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THE INTERNATIONAL EXPERIENCE
OF AGRICULTURAL INNOVATIONS

Abstract. The international experience in the field of agricultural innovations is analysed in the article.
Moreover, recommendations for attracting innovations in the agricultural sector of the Republic of Kazakhstan are
defined. The purpose of the research is to develop the theoretical and practical foundation that may help to define
recommendations on how to apply economic mechanisms to develop the agricultural sector in Kazakhstan. The
research methodology is based on econometric, quantitative and comparative methods. The research practical
significance is in describing the current state of innovations in the developed countries. The research results illustrate
that Switzerland is the leading power in the field of innovations based on due to its high performance in the
following aspects: innovators, research systems, human resources, corporate investments.

Keywords: innovations, international experience,Summary Innovation Index, Global Innovation Index,
Innovation Efficiency Ratio, agriculture.

There are different indicators that may show comparative indication for the innovation performance
in different countries or regions of the planet. The European Commission for the mentioned purpose relies
on the European Innovation Scoreboard [1]. This indicator is calculated based on 27 different indicators
that belong to 10 innovation dimensions and the following four types of scores [2]:

- a framework conditions score (performance drivers in the innovation field external to an enterprise)
is based on the human resources dimension (the number of new doctorate graduates, population with
completed tertiary education between 25-34 years, the number of people involved either in education in
training who aged between 25 to 64 years), attractive research systems dimension (the number inter-
national scientific publications when at least one author is from abroad, the share of scientific publications
from the total number that are part of 10% of the most cited publications worldwide, the number of
doctorate students from abroad),innovation-friendly environment dimension (the number of business
organisations of at least 100 Mb/s internet access, the motivational index which defines the ratio between
shares of people in improvement-driven and necessity-driven businesses);

- an investment score is based on finance and support dimension (the share of the GDP that equals to
research and development expenditures by the government in the public sector and costs related to the
higher education, the proportion of the gross domestic product that equals to expenditures related to
venture capital), firm investments dimension (the share of the gross domestic product that equals to all
expenditures in the business sector related to research and development, the share of turn-over for all
enterprises that equals to the amount spent on innovations which are non-R&D, the number of businesses
that provide any level of ICT related training to their employees);

- an innovation activity score (innovation aspects in the business field) relies on innovator dimension
(the percentage of small and medium-sized enterprises (SME) which introduced to a market or a business
venture at least one process or product innovation, the share of the small and medium-sized enterprises
(SME) that adopted at least one organisational or marketing innovation, the percentage of small and
medium-sized enterprises (SME) that are innovating at the in-house scale), linkage dimension (the
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percentage of small and medium-sized enterprises (SME) involved in cooperation in the field of
innovations, the number of public-private research co-publications per million people, the percentage of
the gross domestic product that equals to public research and development costs paid by the private
enterprise sector), intellectual assets dimension (PCT patent, trademark and design applications that
define different varieties of Intellectual Property Rights);

- an impact score (effects caused by enterprise activities in the field of innovations) is based on
employment impact dimension (the number of employees in the business sector assigned to activities that
are knowledge sensitive, the number of enterprise workers in 50% of the most innovative and fast-
growing industries) and sales impact dimension (medium and high-tech product exports in current prices
and national currency, service exports that are knowledge-intensive, sales due to new-to-market and new-
to-firm innovations).

The figure below illustrates the European Innovation Scoreboard for the European Union members as
well as for the following countries located outside of the EU: Iceland, Israel, Macedonia (former Yugo-
slav Republic), Norway, Serbia, Switzerland, Turkey, Ukraine.

The figure above illustrates that Switzerland has the highest score of the Summary Innovation In-
dex — 0.80775. Moreover, the meanvalue for the European Innovation Scoreboard among countries of the
European Union and other eight non-EU countries equals to 0.4464525 scores of the Summary Innovation
Index [3]. On the other hand, a trimmed mean is more accurate measure of mathematical expectation or
average when outlier observations of largest and smallest values are not taken into the account while
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Figure 1 — The European Innovation Scoreboard in 2017, Summary Innovation Index [3]
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calculating the mean value [4]. The trimmed mean for the Summary Innovation Index in 2017 for the
countries defined in the figure above equals to 0.4455338 (the EU value is not considered).

The standard deviation value Scoreboard without considering the overall European Union value is
0.1686007. This indicator helps to understand dispersion or variation level for the country data in relation
to their values of the Summary Innovation Index in 2017. There are two possible rules related for this
value [5, 6]:

- lower the standard deviation value becomes more closer are the data to the mean value which is also
known as the expected value;

- high indicator of the standard deviation may define that the data is spread over the wider value
range.

