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Abstract - Currently, the issue of the company’s innovative development is relevant in all areas of activity. Railway transport, 
which has one of the development vectors such as an innovative component, poses for itself the task of achieving high 
competitiveness through active innovative developments and implementations. This direction is influenced by external and 
internal factors, which should be taken into account while developing and implementing the company's innovative 
development strategy. 
 
Index Terms - Innovative development, railway transport, strategy, correlation-regression analysis, external and internal 
factors, modeling, innovation. 
 
INTRODUCTION 
 
Innovative development of the company is the basis for 
increasing the efficiency of its activities. Tougher 
competition, business conditions, the impact of 
external and internal factors requires the formation and 
implementation of an innovative development 
strategy. Railway transport is one of the most actively 
developing on the innovative base of industries. One of 
the vectors for the development of the Russian and 
Chinese railway industry is innovation, namely, the 
creation of new and improvement of existing goods 
and services. It seems important to single out one of the 
aspects of the comparative analysis of the strategies for 
innovative development of the railway industry in 
Russia and China - comparing the influence of factors 
of the internal and external environment on the 
formation of the company's innovative development 
strategy. Proceeding from this premise, the article 
presents a set of external and internal factors, their 
impact on the company's strategy is assessed, and 
conclusions on the research results are presented. The 
object of the study was the railway companies of 
Russia and China: JSC "Russian Railways" and "China 
Railway Corporation". 
 
II. APPROACHES TO INDUSTRY 
INNOVATIONS: THEORETICAL 
FRAMEWORK 
 
A. Importance of innovations 
Innovation is important at all stages of development; 
specifically, the creation and diffusion of technologies 
are important for economic growth and welfare across 
all economies. Different types of innovation play a role 
at various stages (e.g. in earlier stages, incremental 
innovation is often associated with the adoption of 
foreign technology). Opportunities for successful 
innovation experiments and a potentially different 

framework for development are emerging. Notably, 
these opportunities result from the rise of information 
and communication technologies, the development of 
global value chains, the increased importance of some 
emerging countries in the global innovation system, 
the growth of service-based economies and a greater 
openness to trade and foreign direct investment. Today 
a key challenge for innovation policy in emerging 
countries is to encourage inclusive growth and support 
research addressing major social challenges. 
 
In spite of its demonstrated benefits for meeting the 
immediate and long-term developmental goals of 
emerging and developing countries, the relevance of 
innovation for these countries is sometimes 
questioned. Such thinking is often based on a fairly 
restricted understanding of innovation as “high 
technology.” It is true that an exclusive focus on 
high-tech industries (“high-tech myopia”) can be 
costly if the potential for innovation in other sectors is 
ignored [1]. Countries can incur high costs without 
reaping any benefits if they choose sectors that require 
expertise they lack and are highly competitive 
internationally. Yet, innovation takes place in different 
sectors, including services, agriculture and mining [1], 
[2]. Many opportunities for innovation have arisen in 
low-technology sectors with high export opportunities, 
e.g. the production of palm oil and derivative products 
in Malaysia. Also, innovation in agriculture is 
particularly relevant for addressing socioeconomic 
challenges at the same time as fostering growth. There 
is evidence that agricultural R&D has a greater impact 
on poverty reduction than most other public 
investments [3]. 
 
