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ABSTRACT. This paper explores the existing interrelationships between distinct types of innovation
inputs and outputs in transition economies. Specifically, on the basis of BEEPS V dataset and using
modified CDM model, we have investigated the existence of possible variation in the impacts of various
types of innovation inputs (in-house R&D and external knowledge acquisition) on the different modes of
innovation outputs (product, process and non-technological innovations). The results of the study show
that firm’s decisions on in-house and out-house knowledge development processes are highly
interdependent and generally share the same determinants. Further, based on the results of previous
studies, we have formulated and tested hypotheses that internal R&D is linked mainly to product innovation,
while external knowledge acquisition to process and non-technological innovation modes. The hypotheses
testing, generally, supports these expectancies. However, contrary to some of our expectations, the study
results suggest that implementation of internal R&D strategy can stimulate not only product innovations
but also process innovative activity; as well as that external knowledge acquisition input is a significant
predictor of product innovation. The analysis of marginal effects reveals that the in-house R&D input is
the key determinant of the product innovation strategy; while external knowledge acquisition is the only
innovation input that enhances the likelihood of non-technological innovations. Both innovation inputs
effect the probability of process innovation almost with equal magnitude. © 2016 Bull. Georg. Natl. Acad.
Sci.
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Since Zvi Griliches’s seminal paper [1], the role of
knowledge generation activities as determinants of

innovation has been recognized widely in academic

literature. Griliches explicated the link between inno-

vation inputs and innovation outputs through intro-

duction of a ‘knowledge production function’ to the
traditional Cobb-Douglass production framework.

The main assumption of this approach is that past

and current knowledge investments (inputs) are nec-

essary for generating a new knowledge (outputs),

which in turn affects the firm’s output growth. This
line of research has been further extended by Crepon,

Duguet, and Mairesse [2]. The model, henceforth re-

ferred as CDM, distinguishes innovation input (re-
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search and development investments) and innova-

tion output (knowledge). Employing structural recur-

sive model, CDM explains productivity by the knowl-

edge or innovation output and innovation output by

research and development investments.

At present stage, innovation literature distin-

guishes two main sources of innovation inputs: in-

vestments in internal R&D and investments in acqui-

sition of machinery and external knowledge (EKA);

as well as four types of innovation outputs (product

innovation; process innovation; organizational in-

novation; and marketing innovation) [3].

Recent studies of the link between R&D, innova-

tion and firm's productivity [4-8], based on the CDM

model, generally has proved the main findings of

Crepon et al. study [2]. It is worth mentioning, that the

limitation of the majority of empirical innovation re-

search, based on CDM model, is that they focus mainly

on in-house R&D activity as a primary innovation in-

put. The same time, only small number of studies ex-

plores the contribution of EKA to firms' innovation

strategy. Thus, the role and the joint impact of these

two types of innovation inputs on the firm's capabili-

ties to produce various types of innovation outputs

remains relatively unstudied. The underestimation of

the role of EKA in firm's innovative activity is espe-

cially acute for the studies focused on the catching-

up economies. For instance, the recent comprehen-

sive innovation study in transition economies con-

ducted by EBRD [9], uses only the internal R&D activ-

ity as an innovation input in the structural model.

The main purpose of this paper is to fill this gap

using the Enterprise Surveys database (Business

Environment and Enterprise Performance Survey

(BEEPS V) - https://www.enterprisesurveys.org/),

which covers 29 transition economies. In this study

we account for simultaneous occurrence of different

types of innovation inputs (in-house R&D and EKA)

and explore their impacts on the various modes of

innovation outputs for firms in transition economies.

Literature Review. The empirical research of the

relationship between in-house and out-house knowl-

edge generation activities shows mixed results. A bulk

of empirical studies confirms complementarity hy-

pothesis and reveals that internal and external inno-

vation inputs have a different significance for the

different types of innovation outputs. For instance,

Parisi et al. [10] exploiting a rich dataset of Italian

firms, reveals that R&D spending enhances the prob-

ability of introducing a new product, while fixed capi-

tal spending is associated with the introduction of a

process innovation. The authors argue that the ef-

fect of the fixed investment on the process innova-

tion is complemented by internal R&D.

