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Abstract

Purpose – The purpose of this paper is to examine innovation from a knowledge-based view by

exploring the effect of knowledge processes and knowledge intensity on innovation performance.

Design/methodology/approach – First, a theoretical model of the connections between knowledge

processes, knowledge intensity and innovation performance is presented. The posited hypotheses are

then tested statistically, using a survey dataset of 221 organizations.

Findings – The result shows that while all knowledge processes have a beneficial impact on innovation,

knowledge creation impacts innovation the most and fully mediates the impact of knowledge

documentation, intra-organizational knowledge sharing and external knowledge acquisition on

innovation performance. Furthermore, knowledge intensity increases all knowledge processes.

Knowledge intensity also moderates the relationship of documentation and knowledge sharing with

knowledge creation. The interaction effect is negative, meaning that firms in less knowledge-intensive

conditions will benefit more from documentation and knowledge sharing for their knowledge creation

purposes, and ultimately innovation.

Research limitations – The data are limited to companies from Finland, Russia and China.

Practical implications – To promote innovation, managers should pay close attention to knowledge

creation processes in organizations. Furthermore, knowledge creation can be facilitated by ensuring

efficient documentation procedures, and internal and external knowledge sharing and acquisition

practices. Documentation and knowledge sharing are especially effective means to promote knowledge

creation for non-knowledge intensive firms.

Originality/value – This paper makes a contribution to the existing literature by building and testing a

knowledge-based model of firm innovation and articulating the inter-relations of knowledge processes

and knowledge intensity with innovation performance.

Keywords Innovation, Knowledge-based view, Knowledge management, Knowledge processes,
Knowledge intensity, Survey, Finland, Russia, China

Paper type Research paper

1. Introduction

Innovation has become the quintessential challenge for all types of organizations. A number

of economists believe that innovation-based competition can serve as a basis for sustained

development in the post-industrial knowledge economy (Romer, 2004). Approached from

the knowledge-based perspective, innovation can basically be seen as a process of

producing a new viable idea and then implementing it in a way that produces value (Trott,

2005).

The current literature seems to agree that knowledge management can markedly improve

innovation in organizations (e.g. Carneiro, 2000; Darroch, 2005; Basadur and Gelade, 2006;

Marqués and Simón, 2006; Kianto, 2011). However, the implications of this idea still remain

very general (Chapman and Magnusson, 2006). What particular knowledge management

PAGE 1016 j JOURNAL OF KNOWLEDGE MANAGEMENT j VOL. 15 NO. 6 2011, pp. 1016-1034, Q Emerald Group Publishing Limited, ISSN 1367-3270 DOI 10.1108/13673271111179343

Tatiana Andreeva is an

Associate Professor at the

Graduate School of

Management, St

Petersburg State University,

St Petersburg, Russia.

Aino Kianto is a Professor of

Knowledge Management at

the School of Business,

Lappeenranta University of

Technology, Lappeenranta,

Finland.

Received June 2011
Revised July 2011
Accepted July 2011

D
ow

nl
oa

de
d 

by
 M

ay
no

ot
h 

U
ni

ve
rs

ity
 L

ib
ra

ry
 A

t 0
8:

15
 2

2 
M

ar
ch

 2
01

6 
(P

T)



issues should be prioritized by managers in order to improve innovation performance in their

organizations?

Existing literature does not provide a comprehensive answer to this question, and there are

several reasons for that. First, most of the earlier studies have either addressed the impact of

only one (e.g. Brachos et al., 2007; Deng et al., 2008; Taminiau et al., 2009) or two (e.g. Smith

et al., 2005; Chou, 2005) particular knowledge management issues on innovation, or

considered all of them in a bulk (e.g. Marqués and Simón, 2006). There have been few

previous studies empirically examining the impact of a full range of knowledge processes on

innovation (Darroch, 2005; Darroch andMcNaughton, 2003). Next, most previous studies on

the topic have only considered direct impacts between knowledge processes and

innovation and neglected the possibility of more complex mediated relationships.

Furthermore, existing research has not considered various contingencies that may

influence the interrelationships between knowledge processes and innovation performance.

This paper aims to address these gaps by empirically testing a conceptual model that

includes interrelations of four key knowledge processes and innovation, and by examining

themediation between the variables in the model. In addition, the model includes knowledge

intensity as contingency variable that has a profound impact on knowledge management

and innovation practices. In other words, this paper seeks to inform both knowledge

management theory and practice by investigating the following questions: do all key

knowledge processes have an equal impact on innovation performance, or are some of

them more important? Is there any difference between more knowledge-intensive and less

knowledge-intensive firms in the way how knowledge processes influence innovation

performance?

To answer these questions, the paper is structured as follows: First, the authors examine

innovation from a knowledge-based view and, based on the earlier literature, posit a

theoretical model where innovation is seen as the end product of four knowledge-based

processes and propose four hypotheses on the interconnections of knowledge processes,

knowledge intensity and innovation performance. Next, the research strategy is presented,

including data collection methods and sample characteristics. Then the authors turn to the

research findings, and finally conclude the paper with a discussion of their theoretical and

practitioner implications.

2. Innovation as a knowledge-based process

2.1 Innovation and knowledge management: an overview

Innovation can be described as the implementation of both discoveries and inventions and

the process by which new outcomes, whether products, systems or processes come into

being (Williams, 1999). The process definition of innovation – as of a process of interrelated

activities from ideas to invention and to its commercialization, where new knowledge is

created and used through these activities (Trott, 2005) – highlights that it heavily depends

on knowledge. Therefore, it is logical to conclude that knowledge management processes

and practices will support innovativeness of an organization.

