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“Do you know what my favorite renewable fuel is? An ecosystem for
innovation”.
Thomas Friedman
https://www.brainyquote.com/quotes/keywords/innovation_2.html

We are delighted to have this possibility to present you with the new issue of the
International Journal of Transition and Innovation Systems – IJTIS. Developed over the
past six years, the IJTIS has been widely recognised by both scholars and policy makers
to enlighten how relations between a set of different, nationally bounded countries, firms,
institutions and individuals supports and facilitates innovation and technological change
and the appearance and diffusion of new knowledge. The IJTIS makes available different
frameworks by which countries, firms and researchers can adopt, increase and recognise
purposes of catching up.
In the first paper: ‘Evaluating firms’ innovation decision and innovation intensity in
EU-13: differences between high-tech and low-tech firms’, the two scholars from
Kosovo, Besnik A. Krasniqi and Agon Dula, studied the differences in the
innovation-performance relationship between high-tech, medium and low-tech firms,
using modified Crepo, Duguet and Mairesse model. The huge sample that they used,
49,760 firms from 13 EU member states, suggest that having a higher share of employees
with higher education increases probability of investing in innovation. Thus, practical
implication suggests that innovation activities are equally important for firms’ success
and performance regardless of being high-tech or low-tech firms and the size of the
sample strongly confirm the generalisability of the findings.
In the second paper: ‘The effects of felt accountability and role ambiguity on
organisational commitment: a replication of results analysing social network analysis’,
the US team composed by Jacob W. Breland, Mary Dana Laird, Sonya Bhakta and
Kenneth Zantow examined moderating effects of role ambiguity on the felt
accountability-organisational commitment relationship using the conflict theory of
decision making as a theoretical foundation. Using data from the USA healthcare
provider they provided a new measurement approach for an important organisational
Copyright © 2016 Inderscience Enterprises Ltd.
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stressor. In particular, data suggest that as felt accountability increased, employees who
perceived low levels of role ambiguity experienced more continuance commitment, but
those with high role ambiguity perceptions experienced less continuance commitment.
In the third research: ‘A methodology for characterising innovation systems –
revisiting the agricultural innovation system of Azerbaijan’ published in this issue,
Tugrul Temel introduced a graph-theoretic methodology for characterising innovation
systems applied to characterise the agricultural innovation system of Azerbaijan. He
identified for relevant characteristics: private consultancy component, external assistance
component, policy component, and private farming component. This finding revels that
private consultancy component should be considered the main source of information and
knowledge, while policy component be considered as the main sink of the final impact of
an innovation policy intervention. Moreover, the findings suggest that innovation and
research policies are endogenous to the developments in the private consultancy, external
assistance and the private enterprise components. Thus, innovation and research policy
makers in agricultural innovation system should consider the implications of the
characteristics uncovered on the design, implementation and impact assessment of
innovation and research policies.
In the fourth paper: ‘Relationship between past experience, social network
participation and innovative capacity: Vietnamese entrepreneurship in transition’,
Quan-Hoang Vuong, Quang-Hoi Vu and Thu-Trang Vuong, stressed the relationship
between past experience, social network participation and innovative capacity in
transitional entrepreneurship environment. She focused on entrepreneurs in Vietnam to
empirically explore the influence that past entrepreneurial efforts may on the perceptions
of entrepreneurs about their own creative performance. In addition, the paper also seeks
to understand how entrepreneurs’ social networks contribute to perceived innovative
capacity by entrepreneurs who participate in those societies. Thus, the findings suggest
that entrepreneurs with business experience and active networking engagement are more
likely to believe in their own innovative capacity.
The fifth paper: ‘Duality of business cybernetics and system(s) theory in
consideration of business systems’, written by Vojko Potocan and Matjaz Mulej, pointed
out the duality of business cybernetics and system theory in consideration of business
systems. In fact, innovation results from interdisciplinary cooperation, which is hardly
supported by the traditional sciences and practices. Moreover, using systems theory,
cybernetics, and business cybernetics, the authors try and help others understand, the
concept of duality in connection with the concepts of the above mentioned science about
interdependence.
In the sixth paper: ‘Business ecosystems requirements for big data’, the
Slovenian-based team composed by Igor Perko and Peter Ototsky highlighted how big
data radically disrupts the world perspective providing potentials for redefinition of
individuals, organisations and whole ecosystems. The paper analyses the gap between the
current issues in organisations and business ecosystem and their desired state. Using
various systemic research tools such as business cybernetics, system viability, requisite
variety and requisite holism the paper compare the posted requests with big data state of
excellence and research trends and provides a requisitely holistic set of requests for big
data, required for individuals, organisations and whole ecosystem.
Finally, the last paper: ‘Duality or dialectics of tourism and safety management’,
written by Teodora Ivanuša and Gašper Hribar, analysed the duality or dialectics of
tourism and safety management. In particular, tourism and safety management is a
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pressing case of such a duality, requiring interdisciplinary behaviour of all and only
essential professionals, which differ from each other and therefore cooperate creatively.
Thus, the paper emphasises the weakness of duality or absence of duality in the case of
dialectics of tourism and safety management highlighting that neither tourism managers
nor the security/safety community nor the government feel a sufficient need for creative
inter-disciplinary cooperation about safety and related necessities. A model is offered
here: social responsibility can informally support systemic behaviour, including issues of
security and safety in tourism.
Referring from the interest afforded to IJTIS in practice and academia – whether in
general or specialised papers – innovation systems and innovation discussed through
different fields, approaches, lenses as bricolages have received their equitable place at the
stand of social science phenomena. Still, there is much to find out and most of this
significant work will be published.
It is my hope that IJTIS will play a important role in increasing scientific practice in
our field by distribution the right indications with admiration to targets and
encouragements we give to authors. I trust too that our editorial strategy will set a good
example and contribute to putting in place some of open questions that challenge
discipline.
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intensity in EU-13: differences between high-tech and
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*Corresponding author
Abstract: We study differences in the innovation-performance relationship
between high-tech, medium and low-tech firms, based on modified Crepo,
Duguet and Mairesse (CDM) model. We investigate determinants of innovation
incidence and intensity based on survey of 49,760 firms from EU-13. Results
show that having a higher share of employees with university education
increases probability of investing in innovation. The important strategic and
aesthetic changes on products have positive impact innovation decisions.
Organizational rigidities, lack of information on technology, and insufficient
flexibility of regulations or standards, have a negative impact on probability to
innovate. Firm perceiving economic risk to be excessive invest less in
innovation. Among spill-over effects, only the variable national competitors
and other firms from the same industry has a significant and positive impact on
both innovation decision and innovation intensity. Findings suggest that
innovation is equally important for firms’ performance in both high-tech and
low-tech firms. The study concludes with some managerial implications.
Keywords: innovation decision; innovation intensity; high-tech; low-tech; EU.
Reference to this paper should be made as follows: Krasniqi, B.A. and
Dula, A. (2016) ‘Evaluating firms’ innovation decision and innovation intensity
in EU-13: differences between high-tech and low-tech firms’, Int. J.
Transitions and Innovation Systems, Vol. 5, Nos. 3/4, pp.194–230.
Biographical notes: Besnik A. Krasniqi completed his MA and PhD in
Economics from Staffordshire University (UK). He was a Fulbright
post-Doctoral Scholar at Indiana University (USA). He teaches small business
and entrepreneurship at University of Prishtina and is Director of
Business Support Centre Kosovo. His career spans teaching and research in
entrepreneurship at Maastricht School of Management (NL), Indiana
University (US) and University of Michigan (US). His main expertise and
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research interests include determinants of entrepreneurship and small business
growth, financial obstacles facing SMEs, SME policies, institutions and private
sector development in transition economies, and innovation behaviour of firms.
His work in the area of firm growth, institutions, SME finance, and transition
economies appeared in international journals such as Small Bus Econ and Int.
Entrep. Manag. J.
Agon Dula holds MSc in Economics for Business Analysis from Staffordshire
University (UK). He has a wide range of experiences in the banking and
business consultancy sector. Currently he is Head of Business Development
Component at Community Development Fund in Kosovo. He has vast
experience in teaching entrepreneurship and business courses in Kosovo.

1

Introduction

During the last decades, innovation literature identified the ‘knowledge economy’ with
information and communication technologies (ICT) and high technology industries as the
leaders of innovation and technological change. The expansion of the events such as
IT-revolution and the increased role of knowledge in the production process have caused
increased dynamics and uncertainty. As a result of their involvement in engineering,
design and practical knowledge activities (more on this later), these developments have
generated opportunity for small firms to act as agents of change and hence contribute to
economic growth (Audretsch and Thurik, 2000; Leyden and Link, 2013).
Most of the analyses of innovation activities have focused on science/knowledgebased industries while there is a lack of studies addressing the differences between low
and high tech differences. Although high tech industries are hailed as major contributors
to R&D activities, medium and low-tech industries, which are the users of new
technology, have been generally ignored despite the fact that they account for the bulk of
output and employment in most economies (Hirsch-Kreinsen et al., 2003; Czarnitzki and
Thorwarth, 2012). In addition, medium technology industries also serve as the vehicle for
the diffusion and knowledge spillover – a feature that is particularly important when
policy issues are considered. Therefore there is a need for more studies controlling for
low tech and high tech sectors (see Martinez et al., 2016).
To address this gap in the literature, the article adopts the modified CDM1 model to
investigate following research questions:
a

what are the differences in the innovation-performance relationship between hightech, medium and low-tech firms

b

to investigate and measure impact of exports, employees’ education, patent
applications, turnover, ongoing and abandoned innovation activities and innovation
incidence and intensity and whether these determinants have different impact in
different EU countries.

The rest are summarised into groups: the enterprises’ most significant market, obstacles
to innovation, sources of information for innovation and spillover effects. The data set on
which the estimation is based is a large sample survey of 49,760 firms from 13 EU
member states containing information for the period 1998–2000. Although our study uses
rather old data, the importance of these underlying relationships in the paper and related
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conclusions remain important in this research area (see Krasniqi and Mustafa, 2016 for
similar approach)
The study is structured as follows. The following section introduces a critical review
of the literature on the determinants of innovation and the impact of innovation on firm
performance, differences between high-tech, medium and low-tech firms and spillover
effects. Section three specifies the model to be used for the estimation and presents the
empirical findings on innovation incidence and intensity. The last section concludes.

2

Literature review

In general, studies of the innovation-performance relationship have focussed on the
science-based industries, since the most advanced economies are moving towards greater
dependence on knowledge-based economy, information and high skill levels. The aim of
this section is to critically review the literature on the determinants of investment in
innovation and the impact of innovation on firm performance, with special reference to
possible differences between firms in high-tech and low-tech industries.

2.1 The impact of innovation on firm performance
OECD through its Oslo Manuals and the EUROSTAT through the Community
Innovation Surveys provides one of the greatest contributions to innovation studies.
Mohnen and Dagenais (2002) posit, the Oslo Manuals and CIS emerged from the need to
capture “a wider range of non R&D activities (the acquisition of patents and licences,
product design, personnel training, trial production, and market analysis) and innovation
output indicators other than patents (the introduction of new products, processes and
organisational changes, the percentage of sales arising from products new to the industry,
and the share of products at various stages of the product-life cycle) and information
about the way innovation proceeds (sources of knowledge, the reasons for innovating, the
perceived obstacles to innovation, the perceived strength of various appropriability
mechanisms, and the recourse to research cooperation). These are the main innovation
activities which can affect firm performance”.
According to the Oslo Manual (OECD, 1997b) there are three kinds of innovation
activities: Successful, which have led to the creation of new products/processes; aborted,
which have run into difficulties for different reasons and are cancelled; and ongoing
activities, which have not got produced yet. Firms which we will consider as innovating
firms are those with successful innovating activities during a certain period of time. As
Mohnen and Dagenais (2002) posit, from the variables related to R&D (R&D
expenditures, continuous R&D programmes and R&D cooperation), one that has a
positive and significant effect on the amount of innovation is R&D done on a continuous
basis. This shows that the continuous nature of R&D rather than occasional R&D affects
significantly the innovative output emphasising in this way the importance of the
historical accumulation of knowledge. Thus, to see whether innovation activities have
any impact on firm performance the model used in this paper controls for ongoing and
abandoned innovation activities. This is possible with the CIS 3 data set used for this
analysis.
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The innovation process is one of the most important processes which have an
indisputable impact on firm performance and economic change in general. Firms
innovate to maintain their competitive position and seek competitive advantages.
Innovation activities result in technological change which creates new opportunities and
bigger possibilities for investment in productive capacities, inducing an increase in the
level of income and creating new jobs. There are three kinds of investments open to firms
which want to invest in innovating activities: strategic, R&D and non-R&D (OECD,
1997b). According to the Oslo Manual, many surveys show that the innovation activity is
far more widespread than suggested by R&D data and that R&D is highly concentrated,
both industrially and geographically. The knowledge based economies of OECD show
that high-technology industries, such as electronics, computers and aerospace are
expanding very fast in output and employment. However, ‘scoreboard of indicators’2 of
OECD shows a negative long-term growth rate of employment in high-tech
manufacturing in most of the OECD countries, including the USA, where employment
declined at a faster rate in high-tech than in manufacturing [OECD, (1997a), p.9]. On the
other hand, there are several successful low-tech companies, such as design oriented
firms (IKEA, Benetton and H&M) which through economies of scale and integration
reached mass markets (Hirsch-Kreinsen et al., 2003). The structure of R&D data
collection in OECD economies defined by R&D definitions in the OECD’s Frascati
Manual,3 exclude a range of activities that engage in creation and use of new knowledge,
while the OECD’s Oslo Manual includes design activity explicitly in their surveys which
collect data on design expenditures. Moreover, an important predictor of innovation
performance at firm level is considered the expenditures on design (Hirsch-Kreinsen
et al., 2003).
An important issue regarding innovation is the determinants of innovative activities.
Geroski et al. (2002) tried to explore the determinants of corporate innovative activities
through a dynamic three-equation model linking counts of major innovations, counts of
patents produced, and cash flow. They found that it is patents which lead to further R&D
development; R&D does not affect patents, rather patents appear to ‘cause’ innovations.
According to them, patents seem to be more sensitive to supply-side factors such as R&D
spending, while innovations seem to be more sensitive to variations in demand. In
contrast, cash flow affects only the timing of innovations rather than the total volume of
innovations produced.
Another work on the determinants of innovative activity by Baldwin et al. (2000) uses
data from the 1993 Canadian Survey of Innovation and Advanced Technology to
examine the differences between firms that innovate and those that do not. They stated
that R&D is an important factor contributing to innovation, meaning that firms that have
an R&D capability have a higher probability of introducing an innovation compared to
those that do not. Some of the key issues addressed by them are that patents were found
to be the key form of protection for innovation. However, Cohen et al. (1996) and
Baldwin (1997) present evidence from the USA and Canada that protecting intellectual
property through being first in the market, using trade secrets, and developing complex
designs, are more effective ways of protection than patents, even though they tend to be
used when an innovation occurs. Baldwin et al. (2000) found that size also shows a
positive relationship to innovation. Similarly, Krasniqi and Kutllovci (2008) found the
positive effect of size on innovation in their study of six transition economies. Larger
firms are found to be more innovative, while lack of competition does not affect
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innovation positively. More precisely, with the increase of competition, the probability of
innovating first increases and then decreases.
In addition to studies on the determinants of innovative activity, Cabagnols and Le
Bas (2002) study the microeconomic determinants of the innovative behaviour of French
manufacturing firms. Their results were consistent with the literature, emphasising the
importance of the sources of technological knowledge. They showed that process
innovation seem to get promoted by upstream sources, while product innovation was
encouraged by horizontal and downward links. On the other hand, Martinez-Ros and
Labeaga (2002) argued that the higher the degree of vertical integration, the lower the
probability of innovation in both product and process. They also found firm size to be
more important for product innovation than for process innovation. Likewise, they
showed that experience affects the probability of product innovation much more than
process innovation. Cabagnols and Le Bas (2002) found that stronger competition (in a
sense of lower Herfindahl Index) induces more process innovations, while technological
competition encourages more product innovations. Regarding the product and process
innovations, they are mainly developed by large firms, underlining in this way the
importance of firm characteristics. Furthermore, firm diversification is positively related
more to innovation products than processes, which is consistent with theoretical
expectations. Martinez-Ros and Labeaga (2002) argued that high-capital-intensive firms
tend to innovate more in products than in processes. They also found that managerial
ability, corporate culture and know-how are important determinants for innovation,
especially for Spanish manufacturing firms which is the focus of their analysis.
The impact of successful innovation activities on firm performance can be measured
by percentage of sales growth, market share or more generally by employment growth
obtained from new or improved products or processes. Furthermore, R&D as one of the
main innovation inputs is still just an input and even though it is closely related to
technological change, it does not measure it, which at the same time presents one of the
limitations of R&D data on innovation activities. Hashi and Krasniqi (2011) and Krasniqi
and Desai (2016) found that innovation activities of firms have positive impact on firm
growth in transition economies.
There are also other efforts of firms and sources of technological change, such as
design work, marketing, human skills, learning-by-doing, etc. which are not directly
included in the R&D definition. As Pavitt (1982) claims, R&D statistics can be
misleading regarding small firms which do not have formal R&D units, since innovative
activities such as design work and engineering development are neglected. This is not the
case with large firms which have R&D units in their activity. Also Stead (1976) claims
that there are at least six other activities along with R&D that are needed for an
innovation project to be complete, such as new product marketing, patent work, financial
and organisational changes, final product and design engineering, tooling and industrial
engineering, manufacturing start-up. In this regard, the study of small firms’ behaviour in
the economic analysis of technological change should be based also on other innovation
inputs where the intensity of these non-R&D activities is predominantly high in small
firms. Hamngren et al. (1995) showed that the mobilisation of creativity and knowledge
which contributed to significant increase in productivity and quality performance are the
result of advanced reorganisations of industries. This means that except R&D, new
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organisational approach of different industries included other innovation activities, such
as design engineering, marketing, human skills, learning-by-doing, etc. Another idea
supported by Hirsch-Kreinsen et al. (2003) is that spatial proximity facilitates inter-firm
co-operation and promotes innovation, interactive learning and the development of
competitive advantage.
Kumar and Siddharthan (1994) found that R&D expenditure to be a significant
determinant in low and medium Indian technology industries, implying that the
competitive advantage in India is not in the high technology sectors, while innovation has
a positive impact on the performance of other sectors related to low and medium
technology industries. Sterlacchini (1999) has shown that non-R&D innovative activities
of small firms, such as those mentioned above, do matter, even though their innovative
efforts are focused on activities different from R&D.
Innovation activities have also an important impact on export performance of firms
which is another significant indicator of firm performance, especially for SMEs
(see Krasniqi and Desai, 2017; Krasniqi, 2012). For instance, SMEs are “directly
producing about 20% of OECD exports and about 35% of Asia’s exports”
[OECD, (1997a), p.7]. Hirch and Bijaoui (1985) explained the rate of change of exports
through the share of R&D employees in a cross-section analysis of 111 Israeli firms
which performed R&D. When controlling for firm size, they found a positive and
significant relationship. Also, Ito and Pucik (1993) found that, when the size variable
(total assets) was dropped from the regression, the ratio of R&D expenditures to sales
significantly impacted the export performance. Wakelin (1998) found that determinants
of export behaviour vary between innovating and non-innovating firms, suggesting that
that higher cost firms are less likely to export, while for innovating firms the positive
impact on exports may indicate goods which are less price sensitive meaning that
innovating firms export higher quality.
An interesting work on innovative capabilities as determinants of export performance
was undertaken by Lefebvre and Lefebvre (2001). According to them, ‘in-house R&D
not only generates innovations but also allows firms better to assimilate external
technological knowledge. R&D is therefore viewed as one of the prime factors
influencing export performance’, [Lefebvre and Lefebvre, (2001), p.6]. Results show that
innovative capabilities are strong determinants of export performance, while their
importance differs consistently with the knowledge intensity of the industrial sectors in
which they operate. High-knowledge industries show a positive and significant
relationship between technological capabilities and export performance while commercial
capabilities appear more silent in low-knowledge industries. Alternatively, Folkeringa
et al. (2005) investigate the impact of innovation on firm performance and suggest that,
on average, firms have reached a small positive turnover growth, and indicating that
knowledge creation and knowledge diffusion are very important to the success of
innovative efforts in small firms.

2.2 Importance of innovation for low-tech and high-tech firms
The economic classification of firms into high-tech, medium-tech and low-tech industries
was first presented by OECD (1986). The ratio of R&D expenditure to output was the
primary basis of this taxonomy (Hirsch-Kreinsen et al., 2003). First, there was a
three-position taxonomy: high-tech (ICT, pharmaceuticals, etc.), medium-tech (vehicles,
chemicals, etc.) and low-tech (textiles, food, etc.) industries, related to the manufacturing
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sector and according to R&D intensity-the percentage of total revenue allocated to R&D
(OECD, 1986). This classification sought to differentiate ‘science-based’ or ‘knowledge
intensive’ industries that are characterised by higher R&D/turnover ratio from those with
low R&D/turnover ratio (Hirsch-Kreinsen et al., 2003). A big problem of this
classification is that, the high-tech sectors are very small; therefore this classification was
substituted by a four-position model (OECD, 1994) used in this paper for separating
small, medium and high-tech industries:
R&D/turnover > 5% – high-tech industries
5% > R&D/turnover > 3% – medium high-tech industries
3% > R&D/turnover > 0.9% – medium low-tech industries
0.9% > R&D/turnover > 0% – low-tech industries
An important issue regarding R&D is its concept. Hirsch-Kreinsen et al. (2003) stress
that industries use R&D to create knowledge in a variety of ways. Furthermore, whether
science related activities are more efficient or induce more growth than other knowledge
activities is an empirical question. On the other hand, these authors maintain that the
‘development’ concept in R&D should include all activities related to innovation which
involve the creation and use of new knowledge, such as design, the expenditure on which
is an important predictor of innovation performance at firm level. Hirsch-Kreinsen et al.
(2003) have argued that it is an essential mistake to identify knowledge intensive
industries with high-R&D activities. They suggest that low and medium-tech industries
too involve major engineering, design and other practical knowledge which comprise a
very complex knowledge base in their activity, using also formal or codified scientific
knowledge and high-tech machinery in their production systems. In this line,
Mangematin and Mandran (2001) argue that despite the low research spending, about
70% of agro-food industry firms are involved in innovative activities. They argued that
the propensity of agro-food firms to innovate is not different from that of high-tech
industries, where R&D spending exceeds 5% of their turnover. This explains the reason
why Hirsch-Kreinsen et al. (2003) reject one of the key elements of modern innovation
theory which divides low-tech sector as based on tacit knowledge and high-tech sector as
intensive user of codified knowledge. The authors suggest that collaboration and
networking between high-tech and low-tech companies of different industries at national
and trans-national level, is a prerequisite both for the innovativeness of production
systems and competitiveness of individual companies, emphasising in this way the
importance of the development of low-tech sector for countries’ economies.
The knowledge economy is usually identified with a small number of science-based
activities, mainly ICT and high technology industries such as biotechnology,
pharmaceuticals, etc. Carson (1998) mentions two important changes which are
happening in the economies of industrialised countries in Europe as a consequence of
increased knowledge intensity. First is the movement of industrial production from its
traditional sites to developing countries, with the textile industry displacement from rich
countries to developing economies being a good example in the last decades, and the
second change is the shift of the economic activity balance from manufacturing to
services. These changes have been the subject of many debates, especially in Western
countries where these changes were seen as a process of de-industrialisation of these
countries and there was also a great concern that many industries are going to close down
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as many basic activities move to developing countries (Frobel et al., 1977; Dertouzos
et al., 1989). However, the argument that only high technology, knowledge intensive
activities would survive in rich countries as a result of these changes has been opposed by
Hirsch-Kreinsen et al. (2003), who pointed out that while a change is under progress it is
not destructive. According to them this is a reorganisation of industrial sector of many
countries in a new economic environment. They posited that some traditional or low-tech
industries are not only still operating in their countries but they are also competitive and
successful on world markets. This is the case with the firms such as IKEA, Benetton and
H&M which are still successful and competitive worldwide since they are involved in
many innovative activities and knowledge work which does not necessarily need to be
related to R&D intensity.
In order to mobilise knowledge and skills, new innovation strategies should be
introduced by companies, which will be used to change their personnel and traditional
organisational structures as well as their style of utilising technologies (Hirsch-Kreinsen
et al., 2003). This is a very important process for all industries, especially in those
countries where low-tech and medium-tech industries comprise the bulk of the industrial
sector. This would help them remain competitive in the market keeping in this way their
economies stable. Based on OECD (1999) figures, there are strong and surprising facts of
empirical evidence that between 90–97 % of GDP in EU countries consists of activities
classified as non-high tech industries. This shows the importance of the use of innovation
activities other than R&D in low and medium technology industries.
Smith (2003) argues that even before the industrial downturn led by high-tech
industries, many of the fastest growing sectors in the economy were neither R&D
intensive nor science-based. An example of such sector is the furniture industry in Europe
which is one of the fastest growing in OECD manufacturing trade. The success of
European competitiveness in this sector is due to process and product innovation
activities characterised by inter-firm collaboration, good quality regional infrastructure
and a highly skilled labour force which helped the transformation of the furniture into a
flexible, design-based and knowledge-based product system (Hirsch-Kreinsen et al.,
2003). This is a good sign for many companies in low and medium technology industries,
especially in South Eastern European countries, economies which depend mainly on
agriculture, manufacturing, mining and extraction, etc. These countries can use different
knowledge-based and innovative activities to revitalise their industries and make them
competitive in the market. This would have a great impact on employment growth and
help the economies of this region meet the challenge brought about by the globalisation
process.
High-tech industries, on the other hand, present another very important story of the
development of the world economy, especially during the last four decades of the 20th
century. Mainly, the modern emphasis on high-tech industries rests on the idea of a
scientification of the innovation process (Hirsch-Kreinsen et al., 2003). However,
high-tech industry covers a small part of economic activities in most countries. For
example, the USA has the largest share of high-tech industries in manufacturing in the
OECD, which in turn is only 15.8% of manufacturing output. There is a major problem in
defining the high-tech sector, with such a small share of output, as a driver of the overall
economic growth (Hirsch-Kreinsen et al., 2003). This is another indication of how
important the innovation activity is for the economic performance and competitiveness of
all countries, especially the EU.
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However, R&D expenditure, as a criteria for defining high-tech and low-tech
industries, is the main innovative activity to support the separation of high-tech industries
from other industries. Generally, high R&D expenditures are more easily afforded by
bigger companies which use R&D to improve their products and services and maintain
their market share through offering better quality products to their consumers.

2.3 The importance of knowledge spillovers
Knowledge spillovers refer to knowledge that a firm acquires from other firms without
compensating them for it and plays a critical role on firm performance. Knowledge that is
relevant to a high R&D-intensity industry may be distributed across many sectors which
then may be used by low-R&D industries. As a result of spillover of their research work
to competitors, there may be a decrease of their research and innovation activities due to
the failure of protection and full appropriation of the results of their own work. It was
Arrow (1962) who first noticed that the incentives of a firm to invest in innovation
decreases if knowledge created by its innovation efforts are transmitted to its competitors
involuntarily. Then, Schmookler (1966) also pointed out that technological progress of a
firm may not be an exclusive result of its own research efforts but also a result of other
firms’ research. Therefore, spillovers have a positive effect on the competitiveness of the
firms that receive knowledge spillovers (Kaiser, 2002). The author posits that in the
presence of spillovers, even if firms decrease their research efforts, the aggregate stock of
knowledge may increase since it comprises both own research efforts and the part of the
research efforts of the other firm spilling over to the firm in question. He maintains that it
is difficult to know the total effect of knowledge spillovers on firms’ research efforts
since these spillovers are immeasurable. Therefore, proxy variables which are usually
based on measures of proximity or technological distance between firms, sectors or
regions, are needed for actual research spillovers. Another spillover channel is spillovers
from FDI which take place when domestic firms become more efficient by copying
technologies of foreign affiliates operating in local market, mainly by observation or by
hiring workers trained by foreign firms (Javorcik, 2004).
Knowledge spillovers have been widely studied and analysed in the economics
literature. Many authors have looked at this phenomenon and its implications through
different perspectives, some of which will be discussed here. Arvanitis and Hollenstein
(2002) investigate the impact of knowledge capital (measured by either by R&D or patent
data) and patents, as well as R&D spillovers on the total factor productivity at the firm
level for the Swiss manufacturing, using a Cobb-Douglas production function. The
results showed positive estimates of the productivity effect of knowledge capital. They
also used a group of characteristics of innovative activity which may have an impact on
the type of knowledge capital used in a firm, all this to further investigate the sources of
knowledge capital heterogeneity. The use of these measures of several characteristics was
found to be informative with respect to knowledge-capital heterogeneity. Moreover, the
amount and the use of external knowledge available to the firm, such as universities, firm
acquisitions and co-operations for product and process innovations, etc. have a significant
positive influence on knowledge capital’s impact on a firm’s total factor productivity
(Arvanitis and Hollenstein, 2002). As a result, the authors found spillovers to have a
significant positive influence on firm performance in Swiss manufacturing, which is on
the same line with the character of this country as a small and open economy with
intensive economic interactions with other countries.
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On the other hand, Kaiser (2002) reconsiders the existing approaches to proxy
knowledge spillovers and studies the quality of alternative ways to create knowledge
spillover variables. In his empirical investigation, he used German services and
manufacturing sectors so he could capture both horizontal and vertical knowledge
spillovers. The author claims that the larger horizontal (vertical)4 knowledge spillovers
are, the higher the possibility that a firm collects information from horizontally
(vertically) related firms. He also emphasises that there are more knowledge spillovers
from vertical related firms simply because the number of vertically related firms is higher
than horizontally related firms.
To calculate different abilities of firms to internalise other firms’ knowledge, three
main suggestions5 are found in literature:
1

distance in ‘technology space’

2

geographical distance

3

‘direct’ measures based on innovation survey data.

They found that knowledge spillovers are best represented by measures of the uncentred
correlation of firm characteristics (based on distance in technological space – Jaffe6
approach), while suggesting that measures of Euclidean distance between firms
characteristics may lead to counterintuitive results.7 Instead of using patent citation data
as Jaffe (1986, 1988) did, Kaiser (2002) used a priori chosen variables, which according
to him best represent technological proximity between firms, such as the shares of high
(university and technical college graduates), medium (workers with completed vocational
training) and unskilled labour in total workforce, expenditures for continuing education
and vocational training of the employees (per employee), labour cost per employee,
investment (scaled by sales) and five variables representing five main factors hampering
innovative activity.8 On the other hand, approaches based on geographical distance
between firms and on ‘direct’ measures based on innovation survey data seemed to work
reasonably well. As Mangematin and Mandran (2001) posit, the presence of a public
research organisation in the surrounding area of firms is one of the characteristics of the
environment of innovative firms. It affects the propensity to innovate, but not the
intensity of innovation. The authors argue that the presence of academic labs in a specific
geographic area seems to stimulate mainly incremental innovations in firms. However, as
a consequence of the great progress of modern ICT, there is a trend for geographical
spillovers to lose their importance as spillover measures since face-to-face relationships
are losing their significance in firms’ innovation procedures as ICT’s move the border
between tacit and codified knowledge (Kaiser, 2002).
The benefits of non-R&D intensive industries from public research spillovers are
studied by Mangematin and Mandran (2001), with special focus on agro-food industry.
They stressed that the expertise from public research and the access to specific equipment
and skilled human resources has an impact on the production and diffusion of knowledge.
This helps SMEs that do not do any internal research to increase their propensity to
innovate. On the other hand, Mangematin and Mandran (2001) also argued that that since
public policy supports formal R&D rather than innovation; this causes low-tech SMEs to
be excluded from public authority support because they lack a formal R&D structure.
Another approach is taken by Favre et al. (2002), who, using data from France, analyse
the effects of spillovers and government subsidies on R&D, on international R&D
cooperation and on firm profits. They found that spillovers have generally positive
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impact on R&D intensity and also on the budget a firm dedicates to international R&D
cooperation. Authors also found that international rent spillovers9 show higher
significance than national spillovers.
Javorcik’s (2004) study using firm-level data from Lithuania examines the correlation
between firm productivity and FDI in the same industry. They found that forward
spillover does not appear statistically significant. In order to be more confident about
isolating the effects of productivity spillovers, the author also controls for other factors
that may influence firm productivity. Alvarez and Molero (2005) also examined the
existence of knowledge spilling over from foreign affiliates to domestic firms. But their
analysis studies spillovers by considering different firms’ R&D intensity. Mangematin
and Mandran (2001) argued that firms that are not engaged in any formal internal
research do not have a weaker propensity to innovate than others. However, the more
firms are engaged in intensive R&D activity, the more they reach technological
breakthroughs. According to Alvarez and Molero (2005), the question is whether or not
knowledge spills over similarly among industries with different R&D intensity, since the
absorption capacity in manufacturing differs among firms. In this regard, some suggest
that the larger the gap between foreign and domestic firms, the greater will be the
potential for technology transfer and spillovers, while others state the opposite claiming
that the higher the domestic absorptive capacities, the higher the expected benefits from
FDI (Cantwell, 1989). Moreover, the weight of FDI in terms of its contribution to
aggregated added value has not been equally distributed among industries, meaning that
the level of absolute penetration has been higher in technology-intensive industries
(Buesa and Molero, 1998). An example is Spain where foreign affiliates are mainly
focused on industries with high-tech opportunities giving greater importance to external
sources of knowledge such as other firms, technological and research centres (Molero,
2000). The results show that in low-tech industries, horizontal spillovers exist in both the
static and dynamic approaches while in high-tech industries both the static and dynamic
approaches show insignificant horizontal spillovers. However, a higher share of foreign
capital in the firms’ assets does not show a significant external spreading of efficiency
improvement. Hence, the predominance of foreign affiliates in high R&D intensity
industries is not a determinant factor of knowledge spillovers in Spanish manufacturing.
On the other hand, the medium-tech industry shows a hybrid situation while low R&D
intensity industries such as wood products show that the significance and sign of the
coefficient of the dummy variable of this industry confirm higher learning effects than in
other industries. This enforces the view that the lower the technology content and the
higher the local absorption capacities, the greater the likelihood of spillovers (Alvarez
and Molero, 2005). On the contrary, the higher the technological level of industries, the
greater the distance between multinational affiliates and Spanish firms meaning that the
knowledge transfer to local firms via spillovers is more difficult. The next section
investigates empirically the determinants of the decision to innovate and of the
innovation intensity, the impact of innovation on firm performance, the importance of
innovation for firms in low-tech and high-tech industries and the importance of
knowledge spillovers.
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Empirical analysis

3.1 Methodology and the econometric model
The model that will be used in this analysis is mainly based on the Crépon et al. (1998)
referred to as the CDM model. The model was modified by Lööf et al., (2001) and Lööf
and Heshmati (2006) and consists of a four-equation production function model:
g * = β 00 + Σ n β n0 xn0 + ε 0

(1)

k * = β 01 + Σ m β m1 x1m + ε1

(2)

t = β 02 + β k k + β MR MR + Σl β12 x12 + ε 2

(3)

q = β 03 + β1t + β −1q−1 + Σ k β k3 xk3 + ε 3

(4)

As Lööf and Heshmati (2006) posited, the objective of CDM model is to consistently
estimate the causal effect of innovation investment on innovation output as well as the
causal effect of innovation output on productivity. The first equation is modelled as a
probit model, where the dependent variable g* is a latent innovation decision10 variable
showing whether firms decide to engage in research or not. In equation (2), k* represents
the level of innovation investment (Lööf et al., 2001). The second equation is modelled as
a tobit model, where, conditional on having decided to make an investment in innovation,
firms decide how much to invest in research.11 So equation (2) shows the amount of
innovation investment per employee. The third equation t represents the knowledge
capital or innovation output which is known as the knowledge production function. It
represents the variations in the amount of innovation output (innovation sales) per
employee among the innovating firms, and the fourth equation q, known as the
productivity equation, represents variations in productivity defined as sales per employee
(Lööf et al., 2001).12 Because the CIS 3 database does not give the exact number of
employees, therefore we cannot calculation of the Innovation Sales per employee or Sales
per employee to proxy for productivity and to use innovation per employee as a proxy for
innovation intensity. So, in the second equation the dependent variable is introduced as
total investment in innovation, while the third equation could not be estimated.
Xs are explanatory variables and MR is the Mills’ ratio variable which is used to
correct for possible selection bias.13 β0 and β1 represent the impact of various factors on
the probability of being engaged in R&D and other innovation activities, while β2
represents the estimated parameters related to the level of innovation output, and β3 is
related to the level and growth rates of productivity. Equations (2), (3) and (4) are related
to each other, which is a problem because explanatory variables are often determined
jointly with the dependent variable, i.e. the innovation input k in equation (2) is an
explanatory variable in the innovation output in equation (3) implying that the innovation
input (k) is endogenous in the knowledge production function in equation (3), and the
innovation output t, is an explanatory variable in the productivity equation (4) implying
that the knowledge capital or innovation output (t) is endogenous in the productivity
equation (4). Therefore, an OLS regression used in the Pakes and Griliches (1984) model,
implying that explanatory variables and disturbances are correlated, is biased and
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inconsistent (Lööf et al., 2001). In this case, the CDM model suggests the reduced form
estimation method. However, Lööf et al. (2001), and Lööf and Heshmati (2006), relied on
the instrumental variable approach as an alternative to the CDM reduced method,
allowing in this way for the two-way causal relationship between productivity and
innovation.
The use of instrumental variables is an important difference between CDM model and
the model used by Lööf et al. (2001), and Lööf and Heshmati (2006). Another important
difference is the estimation of the 1st and the 2nd equation separately from the 3rd and
4th which allows for limited correlation between error terms of the four equations in the
model. So, by splitting the model into two parts, helps avoid the full correlation structure
of the error term imposed when using the CDM approach.14 This leads to a better
estimation procedure and easier-to-interpret results. Knowing the necessity of modelling
correlation among residuals within the two parts and among them, Lööf and Heshmati
(2006) still allow for some degree of correlation by linking the two parts through Mills’
ratio variable which is used to correct for possible selection bias.15 Hence, their approach
is an intermediate one compared to Pakes and Griliches (1984) model which do not allow
for any form of correlation and the Crépon et al. (1998) model which allows for full
correlation between the four residuals.
In Lööf et al. (2001), the 3rd and the 4th equations were estimated together in a 3SLS
simultaneous equation as well as in a 2SLS model, which can be distinguished from the
3SLS model by the incorporation of feedback effects from productivity to innovation
output in 3SLS. The estimations are modelled separately for two distinct groups: all
innovations and radical innovations. Radical innovations are a subset of all innovations,
and are defined as innovations new to both the markets and to the firm. The assumption is
that radical innovations differ from other innovations due to the presence of a weaker
correlation of radical innovations with recent R&D investment and returns to R&D (Lööf
et al., 2001). The two different estimation methods (3SLS and 2SLS) and the two model
specifications (all and radical innovations) are used for the purpose of sensitivity
analysis.16 In general, the CDM approach helps to solve the econometric problems of
selectivity and simultaneity biases.
However, due to technical difficulties17 of CIS3 dataset used in this paper we deploy
a different empirical model. As mentioned above, this model consists of the first two
equations derived from the approach of the CDM model. We model differences in the
specification of the probit and tobit model between Lööf et al. (2001) and that used in this
paper will be given in the Section 3.1.2.

3.1.1 Data and descriptive statistics
3.1.1.1 The data
The empirical analysis of the determinants of the decision to innovate and of innovation
intensity in this analysis are based on the cross section data set ‘The Third Community
Innovation Survey (CIS III)’, which consists of aggregated micro-data sets published by
EUROSTAT. The CIS III is based on a survey of a random sample of 49,761
observations18 from 13 EU member states (Belgium, Bulgaria, Czech Republic, Estonia,
Germany, Greece, Hungary, Latvia, Lithuania, Portugal, Romania, Slovakia and Spain)
and also Norway and Iceland. It is the product of the first internationally introduced and
harmonised survey on innovation at the firm level.
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This data set contains information at the firm level about new or significantly
improved products or processes and related activities in manufacturing and service
industries for the period 1998–2000. There are two kinds of valuable information
emerging from the CIS data; first, the total expenditure on innovation activities, and
second, the percentage of sales revenues associated with the introduction of new
innovative products and services into the market (Lööf et al., 2001). The first refers to the
input, while the second refers to the output of the innovation process.
The CIS III data set offers interesting opportunities through its information for
investigating firm innovation and its impact on the performance of the firm, including the
possibility to see differences, if they exist, between high-tech and low-tech industries,
which is the aim of this analysis. The CIS III data set is an anonymised micro-data set
which allows authorised researchers access19 to a more detailed level of data, which was
the aim of the Eurostat for a long time. Due to lack of access to this detailed level of data,
some of the variables could not be used in this paper, such as size of the firm (Size_98
and Size_00), since the form through which this variable was given in CIS3 could not be
used in the regression.

3.1.1.2 Descriptive statistics
Descriptive statistics for some of the variables used in this study are given in Table 1.
Table 1

The number and proportion of firms that have or have not introduced new or
improved products or processes by country
Have not introduced

Have introduced

Country

Number of firms
(proportion)

Number of firms
(proportion)

Total

Belgium

527 (41.4)

746 (58.6)

1,273 (2.56)

Bulgaria

9,144 (88.96)

1,135 (11.04)

10,279 (20.66)

Czech Republic

2,012 (60.97)

1,288 (39.03)

3,300 (6.63)

Germany

1,240 (42.67)

1,666 (57.33)

2,906 (5.84)

Estonia

1,544 (64.77)

840 (35.23)

2,384 (4.79)

Spain

4,542 (56.61)

3,481 (43.39)

8,023 (16.12)

Greece

1,088 (70.51)

455 (29.49)

1,543 (3.1)

Hungary

688 (72.34)

263 (27.66)

951 (1.91)

Island

344 (50.59)

336 (49.41)

680 (1.36)

Lithuania

1,250 (67.1)

613 (32.9)

1,863 (3.74)

Latvia

1,520 (76.27)

473 (23.73)

1,993 (4.00)

Norway

2,133 (60.12)

1,415 (39.88)

3,548 (7.13)

Portugal

1,013 (56.15)

791 (43.85)

1,804 (3.63)

Romania

5,689 (76.07)

1,790 (23.93)

7,479 (15.03)

Slovakia

1,321 (76.18)

413 (23.82)

1,734 (3.48)

Total

34,055 (68.44)

15,705 (31.56)

49,760 (100)

Of all the countries, 31.5% of the firms have introduced new or significantly improved
products or processes into the market. This percentage is highest in Belgium, where
58.6% of the firms have introduced new or significantly improved products or processes
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into the market. The country with the lowest percentage is Bulgaria where only 11% of
the firms have introduced new or significantly improved products or processes.
Table 2

The number and proportion of firms by technological level

Type of firms by
technological
level

No.
innovation
investment

High_tech

Med_high

med_low

Low_tech

Total

Number of firms
(proportion in %)

35,329
(71)

5,473
(11)

1,494
(3)

3,483
(7)

3,980
(8)

49,760
(100)

Table 2 shows the percentage of firms by technological level20 based on R&D
expenditure as a share of firm turnover. The majority of firms, 71%, have not invested in
R&D, while 11% have invested more than 5% of their turnover in R&D which qualifies
them as high-tech firms. The percentage of medium-high tech and medium-low tech
firms is relatively low, 3% and 7% respectively, while 8% of the dataset fall into the
category of low-tech firms.

