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EVAPOTRANSPIRATION PREDICTION BASED ON 
CHEBYSHEV INTERPOLATION 

Alexander I. Esin a* , Dmitry A. Solovyev a , Galina N. Kamyshova a , Nadezhda 
N. Terekhova a , Viktor V. Korsaka a 

 a Saratov State Agrarian University named after N.I. Vavilov., RUSSIA

1. INTRODUCTION 

Evapotranspiration (total water consumption) is the most important characteristic of water management.  
Calculation of the evapotranspiration of irrigated crops is the most significant element of irrigated 
agriculture management at all its stages, including the planning of irrigation of new lands, design of 
irrigation systems, and their operation. Its value, along with other parameters, is the input information 
for most hydrological and water-balance models. Inaccuracies in the definition of evapotranspiration in 
systems design can lead to the death of major capital investments in the construction of excess capacity, 
the shortage of irrigated crop production, and failure to obtain the design yield due to the inability to 
ensure optimal water regime. 

The development of evapotranspiration models is widespread in most developed countries. The most 
common method is that of Penman-Monteith [1]. The method is recommended as the standard by the 
International Organization for Food, and Agriculture of the United Nations (FAO UN). In Russia, with 
significant soil-climatic diversity, the Penman-Monteith method is difficult to apply, as it requires long-
term data on the solar radiation entering the earth’s surface in a particular area (these data are not always 
available). It also does not sufficiently take into account the biological characteristics of cultivated 
plants at different periods of their growth and development. Therefore, for most regions of Russia, 
empirical methods of determining evapotranspiration, developed by various research organizations, 
have become widespread along with deterministic methods [2, 3]. 

2. ESTIMATION OF EVAPOTRANSPIRATION 

Regardless of the method of calculation of evapotranspiration, its prediction, occurs using the classical 
regression methods. 

The emergence and development of modern tools and data collection methods, along with the 
development of the mathematical apparatus for their analysis, allows the use of a more sophisticated 
mathematical apparatus for predicting the quantitative characteristics of evapotranspiration. The 

This paper considers the possibility of applying the methods of the Chebyshev interpolation theory in 
predicting evapotranspiration, which allows obtaining more accurate predicted values. As a result, it 
optimizes the parameters that provide significant savings of resources. Conducted theoretical studies let 
us propose a method for constructing a predictive indicator of evapotranspiration, based on the problem 
of Chebyshev approximation, and also construct the indicative curves for alfalfa. Comparing the results 
of traditional procedures based on classical regression methods with those calculated by the proposed 
method gives a good match. It confirms the accuracy of both the adopted method and the reliability of the 
dependencies obtained.  

Keywords: Alfalfa evapotranspiration; Chebyshev interpolation theory; Mathematical models; 
Irrigation optimization. 

ABSTRACT
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application of the methods of the Chebyshev interpolation theory that are proposed by us, allows us to 
obtain more accurate predicted values of evapotranspiration. As a result, it allows us to optimize the 
parameters and yields significant savings of resources. The aim of the research is the prediction of 
evapotranspiration based on the method of constructing its predictive polynomial using the Chebyshev 
interpolation method of a discretely given function. 

The International Organization for Food and Agriculture of the United Nations (FAO UN) 
recommended the Penman-Monteith method as a standard method of calculation of evapotranspiration 
[1]: 

3. CHEBYSHEV INTERPOLATION 

Along with the above methods for calculating evapotranspiration, there are others developed by 
scientists from different countries (for example, [7-10] and others). Regardless of the method of 
calculation of evapotranspiration, its prediction occurs using the classical regression methods [11]. We 
suggest using the more advanced mathematical apparatus of the Chebyshev interpolation theory as a 
basis for predicting evapotranspiration. Compared to the regression and mean square approximation 
methods, the Chebyshev interpolation method is the most efficient and versatile. It also has a special 
property not only to obtain high approximation accuracy at discrete representation points of functional 
dependencies but also to provide the required guaranteed approximation accuracy. 
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Consider the data of quantitative assessment of evapotranspiration of ET, calculated by one of the 
methods, and the course of the vegetation period. For the beginning of the period, we take the third 
decade of April, for the end of the second decade of October. 

Thus, the values of evapotranspiration of ET can be specified in the form of a discrete series:

                                                   Table 1: Evapotranspiration ET values 

3.1 POLYNOMIAL FUNCTION FOR CHEBYSHEV APPROXIMATION 

The task of the Chebyshev approximation of a function by a polynomial 
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4. THE METHOD OF CONSTRUCTING A PREDICTIVE POLYNOMIAL BASED ON THE 
CHEBYSHEV APPROXIMATION PROBLEM 
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5. CONSTRUCTION OF A PREDICTIVE POLYNOMIAL OF EVAPOTRANSPIRATION OF 
ALFALFA BASED ON THE PROBLEM OF THE CHEBYSHEV APPROXIMATION 

                                        Table 2: Numerical values of ET evapotranspiration 

The discrete graph is shown in Figure 1.
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Analyzing the obtained results, we find that for the period of th st 5 1 � , the total deviations of the 
predicted polynomials of the first degree from the actual evapotranspiration values are 4-8% less. 
Meanwhile, the corresponding total deviations of the predicted polynomials of the second degree are 6-
12% less than the total deviations from the calculated evapotranspiration values calculated by other 
methods. Thus, for this period, it is advisable to choose a polynomial of the first degree as a predictive 
polynomial, calculating its coefficients by the proposed method. 

6. CONCLUSION 

On the basis of the Chebyshev interpolation theory of a discretely given function, a method for 
constructing a predictive polynomial for predicting evapotranspiration has been proposed.  A program 
has been developed on the basis of the proposed algorithm (implemented in the Matlab environment) 
that is implemented, obtaining the values of the coefficients of polynomials. 

