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Abstract
Due to the rapid growth of the market of scientific and technical products and the 
high level of competition, market appropriate solution becomes finding ways to com-
mercialization of research products. The article substantiates the need for accelerated 
modernization of the Kazakh economy based on increasing the effectiveness of scien-
tific research and introduction into industrial production of research results while di-
versifying the ways of commercializing R&D results. In this article, the authors analyze 
the current state of Kazakh science. As a result of the research, a new mechanism for 
multi-criteria selection of promising R&D results of scientific organizations has been 
proposed and a system of organizational and economic support for their commercial-
ization has been substantiated. The results will be useful in the practical activities of 
both scientific and industrial organizations.
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INTRODUCTION
Commercialization is the process of developing and implementing a 
number of activities by which the results of research and development 
can be offered in markets for goods and services for commercial pur-
poses. Commercialization of the existing scientific and technical de-
velopments in the technology market includes both the actual process 
of transfer and commercialization of scientific and technical devel-
opments in conjunction with the needs and requirements of the mar-
ket and the consideration of support components contributing to this 
process and obtaining a commercial effect.

Thus, the commercialization of the results of scientific and technical 
activities should be understood as activities related to the practical use 
of intellectual property objects, as well as material objects obtained as 
a result of scientific and technical activities with the aim of involving 
them in the market turnover and making profit.

The success of the modernization and further innovation development 
of the Kazakh economy are significantly determined by the timing 
and quality of the transition from raw materials orientation to the 
creation and effective functioning of knowledge-intensive enterpris-
es. The main prerequisite for such a transition is the diversification 
of the ways to commercialize R&D results. Thus, the President of 
the Republic of Kazakhstan, N. Nazarbayev (2018), in his traditional 
State of the Nation Address on January 10, 2018, “New Development 
Opportunities in the Context of the Fourth Industrial Revolution”, 
noted: “Global trends show that it should be based primarily on the 
broad implementation of elements of the Fourth Industrial Revolution. 
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Industrialization should become more innovative, taking advantage of the new technological structure 
4.0. It is necessary to develop and test new instruments aimed at modernizing and digitizing our enter-
prises with a focus on exporting products. They should primarily stimulate the transfer of technology” 
(State of the Nation Address, 2018). 

Today, a number of system initiatives are being implemented in the country. Nevertheless, the share 
of Kazakhstan’s high-tech products on the world market is practically zero, and this share is a gener-
alized indicator of the effectiveness of scientific, technical and innovative activities. Compared with 
Kazakhstan, the share of the European Union in the world market of high technology products is 
35%, the USA – 25%, Japan – 11%, Singapore – 7%, South Korea – 4%, China – 2% (National Science 
Board, 2018).

At the same time, a simple increase in spending on science does not automatically lead to the emergence 
of competitive high-tech goods and services. A necessary precondition for successful innovation devel-
opment is the wide dissemination, development and use of advanced developments. The transformation 
of scientific ideas into a commercially successful product is a complex process in which an increasing 
number of economic agents participate. New technologies are a specific resource, and their use in pro-
duction is fraught with high risks and transaction costs. Thus, it is necessary to diversify ways of com-
mercializing R&D results.

The growing importance and relevance of the problem of technology commercialization determined the 
choice of the research topic.

The purpose of the study is to identify and justify ways to diversify the commercialization of R&D re-
sults. The subject of the research is the methods of increasing the efficiency of the commercialization 
of intellectual property (R&D) from ideas to projects, from projects to transactions in the conditions of 
the modern market.

1.	 LITERATURE REVIEW

The main form of promoting innovation is the com-
mercialization of technology. Commercialization 
is the process of converting knowledge into a 
product, service or activity that can be used to 
generate profit. Canadian panel of experts on 
commercialization gives the following definition: 

“Commercialization refers to the series of activi-
ties undertaken by firms to transform knowledge 
and technology (whether developed in Canada or 
abroad) into new products, processes or services, 
in response to market opportunities” (The Prime 
Minister’s Advisory Council on Science and 
Technology, 1999). Moreover, according to Rosa 
(2007), “Commercialization is an integral, rather 
than a separate, stage of the goods and services in-
novation process. On the other hand, commercial-
ization is instead a completely separate process for 
which it is necessary to plan a strategy before and 
after the product is introduced onto the market” 
(Rosa & Rose, 2007).

According to Cambridge Dictionary (2014), com-
mercialization means organizing something to 
gain profit. Actually, commercialization is “pres-
entation of a product or service to market for earn-
ing profit” or “process of turning something into 
commercial activity”. From another viewpoint, 
commercialization is the process of transferring 
knowledge and technology from research centers 
to the industries and new businesses (Aghajani & 
Yazdanpanah, 2005).

Commercialization is the process of turning new 
technologies into successful commercial products. 
In other words, commercialization covers a wide 
variety of arrays in technical, commercial, and 
financial areas, which transform a new technolo-
gy to useful products or services (Reamer, 2003). 
This process includes activities such as obtaining 
ideas for technology commercialization, fostering 
those ideas, development of technology, building 
up a prototype, development of the new process 
or optimization of the current processes, supply 
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of product to market, promotion, and creation of 
new infrastructures (APCTT, 2005).

The notion of “commercialization of technology” 
implies mandatory commercial use of informa-
tion about technology, i.e. use with mandatory ex-
traction of benefits (Kiselev, 2014). Most often, this 
benefit is measured in specific monetary units di-
rectly, much less often – in the same units, but in-
directly, for example, through increasing the effi-
ciency of another technology. However, money in 
these calculations are always present and are the 
determining criterion for the success of the pro-
cess. At the same time, the question of who, which 
subject directly uses technology, is not paramount 
in commercialization, and in particular the author 
himself often attempts commercialization, the 
primary source of the new technology (individual 
or organization).

In practice, there are three main commercializa-
tion strategies:

1.	 Establishment of production of new prod-
ucts by the owner of the object of intellectual 
property.

2.	 Transfer of the entire volume of intellectual 
property rights to another person on a con-
tractual basis.

3.	 Transfer of a part of intellectual rights to an-
other person on a contractual basis (Conceição 
et al., 2002).

The choice of the strategy of commercialization by 
the owner of intellectual property is determined 
by many parameters, including quality of the 
product, market potential, feasibility and resource 
availability of technology, desire and “adventur-
ism” of the technology proprietor. Therefore, the 
first strategy is more risky, resource consuming for 
the legal owner, but in case of success, it is capable 
to bring the greatest income.

