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

The share of researches per employee, §
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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.

Bibliography

1. Balicki A.: Statystyczna analiza wielowymiarowa i jej zastosowania
spoteczno-ekonomiczne. Wydawnictwo Uniwersytetu i3&ego, Gdask
2009, s. 48-62.



4-2015 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 53

10.

11.

Grimpe Ch., Leheyda N., Rammer Ch., Schmiele A., Sofka W.: Sectoral
Innovation Systems in Europe: Monitoring, Analysing Trends and
Identifying Challenges Machinery and Equipment Sector. Centre for
European Economic Research (ZEW), Manmheim, April 2008; http://www.
europe-innova.org/c/document_library/get_file?folderld=24913&name=
DLFE-2663.pdf (lipiec 2011).

Identification of Europe’s sectoral innovation leaders; Sectoral Innovation
Watch (SIW) — (Europe INNOVA).

Karmowska G.: Badanie i pomiar rozwoju regionalnego na przyktadzie
wojewddztwa zachodniopomorskiego, ,Roczniki Nauk Rolniczych” 2011,
Seria G, t. 98, z. 2; http://www.wne.sggw.pl/czasopisma/pdf/RNR_2011_
T98_z2 s85.pdf; czerwiec 2013.

tazniewska E., Gorynia M.: Konkurencyjnosegionalna. Koncepcje —
strategie — przyktady. PWN, Warszawa 2012, s. 137-139.

Sitkowska R.: Wielowymiarowa ocena innowacyjciowybranych grup
producenckich. Problemy Eksploatacji 2012, nr 2, s. 155-166.

Sitkowska R.: Procedura wspomagania procesow decyzyjnych na szczeblu
wiadz regionalnych w obszarze zaawansowanych technologii, z przyktadem
zastosowania w wojewddztwie mazowieckim. W: Danuta Strahl (red.),
Andrzej Raszkowski (red.), Dariusz Gluszczuk (red.). Prace Naukowe
Uniwersytetu Ekonomicznego we Wroctawiu PN 333 Gospodarka
regionalna w teorii i praktyce. Wroctaw 2014, s. 183-194.

Sitkowska R.: Tendencje rozwojowe wybranej grupy produktow
zaawansowanej techniki. W: Rola innowacyjion ksztattowaniu jakasi

(red. J.Zuchowski, R. Zieliski), Wydawnictwo Naukowe: Politechnika
Radomska, Wydziat Ekonomiczny; Instytut Technologii Eksploatacji-
Paistwowy Instytut Badawczy w Radomiu, Radom 2012, s. 88-96.
Sitkowska R.: Zastosowanie metody badania tendencji rozwojowych
produktow zaawansowanej techniki. Prace Naukowe Uniwersytetu
Ekonomicznego we Wroctawiu Nr 300 pt. ,Innowacje w zdeaniu” (red.

Jan Skalik, Anna Zabtocka-Kluczka), Wroctaw 2013, s. 111-118.
Sitkowska R.: Zastosowanie procedury produktowej w dziataniach
projektowych przedsivzig¢ naukowych (na przykladzie wybranych
wyrobow produkcji instrumentdw i przygddw pomiarowych). Studia

i Materialy ,Miscellanea Oeconomicae” WZIA UJK Kielce. Nr 2/2012,
s. 315-332.

Staaczyk E.: 2008, Innowacyjnoséw wojewoddztwach. Wiadomok
Statystyczne, nr 10, s. 53-69.



54 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 4-2015

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.