Similarly, Conte and Vivarelli [11] using CIS

(Eurostat's Community Innovation Survey) dataset

comprising more than 3000 Italian manufacturing com-

panies, discuss the role of the company's investment

in R&D and acquisition of technology (TA) in the

introduction of new product and/or process innova-

tions. The results of the study suggest that while

R&D is connected mainly with increasing the prob-

ability of product innovation, the technology acqui-

sition plays important role in enhancing likelihood of

the process innovation. The authors argue that the

relative importance of R&D and technology acquisi-

tion depends on such characteristics of the firm as

size and the technological domain of a sector.

The results of above research, generally, suggests

that while internal R&D favors more complex prod-

uct innovation strategy, investments in external

knowledge is associated mainly with process inno-

vations. However, some studies came to slightly dif-

ferent conclusions with regard to the role which in-

novation inputs play in enhancing the probability of

different types of innovation outputs. Chudnovsky

et al. [12] analyzing the sample of Argentinian firms,

find that R&D increases the odds of both product

and process and only product innovations vis a vis

only process innovations, while technology acquisi-

tion does not affect the relative likelihood of the in-

novation output outcomes.

Despite its importance, a number of issues, in this

stream of research, still requires further attention from
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scholars. First, the existing studies are mainly focused

on the developed markets, while the relationships

between innovation inputs and innovation outputs

in the realities of transition economies received very

sparse attention. Second, the impact of innovation

inputs on firm's non-technological innovations strat-

egy also remains unexplored.

The main contribution of this paper is that it, ex-

actly, focuses on these issues. In particular, in this

study, we investigate the specificity of the impacts

of in-house and external innovation inputs on vari-

ous innovation strategies, including non-technologi-

cal innovations, in catching-up economies.

In our study we distinguish the following three

innovation strategies: product innovation, process

innovation and non-technological innovation (mar-

keting and/or organizational innovations). Based on

the results of the existing empirical studies we expect

that internal and external types of innovation inputs

will have distinct impacts on various types of inno-

vation outputs. In particular, we hypothesize that for

firms in transition economies:

H1: In-house R&D enhances probabilities of the

adoption of product innovation, while External Knowl-

edge Acquisition increases the likelihood of the adop-

tion of process or/and non-technological innovation.

Research Methodology. In order to study struc-

tural relationships between internal R&D and exter-

nal knowledge acquisition on the one hand, and vari-

ous type of non-exclusive modes of innovation strat-

egies on the other, we apply a modified version of

CDM model (in our earlier study we explored the im-

pact of innovation inputs on the exclusive modes of

innovation outputs [13]). This model is modified by

inclusion of a new equation for external knowledge

acquisition, which serves as a determinant of inno-

vation output along with internal R&D activity. Since,

in this study we concern only with the impact of

innovation inputs on innovation outputs, the pro-

ductivity equation is not considered in the model.

Also, the stages that accounts for the quantitative

dimensions of investments in R&D or in EKA are

omitted here. The proposed model represents a si-

multaneous-equation model estimated by Maximum

Likelihood. Below, the model is presented as a recur-

sive system of the following five equations:
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Here, the yki's (with k= 1,…,5) are endogenous choice
variables and the y*

ki
's (with k= 1,…,5) are respective

latent decision variables. In particular, y
1i
 - is an indica-

tor variable that equals to 1 if firm decides to invest in

R&D and equals to zero otherwise; y
2i
 - is an indicator

variable that equals to 1 if firm decides to invest in exter-

nal knowledge acquisition and equals to zero other-

wise; y
3i
, y

4i
 and y

5i
 - stand for innovation output vari-

ables, which are proxied by three dummy variables: prod-

uct, process and non-technological innovation respec-

tively. The vectors of explanatory exogenous variables

are denoted byx
ki

(with k= 1,…,5); '
k  (with k= 1,…,5)

is vector of parameters and 
3
, 

4
, 

5
 and 

3
, 

4
, 

5
 are

single parameters to be estimated. Random error terms,

which are assumed to be multivariate normal with zero

mean and variance equal to 1, are defined as 
ki
 (with k=

1,…,5); and i=1,….., n is an index of surveyed firms.

The first two equations estimate a firm's decision

to get engaged in knowledge development activities.

