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Abstract

Knowledge management takes on various forms depending on the character
of the enterprise, the specificity of the industry, and the adopted strategy. The
technology platform model created at the Research Institute is a tool supporting
the process of knowledge management and particularly the process of the
knowledge codification. The platform allows both the codification of the
knowledge of partners and projects, and the accumulation of knowledge about
innovative technological solutions. The platform allows the dissemination of
knowledge into the economy. Moreover, it identifies the needs and expectations
of the market in the field of innovative technologies. The article presents the best
practices in the functioning of the Technology Platform as an operational
mechanism in knowledge management for the process of commercializing R&D
results conducted in the scientific research units.



6 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 4-2015

Introduction

Since the globalization processes (and with them the technological
advancement) have been intensifying, the more extensive the network between
businesses and research and development units, the better are its chances to
maintain a competitive advantage in the market. An important aspect of building
a strong economic position of the business is not only skilful management of
resources, such as, property, finances, and information, but primarily the
effective development and use of their competencies, and adequate knowledge
management. In the age of globalisation and internationalisation, any economic
entity that wants to develop and strengthen its position on the market must be
innovative, and this is possible through the acquisition and use of knowledge.
An adequate knowledge management process affects the pace and nature of
innovative activities and the creation of technologically advanced products.

The requirements of knowledge-based economy present new challenges for
research and scientific institutions, particularly in the process of
commercializing R&D results, where it becomes important to implement
research motivated by the needs of the market. The transfer of knowledge is not
only the implementation of the R&D results into the industry, but also a wide
range of cooperation between the scientific community and entrepreneurs in
solving business and production problems.

The conducted analyses indicate that the level of cooperation between
research institutions and businesses in Poland is still unsatisfactory, encumbered
with multiple obstacles [16]. The proportion of companies declaring cooperation
with researchers is 75-80% in foreign countries, whereas, in Poland, this
cooperation is lower by more than 30% [6].

One report [25] indicates that 20% of Polish entrepreneurs do not have
knowledge about the possibilities of cooperation with the scientific community,
while almost 40% of the companies do not know how to reach the scientific
units designed to commercialize research.

One of the ways that can contribute to the improvement of the cooperation
between science and business, and can support the process of knowledge
management, is building a cooperative network.

International experience suggests that network forms of cooperation provide
benefits to both research institutions and businesses; they intensify processes of
commercialization, eliminate negative phenomena on the labour market, and
increase the competitiveness of the companies.

Moreover, the conducted analyses indicate [29] that network cooperation
facilitates the process of collection, processing, and the use of knowledge, and
the transfer of technology; it advances communication among the parties
interested in the implementation of innovations. Networking cooperation brings
benefits of scale, increases innovation processes in companies, and it allows the
transformation of knowledge into products by providing concentrated
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operational tools, often including financial resources necessary for that process,
which would be impossible to amass within one enterprise, in particular, in the
SME sector.

Networks can be created through the construction of project consortia (e.qg.
Industriell Dynamik, Sweden) or based on Web applications (e.g. Madri+d,
Spain). Cooperation networks help businesses in initiating innovation-related
activities (e.g. Syntens, Netherlands), promote the development of research and
innovation stimulating policy (e.g. Setn, United Kingdom), organise
conferences, fairs (e.g. Syntens, Netherlands), offer support in finding partners
for projects and trade partners (e.g. NanoBioNet, Germany). Technology
Platforms aid the conversion of solutions that are research results into innovative
products, processes, and services that generate added value (e.g. Jinnove,
France), promote the development of start-up and spin-out businesses (e.g. Yet2.
com, USA), deal with economic consulting for businesses (e.g. Syntens,
Netherlands), run support programmes for entrepreneurs, for example, in the
form of grants (e.g. Jinnove, France), carry out marketing activities in support of
entrepreneurs (e.g. Syntens, Netherlands), engage in the promotion of science
and technology and offer internships, scholarships, training (e.g. Syntens,
Netherlands, Madri+d, Spain) [29].

In order to strengthen the cooperation between science and business, the
Institute for Sustainable Technologies — National Research Institute (ITeE —
PIB) initiated the creation of a technology platform model, which presents the
results of the scientific research and development projects conducted at the
Institute, ranging from advanced material technologies, modern mechatronic
systems, control systems, IT applications, to technical safety and environmental
support systems, and experimental and testing equipment. Knowledge
management in the platform includes product and process solutions that are the
result of the implementation of the Strategic Programme: “Innovative Technical
Support Systems for Sustainable Development of the Economy” and the results
of other research and development projects.

The article describes the use of a technology platform as a support tool for
knowledge management in the improvement of cooperation efficiency and as
being conducive to removing barriers that occur among participants in the
process of commercializing the R&D results.

1. State of the art — knowledge and knowledge management

A survey of literature on the subject indicates that there is some ambiguity
in the understanding of the “knowledge” concept [13, 19, 22].

Knowledge can be defined as the totality of competences and information
used by the employees to solve problems. It contains both theoretical and
practical elements, and general and detailed guidelines for action. Knowledge
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base is provided by data and information; however, knowledge always is related
to a specific person [24].

For the purposes of this study, the definition proposed by the Jashapar has
been adopted. It defines knowledge as an effective learning process, related to
the search, use, and dissemination of knowledge (explicit and implicit), using
appropriate technologies, and cultural environment, the purpose of which is to
increase intellectual capital and the efficiency of the organization [12].

Following M. Polanyi, implicit knowledge exists only in the mind of the person
who possesses it; it is formed by experience and is not fully conscious, manifesting
itself only through capable action. On the other hand, explicit knowledge is
expressed in the written form and saved on the knowledge media [23].

Knowledge management in organisations has become a key concept of
management theory and practice. It is extensively described in the literature [4;
26; 9; 15]. General definition of knowledge management (Schermerhorn) says
that knowledge management is “a process of using the intellectual capital to gain
competitive advantage” [18].

From the point of view of strategic management, knowledge management is
understood as managing the function responsible for the regular selection,
implementation, and evaluation of the purpose-oriented strategies, aimed at the
increase of the value of the organization through the use of explicit and implicit
knowledge for the improvement of its functioning [18]. In this sense, the term
“knowledge management” means the improvement of organisational abilities at
all levels of the company for a better use of knowledge resources. Thus, it can be
seen as the management of activities and processes that can raise the efficient
use of knowledge and thereby the competitive ability. The efficient use of
knowledge means that gained knowledge has to be purposefully integrated in the
development of products and processes [14].

Knowledge management in a scientific research institution is a process
through which a research unit can become fully competitive in the ever-changing
market. Conversely, knowledge management in an enterprise can be defined as
the set of actions undertaken by management and employees, whose aim is the
attainment of specific tasks.

The general purpose of the knowledge management application in any
organization is to facilitate the recognition of knowledge by the management as
a resource and to inspire it to seek practical applications of this resource [24].
Viewing knowledge management more analytically, it can be regarded as the
following [27]:

* A basic tool of future management;

* An opportunity for a radical reorientation in ways of thinking;

» An effective and efficient tool for improving quality;

» A collection of experience and intuition that make up the platform for the
creation and absorption of new experiences and information; and,

» An opportunity to reveal the existing areas of knowledge insufficiency.
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The objectives of knowledge management defined by R. Maier [18] are the

following:

» Obtaining transparency of knowledge;

* Implementing documentation of knowledge;

» Changing organizational culture;

» Improving communication and cooperation;

» Transforming implicit into explicit knowledge (externalising), improving
educational processes, training, and networking for newly recruited employees;

» Improving the processes of employees’ development;

* Improving knowledge retention (organization memory);

* Improving access to existing knowledge;

* Improving knowledge distribution;

* Improving innovation management;

* Reducing cost; and,

» Sales knowledge.

Knowledge management systecan be defined as set of rules, methods,
resources, collections of information, people and their interconnections, which
allows accepting and implementing the strategies and objectives of knowledge
management for the achievement of the objectives of the organization.

2. Knowledge management within the network of cooperation

The requirements of a knowledge-based economy result in knowledge being
perceived as a strategic resource, and the transfer of knowledge, based on the
communication within the network of cooperation, has a crucial importance for
innovation processes. Relevant literature increasingly underlines the importance of
external resources to which the unit has access to through the network of
relationships [10], and which translates into achieving a competitive advantage on
the market. The network can be defined as a set of specific relations among
defined groups of people, objects, or events [20]. In organisation sciences,
a network is defined as a system or area consisting of organisations and inter-
organisational relationships [8]. This article defines network as a long-term
relationship among partners, connected by ventures that delineate the scope of
their cooperation [29]. The results of empirical studies confirm that networks and
goods associated with a particular relationship provide access to resources that
may not be available in the traditional market exchange, help build competitive
advantage [2], and increase innovation level among the network members [5, 1].

Networks are crucial to the development of processes related to the creation,
diffusion, absorption, and use of knowledge. Companies in the network more

! Ernst & Young defines it as ,a system designed to help businesses in the acquisition, analysis,
and use of knowledge in order to make faster, smarter, and better decisions leading to the
achievement of competitive advantage” [28].
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frequently have connections to knowledge resources, which enable them to
acquire more precise knowledge, share it [11], and use it for the development of
new business concepts [7].

Knowledge management in the context of network cooperation requires activity
in the field of explicit (possible to codify) and implicit (know-how) knowledge,
where types of knowledge are complementary to each other, and both are necessary
in the process of knowledge management. Explicit knowledge can be
communicated, processed, and stored relatively easily, while implicit knowledge is
difficult to formalize and communicate and requires specific competences.

Another important aspect is the expected return on knowledge sharing, which
affects the relationship with the participants within the network, since it is the
expected profit for sharing knowledge. Knowledge within a network can be
formal or informal. The formal form includes structured inter-organisational
teams, joint training, conferences, or systems based on IT (e.g. Internet platform).
Knowledge made available in this way is explicit. Sharing knowledge in an
informal way is based on the “relational” channels that allow face-to-face
communication and encourage a climate of trust among the network participants.
An important factor is also the culture of network cooperation (conflict
resolution).

Creating a network of knowledge-sharing cooperation facilitates the process
of generating new ideas and the management of innovative projects, improves
the time and cost efficiency of network participants, and creates added value. It
often leads to the implementation of (product, process, service, marketing,
organizational, institutional) innovation.

Networking cooperation is a system of knowledge management within
which collective activities are conducted, which are varied in terms of industry,
meeting the variety needs of the network participants’ market. A significant
value of such an organization is not based on the ready and defined character of
a product, but on meeting the diverse and complex needs of the customer.

3. The concept and the main objectives of the Technology Platform

In the age of the changing face of a modern scientific research, the Institute for
Sustainable Technologies — National Research Institute has created a model network
of cooperation — a Technology Platform that integrates science and economy.

The Technology Platform (Fig. 1) promotes innovative processes and
product technologies, creates effective structures and mechanisms for the
transfer of innovation, and assesses the effectiveness of these structures.
Moreover, there are analyses conducted concerning potential growth areas for
innovation, resulting from the needs of the industry (mainly regional), and trends
in the economy. There are IT tools created to facilitate the process of collection,
processing, and use of knowledge, and also technology transfer, all to improve
the communication among innovation stakeholders.
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IT Platform supporting R&D

Surface departments in their
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Test and Technology transfer
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apparatus results

Fig. 1. Technology Platform

The qualities justifying the creation and functioning of the Technology
Platform (which, unlike most such entities operating on the Polish market, is not
financed with external (budgetary) resources) include the following:

e It provides a knowledge dissemination tool through the exchange,
acquisition, and application of innovative solutions on the regional scale,
and their transfer within the cooperation networks.

e It creates an accumulation of knowledge from different areas of
competence and experience, which are helpful in solving complex,
innovative, technical, and technological problems.

« It allows collecting, analysing, and processing information.

e It represents a source of creative, innovative solutions, tailored to the
needs of regional and national markets.

* It creates a pro-market approach of scientific research units and the
implementation of planned projects.

e It increases the phenomenon of the synergy of competences among the
network participants.

The tasks carried out within the platform allow effective coordination among
its members, facilitating the establishment of business contacts, and they influence
building partnerships, simplify the path and the implementation of joint ventures
in the form of contracts, projects, and thus create opportunities and significantly
reduce the traditional means of achieving success on the market.
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4. The model of knowledge management within a Technology Platform

The Technology Platform created in ITeE — PIB facilitates the process of
knowledge acquisition and dissemination, and it can be simultaneously used
within different scopes. Knowledge management within the network cooperation
refers to communication of know-how, the creation of new concepts, and it
undoubtedly is of great importance for creating innovation processes among the
participants of the network. The proposed knowledge management model is
implemented in the created Technological Platform.

The model consists of three main components (Fig. 2):

1. Correlation module generates interaction among network participants, de-

fines their knowledge, and specifies the state of knowledge by the Institute

necessary for cooperation, enabling a definition of the position of each its

members in the network.

Operational module of knowledge management includes the following

activities:

e Acquiring knowledge (from internal and external sources ); and,

e The dissemination of knowledge — a developed form of knowledge
sharing in order to make given knowledge generally available.

Diffusion module, including the transfer of knowledge, is a mutual transfer

of knowledge in the process of communication. Moreover, identifying the

knowledge that should be acquired, transferred, manufactured, thanks to the

projects by the platform, for both its participants and entities outside the

network is included in this module.

n

w

g
=
=
2
Q
(=]
4
o
g
Q
=
&
=
w

dissemination

Fig. 2. Knowledge management model within the network
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Correlation module

The Technology Platform created in ITeE — PIB is addressed to recipients
from across Poland, in particular to entrepreneurs, institutions in the business
environment, and scientific research units, as well as to foreign organizations.
The platform has a formal structure in which the official participation is
confirmed by signing the document “Declaration of creating a platform for the
dissemination of innovative solutions in the economy”. So far, more than 40
economic entities joined the platform structures. Mostly these are companies,
and they account for nearly 75% of all members of the platform, of which 60%
are representatives of the SME sector, and 40% are representatives of large
companies. Its backbone is formed by companies located or having their
branches in Mazowsze.

This entity has an open structure, which can include other partners who
share the objectives of the platform and who see the benefits they can obtain in
cooperation within its framework. The platform, which is a network structure,
brings benefits for its direct participants, and it indirectly generates many
positive effects for the environment (Table 1).

Table 1. Benefits for the participants of the Technology Platform

Benefits for the Institute Benefits for platform members

O The development of innovative service are{ O  The use of new knowledge and

Q Increased interest in the offer of the Institut innovative solutions

O Commercialization of innovative solutions [ O  Taking action resulting in the
implementation of innovative solutions ip
companies

O Cost optimization in the business

The purpose of the first module is to identify relationships that may occur
with individual partners. They can be both vertical in nature (reflecting the
classic supply chain) and horizontal (e.g. competitors, which are other scientific
research units or the companies in the business environment).

Identifying and developing a relationship of cooperation between the
Institute and the network participants in the network, as a consequence their
suppliers, contractors, customers, and service providers, ensure co-operation,
provides increased collective performance, and increases efficiency in the
implementation of innovative products, together with the recommendations
made by the direction of the manufacture of technologically advanced solutions.
Each participant is additionally characterized in terms of ownership type, its
industry, or areas in which cooperation may occur. For companies, especially in
the SME sector, participating in a network form of organization affects the
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growth of innovation, raises competitiveness, and, at the macro-economic level,
stimulates business development.

The operational module

Network participation allows sharing, exchange, and use of know-how by the
members of the network, providing access to knowledge, its collection, the transfer
of experience and competence, and the use of knowledge to create innovation. There
are two main sources of acquiring knowledge within the platform:

* Foresight-type analysis to select future-oriented research in accordance

with market demand and research directions; and,

e« The demand for knowledge from direct industry input, resulting in the
creation and development of innovation-generating projects of a com-
mercial nature, the effect of which is to implement a new product or new
technology on the market.

Effective coordination and configuration of the platform work, characterized
by creative relationships with partners, allows the dissemination of innovation
among the participants and beyond. To this end, an operational procedure was
created for the dissemination of innovative solutions consisting of 7 stages: market
situation analysis, the segmentation process, creating a distinguishing feature of
solutions, marketing strategy development, the dissemination phase organisation,
the follow-up phase, monitoring the effects of dissemination, which together form
an Innovation Dissemination System [30] (Fig. 3).

Product promotion materials on

the organisational platform

Interviews

* Creation of
product’s
distinguishing
feature

o financial
Marketing o HR
strategy o material

Organisation
of resources

Optional tools Obligatory tools

- 4 e 4
Ol:gn r\in'llinf\ of e pr pe
dissemination

o business dedicated of release and the main dissemination 1ools
seminars for the products of the Strategic Programme

o individual meetings
o conferences Se ul Keeping in touch with the clients

Offering new ge of a product

Offering new products

Monitoring of
dissemination
effects

Fig. 3. A system of dissemination of innovative solutions
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This system of the dissemination of innovative solutions has been tested on
dozens of examples and is used at the Institute for research results created there,
R&D, and implementation projects. One of the tools to support dissemination is
the comprehensive technology assessment system created in the ITeE — PIB,
which consists of an assessment of the degree of implementation maturity
(SDW), an assessment of the commercial potential (PK), and an assessment of
the innovation level (PI) of technologies, products, and process solutions, which
allow an in-depth analysis of application technology [17].

Thanks to the systemic approach in the dissemination of R&D results, their
efficiency has increased, for example, by concentrating on providing information
on finalised results, as in the Strategic Programme, implemented at the Institute,
“Innovative Technical Support Systems for Sustainable Development of the
Economy”, where entities using similar solutions (producing a success by
relevant communications, using effective operational tools, for the respective
target groups). Dissemination activities influence the development of
cooperation between the Institute and the enterprises interested in the
implementation of innovation. Moreover, they facilitate carrying out systemic
activities related to the promotion of the innovative process and product
technologies created during the ongoing projects at the Institute.

One form of effective communication used by the platform is the
organization of cyclical seminars, whose primary purpose is (in addition to
presenting the scope of scientific research, project and implementation work of
the Institute for Sustainable Technologies — PIB) to establish and intensify
cooperation between the representatives of businesses and the Institute. So far,
seven such meetings have been held, in which 170 representatives of the
economic sector participated from all over the country, and (I) editions of the
Business and Science Conference “Engineering the Future” (September 2014,
May 2015) were organised with more than 300 participantattendance. The
main objectives of the conference was the integration of the scientific
community with the economic environment, increasing the cooperation between
science and business, and the promotion of the application types of technological
and system innovations developed by the R&D sector units or centres and
research laboratories at companies.

Diffusion module

The initiatives undertaken within the platform intensify activities
undertaken at the Institute for the commercialization of research results (sales,
services, licensing, the creation of spin-off entities), and thus lead to the
strengthening of the position (brand) of ITeE — PIB in the social, business, and
scientific community. They ensure, through the mutually beneficial ties,
strengthening partnerships, building a strong foundation for the development of

2 http://www.future.engineering.itee.radom.pl/
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knowledge, skills, abilities, and competences of all the participants in the
network.

Through the Technology Platform, joint initiatives undertaken by scientists
and entrepreneurs, and projects with a high implementation potential, are created
and developed. As a consequence, direct contracts from the industry for the
Institute have increased.

Examples of subjects and projects carried out at the Institute include the
following:

1. Surface engineering:

« High heat resistance coatings to increase the durability of the mould
for pressure aluminium die casting for the aerospace and automotive
industry;

* Technology of increasing the durability of special tools for the metal
industry.

2. Mechatronics and optomechatronics:

* Automatic optical inspection systems and qualitative selection the
tobacco industry;

e Hybrid video systems for monitoring technological processes for the
glass industry.

3. Pro-ecological technologies:

e Optimization of water and wastewater management (reduction of
water consumption and waste water disposal) for a company in the
chemical industry;

e Manufacturing technology of pro-ecological greases for the sugar
industry.

4. The production of prototypes:

* Range of equipment for testing mechanical properties of furniture
elements;

* Technological equipment for efficient recovery of working fluids
from metal shavings in large-scale production for the metal industry.

The indirect effects of the platform’s functioning are contracts for the
Institute for industry expertise, opinions about innovation, and conducting
technical analyses. Because of the high quality of services, access to specialized
laboratories, and punctual work, the number of entrepreneurs benefiting from
services provided by the Institute increases steadily.

Cooperation within the platform allows undertaking joint initiatives and
innovative activities, using a variety of unique skills, and creating a specialized
configuration of the competences of the participants in the network, which
greatly increases the effectiveness of combining the world of science and
business. An important aspect is increasing the involvement of companies in
science and research, and in joint applications for funding for projects from
external sources — regional, national, and international.
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Conclusions

The requirements of a knowledge-based economy affect how the new
relationships between the world of science and business are defined, and the
transfer and commercialisation of R&D sector knowledge to the economy
becomes a key factor that allows gaining and maintaining a competitive
advantage. One of the tools that make it possible to more effectively implement
and commercialize the R&D results is a Technology Platform.

Knowledge management within a scientific research unit established in the
form of network cooperation allows generating an added value in terms of the
following:

* Improving the effectiveness through promotion of best practices, concepts,
and the development of projects firmly planted in the economic environment;

* Increasing loyalty by developing and building enduring relationships within
network partners, customers, suppliers, and increasing the quality of these
relationships, which are shaped by the level of mutual trust;

* Increasing chances for future success by creating product innovation,
reducing the time of implementation, and upgrading products and matching
them to market requirements;

» Creating culture based on the paradigm of values by shaping attitudes, and
competences for generating values for the society and the economy; and,

* Increasing the effectiveness of decision-making by making relevant
decisions, thanks to the information supplied to the competent persons at the
right time.

The network of connections created within the platform is a system built
with great care, consisting of interrelated components that make up the
competitive forces throughout the organizational network. The platform, through
its activities, reinforces member integration within the network, facilitates
knowledge coordination processes, enables the development of the skills of its
participants, and (on the macro level) supports building a knowledge-based
economy through the implementation of R&D innovation.

Scientific work executed within the Strategic Programme “Innovative Sys-
tems of Technical Support for Sustainable Development of Economy” within
Innovative Economy Operational Programme.
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Rola Platformy Technologicznej w procesie zargdzania wiedz

Stowa kluczowe

Platforma Technologiczna, sieciowe formy wspoétpracy, sgfmanie wiedz
w procesie komercjalizaciji.

Streszczenie

Zarzzdzanie wiedz przybiera réne formy w zalenosci od charakteru dzia-
talnosci podmiotu, specyfiki braryzi przyjetej strategii. Utworzona w instytucie
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badawczym modelowa Platforma Technologiczna jestedaiegm wspomagaj

cym proces zagdzania wiedg, a w szczegolnas proces kodyfikacji wiedzy.
Platforma umoliwia zaréwno kodyfikagj wiedzy o partnerach i realizowanych
projektach, jak i gromadzenie wiedzy o innowacyjnych razamiach technolo-
gicznych. Platforma unitiwia dyfuzje wiedzy do gospodarki. Jest jednocze-
snie podmiotem identyfikacji potrzeb i oczekitveynku w zakresie innowacyj-
nych technologii. Celem artykutu byta analiza i prezentacja wykorzystania Plat-
formy Technologicznej jako operacyjnego mechanizmu wykorzystywanego
w zarzdzaniu wiedz w procesie komercjalizacji wynikéw prac B+R prowa-
dzonych w jednostce naukowo-badawczej.
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Abstract

Traditional management methods and structures are failing to adequately
accommodate a complex reality, which is characterized by discontinuous
change, hypercompetition and the exponential explosion of information science.
Therefore, it demands a fundamental rethink and the development of
a management paradigm that can withstand the pressure of rapid change in
a borderless, connected, and wired world relying more and more on virtual
structures. Inevitable changes in business environment and the redefinition of
management methods and styles address new challenges for computer science in
offering new services and products tailored to virtual organisational structures.
The paper explores more attentively the potential and advantages of the usage of
advanced information and communication technologies for support of network-
based virtual organisations.

The paper presents a specialised computer system, i.e. Computer PINF
Platform designed to support virtual organisations in the efficient exchange,
diffusion, and transfer of knowledge and innovations. The main features and
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functions offered by the PINF Platform were selected based on in-depth analyses
of its potential users and stakeholders, i.e. research institutions, academia, and
SMEs. The genesis of performed scientific and application works, architecture,
main functions, and practical areas of the application of the Computer PINF
Platform are also revealed in the paper.

The implemented computer PINF Platform is a complex, modular IT tool to
support geographically distributed entities of virtual organisations that aims at
efficient transfer of knowledge and innovation into science, industry, and the
business sector.

1. Virtual organisation as a new management paradigm

Since the dawn of civilisation, new technologies have transformed human
lives. Traditional management methods, structures, and styles are failing to
appropriately adapt to complexity-based world, which is characterized by
constant change, hypercompetition, and the exponential explosion of
information science and shows how the management paradigm has been updated
by the new era of the virtual structures [1]. A shift from the traditional
management paradigm to a new paradigm more conducive to the effective and
efficient operation of virtual management has influenced a dynamic
development of virtual structures.

The concept of virtual structures results from several factors, including
a constantly changing and evolving society as well as the development in the
information and communication technologies (ITCs). In the management
literature, many different new forms of organisations like the ‘inverted
organisation’, ‘spiders web organisation’, or ‘intelligent enterprise’ are
discussed. However, the central theme of the debate during the last years is the
‘virtual organisation’ [2].

Unfortunately, it is quite hard to find a precise and fixed definition of
fundamental notions such as virtual organization or virtual company [3]. The
term virtual organization (VO) ensued from the phrase ‘virtual reality’ and
implies the novel and innovative relationships between organizations and
individuals supported by computer technologies [4], [5].

