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An essential element of modern economic models

on the development and implementation of inno-
vation is the various forms of interaction between

stakeholders engaged in innovative activities

with a view toward exchanging knowledge and

technologies. The intensity and quality of this in-
teraction becomes all the more important when

assessing the level of development of innovation

systems, while the embeddedness of certain or-
ganisations and enterprises in a network of such

contacts shapes the long-term effectiveness and

impact of their work.

This article assesses the degree of involvement of
Russian innovative enterprises and scientific or-
ganisations in processes to create, transfer, and
acquire technologies (including the purchase and
sale of ready-made machines and equipment, and
various methods to transfer intangible scientific
and technological results).
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conomic theory, since its beginnings, has con-

ceptualised national innovation systems (NIS)

in various ways and focused attention on vari-
ous different stakeholders or processes [Etzkowitz,
Leydesdorff, 2000; Arundel, Hollanders, 2005; Godin,
2006; Kline, Rosenberg, 2006, and others]. One of the
promising areas for the development of NIS (and re-
lated research in) is linked to the intensive circula-
tion of intellectual capital in the overall production
and demand system for economic and other benefits.
Such circulation also directly affects subjective, in-
stitutional, functional and other measures of innova-
tion systems (Table 1). According to current views,
the efficiency of innovative development depends
not only on the extent to which the actions of indi-
vidual innovative stakeholders are productive when
considered separately, but also on the quality of the
interactions between stakeholders. The existence of
developed and far-reaching networks of contacts
between large- and medium-sized companies, small
firms, research centres, universities, authorities, not-
for-profit organisations, and others guarantees, sup-
ports and stimulates the emergence of new ideas, the
generation and dissemination of knowledge, the re-
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alisation of technological opportunities, and makes it
possible to count on improvements in the efficiency
of knowledge transfer (circulation), the level of in-
novative activity, and the receptiveness of economic
stakeholders to knowledge and technologies.?

Recent research agrees that producers and con-
sumers of new knowledge in the real sector of the
economy are emerging as stakeholders’ in innovative
activities. The primary stakeholders include:

e Specialised structures (research centres, higher ed-
ucation institutions) directly involved in R&D and
providing economic actors with research, scientific
and technological results (in the form of patents for
inventions, know-how, ready-made technical solu-
tions, standards, etc.) and other required data;

e Companies collating information on potential
growth areas and engaging in innovative activity
based on this in practice (production). These (di-
rectly or indirectly) provide a stimulus for R&D
to be carried out (and often themselves come to
carry out or participate in the R&D) and generate
real demand for new knowledge.

The challenge of effectively coordinating key
NIS actors — organisations and businesses engaged

Table 1. The distribution of key NIS stakeholders in Russia according
to their duties and institutional affiliation

Tyf)e of activity /

field of interaction State e el

Infrastructure / Elements of infrastructure A Technology transfer cen-

services supported by the state tres (TTC), innovative
(for example, technology

platforms centres (

Public sector science
Administrative authorities
regulating activities in the
fields of science, technol-
ogy and innovation
Administrations (depart-
ments) of state special
programmes

Science / research
and development
(R&D)

divisions

tor science

technology (production)
%C{ coaching
centres, venture funds

Research, project, design
15 (laboratories) at
enterprises; business sec-

Institutional sectors

University Intermediaries

Affiliated common use centres
(CUC) for equipment, technology
cluster residents, tech cities, science
and technology information or-

anisations, etc.

nnovation division, basic labora-
tories, technology clusters, business
incubators, etc.

State organisa-
tions otfering
intermediary roles

Research asso-
ciations, groups,
networks

Higher education science sector
(universities carrying out R&D)
Laboratories, higﬁer education
centres which are part of research
organisations and enterprises, R&D
and training centres

Business activity

Education and
training

Commercialisation
of knowledge

Source: HSE ISSEK.

State government bodies
Public-private partnership
(PPP) institutes
Administrations (depart-
ments) of state special
programmes

State government bodies,
administrations (depart-
ments) of state special
programmes

State bodies which are cli-
ents of scientific and tech-
nological results, training
services etc.

Enterprises engaged in
innovative activities

Corporate research insti-
tutes and training centres

Businesses engaged in the
application of new tech-
nologies and innovations

Small innovative firms at research
organisations and higher education
institutions

Departments and centres of re-
search organisations at higher
education institutions, research and
training centres

Higher education institutions en-
gaged in innovative activities (in-
novative educational programmes,
R&D, application etc.I))

Research organisations, higher

education institutions involved in
the transfer, commercialisation of
scientific and technological results

Commercial in-
termediaries

Intermediaries in
the transfer (com-
mercialisation)
chain for scien-
tific and techno-
logical results

2 See: [IMEMO, SI HSE, 2008; Drucker, 1985; Farina, Preissl, 2000; OECD, 2010; OECD, 2011a; OECD, 2011b; Gokhberg, Kuznetsova, 2011, and others].
3 We are talking specifically here about key stakeholders (with all the conventionalities of this term) with numerous other interested players.
* Of all organisations and businesses, production and processing industries and those involved in the production and distribution of electricity, gas and water accounted for

4.2%.
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in R&D — is pressing for all countries. In Russia this
problem is particularly acute, which is confirmed in
particular by official statistical data. In 2011, 35%
of Russian firms engaged in technological innova-
tion were involved in joint R&D*. Of those, 46% col-
laborated with research centres and 28% with higher
education institutions. A perceptible proportion of
projects (a little less than half) were conducted in
conjunction with suppliers of equipment, materials,
parts, software and other counterparties. On-going
interaction with research organisations was main-
tained by 45% of innovative companies and by 26%
of higher education institutions. Closer contact on a
regular basis has been seen with affiliates, consumers
and suppliers of goods and services, as well as with
competitors. Out of the total number of joint R&D
projects carried out in the business world, 24% ap-
proached research organisations and 7% higher edu-
cation institutions [NRU HSE, 2013, p.192, 204, 2013,
222, 229].

