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Abstract
Background: Knowledge plays a crucial role in supporting the European Union
model based on economic growth, social responsibility, and sustainable
development. To improve companies’ performance, one must reflect on new forms
of knowledge and develop new indicators to measure them. Objectives: The goal of
the paper is to investigate the impact of the selected factors of knowledge on
companies’ performance in Slovenia. Methods/Approach: A questionnaire was
created and sent to small and medium-sized enterprises in Slovenia. The principle
axis factoring method was used to identify the factors of knowledge and of
companies’ performance, and a regression analysis was conducted to determine
the influence of the selected knowledge factors on companies’ performance.
Results: The establishment of scientists’ collaboration with companies has a positive
impact on companies’ performance, but the obstacles to the establishment of
scientists’ collaboration with companies do not have any impact. Conclusions: The
results could be useful for governments and companies in the adoption of measures
aimed at strengthening scientists’ collaboration with companies. Further research
can be oriented toward the common synergy index (e.g., the knowledge triangle).
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Introduction
Technology research, innovativeness, and knowledge play a crucial role in dealing
with the main problems of the European Union (EU) and in supporting the EU model
based on economic growth, social responsibility, and sustainable development
(European Union, 2010). The European Research Advisory Board (2007)
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recommended the invigoration of the European knowledge triangle (education,
research, and innovation) through the Structural Funds' "Energizing Europe's
Knowledge Triangle of Research, Education and Innovation through the Structural
Funds". Research, knowledge, and innovation as well as the European knowledge
triangle are based on the achievement of these objectives (Council of the European
Union, 2007, p. 7). Innovation has a double meaning: it covers the inventioninnovation-diffusion process and its outcome, which is a novelty through which its
users find a new source of their new benefit, including their competitiveness. In
business, it is officially and theoretically recognized as a key to growth and
competitiveness, because it is the basis for the invention-innovation-diffusion process
and includes innovation of all contents (European Commission, 2008).
The genuine education of citizens is one of the leading European innovation
strategies. The European Institute of Technology (EIT, 2008) has sought to assemble
the three leading factors of the knowledge triangle, which includes more successful
education, research, and business innovation, at the national governmental level. In
light of the increasing capacity stemming from the increasing European education
and, consequently, the results of research in a clearly defined marketing opportunity,
the innovative European Institute of Technology built a bridge across the gap with
the EU's international competitors (European Commission, 2008). Investments in
knowledge and innovation in the EU rose to 50 billion euros in Structural Funds from
2007 to 2013. This is almost the same amount as the scientific-research budget of the
European Commission (UNESCO 2008).
Ribeiro et al. (2010) found a strong correlation between science and technology
and the gross domestic product (GDP). Economic growth depends on scientific and
technological resources. The goal of the Lisbon strategy is to transform each EU
member state into a modern, dynamic economy with greater—and more
economic—knowledge and education (Council of the European Union, 2007).
Guellec (1996) considered knowledge to be the central component of the
economy, which is refined in innovation and the human capital, investment in
intangible capital (research and development), and training in the sense of
technological development. Our research is encouraged by the motion for a
resolution of the European Parliament (2011) on the “Report on GDP and beyond—
Measuring progress in a changing world.” Stiglitz et al. (2009), Costanza et al. (2009),
and OECD (2015) have also worked toward the same future goal as the European
Union, thereby defining indicators that are crucial for the creation of a new growth
model to achieve economic growth for a better quality of life of all European
citizens. More and more researchers have sought to answer the question as to
whether the social goal of raising the GDP, regardless of other costs or the
satisfaction of people, makes sense (see, e.g., Stiglitz, 2009; Steiner et al., 2015).
To improve companies’ performance, one must measure and reflect new forms of
knowledge and develop new indicators to measure them. Emphasizing the areas of
knowledge that affect economic growth, this paper presents the research that
concentrates on knowledge indicators and their influence on company
performance at the micro-economic level, using the Republic of Slovenia as the
case (Rašič, 2015). We report how we have defined economic growth as company
performance on the microeconomic level of the Republic of Slovenia. The research
question is as follows: What areas of knowledge affect company performance and,
thus, economic growth at the microeconomic level, and how can we measure
these areas? By using the quantitative survey based on random sampling, data
about scientists’ collaboration with companies and company performance were
gathered from a sample of small and medium-sized enterprises. A regression analysis
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based on saved factor scores was used to determine the knowledge factors
influential on company performance.
The next section reviews the relevant literature on the knowledge indicators and
the influence of knowledge on company performance. The third section
encompasses the methodology used for data gathering and preparation, and the
fourth section presents the survey results regarding knowledge factors—namely, the
establishment of scientists’ collaborative efforts with companies and obstacles to
such efforts. These factors are discussed in the penultimate section. Limitations,
further research possibilities, and final conclusions are drawn in the final section.