On the conceptual level, the link between knowledge management and innovation has been

widely discussed and accepted (e.g. Pérez-Bustamante, 1999; Carneiro, 2000; Goh, 2005;

Basadur and Gelade, 2006, du Plessis, 2007; Xu et al., 2010). For example, Goh (2005)

postulates that innovation management should not be seen independently from knowledge

management and Xu et al. (2010) develop a comprehensive conceptual model to

demonstrate that various aspects of knowledge management support continuous

innovation. A key premise in the literature on new product innovation is that the rate of

new product introduction is a function of a firm’s ability to manage, maintain, and create

knowledge (Cohen and Levinthal, 1990). In their widespread textbook on innovation

management, Tidd et al. (2005, p. 15) state that innovation essentially is ‘‘about knowledge –

creating new possibilities through combining new knowledge sets’’. These conceptual

arguments have received some empirical support. Few case studies demonstrate that
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knowledge management systems support innovation (Jang et al., 2002; Suh et al., 2004).

Wide-scale, quantitative research in this area is quite scarce, yet it also supports idea about

the positive relationship between knowledge management and innovation (Gloet and

Terziovski, 2004; Darroch, 2005; Kiessling et al., 2009; Kianto, 2011).

Despite this growing body of literature, there is still lack of a comprehensive model that could

integrate various aspects of knowledge management for innovation and thus address

practical difficulties in managing knowledge for innovation (Xu et al., 2010). Chapman and

Magnusson (2006) claim that the understanding of how to manage knowledge processes in

a way that truly contributes to innovation is still limited. They call for more empirical research

in this area, in order to move away from a discussion based only on different theoretical

assumptions towards a more fine-grained and comprehensive understanding what can be

done by knowledge management in practice to improve innovation performance. This paper

aims to dwell in this issue further and discuss which elements of knowledge management

are most important for innovative results.

2.2 Knowledge processes as innovation antecedents

Taking into account close interrelationships between innovation and knowledge, the authors

suggest that innovation process can be modeled as an outcome of the knowledge

processes in the organization. Indeed, knowledge processes stand out as the key

components in achieving successful long-term innovation (Chapman and Magnusson,

2006). The literature typically identifies four to six of such processes (Davenport and Prusak,

1998; Bennett and Gabriel, 1999; Gupta et al., 2000; Parikh, 2001; Bouthillier and Shearer,

2002; Qianwang and Dejie, 2006; Xu et al., 2010) and views them as cyclically interrelated

with each other. Though categorizations of the knowledge processes vary, they are still quite

similar in their essence and differ mostly by the way or the level of the aggregation. The

typically identified knowledge-based processes are knowledge creation, intra-firm

knowledge sharing, external knowledge acquisition and knowledge documentation.

Knowledge creation refers to the organization’s ability to develop new and useful ideas and

solutions regarding various aspects of organizational activities, from products to

technological processes to managerial practices (e.g. Nonaka, 1991; Un and

Cuervo-Cazurra, 2004). This notion appears to be very close to the one of innovation,

and, indeed, these two terms are often used interchangeably. However, there is a subtle

difference between them – while knowledge creation refers primarily to the process of

development of new ideas, innovation is used in the literature to mean the successfully

implemented (and commercialized) outcome of this process, to describe this process, or

both (Andreeva, 2009). In this particular paper the authors follow this distinction, using

‘‘knowledge creation’’ to identify the process of development of new knowledge, and

innovation – to refer to the results of the successful application of this new knowledge. The

authors adopt an overall organizational approach to innovations, viewing them in terms of

value-adding renewals in products, processes, work organizational systems or marketing

systems of the firm (Weerawardena, 2003; Wang and Ahmed, 2004). Even from the

definitions, it logically follows that knowledge creation and innovation are closely

interconnected, as creation of the new knowledge provides a basis upon which the

innovative actions of all kinds are developed in the organization (Popdiuk and Choo, 2006).

For example, Nonaka (1991) reports that companies that score high in knowledge creation,

have been also successful in creation of new markets, rapid development of new products,

quick response to their customers, and domination in emergent technologies.

Intra-organizational knowledge sharing refers to moving existing knowledge between

different organizational actors, both within and between departments and hierarchical levels

(Bhatt, 2001; Szulanski, 1996). On the one hand, it helps the company use available

resources in the most efficient way by transferring the best practices from one department to

another, from one project or client to another, etc. However, the literature suggests that

knowledge sharing contributes to creation of new knowledge as well. For example, a closer

look at the classical model of organizational knowledge creation by Nonaka (Nonaka, 1991),
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identifies that knowledge sharing represents the essence of the two out of four stages of the

model: the socialization phase includes intensive sharing of tacit knowledge among

employees, mainly among close colleagues, while the combination phase concerns sharing

explicit knowledge among a broader range of employees through the whole organization

(Andreeva, 2009). Cohen and Levinthal (1990) also suggest that knowledge sharing is a

critical factor in an organization’s ability to respond quickly to change, innovate and achieve

competitive success. Kogut and Zander (1992) posit that organizational knowledge creation

is dependent on the ability of organization members to exchange and combine existing

information, knowledge, and ideas. Brachos et al. (2007) and Taminiau et al. (2009) provide

empirical evidence that knowledge sharing positively influences innovations in

organizations. Leiponen (2006) also found that in order to contribute positively to

innovation performance, knowledge should be made collective – in other words, shared

among organizational members.

While knowledge creation and knowledge sharing typically imply intra-firm focus,

knowledge acquisition refers to the knowledge that is available outside the firm. Various

external sources (from clients and suppliers to competitors and governmental bodies)

represent a very rich knowledge source, however, to be able to exploit it organization needs

to know how to identify what is interesting and useful in external environment, acquire this

knowledge, disseminate it and apply it to commercial end (Cohen and Levinthal, 1990;

Zahra and George, 2002). The literature suggests that organizations successful in acquiring

external knowledge possess richer and more varied knowledge base, and as a

consequence, are more innovative, as innovation is stimulated by the diversity of

viewpoints inside the organization and by the richness of its knowledge base (Cohen and

Levinthal, 1990; Gulati, 1999; Fabrizio, 2009).