B. Concept of innovative development 
Depending on the support mechanisms used, the types 
of innovation and the main agents involved differ 
somewhat. With respect to the overview provided, a 
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few observations as follows are worth pointing out: 
Innovation matters even in least developed countries 
with backward industrial conditions. Their adoption of 
foreign technologies can have high payoffs, because 
technology adoption requires adaptation to local 
economic, technological or environmental conditions. 
This can lead to the development and accumulation of 
innovation capabilities. There is evidence that 
domestic innovation played a bigger role than imports 
of knowledge for the take-off of emerging Asian 
economies [4]. The value of starting from imported 
novelties in order to advance has long been known. 
The notion was popularized by Gerschenkron (1962), 
who suggested that differences in nations’ ability to 
develop technology and adapt it to their particular 
circumstances were the primary cause of countries’ 
differences in per capita income and that the ability to 
appropriate the innovations of others was the essence 
of the latecomer’s advantage [5]. The concept of 
"innovative development of the company" is 
inextricably linked with the notion of "innovation". 
Many authors have proposed their own concept of 
"innovation". For example, Joseph Schumpeter wrote 
that "innovation is a new combination of factors of 
production, backed up by the entrepreneurial spirit" 
[5]. Kotler F. noted, analyzing this concept from the 
perception of the consumer, that "innovation can be 
considered a product, technology or idea, which the 
buyer sees as a completely new product with 
distinctive properties" [6]. AfoninI. suggests that 
"development is an instrument for redistributing 
existing resources of the company" [2]. Barancheyev 
V. suggests the following definition of "development": 
"Development is the process of creating, proposing, 
preserving the necessary changes for the company" [3]. 
 
As for the very concept of "innovative development", 
the literature considers a number of aspects directly 
related to the innovative development of the company: 
 level of competitiveness (in this case, innovation 

acts as a competitive advantage); 
 the effectiveness of innovation processes; 
 growth of the company's innovative potential; 
 novelty of innovation [7]. 
 
C. Global innovation environment 
At the current stage of development, it is possible to 
determine the main characteristics of the modern 
economy. 
 
1. Globalization. This is one of the laws of the 
development of the modern world. This concept 
applies not only to the economic sphere of society. For 
the economy as a whole, this process is superior to the 
integration process. Globalization involves interaction 
between people, companies, and states of different 
countries by means of world trade and investment, 
where information technologies are also based. To 
date, there has been an increase in the scale and pace of 
capital movements, which creates a single space for 

economic activity. Strict price and non-price  
competition is observed, which gives a strong impetus 
to the development of innovations in the country [8]. 
Thus, it is possible to single out the main aspects of the 
influence of the process of globalization on innovative 
development: 
 
2. Acceleration of the pace of production of new 
technologies. Due to the severe competition and the 
continuous release of new products (technologies, 
inventions, services, and various consumer goods), a 
short period of time remains for the creation and 
realization of new ideas. This development is also 
based on information and communication 
technologies. As a result, the "life" of each product has 
significantly decreased, because something is 
constantly being created [9]. 
 
3. Cooperation with centers of knowledge production. 
It implies close cooperation with state laboratories, 
research universities, and centers of applied and 
academic science. Increase in the share of services and 
the role of knowledge transfer. This process 
encourages companies to use outsourcing as a new way 
of organizing economic activity, which allows you to 
achieve certain years and savings. Also, this affects the 
change in existing business models, since the 
implementation of interaction between companies 
requires a higher level of organization. 
 
4. High level of importance of intellectual capital. This 
characterizes the fact that there is an increase in the 
importance of value added from the intangible assets of 
the enterprise and the intellectual capital. One of the 
first authors who paid attention to this trend was J. 
Tobin, who said that this leads to a significant excess 
of the value of their capitalization over the level of the 
value of tangible assets [10]. This means that the level 
of intellectual capital is the most important for the 
shareholders of companies. 
 
5. Increase in entrepreneurial activity. This 
characteristic speaks of the in-creased activity of small 
entrepreneurs, moreover, in most developed countries; 
the creation of favorable conditions for the "existence" 
of small entrepreneurs is a priority task of the state 
strike. So, in the USA for the last 20 years 90% of jobs 
were created by small entrepreneurs, whereas the 
number of jobs of large corporations has decreased on 
the contrary [11]. The increase in entrepreneurial 
activity in recent years is characteristic of all 
developed countries. 
 