In the paper, the feature of virtual organisational structure concerning the
usage of advance information technologies for the support of virtual structures
will be explored more attentively. Therefore, few definitions concerning the
significance of ITC in VOs are mentioned. L. Edvinsson, for instance, states that
a VO, for easy transformation in real-time, uses a combination of advance
technologies and well-trained adaptive professionals [6]. L. Kieltyka and
M. Dolinska in one accord claim that a virtual organisational structure is
a dynamic management tool of network cooperation based on computer
networks and information banks, such as the Internet, which are suitable for
communication and gaining the competitive advantage on the global market [7],
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[8]. B. Mikuta states that the foundations for the functioning of the virtual
organisation are communication and computer networks that, through computers
and other audiovisual devices, enable quick contact between cooperating
partners [9]. A VO is able to flexible adapt to changes occurring in the
surrounding environment that is under constant monitoring. Moreover, the usage
of IT systems eliminates barriers, such as the geographical distribution of
cooperation organisations and reduces or eliminates costs (for instance,
travelling expenses) [10]. Another link of a virtual organisation to IT is indicated
by M. Kostera and B. Travica: A VO uses telecommunication technologies to
coordinate spatially dispersed actions of entities that belong to it [11], [12].
Aforementioned definitions precisely outline the leading principle of
a virtual organization, which holds the form of a real (conventional) corporation
from the outside, but it does not actually exist physically and implicates an
entirely digital process relying on independent web associates [13]. Therefore,
virtual organizations are centred on technology and possess limited physical
resources as value is added through knowledge rather than equipment [4].
Crucial factors in a virtual organization are communication processes, because
they are responsible of its efficiency and even to its survival. The collaboration
between associates might also get quite complicated, because this type of
organization denotes only a slight amount of face-to-face interaction. Because of
a lack of multiple communication approaches observed in virtual organizations
[14], it is an ambitious challenge for ICTs to propose tools for exchanging data
and information among locally distributed units of VOs.

2. Computer system for support of virtual organisational cluster

The introduction of new IT technologies has led to a knowledge-based
economy, in terms of which organizations have become increasingly complex.
The technologically induced emergence of a ‘virtual' environment has resulted
in the adoption of new organizational structures and has created new challenges
for the computer science. The emergence of such technologies as e-mail, the
Internet, telecommuting, and voice mail has spawned such products as the
virtual office, the virtual company, and virtual teams [1]. Virtual organizations
have also become increasingly common in the area of research and development,
with often far-flung organizations forming alliances that amount to a ‘Virtual
Research Laboratory’ [15, 16].

To come across the on-going changes in the management paradigm and to
offer innovative IT technologies and services, the Institute for Sustainable
Technologies — National Research Institute (ITeE — NRI) within the Strategic
Programme “Innovative Systems of Technical Support for Sustainable
Development of Economy” created a model virtual organisation — the
Technology Platform that gathers representatives of research centres, institutes,
enterprises, academia, and experts from the advanced technologies domain.
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The Technology Platform can be described as a group of network-based systems
that can simulate the structure and behaviour of the real domain organisations
and quickly and actively exploit fast-changing business and research
opportunities in the area of advanced technologies, such as, inter alia, surface
engineering, mechatronics, control systems, automation, environmental
technologies, and safety systems. Moreover, within the project, a computer
system (the Computer Platform PINF) was developed and implemented for
supporting virtual organisations (dedicated especially for the Technology
Platform) that deal with knowledge and technology transfer into business, R&D,
education, and the industry sector (Fig. 1). The core of the PINF Platform is
aresearch technological institute (ITeE — NRI) that creates a virtual
organisational structure (Technology Platform) with cooperating partners from
various environments of research, the economy, and the public sector. The
backbone of the economy and the most prolific entities in developing new ideas
are Small and Medium Enterprises; therefore, the Technology Platform gathers
more than 50 representatives of SMEs, and this number is constantly growing.

The main goal while designing the Platform was to connect stakeholders
from various environments (business, science, academia) in order to reach out
easily to the various sectors that have common needs that can be mapped with
each other in accordance with their requirement for their mutual benefits. This
approach results in the creation of interdisciplinary teams among the Platform
members that are able to more efficiently tackle engineering problems and
economic needs and offer innovative technological products and technologies
that meet market demands.
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The created IT solution is perfectly settled in the concept of a knowledge-
based society and economy that assume the common use of tele-information
systems to exchange and remotely process information [17]. The PINF
Platform’s vision is to become a European network connecting individuals and
institutions and to enable the sharing of knowledge, data, and tools supporting
the development of innovative technical solutions.

3. Computer platform PINF — main features and future development

The presented, multipurpose Platform PINF is a complex set of
knowledge-based systems and applications designed to support business,
research, and educational processes within a virtual organisation. The platform
has a classical, multitier architecture that enables its functioning in cyberspace
(Fig. 2). Resources available within the PINF Platform through the Internet
include the following:
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— Thematic databases, knowledge bases and repositories containing information
related to broadly defined innovativeness, i.e. complex assessment of
technological products, Business Intelligence, innovation financing, the
economy innovativeness, intellectual property, scientific browsers and
portals, current project calls, product and technologies databases; and,

— Computer applications intended for communication, supporting
interdisciplinary research teams in idea creation, innovation elaboration, the
management of client relations, marketing activities, the dissemination of
research results, the management of scientific journals, and communication.
The resources of the PINF Platform are continuously growing to meet the

requirements of its users.

Because of the fact that the crucial aim of the platform is to maintain the
business processes within the organisation, more attention in this paper was paid
to computer applications that are available to the platform users. The Platform
PINF consists of the following computer applications:

— A system to organise remote video conferences and video seminars without
the necessity of relocation, on short notice, with time and money savings;

— The system Generatinn to develop ideas for innovative solutions, projects,
device designs, and problem solving with the use of the brainstorm method,;

— The system |-Survey to create, store, and publish market and research surveys
through the Internet based on the CAWI method (Computer-assisted web
interviewing);

— The CRM system to manage partners or customers relationships, plan the
realisation of work schedules for research and business teams, provide
complete and homogeneous information, plan and promote marketing
campaigns; and,

— The system JUMS to manage publishing processes, i.e. reviewing, in
scientific journals.

The presented applications have individual interfaces and operate
autonomously in the computational cloud. The PINF Platform outlines a broad
continuum of possible virtual relationships, ranging from relatively simple
outsourcing by a central organization to tightly knit consortia of collaborating
teams. The Computer PINF Platform (user interface — Fig. 3) appears under the
following link: http://mww.pinf.itee.radom.pl.

The created IT Platform PINF is a tool for all registered members of the
Technology Platform, and it is intended for sharing resources (knowledge,
computer applications) in the area of broadly understood innovativeness and
communication. The usefulness and efficiency of the PINF Platform and its
computer technologies and applications in supporting the realisation and
dissemination of the results of innovative processes has already been proven by
many successful events supported by the presented tool, such as projects
scheduling, videoconferences, videoseminars, market surveys, and brainstorming
sessions.
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Fig. 3. The computer platform PINF

The age of the virtual organization is under dynamic development;
therefore, the PINF Platform has a modular structure, and it is prepared to deal
with the adoption or the introduction of ever-newer technologies and the
emerging trends in ICT. The future directions of the platform development
include a module for remote access not only to research results, but also to
modern laboratory apparatus at least at the national scale.
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Summary

Conventional management theories and practices no longer provide the
necessary guidance and support for decision-making in a world of change,
complexity, and uncertainty. This situation is driving the move towards a new
management paradigm, in terms of which the management function will be
radically redefined to take emerging realities into consideration.

Therefore, the presented Computer Platform PINF is a dynamic, scalable,
and virtual structure intended for efficient communication, integration,
dissemination, and information processing, while providing a selective fusion of
knowledge resources of corporations, research institutes, research units and
advisers, and experts that aim at developing innovative technical solutions and
new technologies. The heterogeneous, distributed structure of the platform
enables one to successively widen its information scope and include new
databases and software. The implemented platform PINF ensures stable and
continuous cooperation between research and business organisations directed at
solving complex technical problems. Most importantly, it has a potential to
become an inherent part of modern management framework and tool for virtual
structures that are still under dynamic development and evidently will continue
to manifest at an exponential rate.

Scientific work executed within the Strategic Programme “Innovative
Systems of Technical Support for Sustainable Development of Economy” within
Innovative Economy Operational Programme.

References

1. Murphy J.J.: Virtual Management — a new business organization paradigm,
[online] available at http://www.calumcoburn.co.uk.Murphy

2. Schwarzer B., Krcmar H.: Neue Organisationsformen. New organisation
models. [In]: Information Management, Vol. 9, 1994, pp. 20-27.

3. Afsarmanes H., Camarinha M.: Processes and Foundations for virtual
organizations. USA: Kluwer Academic Publisher, 2004.

4. The Economist, 2009. The virtual organisation. [online] Accessible at:
<http://www.economist.com/node/14301746> [Accessed the 25th February
2015].

5. Greenberg D., Heneman R.: Human Resource Management in Virtual
Organizations. USA: Information Age Publishing, 2002.

6. Edvinsson L.: Kapitat intelektualny, Wydawnictwo Naukowe PWN,
Warszawa 2001, ISBN: 83-01-13509-3.

7. Kieltyka L.: Komunikacja w zagdzaniu. Techniki, natzlzia i formy
przekazu informacji, Placet, Warszawa 2002, ISBN: 83-85428-78-X.



4-2015 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 29

8. Dolinska M.: Projektowanie systeméw informacyjnych na przyktadzie
zarzidzania marketingiem, Placet, Warszawa 2003, ISBN: 83-85428-81-X.

9. Mikuta B.: Organizacje oparte na wiedzy, Wydawnictwo Akademii
Ekonomicznej w Krakowie, Krakow 2006, ISBN: 8372523029.

10. Appel W., Behr R.: Towards the theory of Virtual Organisations:
A description of their formation and figure, Newsletter Vol. 2, No. 2,
pp. 15-36.

11. Kostera M. (ed.): Nowe kierunki w zadzaniu, Wydawnictwa Akademicki
i Profesjonalne, Warszawa 2008, ISBN: 978-83-60807-66-8.

12. Travica B.: The Design of the Virtual Organization: A Research Model
Gupta, Jatinder N.D., Association for Information Systems Proceedings of
the Americas Conference on Information Systems, August 15-17, 1997,
Indianapolis, 1997, pp. 417-419.

13. Burn J., Barnett M., Marshall P.: e-Business strategies for Virtual
Organizations, Oxford: Taylor & Francis Ltd., 2002.

14. Lee M.: Leading Virtual Project Teams: Adapting Leadership Theories and
Communications Techniques to 21st Century Organizations, New York:
CRC Press Taylor & Francis Group, 2014.

15. Russell M.G.: The ‘Virtual Laboratory’: Alliances for Technology Transfer,
Proc. Twenty-Seventh Annual Hawaii International Conference on System
Sciences, 1994, pp. 478-482.

16. Kobrin S.J., Battenberg J.T., Hewitt P., Jennings P. J., Joerres J., Kumar S.,
Mer F.: Worldsourcing’s Next Frontier: R&D, World Economic Forum
Annual Meeting, Davos, Switzerland, 2004.

17. tabgzka J.: Multidisciplinary computer platform as a tool for knowledge
transfer into science and business, Problemy Eksploataciji. Maintenance
Problems, 4/2013, pp. 67-77.

Zdywersyfikowany system komputerowy do wspomagania sieciowych
struktur wirtualnych

Stowa kluczowe

Wirtualna organizacja, wirtualna struktura, system komputerowy, ICT,
platformy informatyczne.

Streszczenie

Tradycyjne metody i style zadzania nie spelnigj juz wymogow
adekwatnogi w stosunku do zianej rzeczywistéci, ktéra charakteryzuje esi
nieustanng dynamilky oraz wszechobec#stia technologii informatycznych.
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Zatem konieczne jest wprowadzanie nowych paradygmatowdzanzia, takich

jak struktury wirtualne, ktére w bardziej efektywny sposdb odpowdadaj
zachodzce w otoczeniu gwaltowne zmiany ekonomiczne, technologiczne,
spoteczne i kulturowe. Nieuchronne zmiany w otoczeniu biznesowym, ktére
wymuszag redefinicg metod i styléw zarglzania, maj takze ogromny wptyw

na pojawiajce s¢ nowe wyzwania stawiane informatyce oraz technologiom ICT
w zakresie oferowania nowych ustug i produktéw dostosowanych do tzw.
wirtualnych struktur organizacyjnych. W artykule przedstawiono potencjat
wykorzystania technologii teleinformatycznych w zakresie wspomagania
funkcjonowania organizacji wirtualnych (OV).

Artykut prezentuje specjalizowany system komputerowy w formule
Platformy informatycznej PINF, ktéra nale do instrumentarium systemow
komputerowych dedykowanych do wspierania funkcjonowania wirtualnego
klastra instytucjonalnego ukierunkowanego na dyfuzinnowacyjnych
technologii oraz wynikow prac badawczych. Analiza potrzeb informacyjnych
z zakresu szeroko mgj innowacyjnosi wsrdéd przedstawicieli jednostek
badawczych i przedshiorstw sektora MSP umbwitla opracowanie zataen
technicznych oraz struktury logicznej i fizycznej efektywnego qunia
komputerowego w formule platformy informatycznej. W artykule zaprezento-
wano genegarchitektury, funkcjonalriei oraz praktyczne obszary wykorzysta-
nia opracowanej Platformy informatyczne;.

Opracowana multisycyplinarna platforma PINF stanowi kompleksowe,
modutowe i elastyczne nadzie wspomagage pra¢ interdyscyplinarnych
zespotdw badawczych oraz efektywny transfer wiedzy i innowacji do sektora
nauki, przemystu oraz biznesu.
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Abstract

Environmental instability pressures companies constantly to change their
products, services and processes. Not taking innovative activities in
organisations possess a risk of losing their market position. Taking action in the
innovation area and creating an environment supporting the development of new
ideas is very important for SMEs. Introducing innovation in organisations is
often joined with resistance from workers. This depends on the ossification of
organisational structures, stereotyping, the lack of resources, or the fear of the
novelty. Creating and introducing innovation in a company could be inhibited by
a series of barriers: economic or psychosocial. Resistance to change is a complex
process and affects the speed and quality of improvements. One should
especially consider the types of barriers that the organisation can independently
affect or even prevent, e.g., psychosocial barriers from workers. The issue of
creating a climate of innovation in a Polish company from the SME sector is not
often researched, but it happens in international companies. Research over the
years by the authors about manufacturing companies confirms that the problem
of psychological barriers is common. The aim of the article is to show the
special role of employees in supporting innovation of Polish companies from the
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SME sector. Every company has a chance to be innovative, but it has to be
consciously and systematically pursued. Innovation in organizations should be
planned and consistent with strategy of the company. Searching for sources of
innovation and evaluating the possibilities of their implementation in specific
conditions, including one of the most important factors — humans, innovation
activities can bring success.

Introduction

In today's volatile economic environment for businesses, the dynamic
processes of globalization in the maintenance and development of the
organization is the ability to create innovation. The ability of innovative
companies is determined by their intrinsic ability to create new products and
technologies, methods of organization, and by their ability to absorb and use
knowledge generated outside the company [1]. These activities require
appropriate technical competence, managerial skill, and the ability to learn. This
encourages organizations to undertake and develop their skills, resources, and
learning.

The process of building a competitive advantage for SMEs on the domestic
market and the related problems are often associated with a low level of
innovation in companies. At the same time, the transfer of research results to the
Polish economy producing development is due to the low interest among
entrepreneurs in activities and the commercialization of innovative research and
the lack of competence of persons involved in these processes [2]. To effectively
mitigate these barriers, it is advisable to undertake educational and promotional
activities aimed directly at employees of companies who have the greatest
impact on the quality and development of the technology needed to compete in
the market [3].

Product innovation, process innovation, organizational innovation, and
marketing innovation are fundamental factors in the company's position in the
market. The need to introduce continuous developments and improvements by
the owners and managers of businesses as well as the entire staff seems
particularly important. The aim of this article is to develop a set of actions to be
implemented in companies in order to reduce barriers to innovation by staff,
which is a significant problem in today's SMEs.

1. Innovation in SMEs

Researches into innovation level of domestic SMEs were carried out
recently by Haffer [4], Mizgajska [5], Jaski [6], Zotnierski [7]. The scope of
the research projects comprised selected companies of different branches from
various locations in Poland. Only research done byaskisand Zotnierski
covered generally all provinces of Poland. In most cases significant obstacles for
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innovations were identified, with lack of specialists and resistance to changes as
the dominant ones.

Over the years, there have been many of barriers existing in the setting up of
innovative companies in Poland, including SMEs, which is also confirmed by
a recent study on mechanical engineering companies carried out by the author
[8]. They focused on the analysis and evaluation of the level of innovation of
Polish machine based enterprises on surveys conducted during the International
Trade Fair of Machine Tools, Tools, Devices, and Equipment for Material
Processing EUROTOOL 2014 in Cracow. The study involved only
manufacturers in the domestic market. The study involved 35 companies, mainly
small and medium-sized enterprises. In addition, a similar study was carried out
in previous years, as described in [9]. It directly results from a study from 2014
that the main barriers to innovation for the surveyed companies, next to a limited
budget (54% of companies) and difficulty in obtaining outside funding (for 51%
of companies), are the employees themselves — 14 companies (40%) answered
that the barrier is the reluctance of workers to change. Compared to the 2009
study [9], there is a growing barrier on the side of the companies’ employees
themselves — their aversion and concerns about the changes, and the lack of
appropriate qualifications and experience is increasingly becoming an obstacle
to innovation.

Other | 0
Ne information on new technologies | 3
The fear of the adverse effects of introduced innovations | 4
The high cost of technology transfer | — 5

Insufficient knowledge and experience of empl

Trouble on the market, high ecenomic risk  [§

The reluctance of workers to change i

Difficulties in obtaining outside funding |}

Lack of sufficient own funds | i 19

® The number of enterprises

Fig. 1. Barriers to implementation of innovations [8]

To the question whether employees participate in trainings, seminars, or
workshops regarding innovation, nearly half of the respondents answered that
their employees participate in such meetings. These companies use both third-
party services, as well as provide training or seminars internally. 17 companies
participating in the study answered that their employees do not participate in
such meetings. The results of these studies confirm that major problems in the
development of the innovation potential of the SMEs sector are psychosocial
barriers, from both workers and managers. The results indicate that the examined
enterprises need action in the form of training, working meetings/design



34 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 4-2015

workshops, self-education, training grants, etc. Due to the fact that Polish
companies has been said to be too little innovative it seems necessary to start
changes in areas of innovation process organisation and creation of relevant
culture supporting innovation [10, 11, 12]. Polish companies still lack the
competence for innovation.

Despite little sample of companies studied (due to restrictions set by criteria
of selection: capital — Polish, size — SME, type — manufacturing) one can
conclude that situation of studied companies is similar to those presented in
results of other researchers [4, 5, 6, 7]. Therefore, authors of the paper consider
model proposed herein as relevant for Polish industrial companies of different
branches.

As a result of rapidly developing technologies and changing internal and
external environment, including law, companies face the challenge of
developing a system of continuing education to prepare staff for the
implementation of innovative processes in modern enterprises.

2. Innovation culture in company

Managing knowledge accumulated by the company is the basis for the
development of innovation. The intellectual capital of the company based on
processes of continuous learning, gathering knowledge and their dissemination
are all elements that help to create a culture of innovation.

Organizational culture is a set of certain values and norms of conduct
prevailing in the organization. This culture is reflected in the behaviour, attitudes
and reactions, the approach to solving the problems individuals, or being in
social groups.

The influence on the culture of the organization is also found in workplace —
production areas, offices, and interior aesthetics. The climate of innovation
culture is characterized by flexibility, high tolerance for uncertainty, and
dynamics of action. The main task of an innovation culture in a company is to
support the innovation process.

In terms of system innovation processes, an interdisciplinary process
involving the creation, diffusion, adaptation and innovation analysis and result
of innovation [13] or the result of a kind of complicated, continuous
relationships and interactions between individuals, community organizations and
their activities are important [14]. The concept of showing the innovation
process as a result of analysis is found in the relationships between the creation
of a learning organization and the organization of knowledge and innovation
organizations, and it is expressed in a spiral model [15].

The company focused on innovation should stand out with clearly defined
strategies and innovation purposes. The achievement of planned objectives
should be supported through cooperation and teamwork. A culture of innovation
is based on the frequent training of employees, training creativity, and building a
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positive atmosphere in the company. Innovation is a process developed by all
departments of the company such as manufacturing, commercial, administrative,
and marketing. To make the process run smoothly and make sure innovation will
have positive effect, the organizational structure should have integrated
departments with a high degree of communication and flow of information or
cooperation between the departments. An important factor is having the right
people in the highest positions — executive board. To succeed, we need people
full of energy and enthusiasm, able to face the challenges.

Summing up, the internal components that have a direct influence on the
growth of the innovation climate are a unified vision of organization, leadership,
a willingness to be innovative, an appropriate organizational structure, creative
teams, and the involvement of employees (Fig. 2). With these components, one
can effectively implement the objectives of the innovative organization.

Innovative culture

Appropriate
arganization
structure

Team
working

Being

Involvement
innovative

Leadership One vision

N\ P .. / AN .

Fig. 2. Influences on the culture of innovation [16]

Innovative company culture is an element that needs to be constantly
improved. The main cultural visions needed to support innovation are a focus on
the future, openness to change, willingness to take risks and experiment, creativity,
mutual tolerance for mistakes, and multiple support and cooperation. There must
be a common goal, vision, and faith in action leading to a desired result.

The main exemplars for the culture of innovation is taking risks, tolerance,
teamwork, speed of action, and making decisions. In companies where there is
a culture of innovation, employees are likely to cope with uncertainty, based on
their knowledge and experience.

They are formed a cooperative network by setting up task forces. Managers
use a management style that is conducive to independent actions of employees, so
that they have the initiative and make their own decisions. A culture of innovation
means an atmosphere of freedom, time, and a place of work where a level of
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mistakes is tolerated. Innovation in a company should begin with the right people.
At the recruitment level for companies of different industries, there should be a
search for people who are graduates of Management and Production Engineering,
where they learned about management strategy, the development and
implementation of innovation, production management, quality, service, and
innovative product development.

Also noteworthy are any issues about the social impact of innovation known
as “Technology Assessment” [17] or competence in the assessment of the
implementation of new technologies and products to various aspects of society,
taught in the context of the Management and Production Engineering.

Production engineering is an interdisciplinary field of study at the Faculty of
Mechanical Engineering of the Cracow, which is adapted to the needs and
expectations of employers and labour market requirements, allowing one to obtain
knowledge of the design of products and processes, basic control, operation,
organization, and management of manufacturing processes. Production
engineering graduates find employment in small, medium, and large
manufacturing and service companies, in the design and consulting firms, and
other economic and administrative units, which require technical expertise,
information technology, and economic understanding. During the course, students
learn the about issues in the following areas: creating a climate of innovation in
organizations, technology transfer and innovation management within the subjects
of innovation and technology transfer and intellectual property protection.

3. The role of employees in creating a climate of innovation in SMEs

Based on the analysis of domestic and foreign companies with a highly
developed level of innovation, the authors have created a model of
implementation innovation. It could be used as a guide by the company creating
the role of employees in the process of innovation.

Tips are created mainly for small and medium-sized companies in which
innovative activity is not started or is still in the early level of implementation.

People in all positions in company are responsible for innovation, so the
innovation process should start at the recruitment. It is important to hire people
with the innovators personal characteristics who are not afraid to take risks. A
company can create workplaces, where personal duties include responsibility for
the management of the innovation process. It is important that system work is
flexible and determined in relation to the position of employment. It is important
to provide a personal space for each worker that is ergonomically adapted to the
needs of the staff. In the process of creating innovation, a huge role is the
implementation of an organizational culture based on teamwork. Grouping
project teams should be done in terms of culture, experience, or skills. This
operation contributes to the wider horizon approach.
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1. Recruitment and work places

Z. Worlcsystem

3. Management

4. Motivating system
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7. Enhance qualifications and skills

8. Preparation for changes

Fig. 3. Impact on innovation company (own work)

Creating a workplace conducive to the development of innovation, the
company must pay attention to communication in the company and
management’'s approach to their subordinates. The company should be
particularly concerned about the creation of a positive relationship between the
head of management and employees. Regular information meetings with middle
management are helpful. The company should demonstrate a willingness to
create two-way communication and open dialogue with employees, which may
include a lot of trainings and workshops for the staff. Forming a public database
of information about a current projects, the composition of the teams, and
suggestions for the company's operations should also be done. These activities
give employees the opportunity to decide about the company and then increase
their involvement in the company’s issues.

Management must demonstrate their commitment and understand the
process of the implementation of innovations to effectively lead the subordinates
and organization through the changes that are related with this process. The
leader should have the ability to create a workplace conducive to creative
approaches for the performance of duties. In each innovated project, there is an
inscribed risk related to the failure of a new project and material losses.
Effective risk management is another feature of a good leader. Managers who
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use an innovation-oriented approach to personnel management actions often

persuade employees to action rather than give specific commands. They create

a strong team, with commitment, and share awards and recognition. The

foundation for leaders to pursue innovation is the combination of team

management skills and motivation as well and the proper level of sharing
information with employees.