All the knowledge that has been acquired, created and shared, needs to be supported by

knowledge storage and documentation, otherwise an organization is constantly in danger of

accidentally losing the gained knowledge (e.g. Stein and Swass, 1995). The organizational

memory resides in various forms, such as written documents, electronic databases, codified

knowledge in expert systems, documented organizational procedures and processes, and

tacit knowledge located in individuals (Alavi and Leidner, 2001). Bhatt (2001) highlights that

an organization will struggle to retain its competitive advantages, innovativeness, and

creativity, if the needed knowledge has not been made easily available in right kind of a

format.

2.3 Innovation as knowledge-based process: development of hypotheses

The existing literature suggests that knowledge processes are closely interrelated with each

other and overall have an impact on organizational innovativeness. However, the literature

provides somewhat discrepant and uncoordinated picture of the details of these

relationships. For example, Zhou and Uhlaner (2009) present empirical evidence that both

external knowledge acquisition and internal knowledge sharing increase innovativeness of

the company, while Chang and Lee (2008) and Deng et al. (2008) suggest that it is external

knowledge acquisition that contributes to organizational innovation. Powell et al. (1996) and

Matusik and Heeley (2005), on the other hand, link external knowledge acquisition not

directly to innovativeness, but to firm’s capability for knowledge creation. At the same time

Chou (2005) demonstrates that knowledge acquisition influences knowledge creation and

this link is mediated by knowledge storage capability. Darroch (2005) concludes that

knowledge acquisition, knowledge dissemination and responsiveness to knowledge have a

positive impact on organizational innovation. Kianto (2011) found a connection between

knowledge management activities and continuous innovation. Abou-zeid and Cheng (2004)

theoretically propose that some types of innovations would be supported more by

knowledge creation processes, while other types of innovations would be supported by

knowledge utilization processes. Smith et al. (2005) found that knowledge creation

capability of a firm fully mediates the relationship between the potential for intra-firm

knowledge sharing and number of innovations in a firm.

VOL. 15 NO. 6 2011 j JOURNAL OF KNOWLEDGE MANAGEMENTj PAGE 1019

D
ow

nl
oa

de
d 

by
 M

ay
no

ot
h 

U
ni

ve
rs

ity
 L

ib
ra

ry
 A

t 0
8:

15
 2

2 
M

ar
ch

 2
01

6 
(P

T)



Taken together, the bulk of studies propose a set of divergent, and in some cases, even

contradictory interconnections between knowledge processes and innovation. The

authors suggest that one of the reasons for these diverse views is that the earlier studies

have mostly examined the direct impact of only few particular knowledge management

issues. To the best of the authors’ knowledge, none of the studies has empirically tested a

model including all of the key four knowledge processes and their impact on

innovativeness. Furthermore, the previous studies, apart from few exceptions (Smith

et al., 2005), only examine the direct impact of knowledge processes, and overlook the

possibility of mediated relationships.

However, theoretical support for some mediation interaction might be found in the literature.

Indeed, as it was mentioned in the section 2.2, the literature on innovation and knowledge

creation typically distinguishes between these two concepts as follows: knowledge creation

is about creating a novel idea, while innovation is a successfully implemented and

commercialized novel idea (Freeman, 1982; Woodman et al., 1993, Garcia and Galantone,

2002; Andreeva, 2009). Based on these definitions, knowledge creation represents an

inherent part of the innovation process. Therefore, considering the set of four knowledge

processes, one can imply that knowledge creation is the main knowledge process that

influences innovativeness, and other knowledge processes impact innovativeness only

through facilitating knowledge creation by providing material for it. Therefore, the literature

allows formulating two competing hypotheses: either

H1. Knowledge creation mediates the link between the other knowledge processes and

innovation.

or

H2. Each of four knowledge processes – knowledge creation, internal knowledge

sharing, external knowledge acquisition and knowledge storage and

documentation – has a direct impact on organizational innovativeness.

These two hypotheses reflect the discrepant views in the literature on the relationships

between knowledge processes and innovativeness. However, there might be yet another

explanation for the discrepant views in the existing literature, namely, the influence of some

contextual factors that have an impact on the model. The authors propose that one of such

factors that may influence the relationships between different knowledge processes and

innovativeness is knowledge intensity of a company’s business.

The concept of knowledge intensity reflects the extent to which a firm depends on the

knowledge inherent in its activities and outputs as a source of competitive advantage (Autio

et al., 2000). Knowledge-intensive organizations are firms whose main activity is based on

the employment of knowledge (Starbuck, 1992; Alvesson, 1995; Nurmi, 1998). Moreover, not

only their activities are based on knowledge, but also their survival depends on their ability to

mobilize and synthesize knowledge (Alvesson, 1995; Nurmi, 1998; Robertson et al., 2003).

In other words, knowledge processes are strategic value creation processes for knowledge

intensive firms (Larsen, 2001; Lowendahl et al., 2001; Morris and Empson, 1998). Indeed, a

lot of sources discuss that knowledge creation (e.g. Larsen, 2001), intra-firm knowledge

sharing (e.g. Robertson et al., 2003; Willoughby and Galvin, 2005; Taminiau et al., 2009),

external knowledge acquisition (e.g. Bettancourt et al., 2002; Matusik and Heeley, 2005;

Evanschitzky et al., 2007; Jenssen and Nybakk, 2009) and knowledge storage and

documentation (e.g. Donaldson, 2001; Robertson et al., 2003) are critical for such firms.

These facts have two potential implications for this study.

First, one can hypothesize that being the key activity in knowledge intensive organizations,

knowledge processes will be more widely present in them as compared with less

knowledge-intensive companies. This idea leads to H3a-H3d.

H3a. The more knowledge-intensive a company is, the more intense are its knowledge

creation processes.
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H3b. The more knowledge-intensive a company is, the more intense are its knowledge

sharing processes.

H3c. The more knowledge-intensive a company is, the more intense are its knowledge

acquisition processes.

H3d. The more knowledge-intensive a company is, the more intense are its knowledge

documentation processes.