The described characteristics (Figure 1) of a modern or 
new economy allow us to say about the importance of 
creation, development (dissemination) and application 
of new knowledge. The qualitative functioning of these 
data characterizes the successful course of economic 
development. Thus, the above-mentioned fact was 
confirmed that the basis of the modern economy is 
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information that takes various forms, like knowledge, 
technology, experience and other possible forms of 
obtaining and processing information. The qualitative 
functioning of the economy at all levels is determined 
by the level of ability to apply and develop new 
knowledge, through which the innovative activity of 
the economy increases. 

 
 
In a modern economy with constantly growing 
competition and the level of innovation, more and 
more companies are faced with non-price problems. 
Now it is more important not only to have skills, but to 
have the potential to receive and effectively introduce 
new knowledge (skills). Thus, the source of the value 
is shifted; knowledge occupies a leading position 
instead of labor. 
6.    Permanent increase in the rate of economic growth. 
This process has a long enough character, since the 
1970s there has been a long increase, not counting 
economic crises, which also subsequently gave 
impetus for further recovery after the economic 
recovery. The reason for this trend is the increased 
level of technology development and increase in the 
level of profitability, as well as the active injection of 
large amounts of investment. The increase in the rates 
of economic growth is accompanied by the 
strengthening of the role of the state and the 
development of a clear and stable macro policy by the 
majority of developed and developing countries. 
Moreover, most of the state budget is directed to the 
development of human capital, which indicates the 
desire to raise the level of production. Financing of 
educational institutions, professional training and 
retraining of working cadres and scientific 
development centers is increasing.  
 
III. COMPARATIVE ANALYSIS OF 
EXTERNAL AND INTERNAL FACTORS 
INFLUENCING ON THE INNOVATIVE 
DEVELOPMENT STRATEGIES  
 
A. Methodology 
Innovative development of the company is impossible 
without such a factor as technology. Technology 

influences the formation and choice of the directions of 
the company's innovation activity. The company risks 
losing its existing market share if it does not adjust in 
time for technological changes in the industry. 
 
The scarcity or availability of resources directly 
influences the formation of an innovation development 
strategy: the company either limits itself, given the 
lack of resources and maneuvering with existing 
reserves, or expands its horizons in the market. The 
impact of the financial stability of the company, as well 
as a sufficient number of resources, allows us to 
discover new directions for the company's 
development. Financial instability also adversely 
affects the organizational climate. Qualitative selection 
and training of personnel are competitive advantages in 
the market of innovative products. To assess the 
impact of external and internal factors on the strategy 
of innovative development of the company, the main 
model was the model of multiple regressions, 
representing a set of factors (x) that affect the score (y). 
At the same time, it is necessary to take into account 
that factors can be dependent among themselves, 
therefore, an analysis is carried out for the presence of 
multicollinearity factors, which allows to determine 
the factors excluded from the model. For the study, the 
resultant indicator was chosen as the percentage of 
passengers transported on innovative trains. The 
following factors were presented alternatively: the 
percentage of personnel engaged in research activities 
(the "personnel" factor), the turnover ratio of the 
advanced capital (the "assets" factor) the availability of 
innovative trains (the "technology" factor), the 
passenger turnover of railway transport in the country 
(the "competition" factor), the financial stability factor 
(the "financial stability" factor) the volume of public 
investment in innovation (the "economic conditions" 
factor). Model building begins with data collection and 
further processing. Due to the fact that the factors have 
different units of measurement, it is necessary to bring 
them to a single scale - for each indicator, its growth 
rate was calculated (unit of measure is percent). 
 
B. Model 
To build the model, the Microsoft Excel analysis 
package "Regression" and "Correlation" is applied. It 
is assumed that there is a linear relationship between 
the factors of the model and the resultant characteristic, 
and then the multiple linear regression models can be 
represented by formula (1). 
 