Even the low level of demand demonstrated by real
sector companies for R&D results (new technologies)
is not, as a rule, fully met. One reason lies in the fact
that business structures either express no interest in in-
novative activities or are forced to implement highly
ineffective imitating activities, characterised by a weak
flow of generated knowledge, relatively low levels of
cooperation with research structures, and an orienta-
tion primarily toward purchasing tangible technologies.
Such behaviour of companies means a preponderance
of non-innovative companies and ‘irregular’ imita-
tors in the economy. As a result, there has been an
expectedly dramatic increase in the technological de-
pendence of Russia on foreign countries (including on
direct economic competitors) and growing threats to
national security [Gokhberg et al., 2010].

As noted above, the behaviour of innovative stake-
holders, among other things, is viewed in economic
theory in the context of their involvement in the gen-
eration, application and use of new technologies and
the production, based on these innovations, of mod-
ern products demanded by the markets. The present
article will investigate the intensiveness and forms
of involvement of Russian enterprises and research
organisations in these processes, the existing factors
and limitations, technology exchange strategies, and
the specific features of using knowledge and tech-
nology transfer channels [ Nelson, 1959; Pavitt, 1984;
Freeman, Soete, 1997; Marsili, 2001; Cohen et al., 2002;
Monion, Waelbroeck, 2003; OECD, 2011a; Gokhberg et
al.., 2010; Zaichenko, 2012].

Data and Analytical Approaches

We undertook our analysis using the results from a
specialist survey entitled ‘Monitoring the innovation
activity of actors of the innovative process’, which the
Institute for Statistical Studies and the Economics of

Knowledge (ISSEK) of the National Research Uni-
versity Higher School of Economics (NRU HSE) has
undertaken on a regular basis since 2009 (as part of
HSE’s Fundamental Research Programme). The sur-
vey alternates between investigating research organi-
sations engaged in technology transfer and innovative
companies every two years>.

The monitoring of the manufacturing industry
and services businesses adapts techniques from inte-
grated European research into technology levels and
innovative activity in industry (the European Manu-
facturing Survey) and international standards on sta-
tistical measures of innovation. The survey samples
more than 2,000 domestic companies [OECD, 2005;
Gracheva et al.., 2012; Brodner et al., 2009; Kirner et
al., 2009; Kinkel, Maloca, 2009].

Additionally, ISSEK-HSE has developed a unique
approach to monitor the innovative activity of re-
search organisations. Part of this research focuses
on the strategies of research organisations as entities
providing innovative services (resources, assets, and
expertise)®. Despite its simplicity, similar foreign
approaches are considered to be relatively fruitful
[Hales, 2001; Zaichenko, 2012]. They make it possible
to structure empirically observable results on activ-
ity, and to highlight and explore patterns of organi-
sational involvement in innovative processes such as
independent use of an open research base, data, li-
braries, R&D activity, and provision of integrated
services (design, production, adaptation of means of
production, trial production, etc.).

The survey covers approximately 1,000 research
organisations belonging to the business science sec-
tor [ Gokhberg, 2003], of which more than 60% have
actually transferred scientific and technological re-
sults to businesses in the real sector of the economy,
with roughly 39% being guided by some clearly set
out (formal) strategy in a plan on innovation and de-
mand for transferable results.

When comparing the involvement of research or-
ganisations and real sector businesses in technology
exchange, significant trends have been taken into ac-
count which arise as a result of factors such as the
structure and efficiency of existing development in-
stitutions, global position, the specific nature of the
activities, and regulatory initiatives by the state. We
note, in particular, the following:

e in each country there is a unique structure for the
knowledge (technology) markets and their par-
ticipants, and we see the broadening and diversi-
fication of these markets;

e traditional challenges to science and ways for cli-
ents and contractors to interact on scientific and
technological work and innovation are undergo-
ing constant and profound changes; integrated
forms of interaction and network structures have
been actively developed to help formulate rele-

* In 2009, 2010 and 2012 the survey was conducted among companies, and in 2010 and 2011 among organisations in the business science sector. The results of the research are
published in [Gracheva et al.., 2012; Zaichenko, 2012; Gokhberg et al., 2012; Gokhberg et al., 2013].

¢ The innovative activity associated with research organisations includes operational activity (research consultancy, knowledge-intensive services, including expert appraisals,
certification, trials, forecasting, etc.), engineering, the selection and maintenance of ready-made technological equipment, the creation of ‘public benefits’ in the form of
fundamental and applied research, scientific and innovative infrastructure, small innovative firms, and others [ Oerlemans, 2010].
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vant demands and obtain ready-made solutions
aligned with the market;

e there is on-going large-scale structural and func-
tional expansion of the knowledge-based services
sector making it possible to increase interaction
between R&D organisations and real sector busi-
nesses to an entirely new level;

e although perceptible inter-country structural,
qualitative and quantitative differences exist,
general frameworks are being developed for the
functioning of NIS institutions defining a uni-
versal set of typical problems (challenges, con-
straints) in the field of technology transfer and
approaches to finding solutions.

The harmonisation of the tools used in the two
surveys in terms of the generation, transfer and use
of new knowledge and technologies has made it pos-
sible to identify and confirm certain factors based
on empirical data giving rise to serious imbalances in
Russia between supply and demand for innovations.

Innovation active enterprises

Involvement in technology exchange

We noted above that innovative development is
based on intensive network-focused interaction dur-
ing which there is some exchange (acquisition and
transfer) of knowledge and technologies. The survey
carried out enables us to assess the intensity of busi-
nesses' involvement in such processes.

The data that we have obtained for 2012 suggest
that during the development of innovations, 68% of
innovative businesses in the manufacturing indus-
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try and 70% in the information and communication
technology (ICT) sector turned to various forms of
technology acquisition’. As for technology transfer,
43% of respondents in industry and 53% from the
ICT sector declared outbound knowledge flows.

We found the greatest intensity in technology ac-
quisition in machinery and equipment engineering,
timber and instrument-making industries, and the
lowest intensity in food, light industry, and print-
ing industry (Fig. 1). Outbound flows of technology
take place on a large scale in the transport engineer-
ing, instrument making, machinery and equipment
industries. Companies in the food, light, and printing
industries exhibit minimal activity here. Such a dis-
tribution can most likely be explained by the com-
mon technological and innovative level of certain
sectors, the intensity of ongoing modernisation pro-
cesses, the dominance of certain types of innovative
behaviour, and research potential. The most balanced
involvement in technology exchange is arguably seen
in transport engineering, instrument making and ICT
companies. These companies single out, primarily,
the completeness of the innovative process (the scale
and structure of the innovations) and their commit-
ment to more modern innovative behaviour models
[Gokhberg et al., 2010].