The second consideration refers to the interrelations between knowledge processes,

knowledge intensity and innovation. Based on the strategic importance of knowledge and

knowledge processes for knowledge-intensive firms and their critical contribution of

performance of such organizations (Alvesson, 1995; Lowendahl et al., 2001), one can

hypothesize that

H4a. The more knowledge intensive company is, the stronger is the impact of all

knowledge processes towards innovation.

This hypothesis is indirectly supported by the fact that the majority of the studies that discuss

the impact of knowledge processes on innovation are based on data from

knowledge-intensive firms – e.g. from ICT, biotech, consulting sector, and so on

(e.g. Hargadon and Sutton, 1997; Willoughby and Galvin, 2005; Smith et al., 2005;

Chaston et al., 2005) – though this is not always acknowledged explicitly. Therefore, most of

what is known about the relationships between knowledge management and innovation is

actually about knowledge management and innovation in knowledge-intensive businesses.

To the best of the authors’ knowledge, the question of whether the contribution of knowledge

processes to innovation differs between knowledge intensive and non-knowledge intensive

firms has not been directly examined in prior empirical studies.

The following section presents the research strategy that was used to examine these

hypotheses.

3. Research methodology

3.1 Data collection and sample

The data were collected with a web-based survey in three countries – Russia, China and

Finland. Selecting the countries for analysis, the authors were guided by the following

considerations. First, most of the existing empirical papers on knowledge processes and

innovation are based on data from one country only (e.g. Gloet and Terziovski, 2004;

Darroch, 2005; Marqués and Simón, 2006) and it is not clear whether their findings apply in

other economic and social contexts. Second, all of the above mentioned studies are focused

on developed countries, therefore, there is still a very little knowledge about the impact of

knowledge processes on organizational innovation in developing and emerging economies.

To bridge these gaps, the authors decided to choose for this study three very different

countries: Finland, China and Russia. These three countries are especially informative and

interesting for such comparative research. Finland has been heralded as one of the

forerunners in building a sustainable knowledge-based economy and knowledge society,

and has recently been either the first or at least in the top three of international

competitiveness and educational comparisons. China and Russia are the biggest and

growing emerging economies and both have recently put innovation to the forefront of their

national development strategy. Therefore, the knowledge management becomes very

relevant as it has a potential to support such strategy.

In order to obtain reliable, diverse and comparable data, it was decided to select companies

with 50 or more employees that represent both production and service sectors, and

industries with different growth rates. The administration of the survey proceeded in several

stages and differed slightly among three countries due to differences in business culture and

attitudes to surveys.
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As a first step, the pools of companies that fit into the described above criteria were built

based on the publicly available databases. The size of the initial pool was 1,264 for Finland

and 10,000 in Russia. These pools differed in size as the different response rate was

expected across countries. In China such random pool had not been used, due to the

reasons described below.

Next, the invitation letters explaining the purpose and the procedure of the research and

providing the link to the web-based questionnaire were emailed to the selected companies.

Respondents were promised an executive summary report of the research findings as an

incentive to complete the survey. In Finland, this was followed by two email reminders, sent

one and two weeks after the initial mail. These resulted in 95 responses, or 7.5 percent

response rate, that is a rather good result, taking into account significant length of the survey

and absence of any informational support from any industry associations or other industry

bodies.

In Russia, acknowledging the typical reluctance in the corporate world to participate in any

research due to the culture of the information secrecy, it was decided to have a bigger target

random pool of companies. The software that was used for administration of this survey

allowed tracking the undelivered emails due to the mistakes in the contact information or due

to spam filters. It identified that out of 10,000 contacts selected from databases, only 4,064

have actually received the invitation email. This population yielded 145 visits to the survey

page (3.6 percent of the population) and 21 responses (0.5 percent of the population or

14.5 percent of those who have visited the survey webpage). Taking into account the

negative attitudes to this method of data collection in Russia, multiplied by the length of the

survey and the novelty of its subject area, this response rate, though being very low, can be

considered as good. Further on, to enlarge Russian sample, the invitation to participate in

the survey was sent to the members of the alumni club of one of the Russian business

schools. This effort yielded a 0.6 percent response rate. In addition, some respondents were

also reached through the personal networks of the researchers (with 66 percent response

rate). As a result of these efforts, 83 responses were collected.

In China, similarly acknowledging the difficulty of the ‘‘cold call’’ research and importance of

personal networking, it was decided not to use random database mailing. The data

collection was supported by Knowledge Management Centre of China (KMC), the biggest

online KM community of China, which has about 1,000 members from different industries

and regions. Additionally, some respondents were reached through the personal networks of

the researchers. As a result of these efforts 83 respondents from China filled this

questionnaire. Taken into account specifics of the data collection methods, the response

rate via online KM community can be estimated as 5 percent.

As a result of data collection efforts, 261 responses in three countries were collected. Of

these, 40 responses were excluded from further analysis as they belonged to the companies

under 50 employees. Therefore, the usable sample consisted of 221 responses, quite evenly

representing three countries included in the survey (84, or 38 percent Finnish, 64, or

29 percent Russian and 73, or 33 percent Chinese responses). The organizations in the

sample represent over 20 industries, with some domination of the production sector over the

one of services (63 percent versus 37 percent). The majority of the companies employ

between 50 and 500 employees (between 60 percent and 70 percent across three

countries). Around 70 percent of the companies in each of the three countries are

domestically owned.

The survey reached quite well the management level of the targeted organizations: in

Finland and Russia over 70 percent of respondents belonged to middle- or

top-management, and in China – over 53 percent. The rest of the surveyed respondents,

with minor exceptions, informed that they hold specialist positions in their organizations.

While survey questions had been designed in a way that any employee of the organization

could answer them, the high share of managerial responses makes the data collected even

more insightful. As the survey questions might have required some knowledge of the

situation in the organization, the authors controlled for the length of the respondent’s service
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in the organization in discussion. The majority of the respondents (93 percent in Finland and

China, and 78 percent in Russia) had worked for their organization for more than one year.