Management should take the following actions:

* Motivate and encourage the activities of employees;

» Determine ambitious goals, while developing competence;

* Have an openness to ideas and a tolerance of mistakes, while rewarding all
work efforts;

* Take an individual approach to each employee and his or her needs;

» Pass the company's philosophy down to subordinates; and,

* Overcome the barriers produced by the fear of failure in workers.

The innovative organization should be aware of the importance of a bonus
system for employees. The system will be appreciated where the staff awards are
valuable to the employees. The most common motivators are praise, reward, and
material and non-material (e.g. promotions) incentives. The company should
develop a system to motivate employees based on the following features:

— A personalized reward system corresponding to the aspirations and
expectations of employees (funding courses of study, training, conferences
relevant to your interests, and a learning profile);

* Rewarding innovative idea competitions;
» Benefits (e.g. discounts for sports centres and cultural events); and,
» Celebration of individual success, as well as corporate events.

People are the foundation of innovation, and their satisfaction with the
performance of their duties directly reflects in the results of their work. The
innovation potential of a company depends on the people working there.
Employees should be aware of the company’s mission, and know the impact of
their work on the development and on the position of the company. They should
have a chance to develop, expand their horizons, and get satisfaction from these
things. Employees represent the company, and their attitudes represent the ideas,
principles, and the company’'s brand. Their development should benefit
themselves and the organization.

The company should ensure that the following are provided:

— An awareness of the purpose, meaning, and impact of personal work to the
development of the company;

* Freedom of action, where the workers personally decide the quality of
their work and the value of their hard work, commitment, and results;

» Employees develop a passion for their word that provides opportunity for
their development and promotion;

» People with different experiences and skills are connected so that they can
learn from each other and broaden their view of the problem; and,
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* Innovative activities are include in the scope of the responsibilities of each
employees;

» Continuous improvement skills of all employees - creating a learning
organization: training and workshops.

Communication inside the organization has influence on the behaviour of
people working in it. It is important to develop a system of effective
communication in the company by the following:

» Direct Communication: regular information meetings;

» Communication: information boards, newsletters, newspapers, including
Internet resources (e.g., email, forums, chat rooms, and video meetings) and
Intranet (e.g., internal electronic portal, internal conferences, and webcasts);

* Having no barriers between the cells of the company — anyone can ask
anyone regardless of their position;

» A place where you can share your ideas (e.g., a special information board or
suggestion box);

* Regular meetings with groups of employees to inform them about the
achievements and activities of the individual units; and,

» Training and workshops.

The task of employees is to prepare for rapidly changing markets by
observing and analysing the actions of competitors. Management should ensure
the capacity to build the organization, which allows a flexible response to
change, and to use the opportunities and possibilities offered by the
environment. Changes in the organization should provide the possibility for
individual development to acquire new competencies, adapting to new roles, and
overcoming barriers. The diversity of the organization and their specific
activities in any business process of innovation implementation may look
differently. Developing innovation system requires a lot of tests and learning
based on making mistakes. The implementation process of innovation requires
lot of work and commitment, and it is associated with many changes. This is
connected with revolution in the company, tearing down existing structures,
learning, and perfecting new solutions, so that they become an integral part of
the company.

Summary

Modern organizations should strive to become learning organizations,
constantly reinforcing opportunities to shape their own future [18]. With the
learning processes taking place in them, they can make changes, even in the area
of organizational culture, to adapt to progress in the environment.

Among the many elements of the contemporary system of the continuing
education of employees, the following can be distinguished [19]: job rotation,
reading professional literature, and the participation of workers in training and
internships, mentoring, coaching, and employee participation in formal
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education, for example, extramural studies, and post-participation of employees
in conferences and fairs. These actions, and especially those presented in the
framework of the model (Fig. 3), should serve as the basis for national SMEs in
starting or improving the climate and culture of innovation.
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Tworzenie klimatu innowacyjnosci jako warunek rozwoju MSP

Stowa kluczowe

Innowacje, personel, innowacyjnogézedsgbiorstwa, kultura innowacji, ISP.

Streszczenie

Zmiennos¢ otoczenia zmusza firmy doagtych zmian swoich produktow,
ustug i procesdw. Niepodejmowanie dziald@ktiadnnowacyjnej w organizacjach
oznacza ryzyko utraty dotychczasowej pozycji rynkowejwiddomienie, zro-
zumienie i podjcie dziatsh w obszarze budowania innowacyjobéraz tworze-
nie srodowiska sprzyjajcego rozwojowi nowych idei ma wspoténée ogromne
znaczenie dla rozwoju $P. Wprowadzanie innowacji w organizacjach napoty-
ka czsto na réne opory ze strony personelu, wyndeg zaréwno ze skostnie-
nia struktur organizacyjnych, stereotypowegosleryia, braku zasobéw, obaw
przed nowym. Kreowanie i wprowadzanie innowacjizandy¢ utrudniane (cza-
sami nawet uniemdisviane) przez szereg barier o charakterze biurokratycznym,
ekonomicznym czy psychospotecznym. Opory wobec zmian mh@ona natu-
re, wptywajg na szybkoscéoraz jakos¢usprawnié oraz czsto g specyficzne
tylko dla konkretnych organizacji. Na uwagastuguy szczegolnie te rodzaje
barier, na ktére organizacja wvesamodzielnie oddzialywaa nawet im prze-
ciwdziata, czyli bariery psychospoteczne istai@g po stronie personelu. Pro-
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blematyka ksztattowania klimatu innowacyjoosv polskich przedgbiorstwach

z sektora MP jest rzadko badana w przecingéwie do firm médzynarodo-
wych. Badania przedsiiorstw przemystu maszynowego przeprowadzone przez
autorle na przestrzeni lat potwierdaagktualnd¢ tego problemu. Celem artyku-
lu jest ukazanie szczegoOlnej roli personelu we wspomaganiu innowsayjno
polskich przedsbiorstw z sektora MP. Kazde przedsibiorstwo ma szargsby¢
innowacyjne, jednak musi do tegwiadomie i systematycznie daz Wprowa-
dzanie innowacji w organizacjach powinno¢lyziataniem zaplanowanym oraz
spojnym z obranstrategi przedsgbiorstwa. Dz¢ki poszukiwaniuzrodet inno-
wacji, jak i ocenie mdiwosci ich wprowadzenia w konkretnych warunkach,
z uwzgkdnieniem jednego z najumiejszych czynnikdw, jakimgsludzie, dzia-
talnos¢ innowacyjna moe przynost sukcesy.
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Abstract

Intensive and uneven economic development of the world stimulates the
undertaking of research and analysis aimed at identifying the state and the
development directions of the innovation potential in different areas of the
economy. This article describes a methodology of research in innovation
supported by information technology, and in particular, the procedures for
designating the key factors of growth promoting in innovation in the field of
advanced and medium-advanced technologies. An application of this
methodology makes it easier to see weak and strong points, and it indicates
opportunities for improvement and development for the researched areas of the
economy (industrial processing sectors, producer groups, and regions).

The developed methodology was applied in the research of selected sectors
of industrial processing, producer groups, and of the economy at the regional
level. Particular attention was given to providing the possibility of estimating the
chances of product development belonging to the groups of advanced and
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medium-advanced manufacturing technology and operation. The application of
the methodology in the sector of highly advanced and medium-advanced
technology of industrial processing is extremely important due to the need to
address planned investments in the development of products with high
innovative potential and promising commercial success, which in turn reduces
the financial risk of the investment. The examples referred to in the article
related to the use of the methodology of innovation studies have confirmed its
usefulness and the possibility of further applications, such as in the planning of
research and development of innovative products. The obtained results are of
both strategic and operational importance, since they may be used for the
formulation of the specialization of the Polish EU-28 production and determine
the competitive position of Polish products in the industry. Moreover, research
and innovation analyses provide relevant information that is useful to
entrepreneurs in the creation of their development strategy, for example, in the
decisions concerning the planning of the product volume by placing its own
production in the competitive market of the industry.

Introduction

The purpose of this article is to present the changes in the results of the
innovation evaluation of Polish industrial processing sectors, based on the
example of comparative studies in 2009, 2011, and 2012, and, in particular,
advanced technology branches of industrial processing whose products are
appropriate for applications in Strategic Programme (P8avative Systems of
Technical Support for Sustainable Development.

The need for early detection of adverse trends in the economy in the area of
innovation necessitates a multidimensional assessment with a view to
developing appropriate mechanisms for the stimulation of the development of
technology and the improvement of innovation.

Innovation is one of the many subjects (economics, marketing, finance,
social statistics and economic analysis, organisation and management, insurance,
regional analysis, and others) for which research must take into account the
complexity of the phenomenon, and in its description — multi-dimensionality
problems [1]. Moreover, innovation is one of the soft factors associated with the
development of the creative category that produces new knowledge, related to
the quality of infrastructure, including research and development and an
effective (modern) industrial base [5].

The European Union comparative studies of sectoral innov&amtoral
Innovation Watch(SIW), used factors grouped in three thematic blocks
(knowledge and technology, interactions between partners, and cooperation with
institutions). In the assessment kfiowledge and technologyhe following
indicators were used [2]:
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From the area outside the research and development dctivity

» The intensity of raising funds from external sources,

» The intensity of the investment into equipment and software;

— R&D intensity, which is the ratio of the expenditure on R&D activities to the
value added or sold production;

— Participation of companies introducing new products to the market in agiven
sector;

— Defining skills (HRST, the percentage of high-level, highly qualified
managers, the proportion of highly skilled technicians, and the share of
highly qualified specialists (ICT));

— Denoting the percentage of companies engaged in training activities.
Although the results of the work of the SIW are of particular importance for

the determination of the technical distance within the European Union industry,

they have been criticized by the authors from the Centre for European Economic

Research (ZEW) [2] because of the use relative specialisation index in

technology (RCA) [3]. One of the elements of the RCA was being questioned,

namely, the productivity of a patent, which is the relationship between patent
applications and the economic performance. It was considered that, in view of
low patenting capabilities of many countries, patents could not be accepted as an
element of European expertise assessment in technology.

The European studies carried out in 19 economic areas in the EU-27,
Japan, and the United States, indicate that the European Union still focuses on
the traditional industry (machinery, metal products), while the US and Japan
focus mainly on industrial support technologies (biotechnology,
nanotechnology and ICT).

The results presented in this article for a multidimensional evaluation of
innovation pertain to aelected areaf industry, including the production of
chemicals and chemical products (NACID: medium-high technology), metal
products (NACE 25; medium-low), electronic and optical products (NACE 26;
high), electrical equipment (NACE 27; medium-high), and machinery and
equipment (NACE 28; medium-high). From the selected area of the industry,
for the product analysis, products and services were selected that shared
similar technical and functional characteristics to the planned and achieved
results in PS [8-10].

1. A description of selected indicators for researched sectors

The researched sectors in the years 2009—-2013 indicate that the importance
of the selected Polish branches of industrial processing slightly decreased in the
production of industrial processing sales (a decrease from 26.2% in 2009 to

! Non-R&D innovation activities.
2 polish enterprise classification number.
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24.9% in 2013). Researched sectors, until 2012, showed an increase in the trend
of production sales, with the exception electronic and optical equipment
production where there had been a decline. The increase of production sales in
2013 occurred only in the production of electrical products (Fig. 1).

billion PLN
100 metal products
80 —@-— chemicals and chemical
60 - roducts )
—fy== g|ectrical equipement
40 - = == machinery and equipment
20 nec. . )
--<m-- electronic and optical
0 . products

2009 2010 2011 2012 2013

Fig. 1. Changes in the value of production sales in selected sectors of the industrial processing in
the years 2009-2013 (elaboration based on GUS data — Central Statisticaf.Office)

The highest investment in innovation activities of the five researched sectors
was made inmetal products manufacturing (8.2% of the investments of
industrial processing in 2013), and the lowest wa®lectronic and optical
equipment manufacturing (2.7%) It should be noted that, in 2013, most of the
surveyed sectored sustained significantly higher expenditures on R&D activities,
per employee, than the average in industrial processing (Fig. 2).

electrical equipem eNt | ——
electronic and optical produc! g ———
machinery and equipment n.e. G ——
chemicals and chemical producig s ——————
Manufacturing e ——

metal ProduCts I
- 1,0 2,0 3,0 4,0
2011 m=2013 in thousands PLN

Fig. 2. The expenditure on R&D activities per one employee in the researched branches in
comparison with the average in the processing industry in the years 2011-2013

3 Also in the subsequent Tables, unless stated otherwise.
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The presented issue, due to the importance of selected sector in modernising
the economy, should meet with the interest of the companies from the researched
sectors and constitute a contribution to sectoral analyses.

2. The methodology for multidimensional evaluation of innovation

To designate the synthetic evaluation of the innovation potential of
industrial processing sectors, Regional National Summary Innovation Index

(RNSII) was used, whose formula was included in the schema of the presented
algorithmic model (Fig. 3).
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L
w

Determining the nature of the
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B
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\ 4
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A =M To assess the dynamics in

\ 4
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A b 1o
variables o RNSIl,, = ;Z X0
/ m&
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\

Develop recormmendations —
directions to improve

Fig. 3. The diagram of the algorithmic model for multidimensional comparative analysis of
innovation [7].
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The innovation of sectors in theear is referred to as a matrix’, ¥vhich
containsn groups (sectors)n(= 24), andn-dimensional ifn = 19 factors). The
design of the synthetic indicator of sector innovation was a model that
aggregates the calculation of synthetic indicator [6].

An important aspect in the applied method of the multi-parameter
evaluation of innovation in the selected sectors of the Polish industrial
production is the matter of relativity, that is, the reference point of
measurements. This reference point was the mean value for industrial
processing.

In the assessment, the level of innovation in industrial processing sectors
was established based on the following classification [11]:

Strong sector, Medium-weak "
when dj)d +s; when 4-S(di<d;
Medium-strong Weak (blank areas)
_ _ . v
whend (di<d +s; when dj<q-s

where the measure of the developmgmdesponds to level of synthetic indi-

cator of the sector innovation, amid, s, respectively, mean the arithmetic mean
and standard deviation of the studied factor.

Standardized factors for Polish sectors were reduced, and the modified
matrix of indicators satisfying the condition of at least mean correlation was
ordered. Indicators with the lowest correlation values were rejected. To carry
out further assessments of innovation, a modified set of indicators was adopted
which was presented during the discussion of surpluses and deficiencies of
factors shaping innovation.

In the development of recommendations for decision support in the area of
advanced technology, the procedure presented in Figure 4 was used.
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Determining the place of innovation :> Determining the position of the studied are
potential of the researched area A)
4 L
Determining the changes in the fractio :> Determining the direction
nal and aggregate evaluation of innova- of the changes in the studied area |—
tion in the studies area (**) (B)
: :> Determining the distance and strategic g
Presenting the development trends of the (©)
area (and the chances for its deve-
lopment), taking into account the distan-
ce of the studies area relative to the |:> Identifying of trends of development
leade (D)

igs

Identifying the specific characteristics
and assets in the field of advanced
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field of advanced technologies by analogy
to Florence's indicator

(B
Determining the main barriers to the | == Identifying strengths
development in the growth areas under and weaknesses
investigations (potential -modules) )

{1 J

Developing recommendations for decision support in the
area of advanced technologies

Fig. 4. The procedure for supporting decision-making process in the area of advanced
technologies [4], [7]-

Due to the limited scope of this article, only selected findings are presented.

3. The results of a multidimensional evaluation of innovation of selected
sectors in industrial processing

The results of the conducted research, with an indication of the synthetic
value of the innovative potential of sectors in 2009-2012, ranking sites and the
obtained the level of innovation are shown in Table 1. Among the sectors
accepted for research, the highest rankirij glace in 2012 with the synthetic
innovation potential of 0.332) was received by electronic and optical equipment
manufacturing.
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Table 1. The level and the potential of innovation for industrial processing sectors in 2009, 2011,
and 2012 d¢rder according to the results of 2012

Production sectors, taking into acco nEOOQ Synthetic innovation
the place in the ranking: potential (2012)
01. pharmaceutical productée leader 0.427

02. electronic and optical equipment 0.332

08. metal products 0.253

12. electrical equipment 0.228

16. chemicals and chemical products 0.209

18. machinery and equipment 0.203

In the research, the impact of partial evaluation (modules) was studied on
the synthetic evaluation of innovation for electronic and optical equipment
manufacturing (Tab. 2).

Table 2. The impact of modules on the synthetic evaluation of innovation in electronic and optical
equipment manufacturing in the years 2009 and 2011

Module share in %
Manufacturing off  Module | Module I
electronic and Work module Module V
ical Module Il | innovation | Module IV L
optica resources an R&D " : . Productivity of
: d ’ inancing | Modernity
equipment (and| the creation Intensit and non *) resources and
computers ) of new Y R&D energy
knowledge
2009 18.6 1.0 3.0 36.8 40.5
2011 29.6 4.4 6.2 33.8 26.0
2012 21.7 1.3 4.5 40.4 32.2
Mean 23.3 2.2 4.6 37.0 32.9

The analysis of the data presented in Table 2 indicates that the synthetic
assessment of the production innovation of electronic and optical devices was
influenced the most byodernisation (37.0%]}he productivity of resources and
energy(33.9%) and work resourcemnd the creation of new knowled@3.3%).

At the same time, the share of other modules was very low, for exdr#&ile,
intensity(on average for the years 2009-2013 — 2.2%), and innovation financing
and non-R&D (4.6%).

Assuming a uniform distribution of the importance of indicators (i.e.,
5.26%, with 19 explanatory factors) each factor should have the same
contribution to the development of innovation. However, in the production of
electronic and optical devices, eight factors show higher impact, including two
indicators from Module VProductivity of resources and energy (productivity of
fixed assets and machinery, electricity consumptiwg,factors from Module |
(human resources and the creation of new knowladgkiding participation of
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staff in R&D activities and the participation of researchargl three related to

the application of advanced technologi@omputers for the control and
adjustment of automation processes, participation in investments, the computer-
controlled production lings The remaining eleven factors show a much lower
contribution (Fig. 5), which is particularly associated with very use of low
innovative potential in the area d@fnovation financing, and a low level of
training of human resources.

Productivity fixed assefg : - : 2
Computers of the control and regulation|of technologiged=— I I I !
The share machines in investment outjays: L L L 1

Productjvity machiner, I . 1

The share employee in R&D per emplo:ﬁ:

The share of researches per employee, §

Production lines computer in bilion gros value of fixed .
Consumption of electricity per paid employee in M‘&l

[——————1 Production lines automatic|in bilion gros yalue of fixed assets
) The degree ¢f involvement| of industry in the development
’H_I%: The intensity|of new knowledge
} The share oflown funds in jndustry, in %
] The share of|bank credits ¢f funds innovation in industty...
J Intensity R&DD in sold prodyiction for new [or significantly...

The share of|expenditures fin training on marketing for hew...

Expenditureg on &D in tholisands per regearcher...
Energy intengity of sold prgduction in kWh

The acquisitipn of knowledpe from external sources per...
Expenditureg in training on marketing in felations R

I
|
|
|
T
-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0 8.0 in %

Fig. 5. Surpluses and shortages of factors shaping innovation in the production of electronic and
optical equipment, taking into account an even distribution of the importance of factors
(5.26%) (an average rating of 2009-2012)

In assessing innovation of selected industrial processing sectors, the
condition has been maintained that the applied indicators are stimimatitis
case, the obtained negative aggregate deviations are the result of a deterioration
in the comparable periods (t and t + @On the basis of the analysis, it can be
concluded that, in the production of electronic and optical devices, the increase
in synthetic impact deviation was positively influenced by the increase results of
the following four moduleswork resourcesand creating new knowledge
innovation financing and non-R&Dand R&D intensity and modernisation,
while the results worsened in relation to theductivity of resources and
energy

The studies carried out in the Institute for Sustainable Technologies in
Radom identified specific characteristics and assets in the field of advanced
technologies. In the researched sectirs manufacture of machineapdmetal
products manufacturing show a high rate of specialization in the field of
machining centres, and the production of chemicals for automated and
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computer-controlled lines. Moreover, the quantification of the contribution
(share) was taken into account of the explanatory variables for the modernisation
variable (application of advanced techniques). This quantification in the
production of electronic and optical devices suggests thatdahgputers for
controlling and regulating processg®n average, 37.9%) have the greatest
influence on the aggregate variable assessment of modernisation and their
influence shows a rising trend. This factor, together with the participation of the
machines in the investmenipre than doubles the advantage (70.5%) over other
factors (29.5%).

Conclusion

The verification of the methodology provided results lead to the conclusion
that the best rating was obtained for the manufacture of electronic and optical
equipment, which, in the 4-level rating, received Level | for innovation, and the
weakest was the manufacture of machinery and technical equipment (Level Il
of innovation).

The results of the conducted assessments of innovation in industrial
processing have allowed a formulation of specific recommendations. The
identified recommendations point to the need to support the decision-making
processes in the designated sectors, mainly in the following areas: low intensity
of R&D activities (including the purchase of new knowledge and software) and
innovation outside the R&D activities (investments in machinery, marketing,
provision of a suitable environment for innovation).

The areas that require external support and direction are the intensity of
innovation in areas outside the R&D activities (mainly through purchases of
machinery, including imports) are primarily manufacturers of electrical
equipment, machinery and equipment, and the manufacture of electronic and
optical equipment.

These sectors are an opportunity for the R&D sector to strengthen them
through the ready products (applications), which are the results of the Strategic
Programme, development programmes, as well as by strengthening the research
potential of these industries in joint solutions for new or upgraded products.

Scientific work executed within the Strategic Programme “Innovative
Systems of Technical Support for Sustainable Development of Economy” within
Innovative Economy Operational Programme.
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Metodyka badania oceny stanu i uwarunkowaiwzrostu innowacyjnogi
w obszarze zaawansowanych technologii wytwarzania

Stowa kluczowe

Innowacyjnos¢ monitoring, wielowymiarowa ocena innowacy§op zaawan-
sowane technologie.

Streszczenie

Intensywny i nierdwnomierny rozwoj gospodarcayiata sklania do prze-
prowadzania badai analiz, ktorych celem jest identyfikacja stanu, kierunkow
i moZiwosci rozwoju potencjatu innowacyjnego wzrych obszarach gospoda-
rowania. W artykule przedstawiono metoelydadania innowacyjréei wspoma-
gana przez aplikag informatyczng w szczegolnadi uwzgkdniono procedury
wyznaczania kluczowych czynnikow stymuleych wzrost innowacyjnas
w sektorze zaawansowanyclrédniozaawansowanych technologii. Zastosowa-
nie metodyki utatwia prace zgaane z wyznaczaniem stabych i mocnych stron,
ze wskazaniem mitiwosci poprawy i szans rozwojowych badanych obszarow
gospodarki (dzialbw przetworstwa przemystowego, grup producenckich oraz
regionow).

Opracowana metodyka znalazta zastosowanie w badaniach wybranych dzia-
tow przetworstwa przemystowego, grup producenckich oraz gospodarki w ukia-
dzie regionalnym. Szczegodlngwag zwrdcono na zapewnienie tisvosci
szacowania szans rozwojowych produktéw aglgch do grup zaawansowa-
nych i sredniozaawansowanych technologii wytwarzania i eksploatacji. Zasto-
sowanie metodyki w sektorze wysokigjredniowysokiej techniki przetworstwa
przemystowego jest niezwykle istotne ze wdgl na zapewnienie adresowania
planowanych inwestycji finansowych w rozwéj produktéw o wysokim potencja-
le innowacyjnym i rokujcych szanse sukcesu komercyjnego, co z kolei pozwala
na zmniejszenie ryzyka finansowego inwestycji. Wymienione w artykule przy-
ktady zastosowania metodyki badania innowacynpodtwierdzity jej przydat-
nos¢ i modiwosci kolejnych aplikacji, m.in. w planowaniu badarozwoju in-
nowacyjnych produktéw. Uzyskane wyniki manaczenie zaréwno strategicz-
ne, jak i operacyjne, stuAsgowiem do sformutowania specjalizacji polskiej pro-
dukcji w UE-28 czy te okreilenia pozycji konkurencyjnej polskich produktow
w brany. Badania i analizy innowacyjncisdostarczaj takze istotnych infor-
macji przydatnych przeddiiorcom w tworzeniu strategii rozwojowych, np.

w decyzjach dotyegcych planowania wolumenu produktow przebtgirstwa
poprzez umiejscowienie wiasnej produkcji na konkurencyjnym rynku danej
brany.
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Abstract

The development of knowledge-based economies is dictated by the
intensification of globalisation processes and the emergence of information
societies characterised by the growing demand for knowledge and innovations.
Effective execution of the knowledge and technology transfer processes is
therefore the foundation of the contemporary knowledge-based economy
because as a result of these processes novel technologies are brought to the
market and the development of better products and services meeting the actual
customer requirements is stimulated, and the national innovation performance
and the level of competitiveness are improved. The author presents the issues
connected with the organisation and management of knowledge and technology
transfer from R&D organisations. The discussion is based on international case
study analyses whose results helped to indicate the models and procedures
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commonly applied by these institutions to ensure an effective execution of the
transfer process.

Introduction

In the contemporary world, knowledge and technological innovations are
viewed as the drivers of productivity and social and economic development. The
changing understanding of knowledge and technology transfer in the knowledge-
based economies complies with the priorities of the economic sustainable
development. In this new reality it is extremely important for all entities (be it
research institutes, universities, or businesses) engaged in the development and
commercialisation of know-how and innovations to ensure effectiveness of these
processes, and in order to do so, these organisations also need to properly
manage their knowledge so as to be able to build and maintain their competitive
advantage.