Comparison of the prediction research results with those calculated by the proposed method, based on 
the example of alfalfa, gives a good match. It also indicates the correctness of the adopted methodology 
and reliability of the dependences obtained.  This technique can be extended to different climatic 
conditions and crops while maintaining the accuracy of the approximation. 
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7. AVAILABILITY OF DATA AND MATERIAL 

Data used or generated from this study can be requested to the corresponding author. 
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A FOCUS ON FORMATION OF FINANCIAL RESOURCES 
OF AGRICULTURAL ORGANIZATIONS, RUSSIA

Kolesnikov A.V. a* , Myavlina N.Zh.b, Solovyov B.A.b,  Parinov D.V.b, 
Ovchinnikov A.P.b, Lukin O.A.c, Gulenko P.I. c

 a Belgorod State Technological University named after V.G.Shukhov, RUSSIA 
b Russian University of Transport (Moscow State University of Railway Engineering 

(MIIT)) c Rostov State Transport University (RSTU)

1. INTRODUCTION 

Reforms in the agroindustrial complex of the Russian Federation are in accordance with the adopted 
federal legal documents and regional programs of agricultural development. The result of an active 
agrifood policy was an increase in the value and amount of gross agricultural output, an increase in the 
export potential of the industry. At the same time, the products produced could be cheaper and the 
products would be more competitive if the state took a more active part in the formation of the cost of 
financing sources of investments in agricultural production. In modern conditions, such participation is 
limited by compensatory measures on attracted credit resources. Despite the implemented measures, the 
cost of credit resources affects largely the increase in creditor debt of agricultural producers [3–10]. 

Financial resources always occupy an important place in the organizational and economic mechanism of 
management, and the efficiency of agricultural production depended on their structure and cost. In the 
developed countries of the world, considerable attention is paid to this issue, while focusing significant 
efforts on the availability and cost of credit resources, conditions for refinancing profits, creating other 
conditions for the successful functioning of agricultural production.

In Russia, a multi-layered agrarian economy is still being formed, while the state has practically no 
influence on the structure of financial resources and their cost. In fact, their cost is formed spontaneously 
under the influence of price and organizational factors. This situation does not contribute to more 
dynamic and systematic development of agricultural production, the creation of new workers, whom the 
agricultural economy need now. And in general, in modern conditions, the state is not focused on 
reducing the cost of financial resources of agricultural organizations, which ultimately has a negative 

Financial resources always occupy an important place in the economic mechanism of enterprises, while 
being a source of coverage, both current costs and purchased fixed assets. At the same time, for a more 
dynamic development of agriculture, there are not enough financial resources. There are several reasons 
for that. On the one hand, the growth of own sources is limited by the disparity of prices for the products 
sold, on the other hand, the availability and low cost of credit resources have not been ensured yet. State 
support, as an attracted source of financing, occupies a small share in the structure of financing sources 
of agricultural organizations. The current system of withdrawal of part of the profits due to the disparity 
of prices for products sold and purchased means of production limit significantly the reproductive 
potential of agricultural organizations. Despite the positive changes the current system of lending also 
does not contribute to the development of the reproductive function of agricultural organizations, not to 
mention the creation of new industries. In the developed countries of the world, credit issues contribute 
to both the availability of credit resources and the cheapening of the cost of finished products. It is 
obvious that in this regard, it is necessary to compensate fully the cost of credit resources by the state, 
increase support amount and availability. 

Keywords: Credit resources; Agricultural investment; Agritech support; Cost of credit resources; 
Availability of loans; Government support;  Structure of investments in fixed assets; Agrifood.

ABSTRACT
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 impact on the purchasing power of the population. 

2. METHODS AND MATERIALS 

The paper used the system, comparative, economic-mathematical, economic-statistical and other 
research methods. Federal laws, decrees of the President of the Russian Federation, resolutions of the 
Government of the Russian Federation, published works of research institutions of the Russian 
Academy of Sciences, statistical materials at the federal and regional levels were used as materials. 

3. RESEARCH RESULTS 

In 2010, agriculture produced a gross output of 2.6 trillion rubles, in 2017 ‒ 5.1 trillion already. This was 
largely due to the creation of conditions for the effective functioning of agriculture, including a favorable 
investment climate and an increasing level of state support. The volume of investments in agriculture 
over the past 7 years has increased by 36%. One ruble of investments in agriculture brings from 8 to 12 
rubles of the gross output value, and from 11 to 60 kopecks of profit. In modern conditions, agriculture is 
a beneficial highly profitable business. It should be noted that the inflow of investments in different years 
varies, which is largely due to foreign policy factors, such as world crises, sanctions policy, etc. During 
the analyzed period, the yield of grain crops increased by 1.6 times, sugar beet by 1.8 times, sunflower by 
1.5 times, milk yield per feed cow increased by 35.1%, and this is not the limit. There is a need for new 
investments and innovations. The net financial result of agricultural organizations increased by 4.1 
times, and the level of profitability and return on assets ‒ by 1.8 times. The profitability of agricultural 
production in 2017 was 16%, and the return on assets was 5.4%. At the same time, if we compare the 
profit amount with the amount of state support, it turns out that the level of profitability is comparable to 
zero. Nevertheless, in this regard, there is a positive, but not a turning point trend yet. In 2010, the amount 
of state support was 107.3 billion rubles, profit ‒ 61 billion rubles, in 2014 the amount of state support 
was 186.6 billion rubles, profit ‒ 160.9 billion rubles, in 2016 the amount of state support was 218.1 
billion rubles, profit 246.8 billion rubles, in 2017 the amount of state support was 233.8 billion rubles, 
profit ‒ 246.9 billion rubles. Over the past two years, the profit of agricultural producers is greater than 
the amount of state support, and this despite the fact that in agriculture there is a disparity in prices for 
products sold. A significant part of the profits is still received by processing enterprises and trade. 