Therefore the respondents from the sample provide reliable picture of their organizations.

Taking into account the diversity of the sample that consists of the responses from three very

different countries, where a bit different methods have been used to access the

organizations, it was necessary to check for the potential differences among the sub-groups

in the sample. Differences between correlations and regression equations between the three

countries were examined, but no major differences were found.

3.2 Measures

There are a number of measures of knowledge processes that are reported in the literature

(e.g. Darroch, 2003; Zack et al., 2009; Alavi and Leidner, 2001; Kulkarni and St Louis, 2003;

Marqués and Simón, 2006; Mitchell and Boyle, 2010). However, as knowledge management

discipline is still in the development phase, various authors model the knowledge processes

(both their number and their content) somewhat differently, and commonly accepted

operationalizations of these concepts do not exist. Therefore, for the purposes of this

research, and with its model in mind, the scales for knowledge processes were combined by

the authors based on the literature.

Knowledge creation scale aimed to estimate the frequency of new idea development in the

surveyed organizations in different areas of its activities. Some items were borrowed from

Kianto (2011), and fewmore were developed by the research team informed by the literature

on knowledge creation (e.g. Nonaka, 1991).

Knowledge storage and documentation was aimed to identify the intensity of storage and

documentation of both tacit and explicit knowledge, and also the scope of knowledge

repositories in the respondents’ organizations. The scale represents the mix of items

adopted from Kianto (2011), Karadsheh et al. (2009), and Bayona et al. (2001) and one item

was developed by authors based on Alavi and Leidner (2001).

The intra-organizational knowledge sharing scale was developed with the aim to evaluate

both vertical and horizontal knowledge sharing within the organization (e.g. Argote and

Ingram, 2000, Argote et al., 2000; Szulanski, 1996), and sharing of both tacit and explicit

knowledge (e.g. Nonaka, 1991). Few items were extracted from Kianto (2011) and Darroch

(2003), and the other ones were developed by the authors informed by the above mentioned

literature.

The scale for external knowledge acquisition scale was based on Kianto (2011) and

supported by the conceptual literature (Cohen and Levinthal, 1990; Gulati, 1999; Powell

et al., 1996). It aimed to provide information on how frequent are knowledge-based

interactions of the company with external environment.

A principal component analysis with varimax rotation was conducted to discern dimensions

among the variables. To ensure the appropriateness of the explorative factor analysis,

normal pre-analysis checks (see Hair et al., 1995) were conducted. The Bartlett test of

sphericity demonstrated a highly significant number of correlations in the correlation matrix

(p , 0.001). Both the Kaiser-Meyer-Oklin measure (KMO ¼ 0:930) and the individual

measures of sampling adequacy in the anti-image correlation matrix indicated the suitability

of factor analysis.

The principal component analysis yielded a four-factor solution, representing the four

knowledge processes, Knowledge documentation and storage, Knowledge sharing,

Knowledge acquisition, and Knowledge creation. Composite measures were calculated

from the averaged item responses of each construct. Table I presents the items, factor

loadings and internal consistencies of the knowledge process variables. The coefficient

alphas range from 0.736 to 0.877, exhibiting a good internal consistency of all the

composites.
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Knowledge intensity was measured with a scale based on Autio et al. (2000). This scale was

selected because it is applicable to a wide range of companies across different industries,

unlike the more common approaches to measure knowledge intensity R&D expenditures or

number of patents (for discussion see Spender and Grant, 1996; Autio et al., 2000). The

exponent alpha for the knowledge intensity composite is 0.733.

The Innovation performance of the organization was measured based on Weerawardena

(2003) by asking the respondents to evaluate the degree of innovations of four different

types (products/services, processes, management and marketing) undertaken in the

company during the past three years (anchored by ‘‘limited’’ and ‘‘extensive’’). The

coefficient alpha for this composite is 0.738.

All of the survey items were measured by a six-point semantic differential scale, in order to

avoid central tendency bias in responses, with seventh ‘‘I don’t know’’ option. Except for the

scale of innovation performance, survey items were anchored with ‘‘strongly disagree’’ and

‘‘strongly agree’’.

The initial measures were built in English. In order to ensure that respondents fully

understand the questions and to raise the response rate by reaching non-English speaking

Table I Factor loadings and coefficient alphas of knowledge process scales

Component
Items 1 2 3 4

Intra-organizational knowledge sharing and application (Cronbach a ¼ 0.877)
In our organisation information and knowledge are actively shared within the units 0.566 0.431 0.236 20.023
Different units of our organisation actively share information and knowledge
among each other 0.602 0.373 0.366 20.016
In our organisation employees and managers exchange a lot of information and
knowledge 0.687 0.335 0.179 20.014
Our organisation shares a lot of knowledge and information with strategic
partners 0.614 0.275 0.149 0.290
Our employees are systematically informed of changes in procedures,
instructions and regulations 0.690 0.230 0.353 0.145

Knowledge creation (Cronbach a ¼ 0.868)
Our organisation frequently comes up with new ideas about our products and/or
services 0.121 0.786 0.242 0.170
Our organisation frequently comes up with new ideas about our working methods
and processes 0.216 0.723 0.277 0.039
If a traditional method is not effective anymore our organisation develops a new
method 0.334 0.734 0.187 0.123
Our organisation uses existing know-how in a creative manner for new
applications 0.400 0.628 0.129 0.297

Knowledge storage and documentation (Cronbach a ¼ 0.870)
Our organisation does a lot of work to refine, organize and store the knowledge
collected 0.388 0.351 0.644 0.126
Our organisation possesses many useful patents and licenses 0.036 0.170 0.696 0.171
In our organisation we are used to documenting in writing the things that are learnt
in practice 0.145 0.248 0.832 0.203
In our organization we make sure that the most important experiences gained are
documented 0.293 0.244 0.743 0.202

Knowledge acquisition (Cronbach a ¼ 0.736)
Our organisation regularly captures knowledge of our competitors 20.022 0.355 0.116 0.701
Our organisation regularly captures knowledge obtained from public research
institutions including universities and government laboratories 0.149 0.053 0.310 0.659
Our organisation regularly captures knowledge obtained from other industry
sources such as industrial associations, competitors, clients and suppliers 0.264 0.135 0.228 0.647

Note: (n ¼ 221)
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respondents (Harzing, 2000), the survey items were translated into respective languages of

the countries in the sample. To secure measurement equivalence, translation procedure

followed several iterations, as recommended in the literature on cross-national research

(Brislin, 1970; Singh, 1995).

