrial sites are
not easily explained by the PLC innovation model and are still unresolved in the literature. Thus,
we began this study with the motivation to fill this gap. As such, this study has proposed a new
resource-based innovation algorithm that helps us to understand innovation phenomena that are
difficult to explain through the lens of the PLC-based innovation paradigm. In short, by integrating the
literature on product and process innovation with a resource-based perspective, this study provides a
new paradigm for understanding the mechanisms by which corporate strategic resources influence
innovation strategy decisions. Therefore, rather than denying the current PLC paradigm, we hope that
this study will help broaden the scope of innovation research by presenting new insights to discover
the logic that complements the limitations of the PLC paradigm.
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Appendix A 

Survey Questionnaire (Measure Items) 

A1: Product Innovation Intensity 

PRODUCT Innovation is defined as: (i) the changes made to existing products or services for the benefit of customers or 
clients, or (ii) the creation of entirely new products or services. Please consider your company’s PRODUCT Innovation 
activities, and then indicate your agreement with each statement on a scale of 1 to 7. 

PdI1: PRODUCT innovations introduced by our company during the last three years have been extensive. 
PdI2: Our company’s PRODUCT improvements during the last three years have been radical. 
PdI3: In dealing with our competitors, our company tends to sustain competitive advantages through more intensive 
PRODUCT innovations than our competitors. 
PdI4: In general, our company tends to be ahead of our competitors in introducing new or improved products or services. 
PdI5: Our company is well known by our customers for outstanding PRODUCT innovations. 

PdI1: PRODUCT innovations introduced by our company during the last three years have
been extensive.

PdI2: Our company’s PRODUCT improvements during the last three years have been radical.
PdI3: In dealing with our competitors, our company tends to sustain competitive advantages

through more intensive PRODUCT innovations than our competitors.
PdI4: In general, our company tends to be ahead of our competitors in introducing new or improved

products or services.
PdI5: Our company is well known by our customers for outstanding PRODUCT innovations.

Appendix A.2. Process Innovation Intensity

Sustainability 2020, 12, 913 17 of 23 

A2: Process Innovation Intensity 

PROCESS Innovation is defined as the changes in the way that a firm produces products or services. Please consider your 
company’s PROCESS Innovation activities, and then indicate your agreement with each statement on a scale of 1 to 7. 

PcI1: Our company’s PROCESS improvements during the last three years have been radical. 
PcI2: In dealing with our competitors, our company tends to sustain competitive advantages through more intensive PROCESS 

innovations than our competitors. 
PcI3: In general, our company tends to be ahead of our competitors in introducing new or significantly improved PROCESSES 

(e.g., information technology, productive process, and machinery and equipment) for producing products or services. 
PcI4: Our company has a superior capability to develop a new product or service in a shorter time compared to our competitors. 

A3: Reliance on Property-based Resources 

Property-based Resources are defined as resources that can be protected by property rights such as patent, ownership, 
contracts, copyrights, trademarks, and registered designs. Please consider your company’s Property-based Resources, and 
then indicate your agreement with each statement on a scale of 1 to 7. 

Pr1: The reliance of our business on ‘Property-Based Resources’ (e.g., patent, ownership, contracts, copyrights, trademarks, 
and registered designs) has been significant. 

Pr2: In dealing with our competitors, our company tends to sustain our competitive edge by strengthening “Property-Based 
Resources.” 

Pr3: Our company tends to introduce new products or services into the market more frequently than our competitors. 
Pr4: Our company is superior to our competitors in terms of product variety. 
Pr5: Our product brands are typically considered more prestigious than those of our competitors. 
Pr6: Our company is well known by our customers for dominant legal properties such as registered designs, technical patents, 

and copyrights. 

A4: Reliance on Knowledge-based Resources 

Knowledge-based Resources are defined as resources that can be protected by knowledge barriers such as a firm’s 
specialized skills, processes, technical and managerial systems, and know-hows that cannot easily be identified or 
imitated by market competitors. Please consider your company’s Knowledge-based Resources, and then indicate your 
agreement with each statement on a scale of 1 to 7. 

Kr1: The reliance of our business on ‘Knowledge-Based Resources’ (e.g., a firm’s specialized skills, processes, technical and 
managerial systems, and know-hows) has been significant. 