3.1.2 Specification of variables
Due to the specificities of the data set the specification of variables in this paper will
slightly differ from that used in Lööf et al. (2001), and Lööf and Heshmati (2006). The
differences will be explained in this section. As in these studies, to ensure that the data
are suitable for estimation purposes, some restrictions were applied on the sample. Data
on Innovation Expenditure for Greece and Norway were inadequate for the calculation of
the Innovation Expenditure/Turnover ratio. Surprisingly, in these two countries firms
have declared higher innovation expenditure than their turnover. This does not seem to be
realistic. As this variable is one of the most important ones given the aim of this paper,
observations on these two countries have been removed. Table 3 below shows the
description of the variables used in the model of this paper.
Table 3 shows all the variables used in the two equations, which assess the firms’
decision to innovate, whereas conditional on having decided to make an investment in
innovation, firms decide how much to invest, with a particular emphasis on the difference
between the High-tech and Low-tech firms. The firm’s propensity and ability to innovate
or their decision whether to engage in research or not is modelled in a binary probit
model.
The dependent variable of the first equation, Innovation Incidence, equals 1 if a firm
is engaged in innovation investment and 0 otherwise. In what follows, each model and
the corresponding explanatory variables are discussed. However, to avoid repetition, if
explanatory variables are discussed in the previous model they will not be referred to
again.21 Based on the findings of different authors mentioned in the literature review, it is
expected that export intensity has a positive impact on the probability of having any R&D
and on R&D intensity, and vice versa. Export intensity is introduced through exports in
year 2000 which is expressed as the proportion of total turnover. Turnover, which is
defined as total sales for the year 2000 is also included. This is expected to have a
positive impact on the decision to innovate. The proportion of employees with higher
education is expected to positively affect the firm probability to innovate. This variable
will be introduced as the proportion of employees with higher education.
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Variable description

Label

Model
specifications

Variable description

Period

Introduction of new or significantly
improved products and processes (goods or
services) onto the market for the enterprise*
(Yes/No)a

1998–2000

√

The proportion of exports to total sales.

1998–2000

√

√

Eq.1
Innovation
incidence
(equation 1)
Exports
Patent

Eq.2

Patent applications* (Yes/No)

1998–2000

EmpHigh

Employees with higher education

2000

√

√

√

Turnover

Sales of goods and services converted to
Euros

2000

√

√

√

√

Countryb

Country dummy variables (address of the
firm)*; Belgium is used as a benchmark
category

OnInnovation

Ongoing innovation activities* (Yes/No)

2000

AbInnovation

Abandoned innovation activities* (Yes/No)

1998–2000

High-techc

High-tech firms*, firms that have invested
more than 5% of their turnover in innovation

2000

√

Med-high-tech

Medium high-tech firms*, firms that have
invested 3–5% of their turnover in
innovation

2000

√

Med-low-tech

Medium low-tech firms*, firms that have
invested 0.9–3% of their turnover in
innovation

2000

√

Low-tech

Low-tech firms* firms that have invested
less than 0.9% of their turnover in
innovation

2000

√

√
√

Enterprise’s most significant market*
d

Local_1

=1 if local/regional market within the
country, within distance of around 50 km, 0
otherwise

√

Notes: *Dummy variables
a) Dependent variable (equation 1)
b) In the estimation, country dummies have been introduced with Belgium as the
benchmark category. However, for brevity, in the table I have used the label
Country only to refer to these dummy variables.
c) High-tech firm is used as a benchmark
d) Local_1 is used as a benchmark
e) TurnoverDec is used as benchmark
f) Dependent variable (equation 2)
g) Nat = National; EU/EFTA = European Union and European Free Trade
Association countries; EU/CC = EU Candidate Countries
h) National partner variable labels end with number 1(e.g., Co21); EU/EFTA
partner ends with number 2 (e.g., Co22); EU-CC with 3 (Co23); US with 4
(Co24); Japan with 5 (Co25); and Other with 6 (Co26). Poor description and
notation.

√
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Table 3

Variable description (continued)

Label

Variable description

Period

Model
specifications
Eq.1

Eq.2

Enterprise’s most significant market*
Local_2

=1 if local/regional market within
neighbouring countries, within distance of
around 50 km, 0 otherwise

√

√

National

=1 if national market with distance of more
than 50 km, 0 otherwise

√

√

International

=1 if international market with distance of
more than 50 km, 0 otherwise

√

√

During the period 1998–2000, following changes occurred to the enterprise
because:
Establish
TurnoverInc

TurnoverDece

Innovation
intensity (eq. 2)

=1 if the enterprise was established, 0
otherwise*

1998–2000

√

√

=1 if turnover increased by 10% or more due 1998–2000
to merger with another firm or part of it, 0
otherwise *

√

√

√

√

=1 if turnover decreased by 10% or more
due to sale or closure of part of the firm, 0
otherwise *

1998–2000

Innovation input – total innovation
expendituref

2000

√

Obstacles to innovation (whether important)
Risk

Excessive perceived economic
risk(Yes/No)*

1998–2000

√

√

Cost

Innovation costs too high(Yes/No)*

1998–2000

√

√

Finance

Lack of appropriate source of
finance(Yes/No)*

1998–2000

√

√

Rigidity

Organisational rigidities within the
enterprise(Yes/No)*

1998–2000

√

√

Notes: *Dummy variables
a) Dependent variable (equation 1)
b) In the estimation, country dummies have been introduced with Belgium as the
benchmark category. However, for brevity, in the table I have used the label
Country only to refer to these dummy variables.
c) High-tech firm is used as a benchmark
d) Local_1 is used as a benchmark
e) TurnoverDec is used as benchmark
f) Dependent variable (equation 2)
g) Nat = National; EU/EFTA = European Union and European Free Trade
Association countries; EU/CC = EU Candidate Countries
h) National partner variable labels end with number 1(e.g., Co21); EU/EFTA
partner ends with number 2 (e.g., Co22); EU-CC with 3 (Co23); US with 4
(Co24); Japan with 5 (Co25); and Other with 6 (Co26). Poor description and
notation.
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Variable description (continued)

Label

Variable description

Period

Model
specifications
Eq.1

Eq.2

Obstacles to innovation (whether important)
Personnel

Lack of qualified personnel(Yes/No)*

1998–2000

√

√

InfoTech

Lack of information on
technology(Yes/No)*

1998–2000

√

√

InfoMarket

Lack of information on markets(Yes/No)*

1998–2000

√

√

Regulation

Insufficient flexibility of regulations or
standards(Yes/No)*

1998–2000

√

√

Customer

Lack of customer responsiveness to new
goods or services(Yes/No)*

1998–2000

√

√

Strategic and organisational changes in the enterprise
Strategy
Management
OrgStr
Marketing
Aesthetics

New or significantly changed corporate
strategies * (Yes/No)

1998–2000

√

√

Advanced management techniques within
enterprise* (Yes/No)

1998–2000

√

√

New or significantly changed organisational
structures* (Yes/No)

1998–2000

√

√

Significant change of enterprise’s marketing
concept/strategies*(Yes/No)

1998–2000

√

√

Significant changes in aesthetic appearance
or design(Yes/No)*

1998–2000

√

√

Source of information for innovation (whether used)
Enterprise
EnterpriseGr
Supplier
Client

Information source within the
enterprise(Yes/No)*

1998–2000

√

√

Information source from other enterprises
within enterprise group (Yes/No)*

1998–2000

√

√

Information source from suppliers of
equipment, materials (Yes/No)*

1998–2000

√

√

Information source from clients or
customers (Yes/No)*

1998–2000

√

√

Notes: *Dummy variables
a) Dependent variable (equation 1)
b) In the estimation, country dummies have been introduced with Belgium as the
benchmark category. However, for brevity, in the table I have used the label
Country only to refer to these dummy variables.
c) High-tech firm is used as a benchmark
d) Local_1 is used as a benchmark
e) TurnoverDec is used as benchmark
f) Dependent variable (equation 2)
g) Nat = National; EU/EFTA = European Union and European Free Trade
Association countries; EU/CC = EU Candidate Countries
h) National partner variable labels end with number 1(e.g., Co21); EU/EFTA
partner ends with number 2 (e.g., Co22); EU-CC with 3 (Co23); US with 4
(Co24); Japan with 5 (Co25); and Other with 6 (Co26). Poor description and
notation.
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Table 3

Variable description (continued)

Label

Variable description

Period

Model
specifications
Eq.1

Eq.2

Source of information for innovation (whether used)
Competitor

Information source from competitors
(Yes/No)*

1998–2000

√

√

University

Information source from universities
(Yes/No)*

1998–2000

√

√

Government

Information source from government
(Yes/No)*

1998–2000

√

√

Information source from professional
conferences, meeting, journals (Yes/No)*

1998–2000

√

√

Information source from fairs, exhibitions*

1998–2000

√

√

Conference
Fairs

Innovation co-operation during the period 1998–2000
Type of partner g(Nat; EU/EFTA, EU/CC, US, Japan and Otherh)
NatSupplier

=1 if firm has cooperated with national
suppliers of equipment, materials, 0
otherwise

1998–2000

√

√

IntSupplier

=1 if firm has cooperated with international
suppliers of equipment, materials, 0
otherwise

1998–2000

√

√

NatClient

=1 if firm has cooperated with national
clients or customers are National, 0
otherwise

1998–2000

√

√

IntClient

=1 if firm has cooperated with international
clients or customers, 0 otherwise

1998–2000

√

√

NatCompetitor

=1 if firm has cooperated with national
competitors and other firms from the same
industry, 0 otherwise

1998–2000

√

√

IntCompetitor

=1 if firm has cooperated with internat.
competitors and other firms from the same
industry, 0 otherwise

1998–2000

√

√

Notes: *Dummy variables
a) Dependent variable (equation 1)
b) In the estimation, country dummies have been introduced with Belgium as the
benchmark category. However, for brevity, in the table I have used the label
Country only to refer to these dummy variables.
c) High-tech firm is used as a benchmark
d) Local_1 is used as a benchmark
e) TurnoverDec is used as benchmark
f) Dependent variable (equation 2)
g) Nat = National; EU/EFTA = European Union and European Free Trade
Association countries; EU/CC = EU Candidate Countries
h) National partner variable labels end with number 1(e.g., Co21); EU/EFTA
partner ends with number 2 (e.g., Co22); EU-CC with 3 (Co23); US with 4
(Co24); Japan with 5 (Co25); and Other with 6 (Co26). Poor description and
notation.
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As explained in the literature review, it is expected that knowledge intensity will have a
positive relationship with the probability of firms engaging in innovation. To control for
differences between high-tech, medium-tech and low-tech firms, four dummies are
introduced: high-tech, medium high-tech, medium low-tech and low-tech firms where the
dummy variable equals 1 if true.22 This issue is ignored by Lööf et al. (2001). Other
control variables indicate whether during 1998–2000 turnover has increased by 10% due
to merger with another firm or part of it or firm turnover has decreased due to sale or
closure of part of the firm. The country dummies are included to examine if the
differences between countries are due to model specifications, estimation methods, data
errors or any unobservable country-specific effects.23 Unlike Lööf et al. (2001), the probit
model also controls for the enterprise’s most significant market examined through four
dummy variables:
a

local/regional within a country

b

local/regional within neighbouring countries

c

national

d

international markets, where the dummy variable equals 1 if true, 0 otherwise.

The strategy and organisational dummy variables such as new or significantly changed
corporate strategies, advanced management techniques, new organisational structures,
etc. (see Table 3), are controlled through dummy variables which equal 1 if true, 0
otherwise.24
In addition, the probit controls also for the perceived obstacles to innovation
presented through 9 dummy variables (see Table 3), which are scaled by degree of
importance (not relevant, high, medium and low). These dummies take the value of zero
if not relevant, and the value of one if relevant (where the degrees of importance are
pooled together).25
Dummy variables for sources of information for innovation are also included, which
are scaled by degree of importance, following the same pace as that of obstacles to
innovation. Furthermore, the probit accounts for a set of variables for the national and
international innovation co-operation with other firms for the period 1998–2000 dummy
each of which equals 1 if true, 0 otherwise. The CIS 3 database also gives the opportunity
to control for the type of partners in innovation co-operation with other firms. These
variables are introduced to control for the spillover effect. This is captured through a set
of dummy variables such as firms within the firm group, suppliers, customers,
competitors, consultants, etc. (See Table 3) which are divided into two groups, national
and international.26
The second equation considers the tobit model as the appropriate technique to
examine the determinants of innovation intensity. The dependent variable (Innovation
Intensity) is defined as the level of innovation investment. The explanatory variables used
in this equation include all those from equation (1), except the differences between the
high-tech and low-tech industries, which in tobit regression will be estimated separately
for each industry classification because of the simultaneity problem between the
dependant variable (innovation input) and these variables. This is because the total
innovation expenditure, which is the dependent variable of the second equation, is also
included in the high-tech, med-high, med-low and low-tech explanatory variables, which
are given as a proportion of total innovation expenditure to total sales (see the variable
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specification above). Similar to probit, the innovation input equation controls also for the
perceived obstacles to innovation. Controlling for patents may cause endogeneity as there
is a simultaneous relationship between innovation intensity and patents.27 However, as
mentioned in the literature review, Geroski et al. (2002) argued that it is rather patents
that induce further innovation. Also, Lööf et al. (2001) control for patents too. So, their
approach is followed and the impact of patents is controlled for. The impact of Patent
applications during 1998–2000 on firm’s probability to innovate is expected to be
positive. To capture the effect of ongoing and abandoned innovation activities on the
probability to innovate, two dummies are introduced: Ongoing innovation activities
which equal 1 if true, and abandoned innovation activities which also equal 1 if true, 0
otherwise. As in the probit, dummy variables for Sources of information for innovation
and a set of variables for the national and international innovation co-operation with
other firms for the period 1998–2000 are also introduced.

3.2 Results
3.2.1 Results from the probit estimation
Table 428 gives the results of the probit estimation on the probability of investing in
innovation. Results suggest a statistically significant impact for the employees with
higher education and turnover. Mainly, the variables that are found to be statistically
insignificant are those variables that showed ‘changes occurred to the enterprise during
the period 1998–2000’ (Establish and TurnoverInc), the proportion of export to sales
(Export), ‘Enterprise’s most significant market’ dummies, most of the ‘obstacles to
innovation’ variables, three from the five variables of ‘Strategic and organisational
changes in the enterprise’ and two from the nine variables of ‘Source of information for
innovation’ (See Table 3).
Results suggest statistically significant differences in the probability of investing in
innovation among firms classified by the OECD taxonomy as medium-high tech,
medium-low tech and low-tech. All have similar marginal effects, 0.48, 0.42 and 0.39
respectively, implying that at the sample mean these three categories of firms have, on
average, 0.48, 0.42 and 0.39 respectively higher probability of investing in innovation
compared to high-tech firms.
Results suggest that having a higher share of employees with higher education
implies a higher probability of investing in innovation at 1% l.s. The same is true for the
effect of firm turnover, which could be also considered as the effect of the firm size.
However, both effects have a very small magnitude.
Variables controlling for the effect of the most significant market do not seem to have
any significant effect on the decision to innovate, with the exception of having the
national market as the most significant. Yet, even this variable is significant only at the
10% l.s.
Results suggest that the variables controlling for the effects of important strategic
changes of firms and aesthetic changes on products positively impact on innovation
decisions. Both variables are significant at the 1% l.s. This supports the findings
mentioned in the literature review.
Sources of information for innovation have a positive impact on the probability of
engaging in innovation. With the exception of institutional sources, all other variables
controlling for this effect are significant at the 1% l.s. The highest impact is from sources

Evaluating firms’ innovation decision and innovation intensity in EU-13

215

within the firm. At the sample mean, firms using information sources within the
enterprise have a 0.5 higher probability of investment in innovation than those not using
such sources. Firms using clients or customers or competitors or other enterprises as the
sources of information have a 0.3 higher probability of innovation than firms not using
these sources, at the sample mean.
Unlike other studies, this empirical analysis controls for the effects of obstacles to
innovation. Results suggest that only organisational rigidities within the enterprise have a
negative impact on the probability to innovate, significant at the 1% l.s. Other obstacles
include the lack of information on technology and insufficient flexibility of regulations or
standards, which have a negative impact, but significant only at 10% l.s.
Spillover-effects29 have the expected positive signs. National clients and customers,
national competitors and other firms from the same industry and international suppliers of
equipment, materials, components or software, all have a significant and positive impact
on the decision to innovate.
Except Spain that has a negative but statistically insignificant effect, all other country
dummies have a negative and statistically significant impact, implying that all have a
lower probability of investing in innovation compared to Belgium which has been used as
benchmark.

3.2.2 Results from the tobit estimation using the whole dataset
Estimating the tobit model enables us to test whether the same variables impacting on the
probability of innovation determine the level of innovation investments and whether they
have the same sign. As the results from the two models are by and large similar the tobit
estimation seems to be appropriate. Yet, the corresponding marginal effects of the
variables in the tobit estimation are tremendously large both compared to the probit
estimation and to the empirical findings of other authors. This raises concern about the
appropriateness of the tobit and could serve as the basis for future research. To avoid
repetition only findings that are different from probit estimations will be interpreted.
Table 530 reports results when using the whole dataset. Results from the tobit
estimation on the determinants of innovation intensity suggest that the proportion of
exports to sales has a positive and statistically significant impact (1% l.s.). The type of
the most significant market of the firm does not have an impact on the intensity to
innovate. Similar to the probit results, all variables controlling for this effect are
insignificant. Contrary to probit, in the tobit estimation the variable controlling for the
effect of the implementation of new or significantly changed corporate strategies turns
insignificant and negative.
Variables controlling for the use of universities and government as sources of
information turn significant. However, using information from competitors and other
enterprises from the same industry do not have a significant impact on innovation
intensity. Furthermore, using other enterprises within the enterprise group as a source of
information is significant but changes sing negatively impacting on the innovation
intensity.
If the firm perceives economic risk to be excessive they invest less in innovation.
However, if they perceive innovation costs to be too high their innovation investments
are higher. These two variables significantly impact on innovation intensity but not on
innovation incidence (probit).
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Among spill-over effects, only the variable national competitors and other firms from
the same industry has a significant impact on innovation intensity. National clients or
customers and international suppliers of equipment, materials, components or software do
not have any significant impact on innovation intensity.
Firms from Germany, Lithuania, Portugal and Slovakia are not found to have any
significant differences in terms of innovation intensity compared to Belgium. Again, all
countries invest less in innovation compared to Belgium.

3.2.3 Determinants of innovation intensity for high-tech, medium-high-tech,
medium-low-tech and low-tech firms separately
The only differences in the determinants of innovation intensity by level of technology,
that is, high-tech, medium-high-tech, medium-low-tech, and low-tech firms, will be
presented (Table 6). Where appropriate, differences between these results and those from
the tobit estimation with all firms pooled together (henceforth tobit 1) will also be
covered.
Conditional marginal effects and unconditional marginal effects are estimated after
the tobit model (Table 631). The former estimates changes in the expected value of
innovation intensity for firms with positive investments in innovation, while the latter
account in addition for the effect of changing values of independent variables on the
probability that investment in innovation will take place at all. Conditional and
unconditional marginal effects of dummy variables are calculated as the discrete change
in the expected value of innovation intensity as the dummy changes from zero to one
[Cong, (2000), p.28].
Results suggest that the proportion of employees with higher education has a
significant and positive impact on innovation intensity. However, this variable has a
negative impact for medium-high-tech firms. This is in line with the theoretical
elaboration.
Patent applications have a negative impact for high-tech and medium-high tech firms.
But only significant at 10% l.s. The effect is negative but insignificant for the other two
firm categories.
Significant differences are found in the impact of variables controlling for strategic
and organisational changes among the four categories of firms. The implementation of
new or significantly changed corporate strategies has a significant and negative impact on
innovation intensity for medium-high-tech firms only. For other firm categories the effect
is negative but insignificant. The implementation of advanced management techniques
exerts a negative and significant effect only on medium-high and low-tech firms.
Surprisingly, the effect is positive but insignificant for high-tech firms. There is a
significant and negative relationship between the significant change in marketing
concepts and strategies and innovation intensity for medium-low-tech firms. The impact
is insignificant for all other firm categories, while it is positive for medium-high-tech and
low-tech firms.
Using suppliers of equipment, materials, components or software as a source of
information has a significant and positive effect only for medium-low-tech firms, while
competitors and other enterprises from the same industry have a significant and negative
impact only for low-tech firms. Results are in contradiction with those of the Tobit 1
where only changes in the aesthetic appearance are found to be significant and positive.
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Differences between these results and Tobit 1 results appear also regarding sources of
information. In Tobit 1, the majority of these variables are significant.
Surprisingly, results suggest that lack of information on internal markets has a
significant and positive impact on innovation intensity for medium-low and low-tech
firms. However, the insufficient flexibility of regulations or standards has the expected
negative sign. So, it is considered as an obstacle to innovation. Yet, it is significant only
for medium-low-tech firms.
The effect of national spill-over, clients or customers, is significant only for high-tech
and medium-high-tech firms. While the relationship is negative for the former, it is
positive for the latter. Among international spillover effects, clients and customers has a
significant and negative impact on low-tech firms only, while competitors and other firms
from the same industry has a significant impact on high-tech and medium-high-tech
firms. The relationship is negative for the former, while positive for the latter. In Tobit 1,
only competitors and other firms from the same industry have a significant impact.
The results suggest differences also in the relationship between information sources
and innovation intensity among firm categories. Using other enterprises within the
enterprise group as a source of information for innovation is found to have a significant
and negative impact on innovation intensity for high-tech and medium-low-tech firms
only.
Contrary to Tobit 1, the effect of exports and differences among countries are found
to be insignificant. Similar to Tobit 1, the type of the most significant market for firms
has no significant impact.
In summary, as argued above, results of the probit estimation are similar to those of
the tobit. Both innovation incidence and intensity are positively influenced by the level of
exports as a proportion of sales and turnover. In line with the theory, having a higher
share of employees with higher education also has a positive impact for both innovation
incidence and intensity. A similar effect is exerted by aesthetic changes on products.
Similar to results in Lööf and Heshmati (2006), the majority of the sources of information
are found to have positive and significant impact, while using the government or
universities are found to have a negative impact. In line with theory, variables controlling
for obstacles exert a negative impact. Yet, ‘costs’ and ‘finance’ have a positive impact.
Spillover-effects in the probit model are all found to have a positive impact, while in the
tobit model, the signs on some of these variables turn negative. Furthermore, results from
the estimation of the tobit model for the four categories of firms, suggest differences in
the impact of explanatory variables among these categories. The next section concludes
and provides implications for policy makers and managers.

4

Conclusions and implications

Studies and research on innovation activities and their impact on firm performance have
been of special interest, especially during the last decades for both economists and the
business world. The IT revolution and other developments in the production process and
other strategic, organisational and practical knowledge activities of businesses in general
have generated more opportunities for firms to enhance their productivity as well as
increase their profit, especially for low-tech firms.
Most of the analyses of innovation activities have focused on science/knowledgebased industries. This paper, however, has focused on the determinants of innovation

218

B.A. Krasniqi and A. Dula

incidence and innovation intensity of the firms from 13 European countries, with a
special emphasis on the differences between high-tech, medium-high-tech, medium-lowtech, and low-tech firms.
By and large, the results from probit and tobit estimations on the 13 countries are
similar. Therefore, results will be mentioned interchangeably. As in Lööf et al. (2001)
and Kleinknecht and Oostendorp (2002), export intensity is found to have a positive and
significant impact on innovation intensity. However, the latter authors consider the
simultaneity between innovation and exports, which is ignored here. This paper has
introduced turnover as a proxy for firm size which turns out to have a positive impact on
innovation intensity. Lööf et al. (2001) found that this variable has a different effect for
different countries. Unlike Lööf et al. (2001) who control for the knowledge intensive
industry through a dummy variable, this study introduced the share of employees with
higher education. Contrary to their findings, a higher share of employees with higher
education is found to have a positive impact on innovation intensity. The same is true for
innovation incidence.
In the tobit model, regressions are run separately for each group with different
technological intensity (see below). The probit model introduced dummy variables to
control for differences among the four categories of firms. Results suggest significant
differences in the probability of innovation decisions among these categories. All three
categories have a higher innovation incidence compared to high-tech firms. The
explanation behind this could be that medium-high, medium-low and low-tech firms
involve major engineering, design, personnel training, strategic and organisational
changes and other practical knowledge in their activity. Furthermore, the innovative
activities for these categories of firms cost much less than those of high-tech firms which
spend huge amounts of money for different research programmes which usually take
years to finalise. This is also in line with Mangematin and Mandran (2001) who argued
that the propensity of low-tech firms (e.g. agro-food firms) to innovate is not different
(lower) from that of high-tech industries, where R&D spending exceeds 5% of their
turnover.
As elaborated in the literature review, the majority of authors have argued that
strategic and organisational changes are important components of innovation activities
(Pavitt, 1982; Stead, 1976; Hamngren et al., 1995). Among these variables, ‘aesthetic
changes in products’ is found to be the most important for innovation incidence and
intensity exerting a positive impact.
Similar to results in Lööf et al. (2001), the majority of the sources of information are
found to have positive and significant impact on both innovation incidence and intensity.
Yet, using the government or universities is found to have a negative impact, which is
insignificant in innovation incidence estimation.
Only few of the variables controlling for obstacles to innovation are significant. This
is similar to findings in Lööf et al. (2001). However, unlike in Lööf et al. (2001) most of
them exert a negative impact, except ‘costs’ which are significant only for innovation
intensity have a positive impact.
Despite differences in their approach, the majority of studies reviewed in this paper
have argued that spillovers have a positive impact on firm performance. Results in Lööf
et al. (2001) suggest a positive impact of spillovers on innovation intensity. Similar to
their results, in the probit model spillovers are all found to have a positive impact.
However, in the tobit model the signs of some of these variables turn negative.
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This paper controls for the impact of patents only in the tobit model. Unlike Geroski
et al. (2002) and Lööf et al. (2001), ‘patents’ is found to have a negative sign on
innovation incidence. However, it is only significant at 10% l.s.
In addition, this study has estimated the tobit model for the four categories of firms
separately. Results from these estimations suggest differences between these and the tobit
model run on the whole data set. Furthermore, differences are found also in the impact of
explanatory variables on innovation intensity among these categories. Sources of
information on innovation, spillover effects, obstacles to innovation and strategic and
organisational changes all have different impacts on innovation intensity in terms of sign
and significance among these four categories of firms.
To analyse the impact of innovation on firm performance focussing on differences
between high-tech and low-tech firms, which was the intention of this paper in the
begging, I suggest deploying the four-equation model suggested by Lööf et al. (2001) and
Lööf and Hashmati (2006), which is a modified version of Crépon et al. (1998). For this,
the author, however, has to make direct contact with EURSTAT in order to get access to
the necessary details of the CIS 3 dataset.
The main lessons derived from this paper consist of first of all, the great importance
that innovation activities have for the firms to be successful and increase their
performance regardless of being high-tech or low-tech firms. Furthermore, being a lowtech firm and having less funds and opportunities to invest in R&D does not mean that
one should not involve in other non-R&D activities which consist of very important
innovation activities. It is essential for firms which face resource constrains to develop
creative ways to find partners to work on innovation efforts. Thus, innovators who
discover different ways to solve the problems customers face will have opportunities to
create new prosperous businesses. In the recession that the world is facing today, this is
even more urgent, when customer needs and market conditions change dramatically. The
main limitation of the study is cross sectional nature of the survey data, therefore the
future studies may benefit of investigating this topic using dynamic panel data and
including more countries in analysis, such as developing or transitional economies.
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Notes
1

This model was first introduced by Griliches (1995) and further developed by Crépon et al.
(1998). It is referred to as the CDM model (Lööf et al., 2001).
2
The OECD Science, Technology and Industry (STI) Scoreboard brings together over 200
internationally comparable quality indicators to explore the progress of national innovation
strategies and recent developments in science, technology and industry (OECD Science,
Technology and Industry Scoreboard 2007).
3
The Frascati Manual is an OECD publication presenting a Proposed Standard Practice for
Surveys on Research and Experimental Development.
4
The knowledge flow defined as ‘intra-industry’ or vertical is a result of the spillovers received
from a different business field, while ‘inter-industry’ or horizontal spillovers are received from
the firms in the same business field (Kaiser, 2002).
5
See Kaiser (2002) for details.
6
According to Jaffe (1986, 1988) assumption, knowledge flows between industries a and b are
proportional to the share of patents of industry b in the area of industry a. He applies this basic
idea to firm-level data.
7 According to Kaiser (2002), these results indicate that the hypopaper that both technologically
leading and lagging firms may gain equally from other firm’s expertise, is not true.
8
According to Kaiser (2002) these are measures of distances in firm characteristics rather than
measures of technological distance in a strict sense.
9
International rent spillovers are defined by Favre et al. (2002) as imports of machine tools
from foreign countries.
10 This implies that the decision is binomial, that is, it is bounded between 0 and 1.
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These two equations differ in the way that dependent variable is defined. In the probit model,
the dependent variable (g) equals 1 for a firm engaged in innovation investment otherwise it is
0 (Lööf et al., 2001).

12 In the productivity equation (q), β3 is associated with both the level and growth rates of
productivity. In the growth version of the model, a lagged production variable appears as
initial value of productivity (Lööf and Heshmati, 2006).
13 Ignoring non-innovative firms may impose selection bias in the estimation. Therefore, the
non-innovative firms are kept in the total sample and they are used in a selection equation for
estimating a selection corrector variable which Heckman (1979) refers to as the Mill’s ratio
(Lööf and Heshmati, 2006).
14 For further details, see Lööf et al. (2001).
15 Since there is no direct link between innovation input (k) and productivity (q), the Mills’ ratio
variable is not included in equation (4). However, it has an impact on productivity (q) through
predicted innovation output (t) which is an explanatory variable in productivity equation (q),
(Lööf and Heshmati, 2006).
16 A further detailed discussion on the estimation of the CDM model and especially the
estimation of the last two equations using 3SLS and 2SLS models, is found in Lööf et al.,
(2001), Lööf and Heshmati (2002, 2006).
17 These difficulties consist of the lack of access to the exact number of employees per firm,
which makes impossible the normalisation of sales by number of employees to be used as a
proxy for productivity.
18 The unit of observation is the enterprise.
19 Such access is governed by the Commission Regulation No 831/2002 which concerns access
to confidential data for scientific purposes (CIS III Summary of the Anonymisation Method).
20 See the chapter of Literature Review for a detailed definition of the technological levels.
21 Their appearance in each of the two different models is shown in Table 3.
22 See in the section on the Literature Review for the definition of categories high-tech, mediumhigh, medium-low and low-tech firms.
23 Unlike in my paper, Lööf et al. (2001) have data on only three countries and have run separate
regressions on the three individual countries.
24 Lööf et al. (2001) ignore the importance of strategic and organisational changes for the
decision to innovate.
25 Their impact is ignored by Lööf et al. (2001) in their probit estimation.
26 Both information sources for innovation and types of partners for innovation cooperation are
ignored by Lööf et al. (2001) in their probit estimation.
27 Having a patent application may increase the amount invested in innovation. Also, firms that
have higher investments in innovation are more likely to have applied for patents.
28 See Appendix.
29 Estimating the probit without spillovers does not cause any changes on the significance level
or the magnitude of the coefficients on explanatory variables.
30 See Appendix.
31 See Appendix.
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Appendix
Table 4

Innovation incidence – probit estimation of the determinants of the innovation
decision (marginal effects)

Variable
Exports

dy/dx

Std. err.

z

0.01

0.01824

0.56

EmpHigh

0.00***

0.00003

2.75

Turnover

2.04E-10***

0.00000

3.28

Establish

–0.02

0.02088

–1.09

–0.00

0.01587

–0.16

TurnoverInc

Country dummy variables
Bulgaria

–0.13***

0.02139

–6.09

Czech Republic

–0.07***

0.02311

–3.26

Germany

–0.23***

0.01076

–22.24

Estonia

–0.11***

0.02183

–5.14

–0.01

0.02472

–0.55

–0.23***

0.01144

–20.53

Spain
Hungary
Island

–0.16***

0.02702

–6.27

Lithuania

–0.10***

0.02392

–4.28

Latvia

–0.16***

0.01845

–9.14

Portugal

–0.09***

0.02459

–3.93

Romania

–0.14***

0.02048

–7.23

Slovakia

–0.24***

0.00762

–32.21

Type of firm by technological level
Med-high-tech

0.47***

0.02806

17.08

Med-low-tech

0.42***

0.01923

22.02

Low-tech-tech

0.38***

0.01726

22.6

0.02068

1.06

Most significant market
Local_2

0.02

National

0.01*

0.01021

1.82

International

0.01

0.01504

0.75

Important strategic and organisational changes
Strategy
Management

0.03***

0.01277

2.81

–0.00

0.01161

–0.29

OrgStr

0.01

0.01114

1.4

Marketing

0.00

0.01155

0.56

Aesthetics

0.11***

0.01094

10.08

Note: Significant at the 1% (***), 5% (**) and 10% (*) levels of significance.
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Innovation incidence – probit estimation of the determinants of the innovation
decision (marginal effects) (continued)
Sources of information for innovation

Enterprise

0.52***

0.01255

41.52

EnterpriseGr

0.09***

0.02071

4.64

Supplier

0.30***

0.01506

20.52

Client

0.27***

0.01656

16.42

Competitor

0.05***

0.01622

3.61

University

–0.02*

0.01795

–1.61

Government

–0.00

0.02047

–0.02

Conference

0.02*

0.01666

1.67

0.25***

0.01763

14.53

Fairs

Obstacles to innovation
Risk

–0.00

0.01322

–0.69

Cost

0.02*

0.01410

1.79

Finance

0.01

0.01316

0.87

Rigidity

–0.04***

0.01328

–3.54

Personnel

–0.01

0.01412

–0.72

InfoTech

–0.02*

0.01538

–1.62

InfoMarket

0.00

0.01504

0.22

Regulation

–0.02*

0.01265

–1.74

Customer

–0.00

0.01233

–0.21

Spillovers/type of partners
National
NatSupplier

0.00

0.02744

0.35

NatClient

0.10***

0.03506

2.96

NatCompetitor

0.12***

0.04216

2.86

0.13***

0.03714

3.52

IntClient

0.03

0.04065

0.85

IntCompetitor

0.09*

0.05748

1.7

International
IntSupplier

Note: Significant at the 1% (***), 5% (**) and 10% (*) levels of significance.
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Table 5

Tobit estimation of the determinants of innovation intensity (marginal effects)

Variable

dy/dx

Std. err.

z

Exports

129556***

47337

2.74

EmpHigh

1890.56***

51.957

36.39

Establish

–91857.49*

53522

–1.72

TurnoverInc

24192.45

38792

0.62

Turnover

0.00***

0.0000

22.01

–54851.65*

32854

–1.67

Patent

Country dummy variables
Bulgaria

–464190.9***

43295

–10.72

Czech Republic

–182600.2***

49147

–3.72

Germany
Estonia
Spain

–80937.54

55024

–1.47

–186144.9***

51513

–3.61

–73599.86

51909

–1.42

Hungary

–343026.7***

49075

–6.99

Island

–289297.3***

71063

–4.07

19240.22

71406

0.27

Lithuania
Latvia

–232568.4***

51998

–4.47

Portugal

116208.4

78269

1.48

Romania

–206785.4***

49990

–4.14

Slovakia

–33019.47

83881

–0.39

OnInnovation

524147.6***

40068

13.08

AbInnovation

139966.3***

37255

3.76

Most significant market
Local_2

55360.77

58585

0.94

National

–15487.41

28764

–0.54

–29260.05

38796

–0.75

International

Important strategic and organisational changes
Strategy

–17895.8

Management

–32230.73

26349

–1.22

OrgStr

–25957.5

26096

–0.99

Marketing

–10029.5

26050

–0.39

Aesthetics

84489.36***

25558

3.31

Notes: ***p < 0.01; **p < 0.05; *p < 0.10

27417

–0.65
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Tobit estimation of the determinants of innovation intensity (marginal effects)
Sources of information for innovation

Enterprise

1363345***

64452

21.15

EnterpriseGr

–97757.85***

26266

–3.72

Supplier

636717.6***

45731

13.92

Client

472873.8***

45482

10.4

Competitor

47140.93

32435

1.45

University

–99099.63***

30334

–3.27

Government

–115420.1***

30082

–3.84

Conference

46521.16

35179

1.32

Fairs

516917.7***

48841

10.58

Obstacles to innovation
Risk

–79761.13***

Cost

33524

–2.38

72413.44**

36878

1.96

Finance

36329.28

32529

1.12

Rigidity

–63351.98**

31087

–2.04

Personnel

32735.92

34966

0.94

InfoTech

–66068.36*

36098

–1.83

InfoMarket

–16338.28

35539

–0.46

Regulation

–23591.46

29846

–0.79

Customer

–48360.17*

29940

–1.62

–11608.46

43505

–0.27

24951.18

48639

0.51

265778.7***

73481

3.62

Spillovers/type of partners
National
NatSupplier
NatClient
NatCompetitor
International
IntSupplier

–23999.64

46877

–0.51

IntClient

–42685.29

51937

–0.82

IntCompetitor

–94156.56*

55572

–1.69

Notes: ***p < 0.01; **p < 0.05; *p < 0.10
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178,883.1

International

Notes: ***p < 0.01; **p < 0.05; *p < 0.10

–158,354

National

-207,171

Romania

137,741.9

–31,620.5

Portugal

Local_2

1,373,218

Latvia

–386,833

153,364.3

Lithuania

AbInnovation

962,817

Island

–18,224.8

811,154.2

Hungary

33,309.57

–205,058

Spain

OnInnovation

378,039.6

Estonia

Slovakia

–358,339

–597,996*

Patent

Germany

0.049***

Turnover

32,485.2

18,462.26

TurnoverInc

134,112.7

14,669.32

Establish

Czech Republic

14,708.88***

EmpHigh

Bulgaria

–496,896

dy/dx

127,634.1

–113,066

98,232.11

–276,673

23,780.75

–13,011.8

–148,073

–22,578

972,564.4

109,360.7

682,949.4

575,871.7

–146,504

269,174.5

–25,6384

95,650.13

23,184.91

–428,289*

0.04***

13,178.07

10,470.73

10,500.13***

–354,716

dy/dx

–22,493.3*

0.03***

–39,989.7***

–1,548.31

–76.75***

1,691.39

dy/dx

6,519.48

1,785.57

–1,727.24

4,077.27

12,089.22

–10,453.3

3,068.22

–12,879.7

–13,364

–16,133.7

–5,333.43

–13,350.9

2,664.29

–8,630.92

–9,065.03

3,556.09

2,537.89

–7,277.14

2,858.98

2,042.38

Most significant market

2,219.97

–2,148.15

5,060.19

14,947.91

–13,081.1

3,810.19

–16,142.2

–16,768.38

–20,278.25

–6,645.2

–16,737.43

3,310.60

–10,787.51

8,081.69

Country dummy variables

–28,252.66*

0.035***

–50,757.27***

–1,928.04

–95.49***

2,104.25

dy/dx

Conditional

Medium-high tech
Unconditional

42,111.44

23,031.43

27,695.79

7,474.71

–20,658.8

–34,542

–24,948.3

–3,508.3

67,063.8

–10,351

16,011.42

–11,283.4

–14,822.4

–15,801

18,145.16

–15,971.2

–34,193.9

22,471.75

0.01***

29,399.19

9,130.82

632.65***

7,943.09

dy/dx

29,594.24

16,174.57

19,473.44

5,249.59

–14,510.1

–24,230.6

–17,506.6

–2,463.1

47,286.13

–7,265.48

11,251.51

–7,919.48

–10,405.1

–11,089.2

12,749.53

–11,208.8

–23,987.5

15,791.47

0.01***

20,668.51

6,414.01

444.23***

5,577.39

dy/dx

Conditional

Medium-low-tech
Unconditional

2,787.55

–7,657.69

–36,161.7

–8,414.28

–2,986.66

13,660.39

–5,850.75

6,739.57

36,651.31

13,913.92

26,167.92

9,251.76

7,455.84

12,302.44

45,334.11

5,844.93

19,290.63

323.28

0.01***

13,418.08

–48,564.1

253.70***

22,254.59

dy/dx

1,981.20

–5,443.97

–25,860.9

–5,986.52

–2,122.94

9,692.04

–4,161.55

4,786.44

25,933.47

9,872.27

18,534.65

6,567.83

5,296.92

8,731.07

32,083.27

4,151.88

13,678.32

229.79

0.01***

9,524.77

–34,835.8

180.34***

15,819.69

dy/dx

Conditional

Low-tech
Unconditional

Table 6

Exports

Explanatory variables

Conditional

High-tech

Unconditional
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–372,523
636,357.2*
103,659.8
–714,313