      Table 1: The main production and economic indicators of agricultural organizations in Russia [1] 
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In modern conditions processing enterprises use the following advantages: 

1. Monopoly position in the market of purchase of agricultural products and raw materials. 
Despite the presence of Antimonopoly legislation, the financial condition of agricultural organizations 
depends on the price set by processing organizations. In this case, it seems to us that direct state 
regulation of pricing for purchased agricultural raw materials and products is necessary. 

2. The effect of the maximum number of consumers. The essence of the effect of the maximum number 
of consumers is the mandatory daily satisfaction of needs for finished food products from wholesale and 
retail consumers, which is explained by the physiological needs of the person. In the modern agricultural 
economy, this effect is inherent in trade and processing organizations, as they offer consumers a ready-
made product, while the agricultural producer sells raw materials to a limited number of processing 
enterprises that have the ability to collude about the price.  

The implementation of the above advantages determines a stable part of the profitable food industry 
enterprises with a high share of profits and the disparity of relations in agriculture (Table 2). The price 
disparity is also due to the increase in the cost of energy, fertilizers, works, services, etc.,from the 
enterprises of the first sphere of agriculture. Profit from the activities of the food industry exceeds the 
same figure in agricultural organizations in different years from 2 to 5 times!  In 2017 one profitable 
agricultural organization had 87.7 million rubles of profit, while on processing one ‒ 161.1 million 
rubles. The positive trend here is an increase in the share of profitable agricultural organizations and an 
increase in the profit amount attributable to one agricultural organization. At the same time, as practice 
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shows, agricultural organizations do not have enough net profit to carry out the process of reproduction.

              Table 2: Profit from the results of agricultural and processing organizations activities [2]

As a result, the current economic conditions are pushing agricultural producers to use loans actively and 
use them to purchase new equipment and technologies, while intensifying production. In this regard, 
labor costs for the production of 1 c of products are reduced; the financial condition of agricultural 
organizations from the implementation of such measures is not improved. The purchasing power of the 
population and the competitiveness of agricultural products also suffer. This is due to the unprocessed 
approaches and constant reform of agricultural production, which led to the loss of priorities of state 
regulation in the first and third spheres of agriculture, the rupture of industrial relations, reducing the 
share of agricultural production produced by large-scale agricultural organizations, the bankruptcy of a 
significant number of agricultural organizations, deformation of intersectional proportions, the 
formation of the institute of intermediary organizations. Moreover, as foreign practice shows, constant 
organizational changes in any of the spheres of the economy have only a negative impact on its 
effectiveness. 

Every year the share of agricultural organizations with overdue payables decreases slowly (Table 3). 

Table 3, over the past three years, the share of agricultural organizations that had overdue credit 
indebtedness decreased by two times and amounted to 12.3% of the total number of agricultural 
organizations. At the same time, a significant part of the debt falls on payments to suppliers. 20% of 
agricultural organizations have overdue debtor indebtedness. A significant share of debtor indebtedness 
accounts for the debt of buyers 17.4-18.9%. It should be noted that in the food industry the situation with 
credit and debtor indebtedness is much worse than in agricultural organizations. 
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               Table 3: The share of organizations with overdue credit and debtor indebtedness, % [2] 

Thus, the state economic policy of restructuring the debt of agricultural organizations is actively carried 
out at the present time. Conditions were created, relevant regulations were adopted, procedures were 
carried out and as a result, up to 20% of agricultural organizations have overdue credit indebtedness, 
although 10 years ago this figure was three times more. 

On the other hand, good solvency helps to attract a larger amount of bank loans, and as a result, an 
increase in overdue debts. Approximately 75% of the total debt of agricultural organizations accounts 
for loans received from banks. In 2017, the total debt of agricultural organizations was 2.2 trillion rubles 
or 43.1% of gross agricultural output. Among them, 1.6 trillion rubles is the debt on bank loans and 
borrowings or 29.4% of gross agricultural output. If you think about it, these are catastrophic figures, at 
least for the reason that the service of overdue debts sometimes exceeds the increase in the wage fund for 
agriculture for the year. Thus, the money of the rural workers flows to service the debt on bank loans.

                                          Table 4: Total debt of agricultural organizations [2]

This situation is also due to the high-interest rate on loans. Excluding subsidies, the average interest rate 
on loans in Russia in 2017 amounted to 10,57%, while in China 4.35%, and has not changed in the last 3 
years, and in the US ‒ 3.9%. Of course, the low-interest rate on loans in the US and China does not 
contribute to the growth of the cost of products, including agriculture. 
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The system of lending to agricultural organizations also cannot be called effective. It still does not 
provide access to cheap credit for agricultural producers. This is evidenced by the growing amount of 
accounts payable on loans received in the national currency. Debt on loans exceeds the amount of loans 
granted and has a clear growth trend. Here the state needs to work out the issue of reducing the cost of 
loans for agricultural producers. Attracting credit resources, agricultural organizations, as a rule, create 
new jobs, increase the amount of taxes and fees paid, solve a number of social issues, and the bank 
provides a loan at 5-7% per annum! Subsidized credit resources are clearly insufficient for agricultural 
organizations. This factor is a constraint for the development of the entire agro-industrial complex. This 
is evidenced by the growing amount of loans granted to agricultural organizations, which has increased 
almost by 3 times over the past 7 years, while gross output by 2 times. With such growth rates of gross 
output at the agricultural organizations, the overdue accounts payable on the credits will always be 
formed. Therefore, it is necessary to introduce compensatory measures to subsidize the 100% interest 
rate on loans for agricultural organizations. The dynamics of the demand for credit resources from the 
part of agricultural producers is increasing. Thus, in 2010 agricultural producers were granted 435.1 
billion rubles, in 2016 – already 639.8 billion, in 2018 ‒ 1174.9 billion. Of course, in recent years, the 
subsidy mechanism of credit resources has undergone major changes. The system of reporting and 
documentation on the requested credit resources has changed radically. The scientists-economists of 
RAAS repeatedly, even during the implementation of the PNP “Development of agriculture”, made 
proposals to change the scheme of subsidizing loans for agricultural producers. And only a few years ago 
their proposals were implemented in practice.  