Literature review
Polt et al. (2001) exposed two main objectives of the cooperation between industry
and science: to ensure that public investments in higher education spill over to
enterprises and to serve as a tool for enterprises to increase their competitiveness by
acquiring external knowledge. Pezdir’s (2004) research shows that for universities and
research institutes, the most important motives for research-developmental
cooperation in the Republic of Slovenia are contributions to increasing economic
competitiveness, joint application to the national projects, cooperation with industry,
and access to potential consumers. For companies, the important motives of
cooperation are joint application to the national projects, the fact that they must
cooperate with science due to market pressures, and the possibility of applying the
latest research equipment available to science. Similarly, the research results of
Borell-Damian et al. (2014) clearly demonstrated that motivations for companies to
engage in collaborative research partnership with universities are improving not only
the capacity of their research and development, but also their competitive
advantage. However, Polt et al. (2001) concluded that the performance of the
industry–science relationship affects economic performance only to a limited extent.
Similarly, Pezdir (2004) noted that the level of cooperation between science and the
economy was low.
Reports from the OECD (1996, 2001a, 2001b), APEC (2000), and Eurostat (2008)
describe the society of knowledge using the following dimensions: the system of
innovation, human capital, information and communication technologies, and the
elements of the business environment. They identified the following general
indicators to measure the intensity of knowledge in a specific company: the
percentage of GDP, developments from knowledge-intensive activities, and the
percentage of creative/innovative employees in their workforce. Pavlin et al. (2005)
concluded that these indicators complement other, more complex models.
The triple helix of relationships among university, industry, and government
(Etzkowitz, 2002, 2008) are modeled on the design of technological policies and the
role of the national support in knowledge transfer between science and the
economy. Although the role of science is to seek new knowledge and the role of
companies is the production of goods, the activities of university, industry, and
government overlap.
The research-innovation-education triangle should be strengthened (Council of
the European Union, 2008). High-quality education and the increasing and effective
investment “in human capital and creativity throughout people’s lives are crucial for
Europe's success in a globalized world” (Council of the European Union, 2008, p. 9).
They can help bridge and facilitate the transition to an economy based on
knowledge, increase the employment level and contribute to structural changes.
They can also be used to engage poverty, inequality, and youth unemployment. For
example, European Commission (2006) presented the following measures of
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innovation policy in the field of knowledge transfer in Sweden: the creation of
knowledge for innovation, innovative trade and production, innovation in the public
sector, and innovation of individuals.
According to Kotnik (2005), the study of innovation activities raises many
questions. Among them, the following questions are key to economic growth: how to
explain differences in innovation activity between companies, what are the
characteristics of companies and their environment that lead to the diversity of the
results of innovation activities, and how the results affect companies’ economic
performance. Kotnik (2005) concluded that knowledge capital created with
innovation activity has a positive effect on productivity only in companies with
medium and high intensity, but not in low-tech industries. In addition, the research
results of Borell-Damian et al. (2014, p. 12) clearly demonstrated the key role of
collaborative research and innovation activities between university and business
partners, particularly small and medium-sized enterprises, “in helping to facilitate the
economic and social development at the regional level”.
Knowledge is not a goal itself. Companies that have knowledge increase their
effectiveness and enhance their economic performance. They use financial and
non-financial indicators to determine their performance. The balanced performance
indicators developed by Kaplan and Norton (1996) can serve as a basis for
indicators for assessing company performance.

Methodology
Data
The quantitative method of data gathering was used in the survey at the microeconomic level in the Republic of Slovenia. The sample was selected from
companies included in the business register of Slovenia, AJPES database iBON 2012
(AJPES, 2012). Units of the sample were spread out based on random sampling,
which included 1,430 respondents or employees in small and medium-sized
companies of Slovenia. One employee provided data for one company. The
questionnaire was posted on the website http://www.1ka. Data collection took
place in June and July 2013, by email. We received 288 completed questionnaires,
representing a 20.14 % response rate.