The knowledge management term was popularised by Ikujiro Nonaka [1]
and it refers to the systematic creation, dissemination and use of knowledge.
Knowledge management is a process involving different kinds of activities that
define the objectives of a given system and help to achieve them. The individual
functions intertwine, creating a management process within which the
hierarchical and functional dependencies can be found. Effective management of
knowledge translates into effective execution of knowledge and technology
transfer processes, and therefore it decides on the competitiveness and
innovativeness of both research organisations and businesses in which research
results are practically implemented, and as a result constitutes the foundation of
contemporary knowledge-based economies.

From the point of view of an organisation, knowledge and technology
transfer are elements of competitive advantage building, and their effective
execution is included in a strategic management process. The importance of
strategic management was discussed in many works by e.g. A.D. Chandler
(1962) [2], K.R. Andrews (1980) [3], H.l. Ansoff (1985) [4], P.F. Drucker
(2002) [5], or R.L. Ackoff (2002) [6]. The objective of strategic management is
long-term planning concerning the activity of an organisation focused
particularly on the issues of effective management and development. In this
view, maintaining close and efficient relations between science and industry is
a must, and the flow of know-how between universities, research organisations
and businesses, should be a strategic mission of all governments, local
authorities, and most of all the science and R&D sector, as active participation in
these processes helps to generate increased research funding, engages more
scientists and business people in the development and diffusion of innovations
and brings socio-economic benefits, not only to individual stakeholders engaged
in the knowledge transfer project but also to the entire region or the country
(Mansfield 1975 [7], Backer 2000 [8]).
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The focus of knowledge and technology transfer processes is the
dissemination of know-how regarding the scientific and innovative practice to
individual organisations so as to help them manage the challenges of using that
knowledge and/or its products to create change within their work settings
(Backer 2000 [8]). Knowledge and technology transfer encompasses
a complicated process involving the complexity of both the technology and the
market as well as the complexity of interactions between the transferor and the
beneficiary originating from many different sources (Saad et al. 2002 [9]; Lee et
al. 2010 [10]; Gudek 2013 [11]). It therefore requires all involved entities to be
properly equipped to manage and execute a knowledge and technology transfer
process, and thus calls for the application of different models, systems and
procedures that could facilitate the effective planning and practical
implementation of know-how and technologies, and might also help to manage
and overcome the barriers that may impede the success of the transfer process.

As shown in numerous scientific publications and expert reports (e.g. Office
of Inspector General, 2012 [12]; European Commission, 2013 [13]), the transfer
of knowledge and its material results is still a problematic issue and though
nowadays governments, local authorities, science and research institutions and
businesses have paid a lot of attention to the importance of the transfer of know-
how and innovation commercialisation processes, the diffusion of knowledge is
still not at a satisfactory level both in the developed and developing economies
(see e.g. performance measures in the Knowledge Transfer Study 2010-2012 by
the European Commission, 2013 [13]). The European economy, for instance,
still seems to be based on old paradigms, in which insufficient emphasis is put
on the market orientation of research results (Matusiak andskRuR011 [14]).
Despite the fact that Europe has great experience in the execution of both basic
and applied research, the ability to transfer its results to commercial use in the
form of new technologies, products or services is still much lower compared to
the EU’s main competitor — the USA (Wnuk et. al. 2014 [15]). In the States,
however, the problems of ineffective practical implementation of research
results are also a common phenomenon, and even such renowned R&D centres
as the NASA battle with ineffective transfer of knowledge and its material
results (NASA 2012 [16]). In Poland, despite humerous socio-economic changes
and reforms in the Polish R&D sector, which were first triggered by the
economic transition process in 1989, few fundamental changes could in fact be
noticed as far as the practical application of research results is concerned (Wnuk
2014 [17]).

No universal technology transfer models (TT models) can be found in
literature, therefore, up to date analyses of case studies and good practices seem
to be very important as the emulation of certain positive behaviours in this field
may turn out to be beneficial for the organisation conducting a knowledge and
technology transfer process. For that reason, the scope of the article is the review
of literature and the empirical case study analysis focused on the organisation



58 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 4-2015

and management of the knowledge and technology transfer processes at selected
research organisations. The author reviews the transfer models and procedures
applied at these institutions and also analyses whether any dedicated systems and
IT tools are employed to facilitate the successful dissemination and
implementation of the know-how originating from these entities. The studies
were conducted using a desk research method.

1. Sample selection methodology

In the course of her study, the author analysed seven (7) case studies in
knowledge and technology transfer from different public research organisations
(PROs) (both research institutes and universities) worldwide, which were
selected based on the analysis of global PRO rankings. The main reference point
was the Shanghai Ranking 2014 [18], however due to the fact that it only lists
the best universities and does not include research organisations of non-
academic character, the author also analysed the European Research Ranking
2013 [19], in order to add research institutions to the research sample as well.
Moreover, a Polish institution was also selected so as to compare international
practices with the ones implemented by the Polish PRO. The Polish organisation
was selected based on the analysis of the 2014 University Ranking by
Perspektywy [20]. Since this ranking only concerns universities and does not
include research institutes, as they are not centres of education, and due to the
fact that there is no separate ranking of Polish research institutes, the Polish PRO
selected for analysis is the top university in the Perspektywy ranking that ranks
high as far as the “Innovativeness” assessment criterion is concerned (the only
criterion in the ranking that is directly connected to the issue of
commercialisation of research results).

Additional criteria for the selection of the above-listed institutions included
the availability of information on the organisation of the knowledge and
technology transfer and the ease of its procurement, the existence of the TTO,
and the implementation of internal knowledge and technology transfer policies
and regulations, and systems (tools) facilitating the dissemination of know-how
and commercialisation of research results.

The list of research institutions included in the case study analysis is
presented in Table 1. A desk research method was employed in the study. The
analysis of case studies encompassed the review of documents (e.g. annual
reports, technology transfer regulations, guidebooks and procedures, etc.) and
the analysis of the web pages of the institutions selected for the study and their
technology transfer offices (TTOs).

1 A more recent ranking is not available.
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Table 1. Research institutions analysed by the author

— Harvard University (USA);

— University of Cambridge (UK);

— Swiss Federal Institute of Technology in Zurich (ETH Zurich) (CH);

— Fraunhofer Society (DE);

— Technical Research Centre of Finland (VTT) (FI);

- Netherlands Organisation for Applied Scientific Research (TNO) (NL);
— AGH University of Science and Technology (AGH) (PL)

2. Empirical analysis

a) Knowledge management in knowledge and technology transfer processes

The management of knowledge in the knowledge and technology transfer
processes is incorporated and embedded in the strategic organisation management
and thus plays a crucial role in all the institutions analysed by the author.
Knowledge management in knowledge and technology transfer processes in the
research organisations analysed is adjusted to the individual stages of the transfer
process, e.g. the concept, prototype, verification, and transfer (Mazurkiewicz et.
al., 2010) [21], at which different types of R&D and organisational tasks are
undertaken. A simplified draft summarising the knowledge management
procedure applied at the institutions analysed is presented in Table 2.

Table 2. Knowledge management in the transfer process

Stages of the

Key elements of knowledge management in the transfer process
transfer process

Transfer - Knowledge protection, codification and transfer
Verification - Transformation of knowledge into material results and its
Prototype verification

- Determination of the target of the knowledge management process —
commercialisation of know-how and/or its material results

- Development of a knowledge management strategy

— Generation of knowledge

Concept

At the concept stage, crucial for the process of knowledge management in
the transfer project are elements with a cognitive character, e.g. knowledge
location and generation, while at the subsequent stages of the project essential
are elements of an executive nature, including e.g. the practical application of
knowledge (knowledge transformation into material results) and the transfer of
its results for business use. In addition, at each stage, it is important to identify
the key technological, market and business steps, implement a proper knowledge
management strategy, and design suitable transfer models that will facilitate the
effective execution of the transfer process.
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b) Transfer models

The case study analysis revealed the existence of two types of knowledge
and technology transfer models applied by each of the institutions covered by
the research sample, i.e. process models which describe a step-by-step procedure
of the knowledge and technology transfer process, and functional (institutional)
models which aggregate important actors and activities and describe
relationships between them (see also Wnuk et. al., 2014) [15]).

Despite some minor differences, the process models applied at the
institutions analysed look more or less the same and include the stages presented
in Fig. 1.

/"]‘ 1. R&D activity J

‘ ID_Disuibpdon of J 2. Disclosureto aTTO}
rovalties
7 L)
| 9. Commercialisation J ( 3. Evaluation
( 8. Transfer agreement J [ 4. Protection J
AN
7. Selection of the transfer A 5. Marketing J
mechanism |

L 6. Negotiations J

Fig. 1. Knowledge and technology transfer procedures as implemented at institutions analysed

The researchers are obliged to disclose the results of their research to the
technology transfer office (TTO) which then takes control over the
commercialisation process. Once the invention is disclosed, the rights are
transferred onto the parent institutions (PRO or university) and then IPR is
protected (patented in all the cases analysed). Following that, the market demand
is analysed, the commercial potential of the invention assessed, and the product
valuated. At the next stage of the transfer process the market is segmented and
the marketing campaign tailored to the character of the innovation and the
industry branch is launched, as a result of which the potential end user is
selected, the commercialisation mechanism chosen, and the negotiations with the
transferee initiated. Once the contract is signed, the royalties are distributed
between the parent institution and the author of the invention.
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Though the process models applied at the PROs and universities analysed
do not significantly vary in terms of their stages, there are however discrepancies
between the functional models that are in place. The following three models

emerged from the case study analyses conducted by the author of the paper
(Fig. 2-4).

Research units
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Fig. 3. Functional model Il
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Functional model | is implemented at the Harvard University, the University of
Cambridge, the ETH Zurich and the VTT. The Fraunhofer Society and the TNO
utilise model 11, while AGH has implemented model Ill.

In all models a TTO is established to commercialise the results of research
conducted at the individual research units of the parent PRO or university. However,
the scope of responsibilities of this unit varies in the three models listed above.

In the case of the first model, this body is responsible for the management and
execution of all transfer processes, regardless of the types of TT mechanisms
selected. In the second model the TTO commercialises research results only by
means of the establishment of spin-off ventures. In this model, commercialisation by
means of external licensing lies in the hands of the administrative bodies of the
research institution. In the third model there are two bodies responsible for the
commercialisation of this university’s research results. One of them is a technology
transfer office, responsible for invention protection and commercialisation by means
of licenses and sale, and the other unit, a Special Purpose Vehicle, organises and
manages the commercialisation process by means of spin-off ventures.

Conclusions

The review of the selected 7 case studies indicated certain similarities as far as
the organisation and the management of the transfer process is concerned and
showed that knowledge and technology transfer constitute one of the strategic
areas of activity of the institutions analysed. The PROs in question actively seek to
make the transfer processes more effective by means of the following activities:

— The introduction of the tailor-made transfer policies and procedures, as well
as clear commercialisation and IPR laws and TT guidebooks;

— The establishment of designated technology transfer units which support
researchers in the complex issues of know-how dissemination and innovation
commercialisation by offering specialist financial, business, and legal advice.
Their active participation in the transfer of know-how and technologies lies
in assessing their marketability opportunities, seeking potential customers,
preparing procedures for the protection of intellectual property rights, and
preparing business plans for spin-off ventures;

— Popularisation of different channels of non-commercial and commercial
knowledge and technology transfer mechanisms

In all cases analysed, the success of the transfer processes is also based on
strong industry orientation and connection, substantial autonomy of the
individual departments of the PRO or university, or units affiliated to it.

Scientific work executed within the Strategic Programme “Innovative
Systems of Technical Support for Sustainable Development of Economy” within
Innovative Economy Operational Programme.
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Organizacja i zarzadzanie procesem transferu wiedzy i technologii
Z jednostek naukowo-badawczych: badanie empiryczne

Stowa kluczowe

Transfer wiedzy, transfer technologii, komercjalizacja wynikow prac B+R, jed-
nostka naukowo-badawcza, prawa wtasnoitelektualne;.

Streszczenie

Rozwoj gospodarek opartych na wiedzy podyktowany jest intensyfikacj
proceséw globalizacyjnych i rozwojem spotetstey informacyjnych, w ktérych
Znacaco wzrasta zapotrzebowanie na wigdinnowacje. Skuteczna realizacja
procesow transferu wiedzy i technologii stanowi zatem podwaliny wspoétczesnej
gospodarki opartej na wiedzy, gdwzrezultacie tych proceséw rynek zasilany
jest innowacyjnymi rozwizaniami technologicznymi, systemowymi i proceso-
wymi stymulupcymi rozwoj lepszych produktow i ustug odpowiantsich fak-
tycznemu zapotrzebowaniu konsumentow i jednggdeeodgrywa kluczowrole
w kreowaniu innowacyjriei gospodarki i podnoszeniu poziomu jej konkuren-
cyjnosci. W artykule oméwiono zagadnienia organizacji i adeania procesem
transferu wiedzy i technologii z jednostek naukowo-badawczych. Zaprezento-
wano wyniki przeprowadzonych gaizynarodowych studiow przypadku, ktére
pozwolity na wylonienie modeli i procedur powszechnie stosowanych w celu
zapewnienia efektywnej realizacji tych procesow.
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PUBLIC RESEARCH-BASED SPIN-OFFS IN ITALY
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Abstract

Since, along with licensing, research-based spin-offs have become the most
promoted and desired mechanism of knowledge and technology
commercialisation, the aim of this article is to contribute to the literature on
public research spin-off activity in selected EU Member States. Based on
literature review and empirical studies, the authors compare the major modes of
creation and operation of research-based companies established by the Italian
and Polish universities and non-academic public research organisations. The
analyses the authors conducted for each country concerned the following three
detailed research areas: (1) the national regulations governing the establishment
of spin-offs at universities and research institutes introduced, (2) the institutional
spin-off policies and procedures as implemented by the Italian and Polish
research organisations, and last but not least (3) the statistical analysis on public
research-based spin-offs in the two socio-economic contexts. The studies
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employed a desk research method. Interviews with the representatives of units
responsible for the commercialisation of research results at research
organisations selected for analyses were also conducted.

Introduction

Research-based spin-offs are defined as new companies set up by a host
institute (university, technical school, public/private R&D department) to
transfer and commercialise inventions resulting from their R&D efforts
(Clarysse et al. 2000) [1].

As discussed in Wnuk and Mazurkiewicz [2] there are different terms
present in literature that are used with reference to scientific, particularly
academic entrepreneurship, and the most commonly used onesaal@mic
spin-offs or spin-outsThese terms refer to companies based on intellectual
property (IP) owned by the parent research organisation. However, the literature
[3, 4, 5] further differentiates between these two. Academic and non-academic
research-basespin-off companieare independent of the parent institution and
their creation is financed from external (e.g. venture capital) funds (Chiesa and
Piccaluga [6]), whereaspin-out companiesemain closely tied to the parent
institution by means of financial or operational (i.e. shared professional and
administrative) dependencies. The authors of this article have decided to use the
spin-off term with reference to enterprises based on university (institute)
know-how (IP) established by the scientific staff or the alumni of universities
and PROs.

Research-based companies have received a lot of attention from policy
makers, researchers, innovation managers, economists, and even sociologists.
Such growing interest in this way of commercialising the results of publicly
funded research stems from the fact, that research-based spin-offs are considered
to be one of the key factors in the development of science and technology policy
in all industrialised countries (Mustar 2001) [7]. They are of economic
significance for innovation activity (Helm and Mauroner 2007) [8], stimulate
economic development and boost market competitiveness by introducing state-
of-the-art technologies (Shane 2005 [9], Varaldo and Minin [10]), and also
trigger regional growth and modernisation through the establishment of
a growing technology base (Parker 2001 [11], Bramwell et. al. 2008 [12], De
Turi and Garzoni 2014 [13]). Apart from facilitating regional and national
innovativeness, competitiveness and economic development, research-based
spin-offs are also important for organisations from which they emerge. Shane
(2005) [9] claims that they encourage entrepreneurial behaviour amongst
researchers and involve the inventors in the process of technology
commercialisation, an opinion which is also expressed by Clarysse and Moray
2004 [14], Visintin and Pittino 2014 [15], Tamowicz [16], Stawasz [17]).
Nevertheless, some authors underline that such positive results depend strongly
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on the background and skills and competences (both academic and
entrepreneurial) of the spin-off founders (Grandi and Grimaldi [18], Fini et al.
[19]). Research-based spin-off companies also generate more income for the
parent institution than licensing to established companies, and are an effective
tool for the commercial implementation of emerging or breakthrough
technologies originating from parent research institutions.

Research-based spin-offs have been a popular means of commercialisation
of research results in the USA since 1950s, however nowadays the most
advanced national economies also use this means of exploiting and diffusing
public research to generate economic wealth (Clarysse et al.,, 2005) [20].
Contemporary policies of the US and EU governments stress the importance of
research institutes and universities in the process of technology creation, transfer
and commercialisation. As a result they have introduced various regulations that
support commercialisation and foster entrepreneurship. Most of those
regulations focus on enabling the research and educational institutes to
commercially deploy their research through spin-off companies. Additionally,
the universities and research institutes themselves have also introduced internal
regulations and guidelines on technology transfer, particularly licensing and
spin-off establishment. This means that the policies and procedures for spin-off
processes vary across countries and among research institutions, as presented in
the OECD’s Report 2013 [21]). For that reason, the scope of the article is the
analysis of regulations governing the establishment of spin-offs at universities
and research institutes introduced at macro and micro levels. The authors review
laws and governmental acts concerning protection and commercialisation of
intellectual property. This is followed by an overview of the institutional spin-
off policies and procedures as implemented by the Italian and Polish research
institutes and universities, and statistical data concerning spin-offs in these two
countries. The studies were conducted using a desk research method and
interviews with technology transfer officers employed at research organisations
selected for the analyses.

1. Legal regulations

What is considered to be a breakthrough regulation in the IPR protection
and commercialisation of publicly funded research results is the American Bayh-
Dole Act (1980) [22]. It established a consistent patent granting policy, gave the
small businesses and non-profit organisations, including universities, intellectual
property control over their inventions, even if they were discovered with
government’s support or under federally-funded research programmes, and
resulted in the creation of technology transfer offices (TTOs) at most US
universities, research institutes, and federal laboratories (Wnuk, 2010 [23]). The
introduction of this legislation greatly facilitated patenting activity and the
commercialisation of research results through research-based companies, and
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ever since the act was signed, the number of start-ups and spin-offs has
significantly increased as well. The enormously successful Bayh-Dole Act soon
became emulated in other countries. In the European Union, for example, many
Member States have built a legal framework for the support of technology and
innovation transfer and commercialisation that is somewhat based on the
American Bayh-Dole Act. As stated in the OECD’s report (2003) [24], the
regulations introduced in the EU Member States have been mainly focused on
encouraging ownership of innovations by the institution. Countries like
Denmark, Finland, Germany, and Norway all introduced new laws and changed
to university ownership models similar to the Bayh-Dole Act of 1980
(Damsgaard and Thursby 20013) [25]. However, not all countries have adopted
the employer ownership model. The exceptions are, inter alia, Sweden and lItaly,
in which the professor’'s privilege has not been abolished. Polish regulations
concerning IP ownership indicate that the IP generated in publicly funded
research should belong to the employer — the research institution.

Italy

Intellectual property in ltafy has been regulated for many decades by
numerous laws and governmental acts, which did not manage to introduce a
coherent definition and understanding of the complex issue of IP ownership and
commercialisation. It has only been from the 1990s onwards that, when the
world started to rapidly change its scientific innovation rates and its economic
balances, such regulations have been taken into consideration for a wide and
comprehensive reform. The law that introduced an organic and well-structured
regulation about protection and valorisation of industrial property rights, was the
“Industrial Property Code” (IPC) of YOFebruary 2005 no. 30 [26], which
significantly simplified more than 40 other laws and governmental acts, and
reorganised the existing provisions on Intellectual Property. The Act also lists
possible means to protect intellectual property that include trademarks,
geographical indicators, designs and utility models, semiconductor topographies,
and new plant varieties. Ever since its introduction, the IPC has been modified
many times, and each modification has promoted harmonisation towards the EU
legal evolution of the subject and simplified control system and bureaucracy. As
far as the IP ownership is concerned, all regulations, according to the national

Y In Iltaly the term “Intellectual Property”, is mainly used with reference to all kind of
“creations of the mind” Nevertheless, the latest legal doctrine has raised criticism
towards this nomenclature, since it overlaps between contemporary concepts (like
literary and artistic works, inventions, trademarks, brands, designs and competition)
and concepts connected to a more traditional definition of property (namely material
goods, belonging to Roman law). Therefore, as for the latest legal and judicial
definition introduced by the “Industrial Property Code” (2005), the “Industrial
Property” term is preferred.
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law, grant the creator(s) the moral right to the innovation, no matter what their
role in the university or research institute is. As far as IP ownership is
concerned, the general rule for any employee who reaches a new invention is
that the right belongs to the employer f27levertheless, while the rest of
Europe was abandoning this position, the IPC has provided a specific regime for
university and research institute employees j2Bfofessors and researchers
have the so-called “professor’s privilege”, which means they have the individual
ownership of the invention and they are entitled to have priority on any
emerging right regarding the invention. So, moral right and economic rights
belong primarily to them. The moral right is also fully recognised to regular
university or institute graduate students and interns, but their participation in the
rights share is always in practice rapidly concluded with a one-time transaction.
With regard to the right to register the patent, the IPC provides a sort of
inventor’'s priority, but individual regulations diverge from this common
framework. Differences are based on the room for maneuver given by the
national law and the policies introduced by the Italian universities and research
institutes concerning research management and commercialisation.

Legislation concerning research-based spin-offs in Italy has been introduced
in 1999 with the issuing of the first legal act is the Legislative Decree "df 27
July 1999, no. 297Tiding legislation up and procedure streamlining to support
scientific and technological research, technology dissemination and researchers
mobility [29], which governs scientific and technological research activities, and
gives ltalian universities the right to establish spin-off companies to encourage
youth employment, and foster transfer of university technologies. It was
followed by the Ministerial Decree of"8August 2000, no 593 [30], which
implemented provisions of the Legislative Decree 297/99 and came into force in
February 2001. This Ministerial Decree established a new system for financing
public research, more strongly controlled by the Ministry of Education,
University and Research. All funds, are provided by the national body “Fondo
Ageviolazioni alla Ricerca” (FAR — Relief Fund for Research), which decides
on beneficiaries and limits. The latest legal regulations concerning the matter of
research-based spin-offs are the Law df Bécember 2010, no 240 concerning
Rules about University organization, academic personnel and its recruitment, as
well as enabling act to the Government to foster quality and efficiency of the
University systenfi31], and the Ministerial Decree of 1@ugust 2011, no. 168.
concerningRules defining criteria of professors and researchers’ possibilities to
participate to Research Spin-off (or Start up), implementing Article 6,
paragraph 9 of Law 30 December 2010, nr. 240 [32]. The first of them just
gives an insight into the subject, in which it states that university professors or
researchers cannot participate in any form of commercial activity other than a

2|PC article 64.
3IPC article 65.
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research-based spin-off. The latter, on the other hand, gives guidelines on
eligible proposing parties, procedures, incompatibility and conflict of interests
regarding the establishment of a research-based spin-off company.

Poland

The IP rights in Poland are governed and regulated by two legal acts: the
Copyright Act of February 04, 1994 [33] and the Industrial Property Act of June
30, 2000 [34]. The Copyright Act recognises both the economic rights and the
moral ownership of the creator and indicates that, unless the employment
contract states differently, the copyright to work developed by the employee
under the contract of employment, belongs to the employer (i.e. the PRO or the
university) not inventors themselves. However, when the work has been
commissioned to the researcher and executed outside their permanent
employment contract, then the copyright is not automatically owned by the
employer, and if they wish to have legal rights to the work developed, the
contract should state so. The Industrial Property Act, on the other hand, defines
the means to protect intellectual property (patents, registration of utility models,
registration of industrial designs and registration of trademarks). It also
maintains employer ownership over inventions stemming from work performed
under the employment contract. However, the situation is more complicated in
the case of research commissioned by external parties and financed from public
funds. Here the Act states that the company that orders the university or research
institute to conduct research for them has the right to patents, trademarks,
industrial designs and utility models to research results, unless the contract
between these two parties states differently.

The matter of research-based spin-offs in Poland is not regulated by any
separate regulations concerning this form of commercialisation of research
results, but it is included in two more generic acts, i.e. the Act on Research
Institutes of 38 April 2010 [35], and the Law on Higher Education of'2uly
2005, recently amended by the Act of"1ILily 2014 [36], and brought into force
on T October 2014. The Act on Research Institutes grants these entities the right
to diffuse research resulfscreate capital companies, purchase shares and stock
in such enterprises, and attain income from theo only with the supervisory
ministry’s (the Ministry of Economy) official consent. Without the Ministry’s
consent PROs cannot engage in this form of business activity. The Law on
Higher Education, as amended in 2014, extends the regulations concerning
commercialisation of research results, and introduces important changes
concerning the organisation and execution of commercialisation of university
research. Before its amendment, the Law on Higher Education of 2005 stated
that each university should develop its own rules and policies concerning

* Section 2.2 of the Act.
® Section 3.17 point 5 of the Act.
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commercialisation of its technologies. However, new Act stipulates that, for the

period of three months from the date of invention disclosure, the university is the

owner of the rights to commercialise their employees’ research results, but if no
steps to commercialise the research results are taken within that time, the IP
ownership is transferred to the creator. The Act also regulates the issues
concerning the establishment of designated technology transfer units at
universities and the matter of royalty distribution.