Kr2: In dealing with our competitors, our company tends to sustain our competitive edge by strengthening ‘Knowledge-Based 
Resources.’ 

Kr3: Our company has a strong position regarding technical expertise compared to our competitors. 
Kr4: Our company has a strong position regarding expertise in marketing compared to our competitors. 
Kr5: Our company has a strong position regarding expertise in customer service compared to our competitors. 
Kr6: Our company has a strong position regarding highly productive staffs compared to our competitors. 

A5: Sustainable Competitive Advantage 

Please consider your firm’s performance over the last three years, and then indicate your opinion about how your firm’s 
performance compares with its competition in your industry on a scale of 1 to 7 (e.g., 1 = low end of the industry, 2 = much 
worse than average, 3 = worse than average, 4 = average, 5 = better than average, 6 = much better than average, 7 = superior). 

Sca1: Sales growth 
Sca2: Market share growth 
Sca3: Net profit margin 
Sca4: Return on assets 
Sca5: Customer satisfaction 
Sca6: Customer retention 

A6: Market Dynamism 

Please consider your company’s Business Environment, and then indicate your agreement with each statement on a scale 
of 1 to 7. 

PcI1: Our company’s PROCESS improvements during the last three years have been radical.
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PcI2: In dealing with our competitors, our company tends to sustain competitive advantages
through more intensive PROCESS innovations than our competitors.

PcI3: In general, our company tends to be ahead of our competitors in introducing new or
significantly improved PROCESSES (e.g., information technology, productive process, and
machinery and equipment) for producing products or services.

PcI4: Our company has a superior capability to develop a new product or service in a shorter time
compared to our competitors.
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innovations than our competitors. 
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(e.g., information technology, productive process, and machinery and equipment) for producing products or services. 
PcI4: Our company has a superior capability to develop a new product or service in a shorter time compared to our competitors. 
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Property-based Resources are defined as resources that can be protected by property rights such as patent, ownership, 
contracts, copyrights, trademarks, and registered designs. Please consider your company’s Property-based Resources, and 
then indicate your agreement with each statement on a scale of 1 to 7. 
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and registered designs) has been significant. 

Pr2: In dealing with our competitors, our company tends to sustain our competitive edge by strengthening “Property-Based 
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Knowledge-based Resources are defined as resources that can be protected by knowledge barriers such as a firm’s 
specialized skills, processes, technical and managerial systems, and know-hows that cannot easily be identified or 
imitated by market competitors. Please consider your company’s Knowledge-based Resources, and then indicate your 
agreement with each statement on a scale of 1 to 7. 

Kr1: The reliance of our business on ‘Knowledge-Based Resources’ (e.g., a firm’s specialized skills, processes, technical and 
managerial systems, and know-hows) has been significant. 

Kr2: In dealing with our competitors, our company tends to sustain our competitive edge by strengthening ‘Knowledge-Based 
Resources.’ 
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A5: Sustainable Competitive Advantage 

Please consider your firm’s performance over the last three years, and then indicate your opinion about how your firm’s 
performance compares with its competition in your industry on a scale of 1 to 7 (e.g., 1 = low end of the industry, 2 = much 
worse than average, 3 = worse than average, 4 = average, 5 = better than average, 6 = much better than average, 7 = superior). 

Sca1: Sales growth 
Sca2: Market share growth 
Sca3: Net profit margin 
Sca4: Return on assets 
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Sca6: Customer retention 

A6: Market Dynamism 

Please consider your company’s Business Environment, and then indicate your agreement with each statement on a scale 
of 1 to 7. 

Pr1: The reliance of our business on ‘Property-Based Resources’ (e.g., patent, ownership, contracts,
copyrights, trademarks, and registered designs) has been significant.

Pr2: In dealing with our competitors, our company tends to sustain our competitive edge by
strengthening “Property-Based Resources.”

Pr3: Our company tends to introduce new products or services into the market more frequently
than our competitors.

Pr4: Our company is superior to our competitors in terms of product variety.
Pr5: Our product brands are typically considered more prestigious than those of our competitors.
Pr6: Our company is well known by our customers for dominant legal properties such as registered

designs, technical patents, and copyrights.
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A2: Process Innovation Intensity 

PROCESS Innovation is defined as the changes in the way that a firm produces products or services. Please consider your 
company’s PROCESS Innovation activities, and then indicate your agreement with each statement on a scale of 1 to 7. 