Research instrument
The questionnaire contains a combination of closed questions with a 7-point Likert
type rating scale ranging from 1 (strongly disagree) to 7 (totally agree). Based on the
knowledge and company performance literature, we developed indicators and
variables created in accordance with the questionnaire. Table 1 shows the structure
of the research instrument, together with the literature sources of groups of questions.
One set of questions relates to knowledge—namely, scientists’ collaboration with
companies. Another set of questions relates to company performance in the last two
years for the company in which the respondent was employed.

Statistical analysis
The obtained data were analyzed by using descriptive statistics as well as factor and
regression analyses. We examined the suitability of the information for using the
factor analysis. For this purpose, we used Bartlett's test of sphericity and then
calculated the Kaiser–Meyer–Olkin (KMO) Measure of sampling adequacy. Then we
conducted the factor analysis using the principal axis factoring (PAF) method. The
basic principle of the PAF method is to maximize the variance of the common
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factor, but based on an estimate of the variances that determines the number of
factors (Field, 2005).
Table 1
Research instrument description
Statement
Source
I.
Knowledge – scientists’ collaboration with companies
Knowledge is oriented to R&D
Joint R&D projects of universities and companies are useful for
marketing.
Financing of all project phases is uncertain.
The company lacks financial resources for collaboration with
universities.
Governmental policy in the field of research is unclear.
There is a lack of state incentives for scientists’ collaboration with
Adapted
companies.
according to
Pezdir (2014)
Slovenia is overly oriented to basic research.
Habilitation rules of RIs and universities in Slovenia do not motivate
collaboration with companies.
There is a lack of researchers in RIs and universities that would meet the
specific needs of projects for companies in Slovenia.
There is a lack of interoperability between RIs and universities that
would enable collaboration with companies.
RIs and universities lack administration.
Without prior problem identification and description, the company asks
RI for consulting.
The company recognizes the importance of research and suggests
collaboration with RI in joint projects.
Adapted
RI contacts the company, and RI’s knowledge benefits the company.
according to
Cigler et al.
The company detects problems that cannot be solved by itself and
(2008)
uses the RI solutions.
There is collaboration among the company, RI, and "spin-off"
companies.
II.
Company performance
The profits based on new investment funds increased.
Realized investments increased.
Market value increased.
Added value per employee increased.
Adapted
Average number of employees increased.
according to
Kaplan and
Net revenue from sales increased.
Norton (2000)
Financial sources are more accessible.
Percentage of capital increased.
Exports of goods and services increased.
Sales increased.
Notes: (1) Likert scale 1-7; 1-strongly disagree, 7-strongly agree; (2) R&D = research and
development; (3) RI = research institute
Source: Authors

In PAF (Warner, 2008), the analysis of the data structure focuses on shared variance
and not on sources of error that are unique to individual measurements. We applied
PAF in two steps (Rašič, 2015). We determined the PAF method for assessing the
communalities first, followed by the Varimax rotation of the factor loadings. Based on
the results of the factor analysis, limits for the inclusion of variables in the factor
model were determined at the value of communalities 0.40 (Field, 2005). We
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excluded from the model any variables in which less than 40% of the variance was
accounted for. For easier factor interpretation, we applied the Varimax method,
where the rotated factors were independent from each other. We saved factor
scores in the SPSS program and thus created new variables. When answering the
research question using the regression analysis, we also met the criterion that the
independent variables not be correlated.

Results
Table 2 shows that the highest mean of agreement regarding the statements that
describe the establishment of scientists’ collaboration with companies and the
obstacles to it was achieved for the statements “there is a lack of interoperability
between research institutes (RIs) and universities that would enable collaboration
with companies” and “RIs and universities lack administration”; however,
respondents only slightly agreed with these statements (mean = 4.8).
Table 2
Descriptive statistics about knowledge
Statement