Finance

Rigidity

Personnel

InfoTech

Notes: ***p < 0.01; **p < 0.05; *p < 0.10

165,508.2

440,162.5

Cost

Customer

–32,269.9

Risk

21,946.4

11,531.49

Fairs

–354,850

–105,546

Conference

Regulation

–67,114.9

Government

InfoMarket

–124,362
–87,155.6

University

66,153.26

Client

Competitor

43,345.31

Supplier

–1,235,570***

–95,744.4

Enterprise

EnterpriseGr

359,026.6

Aesthetics

118,143

–253,412

15,666.59

–510,252

74,002.12

453,879.6*

–26,5763

314,581.4

–23,035.4

8,232.35

–75,316.3

–47,918.5

–62,222.1

–88,746.8

47,238.95

30,949.19

–887,835***

–68,311.5

256,294.6

–21,516.3

–246,640

–345,579
–30,139.6

OrgStr

Marketing

19,4167.7

147,756
138,594.3

20,7006.3

dy/dx

Management

dy/dx

dy/dx

dy/dx

46,222.57***

3,7250.7***

11,631.12

15,057.83

3,041.39

–34,379.3***

–2,799.86

444.83

1,030.8

11,706.12

–1,5428

–2,553

–4,376.49

1,668.59

16,383.69

–11,392.88

2,987.58

28,188.58*

–4,858.32

–8,614.35

–6,331.34

12,115.17

–15,652.61

–8,823.73

–9,152.87

2,401.94

22,670.16*

–3,904.53

–6,926.31

–5,086.82

9,727.45

–12,612.9

–7,097.33

Obstacles to innovation

553.49

1,282.80

14,526.46

–19,220.31

–3,174.14

–5,435.55

2,077.26

20,282.8

–3,478.69

–5,314.81
15,731.27

–15,409.4

25,795.48

–41,794***

57,314.68***

–23,546.8

–91.45

–35,575.7*

21,705.85

–27,610.1

37,654.22*

5,756.07

–24,868.1

22,747.08

–3,239.7

–18,943.9

1,115.06

35,791.77*

–44,138.3***

–10,008.3

–17,888

–33,192.3**

Sources of information for innovation

14,472.91

18,701.81

3,784.25

–42,802.76***

18,115.34

–29,343.5***

40,264.24***

–16,533.9

–64.21

–24,978.6*

15,240.36

–19,394.9

26,439.63*

4,041.21

–17,470.8

15,979.14

–2,274.75

–13,306.6

782.94

25,115.98*

–30,975.6***

–7,029.89

–12,561.1

–23,303.9**

11,045.76

–10,819.7

–3,731.79

dy/dx

Conditional

Medium-low-tech
Unconditional

Important strategic and organisational changes

dy/dx

Conditional

Medium-high tech
Unconditional

–28,257.6

–125.62

43,667.67***

–30,474.6

25,350.08

–125.95

–77.78

12,356.61

–11,434.7

5,470.99

–12,872.2

2,500.63

16,815.01

–27,116.4*

6,180.77

13,197

3,598.24

–1,692.91

–3,934.05

8,061.19

9,842.39

–35,304.4***

13,319.2

dy/dx

–20,100.9

–89.30

31,014.5***

–21,681.8

18,018.2

–89.53

–55.29

8,786.87

–8,128.37

3,890.60

–9,144.22

1,777.29

11,943.87

–19,252.8*

4,395.68

9,390.51

2,557.25

–1,203.18

–2,796.63

5,729.13

6,997.31

–25,113***

9,465.41

dy/dx

Conditional

Low-tech
Unconditional

Table 6

Strategy

Explanatory variables

Conditional

High-tech
Unconditional
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162,335.5

NatCompetitor

Notes: ***p < 0.01; **p < 0.05; *p < 0.10

–1,824,611***

IntClient

IntCompetitor

–600,831

19,051.67

IntSupplier

International

–143,483

–849,124*

NatClient

dy/dx

NatSupplier

National

Explanatory variables

–1,325,161***

13,598.66

–430,587

115,766.5

–609,443*

–102,511

dy/dx

Conditional

High-tech
dy/dx

60,540.12***

25,247.98

–31,945.89

14,615.1

61,161.88***

–19,034.34

49,996.16***

20,503.32

–25,344.9

11,822.15

50,314.44***

–15,187.4

Spillovers/type of partners

dy/dx

Conditional

Medium-high tech
Unconditional

30,672.93

5,993.09

–24,368.3

20,009.67

–25,613.9

10,974.25

dy/dx

21,569.99

4,209.14

–17,099.1

14,062.69

–17,972.9

7,708.82

dy/dx

Conditional

Medium-low-tech
Unconditional

–28,507.8

–69,860.2***

304.42

–24,139.1

31,321.11

–8,564.09

dy/dx

–20,360.2

–50,309***

216.39

–17,221.5

22,188.4

–6,094.47

dy/dx

Conditional

Low-tech
Unconditional

Table 6
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Introduction

Accountability, which is the belief that others’ evaluations will determine one’s rewards
and sanctions (Hall et al., 2003), is commonplace in most organisations. In fact, it has
been suggested that business enterprises would fail without accountability systems
because time would be displaced from providing goods and services to merely
maintaining social order (Breaux et al., 2009). Although felt accountability has been
associated with high levels of performance (Davis et al., 2007; Hochwarter et al., 2007),
it is not “a panacea for all social and cognitive ills” [Lerner and Tetlock, (1999), p.270]
as some might suggest.
A growing body of research has framed felt accountability as a workplace stressor
that affects strain reactions like work intensity, emotional labour (Hall et al., 2003), job
tension, job satisfaction (Laird et al., 2009), depressed mood at work (Hochwarter et al.,
2007), and organisational commitment (Lanivich et al., 2010). Like all stressors,
individuals experience accountability differently. Some employees may view
accountability as a hindrance stressor, which prevents personal goal accomplishment
(Cavanaugh et al., 2000), while others frame it as an opportunity to accumulate resources
(Lanivich et al., 2010). In support of this theory, political scientists have proposed that
politicians voluntarily assume accountability for public works because it can lead to
social and political advancement for them (Tsai, 2007).
The concept of accountability suggests that individuals assess their evaluators’
standards in order to form coping strategies to deal with their situation (Tetlock, 1992). In
addition, it has been proposed that the simplest way to manage accountability is to exhibit
behaviour that clearly will be acceptable to others (Semin and Manstead, 1983; Tetlock,
1983). Although empirical research has found increases in role ambiguity to be
associated with decreases in felt accountability (Ferris et al., 1997), this is not always the
case. One must question how accountability affects employees with different perceptions
of role ambiguity. For example, how do ambiguous versus explicit tenure requirements
affect the organisational commitment of assistant professors whose future employment
depends on their colleagues’ evaluations of their performance?
To the best of our knowledge, only one previous study has examined the relationship
between felt accountability and organisational commitment, which is “the strength of an
individual’s identification with and involvement in a particular organization” [Porter
et al., (1974), p.604]. Lanivich et al. (2010) found that under situations of high
accountability, organisational commitment increased for employees with high
person-environment (P-E) fit, but decreased for those with low P-E fit. The authors
suggested that similarity provides valuable information that ameliorates the potentially
negative effects of felt accountability. Inspired by Janis and Mann’s (1977) conflict
theory of decision making, which suggests that uncertainty about decision success
coupled with important decision consequences produces stress, we investigated the
interactive effects of felt accountability and role ambiguity on affective and continuance
commitment, which are two common types of organisational commitment (Meyer and
Allen, 1984).
In order to measure the effects of felt accountability on affective and continuance
commitment, we utilised social network analysis. Previous researchers have called for
qualitative research to gain a better understanding of accountability in organisations (Hall
and Ferris, 2011; Sorensen et al., 2009). Although this might be helpful, we believe the
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next step in understanding felt accountability will come from social network analysis.
The structural perspective of social networks focuses on relationships instead of isolated
individual actors (Brass, 1995). Just as Frink and Klimoski (1998) suggested that
employees exist in a ‘web of accountabilities’, this perspective assumes that individuals
are embedded within a network of interrelationships and these networks provide
opportunities and constraints. Previous studies often have used social network analysis to
examine communication, friendship, workflow, and advice between employees, but “the
particular content of the relationships represented by the ties is limited only by the
researcher’s imagination” [Brass, (1995), p.43].
This paper will make a number of contributions to theory, empirical research, and
practice. First, this study will add to the growing body of research that frames
accountability as a stressor that causes strain reactions. By examining its interaction with
role ambiguity, we will be answering Kahn and Byosiere’s (1992) call to increase the
generalisability of stress research by investigating the joint effects of two commonly
encountered work stressors. Second, there has been a need to move beyond lab
experiments with student participants (Tetlock, 1985, 1992) and study the effects of
accountability on employees in organisations (Frink and Klimoski, 1998, 2004). By
assessing felt accountability with social network analysis in an organisation, we will
provide a richer understanding of how this workplace stressor affects employees’
attitudes. Finally, we hope our results will help organisational leaders establish
appropriate levels of accountability and formalisation to generate organisational
commitment, thus decreasing turnover and its associated costs.
We begin the paper with a review of the literature on felt accountability and role
ambiguity, and then identify a two-part hypothesis that is the focus of our investigation.
The methods we use and results of our findings will then be presented, followed by a
discussion of our findings, their significance, and the limitations of our study.

2

Review of the literature

2.1 Felt accountability
Based on the idea that accountability encourages good behaviour and/or performance,
most organisations have implemented formal accountability mechanisms for their
employees such as reporting relationships, performance evaluations, finance and
accounting systems, and personnel manuals filled with rules and regulations (Frink and
Klimoski, 1998; Hall et al., 2007). Surprisingly, co-workers with comparable
expectations and demands often report inconsistent, if not contradictory, levels of
accountability (Hochwarter et al., 2007). This reality has lead researchers to advocate a
phenomenological view of the construct (Frink and Klimoski, 1998; Tetlock, 1985,
1992). Instead of viewing accountability as an objective condition (i.e., a formal
accountability mechanism), these organisational scientists investigate the phenomenon as
a subjective interpretation. They acknowledge that external, objective conditions impact
internal, subjective perceptions, but they focus on felt accountability because individuals’
perceptions are the drivers of their attitudes and behaviours (Lewin, 1936).
Definitions of accountability can be found in the management, social psychology, and
philosophy literatures (e.g., Ferris et al., 1995; Frink and Klimoski, 1998; Lerner and
Tetlock, 1999). Although somewhat different, they all emphasise others’ evaluation of
one’s actions, thus requiring subsequent justification and defence of behaviour (Frink and
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Klimoski, 1998). We draw on Hall et al.’s (2003, p.33) definition of felt accountability as
“… an implicit or explicit expectation that one’s decisions or actions will be subject to
evaluation by some salient audience(s) with the belief that there exists the potential for
one to receive either rewards or sanctions based on this expected evaluation”.
Empirical research has found accountability to be associated with a number of
desirable attitudes and behaviours. For example, felt accountability shares a positive
relationship with employees’ positive mood (Laird et al., 2009) and job satisfaction (Hall
et al., 2003; Thoms et al., 2002). The construct has been linked to a variety of
performance-relevant outcomes as well. In particular, accountability is positively
correlated with motivation (Enzle and Anderson, 1993), attentiveness (Mero et al., 2006),
effortful analysis (Doney and Armstrong, 1996), improved judgement (Simonson and
Nye, 1992; Simonson and Staw, 1992), accuracy, attention to others’ needs (Fandt,
1991), citizenship behaviour (Hall et al., 2003), extra-role performance (Riketta and
Landerer, 2002), and job performance (Davis et al., 2007; Hochwarter et al., 2007).
Unfortunately, the potential for a ‘dark side’ to accountability exists in all work
settings [Frink and Klimoski, (1998), p.4]. For example, it may have a negative effect on
judgement as accountability has been associated with increased stereotyping (Gordon
et al., 1988), information manipulation (Fandt and Ferris, 1990), inefficient decision
making (Adelberg and Batson, 1978), inaccurate performance evaluations (Klimoski and
Inks, 1990), and an escalation of commitment to decisions guided by faulty logic
(Simonson and Staw, 1992). Accountability has been found to share a negative
relationship with helpfulness, cooperation, information accuracy (Adelberg and Batson,
1978) and prosocial behaviour (Mitchell et al., 1998) as well as a positive relationship
with contentious negotiation tactics (Carnevale et al., 1981), wasted resources (Adelberg
and Batson, 1978), and politically motivated behaviour that may divert employees from
task-relevant activities (Fandt and Ferris, 1990), thus suggesting the construct also may
have a negative effect on both citizenship behaviours and job performance.

2.1.1 Accountability as a stressor
One approach to reconciling the positive, negative, and even contradictory outcomes of
felt accountability may come from recent research that has framed felt accountability as a
stressor that causes strain reactions (e.g., Hall et al., 2003). Theoretically, accountability
systems lead to increased levels of scrutiny (Lerner and Tetlock, 1999), which cause
anxiety for those who are prone to evaluation apprehension (White et al., 1977). In
addition, most individuals grow increasingly concerned about evaluations as their
evaluators’ expectations rise (De Cremer, 2003). People who feel overly controlled and
continuously required to validate their decisions and behaviours should experience more
strain reactions (Green et al., 2002). In support of this proposition, Schlenker and
Weigold (1989) found that individuals who were given heightened expectations
experienced ambiguities, demands, and strains, thus causing them to ‘choke under
pressure’ (Baumeister, 1984).
It should be noted that virtually all employees exist in a ‘web of accountabilities’
(Frink and Klimoski, 1998) where they experience demands from multiple sources, thus
compounding their stress. For example, Page (2006) reported that pubic managers are
held accountable to legal, hierarchical, professional, political, and market sources. When
these demands conflict, individuals must prioritise their work tasks, which depletes finite
cognitive resources and causes strain (Baumeister and Heatherton, 1996). Recent
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empirical research has demonstrated an association between felt accountability and
common strain reactions such as job satisfaction, job tension, depressed mood at work
(Laird et al., 2009), work intensity, emotional labour (Hall et al., 2003), depressed mood
(Hochwarter et al., 2007), and most important to this study, organisational commitment
(Lanivich et al., 2010).
Like other stressors, individuals experience accountability differently. Some
employees may “interpret accountability as a stressful stimulus… and [others] a largely
innocuous one” [Hochwarter et al., (2005), p.518]. Accountability either can be framed as
a hindrance stressor, which prevents personal goal accomplishment (Cavanaugh et al.,
2000) or an opportunity, which fosters resource accumulation (Lanivich et al., 2010). In
support of this proposition, Laird et al. (2009) found that as felt accountability increased
for employees with weak personal reputations, job tension and depressed mood increased
as well. The opposite was true for reputable employees. Similarly, Lanivich et al. (2010)
reported that felt accountability was negatively related to job satisfaction, work intensity,
and organisational commitment for individuals with weak P-E fit, but positively related
to these outcomes for individuals with strong P-E fit. These results suggest that
moderators may affect individuals’ interpretations of accountability, thus influencing
their affective and continuance commitment.

2.2 Organisational commitment
Not only is organisational commitment one of the central concepts in psychology
(Morrow, 1993), it is one of the most widely studied phenomena in the organisational
behaviour literature (Cooper-Hakim and Viswesvaran, 2005). This interest is warranted
given the construct’s relationship with important organisational outcomes such as
attendance, performance, and retention (Riketta and Landerer, 2002). According to
Meyer and Allen’s (1991) three-component conceptualisation, organisational
commitment explains the strength and nature of individuals’ identification and
attachment to an organisation, which ultimately determines their motivation to maintain
organisational membership. In particular, employees develop affective, normative, and
continuance commitment to their organisations.
Employees who identify with their organisation’s values and goals often develop high
levels of affective commitment, which is the extent to which they are involved with and
emotionally attached to their organisation. These employees stay with their organisation
because they want to stay. Employees who feel a sense of obligation to their organisation
often experience high levels of normative commitment, which suggests they maintain
their organisational membership because they believe they ought to stay. Finally,
employees who recognise the costs associated with leaving their organisation often
develop high levels of continuance commitment. Unlike affectively or normatively
committed employees, these individuals stay with their organisation to avoid the costs of
leaving it (Pearce, 1981).
While we acknowledge that normative commitment is an important part of
organisational commitment as discussed in Meyer and Allen (1997), previous research
has called into question its validity. Specifically, Ko et al. (1997) found that normative
and affective commitment share a high correlation, and as a result, concluded that
normative commitment lacks discriminant validity. Additionally, Meyer et al. (2002)
reported that affective and normative commitment exhibit “considerable overlap” (p.28).
Using similar reasoning as above, other published studies have only examined affective
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and continuance commitment to the exclusion of normative commitment (e.g., Treadway
et al., 2011). For these reasons, we chose to only focus on affective and continuance
commitment in this study.
Previous research has examined the effects of a variety of moderators such as
negative affectivity (Hochwarter et al., 2005), personal reputation (Laird et al., 2009),
autonomy (Hall et al., 2004), organisational politics (Breaux et al., 2009), and P-E fit
(Lanivich et al., 2010) on felt accountability-strain relationships. However, Kahn and
Byosiere (1992) encouraged organisational scientists to increase the external validity of
stress research by examining the joint effects of commonly encountered work stressors.
Building on the results of Breaux et al. (2009), who found the stressor of organisational
politics to moderate the felt accountability-job satisfaction relationship, the current study
investigated the interaction of felt accountability and role ambiguity on affective and
continuance commitment.
According to the seminal work by Kahn et al. (1964), role ambiguity refers to the
relative unpredictability of the outcomes of an individual’s behaviour. Rizzo et al. (1970,
p.155) suggested that role ambiguity also is characterised by a lack of “the existence of
clarity of behavioral requirements, often in terms of inputs from the environment which
would serve to guide behavior, and provide knowledge that the behavior is appropriate”.
Therefore, employees experience role ambiguity when they do not know what needs to be
done in a role or the consequences of performance in that role. Not surprisingly, there is
overwhelming support for the association between role ambiguity and stress (Brief and
Aldag, 1976; Caplan and Jones, 1975; Hamner and Tosi, 1974; Kahn et al., 1964; Rizzo
et al., 1970), but the construct has rarely been examined as a moderator.
Figure 1

Conceptual model
Role
ambiguity
Felt
accountability

Affective commitment
Continuance commitment

However, two previous studies have examined the relationship between felt
accountability and role ambiguity on political behaviour (Fandt and Ferris, 1990; Ferris
et al., 1997). Both studies found that employees were more likely to engage in political
behaviours when accountability was high and ambiguity was low. Under these
conditions, individuals understand the rules of the political game, so they are more likely
to stay in the organisation, participate in the politicking, and benefit themselves. These
findings, along with the conflict theory of decision making (Janis and Mann, 1977),
suggest that when felt accountability is high and role ambiguity is low, employees will
experience high levels of affective and continuance commitment as well. Not only do
they understand how to earn the rewards of employment in their current organisation
(e.g., promotions, raises, tenure, etc.), but they recognise that they might not find a
similar situation in another organisation. Conversely, employees who encounter high
levels of accountability and role ambiguity should experience low levels of affective and
continuance commitment because the costs of leaving their current organisation are not
high and they could potentially find a more fulfilling employment relationship elsewhere.
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Offered in Figure 1 is the graphic representation of the relationships we propose in this
study. In the following section, we further discuss the theoretical underpinnings and
better develop the relationships between the variables in this model.

3

Theoretical foundation and hypothesis development

According to Janis and Mann’s (1977) conflict theory of decision making, internal
conflicts arise when individuals must make important decisions. These conflicts become
intense when decision makers acknowledge the risk of suffering losses from whatever
course of action they choose. Ultimately, the perceived magnitude of these potential
losses affects the intensity of physiological and psychological stress that decision makers
experience. In short, the theory attempts to explain why stress from decisional conflict
either facilitates or interferes with vigilant information processing.
Janis and Mann (1977) provide a diagram that illustrates the questions individuals ask
themselves when confronted with important decisions. After receiving a warning that
their current behaviour will lead to a loss or failure to obtain desirable gains, decision
makers ask themselves if there are serious risks from not making a change. A negative
response will lead individuals to continue with their current behaviour. However, a
positive response will generate an emotional arousal that leads to a search for appropriate
solutions to the conflict. The second question is concerned with the risks of making the
possible change. While a negative response will lead decision makers to carry out the
solution without internal conflict, a positive response will lead to a more intense
emotional state and a preoccupation with finding a better solution. Individuals who
believe they have the personal resources, social resources, and time to find and evaluate a
better solution will conduct a vigilant search for the best solution to their problem.
Janis and Mann (1977) use disaster situations to illustrate their theory. However, they
believe the conflict theory of decision making can be applied to all consequential
decisions that involve uncertainty and risk.
Consequential decisions include those that evoke some degree of concern or
anxiety in the decision maker about the possibility that he may not gain the
objectives he is seeking or that he may become saddled with costs that are
higher than he can afford, either for himself personally or for a group or
organization with which he is affiliated. Among the possible costs of a decision
are the failure to obtain gains that might otherwise be attainable if a better
course of action were chosen, which are referred to as ‘opportunity costs’
(Miller and Star, 1967). Also included are uncertain risks as well as known
costs with regard to money, time, effort, emotional involvement, reputation,
morale, or any other resource at the disposal of the decision maker or his
organization (p.69).

This passage suggests the conflict theory of decision making provides a solid theoretical
foundation on which to examine the interactive effects of felt accountability and role
ambiguity on affective and continuance commitment. Employees with high levels of felt
accountability believe that others’ evaluations will determine their organisational rewards
and punishments. When these employees are given clear information about their role
requirements and how they will be evaluated, there is no reason to change their current
organisational membership. The cost of leaving this rewarding employment relationship
is high and the possibility of finding a better situation is low, so their affective and
continuance commitment should increase. However, when employees do not receive
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clear information about their role requirements or how they will be evaluated, their role
ambiguity should serve as a warning that they may not obtain their desired organisational
outcomes. The riskiness of their current situation will generate an emotional response,
which will cause them to search for other employment options. Because the cost of
leaving their current organisation is low and the possibility of finding a more emotionally
and financially fulfilling employment relationship is high, these employees’ affective and
continuance commitment should decrease.
In support of this theoretical foundation, previous research has found accountability
to be associated with work involvement (Hall et al., 2003) and commitment to
organisational programs (Eby et al., 2006) as well as disengagement from work (Robins
and John, 1997) and turnover intentions (Bertelli, 2007). Dose and Klimoski (1995)
suggested that the success of accountability systems depends in part on how well
expectations are structured. For example, structured expectations (Kahn et al., 1964), job
efficacy (Royle et al., 2005), and P-E fit (Lanivich et al., 2010), which all assess
employees’ understanding of their organisational role requirements, have been found to
neutralise the dysfunctional effects of felt accountability on a variety of outcomes.
In addition, empirical research has found that internal labour markets, and the
potential rewards they afford, enhance continuance commitment (Ngo and Tsang, 1998).
Ngo and Tsang (1998, p.253) write “it is plausible that certain types of employment
practices may induce… continuance commitment of employees towards their
organizations, particularly when these practices are perceived by employees as supportive
to the fulfilment of their important needs”. Similarly, Meyer et al. (1990) found that
respondents who believed it would be costly to leave their organisation reported higher
levels of affective commitment. They argued that the accumulation of binding
organisational investments can lead, possibly through the process of self-justification or
dissonance reduction, to the development of an affective attachment to the organisation.
Based on this research, it is likely that individuals who perceive high levels of
accountability and low levels of role ambiguity will develop high levels of affective and
continuance commitment because they believe others’ evaluations of their performance
will lead to organisational rewards, thus satisfying their needs and making it difficult to
leave their current organisation.
Conversely, individuals who perceive high levels of accountability and role
ambiguity should develop low levels of affective and continuance commitment. Michael
et al. (2009, p.269) argued that “an employee develops affective commitment only to the
extent that the organization lets him or her feel at ease, be it by satisfying needs, meetings
expectations or enabling the attainment of the employee’s goals”. Role ambiguity, which
makes it difficult for employees to obtain performance rewards, should hurt their
affective commitment. In addition, Tetlock (1985) suggested that the effects of
accountability on individuals’ opportunistic behaviour depend on the ambiguity of the
task or the problem confronting them. Therefore, it is likely that individuals who are
confronted with high levels of accountability and role ambiguity will experience strain,
thus prompting a search for more supportive and lucrative employment opportunities and
a decrease in affective and continuance commitment, respectively. Therefore:
Hypothesis 1a

Employee perceptions of role ambiguity moderate the felt
accountability-affective commitment relationship such that individuals
who perceive low role ambiguity experience higher degrees of affective
commitment.
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Hypothesis 1b Employee perceptions of role ambiguity moderate the felt
accountability-continuance commitment relationship such that
individuals who perceive low role ambiguity experience higher
degrees of continuance commitment.

4

Method

4.1 Participants and procedures
Data for this study were collected from respondents working at a mid-sized, non-profit
health organisation located in the Southeastern USA. Workers offer rehabilitation and
support services to geriatric, homebound patients on-site or in the patients’ homes.
According to Pearce’s (1981) model of ambiguity, four structural characteristics lead
employees to experience ambiguity:
1

unusual work settings

2

changing job-related expectations

3

evaluations based on the performance of others

4

delays in feedback.

These healthcare providers deal with all four of these characteristics, thus making them
an ideal sample for our study.
Questionnaires were administered in person by the research team and were both
cross-sectional and self-report in nature. Each respondent was given an informed consent
notifying them of their voluntary participation and the option to withdraw their
participation and responses at any time without any employment penalty. Seventy-six
respondents were approached for participation and 68 completed the questionnaire in its
entirety for a response rate of 89.5%. Both the sample size and response rate are
consistent with past research that used social network approaches (e.g., Casciaro, 1998;
Johnson and Orbach, 2002; Kilduff and Krackhardt, 1994). On average, respondents were
47 years old, primarily female (85.3%), white (72.1%), had 7.7 years of organisational
tenure, and were non-supervisors (69.1%).

4.2 Measures
4.2.1 Control variables
It has been proposed that sex and supervisory position should impact continuance
commitment perceptions (Ngo and Tsang, 1998), so we controlled for all demographic
variables (i.e., age, sex, race, organisational tenure, and supervisory position) that might
impact employees’ desire and need to stay with their organisation. Age and
organisational tenure were treated as continuous variables while sex, race, and
supervisory position were dummy-coded. Specifically, sex was coded ‘0’ for females and
‘1’ for males; race was coded ‘1’ for white, ‘2’ for black, ‘3’ for Hispanic, ‘4’ for Asian,
and ‘5’ for other; and supervisory position was coded ‘0’ for non-supervisor and ‘1’ for
supervisor.
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4.2.2 Felt accountability
Felt accountability was measured with a roster as well as a traditional questionnaire.
Regarding the roster, respondents were given an alphabetical list of all employees in the
organisation. Then they were asked to indicate the people in the list to whom they felt
accountable. Specifically, the directions read “Please look carefully down the list and
place a check next to the names of people to whom you feel personally accountable”. To
determine an individual’s centrality within the felt accountability network, out-degree
was used. We calculated out-degree by counting the number of checks a particular
respondent provided. In particular, the more checks respondents provided, the higher
their felt accountability.
For the questionnaire, we used Hochwarter et al.’s (2005) eight-item measure
(α = 0.72). Sample items include “I am held accountable for my actions at work”, “To a
great extent, the success of my immediate work group rests on my shoulders”, and
“Coworkers, subordinates, and bosses closely scrutinize my efforts at work”. Responses
were recorded with a five-point Likert-scale (1 = ‘strongly disagree’ to 5 = ‘strongly
agree’).

4.2.3 Role ambiguity
We measured role ambiguity with Rizzo et al.’s (1970) seven-item scale (α = 0.72).
Sample items included “I feel certain about how much authority I have”, “I know what
my responsibilities are”, and “I have to work under unclear directions”. Responses were
recorded with a seven-point Likert-scale (1 = ‘strongly disagree’ to 7 = ‘strongly agree’).

4.2.4 Affective commitment
Meyer and Allen’s (1997) six-item scale was used to measure affective commitment
(α = 0.86). Sample items include “I would be very happy to spend the rest of my career
with this organization”, “I really feel as if this organization’s problems are my own”, and
“I do not feel like ‘part of the family’ at my organization” (recoded). Responses were
recorded with a seven-point Likert-scale (1 = ‘strongly disagree’ and 7 = ‘strongly
agree’).

4.2.5 Continuance commitment
We measured continuance commitment with Meyer and Allen’s (1997) six-item scale
(α = 0.69). Sample items include “It would be very hard for me to leave my organization
right now even if I wanted to”, “Right now staying with my organization is a matter of
necessity as much as desire”, and “One of the consequences of leaving this organization
is the lack of jobs at other places”. Responses were recorded with a seven-point
Likert-scale (1 = ‘strongly disagree’ and 7 = ‘strongly agree’).

5

Results

The means, standard deviations, correlations, and reliabilities of the study variables are
shown in Table 1. Consistent with the guidelines presented by Cohen et al. (2003), the
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predictors were centred, then the hypothesis was tested using hierarchical moderated
multiple regression. In step 1, the control variables were entered followed by the main
effect variables in step 2. Finally, in step 3, the cross-product of the main effect variables
was entered. Moderation is found to exist if the interaction term significantly predicts the
dependent variable beyond that predicted by the control and main effect variables (Baron
and Kenny, 1986).
Regarding Hypothesis 1a, it was found that sex (β = 1.28, p < 0.01) and
organisational tenure (β = 0.05, p < 0.05) predicted affective commitment measured by
the roster. As a group, the control variables were also significant predictors of the
dependent variable (ΔR2 = 0.21, p < 0.01). In step 2, role ambiguity (β = 0.64, p < 0.05)
was found to be significantly related to affective commitment, but the block as a whole
was not (ΔR2 = 0.06, ns). As in step 2, no support was found for step 3 in predicting
roster-measured affective commitment (ΔR2 = 0.01, ns), indicating a lack of support for
Hypothesis 1a.
The results for Hypothesis 1a were similar when affective commitment was measured
with a Likert-scale. Specifically, the results for step 1 were precisely the same because
the variables in that block were the same. In step 2, we observed that while the predictive
effect and significance of role ambiguity was the same, the magnitude was different
(β = 0.61, p < 0.05). The main effects as a group, however, predicted the same change in
R-square (ΔR2 = 0.06, ns). Regarding step 3, while the effect of the interaction term was
larger, it still did not predict significant change in the dependent variable (ΔR2 = 0.01,
ns), indicating lack of support for Hypothesis 1a as well.
The results for Hypothesis 1b were more supportive. In step 1, only sex was found to
be a significant predictor of continuance commitment measured by a roster (β = –0.83,
p < 0.05) though the overall block did not produce a significant change (ΔR2 = 0.10, ns).
In step 2, neither of the main effect variables, nor the overall block was statistically
significant (ΔR2 = 0.01, ns). However, the interaction term entered in step 3 was
significant (β = –0.15, p < 0.05; ΔR2 = 0.13, p < 0.01), thereby supporting Hypothesis 1b.
The results of the fourth regression, which tested Hypothesis 1b with a Likert-scale
and is shown in Table 5, were strikingly similar to the previous results. In the cases of
steps 1 and 2, the results were identical in regards to both beta weights and significance
levels. Specifically, of the control variables, sex was the only significant predictor
(β = –0.83, p < 0.05), but the control variables as a group did not predict variance in
continuance commitment measured with a Likert-scale (ΔR2 = 0.10, ns). In step 2, the
overall block was not significant (ΔR2 = 0.01, ns) and neither were main effect variables.
In the final step, both the interaction term (β = –0.84, p < 0.05) and the block
(ΔR2 = 0.05, p < 0.05) significantly predicted the dependent variable, providing support
for Hypothesis 1b.
To illustrate the form of the relationship between the interaction terms and the
dependent variable for Hypotheses 1b, the effects noted in Tables 4 and 5 were plotted in
Figures 2 and 3, respectfully. As with the results from the regression, both plots
demonstrated the same finding: individuals who feel more felt accountability and less
role ambiguity experience higher levels of continuance commitment. Conversely, as
individuals feel more felt accountability and more role ambiguity, their continuance
commitment decreases.

Cont. comm.

10

-
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-
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0.22

0.33**

-

4

–0.14

0.27*
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-
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-
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7
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7
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9
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4
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2

3
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-
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1
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Table 2

Regression results for accountability roster x role ambiguity on affective commitment
ΔR2

B

SE

β

Age

–0.01

0.01

–0.08

Sex

1.28**

0.47

0.35

Race

0.10

0.30

0.04

Org. tenure

0.05*

0.03

0.28

Position

0.36

0.35

0.13

FA – roster (A)

–0.01

0.03

–0.02

Role ambiguity (B)

0.64*

0.30

0.28

0.06

A×B

0.04

0.05

0.13

0.01

Model and variable

0.21**

Notes: **p < 0.01; *p < 0.05
Table 3

Regression results for accountability survey x role ambiguity on affective
commitment
ΔR2

B

SE

β

Age

–0.01

0.01

–0.08

Sex

1.28**

0.47

0.35

Race

0.10

0.30

0.04

Org. tenure

0.05*

0.03

0.28

Position

0.36

0.35

0.13

FA – roster (A)

0.04

0.29

0.02

Role ambiguity (B)

0.61*

0.31

0.27

0.06

A×B

0.23

0.45

0.06

0.01

Model and variable

0.21**

Note: **p < 0.01; *p < 0.05
Table 4

Regression results for accountability roster x role ambiguity on continuance
commitment
ΔR2

B

SE

β

Age

–0.01

0.01

–0.04

Sex

–0.83*

0.48

–0.24

Race

0.13

0.30

0.06

Org. tenure

0.02

0.03

0.11

Position

–0.31

0.35

–.12

FA – roster (A)

–0.01

0.03

–0.04

Role ambiguity (B)

–0.13

0.31

–0.06

0.01

A×B

–0.15*

0.05

–0.57

0.13**

Model and variable

Notes: **p < 0.01; *p < 0.05
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Regression results for accountability survey x role ambiguity on continuance
commitment

Model and variable

B

SE

β

Age

–0.01

0.01

–0.04

Sex

–0.83*

0.48

–0.24

Race

0.13

0.30

0.06

Org. tenure

0.02

0.03

0.11

ΔR2

Position

–0.31

0.35

–0.12

FA – roster (A)

–0.01

0.30

–0.01

Role ambiguity (B)

–0.15

0.32

–0.07

0.01

A×B

–0.84*

0.45

–0.24

0.05*

Note: *p < 0.05
Figure 2

Accountability roster x role ambiguity on continuance commitment

Figure 3

Accountability survey x role ambiguity on continuance commitment

0.10
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Discussion

Building on previous research that has investigated felt accountability and role ambiguity
in organisational settings (Fandt and Ferris, 1990; Ferris et al., 1997), we examined the
multiplicative effects of these constructs on affective and continuance commitment. Data
collected from a non-profit healthcare provider partially supported our hypothesis. In
particular, as perceptions of felt accountability increased, employees with low role
ambiguity perceptions experienced increasing continuance commitment, but employees
with high role ambiguity perceptions experienced decreasing continuance commitment.
Surprisingly, we did not find similar results for employees’ levels of affective
commitment. These results are somewhat of a departure from previous research that has
found workplace role stressors to have positive and negative effects on continuance and
affective commitment, respectively (Glazer and Beehr, 2005; King and Sethi, 1997;
Meyer et al., 2002). However, it is in alignment with felt accountability research that has
found moderators like personal reputation (Laird et al., 2009) and P-E fit (Lanivich et al.,
2010) to affect the strength and directionality of many felt accountability-strain
relationships.
These results are similar to the findings of Ferris and colleagues (Fandt and Ferris,
1990; Ferris et al., 1997) as well. In particular, they found that under conditions of high
accountability and low role ambiguity, individuals engaged in more political behaviours.
Ferris and Kacmar (1992) suggested that employees react to the political context in one
of three ways:
1

they leave the organisation

2

they stay in the organisation, but focus on their work and ignore the politics

3

they stay in the organisation and play the political game.

In effect, these studies suggest that when individuals are held accountable and understand
the rules of the political game, they are more likely to stay in the organisation, play the
political game, and benefit themselves. Therefore, it is reasonable that perceptions of
high accountability and low role ambiguity would also generate high levels of
continuance commitment, which is concerned with maximising the benefits and
minimising the costs of employment, as outlined in Janis and Mann’s (1977) conflict
theory of decision making.
Although a meta-analysis of 155 studies found continuance commitment to be
negatively correlated with leaving one’s organisation (Meyer et al., 2002), the construct
has been “assumed to be undesirable, because studies frequently show that it is negatively
or unrelated to job performance and citizenship behavior” [Sinclair et al., (2005),
p.1280]. Recent research has begun to question this assumption, though. For example,
Suliman and Iles (2000) found a positive continuance commitment-performance
relationship in a Middle Eastern sample and Johnson and Change (2006) found a positive
continuance commitment-citizenship behaviour (OCBI) relationship for employees with a
strong individual self-concept. In addition, Boichuk and Menguc (2013) found that
dissatisfied retail employees are more likely to come up with creative solutions to
organisational problems when they have high levels of continuance commitment and
supervisor support. Instead of causing ‘warm chair attrition’, these studies suggest that
continuance commitment may promote employee behaviours that benefit organisations
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and their members alike. Therefore, organisations should not dismiss the importance of
fostering and maintaining their employees’ continuance commitment.

6.1 Strengths and limitations
We collected data from full-time employees who were working in a non-profit healthcare
organisation that serves geriatric patients. Up until now, a majority of the accountability
research has been experimental in nature (see Pinter et al., 2007; Scholten et al., 2007, for
recent examples). Laboratory settings can provide important insights (Mook, 1983), but
their external generalisability is strengthened when tested in field settings (Cook and
Campbell, 1979). We believe this sample was ideal for the current study because of:
1

the importance of accountability in healthcare

2

the ambiguous nature of the work (unusual work settings, changing job-related
expectations, evaluations based on the performance of others, and delays in
feedback)

3

a turnover rate of 90% for home healthcare aides within the first two years of
employment (http://www.iom.edu/Reports/2008/Retooling-for-an-Aging-AmericaBuilding-the-Health-Care-Workforce.aspx).

Finally, we replicated our results with two different measures of felt accountability (i.e.,
roster and traditional questionnaire) and found similar results. Not only does this provide
greater support for Hypothesis 1b, but it offers a new and intuitive approach to measuring
a common workplace stressor.
Despite these strengths, we do acknowledge the potential limitations of this study.
First, the data were collected in a cross-sectional fashion, which does not allow for
inferences of causation. Second, all information in this study was gathered via self-report.
Given this approach, there exists the potential for common methods variance. However,
Spector (2006) contends that, while common methods variance is often an issue when
gathering information through self-reports, common methods bias (i.e., when results are
negatively impacted by common methods variance) is uncommon. Finally, even though
our sample size is relatively small when compared to some other studies, our response
rate is greater than those typically reported in organisational research. Specifically, our
response rate was 36.8% higher than those typically observed in these types of studies
(Baruch and Holtom, 2008). Additionally, other studies investigating organisational
issues using a social networks approach have reported much smaller sample sizes, but
similar response rates (e.g., Casciaro, 1998; Johnson and Orbach, 2002; Kilduff and
Krackhardt, 1994; Treadway et al., 2012).

6.2 Directions for future research
Although this study contributed to our understanding of how two common workplace
stressors interact to affect employees’ continuance commitment, there still is much to
learn about felt accountability and organisational commitment. Some researchers have
argued that continuance commitment is composed of two distinguishable factors. In
particular, one is “the role of available alternatives in the decision to remain in one’s job”
and the other is “the personal sacrifice that would result from leaving the organization”
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[McGee and Ford, (1987), p.639]. Not only did our sample of healthcare professionals
have available alternatives for employment, but it is likely that felt accountability would
have a stronger effect on the ‘personal sacrifice’ dimension of continuance commitment
because the construct is concerned with rewards and punishments. Clearly, future
research that incorporates different samples and an analysis of the dimensions of
continuance commitment is warranted.

6.3 Practical implications
Although formal accountability systems are commonplace in modern organisations,
human resource professionals must remember the inherently stressful nature of felt
accountability. Individuals who feel high levels of accountability believe their rewards
and punishments will be determined by others’ evaluations of their performance.
Therefore, felt accountability may be interpreted as an opportunity to obtain rewards or as
a threat of potential punishments. Our results suggest that perceptions of role ambiguity
determine if felt accountability is perceived as an opportunity or a threat, thus influencing
employees’ continuance commitment.
Previous research has found a strong negative correlation between role ambiguity and
‘formalisation’ and ‘goal consensus and clarity’ (Pearce, 1981). Therefore, it would be
advantageous for organisations to develop clear job descriptions and work guidelines
(Chang, 2008) as well as engage in management by objectives (MBO), where managers
and employees work together to develop the goals by which employees will be evaluated.
According to Hall et al. (2007, p.409), giving employees “a hand in creating the
accountability criteria and measures by which their performance will be judged” should
ameliorate the negative effects of high accountability environments.
Although not all positions are suited to participative goal setting, all employees can
benefit from regular feedback. In Pearce’s (1981) model of role ambiguity, individuals
who experience a delay or absence of relevant information or definitive feedback are
expected to experience high levels of role ambiguity. Therefore, feedback that is not
limited to an annual performance evaluation should go a long way in fostering the
benefits of formal accountability systems. Finally, all employees could benefit from
training in stress management. It may not be possible to eliminate accountability systems,
but training may help employees interpret their stressors and manage their strains in a
more beneficial and productive manner.
Finally, the idea that theories identified and tested in the USA might not be equally
predictive in other cultures is a discussion going back at least 35 years when Hofstede
(1980) published his seminal article on ‘Motivation, leadership, and organization: do
American theories apply abroad’. This article and the many published after it have
spawned much cross-cultural research to address this idea. Unfortunately, our study does
not provide an opportunity to address this issue. However, we enthusiastically encourage
future work to test the conceptual model offered in this study in a variety of cultural
settings as scholars work to refine and enhance the predictive capacity of theory.
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Introduction

Recent advancement in computational capacity of computers has spurred wide use of
graph-theoretic concepts in economic, political and social analysis (Shrum, 1997;
Richardson, 1999; OECD, 1997a, 1999; Scott, 2000; Wasserman and Faust, 1994). The
use of these concepts proves useful especially in the analysis of innovation systems,
paving the way for the quantitative assessment of system structure and performance and
analysis of the relationship between structure and performance (Manescu, 1980; Murota,
1987; Cormen et al., 1980; Hudson, 1992). OECD (1997a, 1997b, 1999), for example,
characterises common patterns across innovation systems of member countries (Freeman,
1987, 1997), hierarchical properties of organisations in a system (Mytelka and Farinelli,
2000), local clusters and innovation systems (Merrill-Sands et al., 1989), and linkages
between farmers, technology transfer agents, and agricultural research. The list can be
extended at will.
This paper defines innovation system as an environment in which technology-specific
learning takes place. This environment includes a wide array of complex interactions
across the science, markets, state and private agents. The premise is that innovation takes
place everywhere in society, which points to the need for going beyond the linkages of
the science sector to those agents/sectors in its immediate environment (Cowan and
van de Paal, 2000). The linear learning paradigm is insufficient to characterise the
underlying nonlinear learning process in which a wide range of agents/sectors are
involved in complex interactions.
The paper applies the graph-theoretic concepts in the characterisation of innovation
system. For illustrative purposes, data and information obtained from a survey (Temel
et al., 2001, 2003) about the agricultural innovation system (AIS) of Azerbaijan are used
to show how to design effective innovation and research policies promoting the
development of new agricultural technologies.1 Specifically, we quantify the strength of
linkages among the system components, identify the dominant and subordinate
components, illustrate how to design effective innovation policies, and elaborate on how
to improve the efficiency and effectiveness of the system. With the methodology
introduced in Section 2, policy makers should be able to identify the existing cause-effect
pathways, detect leverage points and mismatches, and develop alternative scenarios to
release the constraints on the system performance.
The paper is organised in five sections. Following the introduction, Section 2
introduces a methodology for analysing innovation systems, drawing on graph-theoretical
concepts. Section 3 uses the methodology in the characterisation of the AIS of Azerbaijan
and discusses the key observations and their policy implications. Section 4 discusses how
to use the methodology in the design of effective innovation policy interventions. Finally,
Section 5 concludes the paper.