3.3 Methods of analysis

As reported above, exploratory factor analysis was performed to check the scales’ validity,

using SPSS 18.0 software. In order to examine the impact of knowledge processes on

innovativeness and check the mediation and moderation effects, regression analysis was

used, including Baron and Kenny’s (1986) mediated regression technique, as well as

moderation regression technique.

4. Results

Table II presents descriptive statistics, along with correlation coefficients among all variables

(N ¼ 221). The posited hypotheses concerning the role of knowledge processes and

knowledge-intensity in innovation were first examined by correlational analysis. Table II

demonstrates that all study variables are significantly correlated, and all knowledge

processes are rather strongly correlated with innovation performance. While knowledge

process variables are highly correlated among each other, the principal component analysis

reported in Table I above demonstrates their discriminant validity.

To examine the relationship between knowledge processes and innovation, two competing

hypotheses were posited. The H1 stated that knowledge creation mediates the relationship

of documentation, knowledge sharing and knowledge acquisition on innovation, while H2

argued that all four knowledge processes impact innovation performance directly.

The hypothesized mediating effects (H1 and H2) were tested by using the Baron and

Kenny’s (1986) mediated regression technique. Specifically, they recommend a three-step

process:

1. Regressing the mediator variable on the predictor variable (in this study documentation,

knowledge sharing and knowledge acquisition on knowledge creation, respectively).

2. Regressing the criterion variable on the predictor variable (e.g. documentation on

innovation).

3. Regressing the criterion variable simultaneously on the predictor and mediator variables

(e.g. documentation and knowledge creation on innovation).

Results of these three regression equations are then examined to see if they indicate a

mediation relationship. Mediation is indicated if the following conditions are met:

1. There is a significant relationship between the mediator and predictor variables (step 1).

2. There is a significant relationship between the predictor and criterion variables (step 2).

3. The mediator is significantly related to the criterion variable (step 3).

Table II Means, standard deviations and correlations between variables

Mean SD 1 2 3 4 5

Innovation performance 3.60 1.08 1.00
Knowledge creation 3.94 1.16 0.664*** 1.00
Documentation and storage 3.54 1.30 0.408*** 0.575*** 1.00
Knowledge sharing 3.87 1.33 0.513*** 0.689*** 0.623*** 1.00
Knowledge acquisition 3.70 1.18 0.313*** 0.485*** 0.495*** 0.461*** 1.00
Knowledge intensity 4.41 1.11 0.277*** 0.407*** 0.202** 0.356*** 0.158*

Notes: *p , 0.05; **p , 0.01; ***p , 0.001
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4. The effect of the predictor on the criterion variable is less in step 3 than in step 2. Full

mediation occurs if the effect of the criterion variable becomes non significant in step 3.

Partial mediation occurs if the criterion effect is reduced but significant.

As Table II shows, all composites were highly correlated with each other, which raises the

potential problem of multicollinearity concerning regression analyses. Therefore, the

variance inflation factors (VIF) were examined. It was found that they were all within

acceptable bounds, under the cut-off point of 10 suggested by Hair et al. (1995). Residuals

were examined in order to confirm whether there was heteroscedasticity in the regression.

No violations of the assumptions of regression analysis were found and so a standard

multivariate regression was used to test the hypotheses.

The tests of H1 and H2 demonstrated that there is a significant relationship between

documentation, knowledge sharing and knowledge acquisition (i.e. the predictors) with

knowledge creation (the mediator); and between knowledge creation and innovation (the

criterion). For mediation to occur, the impact of documentation, knowledge sharing and

knowledge acquisition on innovation have to reduce when the impact of knowledge creation

is controlled for.

Table III presents the mediated regressions, which demonstrate that while all knowledge

processes impact innovation, knowledge creation fully mediates the impact of

documentation, knowledge sharing and knowledge acquisition on innovation. When

innovation is regressed simultaneously on the predictor and mediating variables (see

Table III, equation 1, step 3), the relationship between documentation and innovation

decreased in magnitude (from b ¼ 0:439 to b ¼ 0:102), and turns insignificant. According to

Baron and Kenny (1986), this suggests a full mediation. The same finding applies to the

relationship between knowledge sharing and innovation: the initially significant link between

knowledge sharing and innovation (b ¼ 0:596) becomes nonsignificant (b ¼ 0:105) when

knowledge creation is entered to the equation (equation 2, step 3). Similarily, the relationship

between knowledge acquisition and innovation turns insignificant in step 3 (from b ¼ 0:345

to b ¼ 0:013). Based on these results, H1 is accepted and H2 is rejected.

H3a-H3d predicted that knowledge intensity impacts all knowledge processes. This

assertion was examined by regressing each knowledge process onto knowledge intensity.

The results, exhibited in Table IV, demonstrate that knowledge intensity positively impacts

documentation, knowledge sharing, knowledge acquisition and knowledge creation. While

the impact on documentation and knowledge acquisition is rather small, knowledge intensity

explaining 2 percent to 4 percent of their variation, it is statistically significant. On the other

hand, knowledge intensity seems to have quite a large impact on knowledge sharing and

knowledge creation (12 percent and 16 percent respectively). Thus H3a-H3d are accepted.