Mean

Standard
Deviation
1.8
1.9

Knowledge is oriented to R&D.
3.3
Joint R&D projects of universities and companies are useful for 3.5
marketing.
Financing of all project phases is uncertain.
4.4
2.0
The company lacks financial resources for collaboration with 4.4
2.1
universities.
Governmental policy in the field of research is unclear.
4.7
1.9
There is a lack of state incentives for scientists’ collaboration with 4.6
2.1
companies.
Slovenia is overly oriented to basic research.
4.5
2.0
Habilitation rules of RIs and universities in Slovenia do not motivate 4.6
2.0
collaboration with companies.
There is a lack of researchers in RIs and universities that would meet 4.7
2.0
the specific needs of projects for companies in Slovenia.
There is a lack of interoperability between RIs and universities that 4.8
2.0
would enable collaboration with companies.
RIs and universities lack administration.
4.8
2.0
Without prior problem identification and description, the company 3.6
2.0
asks RI for consulting.
The company recognizes the importance of research and suggests 3.8
1.7
collaboration with RI in joint projects.
RI contacts the company, and RI’s knowledge benefits the company.
3.5
1.6
The company detects problems that cannot be solved by itself, and 3.6
1.7
uses the RI solutions.
There is collaboration among the company, RI, and "spin-off" 3.3
1.7
companies.
Notes: (1) Likert scale 1-7; 1-strongly disagree, 7-strongly agree; (2) R&D = research and
development; (3) RI = research institute
Source: Authors

On average, respondents also slightly agreed that there is a lack of researchers in RIs
and universities that would meet the specific needs of projects for companies in
Slovenia, governmental policy in the field of research is unclear, habilitation rules of
RIs and universities in Slovenia do not motivate collaboration with companies, and
there is a lack of state incentives for scientists’ collaboration with companies. In 2013
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the number of researchers in higher education in Slovenia was low, at 8.2% (Stare et
al., 2015, p. 40). With all other statements about establishment of scientists’
collaboration with companies and the obstacles to it, the respondents on average
neither agreed nor disagreed or even slightly disagreed.
Table 3 shows that, on average, respondents slightly disagreed with all statements
about company performance.
Table 3
Descriptive statistics about company performance
Statement

Mean

Standard
Deviation
The profits based on new investment funds increased.
3.2
1.8
Realized investments increased.
3.3
1.7
Market value increased.
3.3
1.7
Added value per employee increased.
3.3
1.6
Average number of employees increased.
3.1
1.6
Net revenue from sales increased.
3.2
1.6
Financial sources are more accessible.
3.0
1.5
Percentage of capital increased.
3.2
1.6
Exports of goods and services increased.
3.1
1.6
Sales increased.
3.2
1.6
Note: 1 = strongly disagree, 2 = disagree, 3 = slightly disagree, 4 = neither agree nor disagree,
5 = slightly agree, 6 = strongly agree, and 7 = totally agree
Source: Authors

The results of factor analysis for company performance indicated that 78% of the
variance is accounted for by only one factor. The structure of the factor “Company
performance” is presented in Table 4.
The results of Bartlett's test of sphericity (p < 0.05) and the value of KMO measure
of sampling adequacy (KMO = 0.917 for knowledge, KMO = 0.950 for company
performance) show the suitability of the data for factor analysis.
As the values of communalities of the variables “Knowledge is oriented to R&D”
and “Joint R&D projects of universities and companies are useful for marketing,”
were lower than 0.4, these two variables were excluded from further analysis.
The results of the factor analysis for knowledge indicated that 76% of the variance
was accounted for by two factors:
o Obstacles to the establishment of scientists’ collaboration with companies
(48% of variance), and
o Establishment of scientists’ collaboration with companies (28% of variance).
Based on factor loadings after Varimax rotation, the structure of the factors of
knowledge “Obstacles to the establishment of scientists’ collaboration with
companies” (Factor 1) and “Establishment of scientists’ collaboration with
companies” (Factor 2) is presented in Table 4.
After saving factor scores as new variables, we performed a regression analysis to
answer the research question. The results of the regression (Table 5) indicated that
the regression coefficient of the obstacles to the establishment of scientists’
collaboration with companies was -0.054 and was not significantly different from 0 (p
> 0.05). The regression coefficient of the establishment of scientists’ collaboration with
companies was 0.549 and was significantly different from 0 (p  0.001).
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Table 4
Factor loadings in the rotated factor matrix for knowledge
Statement
Factor 1
Factor 2
There is a lack of researchers in RIs and universities that would meet
the specific needs of projects for companies in Slovenia.
0.889
Governmental policy in the field of research is unclear.
0.884
Habilitation rules of RIs and universities in Slovenia do not motivate
collaboration with companies.
0.882
Slovenia is overly oriented to basic research.
0.870
There is a lack of state incentives for scientists’ collaboration with
companies.
0.868
There is a lack of interoperability between RIs and universities that
would enable collaboration with companies.
0.858
The company lacks financial resources for collaboration with
universities.
0.854
RIs and universities lack administration.
0.800
Financing of all project phases is uncertain.
0.770
RI contacts the company, and RI’s knowledge benefits the company.
0.879
The company detects problems that cannot be solved by itself and
uses the RI solutions.
0.863
Financing of all project phases is uncertain.
0.839
The company recognizes the importance of research and suggests
collaboration with RI in joint projects.
0.813
Without prior problem identification and description, the company
asks RI for consulting.
0.763
Note: Factor 1: Obstacles to the establishment of scientists’ collaboration with companies,
Factor 2: Establishment of scientists’ collaboration with companies
Source: Authors