PcI1: Our company’s PROCESS improvements during the last three years have been radical. 
PcI2: In dealing with our competitors, our company tends to sustain competitive advantages through more intensive PROCESS 

innovations than our competitors. 
PcI3: In general, our company tends to be ahead of our competitors in introducing new or significantly improved PROCESSES 

(e.g., information technology, productive process, and machinery and equipment) for producing products or services. 
PcI4: Our company has a superior capability to develop a new product or service in a shorter time compared to our competitors. 

A3: Reliance on Property-based Resources 

Property-based Resources are defined as resources that can be protected by property rights such as patent, ownership, 
contracts, copyrights, trademarks, and registered designs. Please consider your company’s Property-based Resources, and 
then indicate your agreement with each statement on a scale of 1 to 7. 

Pr1: The reliance of our business on ‘Property-Based Resources’ (e.g., patent, ownership, contracts, copyrights, trademarks, 
and registered designs) has been significant. 

Pr2: In dealing with our competitors, our company tends to sustain our competitive edge by strengthening “Property-Based 
Resources.” 

Pr3: Our company tends to introduce new products or services into the market more frequently than our competitors. 
Pr4: Our company is superior to our competitors in terms of product variety. 
Pr5: Our product brands are typically considered more prestigious than those of our competitors. 
Pr6: Our company is well known by our customers for dominant legal properties such as registered designs, technical patents, 

and copyrights. 

A4: Reliance on Knowledge-based Resources 

Knowledge-based Resources are defined as resources that can be protected by knowledge barriers such as a firm’s 
specialized skills, processes, technical and managerial systems, and know-hows that cannot easily be identified or 
imitated by market competitors. Please consider your company’s Knowledge-based Resources, and then indicate your 
agreement with each statement on a scale of 1 to 7. 

Kr1: The reliance of our business on ‘Knowledge-Based Resources’ (e.g., a firm’s specialized skills, processes, technical and 
managerial systems, and know-hows) has been significant. 

Kr2: In dealing with our competitors, our company tends to sustain our competitive edge by strengthening ‘Knowledge-Based 
Resources.’ 

Kr3: Our company has a strong position regarding technical expertise compared to our competitors. 
Kr4: Our company has a strong position regarding expertise in marketing compared to our competitors. 
Kr5: Our company has a strong position regarding expertise in customer service compared to our competitors. 
Kr6: Our company has a strong position regarding highly productive staffs compared to our competitors. 

A5: Sustainable Competitive Advantage 

Please consider your firm’s performance over the last three years, and then indicate your opinion about how your firm’s 
performance compares with its competition in your industry on a scale of 1 to 7 (e.g., 1 = low end of the industry, 2 = much 
worse than average, 3 = worse than average, 4 = average, 5 = better than average, 6 = much better than average, 7 = superior). 

Sca1: Sales growth 
Sca2: Market share growth 
Sca3: Net profit margin 
Sca4: Return on assets 
Sca5: Customer satisfaction 
Sca6: Customer retention 

A6: Market Dynamism 

Please consider your company’s Business Environment, and then indicate your agreement with each statement on a scale 
of 1 to 7. 

Kr1: The reliance of our business on ‘Knowledge-Based Resources’ (e.g., a firm’s specialized skills,
processes, technical and managerial systems, and know-hows) has been significant.

Kr2: In dealing with our competitors, our company tends to sustain our competitive edge by
strengthening ‘Knowledge-Based Resources.’

Kr3: Our company has a strong position regarding technical expertise compared to our competitors.
Kr4: Our company has a strong position regarding expertise in marketing compared to

our competitors.
Kr5: Our company has a strong position regarding expertise in customer service compared to

our competitors.
Kr6: Our company has a strong position regarding highly productive staffs compared to

our competitors.
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A2: Process Innovation Intensity 

PROCESS Innovation is defined as the changes in the way that a firm produces products or services. Please consider your 
company’s PROCESS Innovation activities, and then indicate your agreement with each statement on a scale of 1 to 7. 

