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Innovations are an essential key factor in the history of technology development. Past
research on innovation focused more on the innovation behavior of technology, but seldom
described the knowledge assets. The effect of knowledge assets attribute and results on
disruptive innovation is therefore regarded as the research topic in this study, where
disruptive innovation is divided into outbound and inbound to combine combination-
embeddedness and major business specificity of knowledge assets as the research model.
Manufacturing enterprises in China were proceeded the questionnaire survey, and 173 valid
copies are collected. The empirical analysis shows that combination-embeddedness of
knowledge assets has significantly positive effects on major business specificity and
outbound innovation of an enterprise but reveals remarkably negative effects on inbound
innovation. Enterprises are suggested to constantly accumulate knowledge assets with low
major business specificity before disruptive innovation in order to reduce ineffective inbound
innovation.

Key Words: knowledge assets’ combination-embeddedness, knowledge assets’ application-
specificity for main business, outbound and inbound disruptive innovation

Introduction

Current enterprises are facing the pressure of constant innovation, especially the
industries with short product life cycle. Such pressure appears particularly obviously in hi-
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On the contrary, such new knowledge is correlated knowledge derived from current
knowledge bases, and new products are the outcome of current knowledge-based innovation
applied to different industries. Moreover, outbound disruptive innovation often originates
from the new application of current technology to other markets, and knowledge and skills in
inbound disruptive innovation often reveals larger differences or conflict from current unique
capabilities of enterprise. In this case, as considered in this study the higher combination-
embeddedness of knowledge assets would generate the organizational inertia promoting an
enterprise to focus on current knowledge-based reproduction and cross-industry application
and effectively enhance the outbound disruptive innovation, but not inbound disruptive
innovation. Accordingly, H2 that combination-embeddedness of knowledge assets reveals
significantly positive effects on outbound disruptive innovation and H3 that combination-
embeddedness of knowledge assets shows remarkably negative effects on inbound disruptive
innovation are proposed in this study.

Knowledge assets are intangible and specific assets (Williamson, 1985). Williamson
(1975, 1985) defined major business specificity of knowledge assets as a type of knowledge
assets being able to be reallocated in other alternative businesses without sacrificing the
productive value. It was essentially a locking effect (Fitzroy & Mueller, 1984), i.e.
knowledge assets being constantly reinforced to lock the existing knowledge assets of an
enterprise and developing along the directions related to the major business, once major
business specificity of knowledge assets was confirmed. When an enterprise attempts to
apply such knowledge assets to other business fields, it would be extremely difficult or its
economic value would be reduced.

According to Path Dependence Theory, once economic, social, or technological systems
enter certain path, they would be constantly reinforced under the habitual function and locked
on the specific development path (Davis, 1988). Locking effect of major business specificity
of knowledge assets indeed is a kind of path dependence and would affect the innovation
activity of an enterprise. Major business specificity of knowledge assets could assist
enterprises in continuously acquiring of exclusive advantages on the major business and such
unique advantage would guide enterprises to invest in more resources and energy to develop
innovation activities related to the major business.

Furthermore, knowledge assets applicability is a critical factor in enterprises developing
innovation management strategies (Allarakhia & Walsh, 2011; Di Guardo & Harrigan, 2015).
Major business specificity of knowledge assets enhances the applicability to the major
business (Ratinho, Harms & Walsh, 2015) and further promotes enterprises developing
innovation activities related to the major business. Certainly, such innovation activities
would promote the core technology of the major business being applied to different fields to
further promote the outbound disruptive innovation. Nevertheless, the higher development
degree of major business specificity of knowledge assets would reinforce the path
dependence and possible result in the core competence becoming rigid in the major business
and being trapped by familiarity, maturity, and propinquity to ignore and even refuse the
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disruptive innovation opportunity of nibbling current major business market shares
(Levinthal & March, 1993; Wu & Haak, 2013). For this reason, H4 that major business
specificity of knowledge assets shows positive effects on outbound disruptive innovation and
H5 that major business specificity of knowledge assets presents negative effects on inbound
disruptive innovation are proposed in this study.