Analysing the forms of scientific and technologi-
cal results acquisition makes it possible to highlight
certain universal patterns for all sectors. In industry
two types of technology transfer are most popular —
the acquisition of ready-made equipment and com-
mercial agreements, including agreements to carry
out R&D (40% of all cases of technology acquisition).

Figre 1. Enterprise involvement in technology exchange
(enterprises which acquired/sold technologies as a percentage of the total number of enterprises
engaged in technological innovation by sector)

Machinery and equipment production |

Timber industry

Instrument making industry

Ferrous and non-ferrous metals industry; metal working
Automotive industry

Computer technology and information technology activities
Chemicals and petrochemicals

Transport engineering (excluding automotive)
Construction materials production

Telecommunications services

Publishing and printing activities

Light industry

Food industry .

Source: HSE ISSEK.

Acquired technologies

81

77
I 54

I 57
I 3
I 45
I 56
I 42
68
I 3
67
I 40
I 43
I 7
I 51

75
74
73

72

71

67
64
61

47

B Transferred technologies

7 The quaternary services sector was included in the survey. For clarity, this article will provide data on two sectors only: services using computer technologies and information
technologies, as well as telecommunications. In a number of instances these two sectors have been merged together under the common designation ICT in diagrams.
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Table 2. FOrms of technology acquisition
(enterprises which used the corresponding form of technology acquisition as a percentage of the total number of
enterprises engaged in technology transfer, by sector)

Forms of technology acquisition ICT Manufacturing  Industry with the most frequent use of this form of
sector industry technology acquisition, with % of enterprises in that
industry which stated use

Commercial agreements, including:

research and development contract 33.7 40.3 Transport engineering (excluding automotive) — 79.8
invention patent 3.6 8.5 Chemicals and petrochemicals —21.0

free acquisition 1.2 2.8 | Food industry — 4.4

utility model 3.6 9.3  Food industry —20.2

invention patent licence 2.4 3.9 Chemicals and petrochemicals — 8.3

know-how 2.4 3.8 Chemicals and petrochemicals — 13.8

trademark 10.8 9.7  Food industry — 31

industrial sample 10.8 22.8 Light industry —35.3

engineering services 13.3 14.7 Transport engineering (excluding automotive) — 30.8

Other forms of technology exchange

Collaboration contract 31.0 31.0 Transport engineering (excluding automotive) —43.9

Joint research projects 13.3 13.1 Transport engineering (excluding automotive) — 36.4

Collaborative research centres 1.2 1.6 | Chemicals and petrochemicals — 4.4

Technology platforms 15.7 5.3 Ferrous and non-ferrous metals industry; metal
working —20.6

Sale/purchase of ready-made equipment 37.3 40.2  Automotive industry — 72.2

Focused exchange by qualified specialists 6.0 6.0 | Publishing and printing activities — 10.8

Informal means to transfer results 38.6 25.0 Timber industry —46.3

Other 0.0 0.7 Timber industry — 2.8

Source: HSE ISSEK.

Te6r. 3. Forms of technology transfer
(enterprises which used the corresponding form of technology transfer as a percentage of the total number of
enterprises engaged in technology transfer, by sector)

Forms of technology transfer ICT Manufacturing Industry with the most frequent use of this form of
sector | industry technology transfer, with % of enterprises in that industry
which stated use

Commercial agreements, including:

research and development contract 28.6 32.6 Instrument making industry — 57.5

invention patent 1.6 4.1 Transport engineering (excluding automotive) — 12.2

free acquisition 0.0 1.3 gelrrous and non-ferrous metals industry; metal working —
utility model 3.2 6.6 Food industry — 39.7

invention patent licence 3.2 4.0 Chemicals and petrochemicals —11.2

know-how 1.6 3.8 Transport engineering (excluding automotive) — 12.2
trademark 1.6 2.0 Light industry — 7.2

industrial sample 11.1 14.4 Light industry — 44.5

engineering services 7.9 9.4 Transport engineering (excluding automotive) — 19.8

Other forms of technology exchange

Collaboration contract 29 36 Transport engineering (excluding automotive) — 55.6

Joint research projects 4.8 14.0 Transport engineering (excluding automotive) — 25.9
Collaborative research centres 1.6 2.0 Food industry — 7.8

Technology platforms 17.5 4.7 Telecommunications services —21.7

Sale/purchase of ready-made equipment  33.3 24.2 Food industry — 45

Focused exchange by qualified specialists 1.6 17.5 Ferrous and non-ferrous metals industry; metal working — 29
Informal means to transfer results 27.0 23.8 Chemicals and petrochemicals —50.8

Other 1.6 1.2 Telecommunications services — 4.3

Source: HSE ISSEK.
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For 31% of respondents these solutions were accom-
panied by collaboration contracts and for 23% by
an obligation to develop industrial samples. 25% of
respondents turned to informal methods of transfer
(Table 2). Informal exchanges of results are common
throughout in the ICT sector (accompanying transfer
in 39% of cases). Acquisition of ready-made equip-
ment (37%), R&D contracts (34%) and collaboration
contracts (31%) are almost at the same level.

Technology transfer is provided for, primarily, by
R&D contracts (33% of instances in the manufactur-
ing industry, 29% in the ICT sector) and collaboration
contracts (36% and 29% respectively), as well as sales of
ready-made equipment (24% and 33%). A significant
proportion of outbound knowledge flows are accom-
panied by exchanges of qualified specialists and infor-
mal contracts (Table 3). It is significant that, overall,
during technology exchanges commercial agreements
rarely include specifically formalised rights to intel-
lectual property or provide engineering or other pro-
duction-related services. In short, the timeframe for
actual implementation of knowledge and technology
is significantly drawn out, and the innovative process
is often such that it is never completed.