2

Methodology

2.1 Innovation system as a directed graph
In order to illustrate the use of various graph-theoretic concepts, we define an
(agricultural) innovation system, S, as a set of components – each one of which is a group
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of organisations – that jointly and/or individually contribute to the generation,
dissemination and use of information and knowledge that directly and/or indirectly lead
to (agricultural) technological progress and hence economic (agricultural) growth. The
system goal is to bring about economic (agricultural) growth through (agricultural)
technological progress, and hence, the organisational interactions are naturally geared
towards the development, diffusion and application of new or improved (agricultural)
technologies.
Let S be a directed graph (or digraph) consisting of n components, C, and m linkages,
L.2 Let i and j denote two components in C; and (ij) be a binary linkage in L through
which information and knowledge flow from i into j. Formally, we define S(n, m) =
(i, j ∈ C, (ij) ∈ L) as a digraph of order n and size m. For purposes of illustration, set
n = 5 and m = n(n – 1) = 20 binary linkages (excluding self-loops),
⎡ P
⎢ RP
⎢
S = ⎢ IP
⎢
⎢ FP
⎢⎣ XP

PR

PI

PF

R

RI

RF

IR

I

IF

FR

FI

F

XR

XI

XF

PX ⎤
RX ⎥⎥
IX ⎥ ,
⎥
FX ⎥
X ⎥⎦

where individual components in C = {P, R, I, F, X} are placed in the diagonal cells, and
binary linkages among them in the off-diagonal cells. Linkages in S assume clock-wise
flow of information and knowledge. Take, for example, the linkage PR (which can also
be denoted by P → R) in the 1st row-2nd column in S. It represents the flow of
information and knowledge from policy component P to research component R.
Likewise, the linkage RP (which can also be denoted by R → P) in the 2nd row-1st
column represents the flow in the opposite direction between the same components. The
off-diagonal cells define binary flows, meaning that the two components concerned are
directly linked without the involvement of any intermediary component. Linkages that
involve intermediary component(s) are called pathways, such as a two-linkage pathway
PXR (which can also be denoted by P → X → R), a three-linkage pathway PIFR (or
P → I → F → R), a four-linkage pathway PXIFR (or P → X → I → F → R) and so on.
Pathways that start and end with the same component are called loops such as PP or PRP
or PRXP and so on. For exposition purposes, let I, F and X, respectively, stand for the
information, farming and external sectors.

2.2 Graph theoretical concepts
In order to characterise S, binary linkages should be quantitatively measured. Structured
interviewees with the representatives of components, a survey of individual organisations
in the system, and stakeholder workshops are among the methods that can be employed
to approximate the strength of linkages. We first construct an adjacency matrix and then
exploit it in the application of various graph-theoretic concepts, each one of which helps
uncover a pattern in the digraph.
Adjacency matrix, denoted by Sa(n, m) = Sa(5, 10), is of the form:
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⎡P
⎢0
⎢
Sa = ⎢ 1
⎢
⎢0
⎢⎣ 0

1

1

0

R 1

1

0
1

I 1
0 F

0

0

1
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1⎤
0⎥
⎥
1 ⎥,
⎥
0⎥
X ⎥⎦

where 0 for absent or null and 1 for existing linkages are used. Arbitrarily assigned
linkages in Sa show that this matrix is incomplete because not every pair of components
is linked. Sa would have been a complete graph if every diagonal entry was 0 and all
others were 1. Additionally, it is asymmetric, reflecting the differences of opinions of the
representatives interviewed in relation to their linkages with the rest of the system. Take,
for example, the linkage PR = 1 in the 1st row-2nd column and the linkage RP = 0 in the
2nd row-1st column. This suggests that information and knowledge flow from P to R, but
the reverse flow is not defined. It means that the representative of P declares the presence
of flow from P to R, whereas the representative of R does not claim any flow from R to P.
A visual-matrix format of Sa in Figure 1 is a tool for detecting the important flow patterns
at once, where black (white) squares indicate the existing (non-existent) flows.
Figure 1

Graph of adjacency matrix Sa

Hierarchically-layered graph of Sa ranks individual components, following the algorithm
of Sugiyama et al. (1981; Gansner et al., 1993). The construction involves six steps. In
step 1, Sa is reformatted as a directed acyclic graph by identifying a set of flows, the
reversal of which will make it acyclic. One way to find the smallest possible set of flows
(also called a feedback arc set) is simply to drop one component in every cycle in Sa.
Removing this set from Sa would yield a directed acyclic graph. In step 2, components
are assigned a preliminary y-ranking such that if there is a flow from i to j, then it is likely
that yrank(i) > yrank(j). This ranking ensures that the final drawing has directed flows
pointing mostly downward. In step 3, the y-coordinates are generated so that if there is a
flow from i to j and yrank(i) > yrank(j), then their y-coordinates are as close as possible,
but separated by a set minimum. This ensures that the final resulting drawing does not
have many long flows. This process assigns the components into a finite number of
layers. If a flow lies across a number of layers, virtual components are added. In step 4, a
preliminary x-ranking is assigned to each component to minimise the number of flow
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crossings. In step 5, the x-coordinates are generated by minimising

∑

i→ j

x(i ) − x( j )

subject to the constraints that components on the same layer obey the x-ranking generated
in step 3 and are separated by a set minimum. In step 6, the flows reversed in step 1 of the
algorithm are returned to their original orientations, and the final layered graph is drawn.
Figure 2 shows the hierarchically layered graph of Sa in which P plays a dominant
role in the innovation system concerned, followed by R, I, X and F. This dominance
embodies the information and knowledge that P obtains through feedback from F to R, to
I and then back to itself. Component F occupies the bottom layer of the graph, implying
that the effects of others in the system land into this component, and F’s response is
intermediated by R and I. The components placed in the mid-layers R, I and X, act as
intermediary elements connecting P and F.
Figure 2

Hierarchically layered graph of Sa

Refined graph, denoted by Sr, is constructed by using the information about the degree of
strength of binary flows in Sa. The opinions of the representatives interviewed should
provide an indication of the degree of flows their organisations are involved in. The
opinions gathered can be expressed in four scales: 0 for a non-existent flow, 1 for a weak,
2 for a medium, and 3 for a strong flow.3 This procedure would yield a vector of values
representing the level of strength of flows between organisations. Repeating the same
procedure for each organisation would result in as many vectors as organisations in the
system. Next, component-level average values are calculated by averaging over the
number of organisations in each component. Suppose that this averaging method yields:
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⎡P
⎢0
⎢
Sr = ⎢ 2
⎢
⎢0
⎢⎣ 0

3 1
R 1

0
2

0
3

I 3
0 F

0

0

1
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1⎤
0⎥
⎥
3 ⎥.
⎥
0⎥
X ⎥⎦

Influence graph, denoted by Si, embodies information about the degree of influence of
one component on another. Sr represents the degree of strength of binary flows only,
while Si goes one step further by mapping the degree of influence embodied in these
binary flows. We convert Sr into a system of influence-oriented linkages. For this
conversion to take place, specific questions are asked during the interview to determine
how strongly the interviewed organisation believes to influence others in the system
through the information and knowledge that it supplies. The resulting matrix, denoted by
Sc, maps the claimed binary influences,
⎡P s w 0
⎢0 R w m
⎢
Sc = ⎢ m 0 I s
⎢
⎢0 s 0 F
⎢⎣ 0 0 0 w

w⎤
0⎥
⎥
s ⎥,
⎥
0⎥
X ⎥⎦

where n = 0 defines absence of influence, w = 0.33 weak influence, m = 0.66 medium
influence, and s = 1 strong influence. Pair-wise multiplication of Sr and Sc yields:
(3* s ) (1* w)
0
(1* w) ⎤ ⎡ P
3 0.33 0
0.33⎤
⎡ P
⎢ 0
⎥
⎢
R
(1* w) (2 * m )
0
0
R 0.33 1.32
0 ⎥
⎢
⎥ ⎢
⎥
Si = ( S r D Sc ) = ⎢ (2 * m )
0
I
(3* s ) (3* s ) ⎥ = ⎢1.32 0
I
3
3 ⎥,
⎢
⎥ ⎢
⎥
(3* s )
0
F
0 ⎥ ⎢ 0
3
0
F
0 ⎥
⎢ 0
⎢⎣ 0
0
0
(1* w)
X ⎥⎦ ⎢⎣ 0
0
0
0.33 X ⎥⎦

where ‘○’ represents pair-wise matrix multiplication. The resulting influence graph is
shown in Figures 3 and 4 for easy detection of influence pathways.
Figure 3

Influence graph Si
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Cause-effect structure of Si reveals the final distribution of the components, drawing on
the influence-adjusted linkages. Cause (cj) of component j is defined as the total influence
of that component on others – the sum of the elements in the jth row of Si. Effect (ej) of
component j is defined as the total influence of others on that single component – the sum
of the elements in the jth column of Si. The list of (cj, ej)-coordinates for j ∈ C is given in
Table 1. These coordinates, as well as the binary influences in Si, are mapped together in
a two-dimensional diagram given in Figure 5. [The reader is referred to Hudson (1992)
for the development of the concept of ‘cause-effect structure’ within the context of rock
engineering.]
Figure 4

Table 1

Hierarchically layered graph of Si

The (c, e)-coordinates of Si

Componentsa

Cause (c)

Effect (e)

1 (P)

3.7

1.3

2 (R)

1.7

6.0

3 (I)

7.3

0.7

4 (F)

3.0

4.7

0.3

3.3

5 (X)
a

Notes: Throughout the paper, numbers and letters are interchangeably used to refer to
components. For example, number 1 refers to component P, which is and denoted
by 1 (P); 2 refers to R and denoted by 2 (R) and so on.

Figure 5 can be exploited in the design of innovation policy interventions. First, the
distribution of the gray circled components {1, 2, 3, 4, 5} = {P, R, I, F, X} give
information about the character of the component concerned. Those components placed
in the south-east (north-west) corner of the diagram are called dominant (subordinate)
components. A component in the south-east (north-west) corner is said to affect others (to
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be affected by others) much more than others’ effects (its effects) on it. The components
close to a 45-degree line from the origin of the diagram are called interactive
components. A component placed in the south-east (north-east) corner shows low (high)
interaction with the rest of the system. The figure shows that I is strongly dominant; R is
strongly subordinate, followed by subordinate X; and P is weakly interactive.
Second, it helps us identify critical binary influences that determine the distribution of
the components. Take, for example, component I. It is subject to three binary influences:
two incoming and one outgoing. Apparently, the outgoing influence from P makes it a
strongly dominant component. This kind of visual exploration of the system is very
useful in several respects. First of all, one can easily and quickly identify the sources and
the sinks of information and knowledge flows in the system. The sources (i.e., dominant
components) can be considered as policy intervention points, whereas the sinks (i.e.,
subordinate components) can be considered as policy areas where the impact is expected
to occur. The (c, e) structure laid down in the figure further helps identify weak and
strong binary influences and give us hints in the design of linkage and influence
mechanisms to promote the desired information and knowledge flow.
Figure 5

The (c, e)-structure of Si

Density of Si is d = 0.5 where 1 ≥ d =

m
n ( n −1)

≥ 0 with m = 10 and n = 5. A system is said

to be fully identify if d = 1, implying that all the components are linked with each other
via binary linkages. It should be noted that the determination of the system density
excludes the pathways of linkages that may involve more than two components. The
higher the number of binary linkages, the higher the density; and the higher the density,
the higher the speed of information and knowledge flow in the system.
The component-level density is also important for ranking the components in terms of
their linkages with the rest of the system. For example, the density of P is dP = 4 / 10 =
0.4 as P has a total of four identified linkages (three outgoing and one incoming),
followed by dR = dI = 0.4 (two outgoing and two incoming each component), dF = 0.4
(one outgoing and three incoming) and dX = 0.3 (one outgoing and two incoming). It
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should be noted that here the component-level densities are calculated relative to the total
number of the identified linkages in the system, which is equal to 10.
A clique in Sa is a subset C1 of the component set C (i.e., C1 ⊆ C) such that for every
(i, j) ∈ C1, there exists a two-way linkage connecting them; that is, ij, ji ∈ L. In other
words, a clique is a set of components C1 where the corresponding sub-graph is a
complete graph. In our case, as shown in Figure 6, C = {{P, I}, {R, F}, {X}} where C1 =
{P, I} or C1 = {R, F}. The clique number ω(Sa) = 3 is the number of components in a
maximum clique C in Sa. The opposite of a clique is an independent set, in the sense that
every clique corresponds to an independent set in the complement graph.
A strongly connected component in Sa is a component which is reachable by all other
components in the graph. Reachability between the strongly connected component and
others is established by the existence of a pathway between the strong component and
others. In the case of Sa, the sets of strongly and weakly connected components are
identical: {P, R, I, F, X}. This means that with pathways of different lengths, any
component in Sa is reachable by any other component in the graph.
Figure 6

Clique in Sa

A cluster is a subset of components that are locally concentrated (so called ‘small worlds’
refer to high clustering). Using Sa, the clustering coefficient of component i is calculated
as the proportion of its neighbours that are neighbours themselves:
Cl (i ) =

∑ (ij)(ik )( jk ) .
∑ (ij)(ik )
j ,k

j ,k

The system-wide clustering coefficient is defined as the average of the component-level
clustering coefficients:
Cl =

1
n

n

∑ Cl (i).
i =1

Cluster analysis is useful especially in a system with a large number of components,
helping identify sub-systems and examine their linkages and knowledge flow patterns. In
the context of innovation policy interventions, clusters may be treated as sub-systems of
multiple sectors to be targeted for the effective system-wide flow of information and
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knowledge. Targeting clusters rather than individual components would be desirable
when the system is too large to handle by the government. Cluster analysis is also useful
if the system at hand is more likely to compose of individually isolated clusters serving
the system goal. In this case, each cluster can be targeted in an isolated manner. Figure 5
shows two isolated clusters, {R, F, X} and {P, I}, identified on the basis of the
cause-effect coordinates.
A community is a small sub-graph which is highly connected but not so highly
connected to the remaining graph. Community structure is the partitioning of the
component set C into k subsets, i.e., C = ∪Cz, such that each subset defines one
community, and that there is a higher density of linkages within subsets than between
them. Following Clauset’s (2005) algorithm, the community index value Q of this
partition is defined as
Q=

∑

k
z =1

( ezz − az2 ),

where ezz is the percentage of linkages that have both ends in the community Cz:
ezz = {(ij ) i, j ∈ Cz , (ij ) ∈ L} | L |,

and az is the percentage of linkages that start from the community Cz:

az = {(ij ) i ∈ Cz , (ij ) ∈ L} | L |.
Clearly,
Q≤

∑

k
z =1

( ezz − az2 ) ≤ ∑ z =1 ezz
k

≤ 1.

Typically, for a random partition of C, Q is close to zero implying the absence of
community structure, while the partition of C that gives a large positive value of Q
indicates a significant community structure. Therefore, Clauset’s algorithm starts by
assigning every component into its own community, and calculates the change in Q that
results from merging two communities into one. It then merges the two communities that
give the highest positive change in Q. This process is repeated on the merged system and
terminates when the highest change is found to be negative. In our example, the system is
partitioned into k = 2 communities where C1 = {P, F, I} and C2 = {R, X}. The community
modularity implied by these two communities, Q = 0.02, suggests that there is an
insignificant community structure.
In the graph S = (C, L), a pair of subsets C1 and C2 of C satisfying C = C1 ∪ C2, C1 ∩
C2 = Ø, C1 ≠ Ø, C2 ≠ Ø is called a cut (or a partition of S). The cut-set of the cut (C1, C2)
is the set of edges whose end points are in different subsets; that is, f(ij) ∈ L | i ∈ C1,
j ∈ C2}. In our example, C1 = {P, F} and C2 = {R, I, X} represent a cut.
A bi-connected graph is a graph with no cut-point. Component i is a cut-point of a
graph if that graph is not connected after removing component i and all of its edges. In
our example, the system is a bi-connected graph because the graph does not have any
cut-point.
A bipartite graph is a graph where C is decomposed into two disjoint subsets,
C1 ∩ C2 = ∅, such that there are no edges between any two components in C1, and also
there are no edges between any two components in C2; all edges have one endpoint in C1
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and the other endpoint in C2. The adjacency matrix can then be arranged such that it is of
the form:
⎡0
⎢C
⎣ 2

C1 ⎤
.
0 ⎥⎦

In our example, the system cannot be represented as a bipartite graph because it cannot be
decomposed into two disjoint subsets.
Centrality is a fundamental measure of importance of a component in a network. In
the empirical literature, it has been shown that centrality is critical in explaining the
patterns of information flow, the formation and performance of R&D collaborating firms
and inter-organisational network linkages. Four types of centrality measures are often
used in network analysis (see Borgatti, 2005; Freeman, 1987, 1997; Estrada et al., 2005).
Subgraph centrality measures the centrality of a component based on the number of
sub-graphs (i.e., based on spectral properties) in which that component takes part:
n

SC (i ) =

∑ v (i) e
j

2 λj

,

j =1

where vj(i) stands for the ith element of the jth eigenvector, and λj is the jth eigenvalue of
adjacency matrix Sa. It assigns relative scores to all components in the system based on
the concept that connections to high-scoring components contribute more to the score
of the component in question than equal connections to low-scoring components.
It further gives higher importance to small sub-graphs and is more discriminative
than eigenvector, degree, closeness or betweenness centrality for the components of a
system. In our example, the sub-graph centrality measures are 3.4 for P, 2.1 for I, 1.1 for
R, 0.4 for F and 0.5 for X, implying that P, I and R play significant role in a large number
of sub-graphs in Sa, whereas X and F are relatively less important in the system.
Eigenvector centrality follows a mechanism in which each component affects all of
its neighbours simultaneously. It can be interpreted as an extended degree centrality
which is proportional to the sum of the centralities of the component’s neighbours.
Therefore, component i would have a high eigenvector centrality either if it is connected
to many other components or if it is connected to those components with high
eigenvector centralities. Since our example graph is a digraph, the in-degree and
out-degree centrality measures are relevant, which are {X > R > I > F > P} = {0.67 > 0.49
> 0.39 > 0.33 > 0.22} and {P > I > R > X > F} = {0.63 > 0.56 > 0.45 > 0.25 > 0.14},
respectively. P and I are the dominant components, while X and R are the subordinate
ones. The dominant components (i.e., sources) represent the effective policy intervention
areas, whereas the subordinate components (i.e., targets or sinks) represent the policy
impact or outcome areas.
Degree centrality of component i, denoted by di, is defined as the number of binary
linkages that it has. It measures the degree of immediate influence or risk that component
i is subject to. For example, if a certain proportion of components in the system is
infected, those components having a direct connection with them will also be infected.
The risk of infection of a component will also be high if it is linked to only one
component connected to many others. Standardised degree centrality of component i,
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∑
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n
j =1
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can be interpreted as the probability that a new component entering in the system will be
connected to component i. In the case of a directed graph, two separate measures of
degree centrality are of importance. In-degree centrality is a count of the number of
linkages directed to the component, and out-degree centrality is the number of linkages
that the component directs to others. In graph theory notations, in-degree (out-degree) of
component i is the number of linkages that involve component i as an end-point
(entry-point). The average in-degree (out-degree) centrality of a graph is the average of
in-degree (out-degree) centralities of all the components in the graph. In our example, the
in-degree centrality of {P, R, I, F, X} is associated with {1, 2, 2, 2, 3} and the out-degree
centrality with {3, 2, 3, 1, 1}.
Betweenness centrality characterises how influential a component is in linking a pair
of components. In other words, it measures the number of times that a shortest path
between components s and t travels through component i whose centrality is being
measured. The betweenness centrality of component i is given by:

∑

nsi ,t ns ,t ,

s ,t∈C , s ≠ i ,t ≠ i

where ns,t is the number of shortest paths from s to t and nsi ,t is the number of shortest
paths from s to t passing through i. In our example, the betweenness centrality measures
are P = 0.5, R = I =5.3, F = 0.3 and X = 3.5. The components R, I and X appear to play
significant role in linking the other two components.
Closeness centrality of component i is defined as the inverse of the sum of the
distance from i to all other components. The closeness centrality of Sa is given as
1
, l12 , l13 , ... where li is the average distance from component i to all other
l1

{

}

components connected to i. If d is the distance matrix then the average distance li from i
dij
j
to all connected components is calculated as li =
, where the sum is taken over
k
all finite dij and k is the number of components connected to i. This measure is only
applicable to connected graph since the distance between unconnected components is
undefined. The closeness centrality for isolated components is by definition zero. In our
example, the standardised closeness centralities of the components are: 1 for P and I, 0.83
for R, 0.6 for X and 0.5 for F.
Shortest path: Dijkstra’s single-source shortest path algorithm, assuming
non-negative influence weights, is applied to identify the shortest influence path from the
source to all other components in Si = (C, L). The shortest path minimises the sum of the
influence weights (i.e., total influence amount) between a given ‘source’ and any other
component in Si. In our case, however, we want to find the path that maximises the sum
of the influence weights. We apply Dijkstra’s shortest path algorithm to the graph defined
as S1i – so-called inverted influence graph. The optimal path has two important

∑

( )

features: first, it is the shortest pathway in the usual sense as the sum of the inverted
influence weights associated with that pathway gives the minimum (that is, the maximum
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in the original system); and second, it does not necessarily correspond to the path with a
maximum number of linkages between the source and the target. Together, these features
suggest that Dijkstra’s shortest pathway is optimal with respect to its path length (number
of linkages) as well as its total influence amount, which is maximum in the original
system.
Comparison of maximum- and minimum-influence shortest pathways provides
important insights into the design of policy interventions. First of all, it should noted that
the system goal can be maximised with increasing effective flow of the useful
information from one component to another. Information is called to be useful, if it
creates an important policy impact. For example, in our example graph, the minimum
influence of component 4 (or F) on component 5 (or X) is created by the pathway denoted
by {4, 2, 3, 1, 5} = FRIPX shown in Table 2, whereas the maximum influence is obtained
through the pathway denoted by {4, 2, 3, 5} = FRIX shown in Table 3.
A carefully designed intervention should therefore aim to minimise component P’s
influence because an extra influence of 1.35 (= 6.33 in the longest pathways – 4.98 in the
shortest pathway) can be created by blocking the involvement of P. Making similar
calculations for other pathways, we can calculate the system-wide efficiency gain (ΔSi) as
the difference between shortest pathways in the inverted graph S1i , denoted by Simax ,

( )

and shortest pathways in the original graph Si, denoted by

Simin

:

0
0 3.66 0 ⎤
⎡P
⎢0
R 0
0 1.35⎥
⎢
⎥
ΔSi = ( Simax − Simin ) = ⎢ 0 2.32 I 1.02 1.35⎥ .
⎢
⎥
0
0 F 1.35⎥
⎢0
⎢⎣ 0
0
0
0
X ⎥⎦
Table 2

Minimum-influence shortest pathways in Si
1 (P)

2 (R)

3 (I)

4 (F)

5 (X)

1 (P)

{1}

{1, 2}

{1, 3}

{1, 5, 4}

{1, 5}

2 (R)

{2, 3, 1}

{2}

{2, 3}

{2, 4}

{2, 3, 1, 5}

3 (I)

{3, 1}

{3, 1, 2}

{3}

{3, 1, 5, 4}

{3, 1, 5}

4 (F)

{4, 2, 3, 1}

{4, 2}

{4, 2, 3}

{4}

{4, 2, 3, 1, 5}

5 (X)

{5, 4, 2, 3, 1}

{5, 4, 2}

{5, 4, 2, 3}

{5, 4}

{5}

1 (P)

0

2 (R)
3 (I)
4 (F)

4.65

3

5 (X)

4.98

3.33

Values of minimum influences associated with shortest pathways
3

0.33

0.66

0.33

1.65

0

0.33

1.32

1.98

1.32

4.32

0

1.98

1.65

3.33

0

4.98

3.66

0.33

0
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Table 3

Maximum-influence shortest pathways in (1 / Si)
1 (P)

2 (R)

3 (I)

4 (F)

5 (X)

1 (P)

{1}

2 (R)

{2, 3, 1}

{1, 2}

{1, 3}

{1, 2, 4}

{1, 5}

{2}

{2, 3}

{2, 4}

{2, 3, 5}

3 (I)

{3, 1}

4 (F)

{4, 2, 3, 1}

{3, 4, 2}

{3}

{3, 4}

{3, 5}

{4, 2}

{4, 2, 3}

{4}

{4, 2, 3, 5}

5 (X)

{5, 4, 2, 3, 1}

{5, 4, 2}

{5, 4, 2, 3}

{5, 4}

{5}

1 (P)

0

3

0.33

4.32

0.33

2 (R)

1.65

0

0.33

1.32

3.33

3 (I)

1.32

6

0

3

3

4 (F)

4.65

3

3.33

0

6.33

5 (X)

4.98

3.33

3.66

0.33

0

Values of maximum influences associated with shortest pathways

Components can be ranked with respect to their potential contribution to system-wide
total influence: {I > P > R = F > X} the ranking of dominance. This ranking implies that I
has the highest potential to increase the system-wide influence, which is declared by the
sum of the elements in the 3rd row (4.69) of ΔSi. It is followed by P and R and so on.
With respect to influence-absorption capacity of components (i.e., column-wise sum of
the elements in ΔSi), we obtain the ranking {F > X > R > P = I} the ranking of
subordination, which suggests that components F and X are the components open to
influences from others.
System efficiency: Maximum-influence shortest paths derived from the inverted
influence graph, S1i , can be used to measure the efficiency of the graph. Let l(i, j)

( )

define the length as the number of linkages in the maximum-influence shortest path from
i to j with i, j ∈ C. For example, a path, i → x → y → j, has 3 linkages: one from i to x,
another from x to y and still other from y to j. Thus, l(i, j) = 3. The average max-influence
shortest path length of S1i is calculated as:

( )

L=

1
l (i, j ),
n(n − 1) i ≠ j∈C

∑

where n = 5 is the number of components in the graph. Perfect efficiency is established
when L = 1 and perfect inefficiency with L = (n − 1). Table 4 summarises the
distribution of lengths of the pathways in Table 3. The sum of the numbers in Table 4,
which is 35, divided by n(n – 1) = 20 yields the actual average path length L = (35 / 20)
= 1.75. The average length implies that the average pathway involves one intermediate
component in between the source and the sink.
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Lengths of shortest pathways in (1 / Si)

Table 4

1 (P)

2 (R)

3 (I)

4 (F)

5 (X)

1 (P)

0

1

1

2

1

2 (R)

2

0

1

1

2

3 (I)

1

2

0

1

1

4 (F)

3

1

2

0

3

5 (X)

4

2

3

1

0

Eccentricity, diameter and radius are among other measures of importance. Eccentricity
of component i in Si measures the maximum length among all shortest paths from i.
Diameter is the maximum length, among all pairs of components in the graph, of a
shortest path between each pair. Radius of a graph is the minimum eccentricity of any
component in the graph. In our case, the component eccentricities are {P, R, I, F, X} =
{2, 3, 3, 4, 4} as seen from Figure 2. High (low) eccentricity indicates distant (close)
relation to every component. The components F and X have distant relations with others.
When applied to the matrix of longest pathways in Figure 3, the eccentricity measure
gives {P, R, I, F, X} = {2, 2, 2, 3, 4}. Again component X, followed by F, has the distant
interaction with the rest of the system. The diameter and radius measures are 4 and 2,
respectively.
Maximum independent set: A set of components or linkages is independent if no two
elements of it are adjacent. Likewise, a set of paths is independent if for any two paths
each component belonging to both paths is an end-component of both. Given an
undirected graph G = (C, L), an independent set is a set of components C1 ⊆ C such that
if x, y ∈ C1, then (xy) ∉ L. Independent sets C1 and C2 are called maximal if C1 ⊆/ C2 and
C2 ⊆/ C1. G may have many maximal independent sets of varying sizes, and a largest
maximal independent set is called a maximum independent set. In our example, the
undirected version of the adjacency matrix Sa yields {P, R, X} as the maximum
independent set and {{P, I}, {R, F}} as the maximal independent edge set.
Maximum flow problem concerns flow in a digraph S = (C, L) from a component s
(so-called the ‘source’) to a component t (so-called the ‘sink’). A flow f : L → R + is a
non-negative function with f(x, y) being the flow along the linkage xy (that is, the flow
from x to y; conversely, yx denotes the flow from y to x). The only condition a flow from
s to t has to satisfy is Kirchhoff’s current law: the total current flowing into each
intermediate component (i.e., a component different from s and t) is equal to the total
current leaving that component. Thus, if for x ∈ C we put
Γ + ( x ) = { y ∈ C : xy ∈ L} ,

Γ − ( x) = { y ∈ C : yx ∈ L} ,
then a flow from s to t satisfies the following condition:

∑

y∈Γ + ( x )

Since

f ( x, y ) =

∑

z∈Γ − ( x )

f ( z , x)

∀x ∈ C − {s, t}.
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∑

⎧
f ( x, y ) =
f ( z, x) ⎫
⎨ +
⎬
−
x∈C −{s ,t } ⎩ y∈Γ ( x )
z∈Γ ( x )
⎭

∑ ⎧⎨ ∑

u∈{s ,t } ⎩ z∈Γ − ( u )

f ( z, u ) =

∑

y∈Γ + ( u )

f (u, y ) ⎫
⎬
⎭

we find that

∑

f ( s, y ) −

y∈Γ + ( s )

∑

y∈Γ − ( s )

f ( y, s ) =

∑

y∈Γ − ( t )

f ( y, t ) −

∑

f (t , y ).

y∈Γ + ( t )

The common value, denoted by v(f), is called the value of f or the amount of flow from s
to t.
We want to determine the maximal flow value from s to t provided that the flow also
satisfies the so-called capacity constraint: k : L → R + denoted by k(x, y). This constraint,
expressed as 0 ≤ f(x, y) ≤ k(x, y) for each xy ∈ L, states that the current flowing along a
linkage xy cannot be more than the capacity k(x, y) of that linkage. The existence of a
flow with maximal value v follows from:
v( f ) ≤

∑ k ( x, y),

xy∈L

for every flow f, so v = sup v(f) < ∝. Let f1, f2, … be a sequence of flows with limnv(fn) =
v. We may then suppose that for each xy ∈ L the sequence (fn(x, y)) is convergent, say to
f(x, y). The function f is a flow with value v, that is a flow with maximal value [see
Bollobas (1979) for the statement of the maximum flow problem].
In the maximum flow problem described above, linkages are assumed to have flow
capacities only. One may extend the flow problem by assuming that components also
have capacities. In this case, the maximum flow will be subject to three constraints:
Kirchhoff’s current law of flow, the linkage capacity and the component capacity. Let
k : C − {s, t} → R + denote component capacity function and every flow f from s to t
satisfy the following inequality:

∑

y∈Γ + ( x )

f ( x, y ) =

∑

f ( z , x) ≤ k ( x)

∀x ∈ C − {s, t},

z∈Γ − ( x )

declaring that the amount of flow passing through a component x cannot exceed its
capacity k(x). It turns out that the maximum flow problem with an additional component
capacity constraint can be reduced to the original flow problem explained above.
Following Bollobas (1979), each component is turned into a linkage. First, we replace
each component x ∈ C by x– and x+, where x– is connected to linkages going into x and x+
is connected to linkages coming out from x. Next, we add linkages from x– to x+ with
capacity k(x–, x+) = k(x). Finally, we replace every directed linkage xy with the linkage
(x + y–) by keeping the original linkage capacity k(x+, y–) ≡ k(x, y) and compute the
maximum flow from s to t in this modified problem.
To bring some content into the matter, suppose that each component has learning and
dissemination capacities. This would imply that the capacity associated with a directed
linkage from component x to component y is a function k(x+, y–) of the dissemination
capacity x+ and the learning capacity y–. These modifications imply that the underlying
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directed graph is of the form S2 = (2C, 2L) where C = 5. Following the clock-wise flow
convention, the system capacity matrix K(C) of a digraph with components {(x–, x+);
(y–, y+), (z–, z+), (u–, u+), (v–, v+)} is of the form:
⎡ k ( x− , x+ )
⎢
⎢ k ( y+ , x− )
K (C ) = ⎢ k ( z+ , x− )
⎢
⎢ k ( u+ , x− )
⎢ k ( v+ , x− )
⎣

k ( x+ , y− )

k ( x+ , z− )

k ( x+ , u− )

k ( z + , y− )

k ( z − , z+ )

k ( z+ , u− )

k ( y− , y+ ) k ( y+ , z − ) k ( y+ , u − )
k ( u + , y− )

k ( u+ , z− )

k ( v+ , y− )

k ( v+ , z− )

k ( u− , u+ )
k ( v+ , u− )

k ( x+ , v− ) ⎤
⎥
k ( y+ , v− ) ⎥
k ( z+ , v− ) ⎥ .
⎥
k ( u+ , v− ) ⎥
k ( v− , v+ ) ⎥⎦

In order to quantitatively measure the flow in the system, we calculate for each
component a dissemination capacity index i(x+) and a learning capacity index i(x–) as
follows:
i ( x+ ) =

actual ( x+ ) − min ( x+ )
actual ( x− ) − min ( x− )
and i ( x− ) =
.
max ( x+ ) − min ( x+ )
max ( x− ) − min ( x− )

We further consider a specific linkage-capacity function for each pair of components,
0.5

k ( x+ , y− ) = ⎣⎡i ( x+ )⎦⎤ ⎣⎡i ( y− ) ⎦⎤

0.5

,

which represents the off-diagonal elements of K(C). Similarly, a component-capacity
function is specified as,
0.5

0.5

k ( x− , x+ ) = ⎡⎣i ( x− )⎤⎦ ⎡⎣i ( x+ )⎤⎦ ,

which represents the diagonal elements of K(C).

3

An application

3.1 Definitions
Various definitions of national innovation system are introduced in the literature.
Freeman (1987), for example, defines it as a network of institutions in the public and
private sectors whose activities and interactions initiate, import, modify, and diffuse new
technologies. Nelson (1993), on the other hand, describes it as a set of institutions whose
interactions determine the innovative performance of productive units. Metcalfe (1995)
and Smith et al. (1996) consider it as set of distinct institutions that jointly and
individually contribute to the development, diffusion, and application of new
technologies. While these definitions are quite similar at face value, there are some
differences in meaning, emphasis, and use of the innovation system concept. The key
difference is that some view the system as a simple aggregation of organisations, while
others point to the synergies that originate from their joint operation.
Our point of departure is that innovation system is not a simple aggregation of
organisations, but it is a group of organisations that operate like an invisible orchestra,
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each member of which plays pieces of a one-big melody. This orchestra is characterised
by coherence, harmony, and synergy: coherence brings different pieces under the same
melody, harmony creates a tune that keeps the members around the same spirit; and
synergy ties them more strongly around the common system goal. Drawing on this
analogy, we define AIS as a set of organisations that jointly and/or individually
contribute to the development, diffusion and use of new agriculture-related technologies,
and that directly and/or indirectly influence the process of technological change in
agriculture. A narrowly defined set of organisations in an AIS should include agricultural
policy organisations, research and education organisations, credit organisations,
extension and information units, international development organisations and donors,
input supply-processing-marketing enterprises, farm organisations and consultancy firms.
The domain of organisations to be included in the AIS concerned depends on the
innovation system goal set.

3.2 Data
A survey of the representatives of the organisations listed in the AIS (henceforth referred
to as S) was conducted to collect the data and information used in the analysis that
follows. Any data collection is inherently subject to various errors, and our data
collection process is not an exception. There may be missing edges in S. Perhaps a
component was absent or has not been studied sufficiently. Depending on the method of
determining linkages, the number of false positive linkages can be substantial. There may
be transcription errors and bias in the data. Some part of the system S may have received
more attention than another part.
Our questionnaire has two distinct features. The first is that organisational linkages
are scaled as 0 for absent, 1 for weak, 2 for medium, and 3 for strong linkage. This
scaling shows only how strongly a linkage mechanism was used during the interaction of
two organisations. The second feature is that, during the interview, channels through
which the interviewed organisation influenced others in the rest of the system were
elaborated. A total of 63 persons were interviewed: seven persons from policy component
(P), 12 from research (R), five from education (E), one from credit (C), four
from extension and information (I), five from external assistance (X), eight from
inputs-processing-outputs marketing (M), ten from farm organisations (F) and 11 from
private consultancy component (D). Finally, we incorporated all the data and information
regarding the two features in the construction of Sr.

3.3 Components of the AIS of Azerbaijan
To be able to characterise the information and knowledge flow in the innovation system,
following clock-wise flow convention, we map organisational linkages in a matrix format
SAz. The organisations are first grouped in nine components – each of which includes a set
of organisations with a common goal – and then these components are placed in diagonal
elements of SAz. Off-diagonal cells of SAz show the direction of information and
knowledge flow in the system. Hence, we formulate the innovation system SAz = (C, L) as
a directed graph of order n = 9 and size m = 72:
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A brief description of each component in the AIS of Azerbaijan is given as of December
2000. Policy component (P) comprises five key units operating under the responsibility
of the Cabinet of Ministers: the State Committee for Science and Technology (SCST), the
Ministry of Agriculture (MoA), the Ministry of Education (MoE), the Ministry of
Finance (MoF), and the Ministry of Economic Development (MoED). In addition, each
unit has several commissions performing specific tasks to support the formulation of
agricultural policies in general, and agricultural research policy in particular. Presently,
the SCST is at a stand still due to the absence of science and technology priorities at the
national level. The MoA and the MoE are also undergoing major changes concerning the
organisation and management of agricultural research, education, and information.
Research component (R) consists of a total of 26 research institutes – 15 of which are
under the Agrarian Science Center of Azerbaijan (ASCA) in the MoA and 11 operate
under several committees and the Academy of Sciences (AS). Of these 11 institutes, six
belong to the AS; three, to the Committee for Water Economy; one, to the Committee for
State Land; and one, to the ‘Azerforest’ industrial amalgamation. In early 2000, the
Agricultural Research Board (ARB) was created to coordinate the Competitive Grants
System (CGS) for funding research projects.
The research component needs just about everything. It needs a mandate, research
priorities, qualified personnel, funds, and access to knowledge and information on new
technologies. Furthermore, this component is overly divided into separate bodies, making
it very difficult to manage and coordinate the institutes. For survival purposes, experts in
the experimental stations have now and then developed relations with international
organisations via joint projects (see also Zuidema, 2000).
Education component (E) comprises 42 universities (25 public, 17 private) and
77 colleges (73 public, four private), and all are under the partial supervision of MoE.
Soon, the MoE is expected to assume full responsibility for all educational institutions,
including 21 agricultural colleges and one Agricultural Academy that used to be under
the control of the MoA (Azerbaycan Respublikasi Kend Teserrufati Nazirligi, 2000). The
Agricultural Academy should, according to its mandate, engage both in teaching and
research (mostly theoretical). The colleges, on the other hand, should engage in both
teaching and applied research. The MoA will still be expected to supervise post-graduate
education through the Head Department Scientific Research, Education, and Personnel
Training (HDSREPT). Every year, a total of 8–10 post-graduate students are accepted to
the 15 research institutes under the ASCA. Moreover, there are several agriculture-related
faculties in Azerbaijan State University and other engineering and technical universities.
Newly established in 2001 is the Agricultural Education Department in the MoE. This
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Department is responsible for administrative coordination and curriculum preparation of
the agricultural education institutions.
Constraints faced by education institutions are abundant. At the ministerial level,
linkages are not well defined creating organisational communication problems between
the MoE and the MoA. Unclear roles and tasks at the departmental level slow down daily
operations. The limited number of qualified personnel, low degree of expert mobility
between related departments, the lack of appropriate sources of finance, and inadequate
access to information are among the key problems encountered frequently. The education
component is adversely influenced by an unclear agricultural education policy and the
lack of educational priorities.
Credit component (C) is going through substantial changes. By the end of 1999, the
banking system comprised 70 banks, down from 180 in 1995. Four state owned banks
dominated the system, basically extending loans to public enterprises. For the last two
years, no credit was provided to the agricultural sector. The 66 private banks also
remained in a precarious state (Owen et al., 2000; Azerbaycan Respublikasi Kend
Teserrufati Nazirligi, 2000). At present, preparations are underway to merge the AgroIndustry and Security banks to create a Universal Bank. Most recently, the government of
Azerbaijan has established an oil fund to help mobilise resources to rural sector in
general, and to the agricultural sector in particular.
Extension and information component (I) comprises various centres and departments.
The Information and Consulting Services Center (ICSC) was established in 2000 within
the Agricultural Development and Credit Project (ADCP). Its task is to coordinate
information and extension services specified in the ADCP, and its main activities are
carried out at its regional branches. These branches provide extension services to people
with land but without farming skills and to those without knowledge of how to prepare
business plans or apply for credits or loans. Another activity of the centre, again through
its branches, is to disseminate research results of projects implemented within the context
of the competitive grants program. The information dissemination unit (IDU) of the MoA
was established in 1998 to coordinate agricultural knowledge flow at the national level.
The IDU supports the introduction of new techniques or methods for information
gathering about the current status of farming activities, provides extension services to
farmers, and disseminates information about the new techniques available. Private
enterprises also provide services in the information and extension sector, promoted
indirectly by the ADCP and the farm privatisation project (FPP) activities.
International organisations, private consultancies, farmers, and several research
institutes are the major actors in this component. Typically, they use linkage mechanisms
such as planning and review, technology diffusion, exchange of personnel, and sharing of
information. The IDU of the MoA, private seed-marketing firms, and large farms are also
in close contact, involving in joint problem diagnosis, program planning and review, and
joint resource use. International organisations and private enterprises are the dynamic
units of this component; however, cooperation between them is weak.
External assistance component (X) includes a variety of international development
organisations, donors, and NGOs, and has been the key entry point for new or improved
knowledge, processes, and practices. The international organisations expose the country
to new knowledge and processes; however, the incomplete and weak legal framework
hinders their performance. Joint project-based activities are the means for exposing
national entities to international standards. These activities usually involve private
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consultancy firms, as they have relatively better human and physical resources and have
flexible organisational structures. Public entities, however, have been slow in adapting to
international standards due to organisational rigidities, continuing organisational changes,
and lack of qualified personnel.
Three types of linkages evolve between international organisations and the rest of the
system. First, formal relations are developed with policy units in order to legitimise goals
of the projects undertaken by these organisations. Second, direct interactions are
developed with beneficiaries of the projects. Close contacts are developed with farmers
through training programs for promoting new farming techniques and agribusiness
practices. Third, formal and informal relations are growing with private market
participants.
Private enterprise component (M) includes private input and output supply,
processing, and marketing firms. A typical firm engages in all of these activities. Around
20 input supply firms currently operate in the market. Some have grown out of the
pre-independence cooperatives, and some others have been established recently. With a
total of 1,759 agricultural processing enterprises, which are presently under the
subordination of the MoED, the processing sector is expected to have a large-scale
privatisation. A relatively speedy privatisation has taken place in the cotton sector. All of
the 19 cotton processing plants are in private hands.4
Five trends emerge in this component. First, private input supply firms gradually
make themselves known, specialising largely on the supply of seeds and plant protection
materials. Second, large farms operate as producers, processors, and middle-man. Third,
monopolistic cotton companies engage in the complete chain of production. The chain
starts from contractual arrangements with farmers. Inputs are provided to farmers, rarely
public irrigation channels rehabilitated, raw cotton harvested and processed and then sold
in the world market. Fourth, international companies are transmitters of new seed
varieties (grains, vegetables, cotton) and of chemicals, pesticides, and herbicides. Finally,
these firms also engage in extension services such as field demonstrations of input use.
The linkages of these private firms with other entities depend on the process in which
the firms grew and on the type of product they are interested in. For example, the firms
that grew out of the pre-independence cooperatives continue to have relations with
research institutes of the MoA. Their only new relation is with international input supply
companies. In this connection, these firms have developed ‘intimate’ relations with the
seed quality control unit of the MoA. These firms are in close relation with research
institutes, the quality control unit, international seed supply firms, and farmers. They
engage in joint problem diagnosis with experts from the research institutes, field
demonstrations and training sessions with local customers, and the preparation of TV
programs and of information booklets for farmers.
Private farm component (F) includes six types of farms: household farms, farmers’
holdings, collective enterprises, leased enterprises, production cooperatives, and small
enterprises. Large farms could play a considerable role in the diffusion of new
technologies since they undertake production, processing, and marketing activities
simultaneously. They benefit from their structural suitability to the irrigation
infrastructure and relatively easy access to other farm inputs on the one hand, and their
close connections with experimental stations of research institutes on the other. Small
farms, on the other hand, literally lack everything, but most important of all, they lack
land large enough to think about agriculture for markets. They also lack the knowledge
and skills required for market-oriented farm production.
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Large and small farms paint an opposite picture regarding their linkages. A majority
of farms privatised in 1993 were large since they were the first wave to break away from
the old Kolhozes. The managers of these Kolhozes often bought the farms that they were
operating for years. Naturally, their pre-existing ties were kept alive with the policy,
research and education, input supply, processing, and marketing components. Rarely,
through project implementation, large farms have developed relations with international
organisations that offer new seed varieties and new farming techniques. With them, these
farms are involved in joint program development, problem diagnosis, technology
demonstration, training, and information sharing. Small farms are, however, a simple
expansion of garden plots, and thus, their relations are often with large farm operators.
The existing regional farm associations are first not active, and second, they are likely to
address the needs of large farms, if they are active at all, because the associations are
usually run by large farm operators who maintain their old relations with policy makers.
Private consultancy component (D) emerged in 1998, with the law allowing for
private consultancy firms. Since then, around 35 consultancy firms were established.
Many of them employ academicians, researchers, and post-graduate students. Their
activities grow around opportunities offered by international development organisations
and donors, and they are mostly active in areas relating to agriculture, ecology, and
agro-business issues. In many cases, these firms are spin-off entities growing around the
‘information and consulting services’ of the ADCP. The consultancy firms aim to provide
all kinds of services to farmers, ranging from preparing business plans to problem
diagnosis.
Several trends emerge in this component. First, the majority has already developed
project-based relations with international development agencies and donors. Second, the
majority has one foot in the private and the other in the public sector. Third, joint
activities are not engaged in with public organisations, although for some it is
unavoidable to develop such relations, as their unit of investigation is the environment.
Fourth, they are all relatively new, and therefore, are in the process of formulating their
objectives and activities.