2. Institutional policies and procedures

Regardless of the governmental regulations concerning commercialisation
of research results, which very often introduce general guidelines and serve as
recommendations, universities and research institutes may develop own
procedures to commercialise their innovations, and actually the majority of EU
research organisations do so. In this section, the authors present the results of
their analyses concerning institutional policies and procedures for
commercialisation of research results.

a) Research sample selection methodology

The studies were conducted for selected Italian and Polish research
organisations. The research sample was selected based on the analysis of
national rankings of research organisations NETVAL Report (2014) [37] (Italy),
and the 2014 University Ranking by Perspektywy [38] (Poland) and it includes
the top institutions from the Italian and Polish rankings. In the case of Italy these
are top 6 institutions, and Poland five. This discrepancy results from the fact that
the Italian ranking takes into consideration both research institutes and
universities, while the Polish one concerns only universities. Since research
institutes in Poland are not centres of education, they are not incorporated in the
national study conducted by the Perspektywy journal. As there is no separate
ranking of Polish research institutes, these institutions are not further analysed
by the authors. Regarding Italy, the NETVAL Report is a useful tool to
understand the overall situation of commercialisation of public research results
in the Peninsula. The Report mainly analyses patent regimes and spin-off
activity run by all national public research organisations. Nevertheless, the
report, even when pinpointing the presence of the Top 5 Institutions, never says
clearly the names and never refers to a specific group. In order to select the Top
5 group, the authors decided to mix together the results concerning the list of
Top Patentees and Top Spin-off Establishers, to create a list of 5 eminent public
research traders. When analysing the 2014 Ranking of the Polish Universities,
the authors took into consideration only one of the assessment criteria adopted in
this study, i.e. “Innovativeness”, as it is the only criterion directly connected to
the issue of commercialisation of research results. The criterion includes the
following data: the number of patents and protected IPR, the consumption of EU
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funds, the number of licenses and spin-off companies, policies and structures
facilitating protection and commercialisation of university research.

The list of research institutions included in the case study analysis is
presented in Table 1. A desk research method was employed in the study. The
analysis of case studies encompassed the review of documents (e.g. annual
reports, technology transfer regulations, guidebooks and procedures, etc.) and
the analysis of web pages, and statistical data concerning commercialisation of
research results in these organisations (e.g. commercialisation mechanisms used
(i.e. sale, licensing, spin-off)). The latter data are presented in the next section of
the article. Additionally, interviews with the representatives of units responsible
for the commercialisation of research results were also conducted for
organisations in which no data were publicly available.

Table 1. Research institutions analysed by the authors

University Research Institute
Italy — Politecnico di Torino (POLITO), - Consiglio Nazionale delle
- Universita degli Studi di Padova (UNIPD), Ricerche (C.N.R.)

- Universita degli Studi di Bologna (UNIBO),
— Scuola Superiore Sant’Anna di Pisa (SSPI)
— Universita degli Studi di Genova (UNIGE)

Poland | - Akademia Gorniczo-Hutnicza (AGH)

- Politechnika Pozneka (PP)

— Politechnika Wroctawska (PWr)

— Uniwersytet Przyrodniczy we Wroctawiu
(UPW)

— Politechnika £6dzka (Pt)

b) Regulations implemented by institutions covered by the analysis

Italy

In general, revenues from licence are divided between inventors and the U/ls
they work for. The inventors gain, from a minimum of 50% to a maximum of 70%
shares, which is also regulated by the national law. The 50% royalty division is the
regular standard for C.N.R., UNIBO and UNIGE. POLITO provides 50%, but if
the holders are the inventors, the quota goes up to 70%. UNIPD grants 60%. SSPI
has a peculiar system: the inventors can gain 70%, 60% or 50% of revenues
accordingly respectively to classes of < 25.000€, between 25.000 and 50.000€ and
> 50.000€. In each case, the remaining quota is given to the Ul/ls, that usually can
designate the main part for the central administration and a lower quota for the
Department of origin of the patent/inventor(s). Moving on from this, not all U/ls
make express reference to the possibility and potential of giving licence to
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Spin-offs. The U/ls that state such a policy (C.N.R., UNIPD and °s§Rit
provides preferential licensing practices. All U/ls of the group have separate and
quite detailed regulations for Spin-off establishment, usually recently updated in
2014. Regulations are composed of a minimum of 10 detailed articles (C.N.R.,
UNIPD and UNIBO) up to 12 (SSPI), 14 (POLITO) and a maximum of 19 articles
(UNIGE). These regulations provide all the information concerning the
establishment procedures, shareholding agreements, conventions on Ulls
logo/know-how/facilities use, conventions about U/Is’ personnel employment and
IPR sharing between U/ls and spin-offs. As far as the spin-off establishment is
concerned, all regulations pinpoint as possible and privileged promoters the
natural persons like the teaching staff, technical and administrative staff, PhDs,
Research Fellows and Scholarship Holders. Only POLITO and UNIGE consider
the legal person of the U/l as a possible proposer. Only SSPI consider eligible to
be proposer also graduate students and interns. As far as potential partners are
concerned, besides the proposers who are natural partners with stronger duties
towards the spin-off, there are almost no restrictions. All regulations give the
possibility to U/ls to be a partner to the spin-off, and the participation is open to
any external, but interested natural or legal person. The U/ls which exclude non-
direct personnel (from PhDs to graduate students) from being a proposer,
recognise the right to be a partner.

With regard to the establishment procedures provided by the regulations, it is
possible to determine a sort of “standard procedure” since the sequence of phases
and involved Bodies are very much like ones to the others. The proposal of the
spin-off establishment must be submitted to the U/ls with a description of the
activity (related to the exploitation of a U/l patent, if necessary), a duly fulfilled
business plan and drafts of a shareholding agreement and a request, if needed, for
U/l participation in the corporation stock. The proposal is analysed, at first, by a
“Spin-off Commission”. This commission has different names according to what
is provided by each regulation. The composition generally is made of 5-7 high
level professional, usually elected by the dean, if also the dean is not a member of
the Commission (SSPI). Only C.N.R. requires the presence of two external
professionals. Member re-election is never prohibited and there are no strict
deadlines to the commission duration in charge, which can last from 3 up to 5
years. lIts function is standardised. It has to make a professional and detailed
analysis of the proposal, evaluating spin-off's practical and economic feasibility
and, if requested, the feasibility of the U/I participation in the corporation Stbck.
the commission’s opinion is positive, the proposal is transmitted to the
Administrative Council (AC). The AC is the final body involved which has to

5 C.N.R. Patent Regulation article 26; UNIPD Patent Regulation article 5.3; SSPI Patent
Regulation articles 5 and 6.2.

Moreover, the Commission usually works as a monitoring Body, which receives annually
information from the active Spin-offs about their business, and a Reviewer for Spin-offs’
profitability.

7
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deliberate on the matter and has the power to deny approval. When the AC gives
its consent, the spin-off is officially authorised to be established. Moreover, with
its deliberation the AC also issues the definitive text of the Shareholding
Agreement and of all the conventions about U/l logo, know-how and facilities use
and U/l personnel employment, as well as the nomination of the U/l representative
in the Spin-Off AC and Spin-off Board of Statutory Auditors (one for each body).
The procedure is not complex and not too long in average. The litmus test can be
given with, on one side, the C.N.R.’s procedure as the quickest and, on the other
side, the UNIPD’s procedure, which asks for four different opinions before the AC
deliberation. Referring to the Spin-off activity, and more precisely to the Spin-off
interaction with the U/l of origin, the analysis passes on the agreements and
conventions draft in the establishment procedure. Shareholding agreement
includes all the aspects concerning the participation, in terms of corporation stock,
of the U/l and of the Spin-off proposers and, in addition, it provides guidelines on
how to deal with changes in the quota sharing, especially for the U/Is. As far as
Ul/ls participation is concerned, if the AC decides for a direct participation, the
Agreement provides the limits in terms of sharing percentage and years to detain
it. These respectively are: C.N.R (up to max 25%, minimum 3 years), POLITO
(from 4% to 40%, maximum 5 years, or less according to law), UNIPD (always
participated, max 5%, minimum 2 years), UNIBO (up to max 10%, maximum
participation 3 years, renewable only one time), SSPI (it says just to act
accordingly to the law) and UNIGE (max 15%, max 3 years). For all Ulls it is
provided that they must benefit from the possibility of receding and from a “put
option” on their quota. Proposers, instead, are not always asked to hold a precise
guota, but they are asked to participate and do not recede before a period that can
be between 2 and 3 years. The exception here is the UNIPD, which also grants
itself a right to compensation, in case the spin-off's commercial activity would not
work. The agreements on the employment of U/l personnel in all/some spin-off
activities are also very relevant. In order to have a transparent and efficient
cooperation, all Regulations considered introduce specific norms on how to avoid,
and in case sanction, situations of confidentiality infringements, incompatibility or
conflict of interest. Especially, all U/l provides that the dean, their delegate,
members of the AC, members of the Academic Senate or the Scientific Council
and (except with dean’s authorisation) department directors cannot participate in
operating bodies of the spin-offs. In average, it can be said that all U/l provides
that their personnel can work for the spin-off, without prejudice to their main
employment duties at the U/I, and it is always requested to ask for a formal
permission. Teaching staff benefits from a lighter regime, since often it can ask to
the dean or the AC just once for permission (e.g. UNIPD). Some U/Is provide that
for technical and administrative personnel the cooperation must be authorised each
time (e.g. UNIBO and UNIGE). When considered, non-direct personnel can
cooperate under specific authorisation and on desultory basis (e. g. SSPI, POLITO
and UNIPD). The final aspect, in terms of Spin-off characteristics stated in the
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Regulations, is the IPR management. In general, all U/l recognise that innovations
created during the Spin-off activity belong to the spin-off itself. Nevertheless, all
U/l requires the spin-off to give a free use licence (usually not sub-licensable) for
all the time of the U/I participation in the corporation capital. On the other hand,
only C.N.R, UNIPD and SSPI mentioned the idea of letting the establishing/just
established spin-off to obtain U/I's licences more easily in comparison to other
partners or industrial entities.

Poland

Contrary to their Italian counterparts, only one Polish university analysed
(PP) has a separate regulation concerning commercialisation of research results
through spin-off venturds while the other four universities have only
implemented general regulations concerning the protection, utilisation and
commercialisation of university IP (both industrial property and copyright).
However, taking into consideration the recent amendments to the Law on Higher
Education, all the universities are nhow amending their internal regulations as
well. This means, that the new acts are not made available to the public yet, or
even (like in the case of PWr) they are not intended to be publicised at all, and
they will only be available to the employees of the university. The contemporary
biding regulations were prepared before the amended Law on Higher Education
came into force. They were created based on the provisions of the following five
national laws: (1) the Industrial Property Act (2000), (2) the Copyright Act
(1994), (3) the Law on Higher Education (before amendment) (2005), (4) the
Act on Combating Unfair Competition (1993), (5) and the Act on National
Finances (2009). The regulations are composed of a minimum of 7 detailed
articles (PL), up to 9 (AGH and PP) and 13 (PWr), and the maximum of 17
(UPW). They serve as guides to the ownership, distribution and commercial
development of university IP, and provide information on the rights and
responsibilities of universities as employers and their employees concerning
dissemination and commercialisation of research results. They also provide
a step-by-step description of the university IP protection procedure, list possible
routes to commercialise university IP, and define royalty distribution.
Additionally, the regulation implemented at the PL has four annexes, i.e.
a template of a contract on royalty distribution, an innovation disclosure form,
atemplate of a contract on the property rights transfer, and a template of
a publishing agreement with the transfer of copyrights. According to the
regulations analysed, the university is the body that bears the costs of IP
protection (patenting). The shares from commercialisation of research results are
divided between the researcher (creator), and the university. All but one
regulation (except for AGH) further divide shares of the university between the
department the researcher represents and/or the innovation commercialisation

8 However this act is not available to non-employees.
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unit (usually a technology transfer unit). The distribution of royalties in the
universities analysed is as follows (1) AGH — 60% creator, 40% university, (2)
UPW — 60% creator, 10% department, 30% university, (3) PWR and PP — 60%
creator, department and university 20%, (4) PL — 60% creator, 30% department,
10% - technology transfer unit. The distribution of royalties can be negotiated
and the shares of the university in a spin-off company can be individually
determined in the company agreement. The regulation of the PL additionally
states that the researcher, who in return for their remuneration from the
utilisation of a technology receives shares in the spin-off company, is not
entitted to any benefits the university obtains from this means of
commercialisation, and the profits are shared only between the university and
the technology transfer unit in the 25%—75% ratio.

The analysis of procedures applied by the selected Polish universities to
transfer the results of their research revealed some similarities. Like in the case
of the Italian research organisations, the authors observed a kind of a standard
commercialisation procedure. The transfer of university research in Poland is
always performed by technology transfer units. These are mainly technology
transfer offices (in form of limited liability companies (sp. z 0.0.)), however
their activity is also frequently assisted by university non-faculty units and
departments designated to protect and disseminate university inventions. In the
case of AGH there are two bodies responsible for the commercialisation of this
university’s research results. One of them is a technology transfer office (CTT
AGH — a non-faculty university unit) and InnoAGH sp. z 0.0 (Ltd). The first of
them is responsible for invention protection and commercialisation by means of
licenses and sale, while the latter organises and manages the commercialisation
process by means of a spin-off company. Similar approach to the issue of
university technology transfer has been adopted by UPW, where there are also
two separate bodies responsible for the sale, licensing, and the creation of spin-
off companies. The first of them is the Innovation, Implementation, and
Commercialisation Department (a non-faculty university unit) and the latter —
a special purpose vehicle UNINOVA S.A. (joint stock company). In the case of
PWr the research results are first disclosed to the Department of Intellectual
Property and Patent Information, which is responsible for the protection of
inventions, and then to the Wroclaw Technology Transfer Centre, which
promotes, disseminates and transfers university IP to industrial practice. The
activities of the two above-listed units are coordinated by the Contact Point for
Technology Transfer in the Centre for Scientific and Technical Knowledge and
Information Centre (a university department within which the Department of
Intellectual Property and Patent Information is located as well). The transfer of
technologies developed at PL is organised in a manner similar to the procedure
at PWr. The inventions are first disclosed to the Technology Transfer
Department that offers consulting services and valuates the invention, and then
to the Technology Transfer Office sp. z o.0. (Ltd.) that commercialises
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university results through sale, licensing and spin-off ventures. At PP, the
Intellectual Property of the university is disclosed to and commercialised by the
Innovation, Development, and Technology Transfer C&ntre

It needs to be noted, that in all cases analysed, the technology transfer
offices are not the only bodies responsible for the commercialisation of
university research, and this matter is also managed by academic
entrepreneurship incubators whose main role is to assist entrepreneurial
researchers in their attempts to commercialise research results through spin-off
companies. The presence of different structures designated to execute
a commercialisation process is unfortunately frequently equivalent with the
overlapping of their responsibilities, and though these are in fact the technology
transfer offices that should supervise the entire technology transfer process, their
employees often do not have information on the activity of the incubator.

3. Research-based spin-off companies: Empirical Analysis

The authors conducted a crossed empirical analysis in order to evaluate the
specific and overall numbers of active spin-offs and the main specific and
overall field of activities. What emerges is as follows:

Italy
* Numbers of active spin-offsin order

University/Institute of origin Number of active spin-offs

POLITO 69

C.N.R. 68

UNIPD 47

UNIGE 44

UNIBO 37

SSPI 35

TOTAL 300

At present, POLITO has the highest number of active spin-offs, followed by
C.N.R (very close) and UNIPD with a significant gap. POLITO’s performance is
impressive, if we consider that from NETVAL Report it successes in over
passing C.N.R.. The C.N.R.’s performance is stable. Anyway, the selected group
represents still a valid reference class, since on its own, according to the total
number of spin-offs surveyed by NETVAL Report (1102), it counts alone for
circa one fourth of all Italian Public Research spin-offs.

9 Currently there are attempts to reorganise this unit into a centre focused on the transfer of
technologies only.
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e Sectorial fields:

University/Institute of origin Main sectors (Number of spin-offs)
ICT (17)
Energy&Environment (11)
POLITO Electronics (11)
Industrial Automation (11)
ICT (12)
Electronics (12)
C.N.R. Nanotechnologies and new materials
(11)
Life Sciences (10)
ICT (8)
Industrial Automation (8)
Life Sciences (7)
Energy&Environment (6)
Energy&Environment (13)
ICT (10)
Electronics (5)
Industrial Automation (5)
Life Sciences (12)
ICT(6)
Electronics (5)
Innovation Services (5)
Biomedical (9)
ICT (8)
Life Sciences (4)
Innovation Sciences (4)
ICT (61)
Life Sciences (40)
Electronics (39)
Energy&Environment (37)
Industrial Automation (36)
Innovation Services (34)
Biomedical (25)
Nanotechnologie and new materials
(19)
Others (9)

UNIPD

UNIGE

UNIBO

SSPI

TOTAL (300)

The analysis clearly indicates that the dominant sector in which university
spin-offs operate is the ICT field.
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Poland
* Numbers of active spin-offsin order
University of origin Number of active spin-offs
AGH 12
PP 9
PWr 2
PL 2
UPW 2
TOTAL 27

Being at the top of the Polish University Ranking 2014, AGH is at the same
time the university with the greatest number of active spin-offs. Surprising is the
fact that Pt, which was the top-ranked university in terms of its innovativeness
in 2013 has only two active spin-off companies.

» Sectorial fields:

University of origin Main sectors (Number of spin-offs)

Innovation services (5)
Nanotechnologies and new materials (2)
Medicine (1)
AGH Aerospace (1)
Technical safety (1)
Mechatronics (1)
ICT (1)
Innovation services (5)
pp Transportation (2)
Mechatronics (1)
ICT (1)
ICT (2)
Electronics (1)
PL Nanotechnologies and new materials (2)
Innovation services (1)
uPwW ICT (1)
Innovation services (11)
Nanotechnologies and new materials (4)
ICT (4)
Transportation (2)
TOTAL (27) Mechatronics (2)
Medicine (1)
Aerospace (1)
Technical safety (1)
Electronics (1)

PWr
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The analysis shows that the spin-offs from the Polish universities analysed
most frequently operate in the field of innovation services.

Conclusions

Commercialisation of research results is a valid and topical matter and both
Italian and Polish research institutions strive to increase the effectiveness of the
transfer of their technologies. The authors have observed a number of
similarities concerning the governance and execution of the commercialisation
process at the research institutions they analysed, however major differences
concerned the regulations on the establishment of spin-off companies, as in Italy
such acts have been adapted by all institutions analysed, whereas in Poland they
are still a scarce phenomenon. Nevertheless, the Italian experience shows that
the risk of establishing redundant procedures, harmful for the spin-offs success
and efficiency, is high in the public research field. However, the empirical
analysis shows that Italian research organisations are far more successful in the
implementation of a spin-off as a mechanism for the commercialisation of
research results, while in Poland even the most innovative universities have
relatively low results in this field. The sectorial fields in which the research-
based spin-offs operate also significantly vary between the countries.

The research was mainly conducted using a desk research method, but
interviews with the representatives of wunits responsible for the
commercialisation of research results at research organisations selected for
analyses were also conducted in the case when the data were not disseminated
or sometimes they were not even made public at all. This was particularly true in
the case of the Polish universities that adopt different definitions of spin-off
companies and frequently count student start-ups into this category.
Additionally, obtaining information on the number of spin-offs was more
difficult than in the case of Italian research institutions due to the fact that the
commercialisation process at Polish universities is not conducted by one
designated organisation, and technology transfer offices and academic
entrepreneurship incubators seem not to disseminate the information even
among each other. On the other hand, in ltaly, all relevant U/ls have active and
well-functioning Technology Transfer Offices, but it has to be underlined that
the dissemination process still suffers from the lack of fluidity.

Scientific work executed within the Strategic Programme “Innovative
Systems of Technical Support for Sustainable Development of Economy” within
Innovative Economy Operational Programme.
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Firmy spin-off we Witoszech i w Polsce: podobiestwa i roznice w obrgbie
zasad i procedur tworzenia i dzialania

Stowa kluczowe

Transfer technologii, komercjalizacja wynikéw badapin-off, uczelnia, insty-
tut badawczy, Wiochy, Polska.

Streszczenie

Ze wzgkdu na fakt,ze firmy spin-off § obecnie, obok licencjonowania,
jednym z najbardziej promowanych i popularnych mechanizmoéw transferu
wynikéw prac badawczych do zastos@wgospodarczych, zaprezentowany
artykut skupiony jest na kwestii tworzenia tego typu firm w wybranych krajach
UE. Na podstawie analizy stanu wiedzy i khadampirycznych autorzy
poréwnup zasady powstawania i funkcjonowania spoélek typu spin-off
tworzonych przez pracownikow wioskich i polskich jednostek naukowo-
-badawczych. Autorzy skupiligha analizie czynnikw zewtrgnych (regulacji
krajowych) jak i wewstrznych (wewn#rzinstytucyjne przepisy i procedury)
determinugcych powstawanie tego typu struktur transferu technologii, zetak
dokonali analizy statystycznej z zakresu dziat&dnrm spin-off we Wtoszech
i w Polsce. W badaniach wykorzystano metadiesk research’ oraz wywiady
Z reprezentantami jednostek ds. transferu technologii przy uczelniach
i instytutach ohjtych prébagbadawca.
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Abstract

The achieved level of design methods and manufacturing of technical
equipment enables rapid production of a fully functional prototype or standalone
device. The required efficiency of prototyping methodology introduces the need
for testing prototypes with use of knowledge accumulated in a database that
contains descriptions of historical problems of construction, testing,
commissioning, and implementation.

The paper presents the methodology of testing the unique and singular
technical solutions for supporting the advanced prototyping of new innovative
products that were developed at the Institute for Sustainable Technologies.

The aim of this work was to develop a solution, in the form of a system of
testing for prototypes, enabling the control of the process of testing with a method
based on the resources of accumulated knowledge concerning the design,
commissioning, and implementation of high-tech equipment, performed
individually or in a series. The use of testing methodology increases the guarantee
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of the development of prototype machines and devices that are characterised with
the better quality and reliability as compared to solutions based only on the

knowledge acquired and experience of the implementation team members. Pilot
operated testing methodology has been applied to several prototype devices
designed and constructed at the Institute for Sustainable Technologies.

Introduction

Prototyping of technical equipment is an activity that requires a methodical
approach to ensure the achievement of planned targets in the time provided for
the project while maintaining technical, qualitative, financial, and organizational
rigor. This process is particularly difficult for the design of equipment that, in
the current state-of-the-art, does not have equivalents, or earlier development
versions. The issue becomes even more complex if the object representing the
result of design is a unique solution, characterised by a high degree of
innovation, which exists only in the form of a single prototype [1].

The achieved level of production and design methods for technical devices
allows rapid production of a fully functional prototype of a singular device. That
does not mean automatic development of a product with the required parameters
of durability, functionality, and meeting customer expectations. A significant
difficulty in prototyping of solutions is to guarantee the high quality of the
outcome of the work. An increase in the efficiency of prototyping processes
requires the use of a testing method for prototypes using resources such as
knowledge accumulated in a database of historical problems of construction,
testing, commissioning, and implementation.

1. Evolution of testing methods for prototype devices

The history of prototype testing is closely related to the history of inventions
and the development of science and technology. Prehistoric, ancient, and antique
machines built by man have always been prototypes. It was related to the limited
access to knowledge resources and primitive methods of production that prevented
accurate reproduction and production in a reproducible manner [2]. The first
machines were invented and built for a specific application, in order to achieve a
utilitarian aim, not considering the possibility of serial reproduction of practical
solutions.

With the development of civilization, thanks to improvements in
manufacturing technology, prototyping ceased to be associated with each new
copy of the piece of equipment. The development of modern production
techniques, the industrial revolution, and change in the organization of the
manufacturing process have enabled the production of machine parts and
finished devices in a reproducible manner that ensures the functional parameters
of the solution.
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Currently, the construction of machinery and equipment, as a result of
a centuries-long process of cognitive and technological evolution, has reached
a new quality. That quality depends on effective design, manufacturing, and
implementation of unique prototypes in a commercially reasonable manner, with
the highest requirements previously formulated only in mass production.

From individual solutions, built in past centuries, which uniqueness resulted
from imperfect methods of production and reduced demand, through the
industrial revolution of the nineteenth century, and the serial and mass
production launched at the beginning of the twentieth century, thanks to
technological progress achieved at the beginning of the XXI century, gave the
possibility of building a unique, commercial prototypes, developed individually
and customised. This is a momentous change in civilization, because the first
machines were the prototypes for technological and social reasons, and present
prototypes of unique machines are intentionally individualised, thanks to
achieved technical capabilities. Modern prototype can be a fully functional
product effectively meeting individual user's needs, being developed and
produced in a unit scale.

2. General aims of the method

The basic premise for the development of a unique testing methodology for
prototype devices is the lack of systemic measures aimed at gathering practical
knowledge empirically gained in the process of prototyping and project
management for the reuse of historical information in future operations, new
initiatives in design, manufacturing, and implementation of innovative technical
solutions, implemented in single copies or in a short series [3]. Most often, the use
of information obtained based on the research is limited to use only for the current
assessment of the test object at different stages of the implementation task.

Systematic intellectual capital that enables the processing of data is one of
the main components used in the space of synergistic interactions taking place in
the design process. Effective use of archival information resources contributes to
the reduction of the risk in new projects and ensures effective risk management.
Above all, however, it is a guarantee of the creation of prototype machines and
devices that are characterized by better quality and reliability as compared to
solutions based only on the knowledge acquired and experience of the
implementation team members.