The figure below illustrates the boxplot graphical depiction analysis for the European Innovation
Scoreboard in 2017 which is shown by the figure above.

0.8
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0.6

0.5

0.4

0.3

Summary Innovation Index, scores

0.2

0.1

Figure 2 — The boxplot depiction for the graphical analysis for the Summary Innovation Index scores in 2017
of the European Innovation Scoreboard without taking into consideration the overall value for the European Union.
Note: calculations are made by the author.

The figure above illustrates that the median value for the Summary Innovation Index among
36 countries in 2017 equals to 0.40449 scores which is 0.09989 scores or 19.80451% less than the EU
overall value of 0.50438 scores (shown by figure 1). The first quartile value of the European Innovation
Scoreboard for the Summary Innovation Index among 28 European Union member states and 8 non-EU
countries is 0.32424 scores. On the other hand, the third quartile for the same value for same countries
without considering the EU overall value equals to 0.59083 Summary Innovation Index scores. Therefore,
the interquartile range of countries surveyed by the European Commission for the European Innovation
Scoreboard in 2017 equals to 0.26659 scores.

The analysis of the market leaders may help to understand on how to adopt their experience of
innovations to the agricultural sector of the Republic of Kazakhstan. Therefore, the figure below
illustrates how for the Summary Innovation Index scores in 2017 is made for Switzerland (figure 1 shows
it as the market leader) and for the United Kingdom of Great Britain and Northern Ireland (the leader
among the European member states).

The figure above illustrates that focus on the human resources, research systems, firm investments
and innovators dimensions allowed Switzerland to gain the leading role in the innovations sector. This can

— ] —



Izvestia National'noj akademii nauk Respubliki Kazahstan

[o))]
S04 S 09
[
w [~ (o)) —_ —
1.20 - oD 2 o~ g N . = =8
1.00 0 o Ly PO o = o8 by oE o
0.80 -+ 2o O e O~  acd = ot Q.o 7o )
- < o = o0 s oo~ e oo @ Y i
L e o = g o 0l AN LN e g
§0.60 = o = PO oo S =@
je=]
0.40
0.20 E
0.00
v w ) = + 2 wn wn ] wn w»
U 8 = 5 g = 3 2 D S S
T g &8 z & g £ g 2 s g
= g @ = %‘ g = ~4 © = =
= 0 3‘ o n 175] 2 E = E E
= g o = g g = o 5 =
= < 2 T = © = <
@] = 5] v = e S W
= = W > 5} = U J
= = g = g = = =
- T R~ = P - = =
rs . — = -
= & a =
g &
g 3
Z E
-
e
-
=
Dimensions of the Summary Innovation Index
OEU B United Kingdom Switzerland

Figure 3 — Innovation dimensions that define the value of the Summary Innovation Index for the European Union,
the United Kingdom which is the EU leader, and Switzerland which is the top leader for 2017, scores [7]

be proven by the fact that score for each of the mentioned dimensions are above 0.9 scores, e.g. inno-
vators dimension score is 0.92106 [7].

The analysis of the innovation experience belonging to 36 countries defined the European commis-
sion may help to define the following steps require to improve the state of introducing innovations to the
agricultural sector of the Republic of Kazakhstan:

1. Making tertiary education more accessible:

- creating infrastructure that would make easier for younger generation to attend universities for
younger generation in the rural areas that are primary focused on the agricultural production;

- through government subsidies that would motivate to study undergraduate and postgraduate degrees
related to the agricultural production;

- allocating the government grants for engineering specialists in the fields related to producing and
providing services to innovative technologies for the agricultural sector;

- funding professional and vocational courses in the rural areas;

- creating the government training programmes for retraining jobless people which would allow them
to become employed in the agricultural sector.

2. Making international scientific cooperation in the agricultural field more accessible through:

- the government subsidies for the local scientists involved in the international research projects;

- tax discounts for attracting foreign research teams, scientists and research publishers which operate
in the agricultural sector;

- creating international research and industrial zones related to agricultural innovations;

- government support for sending doctorate students for making agricultural research in the top
global research institutions and universities;

- creating Kazakhstani database related to innovations in the field of the agriculture.
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3. High speed internet connection and good telecommunication infrastructure should cover the
majority of the urban and rural areas. The volume of available information about agriculture in the web is
constantly rising [8, 9]. Therefore, providing better broadband connection may help more people to get
access to information that may become the foundation for creating innovations in the field of the
agriculture.