Each of these two equations is specified as a Probit

regression. The vectors x
1i
  and x

2i
  include the inde-

pendent exogenous variables, which explain the firm's

decision to get engaged in R&D and in EKA respec-

tively. In our model, both vectors generally share the
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same set of variables, with the only exception:  while

important determinant of the decision to invest in

R&D is patent protection, in EKA equation this vari-

able is replaced by intensity of computers usage.

The explanatory variables included in x
1i
  and x

2i
  vec-

tors are described in more detail in Table 1. We as-

sume that error terms 
1i

and 
2i
 are correlated with

correlation coefficient 
12

.

The next three equations in the system 1 involve

the estimation of the 'knowledge production function'.

Each of these three equations uses dummy variables

to reflect firm's decision to undertake product, proc-

ess and/or non-technological (organizational and mar-

keting) innovation strategy respectively. Like previ-

ous equations, each of them is specified as Probit re-

gression, which along with vector of exogenous re-

gressors incorporates two endogenous variables - in-

ternal and external innovation inputs. The description

of exogenous variables is presented in the Table 1.

The system of equation (1) is a simultaneous-

equations type recursive model without feedback

effects. The potential endogeneity of internal R&D,

external knowledge acquisition and innovations are

accounted for by simultaneous estimation of all equa-

tions and through correlations in the error terms. In

the first two equations some exclusion variables or

'instruments' (these are: 'patent', 'use of computers'

and 'subsidy' variables) are assumed, which allows

for identification.

Following Mairesse and Robin [14] this system is

estimated simultaneously by Simulated Maximum

Likelihood estimation technique.  Ignoring param-

eters to be estimated, the log-likelihood takes the

following form:
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The likelihood function (2) comprises only Probit

models. Since the system of equation (1) represents

seemingly unrelated equations model, the contribu-

tions to likelihood function discussed above are con-

nected by the various correlation coefficients of the

error terms. The log-likelihood function is maximized

using the Conditional Mixed Process program (CMP)

[15], which applies GHK-type numerical simulation

algorithm.

Data Sample. The main source of the data for the

research is the micro-level dataset from the fifth round

of the Business Environment and Enterprise Perform-

ance Survey (BEEPS V). The survey was conducted

by the European Bank for Reconstruction and De-

velopment (EBRD) and the World Bank Group (the

World Bank) for 15,523 firms in 29 countries in the

European and Central Asian regions in the period of

2012-2014. The sample was selected using stratified

random sampling techniques. Three levels of stratifi-

cation were used in all countries: industry, establish-

ment size and region. The more detailed description

of the sampling methodology can be found in the

Sampling Manual (http://www.enterprisesurveys.org/

/~/media/GIAWB/EnterpriseSurveys/Documents/

Methodology/Sampling_Note.pdf ).

Study Results. The estimation results of the si-

multaneous equation system 1 are presented in the

table 2.

Innovation input stage. The first stage of CDM

model comprises bivariate SUR probit model (the first

two equations of the system 1), which specifies the

probabilities of investing in R&D and acquiring ex-

ternal knowledge (EKA). First, the results of the

analysis presented in table 2, reveal that these two

decisions are interdependent within the establish-

ment, since the residuals of the corresponding equa-

tions are significantly correlated with each other.

Thus joint estimation of these two equations seems

to be an appropriate decision. Further, we find that

possessing of formal protection (patents, trademarks,

licenses) and having educated human resource stimu-

late investments in R&D (both effects are statisti-

cally significant at p<0.01 level). Regular use of com-

puters and foreign ownership, in turn, increases the

probability of the external knowledge acquisition (sig-

nificant at 1% level). In accordance, with the
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Table 1. List of the variables used in the study

Name of Variables Description of variables
Endogenous Variables
R&D investments is the dummy variable that equals to 1 if firm decides to invest in R&D
EKA investments is the dummy variable that equals to 1 if firm decides to invest in EKA
Product innovations is the dummy variable that equals to 1 if firm undertakes product innovations
Process innovations is the dummy variable that equals to 1 if firm undertakes process innovations
Non-technological
innovations

is the dummy variable that equals to 1 if firm undertakes organizational or/and
marketing innovations