 Table 5: The loans amount and debt on loans of agricultural organizations of Russia [2], (Billion rubles) 

All of the above has a fundamental impact on the structure of investments in fixed capital of agricultural 
organizations, which has no clear trends. From the above data, it can be seen that the share of the state in 
the structure of investments in fixed capital decreases. In some years, the share of subjects of the Russian 
Federation exceeds the share of the federal budget in the financing of agriculture, which, in our opinion, 
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is unacceptable and limits the budgetary opportunities of subjects of the Russian Federation, including in 
the field of social and engineering infrastructure in rural areas. For 2010-2017, the participation of the 
state in investments in fixed capital is not more than 3%.

Table 6: Structure of investments in fixed capital aimed at the development of agriculture, classified by 
sources of financing [2]

This is clearly not enough to implement a fully-fledged agrifood policy. State participation in the 
formation of fixed capital should be increased at least by 30% in the structure of sources of financing. 
Only in this case, a fully-fledged agrifood policy will be clearly presented, and the effect of updating 
fixed assets and attracting modern technologies will not long in coming. Up to 53% of investments in 
fixed assets are borrowed funds. As mentioned above, in real conditions it is necessary to reduce their 
cost, to ensure price and organizational accessibility. 

Table 7: Investments in fixed capital aimed at the development of agriculture and commissioning of 
production facilities [1] 
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In dynamics, the amount of investments in fixed capital of agricultural organizations is increasing. Over 
the past 9 years, the amount of investments in fixed assets has increased by 9 times! This increase was 
due to the introduction of new production capacities in animal husbandry, mainly at the expense of own 
funds and credit resources. Since 2010, at least 100 thousand places for cattle and up to 1300 thousand 
places for pigs have been implemented annually. But this is not enough. In 1990, the number of cattle 
was 57 million heads, in 1995 ‒ 39.7 million heads, and in 2016 ‒ slightly more than 18 million heads. In 
order to resume the production of milk and breeding in dairy cattle, the number of livestock facilities 
must be introduced in millions, and for this, it is necessary to ensure the profitability of production of 
dairy cattle at least at 25% and the availability of credit and other tools for the development of livestock. 
As for pig breeding, in modern conditions, it is necessary to continue the aggressive expansion of 
conquest of own market of meat, reduction of its cost price for receiving availability of broad masses of 
the population to this product.

The commissioning of elevators, mills, feed mills, warehouses for storage of mineral fertilizers and 
pesticides, warehouses for storage of potatoes and vegetables and fruits are proceeding slowly. The 
conditions for the work of the livestock and crop sub-sectors are not fully created, which in turn does not 
ensure the implementation of a competent agrifood policy.

4. CONCLUSION 

Despite the implementation of the measures of the state program, it has not been possible to achieve the 
availability of credit resources for agricultural organizations yet. Demand for them is growing; new 
production requires significant investment at a low-interest rate. In modern conditions, the state is not 
ready to ensure the deficit-free credit resources at a low-interest rate for the dynamic development of 
agriculture. In this regard, it is necessary to revise the measures to subsidize the interest rate on loans to 
agricultural organizations, increase the amount of lending and a significant reduction in the cost of credit 
resources.

5. AVAILABILITY OF DATA AND MATERIAL 

Data used or generated from this study can be requested to the corresponding author. 

6. REFERENCES 

[1] Russia in figures. 2018: Brief statistical book / FSSS. - M., 2018 - 522 p. 
[2] Finance of Russia. 2018: Statistical book / FSSS. - M., 2018. - 439 p. 
[3] Abuzjarova M.I. Tendencies, the law of development and economic content of innovative 
entrepreneurship // Modern Economy Success. 2018. No. 1. Pp. 43-50. 
[4] Borovikova T.V. Methodological bases of formation of the intellectual potential of territories in the 
conditions of innovative economy // Modern Economy Success. 2017. No. 6. Pp. 46-49. 
[5] Gadzaov A.F., Dzerzhinskaya M.R. Mathematical methods of analysis of the periodic components of 
economic processes // Modern Economy Success. 2018. No. 1. Pp. 14-18. 
[6] Makeeva A.A., Chubarova E.A., Mishanova V.G. Risk management as an element of enterprise 
management // Success of Modern Science and Education. 2018. No. 2. Pp. 10-14.
[7] Kupryushin P.A., Chernyatina G.N. Economic and environmental aspects of rational nature 
management and optimization of the process of import substitution in the agro-industrial complex // 

Intl Transaction Journal of Engineering, Management, & Applied Sciences & Technologies (Vol - 16, Issue - 3, Sep - Dec 2025)              Page No.19



ISSN 2228-9860 eISSN 1906-9642

Modern Economy Success. 2017. No. 3. Pp. 44-48. 
[8] Perepelkin I.G. Assessment of the effectiveness of state support for agricultural organizations in 
kursk region: key problems and solutions // Modern Scientist. 2017. No. 4. Pp. 371-376. 
[9] Kuznetsov A.A., Ignatyeva T.A., Kuznetsov A.O. Strategy and key elements of competitiveness // 
Modern Economy Success. 2018. No. 1. Pp. 25-29. 
[10] Minakova I.V. Social and economic condition of Russia and the possibility of its transition to 
innovative hi-tech model // Modern Economy Success. 2017. No. 6. Pp. 24-27.