3.4 Mapping cross-component linkages
Table 5 (or linkage matrix) maps the structure of cause-effect linkages between nine
components in the AIS, drawing on data and information gathered through the
implementation of the survey. The data gathered show that:
1

three types of linkages are observed as formal (f), informal (i) and mixed (m)

2

four levels of linkage strengths are identified as strong (s), medium (m), weak (w),
and null (0)

3

five groups of linkage mechanisms are implemented to establish linkages.

The information placed in the 1st column of Table 5 shows the mechanisms that others in
the system claimed to employ to influence P. Similarly, the information given in the 2nd
column shows the linkage mechanisms that R employed to develop linkages with others
and so on.

Research (R)

[formal/weak]

[formal/weak]

[formal/weak]

[formal/medium]
priority set/prog
dev-review

[formal/weak]

[informal/medium] [mixed/medium]
info sharing
info shr/prob
diag/tech diff/staff
exch

[informal/medium] info
sharing

[formal/strong]
priority set/
prog dev/tech
dev-diffdemo/info shr

[mixed/weak]

[informal/medium]

[informal/medium]
prob diag/tech
diff/staff exch/info
shr

Farming (F)

[mixed/medium]
tech demo/training

[formal/medium]
prob diag/prog
dev/tech
demo/info
shr/training

[formal/medium]
prog dev/tech
diff/info-finance
shr/workshop

Consultancy(D)

[formal/medium]
[formal/medium]
prog dev/prob
prog dev/tech
diag/priority
diff/info-finance
shr/seminar/workshop
set/tech diffdemo/training

[formal/weak] [informal/weak] [mixed/medium]
prog dev/infoprob diag/tech
finance
diff-demo/priority
shr/workshop
set

[mixed/weak]
tech
demo/training

[informal/medium] [informal/weak]
info sharing
info shr/prob
diag/tech diff/staff
exch

[informal/medium] info
sharing

Information (I)

Markets (M)

Credit(C)

[informal/weak]

[mixed/weak] [mixed/medium] [informal/medium]

[informal/medium]

Education (E)

[formal/weak]

[formal/weak] [formal/weak] [mixed/weak]

[formal/medium]

[formal/medium]sharing [informal/medium]
info sharing

[formal/weak]

[formal/weak]

External (X)

[formal/weak] prog devl/tech
diff/info-finance
shr/workshop

[mixed/weak] program
dev/tech dev/workshop

[formal/weak] tech diffdemo/info shr

[formal/weak]

[formal/weak] info
shr/seminar/workshop

[formal/weak] info
shr/training/workshp/seminar

[formal/medium] priority
set/prog dev-review

Table 5

Policy (P)
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Linkage matrix
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The matrix presentation of the innovation system facilitates quantitative analysis of the
information and knowledge flow in the system. A square matrix SrAz presented below
maps all the cross-component linkages and their strengths listed in Table 5,

SrAz

⎡P
⎢ fw
⎢
⎢ fw
⎢
⎢ fw
= ⎢ fm
⎢
⎢ fm
⎢ fm
⎢
⎢ im
⎢
⎣ im

fw

fw

fw mw

fm

0

0

R

fw

0

mw

fw

mm

im

fw

E

0

0

fw

0

iw

0

0

C

0

fw

0

0

fm

0

0

I

fw

0

fm

fw

0

0

fs

X

mw

fm

im

0

0

0

mw

M

mm

im

iw

0

0

0

mw

F

im

mm

0

fm

fm

iw

mm

0⎤
im ⎥⎥
im ⎥
⎥
0⎥
fm ⎥ ,
⎥
fm ⎥
0⎥
⎥
0⎥
⎥
D⎦

where fw denotes a formal and weak linkage; fm = formal-medium; fs = formal-strong;
iw = informal weak; im = informal-medium; is = informal-strong; mw = mixed-weak;
mm = mixed-medium; and ms = mixed-strong linkage. Zeros that appear in some of the
off-diagonal cells imply either that linkage does not exist between the relevant
components or that it exists at a negligible level, or that it exists but the investigator was
not able to identify it. Our analysis does not take into account information and knowledge
flow loops that occur within a component; and hence, in the analysis carried out in the
following sections we assume a value of zero in the diagonal cells of SrAz .
SrAz shows several distinct features. First, it shows that the system is not fully
identified. Of a total of 72 possible linkages, only 45 are identified. Therefore, SrAz has a
density of 0.63 (= 45 / 72) and component C is almost fully isolated from the rest of the
system. Second, it shows that SrAz is fairly flexible. Of 45 linkages, 25 are formal
(13 weak, 11 medium, one strong), 11 informal (three weak, eight medium, zero strong),
nine mixed (five weak, four medium, zero strong). Third, all linkages are formal and
weak (fw) between the public components (P, R, E, C), while linkages are mixed and
mostly medium degree between the private components (I, M, F, D). This suggests a
much stronger connection between the private components than that between the public
sector components. Fourth, not surprisingly, informal linkages are common between the
public and the private components, reflected especially by the dominantly informal
linkages between (R, E) and (I, M, F, D). Equivalently important in this respect is the
willingness of (M, F, D) to develop contacts with P, which is implied by (fm, im, im) in
the first column and (0, 0, 0) in the first row. Lastly, the component X has one way or
another developed linkages with all the components in the system. Its strongest linkages
are with (I, F, D, P).

3.5 The cause-effect structure of the AIS
The adjacency matrix implied by SrAz is:
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SaAz

⎡P 1 1 1 1
⎢1 R 1 0 1
⎢
⎢1 1 E 0 0
⎢
⎢1 0 0 C 0
= ⎢1 1 0 0 I
⎢
⎢1 1 0 0 1
⎢1 1 0 0 0
⎢
⎢1 1 1 0 0
⎢
⎣1 1 1 0 1

1

0

0

1

1

1

1

0

1

1

0

0

1

0

1

X

1

1

1

M

1

0

1

F

1

1

1

0⎤
1 ⎥⎥
1⎥
⎥
0⎥
1 ⎥,
⎥
1⎥
0⎥
⎥
0⎥
⎥
D⎦

where 1 stands for the presence and 0 for the absence of a binary linkage.
Self-information loops are excluded from the analysis, implied by the zero diagonal cells
of SaAz . In order to account for the differences in linkage strength, we construct a
four-level scale where (0, 1, 2, 3), respectively, stands for the absence of a linkage (or a
linkage with no strength), a weak linkage, a medium strength linkage and a strong
linkage. Mapping these linkage strength scores onto SaAz yields the following linkage
strength matrix:

Az
S LS

⎡P 1 1 1 1
⎢1 R 1 0 1
⎢
⎢1 1 E 0 0
⎢
⎢1 0 0 C 0
= ⎢2 2 0 0 I
⎢
⎢2 1 0 0 3
⎢2 2 0 0 0
⎢
⎢2 2 1 0 0
⎢
⎣2 2 2 0 2

2

0

0

1

2

2

1
1

0
0

1
0

1

0

2

X

1

2

1

M

2

0

1

F

2

1

2

0⎤
2 ⎥⎥
2⎥
⎥
0⎥
2 ⎥.
⎥
2⎥
0⎥
⎥
0⎥
⎥
D⎦

Az
would then result in a strength-adjusted
An element-wise multiplication of SaAz with S LS
system:

adj − SrAz

⎡P 1 1 1 1
⎢1 R 1 0 1
⎢
⎢1 1 E 0 0
⎢
⎢1 0 0 C 0
Az
− ( SaAz D S LS
) = ⎢2 2 0 0 I
⎢
⎢2 1 0 0 3
⎢2 2 0 0 0
⎢
⎢2 2 1 0 0
⎢
⎣2 2 2 0 2

2

0

0

1

2

2

1
1

0
0

1
0

1

0

2

X

1

2

1

M

2

0

1

F

2

1

2

0⎤
2 ⎥⎥
2⎥
⎥
0⎥
2 ⎥.
⎥
2⎥
0⎥
⎥
0⎥
⎥
D⎦
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It is not unrealistic to conjecture that information flow from a source to a sink through a
strong (weak) linkage leads to a strong (weak) influence from the source to the sink. The
binary influence scores implied by such an assumption can be specified as null influence
(na = 0) if the linkage does not exist, weak influence (w = 0.33) if the linkage is weak,
medium influence (m = 0.66) if the linkage is medium strength and strong influence
(s = 1) if the linkage is strong. An element-wise multiplication of adj − SrAz with these
influence scores generates the following influence-adjusted system:

SiAz

⎡P
⎢ 0.3
⎢
⎢ 0.3
⎢
⎢ 0.3
= ⎢1.3
⎢
⎢1.3
⎢1.3
⎢
⎢1.3
⎢
⎣1.3

0.3 0.3 0.3 0.3 1.3

0

R

0.3

0

0.3

E

0

0

0.3

0

0

0.3 0.3 1.3 1.3
0.3

0

0

C

0

0.3

0

0

1.3

0

0

I

0.3

0

1.3

0.3

0

0

3

X

0.3 1.3

1.3

0

0

0

0.3

M

1.3

0

0

0.3

F

1.3 0.3

0

1.3 1.3

0

1.3 1.3 0.3 1.3

0⎤
1.3⎥⎥
1.3⎥
⎥
0⎥
1.3⎥ .
⎥
1.3⎥
0⎥
⎥
0⎥
⎥
D⎦

Take, for example, the element in the 1st row-6th column of adj − SrAz , which is
equal to 2. This implies that the associated linkage between component P and component
X has a medium strength. Thus, the influence of P on X would be at the mediocre level
with an influence score of m = 0.66. As a result, the element in the 1st row-6th column of
SiAz would be equal to (2 ∗ m) = (2 ∗ 0.66) = 1.3: Likewise, consider the element in the
6th row-5th column of adj − SrAz , which is equal to 3. The corresponding influence score
is strong with s = 1. Therefore, the element in the 6th row-5th column of SiAz would be
equal to (3 ∗ s) = (3 ∗ 1) = 3 and so on.
In what follows the key structural features of adj − SrAz are explored by investigating
the underlying characteristics of SaAz and SiAz . The graph-theoretical concepts described
in the previous sections are used in this characterisation. The hierarchically layered
mapping of SiAz given in Figure 7 reveals that component D plays a dominant role in the
sense that it affects others more than others’ effects on itself, which is followed by the
second layer components (E, C, I, M). The third, fourth and fifth layers are respectively
occupied by components X, F and P. At the bottom of the layer is component R, implying
that R is the most affected component. This layered mapping of the Azerbaijan
innovation system suggests that innovation policy interventions should start from
component D and the final impact of the interventions concerned should be measured in
R. A thorough examination of the intermediate components between the source of
intervention D and the sink of impact R further reveals that the external assistance
component X is the most reflexive element in the system through which the influences
from E, C, I, and M goes through X. Hence, policy interventions should be centred around
X if the goal is increase the fluidity of influence from D to R. The location of P in the
layered graph also points to the fact that policy component is subject to external influence
in its formation of policy interventions.
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Figure 7

The layered digraph of SiAz

Figure 8

The cause-effect diagram of SiAz
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The cause-effect diagram of SiAz given in Figure 8 reveals the aggregate behaviour of
individual components. This figure combines two types of information. The first is the
(c, e) coordinates of SiAz that determine the location of each component. The second is
the binary interactions in SiAz that determine the direction of influence between any two
components. According to the underlying structure of SiAz mapped in Figure 8,
component D is the most dominant, followed by X. Component P is the most subordinate,
followed by F. The other components seem to be interactive, scattered around the
45-degree line. The most interactive components, ordered in a decreasing degree, include
R, I, M, E and C. The findings from the cause-effect diagram seem to agree in general
with the findings from the hierarchically layered graph. One exception is that R which is
strongly subordinate in the layered graph turns out to be the most interactive component
in the cause-effect structure. This means that R should be considered not only as the sink
of the final impact of a policy intervention but also as the initial policy intervention point.
Figure 9

Component-level density versus ‘authority’ centrality (see online version for colours)

282

T. Temel

Figure 10 Component-level density versus ‘hub’ centrality (see online version for colours)

The density of SiAz is calculated as d = 0.5 where m = 36 and n(n – 1) = 72. That is, the
system is half full, implying that only half of the potential linkages are identified in the
original innovation system. The speed of information and knowledge flow would then be
100% slower relative to the flow in a fully identified system. At the component level,
however, we calculate the density as di = mi / (2(n – 1)) where mi is the total number of
identified ‘in’ and ‘out’ binary linkages of i with the rest of the system. As seen from
Figure 9, the numbers of ‘in’ and ‘out’ linkages are respectively placed ‘above’ and
‘below’ the component concerned. The component densities are: {dP, dR, dE, dC, dI, dX,
dM, dF, dD} = {0.81, 0.88, 0.56, 0.19, 0.56, 0.81, 0.50, 0.63, 0.69}. For example, the
density of component P is dP = (mP /16) = 13 / 16 = 0.81 as P has a total of 13 identified
binary linkages (six outgoing and seven incoming). Note that the component-level
density is calculated relative to the full capacity of the relevant component, which is
equal to 1. The high ranking components include, in a decreasing order of density, R, P,
X and D.
Each component density can be disaggregated further as ‘in-degree’ and ‘out-degree’
densities, which are respectively associated with ‘authority’ and ‘hub’ centrality
measures (see Figures 9 and 10). The HITS ‘authority’ ranking, which is highly
correlated with in-degree ranking, shows that the components P, X, R, F occupy the top
of the ‘authority’ ranking in a decreasing order of importance. Likewise, the HITS ‘hub’
ranking, which is highly correlated with out-degree ranking, reveals that the components
D, RX, I, E occupy the top places in a decreasing order of importance. This
disaggregation of the component-level densities suggests that P and X behave as
dominant sinks, while D and R act as dominant sources of information and knowledge.
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3.6 Graph-theoretic characteristics of SiAz
The subset {P, R, E, X, F, D} comprises the maximum clique of SiAz with clique
size of 6. The maximum clique underlines an important development that took place in
the AIS of Azerbaijan during the period 1995 and 2001. During the period of the
centrally planned economy, the components {P, R, E} were all organically linked to the
state and common property farms so called ‘Kolhozes and Solhozes’. When the
command economy was dissolved, free market system emerged with three additional
components {X, F, D}: external sector, private farming and private consultancy. These
three new components quickly integrated into the command economy clique {P, R, E}.
However, the other components, including credit (C), information and extension (I) and
marketing (M) lagged behind in the creation of a completely connected AIS. In the next
periods, the linkages between {C, I, M} and {P, R, E, X, F, D} need to be strengthened to
create the completely connected system. There are other cliques such as {P, R, I, X} but
they are not maximum.
Strongly connected components comprise {P, R, E, C, I, X, M, F, D}, implying that
all the components in the AIS communicate with each other either directly or indirectly
via information flow pathways. The degree of the connectedness depends on the extent to
which the connected components exchange useful information and knowledge.
A cluster is a subset of components which are locally concentrated. Using adjacency
matrix notation, the clustering coefficient of component i,
Cl (i ) =

∑ (ij)(ik )( jk ) ,
∑ (ij)(ik )
j ,k

j ,k

is defined as the proportion of its neighbours which are neighbours themselves. The
system-wide clustering coefficient is then defined as the average of the component-level
clustering coefficients:
Cl =

1
n

n

∑ Cl (i).
i =1

In the context of policy-making, a cluster can be treated as a sub-system of multiple
sectors (i.e., multiple components in the innovation system) targeted to increase the
economy-wide (i.e., system-wide) flow of information and knowledge. Targeting clusters
rather than individual components would be a desirable strategy when the system is too
large. Cluster analysis would be especially useful if the system is more likely to compose
of individually isolated clusters. In this case, each cluster can be targeted in an isolated
manner. In the context of the AIS of Azerbaijan, we identify three clusters {{D, X, M},
{I, E, C}, {P, F, R}} shown in Figure 8. The first cluster, {D, X, M}, comprises dominant
components; the second {I, E, C}, interactive components; and the third {P, F, R},
subordinate components. The dominant cluster should be viewed as the point of policy
interventions, whereas the sub-ordinate cluster be viewed as the point where the final
impact of these interventions is expected to occur. The findings reveal that in Azerbaijan,
policy interventions should originate from any component in the dominant cluster, and
the impact of the interventions should be measured in the subordinate components. In
particular, innovation policy and research are endogenously determined by the
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developments in the private consultancy, external assistance and the private enterprise
components.
Community is a small sub-graph which is highly connected but not so highly
connected to the remaining graph. Community structure is the partitioning of the
component set C into k subsets C = ∪Cz where z = 1, 2, …, k such that each subset
belongs to one community and that there is a higher density of linkages within subsets
than between them. Following Clauset’s (2005) algorithm, the community modularity
index is calculated that measures the clustering tendency of components within a
community. The average of the community modularities across different communities
measures the clustering tendency in the graph concerned. In the case of Azerbaijan, the
innovation system is partitioned into k = 3 communities where C1 = {P, C, X, I}, C2 =
{R, M, F, E} and {D}. The community modularity implied by these three communities,
which is equal to Q = 0.04, shows an insignificant community structure in the AIS.
A cut is a partition of the components of an undirected graph into two disjoint subsets.
In Azerbaijan, the innovation system can be partitioned into two (k = 2) disjoint subsets:
{P, C, I, X} and {R, E, M, F, D} (see Figure 11). In Azerbaijan, the system is not a
bipartite graph because the graph cannot be decomposed into two disjoint subsets such
that no two vertices within the same set are adjacent.
Centrality: High (low) sub-graph centrality means that the component whose
centrality is measured appears to be an element of many (few) small sub-graphs of the
graph. High (low) eigenvector centrality implies that the relevant component is connected
to either many (few) other components or components with high (low) eigenvector
centralities. High (low) degree centrality indicates that the relevant component has a large
(few) number of binary interactions with others. It can be used as a measure of the degree
of immediate influence or risk that the relevant component is subject to. High (low)
betweenness centrality indicates that the component whose centrality is measured plays a
critical (negligible) role in linking a pair of components. It means that the component
concerned appears many (few) times as an intermediary vertex in shortest paths between
components i and j. High (low) closeness centrality shows that the relevant component is
very close (distant from) to all other components.
Figure 11 Minimum-cut using the undirected format of S aAz (see online version for colours)
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Centrality measures using S aAz

Components
ranked
2 (R)
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Sub-graph

EVa

EV-in

EV-out

D

D-in

D-out

CL

BTW

39

0.4

0.4

0.4

14

7

7

1.0

5

9 (D)

39

0.3

0.3

0.4

11

4

7

1.0

1

6 (X)

30

0.4

0.4

0.4

13

7

6

0.9

7

3 (E)

24

0.3

0.3

0.3

9

4

5

0.8

1

5 (I)

24

0.3

0.3

0.3

9

4

5

0.8

0.5

1 (P)

19

0.5

0.5

0.3

13

8

5

0.8

11

7 (M)

15

0.3

0.3

0.3

8

4

4

0.8

0.3

8 (F)

13

0.4

0.4

0.3

10

6

4

0.8

1

4 (C)

4

0.1

0.1

0.1

3

1

2

0.6

0

Notes: aEV, EV-in, EV-out, D, D-in, D-out, CL and BTW respectively stand for
eigenvector, eigenvector-in, eigenvector-out, degree, degree-in, degree-out,
closeness and betweenness centrality measures.

Complementary measures of centrality reported in Table 6 uncover complex structural
features of the AIS of Azerbaijan. With respect to the sub-graph centrality measure, the
components {R, D, X} occupy the top ranking, implying that they are members of the
largest number of sub-graphs of the system. The components {E, I, P, M, F} occupy a
lower ranking position with membership to a relatively small number of
sub-graphs. The eigenvector-out, degree-out and closeness measures show exactly the
same ranking as in the sub-graph centrality measure. Regarding the eigenvector-in and
degree-in measures, the components {P, R, X, F} occupy the top ranking, followed by the
components {E, I, M, D}. Lastly, the betweenness centrality measure reveals the high
importance of {P, X, R}, followed by other components in the system.
An important characteristic that can be derived from these centrality measures is that
{X, R} represent the most critical components of the system, which is followed by
{P, D, F}. In fact, such grouping of the components underline two patterns of
interactions taking place in the Azerbaijan innovation system. The first is the fact that the
research component R and the external sector X are the first components which developed
linkages when Azerbaijan adopted an open, market economy. Through this linkage, the
national research system has been subject to the flow of information and knowledge from
the rest of the world. This flow then necessitated the reformation of the national research
and extension system. The second is the fact that the policy P, farming F and private
information firms D had to develop a new pattern of information flow from D to F. In
this new pattern, private information firms took over the role that the research component
used to play in the old system of national research system. These firms had a unique
place in the system by linking the former public research and extension system to the
private information market. In this setup, the policy component remained to be important
but with an increasingly less contribution to the priority setting at the system level
because the players in the system increased with more freedom to set their agendas.

{5, 2}

{6, 5, 2}

{7, 2}

{8, 2}

{9, 2}

{5, 1}

{6, 1}

{7, 1}

{8, 1}

{9, 1}

2

4 (C)

5 (I)

6 (X)

7 (M)

8 (F)

9 (D)

AE

3

{9, 3}

{8, 2, 9, 3}

{7, 2, 9, 3}

{6, 9, 3}

{5, 9, 3}

{4, 6, 9, 3}

3

{9, 1, 4}

{8, 1, 4}

{7, 1, 4}

{6, 1, 4}

{5, 1, 4}

{4}

{3, 9, 1, 4}

{2, 7, 1, 4}

4 (C)
{1, 4}

3

{9, 5}

{8, 1, 6, 5}

{7, 1, 6, 5}

{6, 5}

{5}

{4, 6, 5}

{3, 9, 5}

{2, 9, 5}

5 (I)
{1, 6, 5}

Note: E and AE denote eccentricity and anti-eccentricity measures, respectively.

3

{4, 6, 5, 2}

{4, 1}

3 (E)

{3}

{2, 9, 3}

3 (E)
{1, 6, 9, 3}

2

{9, 6}

{8, 1, 6}

{7, 1, 6}

{6}

{5, 1, 6}

{4, 6}

{3, 9, 6}

{2, 9, 6}

6 (X)
{1, 6}

4

{9, 2, 7}

{8, 2, 7}

{7}

{6, 5, 2, 7}

{5, 2, 7}

{4, 6, 5, 2, 7}

{3, 9, 2, 7}

{2, 7}

7 (M)
{1, 6, 5, 2, 7}

2

{9, 8}

{8}

{7, 8}

{6, 8}

{5, 8}

{4, 6, 8}

{3, 9, 8}

{2, 8}

8 (F)
{1, 6, 8}

2

{9}

{8, 2, 9}

{7, 2, 9}

{6, 9}

{5, 9}

{4, 6, 9}

{3, 9}

{2, 9}

9 (D)
{1, 6, 9}

2

3

3

3

2

4

3

3

Ea
4

Maximum-influence shortest pathways in

a

{2}

{3, 9, 2}

{2, 7, 1}

{3, 9, 1}

1 (P)

2 (R)

2 (R)
{1, 6, 5, 2}

Table 7

1 (P)
{1}
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Values associated with maximum-influence shortest pathways in

( ) (S
1
SiAz

Az ,max
i

)

1 (P)

2 (R)

3 (E)

4 (C)

5 (I)

6 (X)

7 (M)

8 (F)

9 (D)

Ea

1 (P)

0

5.6

3.9

0.3

4.3

1.3

6.9

2.6

2.6

6.9

2 (R)

2.6

0

2.6

2.9

2.6

2.6

1.3

1.3

1.3

2.9

3 (E)

2.6

2.6

0

2.9

2.6

2.6

3.9

2.6

1.3

3.9

4 (C)

0.3

4.6

2.9

0

3.3

0.3

5.9

1.6

1.6

5.9

5 (I)

1.3

1.3

2.6

1.6

0

2.6

2.6

1.3

1.3

2.6

6 (X)

1.3

4.3

2.6

1.6

3

0

5.6

1.3

1.3

5.6

7 (M)

1.3

1.3

3.9

1.6

5.6

2.6

0

1.3

2.6

5.6

8 (F)

1.3

1.3

3.9

1.6

5.6

2.6

2.6

0

2.6

5.6

9 (D)

1.3

1.3

1.3

1.6

1.3

1.3

2.6

1.3

0

2.6

AE

2.6

4.6

3.9

2.9

5.6

2.6

6.9

2.6

2.6

a

Note: E and AE denote eccentricity and anti-eccentricity measures, respectively.

Maximum-influence shortest pathways: A pathway of components is called shortest if the
sum of the interaction values associated with that pathway is smallest. Namely, what
counts is not the number of components in the pathway concerned but the sum of the
binary interaction values in that pathway. In the context of the AIS of Azerbaijan, we
need to find the maximum-influence shortest pathways, and hence we apply Dijkstra’s
single-source shortest path algorithm to the inverted influence graph denoted by S1Az .

( )
i

Table 7 and Table 8, respectively, give the maximum-influence shortest pathways and the
values associated with these pathways. Take, for example, the pathway {2, 7, 1} =
{R, M, P} in Table 7 has a value of 2.6 in Table 8. This shows that the information flow
from R to P is maximised if R is connected to markets M and if M is connected to P.
Obviously, the involvement of M as an intermediary component between R and P
substantially increases the amount of information that flows into P. Similarly, the
minimum-influence shortest pathways and the associated pathway values are respectively
given in Table 9 and Table 10. All in all, the maximum-influence pathways in Table 7
should be used in the design of effective policy interventions, whereas the
minimum-influence pathways in Table 9 should be avoided not to hamper the
information flow in the system. The system-wide efficiency gain ΔSiAz is calculated as:

ΔSiAz = SiAz ,max − SiAz ,min

⎡P 5 4 0
⎢2 R 2 2
⎢
⎢2 2 E 2
⎢
⎢0 4 2 C
≅ ⎢0 1 2 0
⎢
⎢1 4 2 1
⎢0 1 3 0
⎢
⎢1 1 4 1
⎢
⎣0 0 0 0

4
2
2
3
I
2
5
5
0

1
2
2
0
2
X
2
2
1

6
1
3
5
2
5
M
2
2

2
1
2
1
0
0
0
F
0

1⎤
0 ⎥⎥
0⎥
⎥
0⎥
0 ⎥.
⎥
0⎥
1⎥
⎥
1⎥
⎥
D⎦
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The (c, e)-coordinates of ΔSiAz are P(23, 6), R(12, 18), E(15, 19), C(15, 6), I(7, 23),
X(15, 12), M(12, 26), F(17, 6) and D(3, 3). This reveals that, if the maximum-influence
pathways are established and become operational, then components P and F will be
supplying substantial amount of information to the system, while R, E, I and M will be
absorbing a large chunk of information flowing in the system. Component D gains the
least.
The information about maximum- and minimum-influence shortest pathways and
their associated influence-values is an important input into the process of the design of
innovation strategies and policy interventions. Consider, for example, the cell in the
1st row–2nd column of Table 9 and Table 7. The cell in Table 9 indicates that the
minimum influence shortest pathway from P to R (that is, P → R or 1 → 2) is a binary
path (i.e., a path without any intermediary components). It shows that the shortest
distance (i.e., minimum information flow or minimum influence) between P and R has
only one linkage. Contrary to this, the same cell in Table 7 reveals that the maximum
distance (i.e., maximum information flow or maximum influence) between P and R is
realised through a pathway with three linkages, which is {P → X → I → R}. Compared
to the binary path P → R, this pathway includes two extra intermediary components
{X, I} that are instrumental in carrying out the information or influence from P to R.
Since the influence-values associated with the pathways are calculated as the sum of the
influence weights, we can conclude that for a policy goal aimed to adjust the influence
values policy makers should target {X, I}.
A second example should better reveal the usefulness of the pathway analysis
proposed. Consider the cell in the 1st row-9th column of Table 9 and Table 7. The cell in
Table 9 indicates that the minimum influence shortest pathway from P to D (that is, P →
I → D or 1 → 5 → 9) is a pathway with the intermediary component I. It shows that the
shortest distance between P and D has two linkages. Contrary to this, the same cell in
Table 7 reveals that the maximum distance between P and D is realised with a pathway
through X (that is, P → X → D or 1 → 6 → 9). Ceteris paribus, contrasting these two
examples yields two policy options:
P targets R or P targets D.
In the case of option (1), when P transmits its policies through {X, I} simultaneously,
a system-wide gain of 5.3 units (i.e., the difference between the value of the maximum
influence pathway – the value of the minimum influence pathway) is expected. In the
case of option (2), however, when P targets {X} only, a system-wide gain of 1 unit is
expected. Obviously, policy option (1) is Pareto-optimal even if, in policy option (2),
component I is targeted in place of X.
The sum of the path lengths in Table 7, which is 131, divided by n(n – 1) = 72 yields
the actual average path length L = (131 / 72) = 1.8. The average length implies that the
average pathway involves one intermediate component in between the source and the
sink.

{6, 2, 1}

{7, 6, 2, 1}

{8, 3, 1}

{9, 7, 6, 2, 1}

4

6 (X)

7 (M)

8 (F)

9 (D)

AE

3

{9, 7, 6, 2}

{8, 3, 2}

{7, 6, 2}

{6, 2}

{5, 6, 2}

4

{9, 7, 6, 2, 3}

{8, 3}

{7, 6, 2, 3}

{6, 2, 3}

{5, 6, 2, 3}

{4, 1, 3}

{3}

{2, 3}

{1, 3}

3 (E)

5

{9, 7, 6, 2, 1, 4}

{8, 3, 1, 4}

{7, 6, 2, 1, 4}

{6, 2, 1, 4}

{5, 6, 2, 1, 4}

{4}

{3, 1, 4}

{2, 1, 4}

{1, 4}

4 (C)

Note: aE and AE denote eccentricity and anti-eccentricity measures, respectively.

{5, 6, 2, 1}

5 (I)

{4, 1, 2}

{3, 2}

{3, 1}

{4, 1}

3 (E)

4 (C)

{2}

2 (R)

{1, 2}

{1}

{2, 1}

1 (P)

2 (R)

4

{9, 7, 6, 2, 5}

{8, 3, 2, 5}

{7, 6, 2, 5}

{6, 2, 5}

{5}

{4, 1, 5}

{3, 1, 5}

{2, 5}

{1, 5}

5 (I)

2

{9, 7, 6}

{8, 3, 6}

{7, 6}

{6}

{5, 6}

{4, 6}

{3, 6}

{2, 6}

{1, 2, 6}

6 (X)

2

{9, 7}

{8, 7}

{7}

{6, 7}

{5, 6, 7}

{4, 6, 7}

{3, 8, 7}

{2, 6, 7}

{1, 2, 6, 7}

7 (M)

4

{9, 8}

{8}

{7, 6, 2, 3, 8}

{6, 2, 3, 8}

{5, 6, 2, 3, 8}

{4, 1, 3, 8}

{3, 8}

{2, 3, 8}

{1, 3, 8}

8 (F)

2

{9}

{8, 3, 9}

{7, 6, 9}

{6, 9}

{5, 9}

{4, 6, 9}

{3, 9}

{2, 9}

{1, 5, 9}

9 (D)

5

3

4

3

4

3

2

2

3

Ea

Table 9

1 (P)
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Values associated with minimum-influence shortest pathways in SiAz ( SiAz ,min )
1 (P)

2 (R)

3 (E)

4 (C)

5 (I)

6 (X)

7 (M)

8 (F)

9 (D)

Ea

1 (P)

0

0.3

0.3

0.3

0.3

0.6

0.9

0.6

1.6

1.6

2 (R)

0.3

0

0.3

0.6

0.3

0.3

0.6

0.6

1.3

1.3

3 (E)

0.3

0.3

0

0.6

0.6

0.3

0.6

0.3

1.3

1.3

4 (C)

0.3

0.6

0.6

0

0.6

0.3

0.6

0.9

1.6

1.6

5 (I)

0.9

0.6

0.9

1.2

0

0.3

0.6

1.2

1.3

1.3

6 (X)

0.6

0.3

0.6

0.9

0.6

0

0.3

0.9

1.3

1.3

7 (M)

0.9

0.6

0.9

1.2

0.9

0.3

0

1.2

1.6

1.6

8 (F)

0.6

0.6

0.3

0.9

0.9

0.6

0.3

0

1.6

1.6

9 (D)

1.2

0.9

1.2

1.5

1.2

0.6

0.3

1.3

0

1.5

AE

1.2

0.9

1.2

1.5

1.2

0.6

0.9

1.3

1.6

Topology of components in the AIS: Table 11 introduces a topology of components,
drawing on the measures of ‘eccentricity’ and ‘anti-eccentricity’. Eccentricity is a
measure of the maximum distance between a component and any other component in the
system. Based on SiAz , eccentricity is measured row-wise, while anti-eccentricity refers
to column-wise measure of eccentricity. Drawing on the topology given in Table 11, a
component with low eccentricity and high anti-eccentricity is said to be strongly
dominant; one with high eccentricity and low anti-eccentricity, strongly subordinate; one
with low eccentricity and low anti-eccentricity, strongly interactive; one with high
eccentricity and high anti-eccentricity, weakly interactive and so on.
Table 11

Topology of components in the system
Eccentricitya

Anti-eccentricity

High

Medium-high

Medium-low

Low

High

Weakly
interactive

Slightly
dominant

Moderately
dominant

Strongly
dominant

Medium-high

Slightly
subordinate

Slightly
interactive

Slightly
dominant/
interactive

Moderately
dominant

Medium-low

Moderately
subordinate

Slightly
subordinate/
interactive

Moderately
interactive

Moderately
interactive

Low

Strongly
subordinate

Moderately
subordinate

Moderately
interactive

Strongly
interactive

Note: aWe use the following qualitative scale: strong > moderate > slight > weak.
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Typology of components in SiAz
(a) Eccentricity in Table 9
High

Anti-eccentricity

High
Medium-high
Medium-low
Low

D

Med-high

Med-low

I

C
P, F

M

X

Low
E
R

(b) Eccentricity in Table7
Anti-eccentricity

High
Med-high
Med-low
Low
High

High
C

Med-high
M
R, E

P

X, F

High
Med-high
Med-low
Low

D
P, C, F
M

Med-low

Low
I
D

(c) Eccentricity in Table 10
Anti-eccentricity

E, I
R
X

(d) Eccentricity in Table 8
Anti-eccentricity

High
Med-high
Med-low
Low
High

M
R, E
P

C
X, F
M

I
D

Drawing on this topology, Table 12 shows the distribution of components in four
categories: high, medium-high, medium-low and low. Tables 12(a) and 12(b) classify the
components based on the information about the length of the shortest influence pathways
in SiAz . In a similar fashion, Tables 12(c) and 12(d) map the components based on the
information about the values corresponding to the shortest pathways. According to the
mapping in Table 12(a), component D is strongly subordinate; components C and E are
moderately dominant; and X is moderately interactive. However, the mapping in terms of
values given in Table 12(c) draws a different picture. Component D turns out to be
slightly dominant, while E, R, and X remain almost in the same position as in Table 12(a).
The mappings, based on the longest pathways in Table 12(b) and the maximum
information flow in Table 12(d), are quite similar, with most of the components,
including P, M, X, D and I, that remain in the same category across the two mappings.
The three distinguished components are P (strongly subordinate), D (strongly interactive)
and I (moderately dominant). The typology of the components provides critical
information for targeting policy interventions aimed to influence the information flow in
a pathway of interest. For example, a policy intervention aimed to accelerate the
maximum information flow should target component D, which is strongly interactive, as
it receives and concurrently distributes the largest amount of information.