The implementation of domestic scientific

and technological results

We discussed above the relatively low intensity of
implementation of research results in the real sector
of the economy. The survey showed that 23% of in-
novative industry businesses and 16% of ICT sector
companies have experienced successful collaboration
with research centres. The leaders here are chemi-
cal industry companies (37% of which have used
domestic scientific and technological results during
innovative development), machine and equipment
manufacturing companies, and transport engineer-
ing and instrument-making companies (Fig. 2A). The
timber industry (3%) and light and printing indus-
tries are least inclined to adopt such collaborative ap-
proaches (Fig. 2A).

In describing the aims of the collaboration and
the quality of the scientific and technological results
obtained, industry respondents classed the level of
innovation of the product and resulting production
processes as follows:

e Fundamentally new, without any similar foreign
products or processes — 12%;

e New and without any similar domestic products
or processes — 29%;

e New for the implementing firm, but with similar
products or processes among competitors — 36%;

e Improved or modified — 23%.

Telecommunications services companies described
26% of transferred results as fundamentally new,
21% as new for the domestic market, 31% as new for
the business itself, and 23% as improved and modi-
fied (Fig. 2B). The metal works industry highly com-
mended domestic scientific and technological results
(with 46% seeing them as fundamentally new tech-
nologies), alongside the telecommunications industry
(26%) and automotive industry (23%).

Innovation and Economy

We note that in those industries where collabora-
tion with research bodies is more intensive (chemical
and petrochemical industries, transport engineering)
directors’ assessments were more reserved. The ‘tech-
nologies without similar Russian technologies’ point
was picked slightly more frequently, but the majority
of respondents (more than 50% in all sectors) used the
results obtained to modify or improve technologies
already existing in the business (or to implement tech-
nologies which were new to the business but where
competitors had similar technologies). Metal work,
food and light industries made minimal demands re-
garding the novelty of the transferred results.

Comparing the intensity with which companies
implement Russian scientific and technological devel-
opments to the developments' level of scientific nov-
elty makes it possible to group the surveyed sectors
according to the impact of the transfer (Fig. 3). We
found that the experience of collaboration with re-
search institutions has been productive for companies
in sectors such as chemicals, transport engineering,
machine or equipment production and instrument
making. Many of these companies collaborate with
research centres to obtain and implement high qual-
ity (competitive) technologies.

Companies in the food industry and building ma-
terials production industry are characterised by in-
tensive collaboration with research which however is
largely limited to orders and the acquisition of mod-
ernised imitation developments. This exhibits a com-
bined interest in regular R&D and positive relations
with domestic research organisations. Under these
conditions, key constraints to dissemination are in-
sufficient readiness of research results for implemen-
tation, inability to guarantee the claimed properties
of experimental samples in real production processes,
and the lack of novelty in the proposed solutions
(even at the level of adaptation or modification).

A third group of companies is of interest that has
relatively weak overall collaboration intensity and de-
mands results of the very highest level. This group
includes automotive, ICT, metal working and tele-
communications businesses. The group could also
include light industry but an excessively low level
of collaboration with research bodies takes this sec-
tor outside the boundaries of the group. Companies
in these sectors single out dynamic development, of-
ten based on their own designs. Traditional contact
with research groups has become common. These
firms value investment in R&D highly, although re-
spondents are often convinced that they already col-
laborate with the most competent Russian research
organisations in the relevant area. Having exhausted
opportunities within Russia they are more interest-
ed — and are either already engaged in or plan to do
so in the future — in searching for foreign research
partners.

Companies in the timber and printing industries,
the least dependent on Russian research achievements,
complete the proposed ranking. These businesses do
not consider it worthwhile to carry out R&D, mainly
due to the long-term return on investment in such
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Figure 2. INntensity and impact of collaboration with Russian organisations engaged in R&D

A. Businesses implementing domestic scientific and technological results as a percentage of the total number of innovative

enterprises in each sector

Computer and information technology activities
Telecommunications services

Chemicals and petrochemicals

Machinery and equipment production
Transport engineering (excluding automotive)
Instrument making industry

Construction materials production

Automotive industry

Food industry

Ferrous and non-ferrous metals industry; metal working
Light industry

Timber industry

Publishing and printing activities

Implemented scientific and technological results from

B Not implemented

Russian research institutes and higher education institutions

B. Percentage of businesses indicating the corresponding level of novelty of the products / production processes
received as a result of implementing domestic scientific and technological results

Computer and information technology activities
Telecommunications services

Chemicals and petrochemicals

Machinery and equipment production

Transport engineering (excluding automotive)

Instrument making industry

Construction materials production

Automotive industry

Food industry

Ferrous and non-ferrous metals industry; metal working
Light industry
Timber industry

Publishing and printing activities

16.7 333 25.0 25.0
263 211 316 21.1
12.7 39.6 265 212
163 228 418 19.1
3.0 48.4 3.4 455
7.5 338 287 30.0
120 12.0 53.6
232 333 KK 10.1
28.9 523 18.8
46.2 50.0 .4
39.0 305 30.5
100.0
0

Fundamentally new (without any similar foreign products or processes, developed first, with qualitatively new characteristics

New, without any similar domestic products or processes

New for the business, but with similar products or processes among competitors

B Modified, previously existing, but having undergone improvement

Source: HSE ISSEK.

projects. It is likely that they lack the required ex-
pertise for R&D projects. Such firms are inclined to
ignore other forms of innovative behaviour except
for purchasing ready-made equipment, do not link
business success to innovation, and have no interest
in collaborating with Russian research centres.