Management of testing of prototypes obliges one to acquire new knowledge
and systematic storage of information in order to obtain the increasing efficiency
of product implementation in less time and with the involvement of small
financial outlay. Modern technical and economic factors have contributed to
creating the need to build a database of findings and conclusions, accumulated at
the end of each project, related to the implementation of unique and innovative
technical equipment.



88 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 4-2015

3. The organizational and technical conditions

The complexity of the machinery, equipment, and economic considerations
lead to the conclusion that the process of testing the prototypes should focus
only on selected issues, crucial for the correct operation and safety of operation.
Exploration of all options, conditions, dependencies, and the configuration of
cases at the stage of prototype testing involves spending too much time, financial
and human resources, and equipment, in relation to the budget, which is not
acceptable from the point of view of economics of the project. In this respect,
the study of the prototypes of machines and equipment manufactured
individually are in a particularly disadvantageous relationship to research of
equipment manufactured in a series. Testing prototype devices individually
made affect expenses the final price of the solution far more than in the case of
mass production. In the extreme case of a single prototype, testing may be the
dominant financial component of the developed unique solution, while, for
mass-produced products, prototype testing costs can be negligible, in the
settlement of all items offered to customers.

In the case of prototypes manufactured individually, it is required to reduce
the complexity of the system under testing and the selection of the analysed
signals, which are performed by omitting systems whose reliability is known or
guaranteed by the supplier. This entails the risk of missing some of the dangers
and can cause the formulation of an incorrect diagnosis and misevaluation of
a prototype. These conditions mean that the risk is one of the important
parameters of the process of the managing of testing of prototypes, particularly
devices manufactured individually.

4. Characteristics of the testing system for protofyes

Prototype tests are used at all stages of life solutions, starting with design
assumptions, then operation, and ending with recycling and disposal. Acquired
and processed information from studies provide substantial support for current
and future activities and organizational decision-making. Archiving research
results is an activity that supports the creation of new knowledge about
prototype solutions, stored in a common database accessible for designers.
Replenishment of information in expert systems allows the use of previous
experience in the design of new products.

In the assessment system for prototypes, there are two feedback loops (Fig. 1).
The first is called “Small” and provides for the operation of the cycle of the product
development. The second is called “|Large” and ensures the development of the
research system.
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research topics

Produkcja
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! Results of
Results of DESIGN MANUFACTURING [J] ~ PROTOTYPE prototype
research TESTING testing
works

Fig. 1. Small and large feedback loops in the prototype testing system

The small feedback loop integrates design activities in the field of
manufacturing design and testing prototypes. The prototype test results represent
feedback that supplies the base of the expert system and is also a material used
by a team of designers working on a new product. The collection of information,
which is recorded in the database and processed in the context of the work of the
expert system as a result of prototype tests, is a valuable source of information
on similar solutions for structural and research problems. It is important to
systematically supply data for all design changes and corrective actions taken,
both effective and ineffective. As part of a small loop, the expert system is
supplied with information on methods of testing devices, their effectiveness, and
problems in specific applications for the examination of prototype devices. The
large feedback loop integrates activities in the area between the research work
and their results and the results of the testing of prototypes. In this case, the
information contained in the expert system supports the generation of new
research topics. Problems identified at the stage of the testing of prototypes or
their preparation may be outstanding issues, which are structured and prepared
as a subject for further research and development.

The concept of the methodology is consistent with the methods of the
testing of equipment, using simulation techniques, analysis and experimental
verification conducted in the laboratory, in simulated real-world conditions, test
site conditions, and under real operating conditions. The use of databases to
collect the results of observations refers to the solutions used in operational
research systems, operating based on the collection of observations of reliability
[4]. In [5], concerning the research methodology of the exploitation of the
mechanical objects presented, are the characteristics of several programs
dedicated to the collection of data on the intensity of damage to various types of
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devices, launched in the past few decades in aerospace, electronics,
electromechanics, power plants [6], and the oil industry [7].

The methodology of testing prototypes introduced the ability to use external
sources of information on the intensity and causes of damage, when the data
exists and is available. Particularly important are the data obtained from
operational observations and used for managing the operation, stored in data
banks [8, 9].

5. The assumptions for methodology

The methodology focused on the use of previously collected results in the
management of testing prototypes and designing new equipment is a basis for
systemic data acquisition from the process of prototyping and computer
processing, integrated in the design, manufacture, verification and operation
process. The methodology supports the process of managing tests of prototypes
with respect to the activities relating to the collection, storage, and processing of
data and the analysis of cause and effect, in order to re-use the data in the
planning and implementation of research.

Underlying assumptions for prototype testing methodology are the
following essential statements:

- In each prototype there is some unavoidable uncertainty level about the
functionality, durability, and reliability associated with the strategy of the
testing process.

— Prototype testing is always carried out in a limited extent.

— The quality of the equipment must satisfy the customer, but it should not
exceed defined expectations.

— Examination is associated with the entire period of the development of the
device.

— Prototype tests are a source of information to be used in the process of the
prototyping of next-generation solutions and the development of other
machinery and equipment.

The process of testing and verification of unique prototype devices is
understood as an ordered set of tasks, operations, and procedures performed on
specific test stands by assigned staff, using the necessary control-measuring
equipment in the necessary time period.

In particular, the prototype test methodology developed uses the following
assumptions [10]:

— Prototype methodology applies to technical objects made in single units,
individually or in a short series, and processes are not included.

— Technical object prototype is built of systems, components, parts, and
computer procedures that can be extracted and which can be identified and
assigned their impact on the quality of the whole solution.
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— The development of a test plan is an iterative process that requires expert
knowledge.

— There are known limitations of time and money associated with the process
of the research and testing of a prototype.

— Each element/component/system/procedure can be tested (if an item is a
part of a component assembly and cannot be tested separately, it is
subjected to tests of the containing element).

— There are no operating characteristics of all prototype solutions, in
particular, there is at least one of the following options:

* There is no information about which elements are the most often
damaged.

» There is no information about what are the causes of the damage.

* There is no information on the potential damage impact on the
functioning of the whole prototype solution.

— Itis possible to acquire the knowledge of experts (users, designers, builders,
prototype contractors).

— Testing methods are known for the testing and verifying the proper
operation of the prototype solutions, using the available control-
measurement apparatus, which can be used in the laboratory or test bench.

— The methodology includes support for the identification procedures based
on the analysis of cause-and-effect relationships and tools to document
them.

— The methodology requires the evolutionary collection of the expert
knowledge and failure data on elements, components, and modules and
their frequency and data on the test methods and test apparatus and standard
requirements.

— The methodology should allow the determination of the empirical
relationship between quality and technical parameters using functional
analysis, experience, analysis of the complaints, the cost of repairs, etc.

— The identification of the meaning of parameters of the technical
components, assemblies, modules, and procedures, is essential for the
forthcoming methodology.

— The methodology takes into account the relation (correlation) between the
technical parameters.

— Faults (defects) of prototype, particularly accurately analysed, include
functions that the prototype is to execute, reliability during operation, ease
of use by the user, and ease of repair in case of damage.

— The methodology includes procedures to support the selection of the
working group (number and type of experts), the definition of the extent
and timing of research, functional decomposition, data collection, and
gualitative and quantitative analysis of defects.
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The methodology applies stages of the construction of assumptions, design,
construction, commissioning, testing, and verification of post-implementation
operation.

Only new, original solutions that are the result of research and development
are subjected to tests.

Excluded from the study are commercial components and sub-assemblies
that have been verified with positive results from previous projects, if the
technical requirements and functions are applicable and unchanged.
Because of the focus on the prototypes of technical objects, the

methodology should at least include a set of qualitative and quantitative
parameters describing the following:

The physical and chemical properties of the prototype solutions, e.g.
dimensions, chemical composition, and physicochemical properties;
Economic parameters, e.g. manufacturing costs, research costs, projected
operating costs, depreciation period, etc.;

Operational properties, e.g. safety, durability, reliability;

Ergonomic properties;

Aesthetic properties;

Environmental parameters and characteristics, particularly in the context of
sustainable development of the economy;

The cause-and-effect (quantitative and qualitative) relationships between
the used components, sub-assemblies or modules and their failures and
defects and their influence on the failure to obtain the assumed parameters
and technical characteristics of prototype solutions;

Quality (functional) requirements of the recipient of a prototype;

The relationship between customer requirements and technical parameters;
and,

The types of testing and verification research, including any destructive
testing necessary.

The aims of the application of the methodology are the following:

The improvement of the quality and reliability of the devices manufactured
individually and in short series;

The identification of hazards and their measurement and evaluation;

The identification of processes and functions occurring in the test device;
The identification of the structure of the research object;

The identification of the weaknesses and knowledge of the advantages of
the prototype solution;

The identification of areas requiring corrective action;

The prediction of corrective actions;

Shortening of the time and reduction of the cost of prototype tests, taking
into account the technical, financial, organizational, and time limitations;
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» The collection of information resources that can be used in the structure of
the knowledge base;

« The development of simulation models of the device, especially under
conditions of start-up or in an emergency; and,

» The development of new or existing measurement techniques, in particular,
for the study of unique prototype solutions.
The utilitarian goal is the application of the methodology in the form of

a computer system for testing prototypes that enables the testing of process

control based on the resources of accumulated knowledge concerning the design,

commissioning, and implementation of high-tech equipment, manufactured

individually or in short series.

6. Characteristics of the methodology

The methodology requires the selection of the expert group responsible for
the testing of prototype. This group includes system analysts, metrologists,
diagnosticians, specialists in the field of systems engineering, experts with
knowledge of the elements, components, and modules used for the construction
of a prototype (Fig. 2). This group should be complemented with persons
performing development work involving the testing of the operation of the
prototype and verification of whether it has the expected functionality.

Selection of expert
group Test and verification actions
Identification, by experts, of potential damag- — * - -
es, their causes and effects Qualitative and quantitative analysis of re-
v ceived results from tests and verification

Hierarchic decomposition of prototype
technical device

v Do the test
- X - and verification results
Construction of cause-effect relation matrix : :
— onfirm the achievement of the as®

sumed technical parameters and
functionalities?

Are all
possible damages
and functionalities
identified?

NO

Filling the database and
knowledge base

v

End of testing process

Exchange of the
| | elements used in the
prototype technical

device

Qualitative analysis of testing
and verification methods

Fig. 2. Diagram of prototype testing methodology
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System analysts in cooperation with the developers carry out the structural
decomposition of the prototype solutions to elements, components, and modules
[11]. The decomposition operation is completed with procedures to identify the
physical, economic, ecological, and aesthetic properties of prototype. Before the
examination, the specific operational objectives are formulated and matrix of
technical parameters of the prototype is defined.

In order to verify the accuracy of the designation of a set of technical
parameters, the use of kinship diagrams is proposed. The aim of their application
is the organisation and logical presentation of relationships, including the
correlation between technical parameters and quality features [12]. After the
verification of the operation of a set of key components of the prototype solutions,
various operations are performed that are aimed at acquiring data on the specific
parameters of the technical components, subassemblies, and modules.
Simultaneously, the procedures are carried out to identify dependencies between
modules, technical parameters, and functional requirements [13]. Based on data
collected in a database or expertise, potential failures and defects are forecasted.
The relationships between the components, subassemblies, modules or computer
procedures and failures and faults are determined using dependence graphs. These
diagrams are also used to organise information and indications about which causes
are responsible for a specific effect and what are the relationships between the
causes. Based on a set of identified potential failures, faults, and insufficient
functionality, a set of research methods is created which should be performed to
verify the correctness of the operation of the prototype.

For each method, a set of measurement techniques is assigned, including
test equipment and measurement methods. The number and, in some cases, the
frequency of test and verification are determined. After taking into account the
time constraints and cost scenarios, prototype test scenarios (“critical path” in
the diagram) are generated. On this basis, decision tree diagrams are created.
Experts responsible for carrying out the tests, verification, and development,
based on selected, optimal scheduling of tests, develop plans for experiments.
The experimental results are used to verify the hypothesis.

7. Areas of prototype testing

Prototype testing methodology applies to the full range of prototyping and
takes into account the activities carried out at the stages of design, construction,
functional verification, and the operation of the machine or device (Fig. 3).

Design Construction Comissioning Verification

|

=1+ hardware and software " functiona’ tesss
integration * ergonomy

» detection of construction = operational safety
and manufacturing
emors

* numencal calculations
= CAD simulations

* CAM simuiations

Fig. 3. Areas of prototype testing



4-2015 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 95

Design includes activities related to the formulation of guidelines and the
conceptual development of a prototype, represented as a mathematical model or
by using a virtual construction and technological documentation. The design
highlights the stage of the initial concept, the construction of the model, and the
development of the process of building a physical prototype. Prototype testing at
the design stage refers to the mathematical simulation model of a structure or
calculations made based on a virtual model constructed in CAD. Elements of the
prototype tests are also the simulations of machining processes using CAM
systems.

In the process of building a physical prototype, the production stage and
commissioning phase are important for further functional studies.

Manufacturing is regarded as a process in which the production of
previously designed components is carried out, the assembly of machine parts is
made, commercial components are purchased, and the modules of mechanical,
electronic, electrical, optical, and other systems are formed. Prototype tests
performed during the production relate to quality inspection on manufactured
components and the monitoring of the manufacturing process. The
manufacturing process is verified conditionally, only in the case of quality
defects identified in the investigated objects. Verification of the technological
process only applies to the range associated with product quality. Issues of cost,
efficiency, logistics, safety, ergonomics, and others are ignored. The evaluation
of the prototype conducted at the manufacturing stage is made according to the
criteria of good, bad, or to be corrected. Particularly important is the correct
classification of the defects deemed repairable by evidence. Considering
expenses on the manufacturing of the element with known defects, it is
necessary to consider modifications of the construction in such a way as to
enable the use of the test piece, despite the identified deviations and
inaccuracies.

The assembly of the unit is the first verification of the physical effects
beyond the scheduled scope of the prototype tests. During the assembly, in a
spontaneous manner, there all structural weaknesses are shown that have not
been identified in the standard process of quality control and in the earlier
stages of testing of the virtual model. This particularly applies to construction
errors involving the mutual dimensional mismatch of mated elements.

Commissioning is performed after assembly and concerns the work to
achieve a functioning solution, where there is the integration of mechanical,
electronic, and software systems into a working, drivable prototype of a stand-
alone device or functional module. Commissioning is part of the prototype test
characterised by spontaneous, unplanned detection of errors and construction
non-conformities or conditions that prevent the first start-up of the device. The
approved plan defines the order of checks on the operation of individual
modules and starting the entire system, which requires cooperation between
the modules and non-autonomous systems installed. The first launch of the
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device is directed to obtain and confirm the fact that the technical operation
of the complete system is possible, without performing evaluations related to
the performance. This means that the runtime verification allows one to
determine if it works but not how effectively it works. The quality of
operation is an essential subject of the functional verification of a prototype
device or module.

Functional verification is part of the prototype tests performed after starting,
but before introduction for operation. It applies to the planned tests of a
complete, running machine. In functional studies, the measurement results are
verified and the assessment of in terms of ergonomics and safety in operation are
performed. Functional verification is a separate stage in the process of
prototyping, which determines the final level of the solution.

Examples of testing prototypes using the developed methodology are
presented in publications [11, 12, 13].

Conclusion

The developed methodology allows for the determination of general and
technical parameters of the prototype and its specific features which characterise
the elements, components, modules, or computer procedures and then to assign
the type of test to be carried out to get at the intended level of confidence that
will ensure proper operation of the prototype solution. For each identified item,
component, module, or computer procedure, there should be obtained the fullest
information on their failures or impact on the expected functionality.

Performed evaluation of the prototype is a multi-level operation, conducted
iteratively in successive phases of the development of the prototype. The
subjects of evaluation are components of the device located at different levels of
the complexity of the tested solution. Fractional properties, features, functions,
etc. characteristic for the selected item are assessed. Tests can be multiplied,
depending on the available methods for verification of the assessed level of
development of the device. Final evaluation refers to the completed stage of
development of the machine that is the design, manufacturing, and operation of
the prototype. Performance of the final assessment, as in the case of partial
evaluation, is an iterative process, carried out as part of a feedback loop until the
fulfilment of required parameters, consistent with the specification of
requirements of the customer, underlying the design assumptions.

Scientific work executed within the Strategic Programme “Innovative
Systems of Technical Support for Sustainable Development of Economy” within
Innovative Economy Operational Programme.
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Metodyka badan jednostkowych i unikatowych obiektow technicznych
Stowa kluczowe

Badania prototypéw, dekompozycja, prototypowanie, weryfikacja.

Streszczenie

Osiagniety poziom metod projektowania i wytwarzania atdzer technicz-
nych umo#iwia szybkie wyprodukowanie w peni funkcjonalnego prototypu lub
urzadzenia jednostkowego. Wymagana efektywn@iécesu prototypowania
wprowadza potrzebstosowania metodyki baflgprototypow wykorzystujcej
zasoby wiedzy zgromadzone w bazie danych historycznych probleméw kon-
strukcyjnych, badawczych, uruchomieniowych i wenonwych.

W artykule przedstawiono opracowanglnstytucie Technologii Eksploata-
cji metodyle bada jednostkowych i unikatowych obiektéw technicznych
wspomagajca prototypowanie nowych rozezan zaawansowanych wdzen
innowacyjnych.

Celem przeprowadzonych prac bylo opracowanie rgzaviia w postaci
systemu bada prototypow umaliwiajgcego sterowanie procesem bada
w sposOb oparty na zasobach zgromadzonej wiedzy dagjcprojektowania,
uruchamiania i wdrgnia zaawansowanych technicznieadez wykonywa-
nych jednostkowo lub maloseryjnie. Wykorzystanie metodyki hamideksza
gwarancg budowy prototypowych maszyn i udzen charakteryzujcych sg
lepsz jakoscia i niezawodnécia w stosunku do rozwean bazugcych jedynie
na wiedzy nabytej i daviadczeniu uczestnikdw zespotu realizacyjnego. Meto-
dyke bada pilotowo zastosowano w odniesieniu do kilkunastu prototypowych
urzadzeniach zaprojektowanych i wykonanych w Instytucie Technologii
Eksploataciji.
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Abstract

The amount of the operational potential included in the system is a main
characteristic of the system operation possibility and profitability. A quantitative
analysis of this characteristic should be the source of the information used in
operation control of complex technical systems. Unfortunately, the definitions of
the operational potential are mostly formulated in a qualitative way and the
interpretations of them are different. In this paper, the definitions of the
operational potential are presented. The description of each definition and the
differences between them are also enclosed. Next, a new definition of the
operation potential is formulated. The way of the definition implementation to
calculate the amount of the operational potential included in a complex technical
system is also described. At the end of the paper the analysis of the amount of
the operational potential included in an exemplary real industrial system
accomplished using the method presented above can be found.

Introduction

An operation phase of a technical system is a time period when the system
accomplishes goals, which were the reason of the system designing and creation.
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At the beginning of this phase the system is characterised by its ability to
operating in assumed conditions with demanded efficiency in defined period of
time. The value of this ability changes during operation phase as a result of
operation and service processes executed in the technical system. The operation
processes decrease this ability while service processes increase its value. At the
end of the operation phase the operation ability of the system is so low that the
system is designated to destruction.

One of the most important decisions taken in the process of the technical
system maintenance management is the one about the system allocation. The
system can be designated to further operation, service or destruction. This
decision results from the analysis of the system operation ability. Therefore, the
key issue of the optimal maintenance management of the technical systems is the
definition and qualitative and quantitative description of the concerned feature.

In the literature the operation ability of the technical system is called the
operation resource or the operation potential. Different authors propose different
definitions and different interpretation of these terms. To analyse the definitions
and interpretations that can be found in literature, the most common of them are
cited and described in the next part of this paper.

1. Definitions of the operational potential

During theirs research [1], [2] authors introduce the term “operation
resource”. This term they use to define the operation phase as a sequence of
stochastic events which express the operation position of the technical object and
changes of this position or as a controlled stochastic process of the operation
resource consumption in a range (1).

ZU, 2 ZU=ZU, 1)

where: ZU- operation resource of the objedUr— initial value of the
operation resource, ZJ- final value of the operation resource.

In the cited definition the operation resource is interpreted as the ability to
accomplishing the utilitarian work according to design. The operation resource is
composed into system during valuation, designing and production phases and
extracted in the operation phase [3]. On the basis of the definition it is possible
to conclude that exhaustion of the operation resource is equivalent to termination
of the operation phase of the technical object.

In [4] the author introduces terms “operational potential” and “service
potential” of the technical object. The operational potential is a feature of the
object, which characterizes the resource of the object operation potentiality. The
operational potential is expressed in the same units as the effects of the object
operation (e.g. mass, volume, value). Whereas the service potential is the
technical object’s feature which characterizes the resource of the needs of the
object handling if its’ operational potential have to be restored. The service
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potential is expressed using the handling expenditures (e.g. amount and kind of
service activities, service duration, service costs).

It should be noticed that, according to the presented above definition, the
operational potential is expressed in the same units as the effects of the object
functioning and a constanefficiency of thetransformation of the operation
potentialin the effect ofhe systemvork isassumed.

Similarly, in [5] the author defines operational potential as a measure of the
machine ability to operating [6] with defined effectiveness, and the ability
ensuring potential as a measure of needs in the field of service and renewal
activity. However, both of these potentials are interpreted as two kinds of the
maintenance potential. The maintenance potential is defined as an important
feature of the system, which characterizes its operation position. It deserves
attention that the maintenance potential is closely related to the operation
position of the machine. From concerned definition directly results that the
amount of the operational potential is closely related to ability or inability state
of the machine.

In the definitions analyzed above the discrepancies in naming the potential
called service or ability ensuring one can be noticed. But the main objective of
the service activity of the technical object is the restoration or maintaining the
ability state of it. So, this goal is convergent with the definition of the ability
ensuring process which describes it as an action carried in order to hold ability
of the technical system or in case of the system inability in order to restore
ability state [7]. On the basis of presented analysis it was stated that in the cited
definitions the same feature of the technical system is considered.

In [8] the author also introduces the term “maintenance potential” but he
defines it in a different way. The maintenance potential of the technical object is
interpreted as a stochastic variable which describe its work, which can be done
from the beginning of the operation phase or from the moment of the object’s
state assessment since the moment when the object reaches the boundary state.
There are distinguished two kinds of the potential: the maintenance potential to
the next renovation or main overhaul and the maintenance potential to the
system destruction. So, the maintenance potential is identified as the operational
potential. The most important element of this definition is the distinction of
operational potential to the next renovation and operational potential to the
system destruction.

In [9], [10] the author introduces the term “maintenance potential’. The
change of the maintenance potential results from the technical objects operation.
Two kinds of the potential are distinguished: the used potential and restored one.
During operation tasks execution the operation system of the technical object
consumes the maintenance potential. The amount of used potential depends on a
type of operation tasks, environment conditions, operation positions of the object
and skill of operation staff. The wear process is related to the physical processes
of mass and energy transformation, which run during the technical system
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operation. The amount of the maintenance potential is restored by service
system. During the technical object operation the spontaneous consumption of
maintenance potential takes place. The rate of this consumption is related to the
object operation and conditions in which the object operates and increases with
time.

Whereas, the considerations on technical objects maintenance in [11] and
[12] are curried out based on a term ,operation resource”. In this case it is stated
that during operation phase takes place intentional action where the technical
object is the object of the action. The result of this action is the change of the
operation resource amount. The change consists in the operation resource
consumption or the reconstruction of it.

In [13] the author defines the maintenance potential as a feature, which
describes the reserve of the object ability to tasks execution. The amount of the
maintenance potential of the object is the objective value which is built-in the
object during design and construction processes. This value depends on the
technical state of the object’'s elements [14]. During the operation process the
gradual loss of the potential takes place. Renovations regenerate the maintenance
potential and service activities decrease the intensity of its consumption. It is
assumed that the maintenance potential of the object is the resultant of the
maintenance potential of its elements and the specified type of running, mean or
major repair is the renovation of specified component or specified components
of the maintenance potential of this technical object. Analyzing the changes of
the maintenance potential, two types of this potential are distinguished: the
potential consumed in the operation system and the potential restored in service
system.

Sometimes the operational potential is treated as the durability. But the
operational potential can be defined as a measure of the machine ability to
operating with defined effectiveness [5] and durability is defined as the ability of
the technical system to conservation of its features [15]. So, the durability is
rather correlated with the rate of the operational potential consumption then with
the amount of this potential. It means that the durability is inversely proportional
to the time derivative of the operational potential consumption function not to
the operational potential amount. Additionally, when the durability is assumed
as the only parameter, which characterizes the rate of the operational potential
consumption during the operating processes then the influence of environmental,
conditions and control stimulations are not taken into consideration.

In contrast, in [7] the operational potential is treated as a functional of the
technical object potential ability to achieve specified effects in the defined time
interval. Its amount depends on the features of the device, the operational
conditions and control stimulations. Very significant element of this definition is
the connection of the amount of the operational potential included in a technical
system with the effects of the system operation.
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Detailed theory, which defines the operational potential in connection with
the effect of a technical system operation, is presented in [16]. The theory
introduces the term potentiality, which is defined as instantaneous ability of the
technical system to accomplish the operation or maintenance task. Analogically,
the effectiveness is defined as instantaneous measure of the system functioning
results. The operational potential is the functional of potentiality and the
duration of the system functioning (the integral of potentiality in a period of
time) [17]. So, it is the range measure of the system maintenance possibility.
Whereas, the effect is the functional of the effectiveness and the duration of the
system functioning (the integral of effectiveness in a period of time). So, it is the
range measure of the results of the system functioning. In case of operation tasks
the theory considers the operational potential and the effect of the system
operation, while in case of service tasks the service potential and the effect of
service activities is considered. According to the theory, the potential included in
the technical system is transformed into the effect of the system functioning
during the execution of the operation and maintenance tasks. The amount of this
potential should be bigger than the demanded amount of the effect. If this
condition is not satisfied then the system is unable to perform the specified task
and has to be renovated. It should be noticed that the operational potential is
interpreted here in relation to the time between overhauls, not like in case of the
definitions mentioned earlier where this potential was interpreted in relation to
operation life of the system.