Commercialization of technologies involves the 
economically effective (with profit for the develop-
er and the recipient) implementation of technolo-
gies on an industrial scale, i.e. commercialization 
of technologies – the stage of commercial trans-
fer where the consumer (buyer) pays a reward to 

the technology owner (developer) in accordance 
with the contract, and the term “technology trans-
fer” is broader and can relate to both commercial 
and non-commercial transfer of research results. 
Organization of the process of technology com-
mercialization should be carried out from com-
plex positions, including organizational-informa-
tion, marketing and financial-economic aspects. 
The development of innovations is a risky process, 
as the object of innovation is an intellectual prod-
uct, which in turn causes both the complexity of 
the economic and financial evaluation and the 
problems of effective interaction of participants 
and requires carefully developed and continuous-
ly updated normative and legal support.

Some aspects of technology commercialization 
are explored by the renowned foreign scientists. 
Several researchers suggest that that technology 
commercialization is part of the innovation pro-
cess (Dmitriev, 2015; Slater, 2006; Mukhtarova, 
2017; Kim, 2011; Ziyadin, 2017; Rasmussen, 2008; 
Ismail, 2013; Markman, 2008, etc.), others as part 
of the diffusion of innovations into the market (e.g. 
Amadi-Echendu, 2011; Chen, 2009; Cho, 2013; 
Grimpe, 2010; Novikova, 2015; Markman, 2005; 
Jacobsson, 2013; Von Raesfeld, 2012; Gao, 2016; 
Mu, 2011; Weckowska, 2018, etc.). For example, 
Datta et al. (2015) define the commercialization 
of technological innovation as the key to the suc-
cess of entrepreneurship, which consists of several 
entrepreneurial activities. Scientists identified six 
main steps that lead the technological innovations 
into the market, based on three main phases of the 
innovation process: ideation, development and de-
ployment. Despite the significant number of sci-
entific investigations in the sphere of commercial-
ization of scientific and technical developments, 
there are many complex issues, which need fur-
ther development. One of such issues is the diver-
sification of R&D results commercialization ways. 

2.	 METHODOLOGY

These circumstances predetermine the need to 
develop new mechanisms for multi-criteria selec-
tion of promising scientific research to assess the 
viability of scientific organizations R&D results 
using modern tools and their commercialization. 
This will improve the efficiency and quality of 
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management decisions in the field of scientific re-
search, the effectiveness of innovative activities of 
scientific organizations, and will contribute to the 
development of their innovative potential and its 
realization in concrete results – innovative prod-
ucts and technologies (Larin & Zhilyakova, 2012).

The general trend of innovation policy in many 
foreign countries is the formation of cluster struc-
tures, which are understood as “geographically 
concentrated groups of interrelated companies, 
specialized manufacturers of finished products 
and service providers, companies engaged in re-
lated sectors, and organizations related to their 
activities, but at the same time leading and work-
ing together, the main purpose of which is to ob-
tain additional profit” (Khrustalev & Ilmenskaya, 
2012). 

As a rule, most scientific research is carried out in 
an uncertain environment, which requires the se-
lection of adequate approaches to assessing their 
prospects based on the ranking of estimated R&D 
results, which consider the fuzziness, qualitative 
character of indicators and linguistic uncertain-
ties associated with the formalization of expert 
knowledge about the innovative activities of scien-
tific organizations. In these conditions, the appli-
cation of the apparatus of fuzzy mathematics will 
be quite effective.

The proposed approach to the assessment of prom-
ising R&D results of scientific organizations is 
based on decision-making methods based on a 
fuzzy relational model of knowledge representa-
tion. Its use makes it possible to reduce the de-
cision-making process to the problem of choos-
ing the best alternative among the possible ones, 
which makes it possible to rank the alternatives 
according to a generalized criterion.

According to the fuzzy relational model of knowl-
edge representation, if

{ } { }1 2, , , ,  1, ,n iX x x x x i n= = = 	 (1)

then many alternatives of promising R&D results, 
which are subject to evaluation and ranking, and

{ } { }1 2, , , ,  1, ,m jK k k k k j m= = = 	 (2)

the set of criteria for their characteristics, the de-
gree of compliance of the alternative ix  with the 
criterion ik  is represented by the membership 
function:

( ) [ ]0,1kj ixψ →  or ( ) [ ]: 0,1 .kj ix X Kψ ⋅ → 	(3)

In our case, as alternatives to promising R&D re-
sults of scientific organizations, the options are 
considered: { } { }1 2, , , ,  1,n iX x x x x i n= = =  
each of which is characterized by a set of unequal 
criteria { } { }1 2, , , ,  1, .m jK k k k k j m= = =  In 
addition, each criterion jk  included in the set of 
criteria ,K  in turn, is characterized by a subset of 
particular criteria, namely:

{ } { }1 2, , , ,  1, ,j j jT jtK k k k k t T= = = 	 (4)

moreover, the elements of these subsets are also 
unequal. The purpose of the study is to obtain the 
results of the evaluation of the promising results of 
R&D of the scientific organization of a systematic 
list of their options, ranked from worst to best:

,X X
K

∗→ 	 (5)

where X ∗  is a systematized list of options for the 
multi-criteria evaluation of the promising R&D 
results of a scientific organization.