Table III Mediating effects of knowledge creation on innovation

Step Criterion Predictor b t Adj. R2

1 Knowledge creation Documentation 0.619 11.589* 0.381
2 Innovation Documentation 0.439 7.188* 0.189
3 Innovation Documentation 0.102 1.768 0.510

Knowledge creation 0.654 11.307*
1 Knowledge creation Knowledge sharing 0.723 15.373* 0.520
2 Innovation Knowledge sharing 0.596 10.857* 0.352
3 Innovation Knowledge sharing 0.105 1.503 0.444

Knowledge creation 0.594 8.539*
1 Knowledge creation Knowledge acquisition 0.543 9.508* 0.292
2 Innovation Knowledge acquisition 0.345 5.404* 0.115
3 Innovation Knowledge acquisition 0.013 0.239 0.498

Knowledge creation 0.703 12.771*

Notes: *p ,0.001
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Finally, H4, which predicted that knowledge intensity moderates the relationship of

knowledge processes and innovation, was inspected by running a moderator regression

analysis.

In moderated regression analyses, the criterion was regressed to the predictor in the first

stage, then the moderator was added in the second stage, and the interactive factor was

entered in the third stage. The moderation effect was examined by inspecting the third

model. Support for a moderation hypothesis would exist when:

B the results of the model are significant;

B the interaction term is significant in the hypothesized direction; and

B the values for the changes in R 2 resulting from the introduction of the interaction term and

its associated F were significant.

If these conditions are fulfilled, the inclusion of the interaction variable is considered to

increase the explanatory power of the model.

Results of the moderator regressions are exhibited in Table V. Concerning documentation,

there is a significant interaction between knowledge intensity and documentation (p ,

0.001). The negative sign indicates that firms in less knowledge-intensive conditions will

benefit more from documentation activities for knowledge creation purposes. The results

Table IV Regression results for knowledge intensity and knowledge processes

Criterion Predictor b t Adj. R2

Documentation Knowledge intensity 0.202 3.031** 0.036
Knowledge sharing Knowledge intensity 0.356 5.602*** 0.123
Knowledge acquisition Knowledge intensity 0.158 2.358* 0.021
Knowledge creation Knowledge intensity 0.407 6.554*** 0.161

Notes: *p , 0.05; **p , 0.01; ***p , 0.001

Table V Results of the moderator regression analyses

Model Criterion Predictor b t Adj. R2 Change R2

1 Knowledge creation Documentation 0.659 13.499*** 0.431
2 Knowledge creation Documentation 0.626 13.058*** 0.475 0.046***

Knowledge intensity 0.217 4.531***
3 Knowledge creation Documentation 0.994 7.480*** 0.492 0.019**

Knowledge intensity 0.570 4.444***
Knowledge intensity £ Documentation 20.563 22.957**

1 Knowledge creation Knowledge sharing 0.747 17.303*** 0.556
2 Knowledge creation Knowledge sharing 0.715 15.994*** 0.568 0.014**

Knowledge intensity 0.122 2.723**
3 Knowledge creation Knowledge sharing 1.037 9.328*** 0.584 0.018**

Knowledge intensity 0.496 3.918***
Knowledge sharing £ Knowledge intensity 20.570 23.151**

1 Knowledge creation Knowledge acquisition 0.629 12.446*** 0.393
2 Knowledge creation Knowledge acquisition 0.592 11.728*** 0.429 0.039***

Knowledge intensity 0.201 3.982***
3 Knowledge creation Knowledge acquisition 0.694 4.765*** 0.428 0.001

Knowledge intensity 0.298 2.149*
Knowledge acquisition £ Knowledge intensity 20.158 20.749

1 Innovation performance Knowledge creation 0.667 13.797*** 0.445
2 Innovation performance Knowledge creation 0.669 12.955*** 0.441 0.000

Knowledge intensity 20.005 20.099
3 Innovation performance Knowledge creation 0.752 6.042*** 0.440 0.000

Knowledge intensity 0.094 0.651*
Knowledge creation £ Knowledge intensity 20.152 20.735

Notes: *p , 0.05; **p , 0.01; ***p , 0.001
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also indicate a significant interaction between knowledge intensity and knowledge sharing

(p , 0.01). Here also the sign of the beta coefficient is negative, indicating similarly a more

pronounced relationship between knowledge sharing and knowledge creation in less

knowledge-intensive conditions.

Concerning knowledge acquisition, the interaction with knowledge intensity is non

significant, so the incorporation of the interaction term of the degree to which the firm

functions in a knowledge-intensive industry and knowledge acquisition does not contribute

to improving the explanation of knowledge creation. Similarily, there is no moderation impact

of knowledge intensity on the relationship of knowledge creation and innovation.

In sum, knowledge intensity moderates the connection of documentation and knowledge

creation, and the connection of knowledge sharing and knowledge creation. However the

moderation effect is negative, unlike expected. There is no moderation effect for the

relationship of knowledge acquisition and knowledge creation or for the relationship

between knowledge creation and innovation. Thus H4 is rejected.

5. Conclusions

In this paper the authors set out to examine innovation as a knowledge-based process.

A model of innovation being powered by four types of knowledge processes: knowledge

creation, documentation and storage, knowledge sharing and knowledge acquisition was

proposed. It was also hypothesized that knowledge-intensity would impact knowledge

processes and their relationships with innovation.

The results demonstrated that while all knowledge processes have a beneficial impact on

innovation, knowledge creation impacts innovation the most and fully mediates the impact of

documentation, knowledge sharing and knowledge acquisition on innovation. Furthermore,

knowledge intensity increases all knowledge processes. Knowledge intensity also

moderates the relationship of documentation and knowledge sharing with knowledge

creation. The interaction effect is negative, meaning that firms in less knowledge-intensive

conditions will benefit more from documentation and knowledge sharing for their knowledge

creation purposes, and ultimately innovation.