Research design

Data collection and sample situation

Questionnaire survey is utilized in this study for collecting data. Technology supervisors
and middle and high-level managers (vice presidents or general managers), who mainly
engage in product research and development, market monitoring, and product strategy
development and are familiar with the product innovation of enterprises, of manufacturing
enterprises in China were surveyed. Total 360 copies of questionnair are distributed, and 173
valid copies are proceeded. It is found that the percentage of males (53.8%) is slightly higher
than females (46.2%), and most of them are middle managers (67.6%), followed by high-
level managers (28.9%). Most (126) surveyed enterprises (72.9%) are established below 10-
15 years ago, 114 enterprises (65.9%) have more than 300 employees, and most (142)
enterprises are private-owned (82.1%). Besides, such enterprises mainly distribute in
specific and general equipment manufacturing industry (12.7%), computer, communication,
and other electronic equipment manufacturing industry (19.1%), automobile manufacturing
industry (12.1%), chemical material and chemical product manufacturing industry (9.2%),
and electrical machinery and equipment manufacturing industry (15.6%), and other
manufacturing industry appears less than 5%.

Measurement of variables and reliability and validity analysis

Combination-embeddedness of knowledge assets aims to measure the degree of
knowledge rooting in internal human-instrument-task of an organization and the complexity
of networks. Such an idea and the scale are revised based on Cummings (2002) and
combined with Chinese culture. Four questions like “Competitors could hardly acquire the
technology skills of the company by field observation and learning” and “Competitors could
hardly acquire the technology skills of the company by studying the production equipment”
are covered, with Cronbach’s a is 0.806. Major business specificity of knowledge assets
intends to measure the degree of existing knowledge assets of an enterprise specifically
service current major business. By referring to the idea proposed by Cable & De Rue (2002)
and “demand—supply” & “demand—capability”, 5 questions are designed, e.g. “The major
business of an enterprise provide large opportunities for the application of existing
knowledge assets” and “The existing knowledge assets of an enterprise significantly
contribute to the development of the major business”, with Cronbach’s o appears 0.772. The
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outbound and inbound disruptive innovation scales are referred to the research of Christensen
(1997). Outbound disruptive innovation contains disruptive innovation aiming at new
markets and competitors, with 7 measurement questions, e.g. “Comapny often develops
disruptive products aiming at brand-new markets” and “Comapny often introduces disruptive
products aiming at competitor markets”, with Cronbach’s a reveals 0.856 and 0.711. Inbound
disruptive innovation includes 3 measurement questions, e.g. “Developed disruptive products
reduce the market shares of existing products of an enterprise” and “Developed disruptive
products present alternation of existing products of an enterprise”, with Cronbach’s o 0.772.
For the accuracy and reliability, EFA is applied to test the construct validity of the
scales. The KMO value of the 19 measuring items shows 0.752 and Barlett test of sphericity
Chi-Square appears 1378.183 (degree of freedom 171), achieving the significance that Factor
Analyis is suitable as there are common factors between correlation matrices. 5 factors are
extracted with Factor Analysis, including new market targeted disruptive innovation, major
business specificity of knowledge assets, combination-embeddedness of knowledge assets,
inbound disruptive innovation, and competitor market targeted disruptive innovation. What is
more, common method variance (CMV) of Harman’s one-factor test data reveals 5 factors
extracted with Principal Component Analysis and the total variance 66.03%. A factor shows
23.53%, not reaching a half of the total variance, presenting that one factor does not explain
most variance. The common method variance of the research data is properly controlled.

Empirical result and analysis

Correlation Analysis

The mean, standard deviation, and correlation coefficient of variables in this study are
listed in Tab. 1, from which combination-embeddedness of knowledge assets presents
notably positive correlations with major business specificity (r=.188, p<.05) that H1 is
supported, combination-embeddedness shows remarakbly positive correlations with
outbound disruptive innovation (r=.182, p<.05) that H2 is supported, and major business
specificity presents positive correlations with outbound disruptive innovation (r=.265, p<.01)
but reveals negative correlations with inbound disruptive innovation (r=-.328, p<.01). Such
results found the basis for successive research.