In order to solve the problem, we assume that

( ) ( ) ( ){ }
( ){ }

1 2, , ,

, 1, , 1,

kj i kj i kjT i

kjt i

x x x

x t T j m

ϕ ϕ ϕ

ϕ

=

= = =

 	 (6)

alternatives ix  to the particular criteria 
1 2, , ,j j jTk k k  and 

{ } ( )1 2, , , , 1,j j jT jt t Tω ω ω ω= = 	 (7)

are the coefficients of the relative importance of 
these particular criteria. Moreover, for all particu-
lar criteria 1 2, , , ,j j jTk k k  which characterize 
the criterion ,jK  the condition

1
1

T

jt
t
ω

=

=∑ 	 (8)

The solution of the problem itself is reduced to the 
following steps:



5

Problems and Perspectives in Management, Volume 16, Issue 4, 2018

doi

First step. Using the aggregation of criteria and 
particular indicators of the lower level, each crite-
rion of the upper level is evaluated. Based on the 
equations (6) and (7), the convolution of the par-
tial criteria 1 2, , ,j j jTk k k  is determined (Table 
1) as the membership function of the alternative 

ix  to the generalized criterion { }, 1, :jK j m=

( ) ( )
1

.
T

Kj i jt kjt i
t

x xϕ ω φ
=

=∑ 	 (9)

Second step. Based on the obtained 
( ){ }, 1,kj ix j mϕ =  for all alternatives 

{ }1, ,ix i n=  the membership function is deter-
mined for the generalized criterion K  (Table 2):

( ) ( )
1

,
m

K i j Kj i
j

x xϕ ω φ
=

=∑ 	 (10)

where , 1,j j mω =  – coefficient of relative 
importance of the corresponding criterion 

{ }, 1, .jK j m=

Third step. An alternative is chosen for which the 
degree of belonging to the generalized criterion K  
is maximum: ( ) ( ){ }max , 1, ,K ix x i nϕ ϕ∗ = =  
where n  is the number of alternatives. The selected 
alternative is “the best” and will occupy the first po-
sition in the ranked list of alternatives to innovative 
activities of a scientific organization (Tables 2, 3).

Table 1. Definition of the membership function of alternatives { }1,ix i n=  criteria { }, 1,jK j m=

Indicator Alternatives

K  

1K
 

… MK

11k
 

… 1Tk … 1MK … MTK

X  

1x
 

( )11 1k xϕ
 

… ( )1 1k T xϕ … ( )1 1kM xϕ … ( )1kMT xϕ

… … … … … … … …

ix ( )11k ixϕ … ( )1k T ixϕ
 

… ( )1kM ixϕ … ( )kMT ixϕ
 

… … … … … … … …

nx ( )11k nxϕ … ( )1k T nxϕ
 

… ( )1kM nxϕ … ( )kMT nxϕ
 

… ( ) { }1 ,  1,k ix i nϕ = … ( ) { },  1,kM ix i nϕ =

Table 2. Definition of the membership function of alternatives { }1,ix i n=  to the generalized 
criterion K  based on the membership function of alternatives to the criteria

Indicator Alternatives
K

11k … jK … MK

X  

1x ( )1 1k xϕ … ( )1Kj xϕ … ( )1KM xϕ
 

… … … … … …

ix ( )1k ixϕ … ( )Kj ixϕ
 

… ( )KM ixϕ
… … … … … …

nx ( )1k nxϕ … ( )Kj nxϕ
 

… ( )KM nxϕ

… ( ) { },  1,K ix i nϕ =
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It is obvious that the alternative with the lowest 
score will occupy the last position in the list of al-
ternatives, ranked from best to worst. For such an 
alternative ( ) ,p px X xϕ∈  the degree of mem-
bership of the generalized criterion will be mini-
mal: ( ) ( ){ }min , 1, .p

K ix x i nϕ ϕ= =

In order to evaluate and rank alternatives based 
on the proposed method, it is necessary to deter-
mine the coefficients of the relative importance 
of criteria characterizing alternatives, and their 
particular indicators, as well as the membership 
function of alternatives to particular indicators 
(degree of satisfaction of alternatives to particular 
indicators).

In order to determine the coefficients of the rela-
tive importance of the criteria and their particular 
indicators, the expert assessment method can be 
used, for example, using a 10-point system, or the 
pairwise comparison method of simultaneously 
considered criteria.

In order to determine the membership function 
of alternatives to particular indicators, mathemat-
ical formalization of particular indicators is im-
plemented. The need to operate with information 
of both quantitative and qualitative nature has led 
to the use of elements of the theory of fuzzy sets 
for formalization of particular indicators. This 
approach allows to remove uncertainty and work 
with incomplete and inaccurate information, both 
qualitative and quantitative in nature. Thus, a per-
son, when perceiving information, does not use 
concrete numbers, but translates them into con-
cepts of the values of a linguistic variable. The use 
of fuzzy verbal concepts (few, many, significantly, 
few, most, etc.) that a person operates with enables 
to consider qualitative descriptions and consid-
er the uncertainty of the problem being solved, to 

achieve a complete description of those factors that 
cannot be accurately quantified. The value of the 
linguistic variable is described by the membership 
function, which is individual for each individual.

In order to determine the degree of satisfac-
tion of alternatives to particular indicators, or 
the membership functions of an alternative ix  
to particular criteria 1 2, , , ,j j jTk k k  where 

{ } { }1 2, , , , 1, ,j j j jT jtK k k k k t T= = =  to each 
element of the subset of criteria jK  are assigned 
qualitative gradations corresponding to accepted 
linguistic estimates, and their fuzzy correspond-
ences are determined.

3.	 RESEARCH RESULTS

In recent years, Kazakhstan has been implement-
ing a number of active measures at the state lev-
el to develop knowledge-intensive sectors of the 
economy. However, Kazakhstan’s expenditures on 
research and development work in 2016 amounted 
to 0.14% of the gross domestic product (Ministry of 
National Economy of the Republic of Kazakhstan 
Committee on Statistics, 2017), while this figure is 
in Israel – 4.25%, Korea – 4.23%, Sweden – 3.25%, 
the United States – 2.74% (OECD, 2018). 

Despite the general increase in the funding of sci-
ence, a significant part of the results of research 
and development work is not implemented in the 
real sector of the economy, does not generate reve-
nue for developers and does not provide revenues 
to the budget due to the lack of organizational and 
economic mechanisms for the commercialization 
of technologies and developments.

According to the Agency of the Republic of 
Kazakhstan on Statistics in 2016, of the 1,305 enter-

Table 3. Ranked list of alternatives from worst to best

Indicator Alternatives K  

*X

*x ( )1 1K xϕ
… …

1x ( )1K ixϕ
… …

px ( )1K nxϕ
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prises reported, 383 were engaged in research and 
development (R&D), of which 100 were research in-
stitutions in the public sector, 103 were higher edu-
cation institutions, 149 organizations of the business 
sector, and 31 non-profit organizations (Table 4).

Table 4. Number of organizations engaged in 
R&D, by ownership type

Source: Compiled by the authors based on the Ministry of National Economy 
of the Republic of Kazakhstan Committee on Statistics (2017).