Presented above definitions have some similarities but also same differences
can be found. According to all of the theories, the operational potential of the
system is located in it during the designing and production phases. Next, during
the maintenance and operation phase of the system the potential is extracted
from it. At the beginning of the maintenance and operation phase, the system
includes the initial amount of the potential. During the operation of the system,
because of wearing factors influence, the initial amount decreases until the
boundary value [18]. When the amount of the potential is equal to its boundary
value, further operation is impossible. So, the service activities are performed to
increase the amount of the operational potential in order to make possible the
next operation tasks execution. At the end of the operation and maintenance
phase the amount of the operational potential is very low and the system is
designated to liquidation.

However, according to presented definitions, the system is in ability state
when the amount of the operational potential enclosed in it is big enough to
accomplished operation task. Otherwise, it is in inability state. But, when we
consider the operation position of the system at the beginning of the operation
and maintenance phase and at the end of it, the positions seems to be different.
So, the amount of the operational potential included in the system at the
beginning of the operation and maintenance phase is bigger than the value at the
end of the operation and maintenance phase. Simultaneously, the system can be
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in inability state at the beginning of the operation phase and in the ability state at
the end of it. Then, from one point of view the amount of the operational
potential is bigger in the first situation, and from the other point of view in the
second one.

As a solution of definitional and interpretational ambiguity, a new
description of the operational potential was proposed. This new idea is presented
below.

2. Operational potential expressed in the features’ space of a system

If a set of cardinal features comprise only physical features then the state of
the system, expressed in the defined space, is called the physical state of the
system [19]. If the characteristic values and ranges of these features are defined
in the context of the system ability to realise the aims of its operation, in the
features’ space the fields of reliability are obtained [20]. So, the reliability states
of the system are determined in the features’ space where points represent the
technical states of the system. This space will be called the space of the technical
states of the system [21].

During the studies, the technical states’ space of the crucial, complex
operational system was taken into consideration. The technical states’ space of
such system is strictly determined one. The real operation position of the system
Sk is expressed as a point of this space. The coordinates of the point are equal to
instantaneous values of the cardinal features of the system (Fig. 1).

0.0 xlgr xR Xmazx

X
Fig. 1. Operational potentigh; included in a system is; State expressed in its technical states’
spaceR?, Sz — the inability states’ subspa&,— the ability states’ subspace

The amount of the operational potential included in the system is a function
of the operation position of it. So, it was stated that the operational potential
included in the system is expressed in the space in a form of a vector. The
starting point of this vector is the origin of the coordinates system and the end
point of it is the point of the real operation position of the systefhe amount
of the operational potential included in the system can be calculated as a length
of the vector (Fig. 1).
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Definition 1: The amount of the operational potential included in the
system in a statey $s the length of a vector between the origin of the coordinates
system and the point of the system operation position.

The technical states’ space of the system is the Cartesian one [22] so, the
considered length is calculated in the Euclidean metrics [23], [24] according to
the formula (2)

PUSL) =3 (s)’ @

where:Pu (sg) — the amount of the operational potential included in the system
in a statesz, Xxg— the value of a feature nb. of the real operation
position of the systenks

In a strictly determined technical states’ space, the point of the operation
position of the system can belong to the ability states’ subspaoe to the
inability states’ subspac&,;. The inability states’ subspace consists of the
technical states’ space points, which express the operation position of the system
in which the system is unable to accomplish the demanded functions [25].
Assuming the amount of the operational poteria} included in the system in
a boundary state as the lowest value for each the system operation is safe [26] it
was stated that for each point of the inability states’ subspace the amount of the
operational potential included in the system is lower tRag value. Thus, the
inability states’ subspace is the unclosed one. Therefore, the ability states’
subspace is closed from the side of the inability states’ subspace, where the
closed subspace is defined as a field with its boundary [27]. From the
characteristic of the unclosed fields arise that the limit of the inability states’
subspace is the set of the points belonging to the boundary of the ability states’
subspace [28]. These points are the expression of the boundary states of the
system g.

The vector between a point which fulfils the condition (3), what means that
the point belongs to the boundary [29] of the ability states’ subspace, and the
point of the real operation position of the system is interpreted as an operational
potential which can be transformed to the effect of the system operation,
included in the system in a moment t

Snzo - X0 Xzp O0e>00% 0 Xy 1% — X< & (3)

where: S, — the operation position of the system expressed by the point,

which belongs to the boundary of the ability states’ subspage; the
range of unacceptable values of the system feature.

The length of this vector is equal to the amount of the operational potential,
which can be transformed to the effect of the system operation, included in it in
a momentt (Fig. 2). This amount was defined as the disposed amount of the
operational potential.
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Xomax

X2

Fig. 2. Operational potential that can be transformed to the effect of the opeﬁl?lioimcluded
in a system irs state expressed in its technical states’ space

Definition 2: The disposed amount of the operational potential of the
system is the amount, which can be transformed to the effect of the system
operation, included in it in the specified moment t.

The concerned length is an Euclidian distance and can be calculated
according to the following formula (4)

@U:Ji()ﬁR _XBNZDi)2 (4)

where: JPu — the disposed amount of the operational potertjal— the value

of a feature noi. of the real operation position of the systexg,,p —

the value of a feature no. of the operation position of the system
expressed by a point, which belongs to the boundary of the ability states
subspace.

Because this length is an Euclidian distance it is always not negative value
[30]. Therefore, it can be treated as the disposed amount of the operational
potential only for points, which belongs to the ability states’ subspace. Thus, the
disposed amount of the operational potential was finally defined in the following
form (5)

00 s, 0S,,

\/Z::( R )éNZDi)z Us0S,

Pu= %)

where: §z — the inability states’ subspace,-Sthe ability states’ subspace.
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Analyzing the expression (5) presented above, it was stated that the
disposed amount of the operational potential is depended on a point of the
boundary of the ability states’ subspace, which is taken into calculations (Fig. 3).

X X X
0.0 lar IR 1max

Fig. 3. Operational potential which can be transformed to the effect of the opejation Pu,

depended on the specified point of the boundary of the ability states subspace expressed in
the system technical states spBte

The definition of the operational potential and its disposed amount
expressed in the space of the system features is formulated in the quantitative
way. So, thanks to the definition implementation, it is possible to figure out if
the disposed amount of the operational potential is big enough to execute
specified operational task.

On the basis of the presented description it was stated that during the
operating processes execution the values of the system features are changed.
Therefore, the disposed amount of the operational potential of the system
decreases. In the moment when the point of the system state reach the position
on the border of the ability states’ subspace, the system is designated to
renovation. During the renovation process the values of the system features are
restored, so the disposed amount of the operational potential of the system
increases. However, if not all the system features belong to the renewable
features set, then despite the performed service processes, during the operation
and maintenance phase, the point of the system state moves along the trajectory
which bring it closer and closer to the border of the inability states’ subspace.

In spite of the fact that during the renewable processes the disposed amount
of the operational potential is increased, its absolute value (defined in the
relation to the origin of the coordinates system) decreasing. So, thanks to the
presented above theory, the inconsistencies pointed during the analysis of the
operational potential definitions are solved.
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3. Analysis of the operational potential of the industrial technical system

During the curried out industrial research, the operational system of the OP-
650k-040 power boiler was analyzed. According to the one of the most
important operation objective of this system, the operation process should be
executed with the efficiency as high as possible and the life-time of boiler
elements should be optimal [31]. Because of a complex construction of the
boiler and multidimensional connections between its elements it is hard to
express in quantitative way mentioned above operation objectives. To solve this
problem, the operation objectives were expressed in the following form:

- the minimum disposed amount of the operational potential of the system in
each moment of the operation process should be greater than zero,

— the amount of the operational potential of the system in the moment when the
system is designated to renovation should be minimum.

Next, it was stated that the operating position of the boiler is determined by
values of the features that define its technical states’ space. These features
determine the quality of the system operation too. Therefore, the former
considerations curried out to identify cardinal features of the system, were limited
to the set of the deviations calculated in the Technical Operation Control method
(TKE) [32]. This method is used to control the quality of the operation process of
the power units. In the method, the deviations from the nominal value of the
amount of the heat consumed in the process of 1kWh electrical energy production
are calculated. As a result of the identification process, four deviations were
chosen as cardinal features — the dimensions of the technical states’ space of the
analyzed boiler. These deviations are presented in the following list:

— @3 — the deviation which occurs as a result of the reduced temperature of
the reheated steam,

— g4 - the deviation which occurs as a result of the pressure loses in the
secondary reheater of the steam,

— 05 - the deviation which occurs as a result of the injections of water to the
secondary reheated steam,

— Q8 — the deviation, which occurs as a result of the reduced efficiency of the
boiler operation.

Additionally, it was stated that, as far as operating position of the system is
concerned, in case of distinguished features the range of accepted values is equal
to the range of suboptimal ones. It means that the features are strictly
determined.

On the basis of the measurements registered during industrial research, the
values of the chosen deviations were calculated. Afterwards, implementing
polynomial approximation, the time functions of each deviation were
formulated. Next, the derivative of each function was calculated. The sign of
each derivative is positive what means that functions are increasing in the
analyzed domains. It confirms assumption that the values of the cardinal features
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of the system that determine its technical states’ space, should change in the
monotonic way during the operation process. For each function its minimum
and maximum values were also calculated. On this basis it was confirmed that
execution of the service processes decreases the values of the deviations. This
means that all chosen cardinal features of the system are renovated during the
service processes.

In the next step of the studies, the ability and inability states’ subspaces
were defined. These subspaces were defined in the space of the system features
and were limited by the boundary values of them. In case of the analyzed system
the features’ space is described by the deviati@ng|4, g5, g8. Their boundary
values were identified during the industrial research as the biggest values, which
occur at the end of the power unit operation periods just before designation the
unit to renovation and are equal respectively to the following values 16.8873,
41.1034, 131.9413, 398.9218 [kJ/KWh]. These values are interpreted as the
biggest values for which the risk of the inability state occurrence is equal to 0%.

For the specified technical state of the system, the minimum disposed value
of its operational potential is obtained calculating the distances between the
system operating point and the boundary lines of the system ability states’
subspace and choosing minimum one. Thus, the operating objective which
consider the optimal life-time of the boiler elements for the analyzed system was
formulated as follows (6):

mi( 3- 1688730 4 — 411034,

g 5 1319413y § - 3989218) >0 ©

where: gr — the value of the deviation no. n for the system operating point.

As it was mentioned above, all the cardinal features, which define the
technical states’ space of the analyzed boiler, are renovated during the executed
service processes. So, the disposed amount of the operational potential is equal to
the distance between the operating point of the system at the end of the operation
process and the point whose coordinates are equal to the boundary values of the
cardinal features of the system. Therefore, the operating objective, which
considers minimization of the amount of the operational potential not transformed
into the effect of the system operation, is expressed in the following form (7):

\/ q( 3- 16887F + 4 — 4110342 +

- mi 7
q(,5 1319413 + @ 8 - 39892182 mn ")

where: qn, — the value of the deviation no.at the end of the operating process
[kJ/KWh].
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Summary

Summarizing the issues presented in the publication it was stated that:

1. The operation ability of the technical system is described in the literature as
an operational potential or an operational resource, defined in the
gualitative way and differently interpreted. Therefore it is not possible to
apply these definitions to control the operating and maintenance processes
in the efficient way without advanced mathematical tools implementation.

2. The amount of the operational potential included in the system is equal to
the length of the vector between the origin of the coordinates system of the
technical states’ space and the point of the operating position of the system,
while the amount of the operational potential which can be transformed into
the effect of the system operation is equal to the length of the vector
between the one of the points of the border of the ability states’ subspace
and the point of the operating position of the system.

3. Applying in the modelling process the definition of the operational potential
in the space of the system features it is possible to formulate the operational
objectives of the complex technical system as the algebraic expressions.

4. Thanks to the algebraic form of the operational objectives it is possible to
automate the control of the operating and maintenance of the complex
technical system.
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Potencjat uzytkowy ztozonego systemu technicznego

Stowa kluczowe

Sterowanie eksploatagjztozone systemy techniczne, potencjaytkawy.

Streszczenie

Podczas fazy eksploatacji ngaije zmiana zdolna$ systemu do funkcjo-
nowania od wartei maksymalnej do warfoi granicznej. Zdolnosde okresla
si¢ jako potencjat ugtkowy. llos¢ potencjatu uytkowego zawartego w systemie
technicznym jest podstawaveharakterystyk okreslajaca modiwosé i optacal-
nos¢ jego eksploatacji. Analiza ilofowa tej charakterystyki powinna oyro-
diem informacji wykorzystywanych w sterowaniu eksploata#pzonych sys-
temow technicznych. Niestety definicje potencjatytkawego g formutowane
w wiekszoLi na bazie opisu jakotowego. Jednoczeie ich interpretacja
u rénych autoréw jest odmienna. W pracy przedstawiono definicje potencjatu
uzytkowego spotykane w literaturze, omaw@jch interpretagj oraz wys¢pu-
jace rozbienosci. Nastpnie zaproponowano nawdefinicig potencjatu uytko-
wego wyraonego W przestrzeni cech systemu oraz podano sposéb jej zastoso-
wania do wyliczenia iléci potencjatu uytkowego zawartego w ztoaym sys-
temie technicznym. W opracowaniu przeprowadzono réwaiealiz ilosci
potencjatu uytkowego zawartego w rzeczywistym systemie technicznym przy
zastosowaniu opisanej teorii.
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Abstract

A comprehensive evaluation of multifaceted R&D projects and their
application potential should play a decisive role in the justification of research
task continuation and a practical use of its results. It is therefore essential to use
adequate, effective tools in directing these projects that allow assessing work
progress and commercialization probability.
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This article describes a practical application of simulation methods for the
assessment of implementation maturity, commercial potential, and innovation
for supporting the management of project implementation, based on selected
examples of innovative solutions of the Strategic Programme, “Innovative
Systems of Technical Support for Sustainable Development”. The article
presents the results of the evaluations and their interpretation, which facilitates
taking appropriate corrective action. The examples of the application of
assessment methods of the implementation maturity level (SDW), commercial
potential (PK), and innovation potential presented in this article confirm the high
suitability of the proposed methodology in the evaluation of R&D projects to
rationalize product development processes. Moreover, a practical verification of
assessment methods for innovative solutions facilitates the establishment of
potential development directions of the methods themselves, and of the original,
comprehensive assessment system of the efficiency and effectiveness of the
research project implementation of innovative products as their result.

Introduction

In the era of the continuous pursuit of competitive advantage in goods,
services, companies, and entire economies, it is very important to have tools that
support accurate and efficient evaluation of the level of implementation
readiness, commercial potential, as well as technological innovation, ventures,
and research and development projects. When en route to a modern, innovative,
and competitive economy, the ability to save time, labour, and primarily
financial resources is of paramount importance. An investment based
exclusively on intuition in all the “promising” products at some stage of their
progress, in many cases, turns out to be inefficient and unreliable, and it leads to
irreversible losses.

The problem of the still insufficient use of assessment tools projects R&D is
essential in the context of the distribution by the government institutions of
considerable financial resources from the EU funds for economic development.
These tools (e.g. technology intelligence, technology acceptance model,
technology foresight, foresight, technology assessment) are used with great
success by the most innovative European countries [1]. The experiences of those
countries confirm the importance of real assessment of the technological
development and commercial potential of solutions with regard to the increase of
their application efficiency and commercialisation.

Projects in research programmes still very rarely include the stage of the
practical application of innovative solutions, while their results, in many cases,
are not evaluated in terms of the application potential and the effectiveness of
economic implementation. Therefore, the effectiveness of the practical
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application of scientific research results is still not satisfactory in Poland [2, 3].
This is further confirmed by the results analysis of national innovation strategies
and research [4-9] that indicate a large gap between the phases of research, the
development of the prototype, industrial application, and commercialization of
advanced products and technologies.

Literature on the subject [10-11] also indicates rablem with the
inadequacy of standard methods (for example, direct intelligence, statistical
analyses, expert panels, workshops), the methods borrowed from strategic
management practice (e.g. scoring method, the SWOT method) or even intuitive
methods used in the evaluation of the strategic research programmes.
Frequently, it does not take into account important aspects, such as market
demand assessment, field of application, competitive solutions on the market,
potential benefits for producers and consumers, and the protection of intellectual
property rights. Strategic government documents [12-15] and research on the
effectiveness of the transfer processes of innovative solutions under
development into the economy [16-20] stress the importance of a real
assessment of the implementation and commercial potential.

Moreover, the methods used so far for the evaluation of technical solutions
do not sufficiently take into account the specificity of innovative solutions that
results from scientific research work. There is a deficiency of integrated
assessment methods that would take into account all aspects of technical
solutions. In practice, there are only tools to evaluate selected aspects.

An analysis of the use of assessment methods in the world, concerning the
degree of sophistication of technological and research programmes indicated the
following NASA methods as the foundations and premises to be incorporated in
designing the SDW methodologieBechnology Readiness LevélRL) [21],
and a more advancedEngineering Manufacturing Readiness Le@MRL)

[22]. Adaptations of this kind of methodology for special purposes are
increasingly used for assessing the maturity of solutions at the stages of research
and development of technologies [23-25]. For technologically advanced and
organisationally complex endeavours, the use of TRL methods is now the
common practice that distinguishes innovative economies [26—28]. Furthermore,
literature on the subject indicates only a few examples of methods for assessing
the commercial potential of technological and research projects (mainly the
methods used for the evaluation of commercial potential of new technologies:
Quicklook and In-Depth [11], expert subjective evaluation methods and
objective factual analysis for identifying the commercial potential of innovative
solutions [29, 30]. The methods for assessing commercial potential by using
computer-based methods for the analysis of information [31, 32] have become
an inspiration to develop a comprehensive, an original method to evaluate
commercial potential.
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The ITeE — PIB in Radom adopted the insufficiency of support mechanisms
for commercialization and implementation, the low level of implementation and
commercial maturity for the developed innovative solutions, and the lack of
purpose—designed methods for detailed comprehensive assessment of developed
solutions as the premises for the development of practical, useful tools for
evaluating the degree of technical advancement of solutions and product
readiness to implement industrial and commercialization [34].

Within the framework of the Strategic Programme “Innovative Technical
Support Systems for Sustainable Development of the Economy” [33], practical
methods for monitoring the product development stages and readiness level of
innovation transfer into business practice were developed and verified, including
a method for assessing the level of implementation maturity (SDW) [35] and
a method of commercial potential evaluation (PK) [36] for technical solutions.

These methods and the computer program are permanent elements of the
monitoring procedures for research projects carried out in the ITeE — PIB, and
SDW and PK are the assessments of their results. These verified and modified
methods are now being used in cyclical assessments of innovative solutions,
which are at various stages of completion, developed within the framework of
the Strategic Programme, “Innovative Systems of Technical Support for
Sustainable Development”. There are 173 solutions evaluated at fixed intervals
and classified within a system of categories: Systems (S), Materials (M),
Devices (U), Technologies (T), and Services (Z), which are further broken down
into subcategories. The structure of the developed classification is open—ended,
which allows its extension into further subcategories [35].

The developed system has been presented in several publications
[35-38]. In this article, the authors focused on examples of the practical
application of the system, and its applicability and evaluation effectiveness.

1. Examples of practical application of the developed methods
for evaluating implementation maturity and commercial potential
of selected innovative solutions (SDW)

Out of 173 solutions developed within the strategic programme, subject to
systematic evaluation, four examples were selected that represent the different
categories marked by the following letters:
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Fig. 1. Categorization of innovative solutions for specialized categories and subcategories

S: “System for automatic quality control” (category “system” subcategory “control system") developed in the
framework of the research tasks of "Hybrid systems for automatic quality control in production processes;
M: “Polymer micro-composite for regeneration of machine components” (category “materials”, subcategory
“composites”) developed in the framework of the research task, “The use of polymer micro- and nano-
-composites in construction and regeneration of machine componéhts®A device for determining
operational characteristics of recuperation heat exchangers used in mechanical ventilation systems for
buildings” (category “devices” subcategory “devices with advanced control systems”) developed in the
framework of the research tasks “Methods of improving environmental and engineering safety in ventilation
systems”;T: “Model hybrid technology for surface treatment to increase the durability of selected components
of internal combustion engines” (category “technology” subcategory “surface engineering technologies”)
developed in the framework of the research task, “Hybrid layers with higher resistance to thermos-mechanical
fatigue”.
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The example does not include the “Service” category, since this type of
product was not developed within the framework of the Strategic Programme.
A detailed description of the specificities and the assessment of services
constituting solutions, the effects of which are intangible products, along with
a detailed assessment algorithm were presented in the publication [39].

The degree of the maturity of implementation solutions of the Strategic
Programme (including selected sample solutions) was rated six times at half-

-yearly intervals at various stages of their development. Examples of
assessment “screenshots” of SDW for selected solutions are presented in
Figure 2.

The selected solutions, according to the assessment of the experts, were in
the early stages of advancement in 2011: the system at level 1, micro-
composite at 4, and devices and technology at 3.

With the progress of research and development, in 2012, those solutions
reached the following levels, respectively: S and T — 3, that is the level of
analytical and experimental verification, M " Tevel, a prototype status
verified in real operating conditions and readiness for initial production on a
small scale, solution U —™Slevel, that is experimental model tested in
operating, similar to real-life conditions.

The relatively small increase of S and T solutions during this period was
due to the high degree of difficulty of the work related to the development of
the model inspection scheme (S) and an experimental model of technology
components (T). In the first quarter of 2013, S and T solutions reached level 4
(failing to reach level 5 was related to the criteria: testing the operation of the
experimental model in conditions similar-to-life conditions, lack of project
documentation, lack of risk analysis and management programme or
arrangements with the end-user with regard to structural and functional
parameters).

In the third stage of evaluation, the micro-composite (M) reached the
eighth level, namely, readiness to implement in full-scale production. Having
failed to meet the criteria in carrying out the integration of laboratory model,
the verifying of the interaction of technology components, and verifying their
compatibility, solution (T) remained at the fourth level.

For U solution, remaining at level 5 was decided by the failure to meet
criteria, first and foremost, for creating the programme of risk analysis and risk
management, the testing and verification of individual features and modules,
testing the algorithms of the processor platform with parameters corresponding
to the requirements, arranging with the end-user the constructional and
functional parameters, and the development of design documentation for the
manufacture of prototype.
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Fig. 2. Screenshots with solutions description evaluated by the SDW method

In the subsequent stages of evaluation, solutions S and U reached levels 7
and 8, then 8 and 9 — levels of implementation readiness, during which the
review was carried out for operational research prototypes in real conditions of
use. Technology (T) eventually reached level 8. Micro-composite (M), with
the last evaluation indicates level 9, i.e. the last stage of the verification phase,
after the certification tests confirming the quality of the product, has been
implemented in 38 manufacturing enterprises.
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For system (S) and device (U), it was necessary to eliminate errors and
faults in the prototype version, and to carry out certification procedures, after
which both projects concluded in industrial implementation. The model
implementation of the technology (T) was also performed. The results of
subsequent evaluations of the selected solutions are presented in Figure 3, where
the boundaries of the column charts indicate the gradually increasing level of
implementation maturity.

Monitoring the status of the implementation of the established schedules
and analysing assessment sheets and the results in the subsequent stages of
evaluation enabled the identification of direct causes of the difficulties of
subsequent tasks at the operational level, and consequently, their modification
and fulfilling the minimum of 80% of the criteria that are assigned to a given
level.

10

system

H material

H device

o N B OO

M technology

stage| stagell stagelll stagelV stageV stageVI

Fig. 3. The results of the six stages of the SDW evaluation of the four selected solutions
developed in the Strategic Programme

The commercial potential of four selected solutions was evaluated five
times in the half-yearly intervals. The results of the evaluations have been
recorded in the database of the program (Fig. 4).

The analysis of the results indicated that two of the four analysed solutions
already at the initial stage was characterised by low (solution M) and very low
(solution S) commercial potential of respectively 45% and 39%. Technology (T)
has reached the average commercial potential (55%). The device (U) obtained
a high commercial potential (66%) due to its high technological level, a high
level of functionality and innovation in relation to other existing solutions on the
market, and a high level of market demand for a solution. In the subsequent
stages of evaluation, together with an increase of work progress, there was
a significant increase in the commercial potential for micro-composite (M) and
technology (T) to the level of 73%. In the scale of commercial potential,
achieving the set maximum level of 70% indicates high chances of
commercializing the solution. The high result of commercial potential level for
(M) and (T) was confirmed and verified by the market, with high market
demand and the high demand for the solution.
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Fig. 4. The screenshots of assessment sheets for solutions rated by PK method

In subsequent evaluations, the level of commercial potential for system (S)
increased steadily, reaching 70% of the value in the last study (high level).

The results of subsequent evaluations of the selected solutions are presented
in Figure 5.