4. Creating the financial motivation in the form of tax discounts and government loans in impro-
vement-driven enterprises that focus on innovations in the agricultural sector.

5. The government subsidies for research, development and adoption of knowledge-based techno-
logic processes in the agricultural sector.

6. Tax discounts on venture expenditures related to adopting precise agriculture or other types of
agricultural innovations when buying machinery, resources or attracting talents.

7. Tax discounts on investments into research and development for agricultural enterprises.

8. Tax discounts for enterprises on non-research and development investments related to agricultural
innovations.

9. The government subsidies for agricultural enterprises for them to provide Information Commu-
nication Technology (ICT) skills training for their employees.

10. Tax exemption for any product or process innovation in the agricultural for small and medium-
sized enterprises (SME).

11. Tax discounts for agricultural enterprises if they introduce at least one marketing or organi-
sational innovation.

12. The government subsidies for any enterprise innovating in the field of the agriculture in-house.

13. Creating an industrial zone that may help to organise cooperation between agricultural producers
while adopting new technologies as remote sensing.

14. Tax discounts for anysmall and medium-sized enterprises (SME) that provide knowledge-
intensive services for the agricultural sector.

15. Tax exemption for medium and high-technology enterprises that would produce machinery, tools
and resources for the precise agriculture and remote sensing.

16. Tax discounts for sellers of agricultural products that are innovatively new-to-market or new-to-
firm.

Innovations have significance for the agricultural sector of the Republic of Kazakhstan by bringing
the potential of the long-term growth of the economy [10]. The developed countries have high level of
innovations in the agriculture partly due to long-term investments that are both public and private [11].

The agricultural innovations should cover wide range of fields: products and services, as well as
systems and processes. Innovations in the field of agriculture are possible in two different forms:

- creating new products and services that has never existed before in the Kazakhstani market;

- upgrading existing processes, systems, products and services in the agriculture of the Republic of
Kazakhstan.

The democratic form of the government in the Republic of Kazakhstan creates the potential of
spreading agricultural innovation across borders (e.g. the globalisation made companies more mobile, so
they can come to set up an innovative agricultural firm in Kazakhstan), processes, industries, sectors of
the economy, public and international organisations.

The first steps towards bringing new technologies and innovation to the agrarian sector may include
the following steps:

- creating science and information infrastructure competitive at the global knowledge market;

- making the financial centre in Astana more attractive for foreign investors;

- creating the reserves of highly qualified specialist demanded in the agricultural sector;

- supporting enterprises that provide with intangible assets the agricultural market.

The Global Innovation Index is another indicator which illustrates how successful are different
countries in the field of innovations. The figure below illustrates the value of the Global Innovation Index
for the top 30 countries in the world.
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Figure 4 — The Global Innovation Index for the Republic of Kazakhstan and the top 30 countries in the world in 2018,
scores [12]

The figure above demonstrates that the highest Global Innovation Index score of 68.4 belongs
to Switzerland. The Republic of Kazakhstan is ranked 74™ among other countries in the world with
31.4 scores of theGlobal Innovation Index value according to the research made by Dutta et al. (2018)
[12]. In order to understand how far Kazakhstan from the top 30 market leadersthe figure below illustrates
the interval plot graphical analysis.

The figure above defines that the mean value of the Global Innovation Index for the leading
30 countries in the world equals to 54.917 scores which is 23.517 scores or 74.895% bigger than Global
Innovation Index score of the Republic of Kazakhstan. Moreover, the trimmed mean value for the same
indicator and for the same countries equals to 54.658 scores.

The variance value for the Global Innovation Index scores among 30 top countries equals to 26.299.
This indicator measures how far the scores of the mentioned countries in the figure above are spread from
the average value [13, 14].

The first quartile for the countries mentioned in the figure above equals to 51.025 scores which is
19.625 scores higher than the Global Innovation Index score for Kazakhstan. Therefore, the summary can
be made that the current state of the innovations in the Republic of Kazakhstan is far from the world
leaders. The first quartile is known as the middle number value which lies between the minimum value
and the median value [15].

— 10 ——
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Individual standard deviations are used to calculate the intervals.

Figure 5 — The interval plot depiction of the graphical analysis for the Global Innovation Index scores of the top 30 countries
in the world in 2018 at the 95% confidence interval for the value of the mean.
Note: calculations are made by the author.

The third quartile defines the middle number between the maximum value and the median value [15].
The analysis of the figure above defines that the third quartile for the Global Innovation Index in 2018
equals to 58.7 scores. Therefore, the interquartile range for the Global Innovation Index score of 30 top
countries equals to 7.675.