Exogenous Variables
Patent (establishment has
ever been granted a patent)

is a dummy variable, which shows whether establishment has ever been granted a patent
(included in x1i vector but not in x2i vector)

Percentage of workforce
that use computers regularly

percentage of workforce that use computers regularly (included in x2i vector but not in
x1i vector)

University degree
(percentage)

percent of full-time employees with university degree, reflects the quality of human
capital employed by establishment

Working capital financed
from external funds
(percent)

financing of working capital variable; this variable reflects the percentage of working
capital financed by banks and non-bank institutions and is used to control for the
imperfections of the financial markets

Subsidy is a dummy variable, which shows whether establishment has received any subsidies
from national, regional or local government of from European Union sources over the
last three years

Firm’s age log of the age of the establishment in years
Firm’s size firm’s size, which contain three dummy variables: small (6-19 employees), medium

(20-99 employees), and large (100 and more employees)
Foreign ownership dummy variable, which shows whether the foreigners have a majority in the ownership
State ownership dummy variable, which indicates whether the state has a majority in the ownership
Exporting dummy variable, which indicates whether the firm participates at export markets
Main market comprises three indicators – local, national, international – which signify that main

product is sold no local, national or international markets respectively
Email dummy variables, means that the establishment uses e-mail for communications with

its business partners
Industry dummy variables, which reflect industry fixed effects; list of industries: Manufacturing

(Food; Wood; Publishing, printing and recorded media; Chemicals; Plastics&Rubber;
Non-metallic mineral products; Fabricated metal products; Machinery and equipment;
Electronics; Precision instruments; Furniture); Retail; Other Services (Wholesale; IT;
Hotel and restaurants; Services of motor vehicles; Construction section; Transport;
Supporting transport activities; Post and telecommunications)

Country dummy variables, which reflect country fixed effects; list of countries (Albania,
Armenia, Azerbaijan, Belarus, Bosnia, Bulgaria, Croatia, Czech, Estonia, Georgia,
Hungary, Kazakhstan, Kosovo, Kyrgyzstan, Latvia, Lithuania, Macedonia, Moldova,
Montenegro, Poland, Romania, Russia, Serbia, Slovakia, Slovenia, Tajikistan, Turkey,
Ukraine, Uzbekistan)

Schumpeterian approach to innovation [16] and find-

ings from recent studies, the estimation results sug-

gest that the firm's size is important determinant of

the firm's decision to invest in R&D and to acquire

external knowledge. Larger establishments, enjoying

economies of scale and scope and having greater

market power, possess better opportunities to mobi-

lize necessary financial resources, and thus they show

higher propensity for innovation. Small and medium

size establishments substantially reduce probability

of such investments (statistically significant at 1%

level in both equations), compared to large compa-

nies. As expected, the probabilities of decisions to

invest in R&D and to acquire external knowledge are

also positively affected by availability of subsidies

from government or international sources (statisti-

cally significant at p<0.01 in both equations); devel-

opment of credit markets (significant at 1% level in

R&D equation and at 10% level in EKA equation);

and participation at export markets (significant at 1%

level). Providing access to finance and ensuring trans-

fer of external knowledge and skills (foreign owner-
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Table 2. Estimation of the system of simultaneous equations

Variables Innovation Input equations Innovation output equations
Dependent variables
Internal R&D External

Knowledge
Acquisition

Product
Innovation

Process
Innovation

Non-tech
Innovation

Internal R&D (dummy) - - 1.480***
(.1173)

.7865***
(.1551)

-.1022
(.1666)

EKA (dummy) - - .5616***
(.1302)

.8184***
(.1362)

1.179***
(.1252)

Patent (establishment has
ever been granted a patent)

.4045***
(.0514)

. - - -

Percentage of workforce that
use computers regularly

- .0054***
(.0007)

- - -

Subsidy .2262***
(.0543)

.2857***
(.0546)

- - -

Working capital financed
from external funds

.0027***
(.0007)

.0013*
(.0008)

-.0002
(.0007)

.0021***
(.0007)

.0027***
(.0007)

University degree .0047***
(.0007)

.0010
(.0008)

-.0002
(.0007)

-.001
(.0007)

.0008
(.0007)

Firm’s size (small) -.2476***
(.0552)

-.2771***
(.0566)