Structural Equation Modeling

Structural Equation Modeling is utilized in this study for testing the research
hypotheses. In order to reinforce the stability of goodness of fit, the average of highest and
lowest factor loadings is used for grouping and parcleing the measurement questions of new
market and competitor market targeted disruptive innovation, and the mean of the group
scores is regarded as the measurement index of outbound disruptive innovation; 4
measurement questions are included. Chang et al. (2003) stated that such a method presented
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satisfactory statistical characteristics. Using AM0S20.0 as the analysis tool and applying
Maximum Likelihood to the preliminary estimation, the goodness of fit shows the chi-square
(x2)-degree of freedom (DF) ratio (y2/DF=) 1.981, lower than 3, RMSE 0.076, lower than
0.08, and GFI and CFI 0.887 and 0.896, slightly “higher than 0.9”. Simply revising the
model, GFI and CFI achieve the ideal area 0.9, presenting the favorable goodness of fit of the
revised model, better than the goodness of fit of sample data. The path coefficient could
reasonably and effectively reflect the causal relationship between variables that it could be
used for testing the hypotheses proposed in this study. The resutls are shown in Figure 2.

Table 1 - Descriptive Statistics and Correlation Analysis
(made by co-authors)

M SD. 1 2 3 4 5 6 7
1. Age of enterprise 3.000 .8694 1
2. Size of enterprise 2.890 7958 | 4627 1
3. Nature of enterprise 179 3846 | 2267 | .160 1
4. Combination-embeddedness 4.757 .9468 065 | .188" | -.008 1
5. Major business specificity 5.755 .6165 111 .068 -.064 | .188" 1
6. Outbound disruptive innovation 5.116 .9128 .030 036 | -029 [ .1827 | 265~ 1
7. Inbound disruptive innovation 4121 1.1653 | -117 | -2307 | -122 |-064 | -328" [ 2247 | 1

n=173; *p<.05, **p<.01

From Fig. 2, the standardized path coefficient between combination-embeddedness
and major business specificity of knowledge assets appears 0.199, and P<0.05 and achieves
the significance, showing the directly positive effect of combination-embeddedness existing
knowledge assets on major business specificity of enterprises (H1 is supported). The
standardized path coefficient between combination-embeddedness of knowledge assets and
outbound disruptive innovation reveals 0.187, and P<0.05 reaches the significance,
presenting the directly positive effect of existing knowledge assets combination-
embeddedness on outbound disruptive innovation of enterprises (H2 is supported). The
standardized path coefficient between combination-embeddedness of knowledge assets and
inbound disruptive innovation appears 0.058, not passing the significant test (H3 is not
supported). The standardized path coefficient between major business specificity of
knowledge assets and outbound disruptive innovation is 0.233, and P<0.05 reaches the
significance, revealing the directly positive effect of major business specificity of existing
knowledge assets on outbound disruptive innovation of enterprises (H4 is supported). The
standardized path coefficient between major business specificity of knowledge assets and
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inbound disruptive innovation reveals -0.413, and P<0.05 achieves the significance, showing
the directly negative effect of major business specificity of existing knowledge assets on
inbound disruptive innovation of enterprises (H5 is supported).
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Figure 2 - Path fit diagram
(made by co-authors)

Structural Equation Modeling is utilized for analyzing the mediation effect of major
business specificity. Compared with traditional mediation effects based on the test with
Multiple Regression Analysis, Structural Equation Modeling allows all variables being tested
at the same time, the goodness of fit of the model could be evaluated, and I-type errors could
be reduced. As afore mentioned, combination-embeddedness presents notably positive
effects on major business specificity (with the standardized path coefficient 0.199%), and
major business specificity also appears significant effects on outbound and inbound
disruptive innovation (with the standardized path coefficients 0.233* and -0.413***). It
explains the remarkable mediation effect of major business specificity on the effects of
combination-embeddedness on outbound and inbound disruptive innovation of enterprises
(with the mediation effect 0.046 and -0.082, respectively). Meanwhiule, combination-
embeddedness shows directly positive effects on outbound disruptive innovation, but the
directly negative effect on bound disruptive innovation is not notable that major business
specificity appears partially mediation effects on the relationship between combination-
embeddedness and outbound disruptive innovation, but full mediation effects on the
relationship between combination-embeddedness and inbound disruptive innovation.
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Conclusion and Inspiration

The effects of the attribute and result of knowledge assets on disruptive innovation are
regarded as the research topic in this study. Based on literature review and theories,
combination-embeddedness of knowledge assets is the independent variable, major business
specificity is the mediator, and outbound and inbound disruptive innovation is the dependent
variable. Based on knowledge attributes, Structural Equation Modeling for the effect of
knowledge assets of enterprises on disruptive innovation is constructed, and 173 valid copies
of questionnaire on manufacturing enterprises in China are proceeded empirical analyses to
present the relatioship between combination-embeddedness and major business specificity of
existing knowledge assets of an enterprise and the effects on disruptive innovation.