Intl Transaction Journal of Engineering, Management, & Applied Sciences & Technologies (Vol - 16, Issue - 3, Sep - Dec 2025)              Page No.20



ISSN 2228-9860 eISSN 1906-9642

Intl Transaction Journal of Engineering, Management, & Applied Sciences & Technologies (Vol - 16, Issue - 3, Sep - Dec 2025)              Page No.21



ISSN 2228-9860 eISSN 1906-9642

FACTORS AFFECTING EFFECTIVE IMPLEMENTATION 
OF TECHNOLOGICAL VENTURE CAPITAL (VC) 

STRATEGIES AT AYANDEH BANK, IRAN 

Abdol Majid Saadat Nezhad a , Tahmoures Sohrabi a* , Nosratollah Shadnoosh a 
, Abbas Toloie Eshlaghy b 

 a Department of Industrial Management, Faculty of Management, Islamic Azad 
University, Central Tehran Branch, Tehran, IRAN b Department of Industrial 
Management, Faculty of Management, Islamic Azad University, Science and 

Research Branch, Tehran, IRAN

1. INTRODUCTION 

Investment as an important and effective determinant of economic growth plays a key role in increasing 
the employment rate and reducing unemployment by increasing national productivity (Wright, Robbie 
& Ennew, 2017). Different factors affect investment, among which income, interest rate, security, proper 
business environment, the participation of governments and non-governmental public institutions in 
economy and governance play a more important role in this regard (Chitsazan, 2015). 

To find appropriate investment opportunities in a region, alternatives should be properly identified first. 
Existing opportunities can be then evaluated (Gompers & Lerner, 2016). Relevant factors and 
components should be properly identified first to search for appropriate investment opportunities in a 
region. Existing opportunities can be then taken into account (Zutshi, Tan, Allampalli & Gibbons, 2017). 

The income level of individuals, companies, and countries as an effective determinant of investment is 
positively related to the investment rate. In other words, the investment rate increases with an increase in 
the income level of individuals, companies, and countries (in proportion to the marginal prosperity to 
invest) (Guo & Jiang, 2013).

Venture capital (VC), as a type of investment, has recently received much attention by economists, 
investors, and researchers (Gladstone, 2014). The VC process refers to a series of actions taken by funds 
or venture capitalists to implement an investment plan thoroughly. Developed countries have 
experienced detailed VC processes because of relatively numerous advantages and market-oriented 
economics (Ortt & Scholten, 2013). The VC industry is considered a major capital provider for 

As VC is an emerging industry in Iran, there is little research on it. This study explores the important 
factors for effective implementation of technological VC strategies.  The statistical population of this 
applied–descriptive study covers all the experts of Ayandeh Bank. Grounded theory (GT) was employed 
in NVIVO11 to extract components and factors. The research data is collected using semi-structured 
interviews.  This study extracts a total of 10 core categories and 45 subcategories as the factors, by 
comparing and synthesizing the results from the content analysis of expert interviews.   The result 
includes a wide range of factors including those directly related to investors in the active VC businesses, 
factors pertaining to the selected VC plans, and non-VC factors such as political and individual indices 
affect venture capital. All these factors can be identified as indices affecting the effective implementation 
of VC strategies. 

Keywords: Grounded theory; Banking system; Modernization of VC; VC strategies; Long-term VC; 
Axial Coding. 
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 entrepreneurs. It usually focuses on newly-growing and high-risk businesses before public supply 
(Cumming, 2015). 

Entrepreneurs search for venture capitalists to develop their businesses, and venture capitalists search 
for risky and highly profitable opportunities (Derakhshan & Muhammadi, 2014). Venture capitalists 
play a key role in the process of entrepreneurship by providing managerial support and capitals for 
newly-emerging companies which are growing rapidly, entailing high risks and employing advanced 
technologies with the potential to turn into global businesses. Accordingly, venture capitalists are also 
known as experts in the identification of new high-potential businesses (Ranjbar, Rostami & Padam, 
2015). 

VC has gained more importance in developing economic organizations and making future advances 
because of the key role of VC funds in developing the most famous companies employing advanced 
technologies (Rakhman & Evans, 2015). 

Venture capitalists usually employ no complicated financial prediction techniques, but try to protect 
their capitals from uncertainty through contractual rights such as control and economic rights. They also 
try to decrease the failure rate by supporting certain businesses in which they have invested through 
certain activities such as financial supply, employment, and communication with potential customers 
(Ang & McKibbin, 2017). 

Modernization of VC has turned this investment method into an independent business. This, in turn, has 
resulted in the emergence of specialized companies which operate similar to venture capitalists to 
compensate for the lack of traditional financing channels. They also provide sufficient financial 
resources for long-term VC in modern technologies (Burgess, 2016, Abbasi, 2019). 

The banking system is considered an organization facilitating investments, especially VC. In fact, the 
banking system of any country acts as the heart of its economic system. As the heart guarantees the life of 
other organs and cells by pumping blood throughout the body, the banking system should also guarantee 
the life of economic sectors and activists in a country through proper operations. However, this is not the 
case because the banking system is driven solely by self-interest. The economic sectors and activists will 
gradually perish if they are not supplied and supported properly by a healthy banking system. However, a 
healthy banking system is able to guarantee proper operation of economic sectors and activists (Sohrabi, 
Fayazi & Shah Hosseini, 2015). In parallel with VC companies, banks as VC financing organizations 
should take the right and timely decisions to be implemented properly (Hellmann, Lindsey & Puri, 
2015). 

Decision-making is an important managerial task, and decision-making for the future determines the 
operational strategies and plans of organizations for future actions. Moreover, no certainty can be 
imagined for the future. Therefore, managers need to process information and benefit from knowledge to 
be proud of their decisions. Managerial decisions are of great importance especially when limited 
financial and nonfinancial resources are used to obtain the best results (Shepherd, Ettenson & Crouch, 
2016). If parent organizations and companies make the right decisions on their subsidiary businesses, 
they need to implement their strategies efficiently and properly to achieve preplanned goals (Hartman, 
2017).
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Numerous studies have been conducted on different types of investments such as foreign investment and 
the factors affecting such investments as well as identification of factors and components affecting the 
attraction of foreign capitals and investors. However, there are few studies on VC and identification of 
components, indices, and factors affecting the successful implementation of VC strategies. Given the 
fact that VC is a newly-emerging industry in Iran, few domestic studies are available in this regard. 
Identification of VC components can be considered the first step of future studies for the development of 
this industry in Iran. Thus, this study aims to analyze and identify the factors affecting effective VC 
strategy implementation. 