Table 5
Effect of knowledge on company performance
Parameter / Variable

Constant
Obstacles to the establishment of
scientists’ collaboration with
companies
Establishment of scientists’
collaboration with companies
Note: *** Statistically significant at 1%
Source: Authors

Unstandardized
Coefficients
B
Std. Error
1.517
0.235
-0.054
0.047

0.549

0.055

Standardized Coefficients

-0.065

t
6.466
-1.154

p
0.000
0.249

0.566

10.012

0.000***

Beta

Discussion
Knowledge is a complex phenomenon that cannot be accounted for by one
indicator only. It is also the key mechanism and a combination of new information
and communication technologies. It has brought about a radical change in the
manufacturing process, in the organization of work and innovation, and particularly
in research, which present a growing part of the value of goods and services,
education, and training (Slovenian Research Agency, 2002). At the micro-economic
level, knowledge includes the variables describing the establishment of cooperation
with companies and obstacles to the establishment of collaboration with
companies. By observing the obstacles to the establishment of scientists’
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collaboration with companies, the results of the survey among companies in
Slovenia showed that the interoperability of research institutes and universities that
would enable collaboration with companies is not sufficient. On average,
companies do not clearly recognize the importance of research, which hinders their
suggestions for collaboration in several projects with research institutes and
universities.
The results of the regression analysis helped answer the research question: the
establishment of scientists’ collaboration with companies has a positive effect on
company performance on the micro-economic level in Slovenia, whereas the effect
of the obstacles to the establishment of scientists’ collaboration with companies on
the company performance cannot be confirmed. Previous research showed that
99% of companies and other organizations in Slovenia are micro, small, and
midsized, while the research institutes and universities are tailored mostly for the big
ones (Mulej, 2007). Except the few high-tech ones, the smaller enterprises need more
handicraft skills than scientists’ knowledge.
Following El-Namaki (2011), the technological characteristics of small-scale
industry could be measured in terms of eight specific variables: economies of scale;
the technological base; technological disparity; infrastructural base; learning;
industry differentials; labor intensity; and linkage pattern. The above written variables
can be used to determine the technological characteristics of a particular sector.

Conclusion
This paper does not cover the measurement of technology research and
innovation—two components of the triangle of research. It does also not deal with
the effect of areas of knowledge at the macroeconomic level. It presents only a part
of the requisitely holistic research, which conceptualizes and empirically verifies
individual variables covering the company performance as well as the quality of life
(Rašič, 2015).
Regarding the knowledge factors, the research results indicate that the
establishment of scientists’ collaboration with companies has a statistically significant
positive impact on companies’ performance. Based on the survey performed
among small and medium-sized companies in Slovenia in 2013, the establishment of
scientists’ collaboration with companies includes collaboration between companies
and research institutes, companies' recognition of the importance of research and
therefore interest in the research institutes, benefits of the research institutes'
knowledge to companies, detection of companies’ problems and use of the
research institutes' solutions, and collaboration among companies, research
institutes, and "spin-off" companies. Furthermore, the economic growth at the
microeconomic level defined as company performance includes the increase of the
profits based on new investment funds, realized investments, value on the market,
added value per employee, average number of employees, net revenue from sales,
percentage of capital, exports of goods and services, sales, and accessible financial
resources.
In order to strengthen research cooperation, measures to be included in the
practice of governments and companies include: (i) solicitation of public and
corporative (co-)financing of research projects; (ii) subsidies from public resources of
employment of researchers in enterprises; (iii) subsidies from public resources of
project-based combined employment in universities or other research organizations
and enterprises; and (iv) subsidies from public resources of projects in which bigger
enterprises attract smaller ones, too. Such measures directly value the decisive
persons to provide the support for research.
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Further research could be oriented toward the common synergy index, such as
the knowledge triangle, which would include technology research, innovativeness,
and knowledge.
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