The key contribution of this study is the more specific articulation and empirical examination

of relationships between knowledge-related processes and innovation. To achieve this,

mediation and moderation effects were examined in addition to direct impacts among the

study variables. There is plenty of literature stating the nature of innovation as a

knowledge-based process (e.g. Pérez-Bustamante, 1999; Carneiro, 2000; Goh, 2005; Tidd

et al., 2005; Basadur and Gelade, 2006, du Plessis, 2007; Xu et al., 2010), and studies that

discuss the impact of various knowledge processes on innovation outcomes (e.g. Smith

et al., 2005; Darroch, 2005; Chou, 2005; Matusik and Heeley, 2005; Leiponen, 2006; Brachos

et al., 2007; Chang and Lee, 2008; Deng et al., 2008; Taminiau et al., 2009). However, these

papers tend to focus mostly on one or two knowledge processes, to examine the direct

impact of knowledge processes and to overlook the possibility of mediated relationships. In

contrast, in this paper the comprehensivemodel of four knowledge processes was used and

the role of knowledge creation as the main knowledge process impacting innovation was

clarified. The results demonstrated that the effect of other knowledge processes on

innovation is, in fact, mediated by knowledge creation. Thus knowledge creation is the key

knowledge process impacting innovation. Activities aimed at documenting and storing

organizational knowledge, sharing knowledge in intra-firm interaction, and acquiring

knowledge from external sources provide material for knowledge creation processes, where

new ideas and approaches are developed, which then can be implemented and

commercialized for producing innovations. These findings are in line with some prior

research (Matusik and Heeley, 2005). This more complex explanation of the interlinkages of

knowledge processes for innovation informs future studies on how to understand these

issues.
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Furthermore, the role of knowledge intensity in knowledge-based innovation has not been

previously studied. Interestingly, many of the studies that discuss the relationships between

knowledge processes and innovation are based on data from knowledge-intensive firms

(e.g. Hargadon and Sutton, 1997; Willoughby and Galvin, 2005; Smith et al., 2005; Chaston

et al., 2005), however, current literature does not provide much evidence on whether the

findings of such studies would apply to less knowledge intensive sectors. To bridge this gap

in current research, both the direct impacts and moderation effects of knowledge intensity

on knowledge processes and innovation performance were examined. Here an interesting

finding emerged that knowledge intensity negatively moderates the impact of

documentation and knowledge sharing on knowledge creation. This again provides a

more in-depth understanding of the functioning of knowledge in innovation process.

The somewhat surprising finding can be interpreted in terms of exploitative and explorative

knowledge application processes in organizations (March, 1991). Perhaps firms in less

knowledge-intensive conditions have to exploit more the explicit (documented) and tacit

(made collective by knowledge sharing) knowledge which already exist in their company for

knowledge creation purposes, while firms in highly knowledge-intensive conditions should

rather explore new knowledge as material for knowledge creation, and therefore not have so

much use for already existing knowledge of the firm.

Another potential interpretation of the finding related to the negative impact of knowledge

intensity on knowledge documentation might be linked to the scope of application of tacit

knowledge in more vs less knowledge intensive environments. To the best of the authors’

knowledge, there are no studies that contrasted the amount of tacit vs explicit knowledge

used in more or less knowledge intensive businesses, moreover, such study might appear

impossible due to the specifics of tacit knowledge (Spender, 1993). However, one can argue

that the more intensive usage of and dependence on knowledge would lead consequently to

more usage and dependence on its tacit component. As tacit knowledge by its nature

cannot be documented, this would logically decrease the usage of documentation in such

organizations.

The findings of this study are also of particular interest for the research stream on absorptive

capacity. It has been widely accepted within this literature that external knowledge

acquisition has a direct impact on organizational innovativeness (Powell et al., 1996;

Pittaway et al., 2004; Deng et al., 2008; Chang and Lee, 2008; Fabrizio, 2009). The findings

of this study, however, suggest, that this impact is not direct but mediated by knowledge

creation process. These results do not undermine the importance of external knowledge

acquisition, but they suggest that managers, if they want to sustain the innovativeness in

their companies, need to take care not only of knowledge acquisition but of knowledge

creation as well. The findings on the moderation effect of knowledge intensity also bear

implications for absorptive capacity literature. Indeed, while knowledge acquisition has

been frequently portrayed as especially important for knowledge intensive sectors, and

many empirical studies on absorptive capacity focused on such industries (e.g. Matusik and

Heeley, 2005; Deng et al., 2008; Fabrizio, 2009), the findings from this study suggest that

less knowledge intensive sectors benefit from knowledge acquisition equally.

This study also leads to some practical implications. First, its results demonstrate the

important role of knowledge processes for innovation. For the practicing managers

intending to increase the rate of innovation in their firms, this means that knowledge

management is an important activity to master. The managerial lesson from the findings

presented above is that, if priorities are to be set, enabling and maintaining knowledge

creation process should be the first issue to invest in. In its turn, knowledge creation can be

promoted by supporting intra-firm knowledge sharing, external knowledge acquisition, and

knowledge documentation. Second, the degree of the knowledge intensity of the company

should be considered as an important contingency in the decision making about knowledge

management priorities. The findings of this study suggest that for less knowledge intensive

firms, knowledge documentation and intra-firm knowledge sharing are especially effective
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ways to increase knowledge creation, and thereby innovation, while for more knowledge

intensive firms, also the focus on acquiring external knowledge will significantly pay off.

This study has addressed gaps in previous research on knowledge processes, knowledge

intensity and innovations, yet the interpretations proposed are still subject to certain

limitations. This study was based on a dataset from three countries: China, Finland and

Russia. This means that there were big contextual differences between the observations in

the data collected. While it was found that there were no major systematic differences

between the different countries in the analysed dataset, the cross-country differences in

knowledge-based innovation processes still present a topical research problem. The more

specific examination of the country differences in knowledge management should be

conducted in further studies, with large datasets from different countries. Larger datasets

would also allow testing the proposed comprehensive model with structural equation

modelling technique that could allow examining simultaneous interaction among all of the

variables in the model. Indeed, findings of this study suggest that mediation and moderation

analysis are fruitful avenues for further research that may lead to a better understanding of

such complex phenomena as knowledge processes and innovation.
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