2. METHODOLOGY 

This descriptive applied study was conducted by the mixed method. The statistical population (for the 
identification of components and variables) included managers and experts at Ayandeh Bank. Given the 
size of the statistical population (30 individuals), the Cochran formula was employed to select 27 
participants. The purposive and snowball sampling methods continued until theoretical saturation. 
Theoretical saturation is used in qualitative studies to determine sampling quality. Data saturation point 
in this study was obtained when the researcher realized that new data led to no new insight and 
information through frequent questions. Finally, data saturation was reached after conducting 24 
interviews, each of which lasted 75 minutes on average. Components, indices, and factors affecting 
effective VC strategy implementation were extracted by Grounded theory (GT) with the help of NVIVO 
11. GT and NVIVO 11 are powerful tools for analyzing qualitative data capable of accelerating and 
facilitating coding, multiple classifications, concept categorization and analysis of relations and patterns 
in textual data, especially when information is collected through fully structured and semi-structured 
interviews (and not only standard and quantitative interviews). The results of software, content and 
thematic analyses were then used to extract and identify factors affecting effective VC strategy 
implementation. 

2.1 DATA COLLECTION TOOLS 

This study aimed at analyzing the factors affecting effective VC strategy implementation by Grounded 
theory. Therefore, the required data including 11 primary items and 25 secondary items were collected 
through semi-structured interviews to identify, analyze and extract components, indices, and factors 
affecting effective VC strategy implementation at Ayandeh Bank. 

Eleven primary items extracted from interviews were as follows: 
o What are the economic factors and indices affecting effective VC strategy implementation at Ayandeh 
Bank? 
o What are the prerequisites for selection and assurance of successful VC at Ayandeh Bank? 
o What are the factors pertaining to VC resources for the effective VC strategy implementation at 
Ayandeh Bank? 
o What are the factors and indices for evaluation of investment plans affecting effective VC strategy 
implementation at Ayandeh Bank? 
o What are the market factors and indices affecting effective VC strategy implementation at Ayandeh 
Bank? 
o Which legal factors and indices affect effective VC strategy implementation at Ayandeh Bank? 
o Which political factors and indices affect effective VC strategy implementation at Ayandeh Bank? 
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o Which individual factors and indices of investors influence effective VC strategy implementation at 
Ayandeh Bank? 
o What are the financial factors and indices influencing effective VC strategy implementation at 
Ayandeh Bank? 
o Apart from the abovementioned factors, which factors influence effective VC strategy implementation 
at Ayandeh Bank? 
o How one should prioritize the influential factors for effective VC strategy implementation at Ayandeh 
Bank? 
The validity and the reliability of interviews were confirmed respectively by expert opinion and general 
agreement. Data collected from the semi-structured interviews were then statistically analyzed. 

3. RESEARCH FINDINGS 

STEP 1: OPEN CODING 

(A) Initial Coding of Interviews (GT Initiation) 

The data extracted from the interviews were analyzed by content and thematic analyses (principal 
components and indices and organizing indices (primary and operational) and comprehensive 
components and indices (result)). To this end, the interview texts were opened as Word files and were 
reviewed several times in NVIVO 11. Then the keywords were saved as codes. In other words, the 
interview texts were first reviewed to start coding and identify similar codes with respect to the research 
objective. A recursive identification process was used in this study. In other words, the literature was first 
reviewed to analyze primary and general concepts pertaining to components, indices, and factors 
affecting effective VC strategy implementation. The interviews were then analyzed to identify newer 
and more detailed concepts.

Similar or repetitive concepts observed in the next interviews were coded in the existing codes. Thus, 
some of the allocated codes with multiple frequency rates were considered to be principal components 
and indices. In the next step, the extracted codes were thoroughly analyzed and categorized as more 
abstract classes for the development of organizing components and indices. Coding and analysis were 
carried out after transcribing each interview in a separate Word file. Finally, 275 resultant codes were 
combined to obtain around 93 indices, sub-indices, components, and factors, which were then divided 
into 10 basic indices and 93 organizing (primary and operational) indices including components, indices 
and factors affecting effective VC strategy implementation at Ayandeh Bank based on the importance, 
frequency, conceptual similarity and researcher expectation of final indices.

In addition, some useful actions were taken to analyze the credibility of data analyzed by the researcher 
(extraction of components, indices, and factors affecting effective VC strategy implementation at 
Ayandeh Bank). For instance, the extracted and identified findings, components and indices were given 
to 5 experts in the sample (including managers, experts and researchers in the Investment Deputy at 
Ayandeh Bank) to analyze the researcher interpretation and analysis and state their own opinions on the 
analysis of data and results to prevent any bias. 
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Content and thematic analyses of interviews by experts resulted in 10 core categories and 45 
subcategories known as the factors affecting effective VC strategy implementation at Ayandeh Bank. 

(B) Secondary Coding and Concept Categorization (GT Continuation) 

In the next step, the primary codes were converted into secondary codes (because of a large number of 
primary codes). Some secondary codes were then converted into a conceptual code. The following tables 
summarize the results of open coding based on categories, conceptual codes, and secondary codes.