The results obtained strongly correlate with the
intensity assessments of the dominant forms of tech-
nology exchange, as well as with earlier findings on
innovation behaviour patterns in various sectors
[ Gracheva et al., 2012].
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Among the main problems faced by industries when
attempting to implement domestic scientific and techno-
logical results, respondents most frequently mentioned
lack of funds (46% of companies) and high economic
risk (45%), which reflects the generally hard finan-
cial position of Russian industry (Table 4). Financial
constraints were noted by 74% of instrument making
businesses, which have had to overcome serious do-
mestic and foreign competition (while being heavily
dependent on state support). The economic risks of
implementing innovations were greatest for the metal



Innovation and Economy

Table 4. COnstraints in applying domestic scientific and technological results
(enterprises that highlighted the significance of the constraint as a percentage of the total
number of enterprises engaged in the application of domestic scientific and technological

results, percentage of total number of respondents)

Question: ‘Specify the main constraints to the
implementation of scientific and technological results
developed by Russian research organisations and higher
education institutions’

Inadequate management quality in research organisation
Inadequate management quality in business

Insufficient readiness of scientific and technological results_
from the developing organisation for practical implementation

Lack of guarantees regarding uninterrupted operation of
production based on the scientific and technological results
obtained

Inconsistency between the level of trial and experimental
work at the research organisation with the latest scientific and
technological achievements

High economic implementation risk

Lack of financial resources at the business for implementation
Higher competitiveness of foreign developments

High competition from other domestic producers of finished
goods, work, services

High competition from new goods, work, services imported
from abroad

Legal and administrative barriers to the transfer and
implementation of scientific and technological results

Shortage of (ci[ualified specialists to guarantee the transfer of
scientific and technological results %economlsts, legal specialists,
manager, etc.)

Shortage of qualified staff (engineers, technology specialists) at
business

Lack of information on new technologies at business
Lack of collaborative links with research organisations
Lack of development of innovation infrastructure

Legal problems relating to innovation activities as a whole

Other

Source: HSE ISSEK.

ICT
sector

16.7
5.2
23.1

26.6

5.3

15.8

20.4
31.6
14.8

31.3

17.1

25.3
10.5
21.1

9.3

4.3

Manufacturing Most affected sector

Industry

10.4 Building material construction — 34.4

8.1 Food industry — 18.8

22.7 Automotive industry — 46.5

8.1 Telecommunications services — 28.6

10.8 Light industry — 61.0

45.6 Ferrous and non-ferrous metals
industry; metal working — 77.0

46.6 Instrument making industry — 73.8

20.9 Telecommunications services — 42.9

12.5 Chemicals and petrochemicals — 20.1

13.1 Telecommunications services —42.3

13.6 Building material construction —27.2

9.4 Chemicals and petrochemicals — 16.0

21.7 Instrument making industry — 31.3

6.1 Telecommunications services — 57.1

4.0 Light industry — 30.5

14.5 Ferrous and non-ferrous metals
industry; metal working — 34.6

2.9 Transport engineering (excluding
automotive) — 14.3

10.6 Light industry — 39.0

figure 3. Intensity of technology transfer and the novelty of resulting innovations
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working industry due to its perceptible dependence
on the external state of affairs. Approximately 23%
of companies (46% in the automotive industry) with
experience collaborating with the Russian R&D sector
came up against the problem of the scientific and tech-
nological results not being sufficiently ready for prac-
tical implementation. More than 21% of respondents
chose to favour competitive foreign developments
(this factor is significant for 42% of firms in the tele-
communications sector, 30% in light industry and 26%
in the food industry). One fifth of companies (21%)
cited the unavailability of qualified engineers at their
businesses as a major constraint (the problem is most
serious in the instrument making industry — 31%). In
certain sectors dissatisfaction with the novelty of pro-
posed technological solutions was more pronounced
than average (primarily in light industry — 61%, the
automotive sector — 46%, and chemistry — 28%).

The assessment of collaboration with Russian re-
search bodies in the ICT sector was different. Here, the
main constraints continue to be the high competitive-
ness of foreign technologies and ready-made products
(significant for 31% of firms), the lack of any guar-
antees regarding uninterrupted production based on
these technologies (26%), and the lack of awareness
and information among businesses of new technolo-
gies offered by research organisations (25%).

The survey results clearly demonstrate that do-
mestic businesses — when searching for and imple-
menting innovative ideas — are predominantly guided
by their own capabilities and internal sources of in-
formation. That has a negative impact on the quality
and impact of innovation activities. Market channels
relaying consumer preferences play a substantial role
here. In general, the communications resources used
by companies are fundamentally limited by the lack
of development of the corporate research sector and
the lack of a critical mass of successful innovators,
in particular strategic ones. The assessments received
confirm the statistical data and parameters of the in-
novative behaviour module for industrial companies
constructed on the basis of these data [Gokhberg et
al., 2010]. Russian businesses show a preference for
their own research divisions, whereas external re-
search centres are assigned the role of supplying en-
gineering and localisation services for technological
innovations obtained through other channels (often
through the acquisition of equipment from foreign
partners). Such relationships are a clear challenge to
the state regulation system. To guarantee effective in-
teraction with companies, the questions of manage-
ment and the capabilities of the research organisation
to provide duly formulated research results, among
other things, are of increasing critical importance.

Research organisations involved in science
and technology transfers

Most research organisations involved in technol-
ogy exchanges are part of the business science sec-

tor (63%). This is perhaps one of the few similarities
between the Russian results transfer model from
the sciences to the real sector of the economy and
the model that has evolved in leading industrial na-
tions. The prevailing organisations among these are
budgetary institutions (31%) and open joint-stock
companies, including those with a significant pub-
lic share-holding (29%). The majority of these fall
under the federal form of ownership (58%), which
cannot fail to impose certain constraints on the pos-
sibilities and incentives for transferring the scientific
and technological results obtained by these organisa-
tions. Organisations both involved and not involved
in technology transfer do not differ significantly for
the majority of parameters. The only exception is the
group of organisations under joint private and for-
eign ownership. Here the proportion of stakeholders
engaged in technology transfer is much higher —9.2%
compared with 0.9% respectively. In many ways, for-
eign shareholdings explain the technology transfer
[Gokhberg, Kuznetsova, 2011; Gokhberg et al., 2011].
However, what are the main factors contributing
to or, conversely holding back, greater technology
transfer among organisations? Here it is important
to take several contrasting trends into account. First,
there are the specific features governing the function-
ing of the research organisations themselves and the
external conditions relating to technology transfer.