???
%

2012 2013 2014 2015 2016

Total 100 100 100 100 100

including – – – – –

state property 29 28.7 28.6 27.2 26.6

private property 69.6 69.2 68.9 70.8 71.0

property of other states, 
their legal entities 1.4 2.1 2.5 2.0 2.4

One of the main problems of the development of 
science in the Republic was a low applied nature 
and low commercialization of the results of scien-
tists’ work (Table 5).

Table 5. R&D internal expenses by types of work

Source: Compiled by the authors based on the Ministry of National Economy 
of the Republic of Kazakhstan Committee on Statistics (2017).

???
%

2012 2013 2014 2015 2016

R&D internal expenses 100 100 100 100 100

including – – – – –

fundamental research 23.5 29.5 23.0 22.9 20.7

applied research 56.4 54.1 57.9 53.3 53.8

developmental 
engineering 20.1 16.4 19.1 23.8 25.5

The overall reduction in domestic costs has had 
the most negative impact on the financing of basic 
research. Compared to 2016, their volume fell by 
12.8%, applied research fell by 3.0%. At the same 
time, it should be noted that the amount spent on 
development work increased by 2.7% and its share 
by 1.6 percentage points.

One of the most important indicators of the ef-
fectiveness of research and development is patent 
activity, reflecting technical and technological 
achievements in the country’s economy. Patent ac-
tivity is a proof of the innovative potential of the 
country, the level and prospects of scientific and 
technical ???

Data from the World Intellectual Property 
Organization show that the number of interna-
tional applications for patents filed in 2016 under 
the Patent Cooperation Treaty (PCT) increased 
by 7.3% to 233,000 applications. The US, in which 
56,600 international patent applications were 
filed, remain the largest user of the PCT system 
despite a reduction in the number of applications 
in 2016 by 0.9%. Following the United States are 
Japan (45.2 thousand applications under the PCT) 
and China (43.2 thousand applications). The main 
growth in the total number of applications falls 
on China, Japan and Germany. In 2016, the list 
of leading PCT applicants was led by telecom-
munications companies, and ZTE Corporation 
(China), the developer and supplier of telecommu-
nications equipment and network solutions with 
4,123 PCT applications, was the first in this list. 
The Chinese company Huawei Technologies with 

Figure 1. R&D internal expenses

Source: Compiled by the authors based on the Ministry of National Economy  
of the Republic of Kazakhstan Committee on Statistics (2017).

51253,1 61673,7 66347,6 69302,9 66600,1

0.16 0.17 0.17 0.17 0.14

2012 2013 2014 2015 2016

R&D internal expenses, million KZT R&D internal expenses to GDP, in percent
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3,692 published applications also took the second 
place, while Qualcomm Incorporated, based in 
the United States, came in third with 2,466 appli-
cations under the PCT procedure.

In Kazakhstan, according to the data of the RSE 
“National Institute of Intellectual Property” (NIIP), 
in 2016, compared to the previous year, the num-
ber of applications for industrial property appli-
cations received increased by 5% and amounted 
to 6,948 units. The main share of applications re-
ceived is for trademarks – 4,719 applications, of 
which national applicants filed 3111, 1,608 were 
filed by foreign applicants. There were 1,221 appli-
cations for inventions, of which 990 were from do-
mestic applicants, 31 from foreign applicants. For 
utility models, 716 applications were filed, 654 by 
national applicants, and 62 by foreign applicants 
(Table 6).

Table 6. Information on applications submitted 
to RSE “NIIS” for the issue of titles of protection 
for industrial property in 2016

Source: Compiled by the authors based on Annual Report of the National 
Institute of Intellectual Property (2017).

???

Applications received
From 

national 
applicants, 

%

From  
foreign 

applicants, 
%

Total,  
%

For inventions 81.1 18.9 100

For utility models 91.3 8.7 100

For industrial designs 37.2 62.8 100

For trademarks 65.9 34.1 100

For the name of 
places of origin of 
goods

33.3 66.7 100

To selective 
attainments 70.0 30.0 100

However, it should be noted that despite the overall 
increase in patent activity in 2016, the number of 
international applications for inventions has been 
reduced by 5 units under the Patent Cooperation 
Treaty, under the procedure of the Eurasian Patent 
Convention (EAPC) by 3 units, while the total 
number of applications very insignificant, in com-
parison with the leading countries.

Analysis of funding for research and develop-
ment shows that the main source of investment 
in science, as in previous years, remains the state 
budget, while its dependence on this source is very 
high. The decrease in the flow of funds from this 

source by 5.3 billion KZT led to structural chang-
es in both funding and the number of scientists 
(reduction). The role of own funds in supporting 
scientific research has increased, loans of banks 
and non-bank legal entities have increased, as well 
as loans and loans on preferential terms. Foreign 
companies, despite the dumping prices of scien-
tific research and the high potential of personnel, 
are also in no hurry to order research or develop-
ment from Kazakhstani scientists and engineers. 
Meanwhile, it is one of the ways to increase the 
high-tech GDP. In addition, as before, the interest 
of the business sector in the maintenance of the 
scientific and technical potential of the Republic 
is not traced.

Thus, one of the important issues of the scientif-
ic sphere is to increase the demand for scientif-
ic results in the real sector of the economy. It is 
necessary to increase the share of commercialized 
research results, to attract the private sector to fi-
nance research, as well as to increase the impor-
tance of experimental development, to create con-
ditions for conducting semi-industrial tests and to 
ensure their implementation and use in produc-
tion through preferential funding. In broad terms, 
it is necessary to resolve issues of legislative sup-
port for the introduction of the results of scien-
tific research into production, which are in high 
demand among producers. At the same time, it is 
necessary to work out the mechanism for applying 
innovative achievements in production.

An important direction of the development of the 
scientific sphere remains involvement in the glob-
al scientific community, participation in interna-
tional scientific projects. It is necessary to further 
expand cooperation with international organiza-
tions, publishing houses, scientists.