Result discussion

First, combination-embeddedness of knowledge assets presents significantly positive
effects on major business specificity of enterprises, showing the higher complicated network
formed by the interaction among employees, instrument, and practice, in which enterprises
knowledge embeds, the stronger stickness to the major business, and the use area and the
economic value would focus more on the major business. Such a conclusion offers a new
thinking for the research of Mcevily et al. (2003) and Reagans & Mcevily (2003) on
successful knowledge transfer between organizations. Major business specificity of
knowledge assets might be the restraint on successful knowledge transfer between
organizations, while combination-embeddedness of knowledge assets might reinforce major
business specificity to further restrain the successful knowledge transfer between
organizations.

Second, major business specificity of knowledge assets appears opposite functions on
outbound and inbound disruptive innovation of enterprises. Major business specificity of
knowledge assets shows remarkably and directly positive effects on outbound disruptive
innovation of an enterprise, but notably and directly negative effects on inbound disruptive
innovation. It reveals that an enterprise with higher major business specificity o knowledge
assets could allocate more resources to the major business. It, on one hand, digs out the value
space related to existing knowledge assets of the major business and develops more external
market targeted disruptive product innovation activities, and on the other hand promotes the
developemnt of current knowledge assets around the major business to reinforce the
innovation activities sticking to current knowledge, which is adverse to internal market
targeted disruptive innovation. The research conclusion provides a possible explanation for
understanding the viewpoints of Christensen (1997), Assink (2006), and Lindsay and
Hopkins (2010) about the relationship between knowledge assets and disruptive innovation.
It is not the simply positive or negative relationship between them, major business specificity
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of knowledge assets and the cognition of disruptive innovation of an enterprise should be
taken into account.

Third, combination-embeddedness of knowledge assets shows opposite functions on
outbound and inbound disruptive innovation of enterprises. Combination-embeddedness of
knowledge assets apepars remarkably positive effects on the development of outbound
disruptive innovation of an enterprise, including the directly positive effect and the indirectly
positive mediation effect of major business specificity. Combination-embeddedness presents
remarkably negative effects on inbound disruptive innovation, and such negative effects are
indirect, with the mediation effect of major business specificity. It shows that an enterprise
with higher combination-embeddedness of knowledge assets could better control the
composition and application of such knowledge assets. On one hand, it could enhance
enterprises, based on the use experiences and model of major business, constantly trying such
knowledge assets in different business fields for disruptive application. On the other hand, it
reinforces the dependence of enterprises on such knowledge assets and the major business,
but could have them reject new items and new knowledge which might replace existing
products or damaging the major business. The research conclusion, based on the aspect of
knowledge assets, expands the research coverage on disruptive innovation and suppliments
the discussions of Christensen (1997), Assink (2006), and Lindsay and Hopkins (2010) about
the relationship between knowledge assets and disruptive innovation. Instead of classifying
existing knowledge assets of an enterprise, according to the content and specific form, it is
better analyzing knowledge asset attributes which could possibly affect disruptive
innovation. Combination-embeddedness and major business specificity are two critical
features attribute of existing knowledge assets influencing disruptive innovation of an
enterprise.

Management inspiration

The research conclusion presents significant inspiration on enterprises practicing
knowledge assets management and innovation management. First, existing knowledge assets
are the bases of innovation development, but there is not an “apparent” positive relationship
between them; the match between knowledge asset attributes and various types of innovation
needs to be considered. For disruptive innovation, enterprises could promote outbound
disruptive innovation with combination-embeddedness and major business specificity which
show higher knowledge assets. Second, from the aspect of knowledge assets management,
enterprises should establish knowledge asset evalaution systems or knowledge search
practice (Garud & Nayyar, 1994) to dynamically track and evaluate combination-
embeddedness and major business specificity of existing knowledge assets, to classify such
knowledge assets, based on above two dimensions, and to guide them developing
correspondent disruptive innovation with such information. On one hand, major business
specificity of knowledge assets are utilized for promoting existing knowledge assets in the
disruptive application to different business fields. On the other hand, the innovative
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knowledge assets management constantly accumulates low major business specificity of
knowledge assets to offer novel knowledge for enterprises developing inbound disruptive
innovation.
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