35.3

[eff-diag]

30.7

35.8

6.1

6.1

3.2

4.2

6.1

5.5

0.6

2.5

5.1

2.5

16

18.5

2.5

2.2

2.2

2.2

2.2

2.2

0.6

2.5

2.2

2.2

3 (E)

2.4

3

0.6

0.3

0.3

0.3

0.3

0.3

0.6

0.3

0.3

0.3

4 (C)

27.7

33.2

5.5

4.9

3.2

4.2

4.9

5.5

0.6

2.5

4.9

2.5

5 (I)

31.7

39.2

8.1

8.1

3.2

4.2

7.5

5.5

0.6

2.5

5.1

2.5

6 (X)

16

20.2

4.2

2.2

2.2

4.2

2.2

2.2

0.6

2.2

2.2

2.2

7 (M)

24.6

27.8

3.8

3.8

3.2

3.8

3.8

3.8

0.6

2.5

3.8

2.5

8 (F)

25.6

33.7

8.1

8.1

3.2

4.2

4.2

4.2

0.6

2.5

4.2

2.5

9 (D)

8.1

3.2

4.2

7.1

5.5

0.6

2.5

5.1

2.5

Ea

42.8

23.9

31.5

38.3

34.7

5.4

20

32.9

18.4

Cause

Notes: E and AE respectively denote eccentricity and anti-eccentricity measures. The column ‘cause-diag’ refers to the subtraction of diagonal cell
from the row total. The row ‘eff-diag’ refers to the subtraction of diagonal cell from the column total.

a

7.1

36.5

9 (D)

eff

7.1

8 (F)

AE

4.2

3.2

7 (M)

5.5

0.6

4 (C)

7.1

2.5

3 (E)

6 (X)

5.1

2 (R)

5 (I)

1.2

1 (P)

2 (R)

34.7

20.7

27.3

30.8

29.2

4.8

17.5

27.8

17.2

[caudiag]

Table 13

1 (P)
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Maximum information flow potential in SiAz
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Maximum information flow problem: Table 13 shows the maximum information flow in
SiAz . Take, for example, the number 4.9 placed in the (2nd row, 5th column) of SiAz . It
shows the maximum amount of information flowing from R to I. With a closer look at
this table, we have a feel for key characteristics of the innovation system under
consideration. The first characteristic is that, considering the information flow ≥ 5, the
diagonal cells including D = 8.1, X = 7.5, I = 5.5 and R = 5.1 absorb most of the
information in the system through cycles. For example, a cycle that starts from D and
lands back onto D brings 8.1 units of information to D. Another cycle that starts from X
and lands back to X carries 7.5 units of information to X. This pattern of maximum flow
reveals that D, X, I and R are the ‘significant information absorbing’ components. The
second characteristic is that the highest amount of information flows into P as implied by
(2, 1) = (R, P) = 5.1, (5, 1) = (I, P) = 5.5, (6, 1) = (X, P) = 7.1, (9, 1) = (D, P) = 7.1,
followed by X as implied by (2, 6) = (R, X) = 5.1, (5, 6) = (I, X) = 5.5, (9, 6) = (D, X) =
8.1 and R as implied by (5, 2) = (I, R) = 5.1, (6, 2) = (X, R) = 5.5 and (9, 2) = (D, R) =
8.1. Mapping the cause-effect structure of the maximum information flow matrix
underlines a third critical feature of the system. Based on the (c, e)-coordinates, which are
P = (18.4, 36.5), R = (32.9, 35.8), E = (20, 18.5), C = (5.4, 3), I = (34.7, 33.2), X = (38.3,
39.2), M = (31.5, 20.2), F = (23.9, 27.8) and D = (42.8, 33.7), three clusters are observed:
(P, M, F), (R, I, X, D) and (E, C) where P is highly subordinate; M is highly dominant;
the others, except (E, C), show high interactivity. E and C show minimal interaction with
the rest of the system. The analysis of eccentricity measures uncovers a fourth feature of
the system. The diameters of the eccentricity and anti-eccentricity measures point out that
components D and X are strongly interactive; R and I are moderately interactive, whereas
P is strongly subordinate. This finding is consistent with the above findings given in
Table 12.
Maximum independent sets: The AIS of Azerbaijan has a maximum independent set
C1 = {E, C, I, M} ⊆ C = {P, R, E, C, I, X, M, F, D} because there is no edge between any
two vertices in C1, implying that in Azerbaijan the components including education,
credit, information-extension and markets are not linked, and the information flow
between these components take place only through pathways of interactions.
Analogously, a maximal independent edge set is a set of pairwise non-adjacent edges
of a graph. In the case of Azerbaijan, this set consists of four pairwise non-adjacent
edges: {{P, R}, {E, X}, {I, F}, {M, D}}, implying that the linkage between P and R is
not adjacent to the linkage between E and X nor to the linkages between I and F and
between M and D. In other words, investing in the development of a linkage between P
and R, for example, does not lead to the development of a linkage between {P, R} and
{E, X}.

4

Ways to apply the methodology

The methodology developed can be used in designing innovation policy interventions,
setting and targeting priorities. Three key concepts – cause-effect components, strongly
connected components and hierarchically layered components – promise useful
applications for the analysis of the underlying features of an innovation system. First, the
cause-effect analysis of a system uncovers the critical, individual components so-called
the source(s) and the sink(s). A component identified as a source represents the policy

294

T. Temel

intervention area, while the sink shows the policy impact area. An intervention should
introduce a change in the source and the impact of this change should be observed in the
sink. A second concept – strongly connected components – also helps determine the
acyclic cause-effect pathways, but this time the pathways are between groups of
components as opposed to those between the individual components. In the former
cause-effect pathway, the focus is on the identification of individually significant
components, whereas in the latter pathway, the focus shifts to the identification of
significant groups of components that engage in group interactions. A third
concept – hierarchically layered components – introduces a mapping of individual
components in a tree structure in which the root of the tree is occupied by the most
dominant components, and the dominance declines while moving up to the higher
branches of the tree. Together, these concepts provide complementary information
regarding the role of a component in the design of innovation policy interventions.
The concepts, including cliques, clusters and communities, also promise some use in
targeting technology policies. A clique is a set of components in which every component
has a linkage with every other component in the set. By construction, such a network of
tight interactions implies the most speedy flow of data and information within the set.
This feature makes a clique the most relevant components to be targeted for technology
policies to yield the desired policy impact. A cluster, on the other hand, represents
relatively weakly connected set of components in which neighbours of a component are
neighbours themselves. Such a loosely defined network of linkages can be targeted to
increase the system-wide diffusion of new information and knowledge. A community
assumes that the individual components in the system can be easily grouped into a
(potentially overlapping) set of components. Cliques and clusters can be further used in
the identification of communities. For example, a clique represents the highest degree of
connectedness among a set of components, while a cluster is based on somewhat loose
similarity measures quantifying some type of similarity between pairs of components,
and then similar components are grouped into the same community. A community,
however, covers a larger domain than a cluster and a clique does, implying that clusters
and cliques are naturally subsets of communities. Therefore, policy targeting should start
from the domain of community and narrow down to the domains of clusters and cliques
as the targeting becomes a more focused activity.
Various centrality measures can also be used to uncover important characteristics of a
system, helping to detect those components which are likely to play a key role in the
implementation of a certain technology policy. For example, sub-graph centrality
measure can be applied to detect those components which are members of as many
sub-graphs as possible because knowledge of the components that appear in many
sub-graphs can be employed to facilitate the widest sphere of technology diffusion by
targeting the components with the highest sub-graph centrality. If the problem is the low
diffusion of technology, then the betweenness centrality measure would help to identify
those critical intermediary components linking the source and sink. Each one of the
centrality measures has a unique feature, and hence the choice of the measure to be
applied should be in line with the nature of the policy problem at hand.
Analysis of pathways would provide us with critical information about the effects of
specific pathways on the expected outcome from a certain policy. The choice of a
pathway is conditional on the type of policy problem and should take into account
controllability, flexibility, efficiency and effectiveness criteria. Shortest pathways in
terms of the number of the components involved would be desirable since it would be
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relatively easy to control a limited number of component interactions. Longest pathways,
on the other hand, may be desirable if shortest pathways are not flexible.
The analysis of component-level capacity and motivation is vital for the estimation of
the speed and the amount of data and information flow in the system because the fluidity
and effectiveness of the flow depends on the degree of component-capacity and
motivation. In order to describe the structure of the system and the likelihood of the
emergence of new linkages between components, the component-level capacities should
be estimated. This is so important that without the knowledge of component capacities it
is not possible to target any policy pathways. Surveys and questionnaires represent two
possible means of the capacity estimation.
Decision makers at the operational level can use the linkage matrix (see Table 5) to
identify effective pathways to the realisation of specific goals. Take, for example, the
goal of distributing newly developed seed varieties. Farmers are the end users of the
seeds but distributing agents are diverse. For illustrative purposes, suppose that
international organisations take an active role in the distribution process. They have a
large number of alternative pathways through which the new seed varieties can be
distributed. Some of these pathways include: {X → F}, {X → D → F}, {X → M → F},
{X → I → F}, {X → R → F}, {X → M → R → F}, {X → D → M → F}, {X → D → I
→ F}, {X → I → D → F}, {X → I → R → F}, {X → R → M → F}, {X → R → I → F},
{X → R → D → F}, {X → R → I → D → F}, {X → R → D → I → F}, {X → R → D →
M → F} and {X → M → R → I → D → F}. Making some realistic assumptions would
reduce the number of the feasible pathways listed. For examples, farmers may be
assumed to operate with very limited budget and be strongly risk averse. These
assumptions would limit the set of the feasible pathways to {X → M → F}, {X → R →
F}, {X → R → M → F}, {X → M → R → F}, {X → R → D → M → F} and {X → R →
I → D → M → F} because under the circumstance farmers would either engage in
contractual agreements with profit maximising input-output supply firms, denoted by M,
or demand information, inputs, and technical support from social welfare-maximising
public institutes, denoted by R. It should be noted that the assumptions made justify those
pathways ending with {M → F} and {R → F}. However, for a speedy diffusion, policy
makers need more information about how active each component is. The sub-graph
centrality measure reveals that {R, D, X} play active role in the system as they
intermediate the largest number of pathways leading to F. This concludes that there are
two possible pathways for a speedy distribution of a new technology: {X → R → F} and
{X → M → R → F}.
The linkage matrix can further be used to identify the constraints facing the system.
The main constraint is that public and private components of the system interact at a
minimal level, which is reflected by the fact that the system requires intermediary
organisations, such as marketing associations, farmers’ organisations, trade and
commerce organisations, etc. to bring together the diffuse elements of the system. At the
time of this study, such organisations were at a very early stage of development,
demanding regulatory changes to ease their operations (see Temel et al., 2001).
Specifically, links between the components (I, M, F, P, R) needed to be strengthened
through policy dialogues that would allow the intermediary organisations to pass
information from (I, M, F) to (P, R).
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Concluding remarks

This study introduces a graph-theoretical methodology for analysing innovation systems
and applies it to characterise the structure of the AIS of Azerbaijan. This method
promises wide applications in assessing alternative innovation policies and/or programs
by identifying effective pathways of interactions between the components and the
constraints that hinder these interactions.
The analysis of the AIS suggests that ample scope exists for the design and
implementation of linkage mechanisms among the components of the public system,
including policy, research, education, and credit. This is reflected by the observation that
the binary interactions between these four components suffer from the lack of specific
linkage mechanisms. A second observation is the infrequent use of specific linkage
mechanisms between the public components and the private components (including
extension, private enterprise, private farm, private consultancy, and external assistance).
The empty off-diagonal cells representing the interactions between the public and private
components further imply the need for intermediary organisations to facilitate quick flow
of data and information between the public and the private components. But the
development of such organisations calls for an enabling institutional environment.
Regarding the establishment of cross-organisation linkages, the interviewees very
often indicated financial and human resource constraints as the key barriers. Furthermore,
it is commonly observed during the structured interviews with research policy makers,
managers, and scientists that a more proactive approach is needed for collaborative
research with international organisations. Such need was manifested by the fact that
almost all research programs and projects to date have been initiated by the international
organisations.
The graph-theoretic analysis of the AIS uncovers four key characteristics of the
system. First, private consultancy component D is the most dominant, followed by
external assistance component X; and policy component P is the most subordinate,
followed by private farming component F. This finding implies that D should be
considered the main ‘source’ of information and knowledge, while P be considered as the
main ‘sink’ of the final impact of an innovation policy intervention. Second, the AIS has
three clusters: {D, X, M} represents a cluster of dominant components; {I, E, C}, a
cluster of interactive components; and {P, F, R}, a cluster of subordinate components.
The dominant cluster together with the sub-ordinate cluster further suggests that
innovation and research policies are endogenous to the developments in the private
consultancy, external assistance and the private enterprise components. Third, the AIS
has the maximum clique of {P, R, E, X, F, D}, indicating that credit (C), information and
extension (I), and marketing (M) components, which characterise the emergence of a
competitive economy, are yet to develop and get integrated with the components in the
maximum clique. Fourth, research, consultancy and external assistance components,
{R, D, X}, take place in the largest number of sub-graphs in the system, implying that
these three components intermediate a substantial part of the linkages in the system.
Innovation and research policy makers should consider the implications of the
characteristics uncovered on the design, implementation and impact assessment of
innovation and research policies.
What remains to be addressed is to develop methodological guidelines in order to
assess national institutional setups with the view of obtaining comparable results at the
international levels. As argued by Capron and Cincera (2001), the present literature does
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not report any operational guidelines regarding the assessment of institutional linkages
underpinning national innovation systems. Such guidelines could also be used as a
benchmarking approach in the management of agricultural, science, and technology
policies. An equivalently important issue, which has not received enough attention in the
literature, is, as argued by Nelson (1993), the need for well articulated and verified
analytical frameworks linking institutional arrangements to technological and economic
performance.
Two weaknesses of the method introduced remain to be topics of future research.
First, quantitative representation of organisational interactions, like we attempted in this
study, will be questionable especially when rare but influential interactions take place
between the organisations. An interaction may only be infrequent but of crucial
importance, whilst some, such as committee meetings, may occur frequently, but may be
of low impact. Second, the development of solid quantitative measures of policies and the
testing of specific hypotheses still require a conceptual formulation of organisational
objectives and constraints. This calls for a reformulation of the systems approach as a
mathematical model.
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Notes
1
2
3

4

The survey questionnaire will be available upon request.
Throughout the study the terms components and vertices are interchangeably used. The terms
linkages and edges are also used interchangeably.
If the scale consists of such categories as ‘very harmful’, ‘harmful’, ‘neutral’, ‘useful’, and
‘very useful’, then an appropriate set of values to be assigned to these categories would be –2,
–1, 0, 1, and 2, respectively. The digraph referred to in this section does not allow negative
entries.
The reader is referred to Azerbaycan Respublikasi Kend Teserrufati Nazirligi (2000) for a
more detailed information.
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1

Introduction

Long considered an essential element of market economies, entrepreneurship are
becoming increasingly important in transition and emerging economies. Through
entrepreneurial processes, resources are gathered to develop and implement emerging
business ideas which, once becoming full-fledged, will in turn transform these resources
into goods and services, as well as create both jobs and wealth. The creative performance
undertaken by entrepreneurs under interaction of market forces is also the cause of
economic change, as pointed out by Schumpeter (Frank, 1988). Thus, ‘creativity’ is the
core element of the entrepreneurship system, along with its variants such as ‘innovation’
or ‘technological change’.
Despite the focus on entrepreneurial creativity in developed economies, the notions of
both ‘entrepreneurship’ and ‘creativity’ – the latter especially – remained scarcely
explored in emerging economies, and unliked more developed countries faced
overwhelming challenges as discussed by Carayannis and Campbell (2014). As a typical
transitional emerging market economy, Vietnam comes forward as an interesting object
for studies because the ideas are relatively new for researchers to track how ideation and
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creativity in economic activities and entrepreneurial undertakings develop and evolve
(Vuong and Tran 2009; Vuong, 2016b, 2016c), while new models of entrepreneurship
might also occur amid waves of transition turmoil (Vuong, 2014). The aim of this paper
is to explore how Vietnamese entrepreneurs perceive the role of creativity and innovation
in their own entrepreneurial attempts and self-estimated likelihood of success.
Particularly, the research seeks to bring forth results from research on the perception of
Vietnamese entrepreneurs about the creativity of their business model/product on their
own entrepreneurial ventures. The paper also intends to determine the relationship
between personal efforts along with community involvement and the entrepreneur’s
creative capacity.
Five main parts are structured as follows. Section 2 starts with a brief literature
review, examining key factors that are useful for both our understanding of
entrepreneurship creativity and subsequent modelling efforts. In Section 3, the statistical
model employed in exploring the research hypothesis is presented. Section 4 describes
the dataset and provides a corresponding analysis. A discussion of key insights and
solutions closes the article.

2

A brief literature review

While creativity does not have a universally agreed ‘standard’ definition (Runco and
Jaeger, 2012), it is not only gaining attention as a research theme but has also gained an
essential role in strategic management.
Creativity is, in fact, a key factor for entrepreneurs in defining strategies when faced
with limitations that would hinder longer-term businesses (Ireland et al., 2003; Napier
and Vuong, 2013; Campbell and Carayannis, 2016; Vuong et al., 2016b). However, the
complex nature of the social system of entrepreneurship makes creativity difficult to
grasp and make use of Woodman et al. (1993). Socio-cultural elements that contribute to
shape the entrepreneurs’ system of values also complicate the perceptions and real-world
undertaking of creative performance (Ireland et al., 2003; Vuong and Tran, 2009;
Campbell and Carayannis, 2016; Vuong, 2016c).
Generally, entrepreneurial creative performance can be divided into two types:
incremental and radical (Jaussy and Randel, 2014). While the former focuses on
continuous improvements in order to win over consumers and the market with more
competitive products and lower costs, the latter emphasises the novelty of products,
services and business processes themselves (Dabić et al., 2011). This difference results in
diverging requirements in resources and management structure, in terms of
commercialisation of creativity (Frank, 1998) and the participation of so-called academic
firms have come naturally (Campbell and Carayannis 2016). Therefore, subsequent
analysis aims to explore the effects of related factors, in fact predictors, on entrepreneurs’
perceived levels of their own creative performance.
In an increasingly connected world, entrepreneurs naturally require social and
professional networks to combine creativity performance, experiences and skills to
support their performance (Basadur et al., 2014; Pettersen et al., 2016). Moreover,
communications of ideas and information are more likely to help improve creativity
(Perry-Smith and Shalley, 2003; Runco, 2014; Vuong and Napier, 2014b). The concepts
of ‘strategic innovation’ through the use of so-called transformation networks and
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‘networked innovation’ have also been introduced by Harryson (2008), further
emphasising the role of entrepreneur communities to entrepreneurial processes.
Therefore, social networks will enter our analytical models as a possible element
influencing entrepreneurs’ self-assessment of their creativity (Basadur and Basadur,
2013; Malmström and Johansson, 2016; Pettersen et al., 2016). Nonetheless, Lyons et al.
(2012) point to the fact that the entrepreneur-community nexus appears to have not been
studied adequately.
In addition, tenacity – an element closely related to continuous efforts – has been
proven as a required factor for both creativity and entrepreneurial attempts to take off
(Fillis and Rentschler, 2010; Woodman et al., 1993). In reality, there has been evidence
suggesting that entrepreneurs who have a business plan tend to start their entrepreneurial
ventures earlier (Vuong et al., 2016a, 2016b). In addition, Fayolle and Gailly (2015) also
points out that entrepreneurial experience is critical for an entrepreneur in improving
skills to implement an entrepreneurship plan. With this in mind, we have included in our
analysis the entrepreneur’s past efforts and experiences in business maintenance as an
factor that might impact entrepreneurial creativity performance as perceived by
entrepreneurs themselves.
While entrepreneurship is subject to ambiguity, uncertainty and randomness,
particularly when put in wider business and social contexts (Fillis and Rentschler, 2010),
creativity is tied to entrepreneurs’ personality and cognitive style, as a process embedded
in entrepreneurship (Woodman et al., 1993; Ward, 2004). The coupling of
entrepreneurship and creativity in developed economies have been established and
studied both theoretically and empirically; however, the policy framework on
entrepreneurship and creativity is still lacking in cohesion and further empirical evidence
(Audretsch and Link, 2012).
What oftentimes happens in emerging economies – especially those in stages of
transition – is that entrepreneurs face the same issue, or even more acutely: they often
lack innovation, leading to weak entrepreneurship foundation, inefficiencies, and a waste
of already scarce innovation ‘resources’ (Dabić et al., 2012; Vuong and Napier, 2014a).
Vuong et al. (2013) provide evidence supporting the argument that for a developing
economy such as Vietnam, creativity and socio-cultural factors are associated in
determining business efficiency, and creativity has a larger impact on firms in their
entrepreneurial stage. At the same time, it is theoretically possible to say that novelty and
relevance may influence entrepreneurial performance on different levels (Vuong and
Napier, 2014b). In light of this, it is logical to examine entrepreneurs’ self-perceived
‘creativity’ (radical and non-radical) as a response variable to other factors.
This review help determine some key factors that may affect entrepreneurial attempts
and their results in the developing market, which include involvement in communities
and past experience. The outcome is measured by their self-perceived degree of
creativity, serving as the response variable of our investigation.

3

Research hypothesis and analytical framework

3.1 Research hypothesis
The research hypothesis that this article will attempt to examine and find evidence for is
stated as follows:
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“Entrepreneurs’ past entrepreneurial experiences and active participations in
social networks – designed to facilitate entrepreneurship processes – will likely
have positive influence on their perceived likelihood of stressing the role of
creative capacity and innovation capabilities in their current or future
entrepreneurial endeavors.”

As different entrepreneurs may have had different degrees of experience and
participations, categorical values that correspond to such degrees will serve to be
predictor variables for the categorical data analysis that will be performed for such a
hypothesis. The next subsection provides a brief description about the analytical
framework required for such hypothesis testing and statistical inference.

3.2 Analytical framework
This analysis on the likely effects of the predictor (independent) variables on
entrepreneurial creativity capacity and innovation capabilities outcomes employed the
framework of baseline-category logits (BCL). Key ideas with respect to the investigation
on how independent variables are expected to impact responses follow.

3.2.1 The BCL method
The BCL method provides a framework in which the data are estimated under
specifications of a multivariate generalised linear model (GLM) generalised by:

g ( μ i ) = Xi β,
where μi = E(Yi), corresponding to yi = (yi1, yi2, …)′; row h of the model matrix Xi for
observation i contains values of independent variables for yih.
Following this method, as πj(x) = P(Y = j | x) represent a fixed setting for predictor
π j (x) = 1, count data are distributed over J categories of Y as
variables, with

∑

j

multinomial with corresponding probabilities {π1(x), …, πj(x)}. The BCL model aligns
each response (dependent) variable with a baseline category: ln[πj(x) / πJ(x)], with j = 1,
…, J – 1.
As ln[πa(x) / πb(x)] = ln[πb(x) / πJ(x)] – ln[πb(x) / πJ(x)], the set of response
probabilities from multinomial logits {πj(x)}, can be computed from the formula:
π j ( x) =

exp (α j + β Tj x )

1+

∑

J −1

h

exp (α h + β hT x )

.

The categorical variables used in the analytical model are all multinomial, as described in
the data subsection, with their coded names and values are described in the corresponding
Table 1. A relevant example of real-world analysis employing actual survey data is given
in Vuong (2016a) while technical details for data estimations and inference are provided
in Agresti (2013). Actual performance of estimations and hypothesis testing has been
done using statistical software R (release 3.2.3).
Upon the confirmed significance of estimated coefficients, empirical relationships
among variables (response and predictor) will be constructed, enabling the computing of
empirical probabilities conditional on specific events of hypothetical influence.
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Data, estimations and results

4.1 Data
The dataset used in this article has been collected through a nationwide survey conducted
in five economic centres in Vietnam (Hanoi, Ho Chi Minh City, Da Nang, Buon Ma
Thuot, and Can Tho) under the coordination by the Vietnamese Federation of the Youth
and Students. Participating extant/prospective entrepreneurs (for short, ‘entrepreneurs’)
who were willing to share their opinions and experiences were given questionnaires by
authorised personnel. Answers were collected only after participants had completed their
participation and been well informed.
About 10,000 such entrepreneurs were randomly approached during the survey
period, from March to May 2015, of whom, 2909 responded with data required for this
analysis, given in Table 1. Explanations of the data follow.

4.1.1 Predictor variables
Elements considered to influence entrepreneur’s creativity include past experience of
entrepreneurial efforts (“Starthis”) and involvement with entrepreneurship
associations/groups.
“Starthis” is a factor telling about past/current entrepreneurial efforts undertaken by a
respondent. Entrepreneurial efforts have three distinct categories: the business is
currently running (“running”), the business had been planned and later on dropped
(“dropped”), and they have never had a serious business plan (“notyet”).
Regarding the networking efforts by an entrepreneur, factor “Member” serves to be a
predictor. It reports about the entrepreneur’s participation in and involvement with
entrepreneurship associations/groups includes: participation in all associations (“all”), in
certain associations (“some”), and in none of the networks (“none”).

4.1.2 Response variable
With the above independent variables, the factor showing perceived degrees of creative
performance that an entrepreneurial venture emphasises is coded “Inno” in our analysis.
The entrepreneur’s perception about the creativity level of their business models or
processes and their products’ innovativeness (“Inno”) will serve as an indicator to
evaluate their creativity, which will be grouped into categories: very creative (“much”),
somewhat creative (“some”) and almost uncreative (“none”).
These three groups of categorical variables are employed to construct the following
distribution table (Table 1), with line categories showing names of predictor variables
and column categories telling names of response variables.
Distribution table of entrepreneurs’ self-perceived creativity following their
entrepreneurial experiences and involvement in entrepreneurship associations/groups.
There are a total number of 2,909 observations in Table 1, corresponding to 2,909 extant
or prospective entrepreneurs. It is noteworthy that only 14% of the respondents have
judged their own product/model to be as creative. This percentage equals to 411 people,
among which 262 have engaged in entrepreneurship associations and communities,
whether they are active in just several or more than a few (select) groups as such.
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Table 1 also shows that a large portion of entrepreneurs – more than 68%, equivalent
to 1,988 people – have planned businesses in the past. Out of this number, only
724 entrepreneurs still have their business running up to present. The rest have dropped
their plans.
Table 1

The set of categorical data for analysing entrepreneurial creativity

“Starthis”

“Inno”

“Member”

“dropped”

“notyet”

“running”

“much”

“none”

“some”

“all”

43

88

129

“none”

62

319

256

“some”

38

156

173

“all”

34

49

74

“none”

45

356

185

“some”

17

73

88

“all”

85

54

107

“none”

42

92

118

“some”

45

52

129

Note: This data table is extracted from Vuong (2016a), using R 3.3.1.

4.2 Estimations and results
Employing data from Table 1, we have performed a multinomial logistic regression with
response variable “Inno” and predictor variables “Starthis” and “Member”. (See
Appendix 1 for reproducible code in R-3.2.3.)
The results obtained from this investigation are reported in Table 2.
Table 2

Estimated effects of entrepreneurial efforts and involvement in social networks on
perceived creativity in business models/processes and products
Intercept

log(some|none)

“Member”

“dropped”

“running”

“all”

“some”

β1

β2

β3

β4

–1.950***

0.152

1.231***

1.269***

0.458**

[–15.489]

[1.022]

[7.816]

[8.863]

[3.046]

–0.541***

0.239*

0.746***

0.692***

0.557***

[–6.987]

[2.541]

[6.430]

[6.333]

[5.703]

β0
log(much|none)

“Starthis”

Notes: Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘c’; z-value in square
brackets; baseline category: “Starthis” = “notyet”, “member” = “none”. Residual
deviance: 13.677 on 8 degrees of freedom.

Most coefficients are statistically significant, with p-value < 0.005, which shows the
relationship between past efforts, involvement in associations/groups and self-perceived
level of creativity in business model/product by entrepreneurs.
From Table 2, regression equations are established in order to concisely quantify the
influence of past entrepreneurial efforts and engagement into social networks for
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entrepreneurs on entrepreneurs’
products/services, as shown below:

creativity

in

business

models/processes

and

⎛π
ln ⎜ much
⎝ πnone

⎞
⎟ = −1.950 + 0.152dropStart + 1.231runStart + 1.269allMem
⎠
+0.458someMem

(1)

⎛π
ln ⎜ some
⎝ π none

⎞
⎟ = −0.541 + 0.239dropStart + 0.7461runStart + 0.692allMem
⎠
+0.557someMem

(2)

Equation (1) suggests that participation in all relevant associations/groups provides the
largest boost to entrepreneurial creativity in business processes and service/products, with
β3 = 1.269 (p-value < 0.0001). Probabilities of degrees of perceived creativity following
past efforts and social networks involvement are presented in Table 3, using coefficients
obtained from [equation (1)] and [equation (2)]. Detailed calculations are provided in
Appendix 2.
Table 3

Probabilities of perceived creativity against past efforts and networks participation

“Inno”
“Starthis” |
“Member”

“much”

“some”

“none”

“all” “some” “none”

“all” “some” “none”

“all” “some” “none”

“running”

0.334

0.197

0.179

0.473

0.548

0.452

0.193

0.255

0.369

“dropped”

0.192

0.103

0.087

0.482

0.506

0.388

0.326

0.391

0.525

“notyet”

0.190

0.100

0.083

0.436

0.453

0.338

0.374

0.447

0.579

As observed in Table 3, in all cases, entrepreneurs are likely to judge their model/product
to be somewhat creative, while the chance of entrepreneurs having sufficient information
to regard their business as radically creative remains the lowest. More precisely, an
entrepreneur who has a running business and is involved in all relevant entrepreneur
communities is 33.4% likely to perceive their business model/product as very creative. In
other conditions, however, the probabilities of highly creative model/products as judged
by the entrepreneurs themselves are lower than 20%.
By grouping the categories “much” and “some” of response variable “Inno” into
“yes” – signifying the presence of creativity in business model/product as perceived by
entrepreneurs themselves – and representing “none” as “no” – implying that the business
model/product has no creativity – the impact of ‘past entrepreneurial efforts’ and
‘involvement in entrepreneur communities’ can be clearly visualised in the following
Figure 1 (constructed using results from Appendix 3).
The difference between the left-hand-side graph and right-hand-side as shown in
Figure 1 represents the change in probabilities of defined creativity and the lack thereof
in business models/processes and services/products, following changes in level of past
efforts as well as community involvement.
First, on the “yes” figure (creative business model/product), there is an obvious
upward tendency as the lines move from “none” – no involvement in start-up
associations/groups – to “all” – member of all communities. The reversed trend is shown
on the “no” figure (business model/product perceived as not creative) on the right. This
shows that the more engaged they are in entrepreneurs associations and groups, the more
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likely entrepreneurs are seeing themselves as creative. It appears that entrepreneurs tend
to gain more confidence, in this consideration about their perceived creativity, from the
crowd, reflecting a variant of ‘herd mentality’ in the marketplace.1
Figure 1

Changing probabilities of creativity degrees as perceived by entrepreneurs conditional
on past efforts and involvement in entrepreneurship social networks

Observing the changing patterns and positions of different lines as shown in Figure 1 is
also crucial in evaluating the impact of past efforts on entrepreneurs’ creative capacity.
The “running” line represents the level of creativity in entrepreneurs who are managing a
running business; in the same manner, the “dropped” and “notyet” lines also embodies
entrepreneurs’ creativity in the case where they have made and dropped a business plan
in the past and where they have never had a serious business plan, respectively.
Also, from Figure 1 (LHS), it can be remarked that the “running” line is on the very
top, followed by “dropped” and “notyet”. This switching of positions, as well as the gap
between the lines, indicate that entrepreneurs who have made efforts in entrepreneurship
in the past, especially those who manage to maintain their business to this day, have a
much higher chance of being creative, as opposed to those who have never had a serious
business plan.

5

Final remarks

The analysis gives us insights on an alarming reality: Entrepreneurs in Vietnam have yet
to appreciate or be capable of radical creativity in business model/product due in part to
their cultural roots (Vuong and Tran, 2009). Their present efforts and experiences seem
to spark but a few novelties in their start-up plans. The research suggests a few solutions
based on the following concluding remarks.
Past/current entrepreneurial efforts in real-world business competition have proved to
have positive effects on entrepreneurial creativity. In fact, for those who have had
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experiences with starting up a business in the past, whether they succeeded or not, the
possibility of a higher evaluation of their own creative capacity is still greater than that of
those who have never made an effort. This is likely due to the fact that entrepreneurs
realise the importance of creativity in entrepreneurial processes as an element of success,
and thus seek more actively for innovations in their projects. Another possible
explanation is that experienced entrepreneurs are more seasoned in establishing methods
and mechanics that favour innovations and novelties. Whichever the case, creativity in
future business projects is to be boosted, provided that Vietnamese entrepreneurs do not
shy away from making plausible business plans and getting ready to implement them as
soon as possible.
Along with past efforts, the role of entrepreneur communities is stressed as crucial.
Entrepreneurship associations and groups provide the spirit, culture, and a common place
to exchange skills and methods, which not only contribute to and reinforce
entrepreneurial creativity in general but also help to eliminate implausible ideas through
constructive criticism. Through this process, business models/products can be perfected
as entrepreneurs advance towards success, one step at a time. It is also interesting to see
that entrepreneurs show have had some experiences in running a real-world venture tend
to see themselves as more dependent on radical creativity/innovations to survive market
competition.
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Early evidence this phenomenon on Vietnam stock market has been reported in Farber et al.
(2006).

Appendix
Appendix 1
Example of R code for exploring the empirical relationship
>

inno=read.csv(“D:/.../tab2.9.14.csv”,header=T)

>

attach(inno)

>

library(VGAM)

>

contrasts(inno$Starthis) =
contr.treatment(levels(inno$Starthis), base = 2)

>

contrasts(inno$Member) = contr.treatment(levels(inno$Member),
base = 2)

>

fit.inno = vglm(cbind(much, some, none)~Starthis+Member, data
= inno, family = multinomial)

>

summary(fit.inno)
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Appendix 2
Calculation of conditional probabilities in Table 3
π much =
π much =

π much =

e( −1.950 +1.231+1.269)
= 0.334
+ e( −0.541+ 0.746 + 0.692)

(“all”, “running”)

e( −1.950 + 0.152 +1.269)
= 0.192
1 + e( −1.950 + 0.152 +1.269) + e( −0.541+ 0.239 + 0.692)

(“all”, “dropped”)

1+ e

1+ e

( −1.950 +1.231+1.269)

e( −1.950 +1.269)
= 0.190
+ e( −0.541+ 0.692)

( −1.950 +1.269)

(“all”, “notyet”)

πmuch =

e( −1.950 +1.231+ 0.458)
= 0.197
1 + e( −1.950 +1.231+ 0.458) + e( −0.541+ 0.746 + 0.557)

(“some”, “running”)

πmuch =

e( −1.950 + 0.152 + 0.458)
= 0.103
1 + e( −1.950 + 0.152 + 0.458) + e( −0.541+ 0.239 + 0.557)

(“some”, “dropped”)

e( −1.950 + 0.458)
= 0.100
+ e( −0.541+ 0.557)

(“some”, “notyet”)

π much =
π much =

πmuch =

π much =

π some =
π some =
π some =
π some =
π some =

π some =

1+ e

( −1.950 + 0.458)

e( −1.950 +1.231)
= 0.179
1 + e( −1.950 +1.231) + e( −0.541+ 0.746)

1+ e

e( −1.950 + 0.152)
= 0.087
+ e( −0.541+ 0.239)

( −1.950 + 0.152)

e( −1.950)
= 0.083
1 + e( −1.950) + e( −0.541)

(“none”, “running”)

(“none”, “dropped”)

(“none”, “notyet”)

e( −0.541+ 0.746 + 0.692)
= 0.473
+ e( −0.541+ 0.746 + 0.692)

(“all”, “running”)

e( −0.541+ 0.239+ 0.692)
= 0.482
1 + e( −1.950 + 0.152 +1.269) + e( −0.541+ 0.239 + 0.692)

(“all”, “dropped”)

1+ e

1+ e

( −1.950 +1.231+1.269)

e( −0.541+ 0.692)
= 0.436
+ e( −0.541+ 0.692)

( −1.950 +1.269)

(“all”, “notyet”)

e( −0.541+ 0.746 + 0.557)
= 0.548
1 + e( −1.950 +1.231+ 0.458) + e( −0.541+ 0.746 + 0.557)

(“some”, “running”)

e( −0.541+ 0.239 + 0.557)
= 0.506
+ e( −0.541+ 0.239 + 0.557)

(“some”, “dropped”)

1+ e

( −1.950 + 0.152 + 0.458)

e( −0.541+ 0.557)
= 0.453
1 + e( −1.950 + 0.458) + e( −0.541+ 0.557)

(“some”, “notyet”)
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π some =
π some =

π some =

e( −0.541+ 0.746)
= 0.452
1 + e( −1.950 +1.231) + e( −0.541+ 0.746)

(“none”, “running”)

e( −0.541+ 0.239)
= 0.388
+ e( −0.541+ 0.239)

(“none”, “dropped”)

1+ e

( −1.950 + 0.152)

e( −0.541)
= 0.338
1 + e( −1.950) + e( −0.541)

(“none”, “notyet”)

π none

e( −1.950 +1.231+1.269)
⎛
⎜
1 + e( −1.950 +1.231+1.269) + e( −0.541+ 0.746 + 0.692)
= 1− ⎜
e( −0.541+ 0.746 + 0.692)
⎜
⎜+
( −1.950 +1.231+1.269)
+ e( −0.541+ 0.476 + 0.692)
⎝ 1+ e

⎞
⎟
⎟ = 0.193 (“all”, “running”)
⎟
⎟
⎠

π none

e( −1.950 + 0.152 +1.269)
⎛
⎜
( −1.950 + 0.152 +1.269)
1+ e
+ e( −0.541+ 0.239 + 0.692)
= 1− ⎜
e( −0.541+ 0.239 + 0.692)
⎜
⎜+
( −1.950 + 0.152 +1.269)
+ e( −0.541+ 0.239+ 0.692)
⎝ 1+ e

⎞
⎟
⎟ = 0.326 (“all”, “dropped”)
⎟
⎟
⎠

π none

e( −1.950 +1.269)
⎛
⎜
1 + e( −1.950 +1.269) + e( −0.541+ 0.692)
= 1− ⎜
e( −0.541+ 0.692)
⎜
⎜+
⎝ 1 + e( −1.950 +1.269) + e( −0.541+ 0.692)

πnone

e( −1.950+1.231+ 0.458)
⎛
⎞
⎜
( −1.950 +1.213+ 0.458)
( −0.541+ 0.746 + 0.557) ⎟
1+ e
+e
⎟ = 0.255 (“some”, “running”)
= 1− ⎜
e( −0.541+ 0.746+ 0.557)
⎜
⎟
⎜+
( −1.950 +1.231+ 0.458)
( −0.541+ 0.746 + 0.557) ⎟
+e
⎝ 1+ e
⎠

πnone

e( −1.950+ 0.152+ 0.458)
⎛
⎜
1 + e( −1.950+ 0.152+ 0.458) + e( −0.541+ 0.239+ 0.557)
= 1− ⎜
e( −0.541+ 0.239+ 0.557)
⎜
⎜+
( −1.950 + 0.152 + 0.458)
+ e( −0.541+ 0.239+0.557)
⎝ 1+ e

π none

e( −1.950 + 0.458)
⎛
⎜
( −1.950 + 0.458)
1+ e
+ e( −0.541+ 0.557)
= 1− ⎜
e( −0.541+ 0.557)
⎜
⎜+
( −1.950 + 0.458)
+ e( −0.541+ 0.557)
⎝ 1+ e

⎞
⎟
⎟ = 0.447 (“some”, “notyet”)
⎟
⎟
⎠

π none

e( −1.950 +1.231)
⎛
⎜
1 + e( −1.950 +1.231) + e( −0.541+ 0.746)
= 1− ⎜
e( −0.541+ 0.746)
⎜
⎜+
⎝ 1 + e( −1.950+1.231) + e( −0.541+ 0.746)

⎞
⎟
⎟ = 0.369 (“none”, “running”)
⎟
⎟
⎠

⎞
⎟
⎟ = 0.374 (“all”, “notyet”)
⎟
⎟
⎠

⎞
⎟
⎟ = 0.391 (“some”, “dropped”)
⎟
⎟
⎠
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π none

e( −1.950 + 0.152)
⎛
⎜
1 + e( −1.950 + 0.152) + e( −0.541+ 0.239)
= 1− ⎜
e( −0.541+ 0.239)
⎜
⎜+
⎝ 1 + e( −1.950 + 0.152) + e( −0.541+ 0.239)
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⎞
⎟
⎟ = 0.525 (“none”, “dropped”)
⎟
⎟
⎠

e( −1.950)
e( −0.541)
⎛
⎞
+
= 0.579 (“none”, “notyet”)
πnone = 1 − ⎜
( −1.950)
( −0.541)
( −1.950)
( −0.541) ⎟
+e
+e
1+ e
⎝ 1+ e
⎠

Appendix 3
Table A1

Probabilities of presence of creativity in business model/product as perceived by
entrepreneur’s conditional on past efforts and involvement in entrepreneur’s
associations/societies and social networks

“Inno”
“Starthis”|”member”

“yes”
“all”

“some”

“no”
“none”

“all”

“some”

“none”

“running”

0.807

0.745

0.631

0.193

0.255

0.369

“dropped”

0.674

0.609

0.475

0.326

0.391

0.525

“notyet”

0.626

0.553

0.421

0.374

0.447

0.579
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1

Introduction

The modern environment requires organisations to develop a new approach aimed at
requisite holism, entanglement and dynamics, which can enable improvement of their
working and behaviour (Jennings, 2005; Mullins, 2010). Additionally, the partial
cognitions from several theories – e.g. from systems theory, cybernetics and
management, offer limited insights into reasons for surpassing of one-sided and
mono-disciplinary consideration of organisational phenomena (Francois, 2004; Wallis,
2009).
In the recent decades researches on organisations as business systems are mainly
originated from cybernetics and systems theories; they are aimed at investigations of
holism of thinking, decision-making and actions (Beer, 1985; Francois, 2004; Wallis,
2009). But holism in systems theories and cybernetics often remains inside the chosen
single discipline, accepting perhaps some impacts from its neighbouring disciplines, but
still without the necessary inter-disciplinary understanding of reality (Mintzberg, 1973;
Foerster, 1974; Vallee, 2003). Some newer studies emphasised that more attention should
be devoted to the fundamental concepts, which are behind the phenomena and can
provide additional knowledge for improvement of holism and inter-disciplinary working
and behaviour of business systems (Potocan et al., 2005; Sutherland and Smith, 2011).
One of possible solutions is duality (Fare and Primont, 1995; Evans and Frankish, 2009).
Contently, duality present a general idea and the concept supporting its implementation
with which humans can better understand and consider complex phenomena through
study of its events as simultaneous paired components (Bannock and Davis, 1998;
Dubrovsky, 2001; Sutherland and Smith, 2011). For the study of business systems it is
important that duality can explain quite different relations reaching from mutual
exclusion to relations of inseparability of different elements of the same entity. But
relations are inseparable and interdependent, because they are mutually different and
therefore complementary.
We try to research interdependences between duality, systems theories and
cybernetics and resulting interactions. Consideration of interdependences between
systems theories as a science of the requisitely holistic thinking and duality indicate, that
duality presents a possible way of covering the steps from a one-sided and therefore
fictitious holism toward a realistic consideration of holism – e.g. requisite holism, total
holism, etc. On the base of concept of interdisciplinary approach, duality in cybernetics
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enables definition of single duality-based consideration as parts of entity under a systemic
consideration of the object at stake. These parts exist and participate in different relations,
which make, create and realise a number of synergies. These synergies may be used by
cybernetics aiming at a holistic application of cybernetics that connects duality and
business cybernetics.
The main goal of our contribution is to add to understanding and knowledge
concerning the understanding of duality’ characteristics in utilisation of business
cybernetics and systems theory in business systems, possibilities of duality for a more
holistic utilisation of business cybernetics and systems theory in business systems, and
estimation about interdisciplinary character of duality. The qualitative study includes
desk research about the new approach for consideration of holism and interdisciplinary
approach in business systems from viewpoints of duality, systems theories, cybernetics,
and their interactions. The developed approach was qualitatively tested through analysis
of:
a

concept of duality

b

meaning of duality in systems theories

c

meaning of duality in cybernetics

d

interdependences of duality, systems theories and cybernetics in business systems.