A significant part of the innovative solutions developed within the Strategic
Programme is single specialized solutions (often unique) of a non-repeatable or
repeatable character. The former, developed to order for a specific client and in
accordance with the adopted formula where their commercial potential is not
tested, has a market potential of 100%. The second category of individual,
specialized innovative solutions are the repeatable solutions, which are of
interest to a wider range of receipts; the commercial potential of this group of
solutions is subject to assessment [40].
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Fig. 5. The results of the five stages of commercial potential assessment of the four selected
solutions developed in the Strategic Programme

The selected four solutions are assessed in terms of their level of innovation
(Pl assessment). However, significant modifications made to the methodology
for evaluating Pl make a comparison of all four evaluation results untenable. The
results of the last two stages of the Pl assessment indicate that innovation of T
solutions increased from medium to high, solutions S and U declined slightly
within the medium-level, while M maintained the same level (medium); in the
last case, new areas of application were suggested allowing further development,
which is a recommended strategy in creating competitive advantage.
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Fig. 6. The results of the two stages of innovation assessment of the four selected solutions
developed within the Strategic Programme

When monitoring a large number of projects, for example, those carried out
within the framework of the strategic programmes, important information about
the overall progress of the work can be obtained based on the total analysis of the
assessment results. The Excel Package helped to generate statistics showing the
implementation and commercial potential of solutions, either globally or divided
into thematic groups and categories of solutions, including the timeframe in the
analysis indicated trends of observed changes. The summary results of the
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implementation and commercial potential carried out for 173 solutions of the
Strategic Programme (SDW assessment at six stages of implementation, PK
assessment at five stages of implementation) is shown in Figs. 6 and 7.
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Fig. 7. The results of the six stages of the SDW assessment for 173 solutions that are the result of
the Strategic Programme

60 4

stage |
stage Il

stage Il

Number of solutions
W
(=]

2 1 m stage IV

10 + m stage V

v. low PK low PK average PK high PK v. high PK
Level of the PK assessment

Fig. 8. The results of the five stages of the PK assessment for 173 solutions that are the result of
the Strategic Programme

Based on the analysis of the results of assessment summaries of developed
solutions, substantive conclusions can be formulated and appropriate decisions
made in order to ensure high efficiency of the work carried out. The column bars
shown in the global approach indicate the prevailing levels of advancement
ranges of the developed solutions. The results of the subsequent stages of the
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evaluation point to the increasing share of solutions with a higher level of
implementation maturity, and an increase during the periods between the
assessments of solutions with a higher commercial potential.

The software system designed and constructed to support the developed,
integrated methods for assessing implementation maturity, commercial potential,
and innovation of engineering solutions is supported by an Internet application.

The system is divided into modules to assess SDW, PK, and PI that are
expandable with other modules, for example, a module that takes into account
environmental aspects, or the risk of implementing innovative solutions, or
aspects of the social environment [41]. Each module allows creating multiple
assessments of the same product (multi-stage assessments), and also exporting
assessment sheets and aggregate results to external files in PDF format. The
access to the system is authorized, with various levels of permission for users.

The functioning of the system has been tested both in the development
phase of the system, as well as practically, while carrying out evaluations of
innovative solutions of the Strategic Programme and the assessments outsourced
by external entities. As a result of the tests, necessary modifications were
introduced designed to increase the functionality of the system. As part of the
testing system, verification was also conducted for assessment methods, which
included, among others, the efficiency of the developed methods in applications
for designated categories of solutions, the adequacy of the criteria for the
assessment of individual modules, and the choice of weights for the individual
criteria.

The flexible structure of the software allows modifications of the system
and its adaptation to specific applications.

Conclusions

The developed comprehensive solution in the form of methods of assessing
the degree of implementation maturity SDW, commercial potential PK,
executive procedures, and information system, is a tool to assist the
transformation of knowledge and the transfer of technology, within the
framework of the measures taken for the improvement of competitiveness and
innovation economy, through more effective use of the results of scientific
research.

The assessment methods can be used at different levels of the formation of
innovative solutions, from the planning of research and development and
developing the concept of a solution, to a detailed application in the assessment
of innovative products at various stages of their completion. These methods have
the typical nature of an application and can be used (as a complex or singly) in
the systems for the development and implementation of the research results into
practice, primarily to evaluate the maturity of technologies and new products at
universities, institutes of scientific research, and the evaluation of the
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implementation of development projects in the industry. These methods provide
a means for in-depth analyses of the progress of research and development
projects and their degree of adaptation for practical applications, thus
substantially reducing the risk of failure in implementing and commercializing
of innovative solutions. The developed solution is an important element of the
evaluation of the strategic research programmes in the ITeE — PIB in Radom.
Due to its versatility, it can find broad applications in results assessment of
research work and their readiness for application in the economy. The flexible
structure of the software allows modifications of the system and its adaptation to
specific applicationsThis is confirmed by examples of external implemtoia
methods, including small and medium businesses (e.g. the SDW study of the IT
system Xerius dedicated for business management) or in Belchatowsko-
-Kleszczowski Industry — Technology Park. Many evaluation procedures have
been carried out with the use of the developed system.

The authors foresee its further improvement and a development of optional
solutions for other categories of research results, including educational projects.
A risk assessment module of innovative ventures is in the process of
development.

Scientific work executed within the Strategic Programme “Innovative
Systems of Technical Support for Sustainable Development of Economy” within
Innovative Economy Operational Programme.
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Praktyczne zastosowanie metody oceny stopnia dojrzgti wdrozeniowej
oraz potencjatu komercyjnego w realizacji projektéw R&D

Stowa kluczowe

Stopien Dojrzatcgsici Wdrazeniowej SDW, potencjat komercyjny, innowacje
techniczne, transfer technologii.

Streszczenie

Kompleksowa wieloaspektowa ocena realizacji projektow R&D oraz
potencjatu aplikacyjnego uzyskanych wynikow powinny odgiyacydujca
role w odniesieniu do zasadrm&ontynuacji podjtych zada badawczych oraz
praktycznego wykorzystania ich rezultatow. Dlatego istotne jest zastosowanie
w sterowaniu  tymi  projektami  odpowiednich, skutecznych qumiz
pozwalajcych na ocefi stanu zaawansowania prac oraz urealnienie szans
komercjalizaciji.

W artykule opisano praktyczne wykorzystanie autorskiej metody oceny
dojrzatoi wdrozniowej, potencjalu komercyjnego oraz innowacy@iodo
wspomagania zagdzania realizagj projektu na przykladzie wybranych,
innowacyjnych rozwjzaa stanowacych rezultat Programu Strategicznego pn.
.lnnowacyjne systemy wspomagania technicznego zrOwnomego rozwoju
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gospodarki”. Zaprezentowano wyniki ocen oraz ich interpretacjodiwiajaca
podjecie wiaciwych dziata korygupcych. Przyklady zastosowanetod oceny
stopnia dojrzatasi wdrozeniowej (SDW), oceny potencjatu komercyjnego (PK),

a take potencjatu innowacyjnego zaprezentowane w artykule potwigrdzaj
wysoks przydatnosé¢proponowanej metodyki w ewaluacji projektow R&B do
racjonalizacji proceséw rozwoju produktu. Praktyczna weryfikacja metod oceny
innowacyjnych rozwjzan pozwolita talke wyznaczy potencjalne kierunki
rozwoju samych metod i autorskiego systemu kompleksowej oceny skuteicznos
i efektywnog&i realizacji projektéw badawczych i innowacyjnych produktéw
stanowjcych ich wynik.
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Summary

The development of the knowledge-based economy requires undertaking
many initiatives that contribute to the increase in the competitiveness of
entreprises through the development and the implementation of innovative
products. Such initiatives include, among others, strategic research programmes,
which are characterised by a great number of levels, a multitude of objectives and
results, and high budgets. It causes that the subject of strategic research
programmes must be generated or fully accepted by national authorities
responsible for this sphere. Therefore, it is necessary to develop a complex and
effectiveness management and evaluation system dedicated to strategic research
programmes. The authors present the concept and the structure of the system, and
particular attention is paid to the evaluation, which enables systematic
improvement of the effectiveness and the efficiency of a strategic research
programme and research projects undertaken within such a programme.

The system designed is currently verified withimovative Systems of
Technical Support for Sustainable Development of Econ@tategic
Programme executed in the Institute for Sustainable Technologies — National
Research Institute in Radom (Poland).
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Introduction

The R&D management is defined in the literature as “the use and the
application of knowledge, skills, tools and techniques in the management area in
the context of fulfilling the objectives in order the execution of the programme
to contribute to the improvement of the value of the organisation in a measurable
way” [3]. Moreover, the R&D management is “the process, taking into
consideration in the organisation, for the achievement of profits and avoiding
risk and loss” [3]. This definition does not consider the nature of management of
a strategic programme, which is characterising by interdisciplinary character and
high budget. A strategic research programme results from scientific and
innovative policy of a country. It is executed in a long-term perspective, and it
aims at the improvement of the competitiveness of a national economy through
the development of innovative products and services and the execution of R&D
activities enabling ways to solve scientific, technical, and social problems [28].
The important elements of a strategic research programme include the
identification of the projects and the measurement of a programme results in
order to ensure the greatest benefits for the organisation. Therefore, it is
necessary to pay special attention to the evaluation understood as the study on
the programme characteristics, with assessment criteria taken into consideration
in order to analyse and interpret the achieved results and to make decisions on
the launch of the programme, the way of its execution, the continuation of the
whole programme or its individual elements, or termination [28].

1. Management system for strategic research programmes

Strategic programme management is a part of the project management area.
According to the methodology designed by the American Project Management
Institute [22], there are the following phases in the project or the programme
management: launch, planning, execution, termination, and control during the
project execution.

According to theEuropean Guide to the Evaluation of Socio-Economic
Developmenfl1], the project or the programme management process includes the
following phases: programming, identification, formulatiex-anteevaluation,
execution and monitoring, project termination, axepostevaluation of the final
results. These phases are also considered by other authors, among others, by
Mingus [20], Lewis [17], Kerzner [15], and Kanda [13].

The state-of-the-art concerning management systemstiategic research
programme$s enabled the identification of the following basic management

! National Program of Research Infrastructure (Denmark), Advanced Technologies for Energy
Acquisition (Poland), GRAF-TECH (Poland), Core Research for Evolutional Science and
Technology (Japan), Industrial R&D Program (Korea), Small Business Innovation Research
(United States), Solar Chemistry/Hydrogen (Switzerland), Telecommunications Electronics
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phases: programming, planning, formulatiex;anteevaluation, execution, and
closure(Fig. 1).

I
O PROGRAMMING @

VI. CLOSURE
(EX-POST)

STRATEGIC
PROGRAMME
MANAGEMENT

EVALUATION

V. EXECUTION
(ON-GOING)

iii.
FORMULATION

PREPARATION OF A STRATEGIC
PROGRAMME

IV. EX-ANTE

EVALUATION

Fig. 1. The identified phases of a strategic research programme management

These phases forthe life cycle of a strategic research programme. The
phases enable the identification of the launch and the closure of a programme as
well as indicating the timeframe needed for the execution of individual research
tasks within a programme:

— Programming (detailed analysis of strategic documents at national or
European levels, analysis of research directions, which are interesting for
those supporting programme funding);

— Planning (identification of needs, which are the basis for the launch of a new
strategic programme, analysis of potential problems, detailed description of
programme objectives, preliminary estimation of the timeframe and the
budget of a programme, identification of the results planned to be achieved);

— Formulation (analysis of the programme feasibility, design of the plan, how to
use the results in a long-term perspective, detailed description of elements
designed in the planning phase);

— Ex-anteevaluation of the proposal submitted by potential beneficiary;

(Finland), Exploratory Research for Advanced Technology (Japan), Danish Strategic
Environmental Research Program, Systems Technology and Methodology for Development of
Complex Technical Systems (Sweden), PINTA — Clear Surfaces (Finland), Superfund Innovative
Technology Evaluation Program (United States) and Nutek-Vinnova Programme in Complex
Technical Systems (Sweden).
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— Execution (leadership of research teams, monitoringoangoing evaluation
of the programme); and,

— Closure (formal closure of the programme a&xepostevaluation; the use of
the evaluation results for the launch of future strategic research programme).

The most important conclusions coming from the analysis are the following:

1. The management phases of a strategic research programme, which were
identified in the literature, are characterised by different level of detail. It
means, for instance, that, in analysed strategic research programmes, the
planning phase is very expanded; whereas, the closure phase is very general or
even omitted.

2. Ex-anteevaluation phase is usually of an external character, which means that
it is conducted by the experts, who are not engaged in the execution of
a strategic research programme. In most cases, the internal evaluation was not
identified, but it seems to be an important element of the management, as it
contribues to the decrease of the risk of the rejection of the programme
proposal.

3. The closure phase does not concern the formal closure of a programme but
mainly theex-postevaluation of the achieved results.

4. The phase of analysis and the use of the results aiming at the launch of a new
programme were not identified.

All management phases for a strategic research programme are significant;

however, as the analysis shows, the evaluation is particularly important, because it

can be perceived in three management phases: preliminary phasatd
evaluation), execution phase, and closure phase.

2. Evaluation of a strategic research programme

The occurrence of the evaluation in three management phases comes from its
objectives: cognitive and instrumental. The cognitive objective enables the
detailed presentation of a programme rules, the mechanisms, and the use of gained
knowledge to conduct scientific research within a topic relevant for a strategic
programme. The instrumental objective aims at the use of the evaluation results in
order to make decisions related to the programmes executed [30].

The evaluation is conducted with the use of commonly accepted models,
criteria, and research methods.

The literature review conducted revealed four (4) groups of evaluation models.
The groups and models emerging from the aforementioned analysis are as follows:
1) Models directed at facilitating the effectiveness of R&D tasks undertaken

within research programmes, or aimed at increasing staff responsibilities for

the tasks realised: decision model [8], client-centered model [24],

accreditation model [26];

2) Quasi-evaluation models (directed at finding answers to questions occurring
at the time of the evaluation, and they use traditional research methods):
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objective-based model [27], accountability model [16], outcome evaluation as

value-added assessment model [23], performance testing model [26],

experimental model [5], management information model [7], cost-benefit

analysis [14], clarification hearing model [29], case study model [4], criticism
and connoisseurship model [9], theory—driven model [10], and mixed-

methods studies [26];

3) Social models (assuming that, apart from the experts and the project
management board, beneficiaries of research projects should also participate
in their evaluation, because they are the ones to use technologies developed
within research programmes in the future): responsive & participatory model
[25], constructivism model [26], deliberative and democratic model [12], and,
utilisation-focused evaluation model [21];

4) Pseudo-evaluation models (concentrating on the positive effects of the
programme and neglect any negative aspects of its realisation. They are
mainly used by institutions that want to attract beneficiaries and persuade
them to participate in the programme or to purchase its material results):
public relations model [6], and politically controlled model [26].

Moreover, a state-of-the-art study on evaluation criteria and methods used in

strategic research programmes was conducted. The results show that, in most

cases, the evaluation only considers the criteria of relevance and effectiveness. The
cost-efficiency was verified sporadically. The authors also identified other
evaluation criteria, e.g., the impact and the usefulness.

In regarding these methods, mainly document analysis was used. In some
cases, detailed documents were analysed, which were the base for the launch of
initiatives, among others, in the case of programmes executed by the European
Union institutions. The structured and non-structured interviews with beneficiaries
and other organs interested in the use of the results were identified. In cases in
which the number of beneficiaries was large, the authors also identified surveys —
often conducted through Internet. The methods, which were identified more
seldom, included workshops during which preliminary or final results were
discussed. Some evaluations also included case studies.

The programmes, which were composed of some individual research projects,
were analysed in a specific way. Such evaluations contained the analyses of
individual projects according to selected criteria, which were later on used in the
evaluation of the strategic research programme as a whole. However, such an
approach was not used very often.

The identified evaluation models do not make it possible to evaluate a strategic
research programme in a complex way on its different structural levels (research
project level, thematic group level, or the complete strategic research programme
level) and only its selected elements. Therefore, after the indept literature analysis,
the authors decided to design a complex evaluation system composed of evaluation
methodologies and methods, which can be applied from the launch of a strategic
programme until its closure as well as some years after the closure.
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3. Evaluation system for a strategic research programme

The basic elements of a proposed evaluation system for a strategic research

programme include the following [28] (Fig. 2):
Methodologies enabling the evaluation of a strategic research programme on its
different structural levels;
— Standard methods used on each structural level of a strategic programme; and,
— Non-standard methods used for the assessment of products being the results of
individual research projects in the area of technical innovation.

The authors designed the key methodologies (3) and the supplementary
methodology (1). The key methodologies enable the evaluation of a programme
on all of its structural levels and include the following: the assessment
methodology for technical products, the evaluation methodology for research
projects, and the evaluation and optimisation methodology for the strategic
programme as a whole. The supplementary methodology supports the evaluation
process and aims at the generation of future research projects and directions.

The assessment methodology for innovative technical products enables the
assessment of material results on each stage of their development, which are
directed to the implementation into economy or commercialisation. The results of
the methodology are later used in the evaluation of research projects.

The evaluation methodology for research projects enables the conduction of
formal and content-related evaluation of the project. The formal evaluation aims at
the assessment of legal and organisational issues of a research project, among
others, the relevance of the project subject to the legal rules and the priorities of
national development, the level of the achievement of material and non-material
results, and the budget level. The aim of the content-related evaluation is to assess
scientific, technical, and application aspects, which are significant for the
organisation commissioning the evaluation. The evaluation methodology for
research projects is a tool supporting decision making on the continuation or
termination of the individual product or project.

The evaluation and optimisation methodology for a strategic research
programme is based on the results of the assessment methodology for innovative
technical products and the evaluation methodology for research projects. It
supports the decision making process on the continuation of works characterising
by the highest level of the effectiveness of the research projects and thematic
groups or on the continuation or termination of projects or groups characterising
the lowest level of the effectiveness.

The supplementary methodology of generating future research projects and
directions enables the selection of such directions for the needs of the launch of
new projects and programmes, mainly based on the results of the assessment of
technical products.
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The methodologies designed assume the use of standard methods,
commonly used in the evaluation of research projects executed in different
thematic areas as well as original non-standard methods for the assessment of
technical products, which were developed as a result of the execution of research
projects (the technological readiness [19], the risk implementation [18], the
commercial potential [1], the innovativeness level [2] assessment methods).

In order to confirm the correctness of the system operation, its verification
on the current executednnovative Systems of Technical Support
for Sustainable Development of Econosimategic programme was performed
The evaluation of 165 innovative technical products and 30 research projects
were conducted. The application of the designed system enabled the
identification of technical products and research projects, which are “non-
perspective” based on the set of selected assessment criteria, among others,
because of low commercial potential, which makes the products impossible to
be implemented into economy and “perspective” tasks, which should be
continued. Moreover, the results achieved in the evaluation process enabled
the researchers to identify and to analyse research directions, which should be
the basis for the launch of a new strategic research programme or independent
research projects [28].

Conclusions

The designed evaluation system for strategic research programmes in the
area of technical products, as an important element of strategic programme
management, is an instrument supporting management in a research
organisation. The application of designed evaluation methodologies enables the
assessment of such types of programmes on different structural levels in selected
timeframes of a programme. The evaluation results are going to be used during
the next evaluations in order to analyse tendencies and changes, which can take
place during its execution. Moreover, considering selected assessment criteria,
the evaluation results are going to be used to indicate the subject of new research
projects and programmes.

The use of a proposed system enables the conduction of a complex
evaluation of a strategic research programme.

Scientific work executed within the Strategic Programme “Innovative
Systems of Technical Support for Sustainable Development of Economy” within
Innovative Economy Operational Programme.

Literature

1. Belina B., topadiska L., Karsznia W.: Commercial Potential Oriented
Evaluation of Innovative Products. Maintenance Problems, No 4/2012.



4-2015 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 139

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Belina B., topaadiska L., Walasik M., Giesko T.: Setting of Criteria in
the Commercial Potential Assessment Method of Innovative
Technological Solutions, Maintenance Problems, No 2/2013.

Callahan K.R., Brooks L.M.: Essentials of Strategic Project Management
John Wiley & Sons, 2004.

Campbell D.T.: Degrees of Freedom and the Case Study, Comparative
Political Studies, No 8, 1975.

Campbell D.T., Stanley J.C.: Experimental and Quasi—experimental
Designs for Research on Teaching [in:] N.L. Gage (ed.), Handbook of
Research on Training, Rand McNally, Chicago 1963.

Clancy T., Horner C.: Every Man a Tiger, G.P. Putham’s Sons, New York
1999.

Cook D.L.: Program Evaluation and Review Techniques, Applications in
Education, U.S. Office of Education Cooperative Monograph, Washington
1966.

Cronbach L.J.: Course Improvement Through Evaluation, Teachers College
Record, Vol. 64, 1963.

Eisner E.W.: The Perceptive Eye: Toward a Reformation of Educational
Evaluation. American Educational Research Association, Washington 1975.
Glaser B.G., Strauss A.L.: The Discovery of Grounded Theory, Aldine,
Chicago 1967.

Guide to the Evaluation of Socio-Economic Development, EVALSED
2013, http://ec.europa.eu/regional_policy/sources/docgener/evaluation
/guide/guide_evalsed.pdf [access: 24.02.2015].

House E.R., Howe K.R.: Deliberative Democratic Evaluation in Practice,
University of Colorado, Boulder 1998.

Kanda A.: Project Management. A Life Cycle Approach. New Delhi 2011.
Kee J.E.: Benefit-Cost Analysis in Program Evaluation, [in:] J.S. Wholey,
H.P. Hatry, K.E. NewcomemHandbook of Practical Program Evaluation,
Jossey-Bass, San Francisco 1995.

Kerzner H.: Project Management. A Systems Approach to Planning,
Scheduling and Controlling. John Wiley & Sons, New Jersey 2009.
Lessinger L.M.: Every Kid a Winner: Accountability in Education, Simon
and Schuster, New York 1970.

Lewis J.: Fundamentals of Project Management. New York 2007.
topaciska L.. Ponadstandardowe Metody Ewaluacjl Strategicznych
Programow Badawczych w Obszarze Innowacji Technicznycbblemy
Eksploatacji, No 3/2011.

Mazurkiewicz A., Karsznia W., Giesko T., Belina B.: Metodyka Oceny
Stopnia Dojrzatosi Wdrozeniowej Innowacji TechnicznychProblemy
Eksploatacji, No 1/2010.

Mingus N.: Zarzdzanie Projektami, Wydawnictwo Helion, Gliwice 2002.



140 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 4-2015

21. Patton M.Q.: Utilization-Focused Evaluation: the New Century Text
(3% ed.), Sage publications, Newbury Park 1997.

22. Project Management Institute http://www.pmi.org/ [access: 24.02.2015].

23. Sanders W.L., Horn S.P.: The Tennessee Value—Added Assessment System
(TVAAS): Mixed Model Methodology in Educational Assessment, Journal
of Personnel Evaluation in Education, No 8(3), 1994.

24. Scriven M.: Evaluation Perspectives and Procedures, [in:] W.J. Popham
(ed.), Evaluation in Education: Current Applications, Berkeley, 1974.

25. Stake R.E.: The Countenance of Educational Evaluation, Teachers College
Record, No 68, 1967.

26. Stufflebeam D.L.: Evaluation Models: Viewpoints on Education and
Human Services Evaluation, Massachusetts 2000.

27. Tyler R.W.: General Statement on Evaluation, Journal of Educational
Research, Vol. 35, 194.

28. Walaszczyk L.: Model Ewaluacji Programéw Badawczych w Obszarze
Innowacji TechnicznychDoctoral thesis under development. Politechnika
Warszawska. Wydziat Zagdzania 2015.

29. Wolf R.L.: Trial by Jury: a New Evaluation Method. Phi Delta Kappan,
1975, No 3(57).

30. Zysinska M.: Ewaluacja, monitorowanie i kontrola projektéw europejskich
[in:] M. Trocki, B. Grucza (ed.): Zagrlzanie Projektem Europejskim
Polskie Wydawnictwo Ekonomiczne. Warszawa 2007.

Zintegrowany system zaradzania i ewaluacji strategicznych programow
badawczych

Stowa kluczowe

Ewaluacja, system zajdzania, strategiczny program badawczy, system
ewaluacji, metodyka ewaluacji.

Streszczenie

Rozwoj gospodarki opartej na wiedzy wymaga podejnmiavanicjatyw
majacych istotny wptyw na zwkszenie konkurencyjsoi przedsibiorstw
poprzez tworzenie i wdganie rozwazan innowacyjnych. Do takich inicjatyw
mozna zalicz¢ migdzy innymi strategiczne programy badawcze
charakteryzujce sé wielopoziomowogig, mnogogiag celéw oraz uzyskanych
rezultatéw i wysokim budstem. Sprawia toze problematyka strategicznych
programoéw badawczych musi dgenerowana lub w petni akceptowana przez
odpowiedzialne zacg¢t sfek struktury pastwa. Dlatego te konieczne jest
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opracowanie kompleksowego systemu zdrania i ewaluacji w odniesieniu do
tego typu programow.

Artykut dotyczy zintegrowanego systemu zglzania i ewaluacji
dedykowanego strategicznym programom badawczym. Autorzy pregentu;
koncepcy oraz struktug systemu, a szczegllnawag poswiccajs ewaluacii
umazliwiajacej systematycznpoprave skutecznogi i efektywnog&i programu
strategicznego oraz prowadzonych w jego ramach projektéw badawczych.

Opracowany system zadzania i ewaluacji jest obecnie weryfikowany
w odniesieniu do Programu Strategicznego realizowanego w ITeE — PIB
Innowacyjne Systemy Wspomagania Technicznego Zrowoosgax Rozwoju
Gospodarki.