The organisation of knowledge transfer processes

Organisational opportunities to participate in tech-
nology transfer were assessed, among other ways,
according to the presence of specialised ‘innovative’
divisions® and according to the intensity of the in-
volvement of external structures with appropriate
profiles in technology transfer. Such divisions could
indeed significantly improve the conditions and ef-
fectiveness of science and technology results trans-
fer. However, the survey showed that respondents are
actively creating and using only some of their own

‘innovation’ divisions in the transfer process — sci-

ence and technology information centres (65% of re-
spondents), test facilities (61%), legal services (46%),
scientific and training centres (43%), and patent and
licensing offices (39%). There are practically no or-
ganisational units such as technology transfer centres
(TTC) (less than 5% of positive responses), business
incubators (2%) and others. A quarter of respondents
did not have any specialised divisions to transfer the
obtained scientific and technological results.

With the clear weakness of internal innovation de-
partments, research organisations could have actively
sought to involve external partners in knowledge trans-
fer. However, here we see exactly the same set of external
specialised structures involved: scientific and training
(39% of positive responses), patent and licensing (35%)
and information (38%) centres. The services of TTCs,
business incubators, technology clusters, and engineer-
ing and marketing departments are not popular.

8 The survey also took into account internal and external innovation infrastructure such as test facilities (test and experimental production facilities), technology transfer
centres, innovative technology centres (ITCs), business incubators, small innovative businesses, common use centres (CUCs), engineering, marketing and legal services, and

information, patent and licensing divisions.
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An essential prerequisite for achieving competi-
tive scientific and technological results and their
dissemination across the economy is solid interac-
tion between research organisations and other actors
involved in the innovation process, as well as clear
forms and channels for interaction. Implementing
projects with a complex network of collaboration
and within the framework of a strict formal admin-
istrative and hierarchical structure — characteristic of
research in the USSR and, in part, modern Russia —
has numerous obstacles. The networks themselves are
not notable for their great flexibility, inherent to NIS
in countries with developed market economies: 80%
of respondents had collaborated with implementing
businesses directly without involving intermediaries.
Isolation from such networks has impeded their abil-
ity to effectively collaborate with partners and clients
when developing and transferring technology. Based
on the results of our survey, more than half of the
respondents were completely isolated from any exter-
nal network. Approximately one sixth of respondents
fall under a group working on a contractual basis and
just as many work as part of informal associations.
Only 17% of organisations were integrated into inter-
national networks and associations.

The transfer of scientific and technological results
was, in many cases, determined by their specific cir-
cumstances. Certain forms of knowledge are easier
to implement in practice than others. For example,
results such as publications and patents are more
claims to an innovation and do not constitute suit-
able knowledge for transfer into the economy. In ad-
dition, scientific, technological and related services
can be regarded as transfer objects. The bulk of these
consist of scientific and technological information
services (49%), production services (45%) and train-
ing services (42%). The proportion of technological
innovative projects carried out by research organisa-
tions at real sector businesses carried out accounts for
a little less than 40% of the total value of work and
services, with projects linked to radical innovations
representing less than 20%.

Regarding the form of technology transfer, overall,
65% of organisations in the sample lacked any admin-
istrative or organisational links with clients and con-
ducted transfers on the basis of contracts or as part
of long-term joint projects. In more than a quarter of
cases, the transfer takes place between institutionally
connected (affiliated) organisations. Approximately
the same proportion of respondents reported inter-
action with external independent organisations based
on one-off contracts. In 16% of cases the ties were
established based on informal networks and associa-
tions.

In addition to the quality of the scientific and tech-
nological results, other factors that impact a compa-
ny’s decision whether or not to acquire a technology
include the cost of the technology, R&D timeframe,
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the level of readiness for practical implementation,
and the potential (where applicable) for after-sales
service. Ultimately, even the most advanced scientific
and technological results can prove to be uncompeti-
tive due to high implementation costs, special re-
quirements regarding the qualifications of engineers
and technology specialists, and other reasons. To as-
sess such situations within the context of the survey,
instances were specifically analysed where there were
setbacks or refusals by the implementing organisa-
tions to transfer the technologies. Such cases were re-
ported by 18% of respondents, of which almost two
thirds were caused by client refusal in connection
with choosing another partner (most frequently due
to lower prices)°.

Real sector companies and research organisations
engaged in technology transfer were asked to choose
the most significant constraints on the development
and transfer of scientific and technological results. It is
hard to overestimate the importance of this data in
terms of making management decisions on all lev-
els. According to the respondents, four main factors
interfere with knowledge development — R&D staff
shortage (40% of respondents reported this), low de-
mand from potential clients and consumers (41%),
lack of modern research equipment (35%), and an
inadequate experimental base (22%). It is interest-
ing that only low demand is an external factor (and
at that only in part)'®, with the rest characterised as
purely internal factors. It is significant that research
organisations are concerned specifically by an overall
shortage of specialists and not, for example, the more
private issue of their level of training. Also among
the common reasons are unclear objectives from cli-
ents (15%). Evidently, these problems take on greater
importance during systematic production of knowl-
edge for transfer and close cooperation with real sec-
tor companies.

The frequency with which certain negative factors
are mentioned differs according to the economic sec-
torinwhich the technologies developed by the research
organisation are implemented (Table 5). In particular,
compared with the ICT sector, the development of
new technologies for manufacturing industries is ac-
companied by larger-scale projects, capital-intensive
and labour-intensive R&D, and so here the effect of
lacking research equipment, research staff shortages
and low business demand is felt much more. The ICT
sector however sees a higher level of competition,
intensive scientific and technological collaboration,
and smaller-scale and less resource-intensive projects.
The ICT market is more sensitive to factors such as
the lack of development of research infrastructure,
communication problems with clients and partners,
and low levels of qualification among specialists.

The range of factors hindering the transfer and
implementation of knowledge is considerably wider.
These include various qualitative characteristics of

9 It is significant that this reason applies only to refusals in favour of domestic partners. Where foreign competing research organisations were chosen, brand reputation was
generally cited as the reason. It is possible that this is more due to an objective assessment of the situation by the respondent than due to the real motives of the client. See

also Table 5.