2

Materials and methodology

2.1 Idea of duality
Idea of duality and its use for explanation of reality has been known since the times of
ancient Greece and China (more about that see in Black, 1997; Wood, 2000). In
western/European culture the idea of duality originates in Greek philosophy in the 5th
century BC [Gove, (1987), p.15]. Thus e.g. Aristotle (1967, p.29) explained: “All, nearly
all, thinkers agree that being and substance are composed of contraries; at least all of
them name contraries as their first principles”. In the eastern cultures duality has been
known even since the time of the first dynasties of China through philosophical
background of life like the concept of yin and yang (Hornby et al., 1985; Delgado and
Banathy, 1993; Black, 1997).
Duality provides background for different scientific disciplines, like philosophy,
sociology and psychology (Englert et al., 1994; Efthimiou et al., 1997; Mulej, 2004),
theology (Gordon, 1995; Grishaver, 1991; Mann, 1995; Maulana, 2002), mathematics
(Bachem and Kern, 1992; Olive et al., 1999; Gao, 2014), economy (Rose, 2000),
management (Rose, 1994; Lomadze, 2013), technology (Checkland, 1981; Hayles, 2008),
systems theory and cybernetics (Checkland, 1981; Delgado and Banathy, 1993).
Duality as a universal principle summarises generally valid cognitions about
elementary – e.g. natural, social, technical, etc. systems; consequently its understanding
is very similar in different sciences (Hornby et al., 1985; Hayles, 2008). From the context
viewpoint, duality expresses simultaneous co-existence of paired – i.e. conjugate
components – e.g., the interaction forms the necessary criteria for existence of an
elementary system (Afuah, 1998; Dubrovsky, 2000; Wallis, 2009). The general principle
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of duality is undefeatable, since the existence of its counterparts proves this universal
principle.
Each scientific discipline utilises duality for consideration of purposes and goals in
the framework of the selected starting points and environment (Bannock and Davis,
1998; Dubrovsky, 2001). For that reason in science several different definitions of duality
exist simultaneously, which emphasise specific purposes and goals of each of the said
and other disciplines (Afuah, 1998; Dubrovsky, 2000). The most frequently mentioned
explanations of duality include physical, theological and economic explanations.
Physics explanation – “the principle of complementarity implies that in the micro
cosmos, complete knowledge of the future in the sense of classical physics, is simply not
available. If one component of a pair of complementary properties of a quantum object is
known for sure, then information about the second complementary property is lost”
[Englert et al., (1994), p.57].
Duality is a part of religions and spiritual movements around the word – e.g.
theological ‘holy books’ includes several explanations of duality, such as:
•

The Bible (see: Samuele, 15:2–3; Matthew, 1:23 and 5:17; Luke, 4:16–21) (Gordon,
1995).

•

The Hebrew Holy Books (see: Hebrew Bible, part one – The Law, the Torah or
Pentateuch; Deuteronomy, 4:39; Deuteronomy, 32:39; Isaiah, 44:6) (Grishaver,
1991; Mann, 1995)

•

The Quran (see: verses 51:49; 11:40, 13:3, 23:27, 31:10, 53:45) (Maulana, 2002).

Economics’ explanation – in economy two principal practical applications of dual theory
appear:
a

it enables us to solve explicitly a constrained maximisation or minimisation problem

b

it enables us to derive in an effortless way the comparative statics theorems
originally deduced from a maximising behaviour [Diewert, (1974), p.107; see also
Fare and Primont, 1995).

Explanation of duality is importantly influenced by cognitions about existence of
different appearance levels of each idea (Hornby et al., 1985; Wallis, 2009). On the base
of results from previous researches we presume that idea of duality can be defined on five
levels, namely as: concept, methodology, method, technique, and instrument. The modern
science defines the terms idea of dualty and concept of duality relatively unified. The
other levels of duality are – because of the use of various approaches, content
understandings and practices of work – differently defined by various sciences, as well in
the frame of any single science (Hornby et al., 1985; Wallis, 2009).
In our research we use duality, as the general idea and the concept supporting its
implementation, for researching of business systems, as crucial elementary systems
important for humankind surviving. In that framework we focused our consideration on
duality of disciplines cybernetics and system(s) theory, as disciplines which we have
mainly used for utilisation of the requisitely holistic working and behaviour of business
systems idea (Hornby et al., 1985; Mulej, 2000, 2007; Wallis, 2009).
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2.2 Duality and the need for a new approach
In order to consider how duality can support implementation of more holistic and
interdisciplinary working and behaviour one may need a new approach for consideration
of business systems. In our research we concentrated our consideration on duality of
cybernetics and systems theory in organisations as business systems rather than natural,
sociological, engineering etc. ones.
In the last nearly five decades we used for research of business systems two basic and
interdependent disciplines: cybernetics and system(s) theory (Ashby, 1956; Wiener and
Masani, 1976; Flood, 1999). Both disciplines are aimed at (requisite) holism of thinking,
decision-making, and action (Bertalanffy and Rappoport, 1972; Mulej, 2000, 2004,
2007).
Business cybernetics considers humans and their tools producing benefits for their
customers and themselves in three interdependent processes – i.e. basic, management,
information (Wiener and Masani, 1976; Jackson, 1991; Afuah, 1998; Wood, 2000).
History has shown that both disciplines have been right and still are so, but the
‘necessary and sufficient’ = ‘requisite’ holism can rarely be attained by the general
systems theory’s notion of isomorphism, because it makes a crucial oversight happen.
Isomorphism allows specialists to leave aside their mutual impacts with specialists of
different orientations (Checkland, 1981; Jackson, 1991; Afuah, 1998; Mulej, 2007).
The holism, if limited to isomorphism, remains limited inside a single discipline
accepting perhaps some impacts from its neighbouring disciplines, which are a step
forward toward the survival of humankind, but far from a sufficient one. Interdisciplinary
behaviour must be added to isomorphysms of several types (Mulej, 2000, 2004; Potocan
et al., 2005).
For our work we presume, that utilisation of the concept of duality can improve
holism of business cybernetics and general systems theory toward the requisite holism
(Mulej, 2004). This is in accordance with previous studies, which reported that duality
can support achievement of holism in business systems. But holism that is limited into a
single discipline, is fictitious due to this limitation; the real, i.e. total holism includes all
existing attributes with no limitation to any single discipline, which reaches beyond
human capacities. Hence, the requisite holism is the realistic way between the both
briefed extremes; it is based on interdisciplinary creative cooperation generating a
‘dialectical system’ (Mulej, 2004, 2007; Potocan et al., 2005).
Less researches put questions if and how can duality support interdisciplinary
behaviour of business systems. A superficial consideration of duality – as simultaneous
co-existence of paired (conjugate) components, such as the interaction, forms the
necessary criteria for existence of an elementary system (Gove, 1987; Afuah,
1998; Dubrovsky, 2001); it can lead to conclusion, that duality does not provide a basis
for an interdisciplinary behaviour, including observation, thinking, understanding,
decision-making, and action.
But duality tries to define well enough, and to study, events as simultaneous paired
(conjugate) components. While doing this, duality does not study the event under
consideration from the viewpoint of a single pair, but it rather repeats its consideration
until it learns to know most of the selected attributes under consideration, or all attributes
found essential by researchers.
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Consequently, we are facing a situation when we have a set, but not a system of dual
considerations and their outcomes, which can be called the partial- or sub-systemic ones
and their outcomes. In which way can we provide for comparability and/or understanding
of them as parts of a synergetic entity?
In terms of contents we thus face two rather basic issues. The first issue is related
with dilemma, how to find out whether or not the duality-based trial with the
consideration and its outcome is an interdisciplinary one? Our suggestion is the
dialectical systems theory (DST) (dialectics is the ancient-Greeks’ word for
interdependence, see (Gove, 1987; Black, 1997). About DST see also Mulej (2000, 2007)
and Potocan et al. (2005). The second issue is related with understanding and
consideration of outcomes as a synergetic entity – i.e. outcomes as a system, rather their
sum only? The second issue can be answered by the DTS’s and others concept of
interdependence, limiting the selection of the viewpoints, relations, ad synergies under
consideration to all and only essential ones; the selection of them depends on the author/s
of the ‘dialectical system’.
Based on cognitions from the relevant literature (Gove, 1987; Afuah, 1998;
Dubrovsky, 2001; Wallis, 2009), and from our previous contributions (Potocan et al.,
2005; Mulej, 2007) we postulated three research questions for our work.
RQ1 How to find out whether or not the duality is an interdisciplinary one?
RQ2 How to understand duality characteristics in utilisation of business cybernetics and
systems theory in business systems?
RQ3 Can duality enable more holistic utilisation of business cybernetics and systems
theory in business systems?

3

Results

3.1 Duality and systems theory
Bertalanffy (1968) with his group was the father of a new worldview called the general
systems teaching/theory and related methodology supportive of making it happen
(Davidson, 1983; Bertalanffy and Rappoport, 1972; Checkland, 1981; Flood, 1999;
Mulej, 2007). One of Bertalanffy’s crucial sentences says that humankind has a poor
chance to survive, if we do not think and behave as citizens of the world rather than
single countries only, and if we do not consider the entire biosphere as one whole
(Bertalanffy, 1968). For this reason it is necessary to fight the modern exaggerated (!)
specialisation.
Some authors put ‘system’ equal to the object under consideration. On the other hand,
we can conclude from Bertalanffy’s and other writings as well as from our own real life
experience that a system is only a mental picture of the object, and it is made by the
authors / observers / controllers / managers of this object from their selected viewpoint/s
(!) in order to let the attributes of the object that they find the most important ones, be
clearly visible (Mulej, 2000, 2007; see also Diewert, 1974; Wood, 2000; Evans and
Frankish, 2009).
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Thus, the system is not really equal to the object it represents, and the model
represents the system (because the system is the limit of one’s mental capacity and
interest compared to reality with all existing attributes). Despite this mental capacity,
limited for natural reasons, we humans anyway try to control/manage/create the world,
although we have a very limited insight into its reality; to overcome this natural lack of
capacity, humans have become specialists and therefore we need interdisciplinary
creative cooperation of specialists who are mutually different (Mulej, 2000, 2007;
Potocan et al., 2005). Those, mutually different specialists are interdependent
counterparts that remind us of the duality concept.
When one tries to understand the concept of Duality in terms of systems theory, one
comes across issues concerning systems theory, such as:
1

Is systems theory a science about holistic thinking about complex features of any
type or about something else? To us it is such a science.

2

Is systems theory a science about similarities/isomorphisms of features of any
type, aimed at describing them at a rather general level or something else? To us
isomorphism is a part of systems theory only.

3

When defining an object as a system, and trying to be holistic, how does one
consider the role of the selected viewpoint/s of the observer / manager of the feature
at stake? Shall the concept of holism be limited to (1) one single viewpoint, or shall
(2) inter-disciplinary behaviour be required or (3) multi-disciplinary behaviour, at
least? If cases (1) and (3) are OK, what are the emerging synergies resulting from
these practices, and how holistic are they in/one’s perceptions/definition of them?
For us, only the case (2) is OK.

4

If there are differences concerning perceptions of systems theory and they result
from different approaches, which systems approach does one apply?
4.1 The introspective one concentrates on attributes inside a closed-in entity.
4.2 The extrospective one concentrates on attributes of the environment in which the
entity at stake is embedded.
4.3 The constructive one tries to consider both 4.1. and 4.2. in order to design a new
entity according to the foreseen attributes.
4.4 The contemplative one tries to put the observer/manager into the shoes of the
observed/managed entity in order for it to be understood deeply.
The first three are called systematic rather than systemic, because they concentrate
on parts of the really existing attributes rather than on the synergy of them. They are
questionable in terms of the definition that systems science is the one of synthesis
and integration. But they are close to the western culture, while the (4) is close to the
far-eastern philosophy.

5

If there are different approaches that are specialising in different partial selections of
attributes to be considered, how holistic are we humans able to be, in practice?
5.1 The Bertalanffian total holism requires humans to behave as citizens of the
entire world, and to consider the entire biosphere. This holism is very necessary
for humankind to survive, but it reaches beyond the human capacity, even in a
doable teamwork setting.
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5.2 The usual specialists’ approach limits itself to the (unavoidable) rather narrow
view of a single discipline. It is OK in the selected phases of the entire work
process, aimed at discovering and/or mastering single details, but not OK as a
general concept, because it is too narrow and causes crucial oversights therefore.
5.3 The ‘Mulej/Kajzer law of requisite holism’ accepts the reality that the (5.1)
concept cannot be attained, unfortunately, but the (5.2) concept is dangerous
(Mulej and Kajzer, 1998; see also Mulej, 2000, 2007). A realistic way lies
between the two extremes. The level of the requisite holism can no way be
defined objectively neither once forever, hence the authors/observers/managers
of the feature at stake, as the entity dealt with, must take responsibility and make
decisions on whatever level of holism is OK in the given case.
The four systems approaches in question 4 are most systemically applied in their synergy:
their scopes can be complementary and are hence interdependent, making a case of
duality. This case is perhaps not crucial in all human activities, but it is crucial in dealing
with business systems (Mulej, 2000, 2007; Potocan et al., 2005).
The finding that these approaches are interdependent makes us think of the ancient
yin-yang from ancient China and the less (but still) ancient philosophy of dialectics
(which is the ancient Greek word for interdependence, as quoted above). The four laws of
dialectics can be demonstrated as a permanent process of interdependent components of
the same entity, the life process – in Figure 1.
Figure 1

The four laws of dialectics in their circular interdependence

Interdependence

→

↑

Unity and fight of adverse features
↓

Negation of the foregoing negation, as the
result of the transition

←

Transition of the given quality via
quantitative change to a new quality

In the language of systems theory the same laws show up as in Figure 2.
Figure 2

The four laws of dialectics in their circular interdependence in the language of systems
theory

Interdependence

→

↑

Attractors and interactions
↓

Synergy, system, synthesis, whole

←

Emergence, changing

In the case of application of the DST the same laws show up as in Figure 3.
Figure 3

The four laws of dialectics in their circular interdependence in the language of the DST

Interdependence of viewpoints of dealing
with the same feature

→

↑
Synergy, system, synthesis, new whole on
an interdisciplinary basis

Attractors and interactions between the
selected viewpoints
↓

←

Emergence, changing of insights on an
interdisciplinary basis
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In the case of understanding duality as a version of interdependence Figures 2 and 3
apply directly or as in Figure 4.
Figure 4

The four laws of dialectics in their circular interdependence applied to duality

Interdependence of pairs/dualities of
viewpoints of dealing with the same feature
like in a matrix/set of matrices

→

↑
Synergy, system, synthesis, whole on an
interdisciplinary basis visible in the final
step the matrix/matrices of matrices (of the
given phase)

Attractors and interactions between the
selected pairs/dualities of
viewpoints/matrices
↓

←

Emergence, changing of insights on an
interdisciplinary basis per matrices and the
matrix/matrices of matrices

Hence, the duality concept can be a good version of the way of covering the steps from a
one-sided and therefore fictitious holism toward a realistic consideration of the law of the
requisite holism, or even toward the Bertalanffian concept of the total holism. In other
words: a link exists between the concept of duality and of the systems theory as a science
of a (requisitely) holistic thinking and behaviour rather than an only describing one.
But when we have clarified that, we are faced with the next question: How to define
relations between duality and (business) cybernetics?

3.2 Duality and business cybernetics
The term cybernetics originated in 1947 (four years after the pioneering articles) when
Norbert Wiener used it to name a discipline apart from, but touching upon, such
established disciplines as electrical engineering, mathematics, biology, neurophysiology,
anthropology, and psychology (Wiener, 1948, 1956; see also Wiener and Masani, 1976).
Wiener, Arturo Rosenblueth and Julian Bigelow needed a new word to refer to their new
concept, and they adapted a Greek word meaning ‘steersman’ (Bertalanffy, 1968;
Davidson, 1983; Bertalanffy and Rappoport, 1972). About the originate of term
cybernetics see several authors, like Plato, Aristotle; to invoke the rich interaction of
goals, predictions, actions, feedback and response in systems of all kinds – the term
‘governor’ derives from the same root (Wiener, 1948, 1956; Ashby, 1956; Wallis, 2009).
Cybernetics was originally created on an interdisciplinary basis: they were trying to
make a synergy of knowledge of biology and technology to produce novelties, supposed
(and frequently able) to become even innovations as novelties found beneficial/useful and
used by their users/consumers.
They were using the word system to denote that they are dealing with a complex and
complicated feature as a whole rather than one-sidedly (Bertalanffy, 1968; Wood, 2000;
Francois, 2004). They were fearful of doing something similar in relation to social
sciences, and they were fearful of letting models become self-sufficient rather than a
simplifying tool helping humans to understand and master their selected parts of
attributes of the object/real topic under consideration (Bertalanffy, 1968; Ashby, 1956;
Mintzberg, 1973; Checkland, 1981; Vallee, 2003). Business cybernetics is one of many
applications of the concept of cybernetics (Ashby, 1956; Davidson, 1983; Bertalanffy and
Rappoport, 1972; Checkland, 1981; Flood, 1999; Mulej, 2007).
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What is business cybernetics and how is it connecting with the concept of duality?
Business cybernetics is specialising in organisations and individuals as the so-called
business systems emphasising the so-called business viewpoints rather than the natural,
social, technical or technological viewpoints of consideration of objects, features, events,
and processes making the real life (Foerster, 1974; Beer, 1985; Wallis, 2009; Sutherland
and Smith, 2011).
Calling them business systems rather than features, events, and processes considered
from the viewpoint/s of business sciences, may mean that the requisite holism of
consideration and action is consciously or subconsciously limited to the selected
viewpoint/s, and therefore one-sided, although the expression system suggests holism. In
this case, like in all other cases when one uses the word system, one should describe quite
explicitly what viewpoint/s and content/s does one have in mind – in order to avoid
mutual misunderstanding and the resulting lack of capacity and possibility to cooperate
creatively on an interdisciplinary basis. There are namely 15 groups of what systems
mean (Foerster, 1974; Bannock and Davis, 1998; Rose, 2000; Wallis, 2009).
In terms of cybernetics there are, at least, the following five concepts available
(Mulej, 2004, 2007; Potocan et al., 2005):
1

The zero order cybernetics: practice with no theory about observation and impact.

2

The first order cybernetics: it limits itself to observation of the feature at stake with
no observation of the active role of the observer who aims at discovering the
objective truth, although he or she can attain this aim inside his or her own selection
of the viewpoint or viewpoints or (dialectical) system of viewpoints, being in a best
case scenario a dialectic system (i.e. including all and only crucial viewpoints,
relations and synergies selected by observers).

3

The second order cybernetics: it includes the observing person into observation and
hence no longer aims at a fully objective truth, but recognises the active impact of
the observing person over the findings resulting from his or her or their observation.

4

The cybernetics of the conceptual systems, which adds to the 2nd order cybernetics
the human society’s impact over the observation, thinking, feeling, decision making,
and action of the observer, in order to keep the observers’ impacts inside the
framework set by the person/s or organisations or societies making the impact over
the observer.

5

The third order cybernetics, which unites the observation, decision making, and
impacting in order to overcome their unrealistic separation.

In the zero order cybernetics duality exists without theoretical thinking about it. In the
first order cybernetics, duality may apply to interdependent attributes of the feature at
stake itself. In the second order cybernetics, duality may apply to interdependent
attributes of the feature at stake and of the observing person. In the cybernetics of the
conceptual systems, duality may apply to interdependent attributes of the persons at stake
and the persons impacting them/trying to do so. In the third order of cybernetics, duality
may apply to interdependent attributes of the activities of observers, decision-making,
and impacting. The applied cybernetics are too many and to different in terms of their
area of application to be tackled here.
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The concept of business cybernetics is close to uniting the cybernetics’ concepts 3, 4
and 5 in order to provide for the requisite holism of management and working in the
business systems. Thus, this concept adds the duality of the concepts of cybernetics of
conceptual systems and of cybernetics of the observation, decision-making, and
impacting; these are phases of the same process.
The duality concept can support the persons applying the business cybernetics by
providing for data, messages, and information resulting from the matrix/matrices of
matrices in Figure 4. Inside the single matrices, each and every one of the concepts from
(4.1) to (4.4) can be applied, as an interim basis of investigation, decision making, and
action producing its own result from a selected, partial and workable, viewpoint/pair of
interdependent/correlated viewpoints.
In the next phase, following this interim state, the mutually different matrices can
produce a new duality, or a set or even a (dialectical) system of them in order to provide
for a result that is closer enough to the law of the requisite holism (Mulej and Kajzer,
1998; Mulej, 2000, 2007; Potocan et al., 2005). The entire process can have any number
of iterations on the basis of the decision of the influential persons (which makes the
cybernetics of conceptual systems an interesting - if not unavoidable – tool as well).

4

Discussion: utilisation of duality, systems theory, and cybernetics

Our research is aimed at a solution for utilisation of synergy by co-operation of duality,
(dialectical) systems theory and business cybernetics in business systems.
First of all, we suggest DST. Dialectics is the ancient Greek word for interdependence
(Hornby et al., 1985; Gove, 1987; Francois, 2004; Wallis, 2009). The dialectical system
is defined as a system (= entity, in mathematical terms) of all essential and only essential
viewpoints of consideration of the feature/event/process at stake, relations and synergies
(Mulej, 2004, 2007; Potocan et al., 2005). The dialectical system supports us in
attainment of the requisite holism, once the investigators / decision makers select it as the
appropriate level of holism – i.e. the level between the fictitious one, within a single
viewpoint, and the total one, including totally all viewpoints and attributes.
This is a very influential decision and an initial one; it starts the entire process of the
human activity. Hence Mulej found it necessary to formulate the DST as a methodology
supportive of the requisite holism in this process (Mulej and Kajzer, 1998; Mulej, 2000,
2004; Wallis, 2009). So, we may define each dual research as an essential viewpoint of
consideration. These viewpoints should make a dialectical system with their synergy.
Hence, the second step of our possible solution stresses the implementation of the
concept of interdependence. One of important, but rather overseen notions by Ludwig
von Bertalanffy was the concept of interdependence; it was expressed in his criticism of
the exaggerated specialisation (Bertalanffy, 1968; Davidson, 1983; Wallis, 2009). It
expresses the finding/reality that all parts of the universe, in one way or another, directly
or less directly, sometimes even very indirectly, influence each other because they
depend on each other due to their mutual differences making them need each other; they
are mutually complementary therefore. Later on this finding was very well expressed and
documented in Gaia, when it comes to nature in general. It is nowadays expressed well
again in literature on systems, chaos and complexity theories (Bertalanffy, 1968;
Bertalanffy and Rappoport, 1972; Checkland, 1981; Jackson, 1991; Afuah, 1998; Wood,
2000; Wallis, 2009).
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Interdependence may not be seen as a relation of elements inside a whole alone, but
also as a relation between different viewpoints (Bertalanffy, 1968; Bertalanffy and
Rappoport, 1972). Since the mathematical/formal notion of a system - i.e. as an ordered
set can be, in practice, met in terms of contents from every and each single viewpoint
alone, systems thinking may formally exist, but fail to be systemic in contents, if the
inter-disciplinary approach is left aside.
On the basis of the concept of inter-disciplinary behaviour, the single duality-based
considerations can be defined as parts of a whole/entity of a systemic consideration of the
object at stake. These parts exist and participate in different internal and external
relations, which make them create and realise a number of synergies. Duality may be,
hence, seen as a source of synergies.
These synergies may be used by cybernetics/cyberneticians aiming at a rather holistic
application of the 2nd and/or 3rd order cybernetics. The area of application can be the
business systems, and this would connect duality and business cybernetics.
This means, that systems theory and cybernetics are applied as interdependent
theories in business cybernetics, making duality a dialectical system of a requisite
number of cognitions and control actions concerning business processes. Cybernetics of
conceptual systems may be useful to make this relation clear to, and applied by, the
potential observers/decision-makers.

5

Conclusions

Duality can be seen as a case of interdependence, concentrating on two interdependent
attributes or features, if the word is taken (too) literarily; like in a dialogue, several
entities can be considered, too. In reality, interdependence is the background of
interaction, so is duality. In other words: there is no interaction with no interdependence.
In the case of business cybernetics, this finding means that owners, governors and
managers, as bosses, must admit their interdependence with their co-workers, and apply
working of ethics of interdependence rather than working of ethics of independence – i.e.
nobody can impact us as we are the bosses and are therefore self-sufficient and
untouchable and working of ethics of dependence – i.e. our co-workers depend on us and
must accept whatever we decide, even if they feel abused. Working of ethics of
interdependence is now found crucial by the authors in almost all social sciences – e.g.
sociology, psychology, management, business, etc. In ethics of interdependence the two
concepts are supposed to link all topics and all principles: interdependence and holism.
Hence, the business cybernetics reaches with its impact far beyond single
organisations and humans as business persons – by the working of interdependence as the
way out from the traditional relations in organisations. So does duality.
Different authors define systems theory differently, because they use different
approaches on the basis of their different selected viewpoints. So do authors on the field
of cybernetics. If one takes the traditional definition that a systems is an entity made
of a set of components and of a set of relations, and if one takes the first order
cybernetics, duality is visible, but limited to the relations inside the entity/system under
consideration/impact.
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If one adds, in order to be less abstract and closer to reality, the consideration of the
influential role of the selected viewpoint/s, one comes closer to the array of the different
less traditional systems theories, as well as to the these traditional concept of cybernetics.
In this case, duality is visible again, but it is extended to the relations between the object
under consideration and the humans dealing with it.
If one adds the concept of the dialectical systems (as a system/entity of all essential
and only essential viewpoints), one becomes able to cover also the duality of the humans
cooperating on an interdisciplinary basis. This way of working can be applied to business
cybernetics in order to clarify and use the duality showing up in the business process.
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1

Introduction

Beer (1972) introduced complexity issues into management theory. It was the major
impact that moved managers’ thinking to a higher (meta) level (Turchin, 1999). Today,
the complexity issues are becoming critical key-factors and many problems cannot be
solved in the old coordinate system of the traditional management. Beer also wrote that
managers should not think how to use computers to improve the existing management
systems but they should think how to create a new type of businesses to survive in a
digital age. These two points are very close to a big data issue: first, we need to manage
complexity to use it and, second, big data is disrupting technology, that transforms
traditional business models (Bryant et al., 2008; McAfee and Brynjolfsson, 2012;
González, 2014).
The goal of this paper is to provide a system view at big data issues from a
meta-level: digital ecosystem and to check how it could support business requirements.
Traditionally, big data is considered as a tool for analytics (IBM, 2011; Russom, 2013)
but for a requisitely holistic view we should move to a Sense-Think-Act paradigm and
consider big data as all data flows in a digital ecosystem: automatised flows between
intelligent agents, flows between automatised platforms and humans (crowds of humans)
and flows of communication between humans via smart platforms. This data flows are
really big because the major part of human activity today is digital (it is data) – that is
why we use big data term in a wider way.
The paper is organised as follows: First, relevant backgrounds and state of the art in
big data, business ecosystem and systemic thinking research are elaborated. In Section 3,
intra-organisational business ecosystem issues and desired state are elaborated to generate
request for big data to deliver. In Section 4, the posted requests feasibility and impacts
are discussed to provide the requisitely holistic overview on the potentials big data offers
for business ecosystems, the barriers one will encounter, and the threats one should avoid.
Paper should be read by researchers who plan to design business ecosystems to help
them formulate a requisitely holistic set of requirements, by big data architects to know
what services to design and by business managers to know what to expect.
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Backgrounds

2.1 Big data
Big data technologies first appeared for searching and parsing internet (data mining)
(Lämmel, 2008; Bryant et al., 2008). New methods of information processing and new
software tools were invented to solve these tasks. Today, many information technology
(IT) companies are searching the possibilities to use this methods and tools in different
applications, tasks and businesses. This big data boom comes together with exponential
growth of stored and sent information – that eventually will lead to a metasystem
transition of information technologies and shift in progress direction (Press, 2013).
Digitalisation of business ecosystems is a part of that transition (Bryant et al., 2008;
McAfee and Brynjolfsson, 2012; González, 2014; Evans, 2014; Cukier, 2014).
Historically, enterprise information systems (EISs), commonly known by its key
subsystem enterprise resource planning (ERP) solutions, operate with internal data which
corresponds to a structure of the business. In fact, IT-companies implement not only
IT-systems (ERP, etc.) but provide typical business models and structures. In many cases,
the use of typical business model with world wide experience gives positive results. Such
standardisation of business models logically follows the technical aspect – data models
and business logics are programmed in database structure at low level (Wood, 2010;
Davenport, 1998).
If a company implements new EIS it needs to balance variety:
1

limited variety of IT-tools

2

huge variety of existing business activities.

Typical standards and hard business model structures are used as a variety filter. Such
structures form digital activity that is a small part of an overall business activity.
Back side of the standardisation is inflexibility of extremely complex modern EISs.
They increase the efficiency of business but decrease its ability to rapidly change and
adapt (Wood, 2010; Nachira et al., 2013).
Inter-business cooperation uses the same approach (Nachira et al., 2013). For
example, if many companies use one business-to-business information system to
coordinate their activities – in fact there is always one ‘master’ company that sets all
rules, standards, IT-tools and sometimes even selects a support IT-company for all the
other companies in the inter-business cooperation.
Today, most of human communication is executed using digital channels and
particularly all human activity is digital or is data that can be processed automatically by
robots (González, 2014).
Business today has ability to access the external data, the most important data for
decision makers (Drucker, 2001) – competitors activity, the casual everyday activity of
clients and not clients, the technical or business innovations from all over the world.
External information can be gathered by marketing research or by rumours, etc. Now, it
is possible to get external data automatically, in real-time, filtered or highly detailed
(Bryant et al., 2008).
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ERP variety reduction (see online version for colours)

Source: Own
Figure 2

Big data variety preservation (see online version for colours)

Source: own

One important technology shift that enables big data processing is metasystem transition
in databases. Parsing Internet pages that are non-standard, contains errors, etc. needs a
database without hard structure – but with meta-level records like pairs ‘key-value’ or
triples ‘subject-predicate-object’. In that case, business data structure and business logic
are the data themselves and can be rapidly changed following and supporting change of
business (Wood, 2010).
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The idea of focusing information technologies to inter-business communication and
automatic business model development is the core of the book Digital Business
Ecosystem (Nachira et al., 2013).
Another important technology that enables big data is MapReduce approach of
distributed computing (Lämmel, 2008). The idea is that very simple processing is carried
out in two stages:
1

Map – one large computational task is divided to many similar small tasks. Then
small tasks are processed on distributed nodes.

2

Reduce – all results are combined into the one result.

Figure 3

Human activity digitalisation: from 1995 to 2015

Source: Own

If the node is a human – not computer then the same MapReduce logic may be used for
tasks distribution to performers (crowd sourcing). In that way, the ‘act’ part can be also
digitalised using the same big data methods as in ‘sense’ part.
Big data can be used as automatic middle level management robots that control
thousands and millions of employers coordinating and uniting their activities into one
movement (cohesion). The first steps of using robots as managers are made in Uber,
Duolingo and many other companies (Kosner, 2015).
The issue of automatic sensing, decision making and acting of crowds of distributed
systems is the key of new generation of weapons. For example, Aegis Combat System
coordinates activity of many ships, drones and missiles all over the ocean (= world)
(Wikipedia, 2015).
Complex automatic weapon system is much simpler than digital business ecosystem
because it is created and has standards. Digital business ecosystem is an alive, open,
evolving system. It is changing every day and never is finished.
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Predictive analytics exploits the big data potential not only to provide the whole
picture, but to predict future events, based on collective experience (Waller and Fawcett,
2013). Combining big data and predictive analytics is an extremely powerful
combination. It enables organisations to use collective memory in planning their actions
and thereby provide management the sharable vision of the future and the capability to
anticipate the unexpected.
Today, many companies are doing meta-business – creating and supporting
ecosystems for other businesses. For example, Uber (Kosner, 2015) – the drivers and the
clients have a platform to search for each other. Another example is Duolingo (Ahm,
2011) – on the one hand, it is a free-of-charge service for learning foreign languages in
the form of the game, on the other hand it is a commercial translation service based on
crowd sourcing. Here, all parties are the clients and the consumption equals production.
Many millions of individuals have enough complexity capacity to process many tasks.
The robots manage all operating activity. Duolingo company just supports and develops
communication platform.
The model of management in business ecosystems is different. The role of
management is not to compensate disturbances, but to support the communication.
Participants of communication have enough capacity of complexity to compensate
disturbances, to learn, to adapt and to evolve.
Ashby’s (1956) model of control, depicted in Figure 4, is used to visualise this shift in
the management paradigm:
•

Essential variables (E) – system has some key essential variables that should stay in
specific ranges for the system to remain alive. If any essential variable leaves the
range of viability – the system dies.

•

Disturbances (D) – any external or internal disturbances that affect the essential
variables.

•

Regulation (R) – regulation tries to compensate effects of disturbances and to keep
essential variables within the range of viability by preventing affects in advance or
use a feedback and compensate the consequences of affects. In other words,
regulation manages to save the system.

Figure 4

Ashby’s model of control (see online version for colours)

Source: Ashby (1956)

According to Ashby’s (1956) law of requisite variety, the variety of essential variables
equals the variety of disturbances minus variety of regulation – so the regulation has to be
more complex than disturbances to keep the system alive.
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In the business ecosystems – the ecosystem can use the variety of the participants to
cope the variety of the other participants. For example, Duolingo business can exists only
because of huge variety of millions of clients all over the world. Variety of the clients is
their key capital and production capacity. They use this variety to solve complex
translation tasks – this approach is very close to a MapReduce approach – the core of big
data.
The role of control in ecosystem level is to support communication between
participants, to keep the critical mass of participants (= the requisite variety of the
ecosystem), and to develop and support the communication platform.

2.2 Business ecosystems and system viability
Moore (1993) defines business ecosystem as:
“An economic community supported by a foundation of interacting
organisations and individuals – the organisms of the business world. The
economic community produces goods and services of value to customers, who
are themselves members of the ecosystem. The member organisms also include
suppliers, lead producers, competitors, and other stakeholders. Over time, they
coevolve their capabilities and roles, and tend to align themselves with the
directions set by one or more central companies. Those companies holding
leadership roles may change over time, but the function of ecosystem leader is
valued by the community because it enables members to move toward shared
visions to align their investments, and to find mutually supportive roles.”

Business ecosystems are not formalised, therefore, they provide a challenge for
researchers to identify their structure, relations and processes and above all the reasoning
of their existence. Gao et al. (2013) combine the evolutionary aspect of complex network
theories to explain the e-business ecosystem development. Hellstrom et al. (2015)
identify the cooperation mechanisms and their effect on closer collaboration,
sustainability and increased overall value creation. They pinpoint the importance of
identifying the factors driving the business models of the collaborating companies to
facilitate changes.
Multiple propositions are made to support the success of business ecosystems.
Bannerman and Zhu (2009), for instance, suggest invoking standardisation to separate
competition from cooperation, to employ rule-centric designs and to design requirements
specification and compliance checking, since they are essential for successful
cooperation, while Romero and Molina (2011) explain collaborative efforts to react in
response to external drivers such as collaborative (business) opportunities.
Discovering the relations and network mapping is an important research topic. Basole
et al. (2013) as well as Battistella et al. (2013) propose a visualisation tool to explore,
discover, and understand inter-company networks’ structure and fluxes on a company,
market segment, country, and the entire business ecosystem level. Dong and Hussain
(2011) address the relations from a service delivery perspective. They propose a
conceptual framework for a semantic focused crawler to analyse service information.
Research is also focused in supporting the decision process. Lu et al. (2013) for
instance focus on providing situation awareness, reusing past experiences in mental
models of decision makers and following the naturalistic decision-making model.
There are attempts to address the business ecosystem management issues requisitely
holistically using diverse approaches. Razavi et al. (2009) propose a peer-to-peer network
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design which aims to support business activities conducted through a network of
collaborations that generate value. Marin et al. (2008) present an architecture for a
business ecosystem supporting application based on dynamic agent-based ecosystem
Model to support business ecosystems and their adaptation capabilities where the
environment plays an identifiable mediating role. We agree that some technologies can
help optimising business ecosystems; nevertheless, to maximise the positive
technological effect one must first analyse the properties, issues and requirements of a
business ecosystems domain from a systemic view.
The software developers are providing significant support in developing and
digitalising business ecosystems. SAP (Fauscette, 2014), for instance, recognises the
importance of integrating the customer communities, enterprises’ social networks, and
commerce and develops high performance platforms for suppliers and procurement
professionals to build collaborative relationships. IBM (Rometty, 2013), on other hand,
creates support for development of smart organisations.
Systems and their viability are defined by many researchers. The systemic view is
provided by cyberneticists, where Beer (1972) introduces the viable system model
(VSM), based on biological and psychological observations and discusses Ashby’s law of
requisite variety.
Figure 5

The simplified organisational VSM (see online version for colours)

Source: Adapted from Beer (1985)

Relations with the environment in VSM are explained in Waelchli (1989) on a simplified
version of the VSM, provided in Figure 1. The organisational components are reduced to
management (in rectangle) and Operations (in circle): management regulates operations,
and operations regulates the environment. The viability of the system is supported by
massive flows of information within the organisation, and between the organisation and
the environment. The VSM main focus is in designing methods to transmit and manage
very large amounts of information in real-time. In Figure 1, the information
communication channels, represented by arrows, interlock elements of the organisation
(management and operations) and link the organisation to the environment.
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According to Ashby’s (1956) law of requisite variety, the regulator of the system
must be able to absorb all of the complexity that the system can generate. Nevertheless,
we expect the complexity of the system under regulation greatly exceeds the regulators’
level of complexity, and therefore its complexity management capacities. To avoid this
situation, management uses two tools:
1

Situation variety reduction: by using the Attenuators1, the signals variety and attitude
is reduced to the level that can be understood and reacted upon by the management.
The misunderstanding of the signals by the management is one of the great reasons
for management false interpretation of the actual situation.

2

Control variety amplification: The simplified management instructions are used to
provide the changes in operations and in the environment. The instructions are
executed, producing changes in structure and processes in operations and
environment. The miss-formulation or misinterpretation of the provided instructions
in the amplifying process can produce results unwonted by the management.

Requisite holism (Mulej and Potocan, 2007) challenges the practise of limiting business
information to financial information or marketing information. Systemic thinking and
understanding social responsibility can provide a valid basis for innovation (Zenko and
Sardi, 2014). It is insufficient to design information systems from the aspect of using only
available information and ignoring the information that cannot be attained by the current
state of technology. We follow the advice to widen the observed data, and create
requirements for big data technology, that can provide the requisite holistic support for
the management processes.
Individual is recognised as an agent for the accomplishment of the organisation’s
goals. In this role, he or she upgrades organisational variety with his or her immense
human variety and pursues the goals of the organisation. The individual’s personal
engagement, and consequently, the organisations’ success depends on the organisations’
preparedness to represent their beliefs and support their needs and interests (Waelchli,
1989; Drucker, 2002).
The requisitely holistic approach encapsulating the complexity of the systems, and
providing a 360 degrees support on every instance of managerial activity is missing. Even
more, the big data research that promises to be a key element of a complete managerial
support system is executed without systemic perspective or the complete set of
requirements. We believe that posting the right of requirements is a task, which can and
should be done by the managerial cybernetics.
In the following sections, we will use the systemic tools of requisite variety, requisite
holism and simplified VSM to explain business ecosystems’ current issues, picture out
the desired state of affairs, and post requests for the big data technologies to complete.
Lastly, we will evaluate these requests from the big data feasibility perspective and
deduce their impacts.

3

Systemic business ecosystems requirements

For every participant in business ecosystem a question arises: How can I exploit the
existing ecosystem for individual growth and more importantly what do I need to invest
into it to do it in the future? The answer depends on the individual strategy: these ranges
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from focusing on the short term success, breaking the ecosystem defence barriers and
exploiting the system resources, to taking the leadership role and generating sustainable
resources needed for the other ecosystem members to survive. Independently from your
decision what role to play, you depend on information concerning other players.
Before organisations can raise the level of involvement in the business ecosystems, a
series of inter-organisational issues must be addressed.

3.1 Inter-organisational issues
It is hard for a company to emerge, since it must provide all major functions to survive
form the early beginning. A company must secure all of its assets, it is confronted with
new risks that need assessment and development of mitigation strategies. To actively
engage in its business ecosystems, it needs to put additional resources into establishing
and maintaining connections with other participants.
By examining the simplified organisational VSM depicted in Figure 1, we identified
several inter-organisational issues, prohibiting the organisations to actively participate in
its environment. Some issues are reducing the organisations optimisation level, but are
also connected with the transparency of the competences, required when acting in the
business ecosystem.
•

Low level of data quality: business decisions are taken upon historic, not verified,
incomplete data, which prohibit successful planning and execution.

•

Distorted information: For the management to acknowledge the environment and
operational properties, a two-phase variety reduction is executed: first, reduction
from the environment to operations; second, from operations to management. This
two-phase process has two drawbacks: first, it provides distorted information, and
second: it is costly in the terms of time and the required organisational resources. An
example: If a request for a new product emerges on the market, this is processed by
operations from the technological point of view, generating a set of requirements for
the management, not really addressing the consumer expectations.

•

Distance between management and operations: in the VSM communication between
the management and operations needs translation. This results from the fact, that in
each subsystem they observe a (slightly) different world picture. An example: If
production in a plant requires new components, operations generate technical
specification requirements, while management is examining the market for a
cost-effective supplier.

•

Too many subsystems: Subsystems in a system are created to achieve the required
level of specialisation to address specific problems. Before reducing the number of
subsystems, the amount of processed data, must be reduced to a reasonable measure
(without deletion of important information). An example: From within a company, a
compliance officer is often regarded as obsolete and a disturbing factor, producing
additional costs. From a business partner’s perspective, a track of not failing in
complying the standards requirements is evidence that they can rely on this business
partner.
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•

Anonymity of the individuals: People are driving the organisation as a system. Only
engaged individuals drive the system to success. Disregarding their personal
achievements, experiences, and reputation reduces the possibility of a system to be
successful in mastering their tasks in the future. An example: One of customer
relations management (CRM) system’s top priorities is to acquire data from
successful salespeople, nevertheless, the one of competition practises is to
take-over the best salesman from the competitive company.

•

Limited individual capacity to manage complexity. People have limited capacity to
manage complexity. Since the complexity managing operations is really high, the
complexity of the common goals on other hand is reduced to money. To cooperate
successfully people must share multiple common goals: socialising, research
achievements, reputation building, invoking people, taking care of environment, etc.
– without exceeding their complexity capacity.