PcI1: Our company’s PROCESS improvements during the last three years have been radical. 
PcI2: In dealing with our competitors, our company tends to sustain competitive advantages through more intensive PROCESS 

innovations than our competitors. 
PcI3: In general, our company tends to be ahead of our competitors in introducing new or significantly improved PROCESSES 

(e.g., information technology, productive process, and machinery and equipment) for producing products or services. 
PcI4: Our company has a superior capability to develop a new product or service in a shorter time compared to our competitors. 

A3: Reliance on Property-based Resources 

Property-based Resources are defined as resources that can be protected by property rights such as patent, ownership, 
contracts, copyrights, trademarks, and registered designs. Please consider your company’s Property-based Resources, and 
then indicate your agreement with each statement on a scale of 1 to 7. 

Pr1: The reliance of our business on ‘Property-Based Resources’ (e.g., patent, ownership, contracts, copyrights, trademarks, 
and registered designs) has been significant. 

Pr2: In dealing with our competitors, our company tends to sustain our competitive edge by strengthening “Property-Based 
Resources.” 

Pr3: Our company tends to introduce new products or services into the market more frequently than our competitors. 
Pr4: Our company is superior to our competitors in terms of product variety. 
Pr5: Our product brands are typically considered more prestigious than those of our competitors. 
Pr6: Our company is well known by our customers for dominant legal properties such as registered designs, technical patents, 

and copyrights. 

A4: Reliance on Knowledge-based Resources 

Knowledge-based Resources are defined as resources that can be protected by knowledge barriers such as a firm’s 
specialized skills, processes, technical and managerial systems, and know-hows that cannot easily be identified or 
imitated by market competitors. Please consider your company’s Knowledge-based Resources, and then indicate your 
agreement with each statement on a scale of 1 to 7. 

Kr1: The reliance of our business on ‘Knowledge-Based Resources’ (e.g., a firm’s specialized skills, processes, technical and 
managerial systems, and know-hows) has been significant. 

Kr2: In dealing with our competitors, our company tends to sustain our competitive edge by strengthening ‘Knowledge-Based 
Resources.’ 

Kr3: Our company has a strong position regarding technical expertise compared to our competitors. 
Kr4: Our company has a strong position regarding expertise in marketing compared to our competitors. 
Kr5: Our company has a strong position regarding expertise in customer service compared to our competitors. 
Kr6: Our company has a strong position regarding highly productive staffs compared to our competitors. 

A5: Sustainable Competitive Advantage 

Please consider your firm’s performance over the last three years, and then indicate your opinion about how your firm’s 
performance compares with its competition in your industry on a scale of 1 to 7 (e.g., 1 = low end of the industry, 2 = much 
worse than average, 3 = worse than average, 4 = average, 5 = better than average, 6 = much better than average, 7 = superior). 

Sca1: Sales growth 
Sca2: Market share growth 
Sca3: Net profit margin 
Sca4: Return on assets 
Sca5: Customer satisfaction 
Sca6: Customer retention 

A6: Market Dynamism 

Please consider your company’s Business Environment, and then indicate your agreement with each statement on a scale 
of 1 to 7. 

Sca1: Sales growth
Sca2: Market share growth
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Sca3: Net profit margin
Sca4: Return on assets
Sca5: Customer satisfaction
Sca6: Customer retention

Appendix A.6. Market Dynamism
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A2: Process Innovation Intensity 

PROCESS Innovation is defined as the changes in the way that a firm produces products or services. Please consider your 
company’s PROCESS Innovation activities, and then indicate your agreement with each statement on a scale of 1 to 7. 

PcI1: Our company’s PROCESS improvements during the last three years have been radical. 
PcI2: In dealing with our competitors, our company tends to sustain competitive advantages through more intensive PROCESS 

innovations than our competitors. 
PcI3: In general, our company tends to be ahead of our competitors in introducing new or significantly improved PROCESSES 

(e.g., information technology, productive process, and machinery and equipment) for producing products or services. 
PcI4: Our company has a superior capability to develop a new product or service in a shorter time compared to our competitors. 

A3: Reliance on Property-based Resources 

Property-based Resources are defined as resources that can be protected by property rights such as patent, ownership, 
contracts, copyrights, trademarks, and registered designs. Please consider your company’s Property-based Resources, and 
then indicate your agreement with each statement on a scale of 1 to 7. 

Pr1: The reliance of our business on ‘Property-Based Resources’ (e.g., patent, ownership, contracts, copyrights, trademarks, 
and registered designs) has been significant. 