Another indicator to consider is the Innovation Efficiency Ratio which defines how much a country
is getting from its inputs out of its innovation output [16]. Therefore, the figure below illustrates the
graphical comparison of Kazakhstan’s Innovation Efficiency Ratio versus top 5 countries worldwide.
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Figure 6 — The graphical comparison of the Innovation Efficiency Ratio scores in 2018 of the Republic of Kazakhstan
with top 5 leading countries in the world [16]




Izvestia National'noj akademii nauk Respubliki Kazahstan

The figure above illustrates that the highest level of the Innovation Efficiency Ratio in Switzerland —
0.96. The Republic of Kazakhstan is ranked 111™ with 0.44 scores for the Innovation Efficiency Ratio
value [16]. This indicator for Kazakhstan is more than twice lower than any of other countries shown by
power based on its own
value of the Innovation Efficiency Ratio score. The significance for high level of innovation indicators is
defined by the fact of its correlation with economic growth [10, 17]. There are different models that may
define how innovation and growth are related. The figure below demonstrates the Crepon-Duguet-Mairess

the figure above. Therefore, Kazakhstan is not expected to become the leading

model on how enterprise growth and innovation activities are related.

Stage 1 Stage 2
Investment Knowledge
decisions production
function
Decision to
innovate _
1 Innovative
E > sales j >
Investment intensity
intensity T
" ) Firm
Firm L
characteristics characteristics
TerreE i Skills
innovation Cooperative
Competitive activites
environment

Stage 3

Production
function

Productivity

1

Firm
characteristics

Innovative sales

Figure 7 — The three-stage analysis based on Crepon-Duguet-Mairess model
which illustrates how innovation and growth are linked to each other [17, 18]

The figure above illustrates that innovation has correlation with sales [17, 18]. The innovations may

also have different dimensions which is illustrates by the figure below.
3
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FUNCTIONALITY
(technology)
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Improvement
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MEANINGS
(languages)

Figure 8 — Possible dimensions of adopting innovations in the agricultural sector of Kazakhstan [19, 20]
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The figure above illustrates that the changes in the socio-cultural models may require innovations.
For instance, the rise of the social media and internet technologies may require adaptation of using infor-
mational technologies in the agricultural sector. Moreover, as shown in the figure below an innovation

strategy may differ depending on a mode of innovation.
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Figure 9 — Innovation strategies for enterprises in the agricultural sector of Kazakhstan [19, 20]

The figure above defines that there are three types of possible innovation strategies: market pull,
design driven and technology push. The technological innovation depends on the nature of technological
research [19, 20]. For instance, technologic improvements in the last century allowed the rise of precise
agriculture and remote sensing. Models for user centred and design push innovations are illustrated in the

figure below.

User centred design Design driven innovation

Interpreter

CO—=CD o

Figure 10 — Models for market pull (user centred) and design driven / push strategies [19, 20]

The figure above shows that a design driven model has connection both ways between firm and user.
The mechanism of design driven innovation is shown by the figure below.
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Focus of Focus of Focus of
design driven innovation user-centered design traditional industrial design

Design Research
(implies definition of new meanings and languages)

N\

Concept generation Product Development
(implies analysis of needs of a | = (implies definition of product style,
specific targeted user) interface and ergonomics)
Technological Research /

Figure 11 — A sample model for designing a research for design driven innovation for an agricultural enterprise
in the Republic of Kazakhstan

The figure above demonstrates that design research should come before generating the concept.

In conclusion, Switzerland is the leader in the field of innovations based on the following indicators:
the Summary Innovation Index, the Global Innovation Index and the Innovation Efficiency Ratio.
Therefore, in order to adopt its practice of innovations in the agricultural sector of the Republic of
Kazakhstan needs to focus hard on the following dimensions: human resources, research systems, firm
investments, innovators.

O. Adpanues, A. Beiicentaena, JK. HaiimanoBa
Kasank yiTThIK arpapiiblK yHUBepcuTeTi, Anmarel, Kasakcran
AYBLI HAPYAIBIJIBIK MTHHOBALIUAJIAPBIHBIH XAJIBIKAPAJIBIK TOXKIPUBECI