3.2 Business ecosystem issues
Business ecosystems already exist, but these rather hostile environments are based on
competition rather than cooperation, on possessing resources, rather than on sharing
products, on hiding core competencies, rather than sharing services. These hostile
ecosystems enable survival to the most well equipped organisations, adapted to cope with
unexpected situations and ready to defend themselves from any new risk. The life
expectancy of small companies is therefore rather short, and the death rate rather high.
•

High connectivity costs: Before two organisations can cooperate a series of processes
must be executed, preventing cooperation-related risks and ensuring the proportional
distribution of potential profits. In small organisations only limited number of
strategic co-operators are available because of high costs of establishing and
maintaining business links. An example: Preparations to sign a contract can take
several months.

•

High level of organisational barriers: Organisations have high informational and
procedural barriers, ensuring their structural integrity. In a strongly competitive
environment barriers are used to protect the resources, assets and relations. In a
cooperative environment these need to be shared. An example: Current inventory is
treated as a trade secret, nevertheless, it is shared between suppliers and buyers.

•

Non-transparency of organisations’ capabilities, resources and self-reported
reputation: Organisational reputation is self-built and often does not relay on actual
achievements or references. Discovering their true capacities requires intense
organisational effort or even conducting a business transaction. An example: Before
issuing an order to design a website, references – existing websites – must be
examined closely. If multiple project teams are involved in the process, team track
record must be examined as well.

•

Limited cooperation mechanisms: Distance between organisations is defined by the
level of cooperation formalisation. These may be developed bilaterally, or can be
part of the system on a higher level. Costs and risks of using new cooperation
mechanisms can prevent active business ecosystem engagement. An example:
Compare effort in signing a standard contract and in designing a new one.
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Limited values for measuring success: Currently, business success is evaluated
with money and profit. This offers limited variety, and addresses organisations to
disregard other valuable values, required to sustain quality of relations. An example:
If a company reduces its supplier’s price, disregarding that they need resources for
their further development, they may expect, that their suppliers will use all means to
escape from such situation.

3.3 Organisation desired state
For the organisations to successfully participate in the business ecosystems they need to
reorganise. Their structures and processes must be integrated more tightly, while
capabilities to use external resources must be upgraded, as depicted in Figure 6. These are
the main focus points:
•

Smart organisational barriers: Organisations need to know who can contribute
to their success and who is a potential risk in every single instance. Real-time
cost-effective friend or foe differentiation is crucial for active involvement in
business ecosystems. An example: Is it safe to offer cooperation of your expert
team in a project, organised by a competing organisation in your ecosystem?

•

Subsystems smart integration: Subsystems are meaningful, if they have a task. Smart
integration enables dynamic starting and stopping processes, reorganising people
within an organisation and using external available resources in real-time. A potent
planning support is required, providing information on required and available
resources throughout the business ecosystem. An example: Services of a compliance
office can be offered to other organisations in the business ecosystem on their
down-time. From a business partner’s perspective, the evidence that they can rely on
their business partners is even stronger.

•

Subsystems broadband communication: Communication between subsystems must
involve all the important aspects to achieve overall understanding of the issues they
are addressing. An example: If production in a plant requires new components,
operations and management discuss on references of available suitable suppliers.

•

Action-ready information with integrated data quality management: information,
used in management and operational decisions must be integrated and ready to use. It
must enable drilling to reach all required levels of detail and must include internal
and external aspects of the organisation. Information delivery is a service that can be
provided by an agent. An example: In designing a perfectly customised new car:
customer expectations, market research, state of the art technology and production
resources are integrated. This process used to take years, now it must be completed
in months.

•

Personal empowerment: Public recognition of individual personal achievements,
experiences, and reputation leads to recognising the organisation as whole.
Nevertheless, building up a person is not focused to produce large groups of
individuals, but providing individuals’ competencies needed for them to contribute in
a team. The organisation can only cooperate if its individuals can work as a team. An
example: It is genuinely great to work with somebody, who does his or her job in a
project integrates recognising you as a person and does the job with pleasure.
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Desired VSM on an organisational level (see online version for colours)

Source: Own

3.4 Business ecosystem desired state
The ideal business ecosystem offers multitude of resources, of potential niches, and
specialisation options in providing services, as displayed in Figure 7. It allows
organisations to focus on producing their best products and services, use existing services
and protecting them from systemic risks. The business ecosystem mission is to offer safe
and fruitful environment, to enable participating organisations to reach a rich, fruitful,
fulfilled, and long lifespan.
Independently on which recursion level decisions are taken, they are taken by the
people (policy maker, strategic or operational manager), positioned at that level. Thereby,
it is important to support individuals in pursuing their goals, and aligning these with
organisation and the system objectives in every situation. An example of a car navigation
unit: before the travel goal and route are selected, when driving correctly, only basic data
is provided, before decision points are reached, instructions are given, in case of
misdirection, rerouting is calculated.
•

Active support for new business relations development: Establishing standard
business relations must be easy, cheap and safe. Even more: creating new models of
financing, cooperating, and reusing services and products must be enabled and
supported. To manage the complexity of these relations, complex management
systems, based on real-time cooperation of its members must be created. An
example: in crowd sourcing, the individuals decide if an idea is worth of investment.
The crowd sourcing hubs are providing the service of transparent idea presentations
and match-making.

•

A case-based reputation: Organisations reputation must be built on their latest
achievements. Reports on its success must originate from the environment,
answering questions: How well are their products accepted, what is the quality of its
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services, how well can business partners rely on it? The level of transparency is
equivalent with the level of disclosure services the ecosystem provides. By now,
these were focused in supporting large financial companies. These services should be
adapted to the needs of small and medium companies, requiring simple and short
term information for their business operations. An example: If you decide to order a
contract to build a house, the most relevant source are the proud owners of houses,
who used this contractor. You should have a chance to get their opinion.

•

Sharing business capabilities and resources: Information on partners’ capabilities
and resources is a necessity in a transparent market. When new opportunities arise,
former competitors become co-operators, and they share (some) of the resources.
Sharing potentials must be systematically available in the planning phase, thereby
predictions must upgrade current state information. Mechanisms for safe resource
sharing and cooperation must be designed at an ecosystem level.

Figure 7

Business ecosystem big data enabler (see online version for colours)

Source: Own

•

Measuring success as potentials in delivering services and products: For the
ecosystem to function, special focus must be set in growth and development of its
members and their relations. ‘Success should be measured in potentials in delivering
services and products, instead of the (as currently) in the amount of accumulated
wealth’. Measuring (and predicting) potentials is much more complex, but the results
of these measurements enables focusing – and developing important services and
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products. An example: In human body muscles provide direct potentials for action,
while fat stores energy, which can be used only indirectly.
•

Enabling development of new business models: in the evolved business ecosystem,
we expect organisations to specialise in providing new services, fulfilling the needs
in previously unknown manner. An example: For example, Duoligno business model
can exist only in digital ecosystem because it uses mass-scale crowd sourcing and the
complexity of millions users as a production capacity.

3.5 Requests for big data
For the business ecosystems to evolve in the digital phase, multiple factors must be
fulfilled. From the systemic point of view, the requests are focused to create the required
holistic support in the form of services and resources, enabling companies to reach the
new meta-level. Big data offers the premise of a disrupting technology, but the
implementation of its services should provide a requisitely holistic support to a new
business ecosystem.
Table 1

Requests, based on issues and desired state gap
Organisation

ISSUES
Low level of data quality, Distorted
information

DESIRED STATE
Action-ready information with integrated
data quality management, subsystems
broadband communication

Requests:
1

To upgrade communication channels, to provide relevant background information. An
example: displaying relevant data on your counterparty as you pick up the phone.

2

To store data in common cloud solutions. Storing data on common place enables potentials
of its common use on a higher systemic level.

3

To invoke new relevant data (instance level and external data) into formal decision making
process, and ensuring the required data quality. An example: When searching for suppliers
for a new item, their references in supplying the desired item are available.

4

To integrate predictions in the reported data. An example: Upgrade the previous week
sales report with sales predictions for the next week.

ISSUES
Distance between management and operations,
too many subsystems

DESIRED STATE
Subsystems smart integration

Requests:
5

To create intelligent planning and reporting systems, focused on decision takers’ needs in
a situation. Providing:
a

Full detail on all required and available resources in the system during the planning
process

b

Minimum feedback in low-risk situations

c

Guidance at risky situations

d

Delivering full explanation in critical situations

e

Instantly adapting goals and tasks to changes.
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Table 1

Requests, based on issues and desired state gap (continued)
Organisation

ISSUES
Anonymity of the individuals, Limited
individual capacity to manage complexity

DESIRED STATE
Personal empowerment

Requests:
Consider that decisions are being taken by individuals – at all levels of the system. Their and the
organisational reputation is built upon the tasks they execute.
6

To support decisions on all levels by providing relevant information – see first requests –
for individuals on all levels, including micro predictions. An example: will my outstanding
invoice be paid in the next week or not?

7

To build personal reputation by measuring achievements as individuals and as partners in
teams, and by predicting their future capacities.
Business ecosystem

ISSUES
High connectivity costs, high level of
organisational barriers

DESIRED STATE
Active support for new business relations
development

Requests:
8

To support creation of new business relations and maintenance the existing ones by
providing relevant information sources in all phases of cooperation. An example: Pre- and
post-contract signature activities: The probability, that a partner will hold the standard
contractual agreement properties, must be available at the start of the business partner
search, while the processes in cooperation are real-time crosschecked with the standard
contract properties.

ISSUE
Limited cooperation mechanisms

DESIRED STATE
Enabling development of new business models

Requests:
9

To support the creation of new models for financing, cooperating, and reusing services
and products by providing full information support, providing risk mitigation strategies
and a toolset to standardise new models.

ISSUES
Non-transparency of organisations
capabilities, resources and self-reported
reputation

DESIRED STATE
A case-based reputation sharing business
capabilities and resources potentials

Requests
10

To establish mechanisms for reputation assessment deriving data from multiple sources,
including business partners’ reactions on the behaviour in business instances: An example:
Before booking at the hotel, read the guests comments.

ISSUE
Limited values for measuring success

DESIRED STATE
Measuring success as potentials in delivering
services and products

Requests:
11

To develop measuring system for services’ and products’ impact on the ecosystem and to
predict the behaviour in the future. An example: If a partner that provides wood uses clean
cut (cuts all the trees in an area), then we can predict that he will use the same method in
the future. Its reputation should be affected by this and it should affect decisions on further
cooperation with this company.

Requests

Shortening the decision process.
Enabling more accurate decisions.
Understanding partners motives better.
Potential of rapid misinformation dispersion.
Redefinition of business secrets.

Impact
•
•
•
•
•

• External business data: mostly inaccessible. Cloud ERP and CRM solutions
data is technically accessible.
• Business partners must decide to share business data, technically sharing is
possible; sharing is a business decision.
• Providing required data quality: data quality does not fit the requirements,
intelligent data quality systems are required.
• Instance level data: it is available, visualisation, reporting, and predictions
needs to be developed.

To invoke new relevant data (instance level and external data) into formal decision making process, and ensuring the required data quality. An example: When searching for
suppliers for a new item, their references in supplying the desired item are available.

Feasibility

3

•
•
•
•

• Individuals and organisations shift in storing all categories of data from local
to cloud is largely cost related, value-added capacities should be further
developed.

Cost reduction in saving and processing data.
Oversight on the ecosystem level, since this data is regarded as high quality data.
Communication support improvement, based on data sharing.
This data has quality properties, required for the successful implementation of predictive
analytics.
• Risk of information misuse by third side or by big data owners.
• Risk of loss of essential business information stored in cloud.

Impact

To store data in common cloud solutions. Storing data on common place enables potentials of its common use on a higher systemic level.

Feasibility

Table 2

2

Impact
• It will redesign communication, shortening it, widen the communication bandwidth, and
increase its efficiency.
• It will raise considerable privacy and security issues.

• Logging of unstructured communication contents: already done.
• Integration of unstructured and structured data: already done.
• Understanding of communication content: already done, but needs
improvements.
• Appropriate information visualisation and user experience (UX): needs further
development, technically feasible.
• Providing communication support as a service: static solutions are available,
used in limited circumstances (in the CRM systems to display counterparty
data), psychology should be used to increase the human abilities to cope with
complexity.

To upgrade communication channels, so that they not only support communication, but provide relevant background information.

Feasibility

1
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Requests feasibility and impact

Requests

Impact
• Supporting individuals on all levels will deliver a common understanding of the personal,
organisations and social system desires.
• Operational support in micro level management will raise the managers’ capacity and
efficiency.
• Safe resource sharing and cooperation in all phases of cooperation (planning and execution)
that upgrade monitoring the current state by predicting the future.

Feasibility

To support decisions on all levels by providing relevant information – see the request no 1 – for individuals on all levels, including micro predictions. An example: will my
outstanding invoice be paid in the next week or not?

• Similar feasibility issues as in requests 3 and 4.
• Currently the business intelligence support is focused on top and middle
management, it should support all levels of managers.
• The micro level decision information support needs to be upgraded
considerably.

6

Impact
• Intelligent planning will include the requisite holism.
• By focusing on the important parts of projects, it will reduce the required amount of work
and risks of overlooking critical issues.
• Communicating changes will improve communication and cooperation quality.

Instantly adapting goals and tasks to changes.

e

• Needs redesign in big data thinking: from data oriented to user oriented.
• It requires an appropriate big data maturity level: hopefully we will see this in
the next years.
• To fulfil intelligent planning, big data should be integrated with other
technologies.

Guidance in risky situations

Delivering full explanation in critical situations

d

Minimum feedback in no-risk situations

b

c

Full details on all required and available resources in the system during the planning process

a

To create intelligent planning and reporting systems, focused to decision takers’ needs in a situation. Providing:

Feasibility

5

Table 2

The ability to see the potential future developments will redefine the planning process.
It will drastically improve accuracy of decisions taken.
It will provide managers an option to take informed decisions.
It will provide a shared image of the future.
Redefining the role of controlling from measuring effects of mismanagement to support for
future oriented business decisions.

Impact
•
•
•
•
•

• Data availability: data is available in large quantities, relevancy and quality
issues are open.
• Predictive analytics algorithms: already developed, rapidly advancing
accuracy, reliability and applicability.
• Predictive analytics integration into business processes: it is not frequently
used, it needs concept definitions and development.

To integrate predictions in the reported data. An example: Upgrade the previous period sales report with sales predictions for the next period.

Feasibility

4
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Requests feasibility and impact (continued)

Requests

• Technologies go far beyond the business practice. Today existing business
• New cooperation models will provide competition to models and services currently offered
by existing organisations providing services (for instance financial institutions).
practices and humans are the bottlenecks of development. Adoption rate of
new technologies (including big data) is lower than creation of new
• Massive digitalisation of business and usage of digital business ecosystems provides the
technologies. Low request for new technologies is the limitation.
great field for innovative entrepreneurs.
• Creation of new business models is currently supported with emergence of new
technologies, a path to systemise new cooperation models must be developed
on top of services developed in request 7

Impact

To support the creation of new models for financing, cooperating, and reusing services and products by providing full information support and providing risk mitigation
strategies.

Feasibility

9

Impact
• The cost (in money, time and effort) of cooperation will drop dramatically. This will rise the
dynamics in cooperation activities since it will allow organisations to execute more
cooperation projects with the same resources.
• This will enable the creation of digital field of trust. Entrepreneurs will rely more on
reputational system than on personal relations.
• This will radically increase the capacity of managing business relationships (great impact on
outsourcing, crowdsourcing, specialisation, sharing capacities, etc.).

Feasibility

• Understanding of existing internal business processes: typical processes are
designed in ERP solutions, meta systems for understanding and reasoning on
processes need to be developed.
• Understanding of existing business cooperation processes: partly they are
designed in supply chain management (SCM) solutions, the understanding and
reasoning on processes is still required.
• Identification of important cooperation parameters: partly done in some ERP
and SCM solutions.
• Support in contracting activities: starting to emerge in SCM solutions, an
intelligent automation tool is not available for linking contract agreement with
real business activities and necessary IT-tools.
• Monitoring the contract defined parameters: not done.

To support creation of new business relations and maintenance the existing ones by providing relevant information sources in all phases of cooperation. An example:
Pre- and post-contract signature activities: The probability that a partner will hold the standard contractual agreement properties, must be available at the start of the
business partner search. During cooperation the execution of the agreement is crosschecked in real-time.

• Monitoring individual actions and generating smart reputation will create major shift in
cooperation.
• It will provide a way for individuals to act socially responsibly.
• It will fundamentally challenge individual rights for privacy.
• It will provide the world-wide personal reputation transparency.
• It will not only change business behaviour, but will affect all parts of the society.

• Gathering personal data: some self-reporting systems, combined with social
media analysis are available, nevertheless, it is still not fully developed. One of
the major concerns is the privacy of individuals.
• Creating a smart system understanding the personal and cultural variety of
individuals: a major issue.
• Standard recommendation systems: not available, a major issue.

Table 2

8

Impact

To build personal reputation by measuring achievements as individuals and partners in teams, and predicting their future capacities.

Feasibility

7
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Requests feasibility and impact (continued)

Requests

Impacts
• Expanding measurement of success from money to future capacity will reshape the business
and civil society.
• Role of organisations (companies, agent organisations, regulators, etc.) in the system will be
redefined: from survival, to contribution in survival of the ecosystem.
• The complexity of financial flow we use to pay for services and products will rise to better
evaluate all the production factors, from using resources to creating waste and will lead to
sustainable behaviour.
• Obtaining low level data on business activity world wide will disrupt the economy science
on all levels, from micro-management to global modelling.

Feasibility

• Money is a universal measure: we need to sequentially define and systemise a
new set of key performance indicators (KPI)’s, relevant for the ecosystem
complexity.
• To predict ecosystem-oriented KPIs relevant data must be available, and
existing set of prediction algorithms must be advanced.

To develop measuring system for services and products systems’ impact on the ecosystem and to predict the behaviour in the future. An example: If a partner that provides
wood uses clean cut (cuts all the trees in an area), then we can predict, that he will use the same method in the future. Its reputation should be affected by this and it should
affect decisions on further cooperation with this company.

• Organisational reputation is based on personal reputation of the employers and
the quality system implemented in the company.
• Today organisational reputation image is based on the self-reporting, customer
reviews, shared blacklists and rumours. It should be based on the real data and
statistics.

11

Impact
• Similar to impact of impacts of request 7.
• This will enable the creation of digital field of trust. Entrepreneurs will rely more on
reputational system than on personal relations.
• Personal reputation of individuals in organisation reflects on the organisational reputation.

Feasibility

To establish mechanisms for organisational reputation assessment deriving data from multiple sources, including business partners’ reactions to the behaviour in business
instances: An example: Before booking a hotel, read the guests comments.

Table 2

10
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Requests feasibility and impact (continued)
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Big data requests feasibility and impacts

Some of the business ecosystem requests for big data services are already implemented,
some provide partial solutions, and other can post big implementation issues. If the
requests are fulfilled, they should affect the business ecosystem processes, nonetheless
other potentially important impacts must be also taken into account.
In Table 2, we are examining the feasibility and the impact of requests, posted in
previous parts of the paper to provide a better picture of the costs of big data involvement
into business ecosystems and the results it may deliver.
When summarising feasibility results, we can argue, that the basic services are
already provided in all major parts, especially in data storing and data integration and
partially in predictive analytics, data visualisation and user experience. The main issue is,
that research and development (R&D) efforts are mainly data oriented and they should
focus on the systemic perspective, smart systems and user needs.
It is important to upgrade technologies with the contents. It all starts with acquiring
the relevant data and ensuring data quality. Invoking relevant data is an issue, especially
when it comes to data, explaining personal (or organisational) micro behaviour. Data,
explaining behaviour should be used for prediction, thereby, its volume can be used to
solve users’ specific questions. If the big data is so to be used, it must provide support for
the end users in their day-to-day situations. Support will only be accepted if a systems
recognises the user needs in every situation, thereby the development of smart systems
and dynamic user interfaces is required.
Big data will have big impact on business ecosystems and the whole society. It will
redesign communication channels, enlarging bandwidth and reducing miscommunication,
communicating changes will improve communication and cooperation quality.
It will shorten the decision process and enable more accurate, informed decisions.
Managers will understand partners’ motives better and have a shared image of the future.
In project management, the ability to see the potential future developments will
redefine the planning process includes the required holism. By focusing on the important
parts of projects, it will reduce the required amount of work to cooperate in project teams.
Monitoring individual actions and generating smart reputation will create major shift
in cooperation. It will provide the world-wide personal reputation transparency and
provide a way for individuals to act socially responsibly. It will not only change business
behaviour, but will affect all parts of the society.
On the negative side, big data will raise considerable privacy and security issues on
personal and organisational levels. It will redefine business secrets and fundamentally
challenge individual rights for privacy. Lowering of organisational and personal integrity
will increase the possibility of rapid misinformation dispersion.

5

Discussion and conclusions

In the paper, we focus on elaborating the business ecosystem demands for big data
technology. Big data promises to be a disturbing technology, enabling significant changes
in the business environment. To fully exploit its potentials, first a holistic set of
requirements must be established considering all important factors. Since this task was
not yet executed using systemic methods, we decided to fill this gap.
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In the big data R&D community many efforts are focused in storing and integrating
large quantities of fast changing data with high variety in form and content. Some focus
is put into supporting new ways of collaboration, predictions, advancing user experience.
Some researchers follow a requisitely holistic vision in the effort of creating smart
environments, but most of the efforts are focused in resolving partial issues.
Business ecosystems focused R&D is focused on upgrading communication,
cooperation and competition processes. Since R&D is focused on specific aspects of
business ecosystems, a requisitely holistic system analysis is needed to explore the
duality of business ecosystems and big data, to establish a valid outline for further R&D.
The main goal of research backing this paper is to detect what services should
organisations, and the business ecosystems request the big data technologies to enable
their further development and thereby long term sustainability. To do this, system
theories: system viability model, requisite variety, requisite holism and others are used as
a toolset. During the examination, we compare current organisational and ecosystem
issues and extract requests that will close the identified gap. A set of requests clarifies the
path for ecosystem and organisations to evolve to the desired state on one hand, but more
importantly for the first time a requisitely holistic set of requests is provided to big data
architects, empowering them to see the big picture beyond data.
In the next step, the requests are compared with the big data state of the art R&D to
identify the barriers we encounter end evaluate the effort needed to fulfil these requests
on one hand. On the other hand, the requests’ positive and negative impact is assessed.
This illuminates requests’ potentials and threats that are not limited to organisations or
ecosystems, but affect the whole society.
Paper delivers important insight for multiple R&D communities. For business
ecosystem designers and policy makers, it provides support in formulating a requisitely
holistic set of requests, helping them to achieve the desired state of ecosystem, involved
organisations and individuals. It helps big data architects to recognise the potential value
added of their products and to align with the requests they will receive. It helps business
managers to direct organisations development to fully exploit the potentials business
ecosystem. And lastly, it helps individuals to actively influence the development of
society and build their reputation.
Paper opens many issues that should be discussed and researched further in all the
related disciplines. In direct line of systemic research, the state-of-the-art, requests,
feasibility and impact, should be validated in a comprehensive model to clarify relations
and influences in more detail.
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Notes
1

Attenuator is a device that reduces the amplitude of an incoming signal.
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Introduction

Tourists normally receive information that the destination where they want to go to is
safe. Criteria of safety are usually not explained, neither is the potential kind of threats.
Thus, tourists must trust their own perception, but have hardly any professional
knowledge to judge the data. In addition, data are rarely clear. Terrorism, crime and other
dangers for tourists are complex features, about which a requisitely holistic awareness is
hardly available. Hence, against them a successful defense is hardly possible, if one uses
a single profession and a single viewpoint of consideration; thus, one would forget about
too many essential attributes due to one-sidedness. To defend one-selves against
terrorism/crime one must rather use a synergy of findings from natural, social, and
engineering sciences.
This need requires creative interdisciplinary cooperation, and therefore professionals
who are both specialists and able and willing to listen and hear well specialists from other
disciplines because they disagree with each other and thus complete each other up. They
possess and apply ethics of interdependence of the mutually different ones making the
same entity. To have this capacity one needs application of Mulej’s dialectical systems
theory (DST) as the one among many systems theories that is not focusing on a precise
description of complex features labeled systems (Mulej, 1974 and later, incl. 2013). DST
rather develops further the basic idea of von Bertalanffy (1979), the father of systems
theory, who created it against the established over-specialisation and therefore as the
worldview of holism/wholeness and related methodology. DST provides methodology of
interdisciplinary creative cooperation and values, culture, ethics and norms (VCEN) of
interdependence. Cases of terrorism/crime in tourism destinations are quite often around
the world; we lack room to analyse cases. In addition, security/safety data are mostly
classified.

2

Interdisciplinary approach to defense of tourists

Terrorism/crime, etc., and defense against them, are interdependent, like thesis and
antithesis are in philosophy of dialectics. In addition, they are complex, and one
can normally not control them successfully well with application of one single
profession/discipline/viewpoint/specialisation. A narrow specialisation enables deep
insights, but it leaves many attributes that really exist out of insight, while they exist and
have their impacts. These impacts become surprises, often unpleasant, dangerous or even
fatal surprises. The consideration of the problem without application of the ‘requisite
holism’ of behaviour is unable to provide the ‘requisite wholeness’ of insight and
resulting decisions and actions (Mulej, 1974, 1979, 1992, 2007; Mulej et al., 2013;
Steiner et al., 2013; von Bertalanffy, 1979; Ženko et al., 2013).
Right after the end of the ‘World War I – world economic crisis – World War II
(1914–1945)’ period, scientists such as von Bertalanffy, Wiener and their colleagues
(from several disciplines and in co-operation!) created a new response to the terrible
consequences of one-sidedness visible in events of this period, again: holistic rather than
fragmented thinking, decision-making and action. They established two sciences,
growing into one in the course of time, gradually and to some extent, to support
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humankind in the effort of meeting this end – holism – as a promising alternative to the
worldwide and local crises: systems theory and cybernetics. With full right, they are
sciences of synthesis (Hammond, 2003). System is the word entitled to represent the
whole. One fights one-sidedness in order to survive. von Bertalanffy wrote very clearly:
“Systems science [...] is predominantly a development in engineering sciences
in the broad sense, necessitated by the complexity of ‘systems’ in modern
technology [...] Systems theory, in this sense, is pre-eminently a mathematical
field, offering partly novel and highly sophisticated techniques [...] and
essentially determined by the requirement to cope with a new sort of problem
that has been appearing.” [von Bertalanffy, (1979), p.VII]
“What may be obscured in these developments – important as they are – is the
fact that systems theory is a broad view which far transcends technological
problems and demands, a reorientation that has become necessary in science in
general and in the gamut of disciplines [...] It [...] heralds a new world view of
considerable impact. The student in ‘systems science’ receives a technical
training which makes systems theory – originally intended to overcome current
over-specialization [exposure of these words by bolding is ours] into another of
the hundreds of academic specialties.” [von Bertalanffy, (1979), p.VII]
“It presents a novel ‘paradigm’ in scientific thinking [...] the concept of system
can be defined and developed in different ways as required by the objective of
research, and as reflecting different aspects of the central notion.”
[von Bertalanffy, (1979), p.XVII]
“General systems theory, then, is scientific exploration of ‘wholes’ and
‘wholeness’ which, not so long ago, were considered to be metaphysical
notions transcending the boundaries of science. […] ‘Systems’ problems are
problems of interrelations of a great number of ‘variables’. […] [M]odels,
conceptualizations and principles – as, for example, the concept of information,
feedback, control, stability, circuit theory, etc. – by far transcend specialist
boundaries, were of an interdisciplinary nature.” [von Bertalanffy, (1979),
p.XX]

This fact about the systems theory itself speaks of the ‘uncommon sense’ von Bertalanffy
has been speaking for; he was fighting the common current practices of one-sidedness,
because they were dangerous and still are so with a growing trend.
This experiences and findings apply to problems of terrorism, crime etc. and defense
against them, too: requisitely holistic rather than one-sided consideration helps us more
by providing synergy.

3

Terrorism/crime and synergy of crucial professions

Terrorists/criminals pressure other people to realise their benefit against the will and
benefit of other people. Their many means and backgrounds make terrorism/crime very
complex. Today one can use many scientific results as new media of terrorism/crime, but
also as new means of defense against them. The traditional division of knowledge and
activity into many scientific disciplines and their resulting narrow specialisation opens
the issue: which one among these specialised disciplines/professions is the one to be in
charge of developing the defense against means applied by terrorists, both possibly and
really?
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Experiences show that the point of terrorism/crime includes:
•

creating the psychosis of fear among population attacked or to-be attacked and
subordinated

•

the economic destruction

•

natural destruction ruining the preconditions of survival of this population

•

the use, misuse, and abuse of law against this population, etc.

•

adaptation of the basic concepts to different conditions as well as specifics of the
areas and communities different in historic, economic and social terms

•

areas from which terrorists/criminals emerge

•

the communities under attack.

All these and similar issues belong to natural, social, and/or engineering sciences at the
same time – depending on the selected viewpoints of the observers, analysts, decision
makers and action executors. If a single profession/manager is in charge of the problem
of terrorism/crime, the problem is very difficult to solve:
•

Only a small part of the really existing and essential attributes is considered.

•

While all others are outside the selected viewpoint, e.g. of either chemistry, physics,
medicine, veterinary medicine, mechanical or any other engineering, economics,
psychology, sociology, linguistics, law, etc. (or any sub-specialisation inside any of
them) alone.

Nobody can acquire and apply knowledge of all crucial disciplines/professions either as a
single person, or as a small team. Thus, the real holism of behaviour and real wholeness
of insight and action is impossible, while the one-sided specialisation is insufficient for
success (Ivanuša, 2013; Ivanuša et al., 2011).
Hence, the concept of requisite holism (RH) of behaviour offers a realistic middle
way (Figure 1).
Figure 1

The selected level of holism and realism of consideration of the selected topic between
the fictitious, requisite, and total holism and realism.

Fictitious holism/realism
(inside a single viewpoint)
Unavoidable and
insufficient specialisation
in a single profession of
every professional

Requisite holism/realism
(a dialectical system of all
essential viewpoints)
Network of all essential
professions and their creative
cooperation for requisite
wholeness of insights, decisions,
and actions

Source: Mulej et al. (2008)

Total = real holism/realism
(a system of all viewpoints)
Network of totally all existing
professions for total wholeness
of insights, decisions, and
actions; it cannot be attained
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This is the short summary of the idea behind the law of requisite holism (RH) [Mulej
et al., (2000), p.282]:
“The law of RH says that one must always try and do, what many, but not all,
often do in their behavior – try to avoid exaggerations of both types:
1

The fictitious holism and wholeness, which observers cause by limiting
themselves to one single viewpoint in consideration of complex features
and processes.

2

The total holism, which observers cause by no limitation to any selection
of a system (i.e. synergetic network) of viewpoints in consideration of
complex features and processes.

Instead, the middle ground between both exaggerations should be covered,
which can result from using a ‘dialectical system’, made by the author/s as a
chosen system/entity/network of all essential and only essential viewpoints.”

The RH requires at least the following three preconditions (adapted after Mulej et al.,
2000):
1

Both specialists and generalists are necessary, working in teams that feel ethics of
interdependence and co-operate therefore creatively.

2

They include professionals from all and only essential
professions/disciplines/attributes.

3

They practice their values in a creative teamwork, task force, session(s) based on an
equal-footed cooperation rather than top-down one-way commanding (without
listening and hearing others).

Requisitely holistic thinking/behaviour:
•

Cannot include the global attributes only: they make a part of the existing attributes
only, although they matter very much and specialists tend to oversee them.

•

Does not include the parts’ attributes only, although they matter very much and
specialists of single disciplines/professions tend to focus on them (only).

•

May not oversee relations, especially interdependences causing mutual influences of
parts.

Especially specialists, who do not consider specialists different from themselves, tend to
make crucial oversights. This experience means that these specialists lack realism. See
experiences around you: Success has always resulted from absence of crucially
influential oversights; failure has always resulted from crucial oversights, in business,
scientific experiments, education, medical care, environmental care, inventioninnovation-diffusion processes, etc., or wars, all way to World Wars of the 20th century,
or the world-wide economic crises, including the current one.
Requisitely holistic thinking/behaviour focuses on avoiding crucial oversights.
Systems thinking should better be called holistic thinking and be the worldview and
methodology of holism, or better and more realistic: requisite holism/wholeness; synergy
of several scientific disciplines and practical professions normally enables it.
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What synergy means, a simple case can explain: in terms of chemistry, the edible salt
is a synergy of two poisons – sodium and chlorine, but salt is essentially different from
them. Synergy creates new attributes emergent from interdependence and resulting
interaction of components rather than from attributes of components alone. Hence,
interdependence and interaction deserve equal attention, at least, as the attributes of
components alone do.
Requisite holism and one-sidedness are going hand in hand in most cases. Einstein
was right: the contemporary accent on technological innovation alone produces very
efficient means for people to attain stupid objectives (Mulej et al., 2014). RS is missing.
Similar conclusions are possible about many means of terrorism/crime, such as
suicide bombers, chemicals mixed in water, milk, diary and other food products and
produces such as genetically changed plants etc.
This finding puts the question: what is crucial for requisite holism: knowledge or
values?

4

Interdependence of knowledge, values/culture/ethics/norms (VCEN) and
social responsibility

All cases/experiences demonstrate:
•

The crucial need for requisite holism in preparation and execution of the defense
against any kind of terrorism/crime.

•

A dialectical system of all interdependent crucial viewpoints provides more chance
for success than the one-discipline approach or the lack of action under the label of
the effort to attain the total holism of behaviour and total wholeness of outcomes.

•

Besides, professional viewpoints are insufficient: application of knowledge is under
impact of the prevailing VCEN (Potočan et al., 2013). It is not rational to act on a
rational basis alone. VCEN matter.

•

VCEN open the door, through which information moves from sub-consciousness to
consciousness and from there into decisions and action.

•

VCEN activate talents, knowledge and available means – either for terrorism/crime
or for defense against terrorism/crime.

•

Therefore, VCEN is crucial, and ethics of interdependence is an unavoidable
complement or – sometimes at least – an alternative to the current egoism and
one-sidedness.

In addition,
•

All data are too many and only some of them can become messages (i.e. meaningful
to users, i.e. semantics added to the syntactic dimension).

•

Some messages only can become information (i.e. influential messages).
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Data are too many for anybody to acquire, put in order, perceive, understand, and apply
in due/real time. A selection is unavoidable. The issue of the requisite holism surfaces
again, and so does the issue of VCEN – shall we be one-sided and biased or not,
including attributes and consequences summarised in Figure 1.
This is additionally complex, because not only individual decisions, but also teams’
decisions result as synergies of individual behaviours, especially learning, perception,
comprehension, emotional and spiritual life, communication, decision making and action.
The process of making the team’s decision and action from several individual ones
includes either argument of power or power of argument (De Bono, 2005). The concept
of argument does not include proofs only, but also quarrelling between participants of the
team’s session who are poorly capable of listening and hearing the others – they lack
ethics of interdependence and understanding that mutual differences make them
complementary and necessary to each other. Again, one faces the issue of VCEN along
with the issue of knowledge and science. Often, VCEN must allow for intuition (Quinn,
2006); data alone can neither explain everything nor do so in due time, often. Defense
against tourism-related terrorism/crime is no exception, unfortunately. Professional
arguments, their synergies and intuitions of several different team-members make a
realistic synergy by RH. Anyway, nothing can make a total holism of behaviour or a total
wholeness of outcomes in human dealing with any complex cause.
Methods, such as:
•

USOMID (Eng.: ‘creative collaboration of many for innovation of work’)

•

USOMID-cum-’six thinking hats’

•

‘six thinking hats’

can support speed and efficiency of the processes of acknowledgment of interdependence
of various and different kinds of knowledge and VCEN and making a synergy of them in
the decision making and execution process (De Bono, 2005; Mulej, 1982; Potočan and
Nedelko, 2014).
Systemic behaviour is rare. Hence it matters that interdependence and holism are
crucial concepts also in ISO 26000 (International Organization for Standardization,
2010), which the European Commission (2011) suggests to lead the way out of the crisis.
This may include the potential crises/terrorism/crime in tourism destinations and
logistics.

5

Some provocations concerning safety in tourism

Potential tourists receive recommendations to avoid demonstration in towns and other
places of their vacation, to be safe personally. Does this warning ensure safety?
Agencies and authorities recommend preventive vaccination before departure to some
touristic destinations. Do e.g. hepatitis A and B depend on destination or a tourists’
failure to know and to act safely?
Certain tourist destinations are famous to enjoy low dangers of terroristic attack.
Though: how low is this danger and how safe is therefore the given tourist destination?
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The tourists’ safety-culture may importantly influence their personal safety, including
the otherwise safe places. How big and crucial is this impact; what does it mean:
‘otherwise safe’?
Tourist agencies and others offer tourist services ‘with a high level of safety’. How
high is this level?
Tourism managers and authorities in charge often keep to relatively generalised and
one-sided, i.e. over-simplified security/safety judgments and data that are announced and
respected world-wide to comfort the future and current tourists: ‘Yes, it is safe.’
Everything seems to be requisitely holistic. But, once one faces reality, is it really so safe,
or does it make sense to consider the fact that there are several possibilities and several
viewpoints of considering the same reality, which expose different partial ‘truths’?
The tourism managers’ general assessments about safety/security in tourism differ
very often from the safety/security manager’s assessment that is prevention-oriented,
concerning logistic, destiny, food, water, weather, volcano activities, riots, protests,
strikes, crime etc (Ivanuša et al., 2011, 2012). The absolute safety/security is very
differently perceived in either tourism or security/safety management.

6

Discussion: the suggested model in brief

Usually, scientific and professional discussions concerning safety/security management
in tourism and its authorities reveal their perception that ‘threats’ to safety/security,
detected by safety/security managers, threaten their economics (rather than their guests).
This opposes the human right to differ from each other and enjoy acceptance by others,
while both groups (safety/security managers and managers in tourism) have the right and
duty to differ without endangering each other. Democracy matters, dangers must be
tackled/avoided/resolved anyway, security/safety must be a real fact at the highest
possible level.
Though:
•

Which level is high enough in concrete practice?

•

Which perception and action is requisitely holistic and in line with the seven
principles of social responsibility in ISO 26000 (accountability; transparency, ethical
behaviour; respect for the rule of law; respect for stakeholders; respect for
international rules; respect for human rights)?

•

When is the crucial concept of the interdependence considered with requisite holism?

A case from 2014: sadistic gangs kidnapped thousands of East Africans, and tortured
them in Egypt’s Sinai until their families paid huge ransoms for their freedom. If we
show Egypt’s leaders that this dirty secret is out and damages the reputation of tourism in
Sinai, we can force them to end the horror (Amnesty International, 2013; Human Rights
Watch, 2014; York, 2013). Egypt remains a highly promoted touristic destination
anyway. Such and similar cases demonstrate that the terrorists etc. destroy well-being of
both hosts and guests.
Currently, the so-called Syrian refugee crisis (Kingsley, 2015) and the horrifying
events, such as resort attack in Tunisia in 2015 (Smith-Spark et al., 2015), also have the
possibility to drastically change the ‘topography’ of the existing global ‘map of
tourism’/destinations. This duality or dialectics of tourism and safety management has
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already arisen; hence, the effort for safety/security must remain focused on human
wellbeing.
If the solution is not reliable enough, one must tackle the problem as something in
need of innovation.
Let us recall rules about the Invention-innovation-diffusion process (Mulej, 2008).
They may suggest the tourism managers and the safety/security managers:
•

to intensify their interdisciplinary creative cooperation

•

to perceive it as a strategic tool

in the phases of planning of their activities, in order to requisitely holistically tackle
prevention of potential safety/security troubles. This does not mean that the
security/safety managers expect all foreseen measures to be publicised to the current,
future and potential tourists in all/many details. Tourists might feel in danger
unnecessarily; the interdisciplinary creative cooperation of both groups of managers must
silently, but requisitely holistically, prevent all foreseeable/predictable dangers and
threats. Prevention is the only measure defining the (relatively) real level of
safety/security and it must not be very visible. Dangers are too complex to not be
prevented requisitely holistically with the concepts of:
1

interdisciplinary creative cooperation

2

ethics of interdependence all of crucial professionals/managers

3

leading to requisite holism – and happy tourists and hosts.

For tourists and local population to respect accountability and all other principles of the
ISO 26000, its principle of transparency is requisitely limited to managers/professionals
of safety/security and tourism.
Hence, let us suggest, in a short summary, the model:
1

One is aware that the establishment of safety/security is an invention-innovationdiffusion process, both technological and non-technological.

2

This process runs in interdisciplinary teams of professionals who excel both in their
professions and in their capacity of interdisciplinary creative cooperation; they
practice ethic of interdependence of mutually different professionals in order to
attain requisite holism of their shared approach and requisite wholeness of their
results, leading to permanent safety/security on the requisitely high level.

3

These teams elaborate their general and detailed plans by using the synergy of
USOMID and six thinking hat methods, and add to it the dialectical network
thinking.

4

These teams also know very well and apply the cybernetics of security and defense
systems.

5

Their plans include the requisitely detailed precision and framework instructions in
order to provide guidelines and adaptability.

6

The definition of the starting points includes application of the DST and exposes
both dialectical systems of ten guidelines (for objectives definition and for objectives
realisations).
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7

Application of the seven principles and the concepts of interdependence and holism
(from ISO 26000) support informal dialectical-systemic behaviour.

8

The central common denominator of the entire effort for safety/security in tourism is
well-being of both hosts and guests.

9

This includes requisitely holistic care for the natural environment in all phases of the
tourism activities.

10 All destinations and all service providers should deserve the title of ‘sustainable and
socially responsible safe/secure places and organisations’ on this basis.
In other words, Albert Einstein was right: “Let us simplify as much as possible, but no
more”.

7

Some conclusions

Tourists do not know and should not know, whether they are safe incidentally or because
of a very high level of social responsibility, i.e. informal dialectical-systemic behaviour
on the basis of a very high level of creative interdisciplinary cooperation and RH of both
professionals of safety/security and tourism managers. The latter must include many
professionals per their specialties, such as food providers, cooks, room personnel, or top
managers. In terms of the safety and security, these measures mean intelligence of all
professions. There is no room for further details. Thus, this is a conceptual article –
‘conceptual’ from the perspective of cybernetics of conceptual systems (Stuart Umpleby,
in Mulej et al., 2000).
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