Expanding the features of innovation activity as 
an object of management and justifying the mech-
anism of multi-criteria selection of promising 
R&D results, we turn to the merits of the process 
of their commercialization, which is to bring to 
market new or improved products (services) using 
the rights to create it. It is not a secret that, due to 
the imperfection of the intellectual capital man-
agement system and organizational and econom-
ic support for the commercialization of domestic 
high-tech enterprises, many promising R&D re-
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sults are often not brought to the stage of commer-
cial realization in both the domestic and foreign 
markets. The way out of the current situation is 
seen in the need to develop new and efficient or-
ganizational and economic mechanisms for com-
mercializing R&D results that are adequate to 
modern conditions.

In the context of modernization of the 
Kazakhstan economy, a model for the forma-
tion of an innovation support infrastructure 
based on the diversification of the interaction 
of cluster components with the formation of in-
tegration functional structures can be effective 
(Figure 2).

Figure 2. Diversification model of R&D commercialization

Source: Built by the authors.
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The proposed model is designed to present the dif-
ferent functions of the commercialization process 
in a non-temporal framework including all ele-
ments necessary to commercialization that firms 
may adopt on the basis of their individual needs.

The model, which is shown in Figure 2, describes 
the many components of the commercialization 
process and their relationship to each other. In 
this model, ideas are central to the commerciali-
zation process, which is a recurring cycle followed 
by stakeholders.

This cycle consists of the following elements: 
“technology (research and development)”, “inter-
ested people” and “market”. This model implies 
that ideas can arise at any stage of the commer-
cialization process or product life cycle. 

The model also suggests that it may take several it-
erations of the cycle to improve, develop ideas and 

business models before successful commercial-
ization becomes possible. Ideas can include both 
completely new products and services, as well as 
additional improvements to existing ones, or their 
new applications, as well as the steps necessary to 
bring them to new markets.

Use diversification model of R&D commercializa-
tion in practice can open up new opportunities for 
obtaining synergistic effect from its operation due 
to the optimal use of generalized resource, per-
sonnel, organizational, informational and other 
support within the framework of a unified strat-
egy of innovative development of an economic 
entity, region and country as a whole. Important 
advantages of this system are a high level of its 
sustainability, due to the possibility of controlled 
flow (diffusion) of various types of resources to the 
sector with the most effective development, and 
increased legal security of all participants in the 
innovation cycle.

CONCLUSION
One of the important issues in the scientific sphere is to increase the demand for scientific results in 
the real sector of the economy. It is necessary to increase the share of commercialized research results, 
involve the private sector in research funding, and increase the importance of developmental research, 
create conditions for semi-industrial testing and ensure their implementation and application in pro-
duction through preferential financing. Broadly, it is necessary to solve the issues of legislative support 
for the introduction of scientific research results into production, which are in high demand among 
commodity producers. At the same time, it is necessary to work out a mechanism for applying innova-
tive achievements in production. An important direction in the development of the scientific sphere re-
mains involvement in the world scientific community, participation in international scientific projects. 
It is necessary to further expand cooperation with international organizations, publishers, scientists.

According to the draft Concept for the development of innovations until 2020, the main goal of devel-
oping an effective technology commercialization system in Kazakhstan is the commercialization of 90 
technologies through 2014, 200 technologies until 2020.

To achieve this ambitious goal, it is necessary to apply a systemic, integrated approach to the develop-
ment of a technology commercialization system in which the rate of mastering new knowledge can be 
significantly accelerated by combining multiple components. In this case, parallel implementation of 
the following interconnected components is necessary:

1.	 Improvement of regulatory legal acts in terms of stimulating the commercialization of intellectual property

Within the framework of legislative incentive measures, initiate a specialized bill on stimulating the commer-
cialization of intellectual property, which, taking into account the world experience gained will provide a full 
package of incentive measures and will create the ground for the development of small innovative business 
in Kazakhstan. Since intellectual property is the basis of innovation, the paramount issue of the solution is 
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to create basic conditions for motivation for research organizations and researchers that encourage participa-
tion in the commercialization of intellectual property created from budgetary funds.

2.	 Creation of a professional network of commercialization support structures

Within the framework of building a professional network of commercialization structures, support 
mechanisms can be implemented at two levels.

The first level is the national level, which includes coordination, development of legislative incentive 
measures, implementation of financial mechanisms and economic mechanisms, and consulting and 
methodological assistance. The National Methodological Center should act as the main information 
source and access point for the scientific community, national and foreign companies on the commer-
cialization of technologies in Kazakhstan.

The second level is regional, where most economic mechanisms are implemented through pilot region-
al centers and technology commercialization offices. The regional centers will serve as representatives 
of the program for the commercialization of the National Agency for Technological Development in 
the innovation-active regions and will serve as a platform for interaction and networking of scientific 
organizations with the business sector. The centers will be the main suppliers of the flow of technology 
commercialization projects and will provide information support on the issues of applying for a grant 
for the commercialization of technologies. Their activities will be aimed at promoting technological de-
velopments in both local and global markets.

3.	 Creation of an effective mechanism for financing the commercialization of technologies to ensure the 
flow of quality projects

a)	 Provision of consulting, methodological support, strengthening of human resources

Within the framework of strengthening the human resources, it is proposed: all the above-mentioned mech-
anisms require significant human resources. However, a new system is under construction, and there are 
no fully trained staff, so these specialists need to be trained, including on the experience of practical work 
on specific commercialization projects. At the same time, it is very important to work out our competencies 
and to raise Kazakhstan specialists in the field of technology commercialization. In this regard, it would be 
advisable, within the framework of the “Bolashak” program, to introduce special professional internships in 

“Management of Innovations” in the advanced foreign centers for the commercialization of technologies to 
acquire practical skills and competences in the field of technology commercialization.

b)	 The organization of partner networks for the effective exchange of information and the achievement of 
commercial links between the main players in the technology commercialization process

Obviously, in the case of a successful commercialization system, the level of competitiveness of scientific 
organizations and companies will grow, and consequently with time they will need support for more 
complex tasks. Undoubtedly, in this situation, it will be necessary to change support instruments, it is 
possible to introduce new financial or economic mechanisms to stimulate commercialization, since the 
commercialization system must develop together with its participants and clients.

ACKNOWLEDGEMENT
The authors thank all anonymous reviewers for their helpful remarks. This research was supported by 
the BR05236689 “Diversification of tourism in the Republic of Kazakhstan in the transition to a digital 
economy: strategies and implementation mechanisms” scientific and technical program.