 
Wherex1, x2, …,xnare model factors, y is the resultant 
indicator; b1, b2, bnare model parameters,  is model 
error. The model parameters show the average change 
in y as a result of a change in one of the factors in the 
model, provided that other factors are not subject to 
change. To analyze the parameters of the model, the 
least squares method is used, on the basis of which 
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such estimates of the model parameters are, 
determined in which the sum of the squares of the 
deviation of the effective characteristic (y) from the 
calculated values of the variables (ŷxi) will be minimal. 
It should also be noted that the parameters of the model 
a, b1, b2, bnare random variables; therefore, to obtain 
more accurate results for the least squares, the 
Gauss-Markov conditions are taken into account. The 
first of them says that the mathematical expectation of 
a random deviation should be 0 for any observation, 
the second - that the variance of random deviations is 
constant (check for homo- and heteroscedasticity), the 
third - that in the model there should be no 
autocorrelation [12]. 
 
The next step is to analyze the regression statistics, 
which reflects the four indicators: R2 (reflects the 
quality of the model), multiple R2 (shows the degree of 
dependence of the effective indicator on the factors of 
the model), normalized R2 (R2, adjusted for the 
sample size), standard error (reflects the spread of data 
in the sample). To test the equation for statistical 
significance, Fisher's F-criterion is used, which allows 
comparing the values of sample variances of two 
independent samples (the calculated and tabulated 
values are compared, after which the conclusion is 
made about the reliability of the constructed equation). 
The calculated value of the F-test of Fisher is found 
from the formula (2): 

F = ∗ (n − 2),       (2) 

Wherer is the determination coefficient; n is the 
number of observations in the study. 

If the table value of Fisher's F-test is greater than the 
calculated one, then the model is considered 
insignificant, and the constructed equation is 
unreliable. To further evaluate the model, the authors 
used analysis of the coefficients of determination and 
correlation. Previously, it was noted that the factors of 
the model can be dependent among themselves; 
therefore, it becomes necessary to analyze the pair 
correlation coefficients. Two factors of the model have 
a linear dependence if the coefficient of pair 
correlation exceeds the value 0.7. To assess the 
practical significance of the multiple regression 
equation, the coefficient of multiple correlation and 
determination is used. The coefficient of multiple 
correlations varies from 0 to 1: a less close relationship 
is reflected at a value close to 0. As for the multiple 
determination coefficients, the authors use it for 
regression quality analysis: if the coefficient value is 
close to 0, a conclusion is drawn about the low quality 
of the regression.  
 
A deeper analysis of the interdependence of the factors 
in the model can be carried out by checking for the 
presence of multicollinearity factors (χ2 criterion). If 
there is multicollinearity between the factors, this 
negatively affects the quality of the model and makes it 

difficult to assess the influence of factors on the 
outcome. To determine the value of the χ2 criterion, a 
matrix consisting of paired coefficients of correlation 
of model factors suspected of having multicollinearity 
is used. The next step is the calculation of the 
determinant of the matrix and the value of the criterion, 
after which the obtained value is compared with the 
table value: if the tabulated value exceeds the 
calculated one, then a conclusion is made about the 
absence of a connection between the factors of the 
model. 
 
If it is necessary to correct the model as a result of the 
analysis, variables that negatively affect its quality are 
excluded from it. After the adjustments are made, the 
partial coefficients of elasticity and correlation are 
calculated. Partial coefficients of elasticity show which 
growth of the effective characteristic can be expected 
with an increase in the individual factor of the model 
by 1%. As for the partial correlation coefficients, they 
are used to determine the influence of each individual 
factor without taking into account the influence of 
other factors of the model. The range of this coefficient 
is from -1 to 1: if the value of the coefficient modulo is 
close to 1, a stronger dependence of the effective 
characteristic on this factor is observed. If the 
coefficient takes a negative value, there is an inverse 
relationship between the indicators. As a rule, in 
conclusion of the construction of the model, an 
economic interpretation of the results of its analysis is 
given. These results can be used to make managerial 
decisions in the process of forming the company's 
innovative development strategy. 
 