   Table 1: Classification of the responses of interviewees to the items on economic factors and indices 

Table 2: Categorization of the responses of interviewees to the items on prerequisites to the selection and 
success assurance of investment 

             Table 3: Categorization of the responses of interviewees to the items on VC resources 
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According to Tables 1-10, different qualitative indices were identified by the sample members. 
The identified indices were considered to be the factors and components affecting effective VC strategy 
implementation at Ayandeh Bank. 

(C) Development of Primary Classes 

As discussed earlier, qualitative data were statistically analyzed with the help of NVIVO 11. 
However, the content and thematic analyses indicated that 10 core categories and 93 secondary factors 
and components could affect effective VC strategy implementation at Ayandeh Bank. Finally, the 
identified indices and components were placed in 10 primary classes, extracted and finally named 
through data analysis. Given the frequency of items, 45 factors (out of 93 secondary factors and indices) 
were finally selected as the primary factors affecting effective VC strategy implementation at Ayandeh 
Bank. 

Primary classes shown in Table 11 were then developed. 

                                  Table 11: The results on the development of primary classes 
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Step 2: Axial Coding 

Axial coding is the second analysis step in the grounded theory aiming at establishing relationships 
between the classes generated by open coding. Axial coding based on the paradigm model helps theorists 
to facilitate the theory process. The correlation process in axial coding is carried out by the development 
of each class. Therefore, data obtained from upstream document review and in-depth interviews were 
taken into account in the second step to obtain 10 core categories and 45 subcategories regarded as the 
factors affecting effective VC strategy implementation at Ayandeh Bank. 

4. DISCUSSION 

In order to succeed in achieving financial goals in the field of venture capital, organizations must choose 
a specific strategy and model for themselves. One way to achieve success in different organizations is to 
identify, apply and implement an effective strategy. Funding for innovative technology development 
activities is possible through a variety of mechanisms, among which, venture capital funds are extremely 
important. Because of the inherent risk in innovative projects and the nature of long-term investment in 
such activities, the common financial and credit mechanisms used to finance them are not appropriate. 

5. CONCLUSION 

The results of the sub-indices of risky investment in developing a native model for effective 
implementation of risky investment strategies in Ayandeh Bank included the motivation for profitability, 
risk-taking, ownership structure and participation in management. The sub-criteria for assessing VC 
projects include financial management ability, financial market acceptance, financial development 
potential, service diversity and differentiation, and the creation of new financial markets. Commercial 
and operational features of investment projects also included modeling of competitors, operational 
performance assessment, executive capability, service supply chain evaluation, and customers’ analysis. 
Finally, entrepreneurship indices included entrepreneurial personality characteristics, entrepreneurial 
abilities, and financial considerations. 

The results showed that in order to develop a native model for effective implementation of VC strategies 
in Ayandeh Bank, the sub-indices of VC, evaluation of relevant projects, commercial and operational 
characteristics, and entrepreneurial indices play a key role.



ISSN 2228-9860 eISSN 1906-9642

6. AVAILABILITY OF DATA AND MATERIAL 

Data used or generated from this study can be requested to the corresponding author.
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INTRODUCTION 

The world is changing and neglecting lead to backwardness. The current environment of organizations is 
affected by the evolutionary processes, and every day new features are achieved that are different from 
past properties. But the administration of government agencies has not been changed and this will lead to 
major problems, because change and adapt to changes in the environment is necessary for survival and if 
an organization fails to follow the developments in environment, certainly will be failed. [1] 

One way to cope with change is to move organizations to learn. In a learning organization, individuals 
are continually developing their capacity to achieve the results they really want, that new thinking 
patterns are developed, group desires are realized, and finally, the collection in which people learn 
continuously how to learn together [2].  Organizational learning also assesses the way an organization 
learns and adapts to environmental changes. It is defined as the ability of an organization to change 
structure, values, and goals in response to environmental changes. [3]  

Organizations are required to strengthen the processes of creativity and innovation in their adaptation to 
change. [4] Because the learning organization is innovative, flexible, and responsive to change, so the 
organization's longevity increases by seeing changes and making innovations to understand how they 
can learn better [5, 6] 

Creativity is largely based on collective knowledge about the existing technology of an organization, the 
research carried out on it, the design and development unit's activities, and the interaction of the 
organization with the external environment. Therefore, it can be said that these organizations are highly 
flexible in confronting the crises caused by organizational competition [7]. The learning organization 

Since the learning organization welcome changes along with new and innovative ideas, this study aims 
to determine the status of the learning organization component and creativity, as well as the relationship 
between these two aspects.  This study, the population consists of 2970 persons from public teaching 
hospitals of Shiraz in Iran. The sample size was selected 237 people, by stratified random sampling. 
Reliability of Learning Organization and creativity questionnaire was 0.91 and 0.72 using Cronbach's 
alpha. The data analyzed by Pearson correlation and regression test.  The mean scores of learning 
organization and creativity are 3.18 and 3.58 of 5, respectively. Also, a direct correlation between these 
two variables was observed with a correlation coefficient of 0.575.  Whenever employees recognize their 
abilities and start developing themselves, they become permanently creative and a learning 
organization is caused by such people.

Keywords: Team learning; Creativity and personal ability; System thinking; Organizations success; 
Survival of organization; Organizational culture. 
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also welcomes new ideas and creates new perspectives. They therefore continually seek to increase their 
capabilities in terms of creativity, innovation, and evolution [8]. This organization considers learning as 
a creative and ongoing process for its members and enables individuals to be creative [9]. 

As mentioned, knowledge helps the process of organizational learning by enhancing the effectiveness of 
organizational activities.  Valuing organizational learning and innovation are necessary to prepare for a 
change in organizations. A significant amount of research has shown that there can be a positive 
relationship between organizational learning and creativity. This means that by increasing creativity in 
staff, learning Organization also increases [10]. 

Hence, considering the mentioned explanation and the vital role of the learning organization and 
creativity in the success and survival of organizations in the present era, the researcher examined the 
relationship between the dimensions of learning organization and creativity in hospitals, which in fact is 
one of the most important organs of a country health system in providing health care and education 
services.