12

Problems and Perspectives in Management, Volume 16, Issue 4, 2018

doi

REFERENCES
1.	 Aghajani, H. A., & Yazdanpanah, 

E. (2005). Consideration of effec-
tive factors on technology transfer 
from university to industry at 
universities. Paper presented at 
Fourth conference on Iran’s tech-
nology management, Tehran (in 
Persian). Assembly of Iran’s Tech-
nology Management. Retrieved 
from http://www.dl-iramot.ir/
DocDetail.aspx?itemid=51 

2.	 Amadi-Echendu, J. E., & 
Rasetlola, R. T. (2011, June). 
Technology commercialization 
factors, frameworks and models. 
In Technology Management 
Conference (ITMC), IEEE 
International (pp. 144-148). 

3.	 APCTT (2005). The handbook of 
Technology Transfer – Chapter 2: 
Technology Commercialization. 
Asia – Pacific Center for 
Technology Transfer.

4.	 Chen, C. J. (2009). Technology 
commercialization, incubator and 
venture capital, and new venture 
performance. Journal of Business 
research, 62(1), 93-103. https://doi.
org/10.1016/j.jbusres.2008.01.003 

5.	 Cho, J., & Lee, J. (2013). Develop-
ment of a new technology product 
evaluation model for assessing 
commercialization opportunities 
using Delphi method and fuzzy 
AHP approach. Expert Systems 
with Applications, 40(13), 5314-
5330. https://doi.org/10.1016/j.
eswa.2013.03.038 

6.	 Conceição, P., Hamill, D., & 
Pinheiro, P. (2002). Innovative 
science and technology commer-
cialization strategies at 3M: a case 
study. Journal of Engineering and 
Technology Management, 19(1), 
25-38. https://doi.org/10.1016/
S0923-4748(01)00044-3 

7.	 Datta, A., Mukherjee, D., & Jessup, 
L. (2015). Understanding com-
mercialization of technological in-
novation: taking stock and moving 
forward. R&D Management, 45(3), 
215-249. https://doi.org/10.1111/
radm.12068 

8.	 Dmitriev, V., Simmons, G., Tru-
ong, Y., Palmer, M., & Schnecken-
berg, D. (2014). An exploration of 

business model development in 
the commercialization of technol-
ogy innovations. R&D Manage-
ment, 44(3), 306-321. https://doi.
org/10.1111/radm.12066 

9.	 Gao, J. H. H., & Haworth, N. 
(2016). Servicing academics and 
building relationships: the case of 
two university commercialisation 
offices in Australia. R&D Manage-
ment, 46(S2), 653-663. https://doi.
org/10.1111/radm.12184 

10.	 Grimpe, C., & Fier, H. (2010). 
Informal university technology 
transfer: a comparison between 
the United States and Germany. 
The Journal of Technology Transfer, 
35(6), 637-650. Retrieved from 
https://link.springer.com/ar-
ticle/10.1007/s10961-009-9140-4 

11.	 Ismail, K., & Ajagbe, A. M. (2013). 
The Roles of Government in the 
Commercialization of Technol-
ogy Based Firms. Middle-East 
Journal of Scientific Research, 
16(2), 229-236. Retrieved from 
https://www.researchgate.net/
publication/261475118_The_
Roles_of_Government_in_the_
Commercialization_of_Technol-
ogy_Based_Firms 

12.	 Jacobsson, S., Lindholm-Dahl-
strand, Å., & Elg, L. (2013). Is the 
commercialization of European 
academic R&D weak? – A critical 
assessment of a dominant belief 
and associated policy responses. 
Research Policy, 42(4), 874-885. 
https://doi.org/10.1016/j.re-
spol.2013.01.005 

13.	 Khrustalev, E. Yu., & Ilmen-
skaya, E. M. (2012). Экспертно-
аналитический анализ и 
метолы стимулирования 
фундаментальных и 
прикладных научных 
исследований [Ekspertno-
analiticheskiy analiz i metody 
stimulirovaniya fundamentalnykh 
i prikladnykh nauchnykh issledo-
vaniy]. Audit i finansovyy analiz, 2, 
158-169. 

14.	 Kim, S. K., Lee, B. G., Park, B. S., 
& Oh, K. S. (2011). The effect of 
R&D, technology commercializa-
tion capabilities and innovation 
performance. Technological and 

Economic Development of Economy, 
17(4), 563-578. https://doi.org/10.3
846/20294913.2011.603481 

15.	 Kiselev, V. N. (2014). 
Международное научно-
техническое сотрудничество 
Российской Федерации: 
краткий обзор и вопросы 
развития [Mezhdunarodnoe 
nauchno-tekhnicheskoe sotrudnich-
estvo Rossiyskoy Federatsii: kratkiy 
obzor i voprosy razvitiya]. Re-
trieved from http://russiancouncil.
ru/activity/publications/mezhdun-
arodnoenauchno-tekhnicheskoe-
sotrudnichestvo-rossiys (???)

16.	 Larin, S. N., & Zhilyakova, E. 
V. (2012). Организационные 
структуры и интеграционные 
формы науки и бизнеса как 
фактор стимулирования 
инновационной деятельности 
на региональном уровне 
[Organizatsionnye struktury i 
integratsionnye formy nauki i 
biznesa kak faktor stimulirovaniya 
innovatsionnoy deyatelnosti na re-
gionalnom urovne]. Natsionalnye 
interesy: prioritety i bezopasnost, 
19(160), 17-28. Retrieved from 
https://cyberleninka.ru/article/n/
organizatsionnye-struktury-i-
integratsionnye-formy-nauki-i-bi-
znesa-kak-faktor-stimulirovaniya-
innovatsionnoy-deyatelnosti-na 

17.	 Markman, G. D., Gianiodis, P. T., 
Phan, P. H., & Balkin, D. B. (2005). 
Innovation speed: Transferring 
university technology to market. 
Research Policy, 34(7), 1058-1075. 
https://doi.org/10.1016/j.re-
spol.2005.05.007 

18.	 Markman, G. D., Siegel, D. S., 
& Wright, M. (2008). Research 
and technology commercial-
ization. Journal of Manage-
ment Studies, 45(8), 1401-1423. 
https://doi.org/10.1111/j.1467-
6486.2008.00803.x 