C. Case study of Railway corporations: correlation 
analysis 
The construction of correlation-regression models for 
the companies "Russian Railways" and "China 
Railway Corporation" was started with sampling 
according to annual, statistical and financial reports, as 
well as articles for 2015-2016. Variable models were 
coded as follows: the percentage of personnel engaged 
in research activities - x1, the volume of public 
investment - x2, the passenger turnover of railway 
transport in the country - x3, the financial stability 
factor - x4, the turnover ratio of the advanced capital - 
x5, the availability of innovative compounds - x6, the 
percentage of passengers transported on innovative 
trains - y. 
 
The percentage of personnel engaged in research 
activities was defined as the ratio of the number of 
employees engaged in R & D in the company to the 
total number of employees of the company. The 
volumes of state investments in innovative activities of 
companies were presented in the amount in which they 
are defined in investment programs for 2015-2016. 
Passenger turnover of railway transport in the country  
(Dpass) (this indicator was taken taking into account 
the fact that Russian Railways and China Railway 
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Corporation are monopoly companies in the railway 
transport sector in Russia and China, respectively) was 
determined by the formula (3): 

D = ∗ 100%,       
(3) 

Where Pass  - passenger turnover on the railway 
transport, Pass  - the passenger turnover in the 
country by all modes of transport. 
The coefficient of financial stability (Kfs) was 
calculated by the formula (4): 

К =
А

,    
(4) 

Where C - the amount of the company's equity, D - the 
amount of the company's debt obligations, A - the 
amount of the company's assets. 
The coefficient of resource productivity (Kres) of JSC 
"Russian Railways" and "China Railway Corporation" 
is calculated by the formula (5): 

 
К = В

А ,
,    

(5) 

Where В is the revenue of the company, А ,  - 
the average annual value of the company's assets. 
 

 
Table 1 

Initial data for building a model for the company JSC 
Russian Railways 

 
The presence of innovative compositions is taken into 
account as the number of trains on the balance sheet of 
the enterprise at the end of each month in 2015-2016. 
For JSC "Russian Railways" innovative trains are the 
trains "Sapsan", "Swallow", "Strizh", "Allegro", for 
the "China Railway Corporation" - trains of type Z 
(developing speed up to 250 km / h), C and D 250-300 
km / h), G (more than 300 km / h). 
Thus, the processed data for the construction of 
correlation-regression models of companies are 
presented in Tables 1 and 2. Following the developed 
method, the authors checked the statistical significance 
of the model and the analysis of regression statistics. 

According to the results of the analysis, it was revealed 
that the models of both companies reflect a high 
dependence of the effective indicator on the factors of 
the model. 
 

 
Table 2 - The initial data for building the model for the company 

"China Railway Corporation" 
 
The coefficient of multiple correlation for the company 
"Russian Railways" is 0.79, for "China Railway 
Corporation" - 0.96, which, in this case, speaks of an 
almost linear dependence.Regarding the coefficient of 
determination, in the case of Russian Railways, 63% of 
the variation is due to the selected factors of the model, 
in the case of China Railway Corporation, 91% of the 
variation is predetermined by the model variables. The 
standard error in the Russian Railways model is quite 
high (8.9), which indicate a low quality of the model. 
In contrast, China Railway Corporation has a relatively 
low standard error of 2.87, which indicates a higher 
quality of the model built. Thus, based on the results of 
the regression analysis, multiple regression equations 
for both companies were constructed (formula (6) for 
JSC Russian Railways and formula (7) for China 
Railway Corporation). 

 
Based on the results of assessing the quality of the 
regression models using the Fisher F-test, it was found 
that for the Russian railway company the calculated 
value was 1.41 with a tabular value of 4.95. Since the 
tabular value exceeds the calculated value, the model is 
considered statistically insignificant. For the "China 
Railway Corporation", the tabular value is the same 
(4.95) because of an equal number of observations, and 
the calculated value of the criterion is 12.75, which is 
much higher than the tabulated value, therefore, the 
model is significant and reliable. Since the model of 
the Russian company was found to be unreliable, it is 
necessary to make its adjustment. This result indicates 
that the model includes factors that have little effect on 

y = -159,3 + 0,29x1 – 0,2x2 + 1,85x3 + 0,4x4 
+ 0,25x5 + 0,15x6 

(6) 

y = -424,19 + 0,01x2+5,03x3 + 0,17x4 + 
0,06x5- 0,08x6 

(7) 
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the company's innovative development. To determine 
the factors to be excluded from the model, it is 
necessary to analyze the correlation coefficients (Table 
3). 