10 This could be due to low quality results, sub-optimal quality-price balance, depreciation, etc.
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Table 5. Constraints to the development of scientific and technological results
(only for research organisations engaged in technology transfer,
percentage of total number of respondents)

Shortage of R&D staff at research organisation

Insufficient level of staff training at research organisation
Shortage of modern research equipment at research organisation
Insufficient level of experimental base at research organisation
Inadequate management quality at research organisation

Low demand for scientific and technological results from potential clients, consumers

High competition from other Russian developers
High competition from foreign developers

Lack of information on new technologies

Lack of information on latest global research

Weak collaboration with co-contracting and subcontracting research
Underdeveloped research infrastructure (research information centres, common use centres for

equipment, technology clusters, etc.)
Lack of clear-cut requirements from clients
Other

Source: HSE ISSEK.

the proposed technologies, as well as the activities of
those demanding the technologies. One way or anoth-
er, the prevailing factors reflect the specific feature of
demand for scientific and technological products.

If the development of knowledge is predominant-
ly hindered by internal problems within organisa-
tions, then the source of difficulties when it comes to
knowledge transfer is as a rule, external and linked to
deficiencies in clients’ work and the unfavourable in-
stitutional and economic environment, among other
factors. Among the main barriers (Table 5), respon-
dents noted the lack of client funds (49%), the high
economic risks associated with implementing tech-
nology (22%)'!, administrative obstacles (25%), and
the ineffective nature of legal regulation (23%).

A detailed analysis (Table 6) enables us to verify
that technology transfer in the ICT sector is increas-
ingly vulnerable to a wider variety of risks compared
with the manufacturing industry. In particular, ICT
companies are significantly more likely to suffer
from poor innovation infrastructure, innovation
stimulation expenses, technological regulation, li-
censing, certification and other legal and adminis-
trative barriers. Moreover, in this sector there is the
more acute problem of ‘raw’ development — a lack of
readiness for implementation and a lack of guaran-
tees for reliable after-sale operation of new products
and processes.

Based on the results of the survey, a typical picture
of research organisations that are involved in innova-
tion activity comes to light, but at the same time these
organisations are isolated from the outside world and
have weak links with partners and competitors. Such
structures do not show any interest in professional
exhibitions and fairs for innovative technological
achievements, are indifferent to the activities of real
and potential competitors, as well as to the opportu-

Manufacturing ICT
industry sector
38.6 29.0
11.5 16.1
35.2 25.8
23.7 16.1
8.1 14.5
39.9 33.9
8.4 17.7
16.8 12.9
6.2 4.8
4.7 8.1
9.7 11.3
14.0 25.8
17.4 25.8
18.4 12.9

nities offered by infrastructure networks (in particu-
lar, consulting services).

Strategies and frameworks for the transfer

of scientific and technological results

Approximately 70% of the surveyed organisations
have an approved development strategy. The major-
ity of these strategies involve target indicators, mean-
ing that they are not simply aspirational documents
but concrete plans for development. In this context,
any announcement that R&D results are to be trans-
ferred as part of several strategic priorities (which is
reflected in 41% of cases) suggests that involvement
in technology transfer is perceived as a real competi-
tive advantage and an important factor for further
growth. The temporal horizon of most strategies is
4-10 years, which suggests that the goals are realis-
tic and the approach to strategic guidelines is serious.
Further analysis shows, however, that the presence
alone of such strategies does not guarantee a high im-
pact of any technology transfers.

We chose to examine using the survey data the
novelty of the results transferred by businesses and
research organisations for subsequent implementa-
tion. Only 12% of research organisations transferred
fundamentally new (i.e. new to the market) technol-
ogies. Such a technology transfer model could con-
ditionally be referred to as innovative (in a similar
way to industry innovative frameworks [Gokhberg
et al., 2010]). 62% of respondents reported that they
transferred R&D results allowing the business to
obtain an innovation which was new for that busi-
ness, while 65% mentioned technology transfers to
develop modified products. These respondents form
the ‘imitation and adaptation’ group which use an
imitation framework for scientific and technological
results transfers.

! Note that these two factors prevail in businesses too.
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The transfer chain for scientific and technological
results can differ in terms of the degree of complex-
ity, can involve a varying number of links and can
provide for a range of ways to link the chain together.
Thus, only in 11% of cases did the client not imple-
ment the received technologies but instead transferred
them to third-party organisations. The exception to
this is 2% of cases when the technologies transferred
to the client were not used at all.

As such, the empirical data and selected criterion
(novelty) make it possible, with a certain degree of
conditionality, to identify innovation and imitation
approaches to the transfer of scientific and techno-
logical results. Hence the research organisations them-
selves can be divided accordingly into ‘innovator’ and
‘imitator’ groups. The tools used in the survey enable
us to describe these groups in more detail (Table 7).
The parameters for comparison were the forms of in-
teraction with the client, the channels through which
the results were transferred, the specifics of the con-
tractual obligations, competition factors, and demand
for public support and incentive mechanisms.

We should stress that the characteristics of the
‘innovators’ and ‘imitators’ are not evaluative judge-
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ments. Interest in modification technologies from
Russian and foreign businesses is not lower, and
sometimes there is actually more demand for totally
new technological solutions. This must be satisfied
by research organisations of the appropriate scales
which are no less effective.

Conclusions

Summing up the analysis of the intensity and effec-
tiveness of Russian businesses’ and research organi-
sations’ involvement in the transfer of scientific and
technological results, we note that both are involved
in technology exchange processes in an extremely
non-uniform manner. Against a relatively modest
overall backdrop, it is possible to single out segments
and specific organisations whose innovative activities
and forms of innovation are approaching the prac-
tices of the most successful countries. The positive
examples, however, do not reduce the generally acute
state of affairs in technology transfer in Russia. The
formation of successful enclaves in fact enhances the
various imbalances of the Russian economy in areas
such as the integration of research and production,
product competitiveness, the labour market (pro-

Table 6. Constraints to the transfer and application of scientific and technological results
(only for research organisations engaged in technology transfer, percentage of total number of respondents)

Inadequate management quality at research organisation
Inadequate management quality at implementing organisation

Insufficient level of readiness of a research organisation's scientific and technological results for

Manufacturing ICT

practical application (need for further adjustments and modifications)

Lack of §uarantees regarding reliable operation of production based on the scientific and technological

results of a research organisation

Inconsistency between the level of trial and experimental work with the latest scientific and

technological achievements
High economic risks of implementation
Lack of financial resources at the implementing organisation

Low innovative potential of the implementing organisation (underdeveloped innovation culture)

High competition from other Russian developers
High competition from foreign developers

High competition from other domestic producers of finished goods, work, services
High competition from new goods, work, services imported from abroad
Legal and administrative barriers to the transfer and implementation of scientific and technological

results

Shortage of qualified specialists to guarantee the transfer of scientific and technological results

(economists, legal specialists, manager, etc.)