19.	 Ministry of National Economy 
of the Republic of Kazakhstan 
Committee on Statistics (2017). 
Science and innovation activity of 
Kazakhstan / Statistical collection 
2012-2016. Retrieved from http://
stat.gov.kz/ (accessed on  August 
28, 2018). 

http://www.dl-iramot.ir/DocDetail.aspx?itemid=51
http://www.dl-iramot.ir/DocDetail.aspx?itemid=51
https://doi.org/10.1016/j.jbusres.2008.01.003
https://doi.org/10.1016/j.jbusres.2008.01.003
https://doi.org/10.1016/j.eswa.2013.03.038
https://doi.org/10.1016/j.eswa.2013.03.038
https://doi.org/10.1016/S0923-4748(01)00044-3
https://doi.org/10.1016/S0923-4748(01)00044-3
https://doi.org/10.1111/radm.12068
https://doi.org/10.1111/radm.12068
https://doi.org/10.1111/radm.12066
https://doi.org/10.1111/radm.12066
https://doi.org/10.1111/radm.12184
https://doi.org/10.1111/radm.12184
https://link.springer.com/article/10.1007/s10961-009-9140-4
https://link.springer.com/article/10.1007/s10961-009-9140-4
https://www.researchgate.net/publication/261475118_The_Roles_of_Government_in_the_Commercialization_of_Technology_Based_Firms
https://www.researchgate.net/publication/261475118_The_Roles_of_Government_in_the_Commercialization_of_Technology_Based_Firms
https://www.researchgate.net/publication/261475118_The_Roles_of_Government_in_the_Commercialization_of_Technology_Based_Firms
https://www.researchgate.net/publication/261475118_The_Roles_of_Government_in_the_Commercialization_of_Technology_Based_Firms
https://www.researchgate.net/publication/261475118_The_Roles_of_Government_in_the_Commercialization_of_Technology_Based_Firms
https://doi.org/10.1016/j.respol.2013.01.005
https://doi.org/10.1016/j.respol.2013.01.005
https://doi.org/10.3846/20294913.2011.603481
https://doi.org/10.3846/20294913.2011.603481
http://russiancouncil.ru/activity/publications/mezhdunarodnoenauchno-tekhnicheskoe-sotrudnichestvo-rossiys
http://russiancouncil.ru/activity/publications/mezhdunarodnoenauchno-tekhnicheskoe-sotrudnichestvo-rossiys
http://russiancouncil.ru/activity/publications/mezhdunarodnoenauchno-tekhnicheskoe-sotrudnichestvo-rossiys
http://russiancouncil.ru/activity/publications/mezhdunarodnoenauchno-tekhnicheskoe-sotrudnichestvo-rossiys
https://cyberleninka.ru/article/n/organizatsionnye-struktury-i-integratsionnye-formy-nauki-i-biznesa-kak-faktor-stimulirovaniya-innovatsionnoy-deyatelnosti-na
https://cyberleninka.ru/article/n/organizatsionnye-struktury-i-integratsionnye-formy-nauki-i-biznesa-kak-faktor-stimulirovaniya-innovatsionnoy-deyatelnosti-na
https://cyberleninka.ru/article/n/organizatsionnye-struktury-i-integratsionnye-formy-nauki-i-biznesa-kak-faktor-stimulirovaniya-innovatsionnoy-deyatelnosti-na
https://cyberleninka.ru/article/n/organizatsionnye-struktury-i-integratsionnye-formy-nauki-i-biznesa-kak-faktor-stimulirovaniya-innovatsionnoy-deyatelnosti-na
https://cyberleninka.ru/article/n/organizatsionnye-struktury-i-integratsionnye-formy-nauki-i-biznesa-kak-faktor-stimulirovaniya-innovatsionnoy-deyatelnosti-na
https://doi.org/10.1016/j.respol.2005.05.007
https://doi.org/10.1016/j.respol.2005.05.007
https://doi.org/10.1111/j.1467-6486.2008.00803.x
https://doi.org/10.1111/j.1467-6486.2008.00803.x
http://stat.gov.kz/
http://stat.gov.kz/


13

Problems and Perspectives in Management, Volume 16, Issue 4, 2018

doi

20.	 Mu, J., & Di Benedetto, C. A. 
(2011). Strategic orientations and 
new product commercialization: 
mediator, moderator, and inter-
play. R&D Management, 41(4), 
337-359. https://doi.org/10.1111/
j.1467-9310.2011.00650.x 

21.	 Mukhtarova, K., Kupeshova, S., 
Ziyadin, S., & Doszhan, R. (2017). 
Problems of developing the foun-
dations of sustainable competitive-
ness of industrial and innovative 
economy in Kazakhstan. Eco-
nomic Annals-XXI, 168(11-12), 
38-43. Retrieved from https://
web.a.ebscohost.com/abstract?dir-
ect=true&profile=ehost&scope=sit
e&authtype=crawler&jrnl=172862
20&AN=130692222&h=sU2wMqf
kGQUWI007Al0CrwmV9yzpSSxr
k4R8KXvT2KZOHzxEpy1lTe7bk5
g04PUFkohDZWDfc73Cq%2fkbtc
Zq5A%3d%3d&crl=c&resultNs=A
dminWebAuth&resultLocal=ErrC
rlNotAuth&crlhashurl=login.aspx
%3fdirect%3dtrue%26profile%3de
host%26scope%3dsite%26authtyp
e%3dcrawler%26jrnl%3d17286220
%26AN%3d130692222 

22.	 National Science Board (2018). 
Science & Engineering Indicators 
2018. Retrieved from https://www.
nsf.gov/statistics/2018/nsb20181/
assets/nsb20181.pdf (accessed on 
August 28, 2018).

23.	 Novikova, N. N. (2015). The Rus-
sian practice of commercialization 
of innovation. The economy in the 
industry, 3, 66-69. 

24.	 OECD (2018). Main Science 
and Technology Indicators. Paris: 
OECD Publishing. https://doi.
org/10.1787/msti-v2018-1-en 

25.	 Rasmussen, E. (2008). Govern-
ment instruments to support the 

commercialization of university 
research: Lessons from Canada. 
Technovation, 28(8), 506-517. 
https://doi.org/10.1016/j.techno-
vation.2007.12.002 

26.	 Reamer, A. (2003). Technology 
transfer and commercialization: 
their role in economic develop-
ment. www.eda.gov/PDF/eda_ttc.
pdf 

27.	 Rosa, J., & Rose, A. (2007). Report 
on Interviews on the Commer-
cialization of Innovation (25 p.). 
Statistics Canada, Science and 
Technology Surveys Section, Sci-
ence, Innovation and Electronic 
Information Division.