.2813***
(.0479)

.0838
(.0518)

.0012
(.0518)

Firm’s size (medium) -.1577***
(.0498)

-.1619***
(.0514)

.0339
(.0451)

-.0485
(.0486)

-.1476***
(.0476)

Log of Firm’s age -.0199
(.0242)

.0228
(.0246)

-.0055
(.0202)

.0099
(.0215)

-.0099
(.0211)

Foreign ownership .0564
(.0643)

.1568**
(.0639)

.0024
(.0561)

-.0086
(.0606)

.1559**
(.0609)

State ownership -.0873
(.1428)

.0931
(.1424)

-.1059
(.1189)

.0543
(.1287)

-.0308
(.1262)

Exporting (dummy) .2714***
(.0455)

.1548***
(.0469)

-.0067
(.0434)

.0327
(.0458)

.0274
(.0451)

Main market: local - - .0457
(.0338)

.0318
(.0381)

.0180
(.0364)

Email - - .2008***
(.0659)

.2318***
(.0739)

.2939***
(.0700)

Country effects Yes Yes
Industry effects Yes Yes
Correlation of residuals (Rho)
Rho (R&D) 1
Rho (EKA) .214***(.026) 1
Rho (Product Innovation) -.677***(.078) -.232***(.076) 1
Rho (Process Innovation) -.168*(.089) -.276***(.079) .374***(.031) 1
Rho (Non-tech Innovation) .246***(.089) -.529***(.081) -.023 (.022) .301***(.029) 1
N (number of observations): 6,548
Notes: Robust standard errors in parentheses; *** — significant at p < 0.01 level; ** — significant at p < 0.05 level; * —
significant at p < 0.1 level.

ship) for the companies, these factors increase their

propensities for innovation. Other controls, such as

firm's age and ownership type exert no influence on

R&D and EKA decisions.

Innovation output stage. According to Table 2

(equations 3-5 of the system 1), in-house R&D activ-

ity is an important predictor of product and process

types of innovation strategy (both effects are statis-

tically significant at 1% level), while its impact on the

non-technological innovation strategy is non-signifi-

cant. External knowledge acquisition positively in-

fluences all three types of innovation outputs (sta-

tistically significant at p<.01). The results of the study,

generally, provide support for our expectancies that

internal innovation inputs positively influence prod-

uct innovations, while external innovation input is a
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good predictor of process and non-technological in-

novations. However, despite our expectations that

in-house knowledge development will enhance prob-

abilities of product innovation only, the analysis of

hypothesis testing shows that internal R&D strat-

egy can be considered as an effective instrument for

promoting process innovation strategy as well. Simi-

larly, contrary to our anticipations, empirical findings

suggest that external knowledge acquisition is an

important determinant of product innovation.

Along with hypotheses testing, a big interest for

the sake of current research represents estimation of

the size of the effects of innovation inputs on various

types of innovation strategies. Table 3 presents esti-

mations of the marginal effects of in-house R&D and

EKA on the corresponding innovation outputs. Ac-

cording to the data, when a firm is engaged in in-house

R&D activity the probability that it implements prod-

uct innovation increases by 47.4 percentage points.

The external knowledge acquisition also does matter

for a firm's decisions to introduce a new product. Still,

the impact of the EKA is substantially lower, it in-

creases the likelihood of the product innovation only

by 18 percentage point. Thus, in-house R&D is appar-

ently more effective predictor of product innovation

compared to EKA. The same time, internal and exter-

nal inputs exert almost equal effect on the probability

of process innovation (25.3 and 26.3 percentage points

correspondingly). While external knowledge acquisi-

tion is the only innovation input that enhances the

likelihood that a firm will undertake non-technological

innovation strategy (37.5 percentage points).

Summary and Conclusions. This paper explores

the existing interrelationships between distinct types

of innovation inputs and outputs in transition econo-

mies. Specifically, on the basis of BEEPS V dataset

and using modified CDM model, we have investi-

gated the existence of possible variation in the im-

pacts of various types of innovation inputs (in-house

R&D and external knowledge acquisition) on the dif-

ferent modes of innovation outputs (product, proc-

ess and non-technological innovations).