Pr2: In dealing with our competitors, our company tends to sustain our competitive edge by strengthening “Property-Based 
Resources.” 

Pr3: Our company tends to introduce new products or services into the market more frequently than our competitors. 
Pr4: Our company is superior to our competitors in terms of product variety. 
Pr5: Our product brands are typically considered more prestigious than those of our competitors. 
Pr6: Our company is well known by our customers for dominant legal properties such as registered designs, technical patents, 

and copyrights. 

A4: Reliance on Knowledge-based Resources 

Knowledge-based Resources are defined as resources that can be protected by knowledge barriers such as a firm’s 
specialized skills, processes, technical and managerial systems, and know-hows that cannot easily be identified or 
imitated by market competitors. Please consider your company’s Knowledge-based Resources, and then indicate your 
agreement with each statement on a scale of 1 to 7. 

Kr1: The reliance of our business on ‘Knowledge-Based Resources’ (e.g., a firm’s specialized skills, processes, technical and 
managerial systems, and know-hows) has been significant. 

Kr2: In dealing with our competitors, our company tends to sustain our competitive edge by strengthening ‘Knowledge-Based 
Resources.’ 

Kr3: Our company has a strong position regarding technical expertise compared to our competitors. 
Kr4: Our company has a strong position regarding expertise in marketing compared to our competitors. 
Kr5: Our company has a strong position regarding expertise in customer service compared to our competitors. 
Kr6: Our company has a strong position regarding highly productive staffs compared to our competitors. 

A5: Sustainable Competitive Advantage 

Please consider your firm’s performance over the last three years, and then indicate your opinion about how your firm’s 
performance compares with its competition in your industry on a scale of 1 to 7 (e.g., 1 = low end of the industry, 2 = much 
worse than average, 3 = worse than average, 4 = average, 5 = better than average, 6 = much better than average, 7 = superior). 

Sca1: Sales growth 
Sca2: Market share growth 
Sca3: Net profit margin 
Sca4: Return on assets 
Sca5: Customer satisfaction 
Sca6: Customer retention 

A6: Market Dynamism 

Please consider your company’s Business Environment, and then indicate your agreement with each statement on a scale 
of 1 to 7. 

Md1: The needs and wants of our customers are changing very fast.
Md2: Our competitive pressures are extremely high.
Md3: The demand for our products/services is unstable and unpredictable.

Appendix B.

Table A1. Sample demographics.

Category Count

Industry
(2-digit SIC codes)

Agriculture, Forestry and Fishing (01–09) 11 4.3%
Construction (15–17) 29 11.3%

Apparel and Fabricated Textile Products (23) 7 2.7%
Papers and Allied Products (26) 3 1.2%

Printing and Publishing (27) 5 1.9%
Pharmaceuticals (28) 3 1.2%

Chemical Products (28) 1 0.4%
Petroleum Refining (29) 2 0.8%

Semiconductors and Related Devices (36) 8 3.1%
Transportation Services (47) 15 5.8%

Communications Services (48) 17 6.6%
Wholesale Trade (50–51) 5 1.9%

Retail Trade (52–59) 24 9.3%
Financial Services (60–64) 20 7.8%

Hotels and Other Lodging Places (70) 4 1.6%
Prepackaged Software (73) 7 2.7%

Healthcare (80) 24 9.3%
Legal Services (81) 4 1.6%

Education (82) 24 9.3%
Accounting and Business Consulting Services (87) 8 3.1%

Others 32 12.5%
Missing responses 4 1.6%

Length of Time in
Business

<5 years 19 7.4%
5~10 years 41 16.0%

11~20 years 43 16.7%
21~30 years 50 19.5%
31~50 years 45 17.5%

51~100 years 37 14.4%
>100 years 18 7.0%

Missing responses 4 1.6%

Number of Employees

<10 employees 23 8.9%
11~50 employees 20 7.8%
51~100 employees 28 10.9%

101~500 employees 42 16.3%
501~1000 employees 59 23.0%

1001~10,000 employees 46 17.9%
>10,000 employees 35 13.6%

Missing responses 4 1.6%

Respondent’s Age

<18 0 0.0%
18~29 45 17.5%
30~44 92 35.8%
45~60 98 38.1%
>60 17 6.6%

Missing responses 5 1.9%
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