RESEARCH HYPOTHESIS 

Main Hypothesis 

There is a correlation between creativity and learning organization 

Sub-hypotheses 

1. There is a correlation between creativity and system thinking component. 
2. There is a correlation between creativity and personal mastery component. 
3. There is a correlation between creativity and mental model component. 
4. There is a correlation between creativity and shared vision component. 
5. There is a correlation between creativity and team learning component. 

METHOD 

This is a cross-sectional and correlational study. The statistical population of this study included 2970 
staff members of Shiraz general teaching hospitals in Iran. A sample of 237 people was selected through 
stratified random sampling. The data collection tools in this study was a researcher-made survey 
questionnaire of learning organization with 25 questions and creativity with 16 questions, their validity 
and reliability were measured by the experts' opinions and Cronbach's alpha coefficient for each of them 
was 0.91 and 0.79, respectively. Data were analyzed by SPSS19 software, and the Pearson correlation 
coefficient of linear regression analysis was used.

RESULTS 

Out of 237 questionnaires distributed among the personnel, 224 questionnaires were finally collected 
and analyzed. In terms of educational qualifications, most of the study samples had a bachelor's degree. 
(71.8%).  The average age of the participants in this study was 37.4 years and 59.37% of the study 
population was women. Information about the status of the learning organization and creativity scores, 
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as well as the relationship between these two variables, is shown in Tables 1 & 2.

       Table 1: Scores of the learning organization and its dimensions and creativity in Shiraz public
                                                                  teaching hospitals. 

As it is shown the scores of learning organization and creativity in public teaching hospitals are moderate 
and more than the average score. Among the dimensions of the learning organization, the highest score is 
related to the team learning component with a score of 3.26, and the least score is for mental models and 
shared vision’s components with a score of 3.09. The scores for system thinking and personal mastery 
dimensions are 3.14 and 3.23 respectively, and at the end, the learning organization and creativity gained 
the score of 3.18 and 3.58 respectively.

Table 2: The correlation between the Learning Organization and creativity of personnel in public            
teaching hospitals in Shiraz 

As it is illustrated in Tables 1 and 2, the correlation coefficients of all the data are determined. There is a 
direct and significant positive correlation between learning organization and creativity of personnel at 
public teaching hospitals. Therefore, the zero hypotheses are rejected at the 95% confidence level and 
the opposite hypothesis is based on the positive relationship between learning organization and 
creativity, is accepted. 

DISCUSSION 

The results obtained in this study were analyzed according to the goals. One goal of this study was to 
determine the average score of the learning organization and its 5 components based on the theory of 
Peter Senge [2] and the average score of creativity. Descriptive statistics were used to obtain these 
scores; the average score of these variables was moderate. 
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The result of this study is inconsistent with Solgi Research [11], Cheewaruengroj [12] and Maleki [13] 
and is consistent with Ghadamgahi and Ahanchian [14] and Garaei [15].  

Garaei [15] found that the hospitals of Shiraz were considered to be undesirable in terms of learning. The 
reasons for this were weaknesses in factors such as organizational structure, management and 
leadership, and organizational culture. 

Thus, considering the results obtained in this study, it can be said that public teaching hospitals of Shiraz 
are moving into learning after 2006. 

In this study, there was a significant relationship between learning organization and creativity and 
findings of the study is consistent with Azizinejad [15] and Maria [16] and Kanto Gorges [17].  

The learning organization has employees who continually develop their capacity and try to grow new 
patterns of thinking. People become more creative when knowing their abilities and constantly grow and 
develop them [15]. 

Therefore, it can be concluded that as far as an organization is learning, individuals become more 
creative in it. Whenever a person recognizes his abilities and starts developing them, he constantly learns 
and becomes more creative. Learning organizations are created by such peoples. Also, there was a 
significant relationship between systems thinking of learning organization and creativity.  Since system 
thinking is concerned with a change in thought and helps to see macro patterns and improves the ability 
to change, then this ability is associated with creativity and leads to more creative people in the 
organization. 

In addition, a statistically significant relationship between personal ability and creativity show that if an 
employee's personal ability is increased, creativity and innovation in an organization is also increased. 
The most important point in the component of personal capability is to understand the gap between the 
status of an organization's individual and the desired situation, which leads to a creative tension in the 
individual and organization that resulted in movement, taste, effort, creativity, and innovation. 

A significant positive correlation between the two variables of mental models and creativity reflects the 
fact that mental models determine our behavior. In learning organizations, mental models are not static 
and unchangeable. People identify their mental models and assumptions about different issues and 
evaluate them continuously in relation to day-to-day issues, and if it is necessary to change them, which 
in turn leads to change and innovation in the behavior of the individual and the organization [15].  The 
findings of this study are consistent with Kantoghiorghes [17] and Azizinejad [15].  

A significant positive correlation between the two variables of shared vision and creativity suggests that 
people with common goals apply high effort and energy, not because it was asked, but because they want 
and are willing to do it. A shared vision can connect employees' personal views and provide power for 
creativity.  

A significant positive relationship between the two variables of teamwork learning and creativity 
indicates that higher teamwork learning increases creativity. In this regard, we can say: teamwork 
learning challenges individuals and creative ideas are sparked and common meanings emerge.
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CONCLUSION 

The analysis of data showed that the status of creativity and learning organization, as well as its 
component, are at a moderate level at teaching hospitals of Shiraz. Also, there was a significant 
relationship between learning organization and creativity. So, it can be concluded that as far as an 
organization is learning, individuals will become more creative. Therefore, whenever employees 
recognize their abilities and start developing them, they become permanently creative and a learning 
organization is caused by such people.

AVAILABILITY OF DATA AND MATERIAL 

Data used or generated from this study can be requested to the corresponding author. 
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