Shortage of qualified staff (engineers, technology specialists) at implementing organisation
Lack of awareness among clients and/or implementing organisations about new technologies
Lack of information at research organisation on the requirements of the market in terms of new

technologies

Lack of collaborative links with clients and/or implementing organisations
Lack of development of innovative infrastructure (networks of organisations offering engineering,

computer, legal, consultation, intermediary, banking and other services)

Inefficiency of export, import and customs regulation (high customs tariffs on imported components

and technologies, complex customs procedure, etc.)

Problems relating to legislation on technological regulation, licencing, certification
Inefficiency of legislative, regulatory and legal mechanisms to regulate and stimulate innovation activity

Other

Source: HSE ISSEK.

industry sector
8.7 14.5
8.4 9.7
13.1 22.6
11.8 16.1
9.7 6.5
26.5 25.8
50.5 41.9
19.6 16.1
7.2 8.1
17.1 16.1
5.6 4.8
14.6 14.5
21.8 33.9
11.2 9.7
16.2 9.7
16.8 21.0
8.1 6.5
12.8 12.9
14.6 24.2
11.5 11.3
16.2 21.0
23.1 323
72 3.2
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Table 7. Summary characteristics of key sub-grou

Nature of
contact with
implementing
organisations

Form of
scientific and
technological
results transfer

External funding

Market positions

Reasons
for refused
collaboration

Attitude
towards public
regulations and
policies

Involvement in
networks

Qualit

control of the
scientific and
technological
results to be
transferred

s of research organisations according to the

specifics of the tecﬂnology transfer

Innovators

Inclination for direct (without intermediaries) contact
with implementing firm where there is often an
independent structure (company) linked to the research
organisation by means of long-term contracts. Low
probability of refusal to implement.

Prefer patents and know-how; actively use informal
channels to transfer technology (research activities,
personal contacts in research communities, etc.).

Due to higher risks linked to creating fundamentally new
technological products, they experience some difficulty in
obtaining funding from the client at the pre-competitive
stage of R&D.

The uniqueness of designs and high quality often require
organisations to have a monopoly in certain scientific and
technological fields, including internationally. Often use
international quality standards.

The high cost and complexity of the technological
solutions to be transferred give rise to a higher proportion
of clients refusing to implement the received results.
However, finding a more profitable equivalent technology
from a client’s competitor is, as a rule, not easy and
therefore refusals to implement the results on the grounds
of choosing other contractors are relatively rare. Russian
innovations often lose out to competitors in terms of
costs, especially to overseas competitors.

Noticeably more active use of the entire range of available
incentive and support mechanisms when engaging in
transfer projects, which can be explained by the urgent
need to offset the risks associated with developing
fundamentally new technologies and a low degree of
willingness on the part of the client to fund the initial
phases of R&D. The most attractive are mechanisms
which offset these risks as much as possible.

Inclination to technological exchange within informal
networks; often transfer scientific and technological
results to independent external organisations.

A fairly typical situation is that of a client not being in
a position to monitor the quality of the results due to
the fundamentally new nature of the technologies; the

Imitators

Often work like a “conveyor belt”, they do not
receive any information on the future of the
transferred results. As a rule, they provide results
which are only new to a certain business or which are
modified according to the needs of a specific client.

Do not transfer technologies for radically new
roducts and services.
he transfer object is often not technology, but
engineering services to adapt the scientific and
technological results to the circumstances and needs
of a specific business.

Work with proven, ‘old’ technologies; risk less when
carrying out R&D, which attracts clients to provide
funding, including in the early stages of R&D.

Forced to exist in harsher competitive environments,
independently reach out to potential clients.

The most common reason for refusal is lower price
or higher quality offered by another contractor, with
the quality issue often being the decisive factor. This
is true for both Russian and foreign competitors.

Support mechanisms which minimise the risks
of new R&D do not offer as great an interest.
The development of research and innovative
infrastructure could become an urgent measure.

Involvement in network interactions is less evident.

Less inclined to apply international standards,
su%gestmg the relatively low quality of the scientific
and technological results being transferred, as well as

quality control duties shift either to the contractor or to an  the lack of demand for work with foreign clients.

external expert structure.

Source: HSE ISSEK.

ductivity, salary levels), including skilled labour. The
presence of organisations and businesses which are
actively involved in the innovative process and which
are developing, transferring and using knowledge and
technologies with a high degree of novelty, as such,
does not result in improved sustainability and eco-
nomic growth in Russia. The effects of their activities
are severely limited in terms of scale: the number of
actual innovators, staff resources, and the volume of
products produced and services provided are just a
few of the limitations.

The empirical findings that we have obtained
suggest the dominance, on the Russian markets, of
technologies and high-tech products under competi-
tion frameworks which do not directly stimulate the
transfer of scientific and technological results. Such
frameworks also do not give rise to short- and me-
dium-term encouragement mechanisms for all those
involved in the innovative process, including research
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organisations and businesses. Under such circum-
stances, the main constraints on the development of
innovative activities in industrial companies and in
the services sector are the inadequacy of resources,
low internal research potential, and the lack of quali-
fied engineering staff. Only 14% of innovative in-
dustrial companies have experience in implementing
domestic research results, of which 12% created — on
the basis of these developments — fundamentally new
products and production processes without any simi-
lar products and processes elsewhere in the world.
A further 29% engaged in collaboration which en-
abled them to obtain a new innovative product for
the domestic market.

In research spheres, alongside the lack of resources,
constraints included the lack of solvent demand for
R&D results, the presence of competitive foreign de-
velopments, and the low level of readiness of the devel-
oped technologies for market implementation.
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