28.	 Slater, S. F., & Mohr, J. J. (2006). 
Successful development and 
commercialization of technologi-
cal innovation: Insights based on 
strategy type. Journal of product 
innovation management, 23(1), 26-
33. https://doi.org/10.1111/j.1540-
5885.2005.00178.x 

29.	 State of the Nation Address 
by the President of the Repub-
lic of Kazakhstan Nursultan 
Nazarbayev (2018). New op-
portunities under the fourth 
industrial revolution. Retrieved 
from http://www.akorda.kz/en/
addresses/addresses_of_president/
state-of-the-nation-address-by-
the-president-of-the-republic-
of-kazakhstan-nursultan-naz-
arbayev-january-10-2018 

30.	 The Prime Minister’s Advisory 
Council on Science and Technol-
ogy (1999). Public Investments 
in University Research: Reaping 
the Benefits/ Report of the Expert 
Panel on the Commercialization 
of University Research. Retrieved 

from http://publications.gc.ca/
collections/Collection/C2-441-
1999E.pdf 

31.	 Von Raesfeld, A., Geurts, P., Jan-
sen, M., Boshuizen, J., & Luttge, R. 
(2012). Influence of partner diver-
sity on collaborative public R&D 
project outcomes: A study of ap-
plication and commercialization 
of nanotechnologies in the Neth-
erlands. Technovation, 32(3-4), 
227-233. https://doi.org/10.1016/j.
technovation.2011.12.001 

32.	 Weckowska, D. M., Molas‐Gallart, 
J., Tang, P., Twigg, D., Castro‐
Martínez, E., Kijeńska‐Dąbrowska, 
I., ... & Meyer, M. (2018). Uni-
versity patenting and technol-
ogy commercialization–legal 
frameworks and the importance 
of local practice. R&D Manage-
ment, 48(1), 88-108. https://doi.
org/10.1111/radm.12123 

33.	 Ziyadin, S., Suieubayeva, S., 
Kabasheva, N., & Moldazhanov, 
M. (2017). Economic rationale 
for the investment attractive-
ness of China at present. Eco-
nomic Annals-XXI, 163(1-2), 
35-40. Retrieved from https://
web.b.ebscohost.com/abstract?d-
irect=true&profile=ehost&scope=
site&authtype=crawler&jrnl=172
86220&AN=122753040&h=bMM
L6xKrcwjRjp58kujG87XetZoy78Y
VtfJj1Yg4u7YkBl0r79uG1JTaDN
OPuD%2fuvUqW8RynQFQMedz
5zgBTPw%3d%3d&crl=c&resultN
s=AdminWebAuth&resultLocal=
ErrCrlNotAuth&crlhashurl=login.
aspx%3fdirect%3dtrue%26profile
%3dehost%26scope%3dsite%26au
thtype%3dcrawler%26jrnl%3d172
86220%26AN%3d122753040

https://doi.org/10.1111/j.1467-9310.2011.00650.x
https://doi.org/10.1111/j.1467-9310.2011.00650.x
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=130692222&h=sU2wMqfkGQUWI007Al0CrwmV9yzpSSxrk4R8KXvT2KZOHzxEpy1lTe7bk5g04PUFkohDZWDfc73Cq%2fkbtcZq5A%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d130692222
https://www.nsf.gov/statistics/2018/nsb20181/assets/nsb20181.pdf
https://www.nsf.gov/statistics/2018/nsb20181/assets/nsb20181.pdf
https://www.nsf.gov/statistics/2018/nsb20181/assets/nsb20181.pdf
https://doi.org/10.1787/msti-v2018-1-en
https://doi.org/10.1787/msti-v2018-1-en
https://doi.org/10.1016/j.technovation.2007.12.002
https://doi.org/10.1016/j.technovation.2007.12.002
http://www.eda.gov/PDF/eda_ttc.pdf
http://www.eda.gov/PDF/eda_ttc.pdf
https://doi.org/10.1111/j.1540-5885.2005.00178.x
https://doi.org/10.1111/j.1540-5885.2005.00178.x
http://www.akorda.kz/en/addresses/addresses_of_president/state-of-the-nation-address-by-the-president-of-the-republic-of-kazakhstan-nursultan-nazarbayev-january-10-2018
http://www.akorda.kz/en/addresses/addresses_of_president/state-of-the-nation-address-by-the-president-of-the-republic-of-kazakhstan-nursultan-nazarbayev-january-10-2018
http://www.akorda.kz/en/addresses/addresses_of_president/state-of-the-nation-address-by-the-president-of-the-republic-of-kazakhstan-nursultan-nazarbayev-january-10-2018
http://www.akorda.kz/en/addresses/addresses_of_president/state-of-the-nation-address-by-the-president-of-the-republic-of-kazakhstan-nursultan-nazarbayev-january-10-2018
http://www.akorda.kz/en/addresses/addresses_of_president/state-of-the-nation-address-by-the-president-of-the-republic-of-kazakhstan-nursultan-nazarbayev-january-10-2018
http://www.akorda.kz/en/addresses/addresses_of_president/state-of-the-nation-address-by-the-president-of-the-republic-of-kazakhstan-nursultan-nazarbayev-january-10-2018
http://publications.gc.ca/collections/Collection/C2-441-1999E.pdf
http://publications.gc.ca/collections/Collection/C2-441-1999E.pdf
http://publications.gc.ca/collections/Collection/C2-441-1999E.pdf
https://doi.org/10.1016/j.technovation.2011.12.001
https://doi.org/10.1016/j.technovation.2011.12.001
https://doi.org/10.1111/radm.12123
https://doi.org/10.1111/radm.12123
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=17286220&AN=122753040&h=bMML6xKrcwjRjp58kujG87XetZoy78YVtfJj1Yg4u7YkBl0r79uG1JTaDNOPuD%2fuvUqW8RynQFQMedz5zgBTPw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d17286220%26AN%3d122753040

	MTBlankEqn