Based on the results of previous studies, we have

formulated and tested hypotheses that internal R&D

is linked mainly to product of innovation, while exter-

nal knowledge acquisition to process and non-tech-

nological innovation modes. The hypotheses test-

ing, generally, supports these expectancies. However,

contrary to some of our expectations, the study re-

sults suggest that implementation of internal R&D

strategy can stimulate not only product innovations

but also process innovative activity; as well as that

EKA input is significant predictor of product innova-

tion. The analysis of marginal effects reveals that the

in-house R&D input is the key determinant of the

product innovation strategy; while EKA is the only

innovation input that enhances the likelihood of non-

technological innovations. Both innovation inputs

effect the probability of process innovation almost

with equal magnitude.

We think that main policy implication stemming

from these study results is that providing ease ac-

cess to financial resources is a crucial prerequisite

necessary for promoting knowledge development

activity in transition economies. In support of exist-

ing findings, we reveal that internal R&D activity is

highly dependent on the patent protection. Thus the

enhancement of the legal framework and establish-

ing the rule of law that secure property rights, can be

considered as important ways for stimulating firm's

R&D investment decisions. This is especially true

for the countries where firms' innovation activity is

very low and property rights guaranteeing mecha-

nisms are very poor.

Table 3. Estimation of the marginal effects of the innovation inputs on innovation outputs

Innovation Inputs Innovation Outputs
Product Innovation Process Innovation Non-Technological Innovation

In-house R&D .4747***  (.0318) .2526***  (.0466) -.0325   (.0531) ns.
External Knowledge Acquisition .1801***  (.0410) .2629***   (.0413) .3754***  (.0377)
Notes: Robust standard errors in parentheses; *** — significant at p < 0.01 level; ** — significant at p < 0.05 level; * —
significant at p < 0.1 level; ns.- non-significant.
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warmodgenil statiaSi Seswavlilia gardamavali ekonomikis qveynebSi firmis doneze
arsebuli gansxvavebuli tipis inovaciuri danaxarjebisa da sxvadasxva tipis inovaciuri
Sedegebis urTierTkavSirebi. kerZod, BEEPS V-is monacemebis gamoyenebiT da modificirebul
CDM modelze dayrdnobiT gamokvleulia sxvadasxva tipis inovaciur Sedegze (produqtul,
procesul da arateqnologiur inovaciebze) sxvadasxva inovaciuri danaxarjis (Siga
samecniero-kvleviTi da sacdel-sakonstruqtoro samuSaoebis (sksss) da gare codnis
SeZenis) zegavlenis SesaZlo variaciebis arseboba. kvlevis Sedegebma gviCvena, rom firmis
gare da Siga wyaroebidan codnis miRebasTan dakavSirebuli gadawyvetilebebi Zalze
mWidrod aris erTmaneTze damokidebuli da zogadad erTnairi determinantebiT aris
ganpirobebuli. garda amisa, sxvadasxva kvlevis Sedegebis safuZvelze CamovayalibeT
Sesabamisi hipoTezebi, rom Siga sksss ukavSirdeba ZiriTadad produqtul inovacias,
xolo gare codnis SeZena _ procesul da arateqnologiur inovaciebs. hipoTezebis
testirebis Sedegebma zogadad dagvidastures Cveni molodinebi. Tumca, zogierTi
molodinis sapirispiroT, testirebam daadgina, rom sksss-ze orientirebuli strategiis
ganxorcielebas SeuZlia stimuli misces ara mxolod produqtuli inovaciebis danergvas,
aramed agreTve gamoiwvios procesuli inovaciebis gaaqtiureba, iseve, rogorc gare codnis
SeZenas SeuZlia mniSvnelovnad ganapirobos produqtuli inovaciebis ganxorcieleba.
zRvruli efeqtebis analizma gamoavlina, rom Siga sksss-i aris produqtul inovaciaze
orientirebuli strategiis sakvanZo determinanti; xolo gare codnis SeZena aris
erTaderTi inovaciuri danaxarji, romelic aZlierebs arateqnologiuri inovaciebis
ganxorcielebis SesaZleblobas. orive inovaciuri danaxarji (sksss da gare codnis
SeZena) TiTqmis erTnairi masStabiT ganapirobebs procesuli inovaciis danergvis
SesaZleblobas.
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