 
Table 3 - Correlation coefficients of the model of the Russian 

company 
 
Table 3 shows that the most significant effect on the 
percentage of passengers transported on innovative 
trains is provided by the factor "availability of 
innovative compounds" (correlation coefficient is 
0.57). From the Russian Railways model, factors x1, 
x2, x4 and x5 are excluded due to their least or negative 
impact on the result. Thus, the new equation has the 
following form (formula (8): 

y = -54,86 + 1,76x3 + 0,17x6 (8) 
 
When the Fisher criterion value is recalculated for the 
new equation, the actual value is 5.23, which is higher 
than the table value and indicates the significance of 
the model. To analyze the correlation coefficients of 
the model of the Chinese railway company, the data are 
presented in Table 4. 
 

 
Table 4 

Correlation coefficients of the model of the Chinese company 
 
Table 4 shows that the factor x3 (passenger turnover of 
railway transport in the country) has the greatest effect 
on the percentage of passengers transported by 
innovative compounds, the correlation coefficient is 
0.91. It is necessary to focus attention on the paired 
coefficients between the factors x3, x4, x6, since 
multicollinearity is possible. To check for this 
phenomenon, the criterion χ2 is used. Based on the 
results of calculations, the value of this criterion was 

12.4 with a tabular value equal to 9.48. Since the 
calculated value exceeds the tabulated value, a 
conclusion is made about the presence of 
multicollinearity factors in the model. The elimination 
of the factors x4, x6 allowed the transformation of the 
multiple regression equation (formula (9): 
 

y = -6,82 + 5,12x1+ 0,01x2 + 4,21x3 + 0,71x5 (9) 
 
Verification of the model for Fisher's adequacy also 
showed that the model is statistically significant. In 
order to determine to what extent the resultant is 
dependent on a particular model factor, the authors 
used the partial correlation coefficients calculated by 
formula (10): 

r =
r − r ∗ r

(1− r ) ∗ (1 − r )
 (10

) 

Based on the results of the calculations, it was 
revealed that the innovation development of JSC 
Russian Railways is more affected by the presence of 
innovative trains that represent the "technology" factor 
(the coefficient of the private correlation is 0.63). In 
the case of the Chinese railway company, the "share of 
passenger turnover of the railway transport", which 
represents the "competition" factor, has the greatest 
influence (the value of the coefficient of the private 
correlation is 0.92). 
 
CONCLUSION 
 
As conclusions and economic interpretation of the 
results of the modeling study for JSC "Russian 
Railways" it is necessary to note the possibility of 
additional purchase of innovative compounds for their 
direct commissioning, since the connection of this 
factor and innovation development is direct, therefore, 
the increase in the park will positively affect the 
development of the company. However, the company's 
expected profit should be taken into account: in 2017, 
the expected profit of the Russian company is 3 billion 
rubles, in 2018 the forecast values are 9 billion rubles. 
The average cost of innovative compounds is 60 
million rubles (the price varies depending on the 
number of wagons in the composition). Consequently, 
the allocation of 15% of net profit for the purchase of 
innovative compounds will give an opportunity to 
purchase at least 7 trains in 2017. The purchase of 
innovative compounds will also reduce operating 
costs, increase the mileage between locomotive 
repairs, switch to cheaper fuel (use of gas), and 
increase capacity through the introduction of 
high-speed trains. As for the Chinese railway 
company, when adjusting its strategy of innovative 
development, it is necessary to take into account such a 
highly influential factor as passenger turnover of 
railway transport. It enhances the mobility of the 
ever-growing population of China, thus increasing the 
volume of passenger traffic will positively influence 
the development of the whole company. 
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