AHHOTanusi. Makanajia aybil MapyalibUiblK HHHOBAI[MATIAP CANACHIH/IAFb] XaJIbIKAPAIIBIK TOKIPHOE 3epTTEIIl.
ConbiMeH Karap, Kazakcran PecryOnukachIHbIH aybUT MIAPYAIIbLUIBIK CEKTOPhIHA HWHHOBALUSIIAPABI TAPTy OOMbBIHIIIA
YCBIHBICTAp TYCIHIIpUITeH. 3epTTey KYMBICHIHBIH MaKcaThl — KazakcTaHIarbl aybll MIAPYalIbUIBIK CEKTOPBIH AaMbl-
TYbI YIIIH SKOHOMHKAIIBIK MEXaHU3MJIEpiH Kajlail KoJIaHyblHa KapacThl YCHIHBIMJAP/bl aHBIKTAYFa KOMEKTECETiH
TEOPUSUIBIK JKOHE MPAKTHKAJIBIK HETi31H JaMbITy OO Ta0buIa/bl. 3epTTey 9/liCHaAMAChl YKOHOMETPHKAJIBIK, CaH-
JIBIK JKOHE CaNIBICTBIPMAIIbl 9/IiICTEPIMEH HeTi3enreH. 3epTTey/AiH MPAaKTHUKAJIBIK MaHbI3IbLUIBIFbI JAMbBIFaH eJlepAeri
WHHOBaLMSUIAPABIH Ka3ipri al-KyHiH cunarray Oousbll TaObuIaabl. 3epTTeyaiH HoTwxkenepi llIBeiiuapus nHHO-
BalUsUIap calachlHIa Kelieci cajanap sl ©31HiH KOFaphl OHIMIUIIN apKaChIHAA MKETEKI KYII OOJIbIT TaObUTFaHbBIH
KepceTelli: ”HHOBATopiap, 3epTTey KyHhenepi, agaM pecypcTapbl, KOPIIOPATUBTIK HHBECTHIIHSIIAP.

Tyiiin ce31ep: MHHOBAIUSIIAD, XATBIKAPAIBIK TOXKIpUOE, MHHOBAIIUSIIBIK )KUBIHTHIK HHICKCI, skahaHIIBIK HHHO-
BaIUSUTBIK HHJICKC, MHHOBAIMSUTBIK, THIMALTIK K03 (OHUITUEHTI, aybUT IapyallbUIBIFbL.

O. Adpanues, A. BeiicentaeBa, 7K. HaiimanoBa
Kazaxckuil HanoHaNbHBIN arpapHblil yHuBepcuTeT, AnMatsl, Kazakctan
MEKJIYHAPOJIHBIN ONBIT CEJIbCKOXO0O3HCTBEHHBIX UHHOBAIIUI

AHHoTauus. B cratpe mcciaenoBaH MeXIyHApOIHBIH OMBIT B OOJIACTH CENbCKOXO3SHICTBEHHBIX MHHOBAIIH.
Kpome Toro, onucansl peKOMEHAALUH sl IPUBJICYSHUS HHHOBAIIUK B CEIbCKOXO03SIICTBEHHBIN cexTop PecmyOinku
Kazaxcran. Lenbio nccnenoBanus siBisieTcsi pa3paboTKa TEOPETUUECKON U MPAKTUUECKOH OCHOBBI, KOTOPHIE MOTYT
MIOMOYb ONPEIETUTh PEKOMEHJAlMU O TOM, KaK MPUMEHSATh YIKOHOMMYECKHE MEXaHM3MBI I Pa3BUTHs CENbCKO-
X034HiCTBEHHOro cexkropa B Kazaxcrane. Merononorus HUCCIENOBaHHA OCHOBaHA HA SKOHOMETPUYECKHX,
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KOJIMYECTBEHHBIX U CPAaBHUTEIBHBIX MeToax. [IpakTnyaeckas 3HAYMMOCTB MCCIICIOBAHNS 3aKIF0YAETCSI B OTIMCAHIH
COBPEMEHHOI'0 COCTOSIHMSI MHHOBAlLMil B pa3BUTHIX cTpaHaX. Pe3ynpTaThl McciaenoBaHUS MOKa3bIBaloT, yTo IlIBEi-
Hapws SBJSIETCS BEAYIIEH CHION B 00JIACTH WHHOBAIMH Oarofaps ee BEICOKOM MPON3BOIUTENIFHOCTH B CIIEIYFOIINX
aCIeKTax: HOBaTOPbI, NCCIIEAOBATEIBCKIE CUCTEMBI, YEIIOBEYECKHE PECYPChI, KOPIIOPATHUBHBIE HHBECTUITIH.

KiroueBble cjioBa: MHHOBAWM, MEKAYHAPOIHBIN OIBIT, CBOJHBIN MHACKC MHHOBAIWHN, TII00aTBHBIN HHICKC
WHHOBAIMH, KodhdunmeHT 3 GeKTHBHOCTH NHHOBAIIMH, CETHCKOE XO3SHCTBO.
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